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ABSTRACT

RISK EVALUATION FOR SLUDGE-BORNE ELEMENTS 
TO WILDLIFE FOOD CHAINS

by

D a v i d  Ke n t  Woodyar d

S t u d i e s  w e r e  c o n d u c t e d  t o  e v a l u a t e  t h e  h u ma n  a n d  

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

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

l a n d s .  The f a t e  o f  5 s e l e c t e d  m e t a l s ,  C d , C r ,  Cu,  Ni  and  

Z n , was  d e t e r m i n e d  i n  b o t h  f i e l d  a nd  l a b o r a t o r y  f o o d  c h a i n s  

e x p o s e d  t o  s l u d g e - b o r n e  m e t a l s .  Kn o wl e d g e  g a i n e d  on t h e  

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

t o x i c o 1 o g i c a  1 p r o p e r t i e s  w e r e  u s e d  t o  c o m p l e t e  a r i s k  

a s s e s s m e n  t .

N o n i n d u s t r i a l ,  m u n i c i p a l  s e w a g e  s l u d g e  was a p p l i e d  t o  

5 f o r e s t  t y p e s  i n  2 c o u n t i e s  o f  n o r t h e r n  l o w e r  M i c h i g a n ,  

M o n i t o r i n g  o f  m e t a l s  i n  s o i l s ,  s e l e c t e d  w i l d l i f e  f o r a g e s ,  

a n d  s m a l l  mammal t i s s u e s  was c o m p l e t e d  f o r  3 y e a r s  on b o t h  

r e p l i c a t e d ,  c o n t r o l  and  s l u d g e - t r e a t e d  p l o t s .  I n  a d d i t i o n  

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

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

a p l a n t - s m a l l  m a m m a l - r a p t o r  t h e  o t h e r  a s o i l - m a c r o i n v e r t e ­

b r a t e - v e r t e b r a t e  i n s e c t i v o r e  f o o d  c h a i n .
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Some m e t a l s ,  p r i m a r i l y  Cd a nd  C r ,  d i d  a c c u m u l a t e  i n  

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

b u t  r e t u r n e d  t o  b a c k g r o u n d  c o n c e n t r a t i o n s  by t h e  s e c o n d  

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

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

t i e s  i n  w i l d l i f e .  T i s s u e s  c o l l e c t e d  f r o m h e r b i v o r o u s  and  

o m n i v o r o u s  s m a l l  ma mma l s  s h o w e d  no e v i d e n c e  o f  m e t a l  

a c c u m u l a t i o n .  L a b o r a t o r y  e x p e r i m e n t s  s u p p o r t  t h i s  o b s e r ­

v a t i o n .  The s o i l  m a c r o i n v e r t e b r a t e - v e r t e b r a t e  i n s e c t i v o r e  

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

a c c u m u l a t e ,  a s  w o o d c o c k  ( P h i l o h e l a  m i n o r ) f e d  s l u d g e -  

c o n t a m i n a t e d  e a r t h w o r m s  c o n c e n t r a t e d  Cd i n  k i d n e y  and l i v e r  

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

w o o d c o c k  d i d  n o t  c o n t a i n  s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  t h e  

s e l e c t e d  m e t a l s .

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

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

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

t r o p h i c  g r o u p s  c o n s u m i n g  c e r t a i n  s m a l l  mammal  s p e c i e s .  

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

t h i s  i n v e s t i g a t i o n ,  c a n  be r e c omme n de d  f o r  s l u d g e - r e c y c l i n g  

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

humans  c o n s u m i n g  w i l d l i f e .  Ho w e v e r ,  m o n i t o r i n g  s e w a g e  and  

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

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

i n v e r t e b r a t e  d e t r i t i v o r e s  ( e . g .  e a r t h w o r m s )  r e q u i r e  f u r t h e r  

s t u d y  t o  d e t e r m i n e  s a f e  a p p l i c a t i o n  r a t e s .
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SLUDGE-BORNE METALS IN WILDLIFE FOOD CHAINS FROM 

SLUDGE RECYCLING TO FORESTED LANDS

One o f  Che r e s i d u a l s  f r o m  w a s t e  w a t e r  t r e a t m e n t  i s  

s e w a g e  s l u d g e .  P a s s a g e  o f  t h e  1972 a m e n d m e n t s  t o  t h e  

F e d e r a l  W a t e r  P o l l u t i o n  C o n t r o l  Ac t  a c c e l e r a t e d  p r o d u c t i o n  

o f  s e wa g e  s l u d g e s .  S u b s e q u e n t l y ,  r e g u l a t o r y  a g e n c i e s  and  

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

d i s p o s a l  we r e  i n a d e q u a t e  ( R i o r d a n  1 9 8 3 ) .  Of t h e  d i s p o s a l  

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

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

t r a t e d  i n  s e wa g e  s l u d g e s .  T h u s ,  i n t e r e s t  i n  l a n d  t r e a t m e n t  

d e v e l o p e d .

