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1 .  B A C K G R O U N D

I n  1 9 7 8 ,  t h e  U n i t e d  S t a t e s  a n d  C a n a d a  s i g n e d  a  G r e a t  L a k e s  W a t e r  Q u a l i t y
A g r e e m e n t

" r e a f f i r m i n g  t h e i r  i n t e n t  t o  p r e v e n t  f u r t h e r  p o l l u t i o n  o f  t h e  G r e a t
L a k e s  B a s i n  e c o s y s t e m  o w i n g  t o  c o n t i n u i n g  p o p u l a t i o n  g r o w t h ,
r e s o u r c e  d e v e l o p m e n t  a n d  i n c r e a s i n g  u s e  o f  w a t e r "

a n d

" r e a f f i r m i n g  t h e i r  d e t e r m i n a t i o n  t o  r e s t o r e  a n d  e n h a n c e  w a t e r
q u a l i t y  i n  t h e  G r e a t  L a k e s  S y s t e m . "

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

" A n  e a r l y  w a r n i n g  s h a l l  b e  e s t a b l i s h e d  t o  a n t i c i p a t e  f u t u r e
t o x i c  s u b s t a n c e s  p r o b l e m s "

i n c l u d i n g

"deve lopment  and  use  o f  mathemat ica l  mode ls  to  p red ic t  consequences
o f  v a r i o u s  l o a d i n g  r a t e s  o f  d i f f e r e n t  c h e m i c a l s . "

I n  t e r m s  o f  r e s e a r c h ,  i t  i s  s t a t e d  t h a t

" i n  p a r t i c u l a r ,  r e s e a r c h  s h o u l d  b e  c o n d u c t e d  t o  d e t e r m i n e :

( a )  T h e  s i g n i f i c a n c e  o f  e f f e c t s  o f  p e r s i s t e n t  t o x i c  s u b s t a n c e s  o n
h u m a n  h e a l t h  a n d  a q u a t i c  l i f e ;

( b )  I n t e r a c t i v e  e f f e c t s  o f  r e s i d u e s  o f  t o x i c  s u b s t a n c e s  o n  a q u a t i c
l i f e ,  w i l d l i f e ,  a n d  h u m a n  h e a l t h ;  a n d

( c )  A p p r o a c h e s  t o  c a l c u l a t i o n  o f  a c c e p t a b l e  l o a d i n g  r a t e s  f o r  p e r -
s i s t e n t  t o x i c  s u b s t a n c e s ,  e s p e c i a l l y  t h o s e  w h i c h ,  i n  p a r t ,  a r e
n a t u r a l l y  o c c u r r i n g . "

I n  o r d e r  t o  a d d r e s s  t h e s e  n a t i o n a l  g o a l s  a n d  p a r t i a l l y  f u l f i l l  N O A A ' s
r e s p o n s i b i l i t i e s  i n  t h e  G r e a t  L a k e s ,  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  R e s e a r c h
L a b o r a t o r y  ( G L E R L )  b e g a n  a  r e s e a r c h  p r o g r a m  i n  c o o p e r a t i o n  w i t h  t h e  O f f i c e  o f
M a r i n e  P o l l u t i o n  A s s e s s m e n t  ( r e c e n t l y  r e n a m e d  t h e  O c e a n  A s s e s s m e n t  D i v i s i o n
( O A D )  o f  t h e  N a t i o n a l  O c e a n  S e r v i c e s ,  N O A A ) ,  w h o s e  g o a l  i s  t h e  d e v e l o p m e n t  o f
a  c a p a b i l i t y  t o  p r e d i c t  t h e  e n v i r o n m e n t a l  c o n s e q u e n c e s  o f  p e r s i s t e n t  s y n t h e t i c
o r g a n i c  c o n t a m i n a n t s  i n  t h e  G r e a t  L a k e s  e c o s y s t e m .  T h i s  p r o g r a m  w a s  i n i t i a t e d
i n  l a te  1979 .  The  unders tand ing  o f  l ong- te rm coopera t ion  w i th  OMPA/OAD has
a l l o w e d  G L E R L  t o  d e v e l o p  c o o p e r a t i v e  a g r e e m e n t s  w i t h  s e v e r a l  r e s e a r c h  i n s t i t u -
t i o n s  a n d  t o  a  c o m p r e h e n s i v e  r e s e a r c h  p r o g r a m  f o c u s e d  o n  a  f e w
q u e s t i o n s  r e g a r d i n g  t h e  f l o w  o f  s e l e c t e d  o r g a n i c s  w i t h i n  t h e  G r e a t  L a k e s .
M u c h  o f  t h e  r e s u l t s  g e n e r a t e d  i n  t h i s  p r o g r a m  w i l l  b e  t r a n s f e r r a b l e  t o  c o a s t a l
m a r i n e  s y s t e m s .
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A predict ive capabi l i ty  is  synonymous wi th model ing,  and to accompl ish
th is a model ing team has been set  up in-house consist ing of  chemical ,  toxico-
logical ,  ecological ,  and physical  sc ient ists.  The model ing group is supported
by researchers working on primary ecosystem processes. Most of the process
research has been conducted at  The Univers i ty  o f  Mich igan;  however ,  our
program now has expanded to include several research groups, an arrangement
t h a t  a l l o w s  f o r  a  m a x i m u m  o f  f l e x i b i l i t y .

2 .  I N T R O D U C T I O N

2 . 1  S c o p e  o f  t h e  P r o b l e m

The leakage o f  tox ic  synthet ic  o rgan ic  contaminants  in to  aquat ic  eco-
s y s t e m s  i s  a  w e l l - r e c o g n i z e d  g l o b a l  p r o b l e m .  T h e  c o n c l u s i o n  o f  a  r e c e n t
workshop  on  the  "Sc ien t i f i c  Bas i s  f o r  Dea l i ng  Wi th  Chemica l  Tox i c  Subs tances
in the Great Lakes," cosponsored by GLERL (Sonzogni and Swain, 1980), was that
the Great  Lakes are par t icu lar ly  suscept ib le  because of  h igh populat ion den-
si ty,  concentrat ion of heavy industry,  and slow (decade-century) f lushing
ra tes .  S im i la r  eva lua t ions  have  been  exp ressed  by  the  Grea t  Lakes  Sc ience
Advisory Board ( IJC, 1980a),  Water Qual i ty Board ( IJC, 1980b),  and Toxic
S u b s t a n c e s  C o m m i t t e e  ( I J C ,  1 9 8 0 c )  o f  t h e  I n t e r n a t i o n a l  J o i n t  C o m m i s s i o n .  O v e r
4 0 0  t o x i c  c o n t a m i n a n t s  h a v e  b e e n  i d e n t i f i e d  t o  d a t e  w i t h i n  t h e  G r e a t  L a k e s
e c o s y s t e m  ( I J C ,  1 9 8 0 c )  a n d  t h e  e x t e n t  o f  t h e  h a z a r d s  f o r  m o s t  o f  t h e s e  a r e
p o o r l y  u n d e r s t o o d .

W h i l e  m o s t  o f  t h e s e  c o n t a m i n a n t s  a r e  p e r c e i v e d  t o  b e  d e t r i m e n t a l  t o
e n v i r o n m e n t a l  q u a l i t y ,  s e v e r a l  t o x i c  o r g a n i c s  h a v e  b e e n  i d e n t i f i e d  a s  t h e
s o u r c e  o f  s e r i o u s  p r o b l e m s .  H i g h  c o n c e n t r a t i o n s  o f  D D T  i n  G r e a t  L a k e s  f i s h
s e v e r e l y  i m p a c t e d  t h e  h e r r i n g  g u l l  p o p u l a t i o n  o f  t h e  b a s i n  i n  t h e  l a t e  1 9 6 0 s
and ear ly  1970s.  This  once common predator  is  now beginning to reestabl ish
i tse l f ,  a l though h igh levels  of  PCB and TCDD may s low i ts  recovery.  PCB
l eve ls  i n  Lake  M ich igan  spor t f i sh  have  been  s ign i f i can t l y  above  the  FDA
r e c o m m e n d e d  l e v e l  o f  2  p a r t s  p e r  m i l l i o n .  I t  h a s  b e e n  e s t i m a t e d  t h a t  t h i s
con tamina t ion  i s  cos t ing  the  S ta te  o f  Wiscons in  over  $1  m i l l i on  pe r  year
(Univers i ty  o f  Wisconsin,  1980) ,  wi th  costs  for  the ent i re  bas in many t imes
th is  amount .  A  repor t  by  the  Nat iona l  Research Counc i l  (NRC,  1979)  s ta tes
t h a t  t h e  G r e a t  L a k e s  a r e  t h e  l a r g e s t  r e s e r v o i r  o f  P C B s  i n  t h e  U n i t e d  S t a t e s .
Ano the r  i den t i f i ed  p rob lem i s  m i rex  i n  Lake  On ta r i o  (Ka i se r ,  1978 ;  P i cke t t  and
D o s s e t t ,  1 9 7 9 ) .  T h i s  c o m p o u n d ,  a  f i r e  a n t  p e s t i c i d e  m a n u f a c t u r e d  i n  t h e
b a s i n ,  l e a k e d  i n t o  t h e  l a k e  a n d  c o n t a m i n a t e d  t h e  f i s h  t o  a  l e v e l  t h a t  r e s u l t e d
i n  N e w  Y o r k  S t a t e  b a n  o n  t h e i r  c o m m e r c i a l  s a l e .  I n c r e a s e d  i n c i d e n c e s  o f
n e o p l a s i a  ( t u m e r o u s  l e s i o n s )  h a v e  b e e n  f o u n d  i n  t h e  f i s h e s  o f  t h e  G r e a t  L a k e s
and  t en ta t i ve l y  a t t r i bu ted  t o  r e l a t i ve l y  h i gh  concen t ra t i ons  o f  po l ynuc lea r
aromat i c  hydrocarbons  (PAH)  (Sons tegrad ,  1977 ;  B lack  e t  a l . ,  1980 ;  Ead ie  e t
a l . ,  1982a,  b )  H igh  leve ls  o f  d ie ld r in ,  toxaphenes,  and d iox in  have been
measured ,  i nd ica t ing  tha t  o the r  rea l  p rob lems a re  ou t  the re  wa i t i ng  to  be
f o u n d .
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2 . 2  G e n e r a l  N a t u r e  o f  t h e  P r o g r a m

A t t e m p t s  t o  m o d e l  t h e  f a t e  o f  t o x i c  o r g a n i c  c o m p o u n d s  i n  a q u a t i c  e c o -
sys tems appear  to  p rov ide  a  good f i r s t -o rder  es t imate  o f  the i r  long- te rm beha-
vior  (Baughman and Lassi ter ,  1978; Mackay, 1979; Eadie et  a l . ,  1981).  These
m o d e l s  a r e  e x c e l l e n t  t o o l s  f o r  a s s e m b l i n g  e x i s t i n g  i n f o r m a t i o n ,  t e s t i n g  s y s t e m
sens i t i v i t y ,  and  des ign ing  a  cohe ren t  r esea rch  p rog ram.  I n  t ime ,  t hey  w i l l  be
u s e f u l  t o o l s  i n  t h e  d e c i s i o n - m a k i n g  p r o c e s s  a s  w e l l .

S i n c e  i t s  c r e a t i o n  i n  1 9 7 4 ,  G L E R L  h a s  s p e c i a l i z e d  i n  t h e  d e s i g n  a n d
development  of  ecosystem models that  s imulate or  predic t  the physica l ,  chemi-
ca l ,  and b io log ica l  responses o f  the  Great  Lakes to  imposed s t resses .  In  th is
program, our efforts to date have focused on the development of system models,
suppor ted  by  the  spec i f i c  p rocess  research  requ i red  to  improve ,  ca l i b ra te ,
a n d / o r  v a l i d a t e  o u r  m a t h e m a t i c a l  a b s t r a c t i o n s .  M o d e l i n g - e x p e r i m e n t a l  i n t e r a c -
t i o n s  e n a b l e  u s  t o  m a k e  s t e p w i s e  i m p r o v e m e n t s  i n  o u r  u n d e r s t a n d i n g  o f  t h e
c y c l i n g ,  b e h a v i o r ,  a n d  f a t e  o f  s y n t h e t i c  c o n t a m i n a n t s .  S u c h  i n f o r m a t i o n  i s
n e c e s s a r y  t o  i d e n t i f y  t h e  c o n t a m i n a n t s  t h a t  p o s e  t h e  g r e a t e s t  t h r e a t  t o  t h e
e n v i r o n m e n t ,  o r g a n i s m s  o r  r e g i o n s  w i t h i n  t h e  l a k e s  a r e  m o s t  a f f e c t e d ,
what  can  be  expec ted  in  the  years  ahead,  and  what  can  be  done to  reduce the
l e v e l  o f  e c o s y s t e m  s t r e s s .

2 . 3  P r o g r a m  G o a l

The goa l  o f  th is  p roposed program is  to  produce a  c learer  unders tand ing
of  the  cyc l ing  o f  tox ic  o rgan ic  compounds  in  the  Grea t  Lakes  env i ronment .  In
o r d e r  t o  m e e t  t h e  e a r l y  w a r n i n g  a n d  l o a d  r e d u c t i o n  o b j e c t i v e s  c i t e d  i n  t h e
t r ea t y ,  we  need  t o  be  ab le  t o  p red i c t  l o ca t i ons ,  concen t ra t i ons ,  decay  ra tes ,
res idence  t imes ,  and  the  even tua l  s inks  o f  t hese  ma te r ia l s  under  cond i t i ons  o f
long-term, low level  leakage into the environment or a major loading from some
po in t  sou rce .  Th i s  i n fo rma t i on  i s  c r i t i ca l  f o r  t ox i co log i s t s ,  eco log i s t s ,  and
resource  managers  to  eva lua te  the  po ten t ia l  impac ts  o f  pa r t i cu la r  con taminan ts
t h a t  h a v e  b e e n  i n t r o d u c e d  i n t o  t h e  G r e a t  L a k e s  R e g i o n  a n d  t o  p r o v i d e  c o s t
b e n e f i c i a l  s o l u t i o n s  t o  t h e  p r o b l e m s  i n  b a l a n c i n g  t h e  c o n t i n u e d  p r o d u c t i o n  a n d
use  o f  t hese  compounds  w i th  the  respons ib i l i t y  o f  p ro tec t i ng  the  Grea t  Lakes
a s  a  r e s o u r c e .  I n  t h e  f i n a l  a n a l y s i s ,  e n v i r o n m e n t a l  r e s o u r c e  m a n a g e m e n t  c o m e s
down to  a  t rade-o f f  be tween  "accep tab le  r i sks "  and  "unaccep tab le  cos ts , "  and
b e s t  j u d g m e n t s  l e a d i n g  t o  a  o n l y  b e  a c h i e v e d  i f  t h e
i n f o r m a t i o n  b a s e  i s  s o u n d .

2 . 4  P r o g r a m  O b j e c t i v e s

Our primary objective is the development of the necessary tools (models,
i n f o r m a t i o n  b a s e ,  n e t w o r k  o f  e x p e r t s ,  e t c . )  t h a t  w i l l  e n a b l e  u s  t o  r e l i a b l y
predict the consequences to the Great Lakes ecosystem of alternative toxic
management decisions. This requires the systematic understanding of the major
ecosystem processes that affect or are affected by the substance(s) under con-
s ide ra t i on .  P re l im ina ry  mode l i ng  e f fo r t s  by  ou rse l ves  and  o the rs  and  d i scus -
s i o n s  e x p e r t s  u s  t o  a p p r o a c h  t h e  d e v e l o p m e n t  o f  t h e s e  t o o l s
i n  a  sys temat i c  sense .  A  d iag ram o f  a  genera l i zed  aqua t i c  ecosys tem appears
i n  f i g u r e  1 .
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Conceptualized Toxic System Model

FIGURE 1. .--Conceptualized -- toxic system model. P represents particle phase, D
represents dissolved phase, and B is an abbreviated food web. The 15 pro-
c e s s  a r r o w s  a r e :  p h o t o l y s i s  ( 1  a n d  6 ) ,  s o r p t i o n  ( 2  a n d  1 4 ) ,  a i r - w a t e r
exchange  (3 ) ,  g raz ing  and  feca l  pe l l e t  genera t ion  (4 ) ,  f i l t e r i ng  (5 ) ,  b io -
log ica l  decomposi t ion (7 and 11) ,  set t l ing and resuspension (8) ,  food web
dynamics  (9 ) ,  advec t ive  and d i f fus ive  mix ing  (10) ,  benthos-sed iment  in te rac-
t i o n s  ( 1 2  a n d  1 3 ) ,  a n d  b u r i a l  a n d  b i o t u r b a t i o n  ( 1 5 ) .

2 . 5  A p p r o a c h

M o s t  p e r s i s t e n t  t o x i c  o r g a n i c s  b e h a v e  s i m i l a r l y  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 e y  a r e  o n l y  s l i g h t l y  s o l u b l e  a n d  p a r t i t i o n  o n t o  p a r t i c u l a t e
mater ia l ,  they  tend to  photodecompose and evapora te  as  major  remova l  pa thways,
t h e y  a r e  g e n e r a l l y  r e s i s t a n t  t o  m i c r o b i a l  a t t a c k  a n d  t h e y  c o n c e n t r a t e  i n  t h e
s e d i m e n t s .  T h i s  s i m i l a r i t y  o f  b e h a v i o r  m a k e s  a  m o d e l i n g  a p p r o a c h  a t t r a c t i v e
a n d  r e c e n t l y  t o x i c  c y c l i n g  m o d e l s  h a v e  b e g u n  t o  a p p e a r  i n  t h e  l i t e r a t u r e .
T h e s e  m o d e l s  r e q u i r e  c o m p o u n d - s p e c i f i c  e x p e r i m e n t a l  r a t e  p r o c e s s  i n f o r m a t i o n
t a i l o r e d  f o r  t h e  e c o s y s t e m  t o  w h i c h  i t  i s  a p p l i e d .

W e  a r e  e m p l o y i n g  a  s y s t e m s  a p p r o a c h ,  i n  w h i c h  a  s e r i e s  o f  m o d e l s  w i l l  b e
d e v e l o p e d .  T h e s e  i n c l u d e  t h e  c a l i b r a t i o n  o f  a v a i l a b l e  e q u i l i b r i u m  ( F u g a c i t y )
a n d  s t e a d y  s t a t e  t h e r m o d y n a m i c  m o d e l  ( E X A M S ;  E P A )  f o r  t h e  G r e a t  L a k e s :  t h e
deve lopmen t  o f  a  one -d imens iona l ,  t ime -dependen t ,  p rocess  mode l  and  t he
c a l i b r a t i o n  o f  a  t w o - d i m e n s i o n a l  t i m e - d e p e n d e n t  t r a n s p o r t  ( m o d i f i e d  o i l  s p i l l )
m o d e l  c o n t a i n i n g  f i r s t  o r d e r  d e c o m p o s i t i o n ,  r e s u s p e n s i o n  a n d  s e d i m e n t a t i o n
t e r m s .  O u r  m o d e l s  w i l l  b e  c o n t i n u o u s l y  u p g r a d e d  t h r o u g h  t h e  r e s u l t s  o f  o u r
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p r o c e s s  r e s e a r c h  e x p e r i m e n t s ,  b o t h  i n - h o u s e  a n d  u n d e r  c o n t r a c t ,  a l o n g  w i t h
o t h e r  i n f o r m a t i o n  e n t e r i n g  t h e  l i t e r a t u r e .  C a r r y i n g  o u t  p r o c e s s  r e s e a r c h  a n d
m o d e l i n g  s i m u l t a n e o u s l y  w i l l  a l l o w  u s  t o  c o n t i n u a l l y  d e t e r m i n e  t h e  w e a k e s t  o r
m o s t  s e n s i t i v e  a r e a s  i n  o u r  s y s t e m s  a p p r o a c h  a n d  d e f i n e  r e s e a r c h  n e c e s s a r y  t o
a d d r e s s  t h e s e  s p e c i f i c  p r o b l e m s .  U l t i m a t e l y  o u r  g o a l  i s  t o  c o m b i n e  c a l i b r a t e d
e c o s y s t e m  c y c l i n g  m o d e l s  w i t h  s y s t e m  t r a n s p o r t  m o d e l s .

W e  h a v e  c o n c e n t r a t e d  o n  t w o  c l a s s e s  o f  t o x i c  o r g a n i c  s u b s t a n c e s ,  p o l y -
n u c l e a r  a r o m a t i c  h y d r o c a r b o n s  ( P A H )  a n d  p o l y c h l o r i n a t e d  b i p h e n y l s  ( P C B ) .
F i e l d  a n d  l a b o r a t o r y  s t u d i e s  o n  t h e  r a t e s  o f  v o l a t i l i z a t i o n ,  p h o t o d e c o m -
p o s i t i o n ,  s o r p t i o n  o n t o  p a r t i c u l a t e s  i n d i g e n o u s  t o  t h e  G r e a t  L a k e s ,  b i o l o g i c a l
d e c o m p o s i t i o n ,  a g g r e g a t i o n  a n d  s e t t l i n g  w e r e  d e s i g n e d  a n d  i m p l e m e n t e d  t o  s u p -
p o r t  o u r  t o x i c  o r g a n i c  c y c l i n g  m o d e l .  O u r  p a r t i c l e  d y n a m i c s  p r o g r a m  u s e s
c e s i u m - 1 3 7  a n d  b e r y l l i u m - 7  a s  t r a c e r s .  T h e s e  c o m p o u n d s  a r e  e x c e l l e n t  s u r r o -
g a t e s  f o r  h y d r o p h o b i c  o r g a n i c  c o m p o u n d s  a n d  t h e r e  i s  a  l a r g e  d a t a  b a s e  o n  t h e
d i s t r i b u t i o n  o f  t h e s e  c o m p o u n d s  a s  w e l l  a s  i n f o r m a t i o n  o n  t h e i r  l o a d s  t o  t h e
l a k e s  a n d  d e c o m p o s i t i o n  p a t h w a y s  a n d  r a t e s .  T h i s  w e a l t h  o f  i n f o r m a t i o n  c a n  b e
u s e d  i n  t h e  c a l i b r a t i o n  p h a s e  o f  o u r  m o d e l i n g  p r o g r a m .