T o d a y ,  f o r  s e v e r a l  r e a s o n s ,  r e c y c l i n g  t o  f o r e s t e d  

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

h a v e  s u g g e s t e d  t h a t  p u b l i c  e x p o s u r e  t o  h e a l t h  r i s k s  and 

f o o d  c h a i n  h a z a r d s  i s  m i n i m i z e d  more  w i t h  r e c y c l i n g  on 

f o r e s t  t h a n  on  a g r i c u l t u r a l  l a n d s  ( Z a s o s k i  e t  a_l. 1977 , 

Br o c kwa y  1 9 7 9 ,  Z a s o s k i  1 9 8 1 ) .  I n  a d d i t i o n ,  f o r e s t  d i s p o s a l  

c a n  be c o s t  e f f e c t i v e ,  a s  many M i c h i g a n  c o m m u n i t i e s  a r e

16
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s i t u a t e d  n e a r  p u b l i c - o w n e d ,  f o r e s t e d  l a n d s *  F u r t h e r m o r e ,  

s t u d i e s  h a v e  i n d i c a t e d  t h e r e  i s  g e n e r a l l y  mor e  p u b l i c  

a c c e p t a n c e  f o r  f o r e s t  a p p l i c a t i o n  t h a n  o t h e r  o p t i o n s  

( G i g l i o t t i  1 9 8 3 ,  L a g e r s t r o m  1 9 8 3 ) .

S p e c i f i c  k n o w l e d g e  i s  n e c e s s a r y  t o  ma na ge  s l u d g e  t o  

m a i n t a i n  t h e  q u a l i t y  o f  t h e  f o r e s t  e n v i r o n m e n t .  To a v o i d  

n i t r a t e  d e g r a d a t i o n  o f  g r o u n d  w a t e r  q u a l i t y ,  Br o c kwa y  a nd  

U r i e  ( 1 9 8 3 )  d e t e r m i n e d  a p p l i c a t i o n  r a t e s  f o r  some o f  

M i c h i g a n ' s  s a n d  s o i l s .  O t h e r  e n v i r o n m e n t a l  c o n c e r n s  l e a d  

t o  a d j u n c t i v e  r e s e a r c h  ( H a r r i s  e t  j^l ,  1 9 84 ,  U r i e  e t  a l . 

1 9 7 8 ,  U r i e  e t  al_. 1 9 8 4 ) :  w i t h  p a r t i c u l a r  e m p h a s i s  p l a c e d  on 

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

(Campa 1 9 8 2 ,  Woodyard  1 9 8 2 ,  Thomas  1 9 8 3 ,  S e o n  1 9 8 4 ) .

To c o m p l e t e  a  r i s k - b e n e f i t  a n a l y s i s  f o r  f o r e s t  

a p p l i c a t i o n ,  i t  i s  e s s e n t i a l  t o  u n d e r s t a n d  r i s k s  a s s o c i a t e d  

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

g e n e r a l l y  r e s p o n d  p o s i t i v e l y  ( H a u f l e r  and  Wes t  1 9 8 6 ) ,  r i s k s  

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

a u g m e n t e d .  C o n c e r n s  i n c l u d e  p o s s i b l e  m e t a l  a c c u m u l a t i o n  i n  

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

s u c h  a s  r a p t o r s  a n d  i n  game s p e c i e s  c o ns ume d  by p e o p l e .



OBJECTIVES

T h i s  s t u d y  was p a r t  o f  a s l u d g e - r e c y c l i n g  p r o j e c t  

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

upon  some u p l a n d  f o r e s t e d  e c o s y s t e m s .  W i l d l i f e  we r e  

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

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

w i l d l i f e  f o o d  c h a i n s ,  o b j e c t i v e s  i n c l u d e d :

1.  t e s t i n g  f o r  c o n c e n t r a t i o n  d i f f e r e n c e s  ( f o r  C d , C r ,

Cu,  N i ,  a n d  Zn)  b e t w e e n  s l u d g e - a m e n d e d  a n d  c o n t r o l

s i t e s  i n  s o i l s ,  p l a n t s ,  a n d  s m a l l  mammal s ,

2 .  t e s t i n g  f o r  p o t e n t i a l l y  t o x i c  m e t a l  c o n c e n t r a t i o n s  

i n  t i s s u e s  o f  w h i t e - t a i l e d  d e e r  ( O d o c o i l e u s  

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

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

p r o d u c e d  by r e c y c l i n g  s e w a g e  s l u d g e s .

A f i n a l  o b j e c t i v e  was  t o  c o m p l e t e  a r i s k  a s s e s s m e n t  b a s e d

on t h e  k n o w l e d g e  g a i n e d  on t h e  f a t e  o f  t h e  s e l e c t e d  m e t a l s
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and  e x i s t i n g  k n o w l e d g e  o f  t h e  t o x i c o l o g i c a l  p r o p e r t i e s  o f  

t h e  m e t a l s .