T h e  1 5  p r o c e s s  a r r o w s ,  s h o w n  i n  f i g u r e  1 ,  a r e  b e i n g  s t u d i e d  i n  o u r
p r o g r a m  a  s h o w n  i n  t h e  P r o j e c t / P r o c e s s  M a t r i x  ( T a b l e  1 ) .  T h e  c o l u m n  m a r k e d  M
i s  t o  r e p r e s e n t  t h o s e  d i r e c t l y  i n v o l v e d  i n  m o d e l i n g .

2 . 6  R e l e v a n c e  o f  o u r  R e s e a r c h  P r o g r a m  t o  M a r i n e  P o l l u t i o n  P r o b l e m s

T h i s  h a s  a l r e a d y  b e e n  d i s c u s s e d  i n  t h e  p r e c e d i n g  p a g e s  i n  t e r m s  o f
t h e  p e r c e p t i o n  o f  t h e  I n t e r n a t i o n a l  J o i n t  C o m m i s s i o n  a n d  t h e  G r e a t  L a k e s  W a t e r
Q u a l i t y  A g r e e m e n t .  O u r  m o d e l i n g  a n d  p r o c e s s  r e s e a r c h  g o a l s  a l s o  m a t c h  t h e  t o p
p r i o r i t y  r e s e a r c h  n e e d s  f o r  t h e  G r e a t  L a k e s  a s  e x p r e s s e d  i n  t h e  1 9 8 1  N a t i o n a l
M a r i n e  P o l l u t i o n  P r o g r a m  P l a n  a n d  f u r t h e r  d e s c r i b e d  i n  i t s  s u p p o r t i n g  W o r k i n g
P a p e r  # 3 ,  " R e p o r t  o f  G r e a t  L a k e s  R e g i o n  C o n f e r e n c e  o n  M a r i n e  P o l l u t i o n
P r o b l e m s . "

A l t h o u g h  w e  a r e  n o t  a d d r e s s i n g  a l l  o f  t h e  r e s e a r c h  n e e d s  e x p r e s s e d  i n  t h e
a b o v e - m e n t i o n e d  d o c u m e n t s ,  w e  f e e l  t h a t  o u r  p r o g r a m  i s  w e l l  d e s i g n e d  w i t h i n
i t s  l e v e l  o f  s u p p o r t  t o  m e e t  a  s e l e c t e d  s u b s e t  o f  t h e s e  c r i t i c a l  n e e d s .
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3. SUMMARY OF PROGRAM RESULTS

D u r i n g  t h e  e a r l y  p a r t  o f  o u r  p r o g r a m ,  w e  c o n c e n t r a t e d  o u r  r e s e a r c h
e f f o r t s  o n  p r o c e s s e s  a i r / w a t e r  i n t e r f a c e  ( p h o t o l y s i s ,  a i r / w a t e r  e x -
change,  e tc .  )  As  our  research on a i r /water  p rocesses w inds  down,  we are
incorporat ing th is informat ion into our model ing program and improving our
p a r a m e t e r i z a t i o n s  o f  i n  t h a t  r e g i o n .

O v e r  t h e  t w o  y e a r s ,  w e  h a v e  m o v e d  a  s u b s t a n t i a l  f r a c t i o n  o f  o u r
ef for t  in to  processes at  the sediment /water  in ter face (uptake by benth ic
o r g a n i s m s ,  b u r i a l ,  r e s u s p e n s i o n ,  e t c . ) .  t h e  n e x t  f e w  y e a r s ,  w e  w i l l
devote the major port ion of  our program to the bottom boundary which we
f e e l  c o n t r o l s  t h e  l o n g - t e r m  b e h a v i o r  a n d  f a t e  o f  c o n t a m i n a n t s  i n  t h e  G r e a t
L a k e s .

Recent  accompl ishments  are  descr ibed in  the accompany ing task  repor ts .
S o m e  h i g h l i g h t s  i n c l u d e :

1)  Equ i l i b r i um mode ls  t ha t  p red i c t  t he  d i s t r i bu t i on  o f  an  o rgan ic
con taminan t  based  on  the  con taminan t ' s  so lub i l i t y  and  a  phys ica l  desc r ip t i on
o f  t h e  e c o s y s t e m ,

2)  Improved unders tand ing and pred ic t ion  o f  equ i l ib r ium par t i t ion  co-
e f f i c i e n t s  a s  a  f u n c t i o n  o f  t h e  c o n c e n t r a t i o n  o f  s u b s t r a t e ,

3 )  E s t i m a t e s  o f  t h e  r e s u s p e n s i o n  r a t e s  o f  s e d i m e n t s  a n d  c a l c u l a t i o n s
o f  t h e  f l u x  o f  r e e n t r a i n e d  P C B s  i n  L a k e  M i c h i g a n ,

4)  Est imates o f  b ioconcent ra t ions o f  contaminants  by  benth ic  organ isms,
a long  w i th  ra tes  o f  up take ,  depura t ion ,  and  metabo l i c  decompos i t i on ,

5 )  I m p r o v e d  e s t i m a t e s  o f  t h e  m i x i n g  r a t e s  i n  s u r f i c i a l  s e d i m e n t s ,
r a t e s  o f  c o n t a m i n a n t  b u r i a l  a n d  e a r l y  d i a g e n e s i s ,

6 )  A  m o d e l  o f  t h e  h o r i z o n t a l  m o v e m e n t  o f  s e d i m e n t - a s s o c i a t e d

c o n t a m i n a n t s  u n d e r  t h e  i n f l u e n c e  o f  w i n d  d r i v e n  c u r r e n t s ,

7 )  I m p r o v e d  e s t i m a t e s  o f  p h o t o d e c o m p o s i t i o n  r a t e s  o f  s e l e c t e d  P C B
a n d  P A H  c o n g e n e r s  i n  l a k e  w a t e r ,

8 )  M e a s u r e m e n t s  o f  P C B s  a t  t h e  a i r / w a t e r  i n t e r f a c e  t h a t  s u g g e s t
s i g n i f i c a n t  c o m p o u n d  b e h a v i o r a l  d i f f e r e n c e s  w i t h i n  t h e  m i c r o l a y e r ,

9 )  A n a l y s e s  o f  o r g a n i c  m a t t e r ,  n u t r i e n t s ,  P C B s ,  C s - 1 3 7  a n d  B e - 7  i n
1 9 8 2  t r a p s  w h i c h  s h o w s  t h a t  t h e  o f f s h o r e  e p i l i m n i o n  i s  i s o l a t e d  f r o m  t h e
p o o l  o f  r e s u s p e n d a b l e  s e d i m e n t s  d u r i n g  t h e  p e r i o d  o f  s t r a t i f i c a t i o n ,  b u t
t h a t  w i n t e r  r e s u s p e n s i o n  i s  a  m a j o r  s o u r c e  o f  c o n t a m i n a n t s  t o  t h e  w a t e r s
o f  L a k e  M i c h i g a n ,
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1 0 )  A n a l y s i s  o f  a n  u p w e l l i n g  e v e n t  a l l o w e d  a  c a l c u l a t i o n  o f  t h e
m a g n i t u d e  o f  t h e  i n j e c t i o n  o f  n e p h e l o i d  m a t e r i a l  i n t o  t h e  n e a r s h o r e
s u r f a c r  w a t e r s .  F o r  P C B  t h i s  e s t i m a t e  i s  5 - 1 0 %  o f  t h e  c u r r e n t

a t m o s p h e r i c  l o a d  e s t i m a t e ,

11) Measurements of PAH uptake rate from sediments by P. hoyi indi-
ca te  a  s ign i f i can t  f rac t i on  o f  o rgan ism 's  body  bu rden  comes  d i rec t l y  f rom
s e d i m e n t s ,  a n d

12) Substant ial  input to the IJC regarding PAH management strategy
i n  t h e  G r e a t  L a k e s ;  s u p p l y i n g  a p p r o x i m a t e l y  9 0 %  o f  a l l  G r e a t  L a k e s  P A H
d a t a  a n d  e x t e n s i v e l y  r e w r i t i n g  t h e  d r a f t  r e c o m m e n d a t i o n .

Cur ren t l y  ma jo r  co l l abo ra t i ve  research  i nves t i ga t i ons  a re  underway
i n  o u r  h i g h  s e d i m e n t a t i o n  r a t e  c o r e s ,  c o l l e c t e d  i n  a l l  f i v e  G r e a t  L a k e s  ( 1 9
p r i n c i p a l  i n v e s t i g a t o r s  a t  e i g h t  r e s e a r c h  i n s t i t u t i o n s )  a n d  o u r  s e d i m e n t
t r a p  p r o g r a m  ( 1 0  p r i n c i p a l  i n v e s t i g a t o r s  a t  f o u r  r e s e a r c h  i n s t i t u t i o n s ) .
M a n y  o f  o u r  c o l l a b o r a t o r s  h a v e  o t h e r  f u n d i n g  s o u r c e s  t h a n  G L E R L  o r  O A D
w h i c h  s e r v e  t o  a m p l i f y  a l l  o f  o u r  r e s p e c t i v e  s t u d i e s .  B o t h  o f  t h e s e
p r o j e c t s  a r e  p r o v i d i n g  i n s i g h t  i n t o  t h e  m o v e m e n t  o f  p a r t i c l e  a s s o c i a t e d
c o n t a m i n a n t s  a n d  o n  t h e  r o l e  o f  r e s u s p e n s i o n  a n d  b u r i a l  i n  r e g u l a t i n g
c o n t a m i n a n t  r e s i d e n c e  t i m e s  i n  t h e  G r e a t  L a k e s .

O u r  o r g a n i c s  c y c l i n g  p r o g r a m  h a s  f o c u s e d  ( i n  h o u s e )  o n  t h e  P A H ,
p r i m a r i l y  b e c a u s e  o f  t h e i r  r a n g e  o f  s o l u b i l i t i e s  a n d  t h e i r  u b i q u i t y .  O u r
w o r k  h a s  a l s o  i n d i c a t e d  t h a t  t h e y  m a y  b e  a  p r o b l e m  i n  t h e  G r e a t  L a k e s .
T h e  P A H  a r e  p r i m a r i l y  p r o d u c t s  o f  i n c o m p l e t e  c o m b u s t i o n  o f  o r g a n i c  m a t t e r ,
a r e  o f  c o n c e r n  a s  c a r c i n o g e n s  a n d  m u t a g e n s ,  a n d  w e  h a v e  s h o w n  t h a t  c o n c e n -
t r a t i o n  w i t h i n  t h e  G r e a t  L a k e s  e c o s y s t e m  i s  v e r y  h i g h  i n  c o m p a r i s o n  w i t h
o t h e r  r e g i o n s  o f  t h e  w o r l d .  T h e  b e n t h i c  i n v e r t e b r a t e s  o f  t h e  G r e a t  L a k e s
h a v e  h i g h  m e a s u r e d  b i o c o n c e n t r a t i o n  f a c t o r s  a n d  l a b o r a t o r y  s t u d i e s  i n d i c a t e
t ha t  t he  causes  a re  1 )  up take  f r om the  h i gh l y  con tam inan ted  sed imen t  poo l
a n d  2 )  v e r y  s m a l l  d e p u r a t i o n  r a t e s .  W e  a r e  c u r r e n t l y  c a r e f u l l y  s t u d y i n g
t h e  s o r p t i o n  a n d  c o m p l e x a t i o n  b e h a v i o r  o f  P A H  a n d  t h e  r o l e  o f  t h e s e
p r o c e s s e s  o n  b i o a v a i l a b i l i t y  o f  P A H  t o  o r g a n i s m s .  A s  a  d i r e c t  c o n s e q u e n c e
o f  w o r k ,  w e  w e r e  i n v i t e d  t o  p a r t i c i p a t e  i n  a n  I n t e r n a t i o n a l  J o i n t
C o m m i s s i o n  m e e t i n g  t o  r e v i e w  t h e  P r o p o s e d  A q u a t i c  E c o s y s t e m  O b j e c t i v e  f o r
P o l y n u c l e a r  A r o m a t i c  H y d r o c a r b o n s  i n  t h e  G r e a t  L a k e s  E c o s y s t e m  ( C o l u m b u s ,
O h i o ,  O c t o b e r  2 8 ,  1 9 8 2 )  a n d  t o  s u b m i t  w r i t t e n  r e v i e w s  i n  N o v e m b e r ,  1 9 8 2 .

W e  h a v e  s u p p l i e d  a  v a s t  m a j o r i t y  o f  P A H  n u m b e r s  t o  t h e  I J C  a n d  t h e y
h a v e  r e c o m m e n d e d  t h a t  P A H  b e  o n e  o f  t h e  f e w  c l a s s e s  o f  c o m p o u n d s  w h i c h
s h o u l d  b e  s t u d i e d  e x t e n s i v e l y .  A  c o p y  o f  a  r e v i e w  d o c u m e n t  o n  P A H  i n  t h e
G r e a t  L a k e s  i s  a p p e n d e d  t o  t h i s  r e p o r t .
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5 .  P R O D U C T S

Publications, presentations, and the documentation of models are impor-
tan t  p roducts  o f  th is  p rogram,  bu t  o ther ,  in tang ib le  p roducts  must  a lso  be
c o n s i d e r e d .  S u c h  t h i n g s  i n c l u d e  t h e  d e v e l o p m e n t  o f  a  s c i e n t i f i c  r e s e a r c h
t e a m  a n d  a  n e t w o r k  o f  e x p e r t s  o n  t h e  c y c l i n g ,  b e h a v i o r ,  a n d  f a t e  o f
c o n t a m i n a n t s  i n  t h e  G r e a t  L a k e s .  W e  h a v e  p r o v i d e d  o u r  r e s u l t s  t o  s e v e r a l
w o r k i n g  g r o u p s  o f  t h e  I n t e r n a t i o n a l  J o i n t  C o m m i s s i o n  a n d  t o  t h e  S t a t e  o f

Michigan, and have published and made presentations to scientif ically
i n t e r e s t e d  l a y  g r o u p s .

O u r  l a s t  a n n u a l  r e p o r t ,  s u m m a r i z i n g  r e s u l t s  t o  t h a t  d a t e ,  i n c l u d e d
a  l i s t  o f  34  pub l i ca t ions  and  31  p resen ta t ions .  The  fo l l ow ing  l i s t  i s  an
update,  and ind icates that  product ion (as measured in  these terms)  is
i n c r e a s i n g .
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6 .  T A S K  R E P O R T S

Fo l low ing  the  a t tached  rev iew o f  PAH in  the  Grea t  Lakes  (wh ich  w i l l
a p p e a r  a s  a n  a p p e n d i x  t o  t h e  1 9 8 3  I n t e r n a t i o n a l  J o i n t  C o m m i s s i o n  A n n u a l

Repor t )  a re  b r i e f  f rom the  i nd i v idua l  t asks  w i th in  the  p rog ram.
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A PERSPECTIVE ON POLYCYCLIC AROMATIC HYDROCARBONS IN THE GREAT LAKES1

B r i a n  J .  E a d i e

a n d

P e t e r  F .  L a n d r u m

G L E R L  C o n t r i b u t i o n  N o .  3 7 2 .

1
N a t i o n a l  O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n
Grea t  Lakes  Env i ronmen ta l  Resea rch  Labo ra to r y

2 3 0 0  W a s h t e n a w  A v e n u e

A n n  A r b o r ,  M i c h i g a n  4 8 1 0 4



I n t r o d u c t i o n

P o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s  ( P A H )  a r e  a  c l a s s  o f  c o m p o u n d s  w i t h  a

b a s i c  s t r u c t u r e  c o n s i s t i n g  o f  c a r b o n  a n d  h y d r o g e n  a t o m s  a r r a n g e d  i n  t w o  o r

m o r e  f u s e d  a r o m a t i c  ( b e n z e n e )  r i n g s .  T h e y  a r e  o f  c o n c e r n  b e c a u s e  m a n y  o f  t h e

congeners  can  be  ca rc inogen ic  and /o r  mu tagen ic .  The  te rm a l so  cove rs  f used

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

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

the two-ring compound naphthalene (C10H8) to the seven-ring compound coronene

(C24H12) .  Permuta t ions  o f  the  spat ia l  o r ien ta t ion  o f  the  r ings  and mul t ip le

t y p e s  o f  s u b s t i t u t i o n  l e a d  t o  a  l a r g e  n u m b e r  o f  P A H  c o n g e n e r s .  O f  t h i s  l a r g e

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

F i g u r e  1 .

P A H  a r e  p r o d u c t s  o f  t h e  i n c o m p l e t e  c o m b u s t i o n  o f  o r g a n i c  m a t e r i a l s ,  f o r

e x a m p l e ,  f o r e s t  f i r e s  o r  t h e  b u r n i n g  o f  f o s s i l  f u e l s .  A s  i s  t o  b e  e x p e c t e d

f r o m  s u c h  c o m m o n l y  a v a i l a b l e  s o u r c e  m a t e r i a l ,  P A H  a r e  u b i q u i t o u s  i n  t h e

e n v i r o n m e n t  ( H i t e s  e t  a l . ,  1 9 8 0 ) ,  w i t h  e l e v a t e d  c o n c e n t r a t i o n s  r e p o r t e d  n e a r

u r b a n  ( L a f l a m m e  a n d  H i t e s ,  1 9 7 8 ;  W a k e h a m  e t  a l . ,  1 9 8 0 a ) .  T h e  p r e d o m i -

nant  compounds found in  atmospher ic  samples (Gordon,  1976;  St rand and Andren,

1980)  and  sed iments  (La f lamme and H i tes ,  1978)  a re  the  unsubs t i tu ted  paren t

c o m p o u n d s  ( F i g u r e  1 ) .  T h e s e  a r e  p r i m a r i l y  g e n e r a t e d  a t  t e m p e r a t u r e s  i n  e x c e s s

of 400°-500°C. At lower combustion temperatures, alky1-substituted PAH begin

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

( 1 0 0 ° - 1 5 0 ° C )  m a t u r a t i o n  o f  o i l ,  w h i c h  c o n t a i n s  c o m p l e x  m i x t u r e s  o f  s u b s t i t u t e d

P A H  ( Y o u n g b l o o d  a n d  B l u m e r ,  1 9 7 5 ) .

I n  t h e  a t m o s p h e r e ,  P A H  g e n e r a t e d  i n  t h e  c o m b u s t i o n  p r o c e s s  a r e  p r i m a r i l y

a s s o c i a t e d  w i t h  f i n e  p a r t i c l e s  ( N e f f ,  1 9 7 9 ) .  R e c e n t  w o r k  i n d i c a t e s  t h a t  m o s t
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Figure 1.  Ring st ructures of  the most  common PAH in envi ronmental  samples.
By convention, symbols representing the aromatic character of the r ings are
o m i t t e d .

o f  t he  mass  o f  PAH i s  a t t ached  to  submic ron  pa r t i c l es  (M igue l  and  Ruben i ch ,

1 9 7 9 ) .  P a r t i c l e s  t h i s  s i z e  c o u l d  b e  e x p e c t e d  t o  h a v e  a n  a t m o s p h e r i c  r e s i d e n c e

t ime  o f  weeks  t o  mon ths ,  a l t hough  th i s  i s  cons ide rab l y  reduced  by  washou t

d u r i n g  p r e c i p i t a t i o n .  T h i s  s t i l l  l e a v e s  t i m e  ( d a y s  t o  w e e k s )  f o r  l o n g  r a n g e

a t m o s p h e r i c  t r a n s p o r t  o f  P A H ,  c o n t r i b u t i n g  t o  t h e i r  w i d e  d i s t r i b u t i o n .

T h e r e  a r e  o t h e r  s o u r c e s  f o r  s o m e  o f  t h e  P A H .  I n  s e d i m e n t s ,  p e r y l e n e  c o n -

c e n t r a t i o n  h a s  b e e n  s h o w n  t o  i n c r e a s e  w i t h  d e p t h  w i t h i n  t h e  c o r e ,  a n d  i t  o f t e n

becomes the most abundant PAH (Wakeham et al., 1980b). Laflamme and Hites

( 1978 )  desc r i be  some  poss ib le  qu inone  p igmen t  p recu rso rs  t ha t  m igh t  f o rm
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pery lene in reducing sedimentary envi ronments.  Alky lated phenanthrenes occa-

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

add i t i on  to  combus t ion :  te rpenes  assoc ia ted  w i th  p ine  fo res ts  (La f lamme and

Hites,  1978) and dehydrogenat ion of  steroids (Wakeham et al .  1980b) wi th in

t h e  s e d i m e n t .

B e h a v i o r  o f  P A H  i n  t h e  A q u a t i c  E n v i r o n m e n t

Solubility dominates the behavior and fate of persistent organic con-

taminants  in  the  Great  Lakes  (and o ther  aquat ic  sys tems) .  The d is t r ibu t ion  o f

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

coefficient (Kp).

c o n c e n t r a t i o n  i n  p a r t i c u l a t e  p h a s e  ( p p m )
Kp =

Several investigators have recently published on this topic (Chiou et al.,

1977; Herbes, 1977; Means al., 1979, and Karickhoff et al., 1979). The

most comprehensive of these studies was a review by Kenaga and Goring (1979),

who  de r i ved  t he  f o l l ow ing  re l a t i onsh ip :

l og  Koc  =  3 .64  -  0 .55  log  WS

n  =  1 0 6  c o m p o u n d s  r  =  - 0 . 8 4 ,

where WS = solubility in water (ppm) and Koc = (100 X Kp)/(% organic carbon of
t h e  s u b s t r a t e ) .

Reported solubilit ies of PAH in distil led water (tabulated in Neff, 1979, and

in  Lee and Grant ,  1982)  f rom approx imate ly  1  ppm for  phenanthrene to  0 .1

p p b  f o r  M e a n  s o l u b i l i t i e s  a n d  K o c  v a l u e s  c a l c u l a t e d  f r o m  t h e
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express ion  above  a re  l i s ted  in  Tab le  1 .  Log  Koc  va lues  fo r  py rene  measured  by

M e a n s  e t  a l .  ( 1 9 7 9 )  a v e r a g e d  4 . 8 2  a n d  t h o s e  m e a s u r e d  b y  K a r i c k h o f f  e t  a l .

( 1 9 7 9 )  o n  s i l t s  a n d  c l a y  a v e r a g e d  5 . 0 5 .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e

calculated Koc values in Table 1 may be low by as much as an order of  magni-

t u d e .  M e a s u r e m e n t s  m a d e  i n  o u r  l a b o r a t o r y  s u p p o r t  t h i s .

T h e  e q u i l i b r i u m  d i s t r i b u t i o n  o f  P A H  i n  t h e  w a t e r  c o l u m n  o f  t h e  G r e a t

L a k e s ,  c a l c u l a t e d  f r o m  t h i s  i n f o r m a t i o n ,  i s  i l l u s t r a t e d  i n  F i g u r e  2 .  T h e

f r a c t i o n  o f  c o n t a m i n a n t  a s s o c i a t e d  w i t h  t h e  d i s s o l v e d  p h a s e  i s  e q u a l  t o :

f d  ,
* T S M

Tab le  1 .  .  Summary  o f  wa te r  so lub i l i t y  and  par t i t i on ing  in fo rmat ion

CompoundMean of reported 1 solubilities (mg/kg)Calculated log10 Koc
Naphthalene3 1 . 32 . 8 2
Phenanthrene1 . 2 43 . 5 9
A n t h r a c e n e0 . 0 6 24 . 3 0
P y r e n e0 . 1 4 24 . 1 1
C h r y s e n e0 . 0 0 1 85 . 1 5
Fluoranthene0 . 2 4 23 . 9 8
Benzo (a) pyrene0 . 0 0 3 94 . 9 7
P e r y l e n e0 . 0 0 0 45 . 5 1
Benzo(ghi)perylene0 . 0 0 0 2 65 . 6 1
C o r o n e n e0 . 0 0 0 1 45 . 7 6
1Compiled data from Lee and Grant (1982).
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Figure 2. -- The equilibrium distribution of PAH (and other organic contam-
inants) within the water column of the Great Lakes. The fraction of
dissolved contaminant is defined as fd = 1/(1 + Kp*TSM). Koc (10) repre-
sents the partition coefficient assuming 10% substrate organic carbon,
equivalent to 10*Kp. The water solubil ity is calculated from the expression
of Kenaga and Goring (1979). (See text.) The region of PAH partitioning is
indicated. At equil ibrium the PAH are predominately in the dissolved form.

w h e r e  T S M  t h e  c o n c e n t r a t i o n  o f  t o t a l  s u s p e n d e d  m a t t e r  ( g / g )  T h e

G r e a t  L a k e s  i n  t h e i r  l a k e  T S M  c o n c e n t r a t i o n s  a s  s h o w n  b e l o w  ( B e l l ,

1 9 8 2 ) :

L a k eApproximate TSM (mg/L)

Superior0 . 5 - 1
M i c h i g a n1 - 2
H u r o n1 - 2
E r i e4 - 8
O n t a r i o2 - 4

In  sha l low nearshore  reg ions ,  TSM concent ra t ions  a re  genera l l y  g rea te r  by  a

fac tor  o f  two or  more.  The range of  TSM i l lus ta ted in  F igure 2  (1-10 ppm) is

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

5



9 0 %  o f  t h e  w a t e r  c o l u m n  i n v e n t o r y  o f  P A H  w i l l  b e  i n  t h e  d i s s o l v e d  p h a s e .  O n l y

i n  n e a r s h o r e  r e g i o n s  o r  w e s t e r n  L a k e  E r i e  w i l l  a  s u b s t a n t i a l  f r a c t i o n  o f  t h e

l o w  s o l u b i l i t y  P A H s  b e  a s s o c i a t e d  w i t h  p a r t i c l e s .

D e c o m p o s i t i o n  o f  P A H  i n  t h e  w a t e r  c o l u m n  i s  p r i m a r i l y  t h r o u g h  p h o t o -

o x i d a t i o n  ( N a t i o n a l  A c a d e m y  o f  S c i e n c e ,  1 9 8 2 ) .  B e n z o ( a ) p y r e n e  ( B a P ) ,  f o r

e x a m p l e ,  h a s  a  h a l f - l i f e  o f  l e s s  t h a n  1 . 0  h o u r  w h e n  e x p o s e d  t o  s u n l i g h t ;

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

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

g r e a t l y  r e d u c i n g  t h e  a m o u n t  o f  B a P  r e m o v e d  b y  t h i s  p r o c e s s .

Transpor t  o f  PAH out  o f  the water  co lumn occurs through sorpt ion to  par-  -

t i c l e s  a n d  p a r t i c l e  s e t t l i n g .  F e c a l  p e l l e t s  w e r e  i d e n t i f i e d  a s  t h e  p r i m a r y

t r a n s p o r t  v e h i c l e  f o r  P A H  i n  a  m a r i n e  b a y  ( P r a h l  a n d  C a r p e n t e r ,  1 9 7 9 ) .

P r e l i m i n a r y  e v i d e n c e  s u g g e s t s  t h a t  f e c a l  p e l l e t s  p l a y  a  s i m i l a r  r o l e  i n  L a k e

M i c h i g a n  ( M .  E v a n s ,  U n i v e r s i t y  o f  M i c h i g a n ,  p e r s o n a l  c o m m u n i c a t i o n ) .  T h e s e

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

r a p i d l y  r e m o v i n g  P A H  f r o m  t h e  e u p h o t i c  z o n e .  B i o l o g i c a l  d e c o m p o s i t i o n  i s  a t  a

max imum nea r  t he  sed imen t /wa te r  i n te r f ace  (Ga rdne r  e t  a l . ,  1979 ;  Lee  e t  a l . ,

1 9 8 1 )  a n d  c o m p e t e s  w i t h  b u r i a l  a s  t h e  p r e d o m i n a n t  r e m o v a l  m e c h a n i s m  i n  t h e

G r e a t  L a k e s .

T h e  d i s t r i b u t i o n  o f  P A H  i n  v a r i o u s  s e d i m e n t a r y  e n v i r o n m e n t s  a r o u n d  t h e

w o r l d ,  a l t h o u g h  c o m p l e x  ( L a f l a m m e  a n d  H i t e s ,  1 9 7 8 ;  H i t e s  e t  a l . ,  1 9 8 0 ) ,  i s

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

i s  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  o f  a  c o m b u s t i o n  s o u r c e .  C o n c e n t r a t i o n s  o f

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

u r b a n  e n v i r o n m e n t s  u p  t o  a p p r o x i m a t e l y  1  p a r t  p e r  m i l l i o n  i n  s e d i m e n t s  f r o m

t h e  N e w  Y o r k  B i g h t .  S i m i l a r l y  h i g h  c o n c e n t r a t i o n s  ( ~ 1  p p m )  w e r e  r e p o r t e d  f o r
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L a k e  W a s h i n g t o n  a n d  t h r e e  S w i s s  l a k e s  ( a l l  c l o s e  t o  u r b a n  s o u r c e s )  ( W a k e h a m  e t

a l . ,  1 9 8 0 a ) .  .  T h e s e  h i g h  s e d i m e n t  c o n c e n t r a t i o n s  i m p l y  t h a t  o r g a n i s m s  t h a t

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

t i o n s  o f  P A H .

P A H  i n  t h e  G r e a t  L a k e s

T h e  G r e a t  L a k e s  a r e  t h e  f o c u s  o f  a  h e a v i l y  p o p u l a t e d  a n d  i n d u s t r i a l i z e d

reg ion  and ,  as  p rev ious ly  desc r ibed ,  such  a reas  a re  expec ted  to  rece ive  l a rge

l o a d s  o f  P A H .  E s t i m a t e s  o f  t h e  l o a d  o f  P A H  t o  t h e  G r e a t  L a k e s  ( T a b l e  2 )  a r e

s imi la r  to  max imum es t imates  o f  PCB and DDT loads  to  the  same reg ion .  Load

es t ima tes  a re  based  on  a  ve ry  spa rse  da ta  base ,  and  thus  a re  sub jec t  t o  impro -

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

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

Tab le  2 .  A tmospher ic  f l ux  o f  PAH to  the  Grea t  Lakes  (MT/y r )

L a k e
CompoundSuperior 1Michigan 12 MichiganHuron 1Erie 11 Ontario
Phenanthrene4 . 83 . 42 . 13 . 51 . 51 . 1
Anthracene4 . 83 . 42 . 13 . 51 . 51 . 1
Fluoranthene- - 3 . 6- - -
P y r e n e8 . 35 . 94 . 06 . 12 . 61 . 9
Benzo (a) anthracene4 . 12 . 93 . 33 . 01 . 51 . 1
Benzo (a) pyrene7 . 95 . 64 . 05 . 82 . 51 . 8
Perylene4 . 83 . 32 . 13 . 41 . 51 . 1
l E i s e n r e i c h  e t  a l .  ( 1 9 8 1 )

2Andren and Strand (1981)
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S o n z o g n i  e t  a l .  ( 1 9 7 9 )  a n d  S u l l i v a n  e t  a l .  ( 1 9 8 0 )  a n d  a n  e s t i m a t e  o f  5 0  p p b

f l u o r a n t h e n e  o r  p y r e n e  f o r  s o i l  f r o m  H i t e s  e t  a l .  ( 1 9 8 0 ) .  B a s e d  o n  t h e s e

a s s u m p t i o n s ,  P A H  v i a  t r i b u t a r y  i n p u t  i s  a p p r o x i m a t e l y  1 0 %  o f  t h e  l e v e l  a t t r i -

b u t e d  t o  a t m o s p h e r i c  i n p u t .  S h o r e l i n e  e r o s i o n  a n d  d i f f u s e  s o u r c e s  w o u l d  a l s o

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

s o u r c e  o f  P A H  t o  t h e  G r e a t  L a k e s .

B e c a u s e  o f  t h e i r  l o w  s o l u b i l i t y  a n d  c o n c e n t r a t i o n ,  d a t a  o n  P A H  i n  t h e

w a t e r  c o l u m n  a r e  v e r y  l i m i t e d .  W o r l d w i d e  c o n c e n t r a t i o n s  o f  B a P  r a n g e d  f r o m

a p p r o x i m a t e l y  0 . 1  t o  1 0 0  n g / L  ( N e f f ,  1 9 7 9 ) .  B a P  ( 0 . 3  n g / L )  a n d  t o t a l  P A H  ( 4 . 7

n g / L )  w e r e  f o u n d  i n  L a k e  E r i e  n e a r  B u f f a l o  ( B a s u  a n d  S a x e n a ,  1 9 7 9 ) .  L a r g e

v o l u m e s  o f  t r e a t e d  m u n i c i p a l  d r i n k i n g  w a t e r  t a k e n  f r o m  1 2  p l a n t s  u s i n g  G r e a t

L a k e s  w a t e r  y i e l d e d  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  p y r e n e  ( 1 1 . 2  +  2 0 . 0  a n d

3 . 9  +  1 0 . 2  n g / L )  a n d  f l u o r a n t h e n e  ( 9 . 2  +  1 2 . 0  a n d  1 0 . 6  +  2 5 . 0 )  ( W i l l i a m s  e t

a l . ,  1 9 8 2 ) .  T h e  n u m b e r s  i n  p a r e n t h e s i s  r e p r e s e n t  t h e  m e a n  +  1  s t a n d a r d

d e v i a t i o n  f o r  w i n t e r  a n d  s u m m e r  s a m p l e s ,  r e s p e c t i v e l y .  F l u o r a n t h e n e  ( 1 5  +  9

ng/L ) ,  py rene  (14  +  6  ng /L ) ,  and  BaP (7  +  4  ng /L )  were  found  in  f i l t e red

o f f s h o r e  w a t e r s  o f  s o u t h e r n  L a k e  M i c h i g a n  ( E a d i e ,  1 9 8 3 ) .  T h e  c o n c e n t r a t i o n  o f

t hese  compounds  on  suspended  pa r t i c l es  was  2 -4  ug /g .  A t  a  concen t ra t i on  o f  1

mg/L  o f  TSM,  more  than  75% o f  these  PAH are  es t imated  to  be  in  the  d isso lved

p h a s e .

P A H  c o n c e n t r a t e  i n  s e d i m e n t s ,  a n d  t h e r e  h a v e  b e e n  s e v e r a l  a n a l y s e s  o f

G r e a t  L a k e s  s e d i m e n t s  f o r  t h e s e  c o m p o u n d s  ( T a b l e  3 ) .  I n  g e n e r a l ,  h i g h  s e d i -

m e n t  P A H  c o n c e n t r a t i o n s  a r e  a s s o c i a t e d  w i t h  f i n e - g r a i n e d ,  o r g a n i c  r i c h  s e d i -  -

m e n t s .  L o w  v a l u e s  i n  T a b l e  3  a r e  f r o m  n e a r s h o r e ,  s a n d y  e n v i r o n m e n t s .

P A H  i n  L a k e  S u p e r i o r  s e d i m e n t s  a r e  a n  o r d e r  o f  m a g n i t u d e  l o w e r  t h a n  t h o s e

i n  t h e  l o w e r  l a k e s .  L a k e  M i c h i g a n  s e d i m e n t s  h a v e  t h e  h i g h e s t  P A H  c o n c e n t r a -

t i o n .  T h i s  o b s e r v a t i o n  s u p p o r t s  t h e  h y p o t h e s i s  o f  l o c a l i z e d  u r b a n  s o u r c e s ,
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Table 3.  Range of  concentrat ions of  PAH in Great  Lakes
surficial sediments (ng/g dry)

L a k eL a k e
Compound1 Superior (n=1)2 Michigan (n=10)2 Huron (n=3)2,3 Erie (n=4)Ontario 2,4 (n=5)
Phenanthrene3 46-126811-27218-43140-205
Fluoranthene8 89-166433-48765-285210-1000
P y r e n e5 38-143036-25657-28756-1182
B a P2 84 - 9 4 423-29456-17376-306
Gischwend and Hites (1981).

2Eadie et al. (1982b, 1983).

3adie et  a l .  (1982a).  .

4 IJC (1977).

since the Lake Super ior  region is  heavi ly  forested and undeveloped,  whi le the

r e g i o n  a r o u n d  s o u t h e r n  L a k e  M i c h i g a n  ( w h e r e  s i x  o f  t h e  s e d i m e n t s  w e r e

col lected) is heavi ly industr ial ized. The distr ibut ion of measured PAH conge-

n e r s  i n  G r e a t  L a k e s  s e d i m e n t s  i s  s i m i l a r  i n  a  g r o s s  s e n s e  t o  s e d i m e n t s

repor ted  by  H i tes  e t  a l .  (1980) ,  La f lamme and H i tes  (1978) ,  Wakeham e t  a l .

(1980a) ,  Tan and Hei t  (1981) ,  and Eadie  e t  a l .  (1982a,b)  for  env i ronments  that

rece ive  PAH f rom an th ropogen ic  sources .  Charac te r i s t i ca l l y ,  these  a re  h ighes t

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

n a n t h r e n e ,  c h r y s e n e  ( p l u s  t r i p h e n y l e n e ) ,  a n d  B a P .

More de ta i led  in fo rmat ion  on  the  d is t r ibu t ion  o f  PAI I  in  Lake Mich igan

sediments is  presented in Table 4.  Stat ions T1 and T6 are located in regions
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Tab le  4 .  Lake  Mich igan sed iment  PAH (ng /g  d ry )

StationPhenantheneFluoranthenePyreneChrysene + TriphenyleneBaP
T 12 83 43 03 63 3
T 28 0 99 0 67 3 3- 4 5 0
T 3 *1 2 6 81 6 6 41 4 3 01 1 2 89 4 4
T 43 0 84 4 53 6 33 1 92 5 1
T 55 3 77 9 46 6 55 2 22 4 8
T 61 96 23 84 12 6
T 72 9 86 2 04 2 15 5 45 7 2
T 82 4 54 1 93 1 93 4 85 7 1

T 1 12 6 34 1 33 1 85 4 33 2 4
* C a l c u l a t e d  P A H  c o e f f i c i e n t s  o f  v a r i a t i o n  ( % )  f o r  r e p l i c a t e  ( 3 - 4 )  a n a l y s e s  o f
r e p l i c a t e  e x t r a c t s  f r o m  s t a t i o n  T 3  a r e :  2 7 . 6 ,  1 3 . 0 ,  1 1 . 6 ,  1 9 . 4 ,  1 8 . 5 ,
r e s p e c t i v e l y

w h e r e  s e d i m e n t s  a r e  n o t  a c c u m u l a t i n g  ( C a h i l l ,  1 9 8 1 ) .  .  T h e  o t h e r  s e v e n  s t a t i o n s

a r e  i n  r e g i o n s  o f  r e c e n t  s e d i m e n t  d e p o s i t i o n .  T h e  d i s t r i b u t i o n  o f  t h e

f l u o r a n t h e n e  c o n c e n t r a t i o n s  f o r  t h e s e  n i n e  s t a t i o n s  ( F i g u r e  3 )  i s  i n  g e n e r a l

agreement  w i th  the  map o f  ch lo r ina ted  o rgan ic  con taminan ts  (whose  source  i s

a l s o  p r i m a r i l y  a t m o s p h e r i c )  ( F r a n k  e t  a l . ,  1 9 8 1 ) .  I t  a p p e a r s  t h a t  t h e  f i n a l

s e d i m e n t a r y  d i s t r i b u t i o n  o f  P A H  a n d  o t h e r  h y d r o p h o b i c  o r g a n i c s  w i l l  b e

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

r i c h  s e d i m e n t s  t o  w h i c h  t h e y  a r e  a t t a c h e d .

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

s imp le  s teady -s ta te  mass  ba lance  fo r  PAH in  t he  Grea t  Lakes .  F igu re  4

i l l u s t r a t e s  s u c h  a  c a l c u l a t i o n  f o r  B a P  i n  L a k e  M i c h i g a n .  T h e  n u m b e r s  s h o u l d

b e  c o n s i d e r e d  u n c e r t a i n  t o  a b o u t  +  5 0 %  a t  t h i s  t i m e .  T h e  l o s s  o f  2 . 8  M T  o f

B a P  ( c a l c u l a t e d  b y  d i f f e r e n c e )  i n d i c a t e s  d e c o m p o s i t i o n  o f  a p p r o x i m a -

t e l y  5 0 %  o f  t h e  o n e  d i v i d e s  t h e  c o n c e n t r a t i o n  i n  t h e  w a t e r  b y  t h e
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F i g u r e  3 .  T h e  d i s t r i b u t i o n  o f  f l u o r a n t h e n e  ( n g / g )  i n  t h e  s u r f i c i a l
sediments of Lake Michigan.
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Lake Michigan BaP Budget
(MT or MT / yr)

Figure 4.  Lake Michigan benzo(a)pyrene budget .  The input  (~5 MT/yr)  is  f rom
Tab le  2 .  Concen t ra t i on  i n  t he  wa te r  co lumn  (7  ng /L ,  80% d i sso l ved )  i s  f r om
Ead ie  (1983 )  mu l t i p l i ed  by  t he  vo lume  o f  t he  l ake  and  d i s t r i bu ted  as  27  MT
d i s s o l v e d  a n d  7  M T  a s s o c i a t e d  w i t h  p a r t i c u l a t e  m a t t e r .  S e d i m e n t a t i o n  i s
est imated f rom recent accumulat ion data (Robbins and Edgington,  1975) and
trap fluxes (Chambers and Eadie, 1981), both of which are approximately 7
mg/cm2/yr. This figure was multiplied by the lake area and a BaP con-
centrat ion of  500 ng/g (Table 2) .  Sediment inventory was est imated for  the
upper cm (well mixed, 2.6 g/cm3, 80% porosity). The losses of approxima-
t e l y  2 . 8  M T / y r  w e r e  c a l c u l a t e d  b y  d i f f e r e n c e .

l o a d ,  o n e  c a l c u l a t e s  a  r e l a t i v e l y  l o n g  a p p a r e n t  r e s i d e n c e  t i m e  o f  a p p r o x i m a -

t e l y  7  y e a r s  f o r  B a P  i n  L a k e  M i c h i g a n  w a t e r .  T h e  l a r g e  r e s e r v o i r  o f  B a P  i n

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

t h r o u g h  r e s u s p e n s i o n  a n d  d i f f u s i o n .  T h e  l o a d  o f  5  M T / y r ,  e q u i v a l e n t  t o  8 . 5

ng/cm2/yr, is higher (by a factor of 35) than that calculated by Gischwend and

H i t e s  ( 1 9 8 1 )  f r o m  a  c o r e  i n  L a k e  S u p e r i o r ,  b u t  l o w e r  t h a n  t h e i r  r e p o r t e d

f l u x e s  f o r  u r b a n  s i t e s .

B i o l o g i c a l  E f f e c t s

T h e  c o m p l e x  m i x t u r e s  a n d  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  o f  P A H  i n  l a k e

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

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

c o m p o u n d s  u p  t h e  f o o d  c h a i n  t o  f i s h .  I n  g e n e r a l ,  f i s h  a n d  s o m e  i n v e r t e b r a t e s

h a v e  i n d u c i b l e  m i x e d  f u n c t i o n  o x i d a s e  s y s t e m s  c a p a b l e  o f  o x i d i z i n g  P A H ,

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

f ac to rs .  Ne f f  (1979)  summar izes  a  g rea t  dea l  o f  i n fo rmat ion  on  b io log ica l

u p t a k e ,  a c c u m u l a t i o n ,  a n d  d e g r a d a t i o n  i n  t h e  a q u a t i c  e n v i r o n m e n t .  R e c e n t  a n a -

lyses of oligochaete worms and chironomids from Lake Erie and Pontoporia from

L a k e  M i c h i g a n  ( E a d i e  e t  a l . ,  1 9 8 2 a , b )  h a v e  s h o w n  t h a t  t h e  P A H  c o n c e n t r a t i o n s

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

their sedimentary environment. Bioconcentration factors in Pontoporia hoyi,

t h e  m o s t  a b u n d a n t  b e n t h i c  ( b y  m a s s )  i n  L a k e  M i c h i g a n ,  r a n g e d  f r o m  1 0 4

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

PAH.  Recen t  l abo ra to r y  expe r imen ts  w i t h  t h i s  o rgan i sm con f i rm  t hese  b i ocon -

centration factors for anthracene and BaP (Landrum, 1982). In Pontoporia from

recent (fine-grained) sediments, concentrations several PAH exceeded 1 ppm

( w e t  w t . )  ( E a d i e  e t  a l . ,  1 9 8 2 b ) .

D o  t h e s e  c o n c e n t r a t i o n s  p r e s e n t  a  s e r i o u s  t h r e a t  t o  G r e a t  L a k e s  f i s h ?

The  p r imary  concern  i s  the  ab i l i t y  o f  PAH to  cause  cancer  ( Jones  and  Leber ,

1979;  Gelbo in  and Ts 'o ,  1978) .  Acute tox ic i ty  f rom these compounds is  o f

m a j o r  s i g n i f i c a n c e  o n l y  i n  t h e  i m m e d i a t e  a r e a  o f  a n  o i l  s p i l l .  I n  a d d i t i o n ,

L e v e r s e e  e t  a l .  ( 1 9 8 2 )  d e s c r i b e d  a  h i g h  a c u t e  m o r t a l i t y  r a t e  f o r  s u n -

f ish exposed to ppb concentrat ions of  anthracene in the presence of  sunl ight .

Benzo (a)  pyrene adversely  af fected the hatching and ear ly  development  of  f la t -

f i s h  ( H o s e  e t  a l . ,  1 9 8 0 )  a t  v e r y  l o w  p p b  l e v e l s .

The l im i ted  amount  o f  work  on  the  chron ic  response o f  aquat ic  o rgan isms

has been summarized in Nef f  (1979) and Mal ins and Hodgins (1981).  Both

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

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

locat ions are usual ly  contaminated wi th a wide var iety of  pol lutants,  making

i t  d i f f i c u l t  t o  d i s t i n g u i s h  b e t w e e n  c a u s e  a n d  e f f e c t .
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S i n c e  f i s h  c a n  e n z y m a t i c a l l y  o x i d i z e  P A H ,  m o n i t o r i n g  t h e  a m b i e n t  l e v e l s

o f  P A H  i n  f i s h  d o e s  n o t  m e a s u r e  t h e i r  e x p o s u r e .  P a y n e  a n d  F a n c e y  ( 1 9 8 2 )  f o u n d

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

o f  p e t r o l e u m  h y d r o c a r b o n s ,  a n d  t h e y  a d v o c a t e  m o n i t o r i n g  t h i s  e n z y m e  t o  d e t e r -

m i n e  i f  f i s h  a r e  b e i n g  s t r e s s e d  b y  P A H .

A r e  P A H  c a u s i n g  c a n c e r  i n  f i s h ?  S o n s t e g a r d  ( 1 9 7 7 )  f o u n d  v e r y  h i g h  i n c i -

d e n c e s  o f  t u m o r o u s  t i s s u e  i n  G r e a t  L a k e  f i s h  t h a t  f e e d  p r i m a r i l y  o n  b o t t o m

o r g a n i s m s ;  y e t  h e  d i d n ' t  d e t e c t  a n y  s u c h  m a l f o r m a t i o n s  i n  a n  a n a l y s i s  o f  a

m u s e u m  c o l l e c t i o n  o f  s i m i l a r  G r e a t  L a k e s  f i s h  c o l l e c t e d  i n  1 9 5 2 .  T h e  i m p l i c a -

t i o n  i s  t h a t  s o m e  c a r c i n o g e n i c  o r  m u t a g e n i c  a g e n t ( s )  h a v e  b e e n  i n t r o d u c e d  i n t o

t he  G rea t  Lakes  s i nce  t he  ea r l y  ' 50s .  Many  compounds  o r  poss i b l e  comb ina t i ons

o f  compounds  cou ld  be  those  agen ts ;  PAH a re  ce r ta in l y  among  them.  H igh  i nc i -

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

t a r i e s  h a v e  b e e n  c o r r e l a t e d  w i t h  h i g h  c o n c e n t r a t i o n s  o f  P A H  i n  s e d i m e n t s

( B l a c k  e t  a l . ,  1 9 8 0 a , b ) .  L i v e r  t u m o r s  w e r e  f o u n d  i n  t h e  b r o w n  b u l l h e a d  o f  t h e

B l a c k  R i v e r ,  a n  i n p u t  t o  L a k e  E r i e  t h a t  i s  h i g h l y  c o n t a m i n a t e d  w i t h  P A H

( B a u m a n n  e t  a l . ,  1 9 8 2 ) .  A s  m e n t i o n e d  a b o v e ,  t h e s e  r e g i o n s  a r e  u s u a l l y  c o n -

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

e f f e c t s  w i t h  P A H .  H o w e v e r ,  P A H  i n  l a b o r a t o r y  s t u d i e s  h a v e  i n d u c e d  t u m o r s  i n

f i s h  ( J o n e s  a n d  H o f f m a n ,  1 9 5 7 ;  S c h u l t z  a n d  S c h u l t z ,  1 9 8 2 ;  B l a c k ,  1 9 8 2 ) ,

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

( N e f f ,  1 9 7 9 ) .  T h u s ,  t h e r e  i s  e v i d e n c e  o f  b o t h  c h r o n i c  e f f e c t s  a n d

c a r c i n o g e n i c / m u t a g e n i c  r e s p o n s e s  i n  f i s h  p o p u l a t i o n s  e x p o s e d  t o  P A H .  T h e s e

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

b o t t o m .

H o w  d o e s  t h i s  e x p o s u r e  o f  f i s h  t o  P A H  a f f e c t  h u m a n  h e a l t h ?  S i n c e  f i s h

h a v e  t h e  t o  b i o t r a n s f o r m  P A H ,  e x p o s u r e  o f  b i o a c c u m u l a t e d  p a r e n t
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c o m p o u n d s  w i l l  b e  m i n i m a l .  W h i l e  i t  h a s  b e e n  r e p o r t e d  t h a t  m a r i n e  f i s h  h a v e

l e v e l s  o f  B a P  t o  5 0 0 0  n g / k g  d r y  w t . ,  t h e  o n e  r e p o r t e d  l e v e l  i n  f r e s h  w a t e r

f i s h  ( l a k e  t r o u t )  w a s  l e s s  t h a n  n g / k g  d r y  w t .  ( N e f f ,  1 9 7 9 ) .  B a s e d  o n  a  c o n -

s u m p t i o n  o f  0 . 5  k g  o f  f i s h  p e r  d a y  a n d  t h e  d a i l y  i n t a k e  o f  P A H  f r o m  o t h e r

s o u r c e s  ( T a b l e  5 )  ( L e e  a n d  G r a n t ,  1 9 8 1 ) ,  l a k e  t r o u t  w o u l d  c o n t r i b u t e  l e s s  t h a n

2% o f  the  to ta l  i n take  o f  PAH.  S ince  f i sh  can  b io t rans fo rm PAH,  the  leve l  o f

m e t a b o l i t e s  i n  f i s h  b e  q u i t e  h i g h ,  d e p e n d i n g  o n  e x p o s u r e .  R e s e a r c h  h a s  n o t

yet  been per formed to examine these levels ,  nor  has the tox ic i ty  o f  these

b i o t r a n s f o r m a t i o n  p r o d u c t s  o f  P A H  b e e n  d e t e r m i n e d .  T h e r e f o r e  t h e  h a z a r d s  a n d

t h e  e x t e n t  o f  t h e  b i o t r a n s f o r m a t i o n  P A H  a r e  u n k n o w n .

T h e  F u t u r e  o f  P A H  i n  t h e  G r e a t  L a k e s

Al though the ser iousness of  the exposure of  benth ic  organisms and f ish to

PAH is  cur rent ly  suppor ted on ly  by  c i rcumstant ia l  ev idence,  i t  appears  that

t h e  l o a d  o f  P A H  t o  t h e  G r e a t  L a k e s  a n d  c o n s e q u e n t  e x p o s u r e  w i l l  i n c r e a s e  o v e r

t h e  n e x t  f e w  d e c a d e s .  T h i s  w i l l  r e s u l t  f r o m  i n c r e a s i n g  p o p u l a t i o n  a n d  c o n -

sequent  increas ing energy consumpt ion.  Regional  populat ion data are g iven in

T a b l e  6 .  f o r  t h e  2 0 0 0  i s  e s t i m a t e d  t o  b e  a p p r o x i m a t e l y  1 0 %

Table  5 .  Human exposure  to  PAH f rom var ious  env i ronmenta l  sources

SourceB a Pug/day carcinogenic PAHTotal PAH
A i r0.00095-0.04350 . 0 3 80 . 2 0 7
Water0 . 0 0 1 10 . 0 0 4 20 . 0 2 7 0
F o o d0 . 1 6 - 1 . 6 1 . 6 - 1 6
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Tab le  6 .  Popu la t ion  da ta  fo r  the  Grea t  Lakes  S ta tes  (m i l l i ons )

1970 11980 21990 32000 32050 4
U.S. Total203,000222,000243,000260,000316,000
I l l i n o i s11,11311,41812,01512,491
I n d i a n a5 , 1 9 65 , 4 9 05 , 8 0 46 , 0 6 9
O h i o10,65710,79711,57011,999
M i c h i g a n8 , 8 8 29 , 2 5 810,30210,970
N e w  Y o r k18,24117,55718,52818,816
Pennsylvania11,80111,91312,27212,465
Minnesota3 , 8 0 64 , 0 7 74 , 3 8 24 , 6 3 7
W i s c o n s i n4 , 4 1 84 , 7 0 55 , 1 5 65 , 4 7 6

GL States Total73,39475,21580,02982,923
1U.S. Bureau of Census, 1979.

2U.S.  Bureau of  Census,  1981.

3U.S. Bureau of  Census (1979),  Project ion I IA.

4Schur r  e t  a l .  (1979) ,  p .  110 ;  no  es t imates  g iven  by  s ta te .

larger than the current population, a somewhat slower rate of growth than the

country as a whole. I t  is expected that growth on the Canadian side wil l  be

s i m i l a r .

A study by the National Academy of Sciences (1979, P. 204) has concluded

tha t ,  because o f  i ts  ava i lab i l i t y ,  coa l  w i l l  be  a  key e lement  in  the Uni ted

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

t h r e e  p r e s e n t  p r o d u c t i o n ,  o r  a b o u t  4 5  q u a d s  ( 1  q u a d  =
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1 5
1 0  B T U ) ,  a n n u a l l y  w i l l  p r o v i d e  o n e - t h i r d  t o  o n e - h a l f  o f  t h e  n a t i o n ' s  e n e r g y

c o m p a r e d  t o  1 8 %  ( 1 4  q u a d s  o f  7 8  q u a d s )  i n  1 9 7 8 .  A  r e g i o n a l  s t u d y  ( 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 ,  1 9 8 1 )  e s t i m a t e s  t h a t ,  b y  t h e  y e a r  2 0 0 0 ,  t h e  u s e  o f  c o a l  w i l l

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

b a s i n  w i l l  i n c r e a s e  f r o m  3 . 1  q u a d s  ( 1 9 7 5 )  t o  3 . 9  q u a d s  b y  1 9 9 0 .

I n f o r m a t i o n  s u m m a r i z e d  f o r  t h e  U n i t e d  S t a t e s  i n  t h e  l a t e  s i x t i e s

( N a t i o n a l  A c a d e m y  o f  S c i e n c e s ,  1 9 7 2 )  i n d i c a t e s  t h a t  o v e r  1 2 0 0  M t / y r  o f  B a P

w e r e  e m i t t e d  e a c h  y e a r .  T h i s  a m o u n t  w a s  a p p a r e n t l y  r e d u c e d  t o  a p p r o x i m a t e l y

3 0 0  M T / y r  b y  t h e  m i d - 1 9 7 0 s  ( T a b l e  7 ) .  T h i s  7 5 %  r e d u c t i o n  i n  e m i s s i o n s

Table 7.  .  Est imated PAH emissions (Mt/yr)

PeriodBaP U.S. 1 late '60sBaP U.S. 2 1975BaP Ontario 3 1976Total PAH U.S. 4 mid '70s
Heat and Power
C o a l4 3 1 . 02 7 . 00 . 0 1 31 8 4 . 0
O i l2 . 02 . 70 . 0 5 29 . 0
G a s2 . 01 . 00 . 0 4 81 2 . 2

W o o d4 0 . 07 3 . 0 7 6 7 4 . 0

Open burning4 5 0 . 0> 5 2 . 0- -2 5 4 7 . 0
Coke production2 0 . 01 1 0 . 09 . 3 36 3 2 . 0
Forest fires1 4 0 . 01 1 . 08 . 1 61 4 7 8 . 0
Mobile sources2 2 . 01 3  00 . 3 2 32266.0
Grams emitted
p e r  c a p i t a6 . 61 . 42 . 27 0 . 5
lNAS (1972) .

2Faoro and Manning (1981).

3MOE (1979).

4  a l .  ( 1 9 8 1 ) .
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suppor ts  the  Nat iona l  A i r  Surve i l lance Network 's  (NASN) es t imate  o f  a  75% re-  -

d u c t i o n  i n  t h e  a t m o s p h e r i c  c o n c e n t r a t i o n  o f  B a P  a t  2 6  u r b a n  s i t e s  t h r o u g h o u t

t h e  U n i t e d  S t a t e s  f r o m  1 9 6 6  t o  1 9 7 7  ( F a o r o  a n d  M a n n i n g ,  1 9 8 1 ) .  T h i s  d e c l i n e

h a s  b e e n  o b s e r v e d  a t  t h e  G r e a t  L a k e s  B a s i n  a t m o s p h e r i c  m o n i t o r i n g  s t a t i o n s

( F i g u r e  5 ) .  .  T h e  d e c l i n e  h a s  b e e n  a t t r i b u t e d  t o  a  r e d u c t i o n  i n  t h e  u s e  o f  c o a l

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

Figure 5.  Atmospher ic  concent ra t ion o f  benzo(  a)pyrene in  the Great  Lakes
Region.  Data for  Uni ted States c i t ies are f rom the U.S.  EPA/NASN (Faoro and
Manning,  1981;  Ack land,  1982) .  Data for  10 Canadian c i t ies  on the Great
Lakes  a re  f rom the  On ta r io  M in i s t r y  o f  t he  Env i ronmen t  (MOE)  (1979) .  Each
o f  t h e  2 - y e a r  a v e r a g e s  f a l l s  w i t h i n  t h e  g r a y  z o n e ;  t h e  g r a n d  m e a n  f o r  a l l
t h e  d a t a  i s  a l s o  s h o w n .  T h e  T o r o n t o  d a t a  f o r  1 9 7 6  i s  f r o m  K a t z  e t  a l .
(1978) .  The  Lake  M ich igan  da ta  a re  f rom S t rand  and  Andren  (1980) .  The
Sault  St .  Mar ie point  is  f rom the MOE (1979).  Youngstown and Mi lwaukee
b o t h  s h o w  r e c e n t  i n c r e a s e s  i n  B a P  c o n c e n t r a t i o n s .
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o i l  and  gas ,  coa l  and  wood  use  i s  aga in  i nc reas ing  (Pe te rs  e t  a l . ,  1981 ) .

Cons ide r i ng  changes  i n  samp le  co l l ec t i on  and  ana l ys i s  t echn iques ,  i t  i s  no t

c l e a r  w h e t h e r  t h e  r e p o r t e d  d e c l i n e  i n  P A H  i s  r e a l  o r  a n  a r t i f a c t  o f  t h e

m e t h o d s  e m p l o y e d .  P o t v i n  e t  a l .  ( 1 9 8 1 )  f o u n d  n 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

a t m o s p h e r i c  B a P  m e a s u r e d  b e t w e e n  1 9 7 1  a n d  1 9 7 5  a n d  t h a t  b e t w e e n  1 9 7 5  a n d  1 9 7 9

a t  a  s i t e  i n  n o r t h e r n  O n t a r i o .  W h a t  i s  o b v i o u s  f r o m  t h e  f o u r  e m i s s i o n  e s t i m a -

t e s  i n  T a b l e  7  i s  t h a t  t h e r e  i s  c o n s i d e r a b l e  d i s a g r e e m e n t  a b o u t  t h e  r e l a t i v e

impor tance of  even major  sources of  BaP.  In  the la te 60s,  the major  sources

w e r e  p e r c e i v e d  t o  b e  o p e n  b u r n i n g  o f  r e f u s e ,  f o l l o w e d  c l o s e l y  b y  t h e  c o m b u s -

t i o n  c o a l  f o r  h e a t  a n d  p o w e r .  B y  t h e  m i d  ' 7 0 s ,  t h i s  w a s  a l t e r e d  t o  c o k e

p r o d u c t i o n  i n  b o t h  t h e  U n i t e d  S t a t e s  a n d  O n t a r i o .  I n  t h e  c a s e  o f  t o t a l  P A H

e s t i m a t e s ,  t h e  m a j o r  s o u r c e  f o r  t h i s  p e r i o d  w a s  t h e  c o m b u s t i o n  o f  w o o d  f o r

heat  and power .  These es t imates  a re  ra ther  weak  s ince  sampl ing  p rocedures  and

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

f o r  v a r i o u s  e n v i r o n m e n t s .  B e n n e t t  e t  a l .  ( 1 9 7 9 )  f o u n d  o r d e r  o f  m a g n i t u d e

r a n g e s  i n  t h e  P A H  c o n c e n t r a t i o n s  o f  o i l  f i r e d  p o w e r  p l a n t  e m i s s i o n s  ( 2 3 - 2 5 5 0

ngPAH/m3) and coal fired power plant emissions (24-378 ng PAH/m3); thus the

use  o f  an  ave rage  em iss ion  fac to r  f o r  each  sou rce  t ype  i s  on l y  a  g ross  app rox -

i m a t i o n .  I n  a  l i t e r a t u r e  r e v i e w ,  J u n k  a n d  F o r d  ( 1 9 8 0 )  f o u n d  1 0 9  o r g a n i c s  i n

c o a l  c o m b u s t i o n  p r o d u c t s  a n d  3 3 1  i n  c o a l  a n d  r e f u s e  c o m b u s t i o n ,  b u t  s t a t e d

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

p o u n d s .  M a n y  o f  t h e s e  c o u l d  h a v e  c a u s e d  i n t e r f e r e n c e  i n  e a r l i e r ,  l e s s  s p e c i -

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

A t  t h i s  t i m e  i t  i s  u n c l e a r  t o  w h a t  e x t e n t  P A H  e m i s s i o n s  w i l l  i n c r e a s e

w i t h  i n c r e a s e d  f o s s i l  f u e l  c o m b u s t i o n .  T h e  f a c t  t h a t  P A H  a r e  a s s o -

c i a t e d  w i t h  s u b m i c r o n  p a r t i c l e s  m a k e s  t h e m  v e r y  d i f f i c u l t  t o  r e m o v e  f r o m  s t a c k
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gases .  Inc reased  use  o f  "d i r t y "  fue ls ,  such  as  coa l  and  wood,  w i l l  fu r ther

i n c r e a s e  t h e  p o t e n t i a l  f o r  P A H  p r o d u c t i o n .  I f  r e g i o n a l  e n e r g y  p r o d u c t i o n

i nc reases  by  25% (3 .1  quads  to  3 .9  quads )  as  es t ima ted  by  the  Grea t  Lakes

B a s i n  C o m m i s s i o n  ( 1 9 8 1 )  r e p o r t  a n d  i f  t h i s  i n c r e a s e  i s  p r i m a r i l y  i n  t h e  f o r m

o f  c o a l  a n d  w o o d  c o m b u s t i o n ,  t h e n  b a s e d  o n  t h e  f i g u r e s  i n  T a b l e  7 ,  w e  c a n  c o n -

s e r v a t i v e l y  e s t i m a t e  a n  i n c r e a s e  o f  1 0 %  i n  t h e  l o a d s  o f  P A H  t o  t h e  l a k e .  A s

l ong  as  ra tes  o f  r emova l  f r om the  ecosys tem rema in  the  same o r  even  dec rease

b e c a u s e  o f  a  r e d u c t i o n  i n  p r i m a r y  p r o d u c t i v i t y  c a u s e d  b y  t h e  G r e a t  L a k e s

phosphorus abatement program, concentrat ions of  PAH wi th in the Great  Lakes

e c o s y s t e m  w i l l  i n c r e a s e .

A c k n o w l e d g m e n t s

W e  w o u l d  l i k e  t o  t h a n k  t h e  c r e w  o f  t h e  R / V  S h e n e h o n  f o r  t h e i r  a s s i s t a n c e

i n  sample  co l lec t ion ;  War ren  Faus t ,  Nancy  Moorehead,  and  She i la  N ihar t  fo r

t he i r  ana ly t i ca l  ass i s tance ;  and  Drs .  John  Robb ins  and  Wayne  Gardner  fo r

he lp fu l  comments .  Th is  work  was  jo in t l y  funded  by  the  Of f i ce  o f  Mar ine

P o l l u t i o n  A s s e s s m e n t ,  N O A A ,  a n d  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  R e s e a r c h

L a b o r a t o r y ,  N O A A .
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PROGRESS REPORT

O c t o b e r ,  1 9 8 3

1. Organization: Great Lakes Environmental Research Laboratory
2300 Washtenaw Avenue,  Ann Arbor ,  MI  48104.

2 .  P r i n c i p a l  I n v e s t i g a t o r :  B r i a n  J .  E a d i e .

3. Title: Long-term Behavior and Fate of Polycyclic Aromatic Hydrocarbons
a n d  O t h e r  T o x i c  O r g a n i c  C o n t a m i n a n t s  i n  t h e  G r e a t  L a k e s .

4. Project Summary: The objectives of this project are 1) to develop and
cal ibrate long-term toxic cycl ing models for the Great Lakes and (2)
to conduct experiments on processes which affect the transport  of
s y n t h e t i c  o r g a n i c  c o m p o u n d s  a c r o s s  t h e  s e d i m e n t - w a t e r  i n t e r f a c e .

5. Status: Part I .  During the past year, efforts have been made to design
a toxic cycl ing model  which includes the ef fect  of  sediment resuspension
a n d  r e e q u i l i b r i a t i o n  o f  s e d i m e n t s  w i t h  t h e  w a t e r  c o l u m n .  I n i t i a l
cal ibrat ion runs for  th is model  have been made using Cesium 137 (a fa l l -
ou t  r ad ionuc l i de )  da ta .  Th i s  i so tope  was  emp loyed  f o r  seve ra l  r easons :
1) there are extensive data on the lead (monthly for 30 years), water
c o l u m n  a n d  s e d i m e n t  d i s t r i b u t i o n s  a n d  2 )  C s - 1 3 7  e x h i b i t s  s i m i l a r
p a r t i t i o n i n g  b e h a v i o r  t o  m a n y  o f  t h e  t r a c e  o r g a n i c s .  R e s u l t s  f r o m  t h e s e
ca l ib ra t ion  runs are  shown in  f igure  1 .  The s imula t ion  represents
southern Lake Michigan for  which we have resuspension rates est imated
f rom sediment t raps. The model appears relat ively insensi t ive to 50%
changes in  resuspension.  Recent  f ie ld  work wi th  our  t raps ind icates
that month to month changes can be nearer to an order of magnitude and
m a y  h a v e  s i g n i f i c a n t  i m p a c t  o n  t h e  m o d e l .  C u r r e n t  r e s u l t s  i n d i c a t e  t h a t
resuspens ion  is  ac t ing  as  a  sc rubb ing  mechan ism and is  con t inu ing  to
r e d u c e  t h e  a n n u a l  a v e r a g e  c o n c e n t r a t i o n  o f  C s  1 3 7  i n  t h e  w a t e r  c o l u m n .
I n i t i a l  e f f o r t s  t o  m o d e l  o r g a n i c s  w i t h  t h i s  s i m u l a t i o n  h a v e  e n c o u n t e r e d
the major problem of lack of load information. We are addressing this
t h r o u g h  t h e  a n a l y s e s  o f  c a r e f u l l y  s t u d i e d  c o r e s  o f  r e c e n t  s e d i m e n t s  f r o m
which we p lan to  reconst ruct  lake loads (see repor t  by John Robbins) .

P a r t  I I .  S e d i m e n t  t r a p  s t u d i e s .  D u r i n g  t h e  p a s t  y e a r  t h e r e
have been three major sediment trap experiments designed to gain a more
quant i ta t ive  es t imate  o f  resuspens ion and par t ic le  f luxes in  Lake Mich igan.
The f i rs t  was an examinat ion of  monthly f luxes at  a 100 m deep stat ion,
35 km o f fshore  sou theas tern  Lake Mich igan.  Ear ly  ana lys is  o f  the  da ta
i n d i c a t e s  s i g n i f i c a n t  m o n t h  t o  m o n t h  v a r i a t i o n  i n  m a s s  f l u x e s .  R a d i o -
n u c l i d e  a n a l y s e s  s h o w  t h a t  d u r i n g  s t r a t i f i c a t i o n ,  t h e r e  i s  n o  m e a s u r a b l e
exchange be tween the  resuspended mater ia l  and  the  ep i l imn ion  -  wh i le
a f t e r  f a l l  o v e r t u r n  t h e  i n j e c t i o n  o f  r e s u s p e n d e d  m a t t e r  i n t o  s u r f a c e
w a t e r s  i s  l a r g e .  T h e  s e c o n d  e x p e r i m e n t  w a s  d e s i g n e d  t o  c o l l e c t  m a t e r i a l
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f o r  t h e  w h o l e  w i n t e r  p e r i o d  a t  f i v e  d e e p  w a t e r  l o c a t i o n s  a r o u n d  t h e
l a k e .  T h i s  w a s  s u c c e s s f u l  a n d  t h e  t r a p s  w e r e  r e d e p l o y e d  t o  c o l l e c t
m a t e r i a l  f o r  t h e  p e r i o d  o f  s t r a t i f i c a t i o n .  W e  h a v e  s h o w n  t h a t  d u r i n g
s t r a t i f i c a t i o n ,  n e a r  s u r f a c e  t r a p s  c o l l e c t  f r e s h  m a t e r i a l  a n d  w e  b e l i e v e
t h e y  c a n  b e  u s e d  t o  e s t i m a t e  l o a d s  t o  t h e  l a k e .  T h e  t h i r d  e x p e r i m e n t ,
c u r r e n t l y  u n d e r w a y ,  i n v o l v e s  t h e  c o l l e c t i o n  o f  t r a p  s a m p l e s  f r o m  t h e
c e n t e r  o f  t h e  s o u t h e r n  b a s i n  o f  L a k e  M i c h i g a n  o n  a  b i w e e k l y  b a s i s  f r o m
A p r i l  t h r o u g h  N o v e m b e r .  T h e s e  s a m p l e s  w i l l  b e  a n a l y z e d  f o r  n u t r i e n t s ,
r a d i o n u c l i d e s ,  a n d  a r o m a t i c  h y d r o c a r b o n s ;  s u c h  t e m p o r a l  d a t a  w i l l
g r e a t l y  i m p r o v e  o u r  m o d e l i n g  e f f o r t s .

P o l y c y c l i c  A r o m a t i c  H y d r o c a r b o n s :  A n a l y s e s  o f  P A H  h a v e  c o n t i n u e d .  W e
a r e  u s i n g  t h i s  c l a s s  o f  c o m p o u n d s  a s  s u r r o g a t e s  f o r  t o x i c  o r g a n i c s  b e -
c a u s e  t h e y  a r e  r e l a t i v e l y  e a s y  t o  a n a l y z e  f o r  a n d  s p a n  a  r a n g e  o f
s o l u b i l i t y  o f  a p p r o x i m a t e l y  f i v e  o r d e r s  o f  m a g n i t u d e .  O u r  l a b o r a t o r y
r e s u l t s  o f  P A H  i n  v a r i o u s  s a m p l e s  f r o m  t h e  G r e a t  L a k e s  h a s  l e d  u s  t o
b e  i n t i m a t e l y  i n v o l v e d  i n  d e v e l o p i n g  t h e  s t a n d a r d s  t o  b e  s e t  b y  t h e
I n t e r n a t i o n a l  J o i n t  C o m m i s s i o n .

A p p e n d e d  i s  a  c o p y  o f  a  p a p e r  o n  P A H  i n  t h e  G r e a t  L a k e s  w h i c h  w e  p r e -
p a r e d  a n d  w h i c h  w i l l  a p p e a r  a s  a n  a p p e n d i x  t o  t h e  I J C  1 9 8 3  a n n u a l  r e p o r t .

6 .  P r o d u c t s :  S e e  P r o g r a m  l i s t .



R e s u s p e n s i o n  m o d e l  c a l i b r a t i o n  r u n  f o r  C S  1 3 7 .  T h e  d o t t e d  l i n e
r e p r e s e n t s  m o n t h l y  C S  1 3 7  l o a d  d a t a .  T h e  o t h e r  t w o  l i n e s ,
label led Epi l imnion and Nepheoid,  are model  output .  The
e p i l i m n i o n  s i m u l a t i o n  i s  i n  g o o d  a g r e e m e n t  w i t h  t h e  n i n e
a v a i l a b l e  d a t a  p o i n t s  w h i c h  a l l  f a l l  w i t h i n  t h e  h a t c h e d  a r e a .

The two "tuning" variables, partition coefficient (KD) and
sediment  accumulat ion rate (SR),  are wel l  wi th in reported
values (105 > KD>106; SR = 10+5).
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2 .  P r i n c i p a l  I n v e s t i g a t o r :  J o h n  A .  R o b b i n s

3 .  A m o u n t  o f  1 9 8 3  F u n d s :  I n  H o u s e

4 .  T o t a l  P r o j e c t  F u n d s  t o  D a t e :  I n  H o u s e

5 .  T i t l e :  P r e s e n t  a n d  h i s t o r i c a l  f l u x e s  o f  c o n t a m i n a n t s  t o  G r e a t  L a k e s
S e d i m e n t s

6 .  P r o j e c t  S u m m a r y :  T h e  a i m  o f  t h i s  s t u d y  i s  ( 1 )  t o  b u i l d  a n  o p t i m a l l y
s e l f - c o n s i s t e n t  d e s c r i p t i o n  o f  s e d i m e n t a t i o n ,  b i o t u r b a t i o n ,  d i f f u s i o n ,
a n d  r e a c t i o n  f o r  c o n t a m i n a n t s  ( i n o r g a n i c s ,  o r g a n i c  a n d  r a d i o n u c l i d e s )
i n  a  s e r i e s  o f  c o r e s  f r o m  e a c h  o f  t h e  G r e a t  L a k e s  t o  a i d  d e v e l o p m e n t
o f  l o n g - t e r m  m o d e l i n g  e f f o r t s  a n d  ( 2 )  t o  u s e  h i s t o r i c a l  r e c o r d s  o f
con tam inan t  f l uxes  recons t ruc ted  f rom se l f - cons i s ten t  d iagene t i c  mode ls
a s  a  f o r m  o f  g r o u n d  t r u t h  f o r  m o d e l s  d e s c r i b i n g  t h e  b e h a v i o r  o f  c o n t a m i -
n a n t s  i n  t h e  w a t e r  c o l u m n .  T o  t h i s  e n d  s e d i m e n t  c o r e s  o f  h i g h  q u a l i t y
( l a rge  box  co res )  a re  be ing  co l l ec ted  f rom a reas  o f  the  open  lakes  w i th
m a x i m u m  s e d i m e n t a t i o n .  H i g h  s e d i m e n t a t i o n  r a t e s  g e n e r a l l y  i m p r o v e  t h e
t i m e  r e s o l u t i o n  i n  r e c o n s t r u c t i o n  o f  t i m e - d e p e n d e n t  f l u x e s .  C o r e
s e c t i o n s  a r e  b e i n g  a n a l y z e d  f o r  a  h o s t  o f  c o n s t i t u e n t s  ( m a j o r  e l e m e n t s ,
a m o r p h o u s  s i l i c o n ,  p h o s p h o r u s ,  d i a t o m s ,  i n o r g a n i c  a n d  o r g a n i c  c o n t a m i -
n a n t s  a n d  n a t u r a l  a n d  f a l l o u t  r a d i o n u c l i d e s )  b y  m a n y  d i f f e r e n t  r e -
s e a r c h e r s  a t  s e v e r a l  p a r t i c i p a t i n g  i n s t i t u t i o n s .

S t a t u s :  W i t h i n  t h e  p a s t  s i x  m o n t h s  t h e r e  h a v e  b e e n  s e v e r a l  i m p o r t a n t
d e v e l o p m e n t s .  ( 1 )  B o x  c o r e s  f r o m  s e l e c t e d  s i t e s  i n  L a k e  S u p e r i o r  w e r e
c o l l e c t e d  b y  U .  S .  a n d  C a n a d i a n  r e s e a r c h e r s  v i a  t h e  C . S . S .  L i m n o s
( J u l y  1 2 - 1 9 ,  1 9 8 3 ) .  M a t e r i a l s  f r o m  c o r e s  c a r e f u l l y  s e c t i o n e d  a b o a r d
s h i p  h a v e  b e e n  d i s t r i b u t e d  t o  p a r t i c i p a n t s  i n  t h i s  s t u d y .  ( 2 )  O n e  L a k e

1 3 7
S u p e r i o r  c o r e  h a s  a l r e a d y  b e e n  a n a l y z e d  f o r  f a l l o u t  C s  a n d  r e v e a l s
s u r f a c e  a c t i v i t i e s  o f  o v e r  5 0  d p m / g  w h i c h  f a r  e x c e e d  a c t i v i t i e s  f o u n d  i n
t h e  o t h e r  l a k e s .  I n  c o r e s  f r o m  e a s t e r n  L a k e  E r i e ,  f o r  e x a m p l e ,  a c t i v i t i e s

1 3 7
a r e  r o u g h l y  3  d p m / g .  T h e  p r o b a b l y  e x p l a n t i o n :  t o t a l  C s  l o a d i n g ,
e s s e n t i a l l y  t h e  s a m e  f r o m  l a k e  t o  l a k e ,  i s  d i l u t e d  b y  l e s s  s e d i m e n t  i n
S u p e r i o r  t h a n  E r i e  a n d  o t h e r  l a k e s .  S u c h  r e s u l t s  a r e  o f  i m p o r t a n c e  i n
m o d e l i n g  t h e  b e h a v i o r  o f  t h e  r a d i o n u c l i d e  s i n c e  i t s  a p p a r e n t l y  s l o w e r
b u r i a l  i n  S u p e r i o r  c a n  m e a n  a  l o n g e r  p e r s i s t e n c e  i n  t h e  w a t e r  c o l u m n .

1 3 7
( 3 )  T h e  d i s t r i b u t i o n  o f  C s  h a s  b e e n  d e t e r m i n e d  i n  e s s e n t i a l l y  a l l  t h e

7
L a k e  E r i e  c o r e s  c o l l e c t e d  l a s t  y e a r .  I n  a d d i t i o n  d i s t r i b u t i o n s  o f  B e

(t1/2 = 53.4 days) have been measured in three of these cores.
1 3 7

A n  e x a m p l e  i s  p r o v i d e d  i n  t h e  a c c o m p a n y i n g  f i g u r e .  T h e  a c t i v i t y  o f  C s
i n  t h i s  c o r e  f r o m  t h e  e a s t e r n  e n d  o f  L a k e  E r i e  e x t e n d s  a l l  t h e  w a y  t o
t h e  b o t t o m  o f  t h e  b o x  I n  n o  o t h e r  l o c a t i o n  i n  w a t e r s  o f  t h e
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Great  Lakes is  the sed imentat ion ra te  so h igh (0 .6  g  cm yr  2
1.6 cm/yr). The 1963-1964 peak fallout occurs at 33 cm depth. The
histogram curve which closely follows the data points, connected by
dashed lines, is the theoretical result based on the steady state mixing
model indicating roughly 8 cm of long-term mixing. This extent of mixing
i m p l i e s  a  t i m e  r e s o l u t i o n  o f  l e s s  t h a n  f i v e  y e a r s  i n  t h i s  c o r e !  T h e
shaded histogram is the distribution expected in the absence of mixing
(same sed imenta t ion  ra te)  i f  t rans fer  f rom a i r  to  sed iments  were immedia te .
These periodic departures of the act iv i ty from the mixing model results
correspond to past 1963-1964 atmospheric testing episodes. Their appearance
with in the mixed zone indicates that  mix ing is  not  complete.  The d is t r i -

7 Be in the same core further illustrates that sediment mixingb u t i o n  o f

canno t  be  t r ea ted  as  an  i ns tan taneous  p rocess  a t  l eas t  on  seasona l  t ime
scales. The act iv i ty of this isotope decreases exponential ly with depth
w i t h i n  t h e  m i x e d  z o n e .  R a t e s  o f  a d v e c t i v e  m i x i n g  i n f e r r e d  f r o m  t h i s
p r o f i l e ,  c o m p a r e  f a v o r a b l y  w i t h  t h e  r a t e  c a l c u l a t e d  f r o m  d e n s i t i e s  o f
convey-be l t  f eed ing  zooben thos  a t  th i s  l oca t ion .  (3 )  The  s teady-s ta te
mixing model  has been modi f ied to proper ly  take account  of  the conveyor-
b e l t  t y p e  o f  s e d i m e n t  r e d i s t r i b u t i o n  i n  t h e  G r e a t  L a k e s .  I n i t i a l  r e s u l t s
i n d i c a t e  t h a t  d e t a i l s  s u c h  a s  t h o s e  s e e n  i n  p r o f i l e s  o f  C s  i n  t h e

7 Be can be described correctly by that approach.e a s t e r n  L a k e  E r i e  c o r e s  a n d

(4) In this study field work alone has extended over a three-year period
in which Lake Ontario was cored in June, 1981; Huron and Michigan in
October, 1981; Erie in 1982; and Superior in 1983. Whi le the f ield phase
of  the s tudy is  la rge ly  complete ,  the analy t ica l  work  is  expected to  con-
t i nue  f o r  seve ra l  yea rs ,  w i t h  co res  co l l ec ted  ea r l i es t  gene ra l l y  ahead  i n
work -up .  S tud ies  on  the  Onta r io  and  Er ie  co res  a re  su f f i c ien t l y  fa r  a long
t h a t  t h e r e  h a v e  b e e n  s e v e r a l  p r e s e n t a t i o n s  a n d  a  p u b l i c a t i o n  w i t h i n  t h i s
r e p o r t i n g  p e r i o d  ( s e e  P r o d u c t s  b e l o w ) .

D i r e c t i o n s :  D u r i n g  t h e  n e x t  s i x - m o n t h  p e r i o d  a c t i v i t i e s  i n  t h i s  s t u d y  w i l l
inc lude (1)  p lanning of  the AGU/ASLO (Jan. 1984 New Orleans) session on
c o n t a m i n a n t s ,  t r a n s p o r t  a n d  t r a n s b i o t u r b a t i o n  p r o c e s s e s  i n  G r e a t  L a k e s
s e d i m e n t s ,  ( 2 )  c a l i b r a t i o n  o f  t h e  n e w  m i x i n g - s e d i m e n t a t i o n  m o d e l  a n d  i t s

7 Be and  (3 )  coup l ing  sed iment  f luxes  toa p p l i c a t i o n  t o  p r o f i l e s  o f  1 3 7  C s ,
w h o l e  l a k e  m o d e l s  f o r  C s ,  ( 4 )  a p p l y i n g  t h e  m i x i n g - s e d i m e n t a t i o n  m o d e l
t o  s t a b l e  l e a d  p r o f i l e s ,  ( 5 )  i n i t i a t i n g  t h e  e x p e r i m e n t  o n  t h e  p a r t i t i o n i n g

137 Cs (and Pb) in sediments, (6) formulating the mixing-a n d  m o b i l i t y  o f  2 1 0
sed imenta t ion  mode l  fo r  a  two-phase sys tem wi th  reac t ion  te rms,  and  (7 )
c o n t i n u i n g  r a d i o n u c l i d e  a n d  s t a b l e  e l e m e n t  a n a l y s i s  o f  c o r e  m a t e r i a l s  f r o m
S u p e r i o r  a n d  E r i e .
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1 .  O r g a n i z a t i o n :  G r e a t  L a k e s  R e s e a r c h  D i v i s i o n

T h e  U n i v e r s i t y  o f  M i c h i g a n
2 2 0 0  B o n i s t e e l  B l v d .

A n n  A r b o r ,  M I  4 8 1 0 9

2 .  P r i n c i p a l  I n v e s t i g a t o r s :  R o n a l d  R o s s m a n n  a n d  K j e l l  A .  J o h a n s e n

3 .  A m o u n t  o f  1 9 8 3  F u n d s :  $ 4 7 , 1 2 5 .

4 .  T o t a l  P r o j e c t  F u n d s  t o  D a t e :  $ 9 3 , 2 3 1 .

5 .  T i t l e :  De te rm ina t ion  o f  P resen t  and  H is to r i ca l  F luxes  in  H igh  Sed imen ta t ion
R a t e  A r e a s  o f  t h e  G r e a t  L a k e s .

6. Project Summary: The sedimentary environment of deposit ion is being
desc r ibed  in  de ta i l .  Th is  i nc ludes  measurement  o f  sed imen ta t ion  ra tes ,
dep th  o f  su r f i c ia l  sed imen t  m ix ing ,  d i l u t i on  o f  con taminan ts  by  non-
c o n t a m i n a t e d  s e d i m e n t s ,  t h e  d e p t h  o f  s e d i m e n t  o x y g e n a t i o n ,  a n d  t h e  f l u x  o f
meta l  contaminants  to  the sed iment .  From these data ,  the post -depos i t iona l
r e d i s t r i b u t i o n  ( d i a g e n e s i s ,  p h y s i c a l  m i x i n g )  o f  c o n t a m i n a n t s  i s  d e s c r i b e d .

7. Status:  Core col lect ion and analyses are proceeding on schedule.
The la tes t  se t  o f  co res  was  ob ta ined  f rom Lake  Super io r  du r ing  Ju ly  1983 .
Severa l  o f  t hese  co res  have  been  f reeze -d r i ed ,  and  measuremen t  o f  Cs -137
a n d  B e - 7  h a s  b e g u n .  C s - 1 3 7  a n a l y s e s  o f  t h e  1 9 8 2  L a k e  E r i e  c o r e s  i s
comple te .  Ana lys is  fo r  Ca,  Mg,  and se lec ted  heavy  meta ls  used to  he lp
descr ibe the Lake Er ie sedimentary envi ronment is  more than 50 percent
c o m p l e t e .  L e a d - 2 1 0  a n a l y s e s  h a v e  b e e n  c o m p l e t e d  f o r  7 - 1 / 2  o f  t h e  n i n e
L a k e  E r i e  c o r e s .

T h e  P b - 2 1 0  p r o f i l e s  f r o m  t h e  h i g h  s e d i m e n t a t i o n  r a t e  a r e a s  o f  t h e  e a s t e r n
b a s i n  o f  L a k e  E r i e  a r e  s t r i k i n g l y  d i f f e r e n t  f r o m  P b - 2 1 0  p r o f i l e s  o b t a i n e d
i n  t h e  o t h e r  G r e a t  L a k e s .  T h e s e  d i f f e r e n c e s  a r e  i l l u s t r a t e d  i n  F i g u r e  1
by  t he  Pb -210  p ro f i l e s  i n  two  d i f f e ren t  box  co res .  The  Pb -210  p ro f i l e  f r om
a  h igh  sed imen ta t i on  ra te  a rea  o f  Lake  On ta r i o  (F igu re  1a )  i s  t yp i ca l  o f
Pb-210 prof i les f rom the Great  Lakes.  A region of  uni form Pb-210 act iv i ty
near  t he  sed imen t -wa te r  i n te r face  i s  f o l l owed  by  dec reas ing  Pb -210  ac t i v i t y
w h i c h  i s  a t  s u p p o r t e d  l e v e l s  a t  a  d e p t h  o f  3 4 - 3 6  c m .  I n  c o n t r a s t ,  t h e
Pb-210 prof i le f rom the eastern basin of  Lake Er ie barely has changed over
t h e  s a m e  d e p t h  i n t e r v a l  ( F i g u r e  1 b ) .  T h e  P b - 2 1 0  a c t i v i t y  i n  t h i s  p r o f i l e  i s
f a i r l y  un i f o rm  to  a  dep th  o f  15  cm and  t hen  beg ins  a  ve ry  s l ow  dec l i ne .
Suppo r ted  Pb -210  l eve l s  we re  no t  r eached  a t  a  dep th  o f  42  cm wh ich  i s  t he
m a x i m u m  p e n e t r a t i o n  o f  t h e  b o x  c o r e r .

The d i f fe rence  be tween the  two  p ro f i l es  resu l t s  f rom the  much  h igher  sed i -
m e n t a t i o n  r a t e  i n  t h i s  a r e a  o f  L a k e  E r i e  ( a b o u t  7  c m / y r )  a s  c o m p a r e d  t o  t h a t
of  the  Lake Ontar io  loca t ion  ( rough ly  0 .3  cm/yr ) .  For tunate ly ,  the
s u p p o r t e d  l e v e l s  o f  P b - 2 1 0  c a n  b e  o b t a i n e d  f r o m  t h e  b o t t o m s  o f  1 - 1 . 5  m e t e r
l o n g  g r a v i t y  c o r e s  o b t a i n e d  a t  t h e  s a m e  l o c a t i o n s  a s  t h e  b o x  c o r e s .  T h e
d e t e r m i n a t i o n  o f  t h e  l e v e l s  o f  s u p p o r t e d  P b - 2 1 0  a c t i v i t y  w i l l  e n a b l e  u s
t o  c a l c u l a t e  s e d i m e n t a t i o n  f o r  t h e  s h o r t e r  b o x  c o r e s .



Pb-210 ACTIVITY (RELATIVE UNITS)

Figure  1 .  Lead-210 pro f i les .  He ight  o f  box  equa ls  the  sampl ing  in terva l .
Box w id th  equa ls  +  2  s tandard  dev ia t ions  based on  count ing  s ta t i s t i cs .
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5. Ti t le:  Toxic Organic -  Sediment Dynamics in the Great Lakes

6. Project Summary: The overal l  object ive of this research project is
to examine the processes responsible for the accumulat ion, t ransformations
and  mob i l i t y  o f  t ox i c  o rgan i cs  i n  sed imen ts  o f  t he  Grea t  Lakes .  To  th i s
end, detailed sediment cores obtained with box (Ontario, Erie, Huron,
Superior) and benthos corers (Michigan) have been collected in 1981-83
from sites in all of the Great Lakes. Sedimentation rates of neighboring
s i tes  va ry  by  fac to rs  o f  2  to  4 .  The  numerous  co res  have  been  sec t ioned
into 0.5 cm (Superior) and 1.0 cm (Ontario, Erie, Huron, Michigan) depth
increments and analyses conducted for a variety of hydrophobic organic
compounds. Diagenetic processes involving such organics are being studied
by  ana lyz ing  cores  fo r  spec ies  d i f fe r ing  in  the i r  ab i l i t y  to  par t i t i on  to
sediment of varying organic content.  Organics selected for intense study
include PCB congeners (Kow = 4-8), DDT-group species, and various other
chlorinated hydrocarbons, including a, B,Y-BHC, mirex, and HCB.

Several box cores from Lakes Erie, Huron and Superior have been analyzed
for the above chlor inated species in pore water increments. Pore water
was separated by centr i fugation/f i l trat ion on board ship in 2-cm depth
increments, sometimes to depths as low as 10 to 20 cm.

The Lake Ontario cores and all pore water have been analyzed completely,
Lake Michigan data await final determination of sedimentation and mixing
parameters, and Lake Huron cores have been analyzed and are now being
in terpreted.  Present  emphasis is  p laced on analys is of  Lake Er ie cores
taken in 1982 and supplemented in 1983 at sites G-16, LE-LS and LE-MS.
The value of these cores is emphasized by the depth/time resolution
available (1 cm/months).

7. Status: Signif icant progress has been made in the last year in the
analys is  and interpretat ion of  box core and pore water  data.  The Lake
O n t a r i o  d a t a  w i l l  b e  d i s c u s s e d  i n  d e t a i l  b u t  r e s u l t s  a r e  s i m i l a r
for other lake cores. The sedimentation data for the two cores analyzed
based Pb-210 chronology are:
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L 0  E - 3 0 L O  G - 3 2

R  0 . 0 4 4 3 + . 0 0 2 7

W  2  0 . 2

S  0 . 5 0  . 0 8
*

t  1 1 . 3
r

2
0.0795+.0031 g/cm /yr

2  0 . 3  c m / y r
2

0 . 9 2  +  . 1 0  g / c m

1 1 . 6  y r s .
*

t =  S / R
r

Figures 1a-c show the concentration and flux profiles for PCBs in E-30 and
G-32. The data show that the peak in PCB concentration occurs at 3-4 cm
in E-30 and 5-6 cm in G-32, both corresponding to the bottom of the mixed
depth(s) as calculated from the rapid steady state mixing model employ-
ing Pb-210 as the tracer. However, there is resolution in PCB concen-
trations at depths shallower than S pointing out that steady-state
mixing has not occurred for these species. This observation is con-
sistent with the conclusions drawn by J. Robbins (NOAA), that steady-
state mixing probably does not occur in time scales less than 10-15 years.
When normalized to sediment age, PCB concentrations scale to about
the same profile peaking in 2 1965-1968. Significant PCB concentra-
tions appear first in the sediment profile (both cores) at 2 1955.
Analysis of individual PCB congeners shows that the lighter chlorinated
species are significantly more mobile than N(C1) > 5. This explanation
is consistent with the penetration of t-PCBs to sediment whose age is
older than the onset of PCB production and the variation of K with chlorine
content. Statistical analysis of PCB congener behavior does not support
the hypothesis that PCB congeners degrade, either aerobically and
anaerobically. 1c shows that the f lux of t-PCBs is greater in
G-32 than E-30, primarily a result of sediment focusing. The steady-
state mixing model in conjunction with the estimated PCB input function
adequately describes the PCB profile (Figure 41, P. 83, 3rd year rept.).

The mirex profiles in G-32 and E-30 consistent with a 1970 plug
input into Lake Ontario, with approximately equal sediment concentra-
tions (Figs. 2a,b) leading to fluxes differing in the ratio to their
s e d i m e n t a t i o n  r a t e s .

The DDT-group profiles show distinct regions of biological diagenesis.
DDT undergoes oxidative transformation to DDE in the water column and
oxygenated mixed area, and reductive transformation to TDE (DDD) in
anaerobic "pockets" in surficial sediments and at depth. GC-MS
analyses document the of p,p'-DDT to sediment depths correspond-
ing to > 20 years establishing that transformation rates are affected
by sedimentary processes such as adsorption. These data will permit
the ca lcu la t ion of  DDT t ransformat ion ra tes.

For persistent hydrophobic organics, transport and fate are dominated by
associations (sorption/partitioning) with the high surface area, high
organic content particles. Thus, the total quantity of hydrophobic



- 3 -

2
organic in sediment cores (ug/m2 ) differing in sedimentation rate
shou ld  be d i rec t ly  re la ted to  the ra t io  o f  organ ic  carbon f luxes.
Figure 3 shows the relat ionship of accumulated mass of several
different organics in the two cores. The data points cluster closely
along the l ine representing the ratio of the organic carbon sedimenta-
t i o n  r a t e ,  a n d  n o t  t h e  m a s s  s e d i m e n t a t i o n  r a t e .

A summary of the pore water data for PCBs is given in Table 1. Con-
centrations are 10 to 300 times greater in pore water than in overlying
lake water. PCBs in pore water are dominated by the lighter congeners
while the sediment phase is dominated by the heavier congeners. Cal-
culations suggest that the pore water contribution to sedimentary re-
cycling of PCBs is minimal on a whole-lake process. Preliminary
estimates from core data suggest the tortuosity-corrected diffusion
coef f i c ien t  i s  2  10  cm2/sec .

The principal short-term objective is to complete analysis of box cores
collected in the Great Lakes. Resulting data will be used in conjunction
with the newly-developed mixing model of J. Robbins to develop an overall
dynamic model of describing the fate, distribution and diagenesis of
hydrophobic organics. An important sub-objective is to develop a par-
t i t i on ing  mode l  wh ich  w i l l  desc r ibe  f i e ld  obse rva t i ons  i n  wa te r  and
sediments. The core and pore water data are invaluable in focusing the
important aspects of the model and to provide empirical relationships
between physical/chemical properties of these organics and environmental
behav io r .  use  o f  2  60  PCB congeners  fo r  wh ich  K  va lues  a re
known (Rapaport and Eisenreich, EST, in press) is paPticularly valuable.
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T a b l e  1 .

PCBs in Pore Water of Great Lakes' Sediments

Pore Water (ng/1)Sediment (ng/g)Kp (ng/g)p/ (ng/g/wSite ID
Lake Superior
2 65 . 01 9 09 B X - 8 1
1 87 . 94 4 01 9 B X - 8 7
1 27 . 86 4 03 1 B X - 8 1
9 - 3 59 - 1 9 2 B X - 8 7
2 92 9 0 02 9 0 6  6L a k e
Lake Erie (HS-81)
7 27 61 0 6 00 - 2  c m
3 54 01 1 6 02 - 4  c m
1 - 5- -- -L a k e
Lake Huron (HS-81)
3 94 61 1 8 00 - 2  c m
2 63 91 5 2 02 - 4  c m
3 0 72 17 04 - 6  c m

- -2906L a k e



A N N U A L  P R O G R E S S  R E P O R T

1. Organizat ion: Great Lakes Environmental  Research Laboratory/NOAA,
2 3 0 0  W a s h t e n a w  A v e n u e ,  A n n  A r b o r ,  M I  4 8 1 0 4 .

2 .  P r i n c i p l e  I n v e s t i g a t o r :  D r .  P e t e r  F .  L a n d r u m .

3 .  T i t l e :  R o l e  o f  B e n t h i c  I n v e r t e b r a t e s  i n  t h e  F a t e  o f  P o l l u t a n t s  i n  t h e
G r e a t  L a k e s .

4 .  P r o j e c t  S u m m a r y :  T h e  o b j e c t i v e s  o f  t h i s  p r o j e c t  a r e  t o  d e t e r m i n e  t h e
u p t a k e ,  d e p u r a t i o n  a n d  b i o t r a n s f o r m a t i o n  r a t e  c o n s t a n t s  f o r  v a r i o u s  t o x i c

o r g a n i c s  i n  G r e a t  L a k e s  i n v e r t e b r a t e s .  A  f u r t h e r  o b j e c t i v e  i s  t o  d e t e r m i n e
t h e  e m p e r i c a l  r e l a t i o n s h i p s  b e t w e e n  t h e  r a t e  c o n s t a n t s  a n d  e n v i r o n m e n t a l
p a r a m e t e r s  s u c h  a s  t e m p e r a t u r e ,  p o l l u t a n t  c o n c e n t r a t i o n  a n d  s e d i m e n t
s o r p t i o n .  T h e  p a s t  s i x  m o n t h s '  w o r k  h a s  f o c u s e d  o n  d e t e r m i n i n g  t h e  r a t e
c o n s t a n t s  f o r  t h r e e  a d d i t i o n a l  p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s  ( P A H )  f r o m
w a t e r ,  t h e  r o l e  o f  s e d i m e n t  s o r b e d  P A H  o n  t h e  u p t a k e  b y  b e n t h i c  i n v e r t e -
b r a t e s  a n d  t h e  r o l e  o f  h u m i c  a c i d s  o n  t h e  u p t a k e  r a t e  c o n s t a n t  f r o m  w a t e r .

5 .  S t a t u s :  T h e  u p t a k e  a n d  d e p u r a t i o n  r a t e  c o n s t a n t s  f o r  t h r e e  a d d i t i o n a l
PAH,  phenan th rene ,  benzo(a )  py rene ,  and  py rene ,  were  de te rm ined  f rom wate r .
The uptake rate constants are 133+59 mlg-1h-1, 148+50 and 20852 re-
spec t i ve ly  and  the  depura t ion  ra te  cons tan ts  a re  0 .032+0.0092h-1 ,  0 .0022 ,
0.0017+0.0007  respec t i ve ly .  The  up take  ra te  cons tan t  fo r  py rene  seems
u n u s u a l l y  h i g h  a n d  w i l l  r e q u i r e  s o m e  a d d i t i o n a l  i n v e s t i g a t i o n .

Stud ies  have  con t i nued  on  t he  up take  o f  sed imen t  so rbed  PAH.  The  up take
ra te  cons tan t  i n  Pon topore ia  hoy i  fo r  benzo  (a )  py rene  (BaP)  was  sma l l  bu t
reasonably reproducable, 0.0022+0.0013 g dry sediment g-1 animal h-1.
T h e  s i m i l a r  r a t e  c o n s t a n t  f o r  p h e n a n t h r e n e  w a s  0 . 0 3 2 + 0 . 0 0 9 2  g  d r y  s e d i m e n t
g-1 animal h-1. These rate constants were used in conjunction with the
u p t a k e  r a t e  c o n s t a n t  f r o m  w a t e r  a n d  t h e  d e p u r a t i o n  r a t e  c o n s t a n t  t o  p r e -
d i c t  s t e a d y  s t a t e  b o d y  b u r d e n s  o f  p h e n a n t h r e n e  a n d  B a P  f o r  t h r e e  d i f f e r e n t
d e p t h s  i n  L a k e  M i c h i g a n .  T h e  s t e a d y  s t a t e  b o d y  b u r d e n s  c o m p a r e d  w e l l  f o r
t h e  p r e d i c t e d  a n d  m e a s u r e d  v a l u e s ,  T a b l e  1 .  T h e  s e d i m e n t - a s s o c i a t e d  B a P
i s  p r e d i c t e d  t o  c o n t r i b u t e  8 - 5 3 %  w h i l e  t h e  s e d i m e n t - a s s o c i a t e d  p h e n -
a n t h r e n e  w a s  p r e d i c t e d  t o  c o n t r i b u t e  f r o m  8 - 8 8 %  o f  t h e  s t e a d y  s t a t e  b o d y
b u r d e n .

A k ine t i cs  mode l  f o r  t he  b ioaccumu la t i on  o f  PAH in  Pon topore ia  hoy i  was
d e v e l o p e d  t o  i n c o r p o r a t e  t h e  u p t a k e  f r o m  w a t e r  a n d  s e d i m e n t .  T h e  r a t e
c o n s t a n t s  w e r e  a l l o w e d  t o  v a r y  w i t h  s e a s o n ,  a s  h a d  b e e n  d e t e r m i n e d  f o r
B a P ,  a n d  t e m p e r a t u r e .  T h e  s e a s o n a l  v a r i a t i o n  w i t h  t e m p e r a t u r e  w a s  t a k e n
f r o m  a  r e l a t i o n s h i p  d e t e r m i n e d  f o r  w h o l e  l a k e  d a t a  f o r  L a k e  O n t a r i o
(McCormick ,  pe rsona l  commun ica t i on ) .  F rom th i s  mode l  t he  body  bu rden  fo r
t he  P .  hoy i  was  p red i c t ed  t o  va r y  w i t h  season  w i t h  t he  h i ghes t  concen -
t r a t i o n s  i n  t h e  w i n t e r  a n d  s p r i n g  a n d  d e c l i n i n g  i n  t h e  f a l l  ( F i g u r e  1 ) .
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Fie ld studies are requi red to ver i fy  the seasonal  var iat ion in  body
b u r d e n .  T h e  w e l l  w i t h  f i e l d  m e a s u r e d
v a l u e s  ( T a b l e  1 )

Stud ies  on  the  reduc t ion  o f  the  b ioava i lab i l i t y  o f  PAH by  humic  ac ids
i nd ica te  tha t  A ld r ich® humics  reduce the  uptake o f  most  o f  the  PAH
s t u d i e d .  T h e  I 5 0  ( t h e  c o n c e n t r a t i o n  o f  h u m i c  a c i d  t h a t  r e d u c e s  t h e
apparent uptake by 50%) was 0.021+0.05 mg L-1 (X+1SD, n=5) Aldrich®
humic acid for BaP, 0.73+0.012 (n=3) for benz (a) anthracene, 3.3 (n=2)
for pyrene. Aldrich® humics could not affect the anthracene uptake
suf f ic ient ly  to reduce the uptake by 50%, however;  the I25 was
15.8 mg . Phenanthrene uptake was not affected by the Aldrich®
humic acid at any concentrat ion studied (16 mg L-1). Calculat ion of
the uptake rate constant, assuming that the compound bound to the humic
acid was not bioavailable, and calculating the fraction that was "freely
dissolved" from the measured part i t ion coeff icient, gave uptake rate
c o n s t a n t s  t h a t  w e r e  s t a t i s t i c a l l y  t h e  s a m e  a s  t h o s e  m e a s u r e d  w h e n  n o
h u m i c  a c i d s  w e r e  p r e s e n t .  T h u s  t h e  h u m i c  a c i d  b o u n d  x e n o b i o t i c  i s
u n a v a i l a b l e  o n  a n  a c u t e  t i m e  f r a m e  b u t  w i l l  a c t  a s  a  s o u r c e  o f  r e -
ve rs ib l y  bound  compound .

Future studies will focus on the uptake from sediment for P. hoyi and
cont inu ing to  def ine the seasonal  and temperature var iab i l i ty  o f  the
r a t e  c o n s t a n t s .  A d d i t i o n a l l y ,  t o x i c o k i n e t i c  s t u d i e s  w i l l  b e  s t a r t e d
f o r  o t h e r  b e n t h i c  a n d  o t h e r  c o m p o u n d s  w i l l  b e  i n v e s t i g a t e d
a s  t h e y  b e c o m e  o f  i m p o r t a n c e .
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T a b l e  1

STEADY STATE PREDICTIONS OF

PAH IN PONTOPOREIA HOYI

CompoundPredictedConcentrationsMeasured Concentrations% from Sediment

DepthKinetics Model ng/gSteady State ng/gng/gModelSteady State
Benzo (a) pyrene
6 0 m1 0 2 7 + 4 3 41 0 7 9 + 4 0 29 0 04 65 3
4 5 m4 7 1 + 1 8 95 8 4 + 2 3 94 0 08 1 0

2 3 m2 8 6 + 1 4 75 7 0  2 3 72 8 06 8
Phenanthrene
6 0 m5 1 9 7 + 1 7 8 16 4 7 41 5 0 08 88 8
4 5 m9 1 2 + 2 9 91 2 5 5 + 7 1 06 5 03 94 0

2 3 m454+117824+6342 0 08 8
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Benzo(a)pyrene Uptake by Pontoporeia hoyi
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6 .  P ro jec t  Summary :  The  ob jec t i ves  o f  t he  p ro jec t  a re  (1 )  t o  de te rm ine
the movement  of  tox ic  organics through f ine-gra ined sediments as
med ia ted  by  aqua t i c  o l i gochae te  f eed ing .  The  f i r s t  ob jec t i ve  i nvo l ves
determinat ion of  both mix ing and bur ia l  ra tes of  sed iments  conta in ing
a range o f  concent ra t ions o f  14
biphenyl .  These data wi l l  be of  use in understanding long-term recovery
i n  t h e  G r e a t  L a k e s .  O b j e c t i v e  ( 2 )  i s  t o  d e t e r m i n e  t h e  e f f e c t  o f  t h e
t o x i c a n t  i t s e l f  o n  t h e  s e d i m e n t  m i x i n g  a n d  b u r i a l  p r o c e s s .  T h e  f i r s t
two object ives are met through radiometr ical ly  moni tored laboratory
m i c r o c o s m s ,  a n d  i t  i s  h o p e d  t h a t  t h e  d a t a  w i l l  a l l o w  f o r  ( 3 )  t h e
mon i to r ing  sys tem to  ac t  as  a  h igh ly  pe rc i se  b ioassay  techn ique  fo r
determina t ion  o f  the  e f fec ts  o f  a  w ide  range o f  tox ican ts  wh ich  may
a c c u m u l a t e  i n  G r e a t  L a k e s '  s e d i m e n t s .  P r e s e n t  s t u d i e s  f o c u s  o n  t h e

dominant  Great  Lakes '  aquat ic  o l igochaete  Sty lodr i lus  her ing ianus,
an o l igo t roph ic  ind icator  spec ies ,  but  w i l l  inc lude some tes t ing
w i t h  a  e u t r o p h i c  s p e c i e s ,  L i m n o d r i l u s  h o f f m e i s t e r i .

7 .  S t a t u s :  S e v e r a l  a c t i v i t i e s  h a v e  o c c u r r e d .  F i r s t  h a s  b e e n  a n  e v a l u a t i o n
of two prel iminary experiments using hexachlorobiphenyl.  Object ives
(1 )  and (2)  above were  tes ted us ing  Sty lodr i lus  w i th  tox icant  concen-
t r a t i o n s  o f  5 . 3  t o  4 9 8  p p b  a n d  L i m n o d r i l u s  w i t h  c o n c e n t r a t i o n s  o f  5 . 3
to  996 ppb.  Sty lodr i lus se lect ive ly  fed on and t ranslocated organic
par t i c les  (con ta in ing  the  tox ican t )  a t  a  fas te r  ra te  than  inorgan ics
resu l t i ng  i n  t ox i can t  t r ans fe r  g rea te r  t han  tha t  rep resen ted  by  to ta l
s e d i m e n t  r e w o r k i n g  r a t e s .  A  s i m i l a r  o b s e r v a t i o n  w a s  m a d e  f o r  L i m n o d r i l u s .
A t  t o x i c a n t  l e v e l s  g r e a t e r  t h a n  5 0  p p b ,  r e w o r k i n g  r a t e s  f o r  S t y l o d r i l u s
d e c r e a s e d  s i g n i f i c a n t l y  a f t e r  3 0 0  h r s ,  b u t  r e w o r k i n g  r a t e s  f o r  L i m n o -
d r i l u s  d i d  n o t  d e c r e a s e  1 4 0 0  h r s  e v e n  a t  9 9 6  p p b .



Second ,  r esu l t s  o f  a  p re l im ina ry  96  h r  LC  50  us i ng  S t y l od r i l u s  p roduced
a  v a l u e  o f  a p p r o x i m a t e l y  1 0 0  p p m  f o r  h e x a c h l o r o b i p h e n y l .  T h e s e  r e s u l t s
a r e  i n  a g r e e m e n t  w i t h  s t u d i e s  b y  C h a p m a n  e t  a l .  ( 1 9 8 2 )  w h o  h a v e  s h o w n
S t y l o d r i l u s  t o  b e  h i g h l y  t o l e r a n t  t o  a  v a r i e t y  o f  p o l l u t a n t s .  F r o m
t h e i r  s t u d i e s ,  C h a p m a n  e t  a l .  q u e s t i o n e d  t h e  v a l i d i t y  o f  l i s t i n g
S t y l o d r i l u s  a s  a n  o l i g o t r o p h i c  s p e c i e s .  T h e y  s h o w e d  a l s o  t h a t
L imnodr i l us  ho f fme is te r i  had  a  much  lower  LC50  fo r  seve ra l  t ox i can ts
t h a n  d i d  S t y l o d r i l u s .  T h u s  w e  a r e  h i g h l y  e n c o u r a g e d  b y  o u r  f i n d i n g s
w h i c h  i n d i c a t e  t h a t ,  w h i l e  a n  L C 5 0  m i g h t  b e  q u i t e  h i g h ,  b e h a v i o r a l
c h a n g e s  f o r  S t y l o d r i l u s  o c c u r  a t  f a i r l y  l o w  c o n c e n t r a t i o n s ,  a n d  t h e
behav iora l  response may have been respons ib le  fo r  th is  spec ies '
e l im ina t ion  f rom areas  o f  the  Great  Lakes  w i th  modera te  to  heavy
i n p u t s  o f  p o l l u t i o n  b u t  l o w e r  t h a n  a n  L C 5 0  l e v e l .  L i m n o d r i l u s ,
w h i l e  h a v i n g  a  p o s s i b l e  l o w e r  L C 5 0 ,  m a y  n o t  i n i t i a t e  a  b e h a v i o r a l
r e s p o n s e  u n t i l  c o n c e n t r a t i o n s  r e a c h  a  m u c h  h i g h e r  v a l u e .  T h e  d i f f e r e n c e s
between the behavioral  ef fect concentrat ion and the LC50 for Stylodr i lus
favor  the use of  the microcosm system as a  h igh ly  perc ise b ioassay
t e c h n i q u e .

T h i r d ,  t h e  a b o v e  r e s u l t s  h a v e  a l l o w e d  u s  t o  p r o d u c e  d e s i g n s  f o r
a  s e r i e s  o f  m o r e  c l o s e l y  c o n t r o l l e d  e x p e r i m e n t s  o n  r e d i s t r i b u t i o n ,
ne t  accumu la t i on  and  up take  k ine t i cs  o f  hexach lo rob ipheny l  by  bo th
s p e c i e s ,  p r i m a r i l y  S t y l o d r i l u s .  T h i s  i n c l u d e s  e x a m i n a t i o n  o f  p o s s i b l e
e n d p o i n t s  w h i c h  w i l l  b e  n e e d e d  i f  t h e  s y s t e m  i s  t o  b e  u s e d  a s  a  b i o -
a s s a y .  O n e  e x p e r i m e n t  h a s  b e e n  r u n  u s i n g  S t y l o d r i l u s  a n d  a  m u c h  b r o a d e r
r ange  o f  t ox i can t  concen t ra t i ons .  The  sed imen ts  used  i n  t h i s  expe r imen t
d i f fe red  cons iderab ly  f rom those  used  in  pas t  runs  by  hav ing  a  much
h i g h e r  p e r c e n t a g e  o f  f i n e  s a n d  a n d  f l o c c u e n t  o r g a n i c s .  R e s u l t s  a r e  s t i l l
b e i n g  a n a l y z e d ,  b u t  i t  a p p e a r s  t h a t  c o m p a c t i o n  i s  p r e v e n t e d  i n  t h i s  s e d i m e n t
t y p e  a s  c o m p a r e d  w i t h  t h e  c o n t r o l  w i t h o u t  w o r m s .  T h i s  t y p e  o f  s e d i m e n t
o c c u r s  c o m m o n l y  o f f  t h e  m o u t h s  o f  r i v e r s  w h i c h  m a y  a c t  a s  a  s o u r c e  o f
t o x i c a n t s  t o  t h e  G r e a t  L a k e s .

F o u r t h ,  a  t y p i c a l  e x p e r i m e n t  m u s t  r u n  f r o m  1 4 0 0  t o  1 6 0 0  h r s  w i t h
m o n i t o r i n g  t a k i n g  4 - 5  h r s  e v e r y  2  t o  3  d a y s .  W e  a r e  p r e s e n t l y  c o n s i d e r -
i n g  w a y s  a u t o m a t i n g  t h e  s y s t e m  t o  c o n s u m e  l e s s  m a n p o w e r .  T h i s  w i l l
allow more frequent measurements and more precisely determine reworking
r a tes .  A l l  m i c rocosms  have  been  redes igned  and  rebu i l t  spec i f i ca l l y
f o r  t ox i c  s t ud i es ,  and  f r esh  co l l ec t i ons  o f  sed imen ts  and  o l i gochae tes
w i l l  i n  l a t e  S e p t e m b e r  o r  e a r l y  O c t o b e r .
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Project Summary

The overall objective is to determine if changes in the free amino acid (FAA) pool

p ro f i l e  o f  spec i f i c  ben th i c  i nve r teb ra tes  can  be  used  as  a  sub le tha l  i nd i ca to r  o f  an

organ isms '  exposure  to  s t ress fu l  env i ronmenta l  cond i t ions .  Spec i f i ca l ly ,  we are

investigating changes in the FAA pool, glycogen, lipid and protein content of Stylodrilus

heringianus (oligochaetea) and Gammarus pseudolimneaus (Amphipoda) during laboratory

exposure to pentachlorophenol (PCP) and field exposure in contaminated areas. The

experimental strategy for this study includes four phases; I) development and validation of

analyt ical  techniques, I I )  development and val idat ion of toxici ty test protocols,  I I I )

laboratory quantification of the effect of PCP on FAA pool, glycogen, lipid and protein

concentrations and on the growth and/or reproductive success of the test organism and IV)

field application of the stress indices.

S t a t u s

Significant progress has been made during the initial year of this project. Complete

analytical methodologies have been developed for free amino acids, glycogen, lipids and

proteins. The entire extraction procedure is presented in figure 1. Exclusive of glycogen,

this analytical scheme is sensitive enough to analyze a single organism (1-2 mg dry

weight ) .  The FAA poo l ,  a f te r  ex t rac t ion  in to  methano l ,  i s  der iva t ized w i th  0-

phthalaldehyde and analyzed by reverse phase high performance liquid chromatography

using fluorescence detection. The precipitated glycogen fraction is cleaved to glucose by



a -amyloglucosidase and the resulting glucose analyzed by the glucose peroxidase method.

Total lipids are determined by the charring method of Marsh and Weinstern (1966),

unsaturated lipids by the sulfophosphovanillin method and saturated lipids calculated by

the difference. Protein is measured by the method of Peterson (1977). Methodology for

the analysis of PCP in water was also finalized. The method, developed by Carr et al.

(1982), involves liquid-liquid extraction into chloroform, repartitioning into 0.2M NaOH

and spectrophotometric detection at 320 nm.

Genera t ion  o f  an  ex tens ive  da ta  base  i s  essen t ia l  t o  the  deve lopment  o f  any

biochemical indicator of stress. Tables 1 and 2 contain representative data for Gammarus

pseudolimneaus and Stylodrilus heringianus. Also included in these tables are statistics

showing biological variability of the test parameters.

With analytical methodology developed, the next phase of the project has been

initiated. The second phase involves a variety of peripheral but essential objectives.

First, knowledge of seasonal fluctuations in test parameters (i.e., FAA pool) is essential

for effective data interpretation and subsequent use of any biochemical indicator of

stress. Monitoring of seasonal variation has been ongoing since July, 1983. The effect of

transport and laboratory holding conditions on test parameters is presently being

investigated, as is the development of chronic toxicity test methodology. Gammarus,

collected in late July, 1983, are presently being held under various laboratory conditions

to determine the least stressful conditions (as determined by periodically monitoring the

parameters interest). This is being done in conjunction with the development of

culturing procedures and life cycle toxicity tests.
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Table 1. Amino acid, glycogen, lipid and protein content of Gammarus pseudolimneaus

Amino Acidnm/mg (avg. n=6)c.v.8 a
A l a n i n e2 4 . 3 69 . 3 0 %
T y r o s i n e5 . 9 82 6 . 5 0 %
T r y p t o p h a n1 . 9 03 5 . 2 0 %
M e t h i o n i n e5 . 2 22 9 . 6 5 %
V a l i n e1 2 . 1 72 7 . 7 5 %
Pheny la lan ine7 . 0 03 3 . 5 0 %
I s o l e u c i n e7 . 5 63 5 . 9 6 %
L e u c i n e1 5 . 9 12 4 . 9 0 %
t o t a l1 5 4 . 5 1

Amino Acidnm/mg b (avg. n=6)C.V. a
Aspartic Acid2 . 1 233.5%
G l u t a m i c  A c i d6 . 8 92 8 . 5 %
A s p a r a g i n e1 . 9 43 5 . 2 %
S e r i n e3 . 4 23 8 . 6 %
G l u t a m i n e1 6 . 0 42 3 . 2 %
H i s t i d i n e7 . 9 21 3 . 6 %
G l y c i n e5 . 2 83 2 . 6 %
T h r e o n i n e4 . 1 22 1 . 5 %

A r g i n i n e2 6 . 6 81 8 . 2 %

L i p i d sb  H g / m ga  C . V .
T o t a l  ( n = 6 )2 1 . 81 2 . 2 %
Unsaturated (n=7)7 . 3 79 . 7 5 %

S a t u r a t e d1 4 . 4 3

P r o t e i nb Hg/mga C.V.
M e a n  ( n = 6 )1 0 4 . 21 0 . 9 %

a
Coefficient of variation the population of organisms analyzed

b
Wet Weight



Table 2. Amino Acid, glycogen, lipid and protein content of Stylodrilus heringianus

Amino Acidsb nm/mg (avg. n=3)Amino Acidb nm/mg (avg. n=3)
Aspartic Acid1 . 2 6A l a n i n e1 1 . 6 8
G l u t a m i c  A c i d2 . 9 8T y r o s i n e2 . 0 4
A s p a r a g i n e1 . 3 2M e t h i o n i n e3 . 1 9
S e r i n e3 . 5 8V a l i n e3 . 7 8
G l u t a m i n e2 . 3 8P h e n y l a l a n i m e4 . 2 1
H i s t i d i n e2 . 4 1I s o l e u c i n e1 . 2 1
G l y c i n e5 . 3 4L e u c i n e7 . 8 4
T h r e o n i n e2 . 0 8A r g i n i n e. 0 9

t o t a l5 5 . 3 9

Glycogenc 1g/mga  C . V .
m e a n  ( n = 4 )1 1 . 91 6 . 4 %

L i p i d sb Hg/mgC . V . '  a
T o t a l  ( n = 4 )1 6 6 . 61 9 . 5 %
U n s a t u r a t e d  ( n = 4 )2 9 . 22 5 . 1 %

S a t u r a t e d1 3 7 . 4

Proteinsb Hg/mgC . V .  a
mean (n=3)8 5 . 71 3 . 8 %
a
C o e f f i c i e n t  o f  t h e  p o p u l a t i o n  o f  o r g a n i s m s  a n a l y z e d

b
Dry Weight

c
Wet Weight
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2 .  P r i nc i pa l  I nves t i ga to r s :  John  R .  Benne t t  and  Anne  H .  C l i t es

3 .  T i t l e :  M o d e l i n g  t h e  T r a n s p o r t  o f  T o x i c  S u b s t a n c e s

4 .  P ro j ec t  Summary :  The  ob jec t i ve  o f  t h i s  p ro j ec t  i s  t o  deve lop  me thods  t o
pred ic t  the tempora l  and spat ia l  movement  o f  tox ics  in  the Great  Lakes.  A
two -d imens iona l ,  ve r t i ca l l y  i n t eg ra ted  mode l  and  a  t h ree -d imens iona l ,  t he rm-
al ly  s t ra t i f ied  model  w i l l  be  used to  ca lcu la te  cur rents  in  Lake Mich igan.
T h e s e  c u r r e n t s  w i l l  t h e n  d r i v e  a  w a t e r  q u a l i t y  m o d e l  t h a t  w i l l  a d v e c t ,  d i f -
fuse ,  se t t le ,  and  resuspend par t i c les  and  d isso lved  subs tances .

5 .  S t a t u s :  I n  o r d e r  t o  s i m u l a t e  t h e  m o v e m e n t  o f  d i s s o l v e d  a n d  p a r t i c u l a t e -
b o u n d  m a t e r i a l s  i n  t h e  G r e a t  L a k e s ,  w e  m u s t  f i r s t  m o d e l  t h e  c u r r e n t s .  T h e
vert ical ly- integrated circulat ion model used to generate wind stress and
current  f ie lds was developed by Schwab, Bennett ,  and Jessup (1981) for  other
GLERL s tud ies .  The program used to  ca lcu la te  advect ive  mot ion,  se t t l ing ,
resuspension, and diffusion is documented in Bennett, Clites, and Schwab
(1983).  The accuracy of  th is model has been thoroughly tested in Bennett ,
Campbel l ,  and Cl i tes (1983) .  At  th is  po int ,  we are us ing the model  to  test
and calibrate these physical parameters, derived from sediment trap profiles,
i n  i dea l i zed  cases .  Even tua l l y ,  we  w i l l  a t t emp t  t o  s imu la te  the  zones  o f
sediment deposit ion and erosion in southern Lake Michigan, using radionucl ide
d a t a  f o r  v e r i f i c a t i o n .

T h e  t h r e e - d i m e n s i o n a l  e f f e c t s  o f  E k m a n  d r i f t  w e r e  i n c o r p o r a t e d  i n t o  o u r

vertically integrated two-dimensional model by some mathematical manipula-
t ions.  According to the physics of  th is  bot tom layer ,  when the lake model
has a mean cyclonic flow, Ekman layer transport causes high sedimentation in
t h e  c e n t e r  o f  t h e  g y r e ;  w i t h  a n t i - c y c l o n i c  f l o w ,  t h e  s e d i m e n t a t i o n  o c c u r s
nearshore.  The analyt ica l  so lut ion for  s teady Ekman layer  currents in  deep
w a t e r  w a s  c o m b i n e d  w i t h  t h e  s t e a d y  s o l u t i o n  f o r  t h e  v e r t i c a l  p r o f i l e  o f  s u s -
pended matter to calculate the relationship between the vertically averaged
c u r r e n t  v e c t o r  a n d  t h e  s e d i m e n t  t r a n s p o r t  v e c t o r .  T h i s  r e l a t i o n s h i p  e n a b l e s
t h e  t w o - d i m e n s i o n a l  m o d e l  t o  s i m u l a t e  a  t h r e e - d i m e n s i o n a l  e f f e c t .

Tc test  the importance of  Ekman dr i f t  to  the model ,  a c i rcular ly  symmetr ic
i dea l i za t i on  o f  Lake  M i ch i gan ' s  sou the rn  was  deve loped .  The  mode l  com-
putes the sedimentation pattern for a wide range of values of the resuspension
rate, source location, and lateral diffusion coefficient. Increasing either
the  resuspens ion  ra te  (F igure  or  the  la te ra l  d i f fus ion  coef f i c ien t  causes
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more sedimentat ion to  occur  at  the gyre center .  For  rea l is t ic  ranges of
these  parameters ,  these  coef f i c ien ts  a re  as  impor tan t  to  the  mode l  resu l ts
as is Ekman layer t ransport .  Another surpr is ing resul t  of  th is study is
t h a t  t h e  s e d i m e n t a t i o n  p a t t e r n  a p p e a r s  n o t  t o  b e  s e n s i t i v e  t o  t h e  l o c a t i o n
o f  the  source .  Whether  the  load  i s  un i fo rm ly  d is t r ibu ted  over  the  lake
surface or only from the shorel ines does not appear to be important to the
m o d e l .  ( F i g u r e  2 ) .

N o w  t h a t  w e  a r e  c o n v i n c e d  o f  t h e  s o u n d n e s s  o f  b o t h  t h e  m o d e l  a n d  t h e
r a t e  c o e f f i c i e n t s  h a v e  c h o s e n ,  w e  w i l l  b e g i n  t e s t i n g  t h e  m o d e l  f o r  d i f -
f e r e n t  c i r c u l a t i o n  p a t t e r n s ,  u s i n g  t h e  i d e a l i z e d  s o u t h e r n  b a s i n  o f  L a k e
M i c h i g a n  w e  d e v e l o p e d .  A f t e r  t e s t i n g  f o r  v a r i o u s  c o m b i n a t i o n s  o f  t h e o r e t i -
cal  c i rcu la t ion pat terns,  we wi l l  run the model  us ing an actua l  s imulat ion
of Lake Michigan's current developed at GLERL in another study. Using these
" r e a l "  w e  h o p e  t o  e v e n t u a l l y  s i m u l a t e  t h e  o b s e r v e d  s e d i m e n t a t i o n
p a t t e r n s  i n  s o u t h e r n  L a k e  M i c h i g a n  w i t h  o u r  m o d e l .
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3 .  T i t l e :  V e r t i c a l  D y n a m i c s  o f  T o x i c  O r g a n i c s  i n  t h e  G r e a t  L a k e s

4 .  P r o j e c t  S u m m a r y :  T h e  o b j e c t i v e s  o f  t h i s  p r o j e c t  a r e  t w o f o l d :  ( 1 )  t o
q u a n t i t a t i v e l y  d e s c r i b e  t h e  d e c o m p o s i t i o n  p a t h w a y s  o f  p e r s i s t e n t
c o n t a m i n a n t s ,  a n d  ( 2 )  t o  i m p r o v e  s u c h  m o d e l s  b y  i d e n t i f y i n g  a n d  t h e n
m i n i m i z i n g  t h e  m a j o r  s o u r c e s  o f  p r e d i c t i o n  e r r o r s .  A  o n e - d i m e n s i o n a l
m o d e l  h a s  b e e n  c o m p l e t e d  a n d  u s e d  t o  i n v e s t i g a t e  t h e  M i r e x  p r o b l e m  i n
L a k e  O n t a r i o .  C u r r e n t  e f f o r t s  a r e  f o c u s e d  o n  i m p r o v i n g  t h e  p r e -
d i c t a b i l i t y  o f  s u b m o d e l s  d e t a i l i n g  v e r t i c a l  m i x i n g .  A l s o ,  f i e l d  w o r k
i s  b e i n g  c o n d u c t e d  o n  h o r i z o n t a l  t r a n s p o r t  p r o b l e m s .

5 .  S t a t u s :  P r o g r e s s  h a s  b e e n  m a d e  o n  p r o c e s s  p a r a m e t e r i z a t i o n s ,  e r r o r
a n a l y s e s ,  a n d  i n  i n i t i a t i n g  a  f i e l d  p r o g r a m  d e a l i n g  w i t h  h o r i z o n t a l
t r a n s p o r t .  I n  p a r t i c u l a r ,  a  g l o b a l  r a d i a t i o n  m o d e l  ( A t w a t e r  a n d  B r o w n ,
1 9 7 4 )  u s i n g  c l o u d  i n f o r m a t i o n  f r o m  c o a s t a l  m e t e o r o l o g i c a l  s t a t i o n s  o n
L a k e  M i c h i g a n  h a s  b e e n  p r o g r a m m e d  a n d  i s  c u r r e n t l y  b e i n g  c o m p a r e d
a g a i n s t  m e a s u r e d  s o l a r  r a d i a t i o n  d a t a  f r o m  M a d i s o n ,  W i s c o n s i n .  T h i s
m o d e l  w i l l  b e  u s e d  t o  i m p r o v e  e s t i m a t e s  o f  b o t h  p h o t o d e c o m p o s i t i o n  l o s s e s
a n d  t h e  i n t e n s i t y  o f  v e r t i c a l  m i x i n g .  B o t h  p r o c e s s e s  a r e  s t r o n g l y  d e -
p e n d e n t  u p o n  k n o w i n g  t h e  i r r a d i a n c e  w h i c h ,  i n  g e n e r a l ,  m u s t  b e  m o d e l e d
d u e  t o  t h e  s p a r s e  r a d i a t i o n  g a t h e r i n g  n e t w o r k  i n  t h e  G r e a t  L a k e s  r e g i o n .

E r r o r  a n a l y s e s  h a v e  b e e n  p e r f o r m e d  o n  t w o  m o d e l s  t o  e x a m i n e  t r a n s p o r t
u n c e r t a i n t y  o n  p r e d i c t i o n  e s t i m a t e s .  A  p r e l i m i n a r y  e r r o r  a n a l y s i s  d e a l t
w i t h  l e a k a g e  o f  M i r e x  f r o m  t h e  s e d i m e n t s  o f  L a k e  O n t a r i o  i n t o  t h e  w a t e r
c o l u m n  a n d  i t s  v e r t i c a l  t r a n s p o r t  t h e r e i n .  T h e  r e s u l t s  s u g g e s t  g r o s s
u n c e r t a i n t y  i n  p a r t i c l e  a s s o c i a t e d  c o n c e n t r a t i o n s  o f  M i r e x  i n  s u r f a c e
w a t e r s ,  d u r i n g  w i n t e r ,  a n d  s u g g e s t s  t h a t  v e r t i c a l  e d d y  d i f f u s i o n  i s  a
m a j o r  e r r o r  s o u r c e .  T h e  o t h e r  m o d e l  d e a l t  w i t h  u n c e r t a i n t y  i n  n u t r i e n t
r e g e n e r a t i o n  r a t e s  i n  L a k e  M i c h i g a n .  I n  t h i s  c a s e  h o r i z o n t a l  a d v e c t i o n
w a s  a  m a j o r  e r r o r  s o u r c e .  C o m p a r i s o n  o f  v e r t i c a l l y  t o  h o r i z o n t a l l y
a s s o c i a t e d  e r r o r s  i n d i c a t e s  a n  e r r o r  d o m i n a n c e  d u e  t o  h o r i z o n t a l  v a r i -

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

E r r o r  a n a l y s e s  h a v e  m o t i v a t e d  a d d i t i o n a l  w o r k  o n  v e r t i c a l  m i x i n g .
C o m p a r i s o n s  h a v e  b e e n  m a d e  b e t w e e n  e d d y  d i f f u s i o n  m o d e l s  o f  M c C o r m i c k  a n d
S c a v i a  ( 1 9 8 1 )  a n d  H e n d e r s o n - S e l l e r s  ( 1 9 8 0 ) .  T h e  r e s u l t s  i n d i c a t e



- 2 -

similari t ies under three condit ions: (1) constant current shear, (2)
high Richardson number, and (3) low wind speed. Differences occur in
t reatment of low di f fusion si tuat ions which may signif icant ly affect
rate loss est imates in the toxic 's model.  Resolving discrepancies in
the two approaches is an ongoing problem with alternative methods being
addressed. The most hopeful approach involves an integral type model
(Pol lard et  al .  1973) to est imate vert ical  mixing.

A manuscr ipt  is  in preparat ion summariz ing the one-dimensional  toxics
m o d e l i n g .

Future efforts are being focused on horizontal transport problems. Dye
experiments are being conducted in Lake Michigan for two purposes: f irst,
to est imate the hor izontal  eddy di f fusiv i t ies and secondly,  to est imate
the wind slippage of satell ite tracked current drifters. Knowledge of
the eddy diffusivity and its scale dependence is critical to predicting
pol lu tant  d ispersal .  Equal ly  impor tant  to  tox icant  t ranspor t  is  deter-
mining how well current drif ters are able to track a given water mass.
Both problems are being addressed by monitoring dye dispersion relative
t o  t i m e  a n d  s e v e r a l  c u r r e n t  d r i f t e r s .
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6. Project Summary: The overall objective of this research project is to
conduct studies on the photochemical degradation of toxic organics. Photo-
lysis rate constants for PCBs and PAHs in lakewater under natural and
artif icial sunlight are measured to be incorporated in a model which will
describe the cycling, transport and fate of toxic organics in the Great
Lakes. The influence and the role of humic acids, particulates and algae
present in the lakewater on the photolytic process and the magnitude of
these effects on the rate constant is also investigated.

7. Status: Work has been completed on the studies on pyrene and anthracene
and the effect of microlayer constituents, humic acids, CaCO3 and algae
on their photodegradation. The pyrene studies show a two-fold enhance-
ment of the photolysis rate constant in Lake Michigan water and Lake Michi-
gan microlayer compared to that of dist i l led water. Light attenuation
effects for these waters were measured and were found to be negligible.
The presence of algae in the reaction mixture enhances the photolysis
rate 3.5 times. This type of enhancement was also observed by Zepp and
Schlotzhauer (EST 17,462-468 (1983)) for several PAHs. The photolysis
rates of anthracene were enhanced tenfold both in lakewater and lake
microlayer but no significant effects were observed by algae.

Humic acids and CaCO3 also affected the photolysis rates of pyrene
and anthracene differently. The photolysis rate constant of anthracene
appears to be unaf fected by the const i tuents added to the react ion mixture
while their effect on the photolysis of pyrene show a decrease with increas-
ing concentration of the constituents. Figure 1 also shows that naphtha-
lene behaves differently than pyrene and anthracene when exposed to simi-
lar conditions. These conditions have not been corrected for light attenuat-
ion effects. It is possible that different mechanistic pathways are
involved in these photoreactions.

Current work in progress deals with the investigation of these
mechanisms for the photolysis of selected PAHs. Photoproduct identification
and analysis by GC/MS to further elucidate the mechanistic pathways for these
p h o t o r e a c t i o n s  w i l l  a l s o  b e  c o n d u c t e d .



T h i s  i s  t h e  l a s t  p h a s e  o f  t h i s  p r o j e c t  a n d  a  c o m p i l a t i o n  o f  a l l  e x i s t i n g
photochemical data on PCBs and PAH are being assembled so as to compare rate
cons tan ts  genera ted  by  severa l  i nves t iga to rs  fo r  these  tox ic  o rgan ics .  We
can  ca l cu l a te  d i r ec t  pho to l ys i s  r a t e  cons tan t s  us i ng  l abo ra to r y -gene ra ted
q u a n t u m  y i e l d  a n d  e x t i n c t i o n  c o e f f i c i e n t  v a l u e s .  I t  a p p e a r s ,  h o w e v e r  t h a t
t h e  r a t e  c o n s t a n t s  m e a s u r e d  i n  d i s t i l l e d  w a t e r  w i l l  o n l y  e s t i m a t e  t h e  m i n i m u m
v a l u e  f o r  a s s e s s i n g  d e g r a d a t i o n  d u e  t o  p h o t o l y s i s .  E f f e c t s  o f  o t h e r  c o n s t i t u e n t s
such as  organ ics  in  water ,  par t i cu la tes  and a lgae cou ld  enhance th is  ra te  immense ly
depending on the tox icant .  Our  s tudy prov ided some ins ight  on the magni tude of
t h e s e  e n h a n c e m e n t  e f f e c t s  i n  l a k e  e n v i r o n m e n t s .  F u r t h e r  s t u d i e s  o n  t h e s e  e f f e c t s
a n d  t h e i r  m e c h a n i s m s  f o r  o t h e r  t o x i c a n t s  n e e d  t o  b e  a d d r e s s e d .
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5. Ti t le :  Models for  the Behavior  and Fate of  Long- l ived
Contaminants in the Upper Trophic Levels of the Great Lakes

6. Project Summary: The objective of this project is to develop and
analyze models for simulating contaminant concentrations in Great
Lakes  f i shes ;  th is  w i l l  inc lude an  eva lua t ion  o f  the  re la t i ve
contributions of direct uptake from water, pelagic food chain
pathways,  and benth ic  food cha in  pathways.  In i t ia l  work  has
focused on simulating the accumulation of PCBs and dieldrin by
alewives, the dominant forage fish in Lake Michigan, using a
bioenergetics modeling approach.

7. Status: Progress has been made in several areas during the second
s i x  m o n t h s  o f  t h i s  p r o j e c t .  F i r s t ,  a  n e w  e s t i m a t e  o f  d i r e c t
u p t a k e  o f  c o n t a m i n a n t  f r o m  w a t e r  h a s  b e e n  o b t a i n e d .  T h e
bioaccumulation model used in this project computes the direct
uptake rate of contaminant as proportional to the uptake rate of
oxygen .  The  p ropor t iona l i t y  fac to r  now used  in  the  mode l  was
determined experimentally by McKim and Goeden (1982), whereas the
earlier factor was estimated by Weininger (1978) from relative
d i f fus iv i ty  ca lcu la t ions .  Use o f  the  new fac tor  resu l ts  in  a
4.6-fold increase in the simulated direct uptake rate from water.
When a long-term elimination rate of 0.00120 per day (estimated
f rom Guiney et al .  1977, 1979) is also included, then the
simulated alewife PCBs coming from the water is increased from
less than 20% to about 50% of the total alewife body burden (see
the accompanying figure). The contribution from the food chain is
correspondingly decreased. The benthic component of the food
chain (Pontoporeia) is now estimated to contribute about 30% of
the total alewife body burden of PCBs.

Second, a data set for dieldrin bioaccumulation by alewives has
been compiled, and preliminary simulations have been done. The
results are encouraging. Using the same bioenergetics parameters,
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diet data, and temperature history as for the PCB simulations -
changing only the contaminant concentrations in prey and water and
the depuration rate - the simulated dieldrin concentration in
alewives is within a factor of two of the observed. Because the
depuration rate of dieldrin is faster than that of most PCBs, the
dynamics of dieldrin bioaccumulation provides an interesting
contrast to the dynamics of PCB bioaccumulation. As can be seen
in the accompanying figures, dieldrin concentration in alewife is
predicted to be nearly independent of fish age, whereas PCB
concentration is expected to increase with fish age. Direct
uptake from the water is predicted to be the major route of
dieldrin bioaccumulation, responsible for about 60% of the body
burden of dieldrin in alewives. While the food chain pathway is
thus, somewhat less important for dieldrin than for PCB, the
benthic food chain (Pontoporeia) is still responsible for about
25% of the body burden of dieldrin.

Third, J. E. Breck visited GLERL on June 6-7, 1983, and presented
a seminar entitled "Modeling Contaminants in Lake Michigan
Alewives." During this visit discussions about this research were
held with GLERL staff members, several faculty and students at the
University of Michigan, and researchers at the Great Lakes FisheryLaboratory.

Fourth, several improvements were made to the FORTRAN code for
this bioaccumulation model. Some changes were necessary so that
an error analysis of the model could be done. Other changes make
the computer program easier to use, make it easier to fit observed
fish growth data, and allow greater flexibility in specifying
seasonal changes in diet proportions and contaminant
concentrations in prey.

Future research will involve analysis and evaluation of the
alewife bioaccumulation model, comparison of the behavior of
different contaminants (e.g., PCBs, dieldrin, 137cs), and
estimation of the contaminant flux through forage fish to their
salmonid predators. Work has begun on an error analysis of the
bioaccumulation model. Further evaluation of the model could
utilize the extensive time series of 137Cs concentrations in
Lake Michigan. Work has also begun on estimating the contaminant
flux along different to the entire alewife population of
Lake Michigan.
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1 .  O r g a n i z a t i o n :  G r e a t  L a k e s  R e s e a r c h  D i v i s i o n  a n d
D e p a r t m e n t  o f  A t m o s p h e r i c  a n d

O c e a n i c  S c i e n c e s

T h e  U n i v e r s i t y  o f  M i c h i g a n
A n n  A r b o r ,  M i c h i g a n  4 8 1 0 9

2 .  P r i n c i p a l  I n v e s t i g a t o r s :  C l i f f o r d  P .  R i c e  a n d
P h i l i p  A .  M e y e r s

3 .  A m o u n t  o f  1 9 8 3  F u n d s :  6 0 , 0 0 0

4 .  T o t a l  P r o j e c t  F u n d s  t o  D a t e :  6 0 , 0 0 0

5 .  T i t l e :  P a r t i t i o n i n g  a n d  C y c l i n g  o f  T o x i c  O r g a n i c s
i n  t h e  G r e a t  L a k e s  E c o s y s t e m .

6 .  P r o j e c t  S u m m a r y :  T h e  o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  s t u d y
t h e  r o l e  p a r t i c l e  s u s p e n s i o n  p l a y s  i n  t h e  c o n t i n u e d  r e c y c l i n g  o f
t ox i c  o rgan i c  compounds  i n  t he  Grea t  Lake  sys tem.  Emphas i s  w i l l
b e  p l a c e d  o n  a n a l y s e s  o f  t h e  s u s p e n d e d  a n d  s e t t l i n g  p a r t i c u l a t e
p o r t i o n s  o f  t h e  s a m p l e s .  B o t h  s e l e c t e d  t o x i c  o r g a n i c s ,  e . g .
p e s t i c i d e s  ( d i e l d r i n ,  D D T ,  e t c .  ) ,  P C B s ,  p h t h a l a t e s ,  a n d
ch lo robenzenes ,  and  nonse lec t i ve  GC/MS scans  w i l l  be  pe r fo rmed .
A n a l y s e s  o f  l i p i d  b i o m a r k e r s  o f  s a m p l e s  w i l l  b e  p e r f o r m e d  i n
o r d e r  t o  f o l l o w  b i o g e o c h e m i c a l  c y c l i n g  a t  t h e  s e d i m e n t - w a t e r  a n d
e p i l i m n i o n - h y p o l i m n i o n  i n t e r f a c e s  a n d  i n  o t h e r  t u r b i d i t y  z o n e s ,
s u c h  a s  r i v e r  p l u m e s  a n d  c o a s t a l  l o c a t i o n s .

7 .  S t a t u s :  R e s u l t s  f o r  P C B  i n  s e d i m e n t  t r a p s  f r o m  t h e  s u m m e r  o f
1980 and winter  of  1980 and 1981 have been processed us ing a
n e w l y  d e v i s e d  t e c h n i q u e  f o r  P C B  h o m o l o g u e  i d e n t i f i c a t i o n .  T h e
homologue composi t ion for  the sur face t raps was predominant ly  2
a n d  3  c h l o r i n e  c o n t a i n i n g  b i p h e n y l s  w h i c h  a g r e e s  w i t h  t h e
r e l a t i v e  c o m p o s i t i o n  o f  t h e s e  g r o u p s  i n  t h e  a i r .  A s s u m i n g  t h a t
the PCB in  the near  sur face t rap samples were atmospher ica l ly
der ived ,  a l lows  these  t rap  da ta  to  be  used  fo r  es t imat ing
a t m o s p h e r i c  f l u x  o f  P C B  t o  L a k e  M i c h i g a n .  T h e s e  f l u x  v a l u e s
agreed  we l l  w i th  es t ima tes  made  by  o the r  i nves t i ga to rs  us ing
s h o r e  b a s e d  r a i n  a n d  d r y f a l l  c o l l e c t o r s .
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U s i n g  t h e  h o m o l o g u e  i d e n t i f i c a t i o n  t e c h n i q u e  d e s c r i b e d  a b o v e
w e  f o u n d  t h a t  t h e  P C B  i n  s a m p l e s  c o l l e c t e d  f r o m  t r a p  p r o f i l e s
s h o w e d  i n c r e a s i n g  c h l o r i n e  c o n t e n t  w i t h  d e p t h .  T h i s  i m p l i e s  t h a t
t h e  b o t t o m  t r a p s  h a v e  s e l e c t i v e l y  l o s t  t h e  2  a n d  3  c h l o r i n e
c o n t a i n i n g  h o m o l o g u e s .

F o a m  p a d s  w h i c h  w e r e  s u b m e r g e d  i n  L a k e  M i c h i g a n  f o r  e x t e n d e d
p e r i o d s  o f  t i m e  a r e  b e i n g  t e s t e d  a s  i n t e g r a t e d  c o l l e c t o r s  o f
h y d r o p h o b i c  p o l l u t a n t s .  P a d s  w h i c h  w e  a n a l y z e d  f o r  c h l o r i n a t e d
o r g a n i c s  h a d  p , p ' - D D E  w e l l  a b o v e  t h e  b l a n k s ;  h o w e v e r  a l l  o f  t h e
o t h e r  e x p e c t e d  c o m p o u n d s  ( P C B ,  t o x a p h e n e ,  a n d  D D T - r e s i d u e s )  w e r e
o b s c u r e d  b y  b l a n k  c o m t a m i n a t i o n  p r o b l e m s .

W o r k  o n  n a t u r a l  b i o m a r k e r  i d e n t i f i c a t i o n s  i n  b o t t o m  m a t e r i a l
a n d  s e t t l i n g  p a r t i c u l a t e s  i s  p r o c e e d i n g .  T h e  e n c l o s e d  f i g u r e  i s
a n  e x a m p l e  o f  t h e  k i n d  o f  v a r i a t i o n  o f  n a t u r a l  o r g a n i c  m a t e r i a l s
w h i c h  i s  f o u n d  i n  t h e  w a t e r  c o l u m n .  T h e  u p p e r  f i g u r e  r e p r e s e n t s
t h e  h y d r o c a r b o n  m i x  f r o m  a  s e d i m e n t  t r a p  s a m p l e  p o s i t i o n e d  j u s t
b e l o w  t h e  m e t a l i m n i o n  i n  a  L a k e  M i c h i g a n  t r a p  p r o f i l e  a n d  t h e
l o w e r  f i g u r e  r e p r e s e n t s  t h e  s a m e  m i x  f r o m  t h e  l o w e s t  t r a p  j u s t
a b o v e  t h e  s e d i m e n t - w a t e r  i n t e r f a c e .  A  c o m p l e t e  d i s c u s s i o n  o f  t h e
d i f f e r e n c e s  o b s e r v e d  i n  t h e s e  s a m p l e s  i s  p r e s e n t e d  i n  t h e
m a n u s c r i p t  l i s t e d  b e l o w  ( M e y e r s  e t  a l .  i n  p r e s s ) .  A d d i t i o n a l
s e d i m e n t  t r a p  s a m p l e s  a n d  s e d i m e n t  c o r e  s e c t i o n s  a r e  p r e s e n t l y
b e i n g  a n a l y z e d  f o r  s a t u r a t e d  a n d  u n s a t u r a t e d  h y d r o c a r b o n s ,
k e t o n e s  a n d  a l k o n o l  f r a c t i o n s .  G C / M S  s t r u c t u r a l  i d e n t i f i c a t i o n s
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