STUDY AREAS

F i e l d  i n v e s t i g a t i o n s  we r e  c o n d u c t e d  i n  2 c o u n t i e s  o f  

t h e  n o r t h e r n  l o w e r  p e n i n s u l a  o f  M i c h i g a n .  I n  1980 a 

4 - y e a r - o l d  j a c k  p i n e  c l e a r c u t ,  was  l o c a t e d  i n  We x f o r d  

C o u n t y  ( 4 4 °  1 6 ' N ,  8 5 °  20*W) a s  t h e  f i r s t  r e s e a r c h  s i t e .  A

y e a r  l a t e r ,  4 a d d i t i o n a l  f o . r e s t  t y p e s  w e r e  l o c a t e d  i n  

Mo n t mo r e n c y  C o u n t y  ( 4 4 °  5 9 ' N ,  8 4 °  10*W) a n d  i n c l u d e d

s t a n d s  o f  1 0 - y e a r - o l d  a s p e n ,  7 0 - y e a r - o l d  o a k ,  5 0 - y e a r -  o l d  

p i n e ,  and  5 0 - y e a r - o l d  mi x e d  h a r d w o o d s .

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

M i c h i g a n  (NOAA 1 9 8 1 ) .  The  mean a n n u a l  t e m p e r a t u r e  f o r  t h i s  

r e g i o n  i s  5 . 8  C w i t h  m o n t h l y  e x t r e m e s  i n  J a n u a r y  ( - 7 . 8  C) 

and  J u l y  ( 1 9 . 6  C ) .  I n f l u e n c e d  by i t s  p r o x i m i t y  t o  Lake  

M i c h i g a n ,  64 Km t o  t h e  W e s t ,  We x f o r d  C o u n t y  a v e r a g e s  a 20% 

g r e a t e r  s n o w f a l l  ( 1 8 0 . 0  cm) t h a n  Mo n t m o r e n c y  ( 1 5 2 . 4  c m) ,  

b u t  t o t a l  p r e c i p i t a t i o n  i s  s i m i l a r  ( 8 2 . 1  cm a n d  7 6 . 7  c m) .  

D u r i n g  t h e  s t u d y  p e r i o d  (May 1980  -  De c e mb e r  1 9 8 5 ) ,

20
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t e m p e r a t u r e  and  p r e c i p i t a t i o n  f o l l o w e d  t h e  a v e r a g e  e x c e p t  

t h e  1982 w i n t e r  was u n u s u a l l y  c o l d  (NOAA 1 9 8 2 ) .

V e g e t a t i o n  on t h e  Wexf or d  s t u d y  s i t e  was i n  an e a r l y  

s u c c e s s i o n a l  s t a g e  a f t e r  b e i n g  c l e a r c u t  i n  1 976 .  O v e r s t o r y  

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

e r a t i n g  j a c k  p i n e  ( P i n u s  b a n k s i a n a ) d o m i n a t e d  by b l a c k  

c h e r r y  CP r u n u s  s e r o t i n a ) .  c h o k e  c h e r r y  (P.. v i r e i n l a n a ) and 

p i n  c h e r r y  (P^. p e n s y l v a n i c a ) .  B r a m b l e s  ( R u b u s ) d o m i n a t e d  

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

g r a s s  ( Pa n i c um v i r g a t u m ) , o r a n g e  hawkweed ( H i e r a c i u m
*

a u r a n t i a c u m ) .  and s e d g e s  f C a r e x ) .  A m o s a i c  p a t t e r n  

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

w i t h  g a p s  o f  no v e g e t a t i o n  and  e x p o s e d  s o i l .  S o i l s  on t h i s  

s t u d y  s i t e  we r e  s a n d s  o f  t h e  Gr a y c a l m and Mont c a l m s e r i e s  

( E u t r i c  G l o s s o b o r a l f s ) . E x c e s s i v e l y  t o  w e l l  d r a i n e d  

( C o r d e r  1 9 7 9 ) ,  t h e s e  s o i l s  we r e  s t r o n g l y  a c i d i c  ( Woodyard  

u n p u b l .  d a t a ) .  Ab s e n c e  o f  an  A2 h o r i z o n  s u g g e s t e d  c u l t i ­

v a t i o n  may h a v e  o c c u r r e d  w i t h i n  t h e  l a s t  c e n t u r y .

The Mont mor ency  Co u n t y  S i t e s  we r e  o f  4 d i f f e r e n t  

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

t y p e  i n c l u d e d  r e p e a t e d  r o l l e r  c h o p p i n g  and b u r n i n g  i n  an 

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

r e s u l t  was a l s o  a m o s a i c  p a t t e r n  o f  c l u m p s  c o n s i s t i n g  o f
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b i g t o o t h  a s p e n  ( P o p u l u s  g r a n d i d e n t a ) a n d  t r e m b l i n g  a s p e n  

(P_. t r e m u l o i d e s ) i n t e r s p e r s e d  w i t h  s c a t t e r e d  p i n  c h e r r y ,  

r e d  m a p l e  CAc e r  r u b r u m ) ,  a nd  o a k s  ( Q u e r c u s ) M a j o r  u n d e r -  

s t o r y  v e g e t a t i o n  c o n s i s t e d  o f  s w e e t f e r n  ( C o m p t o n i a ) .  

b r a k e n  f e r n  ( P t e r i d i u m ) . s e d g e s ,  p a n i c  g r a s s ,  a n d  b r a m b l e s .  

P r e d o m i n a n t  s o i l  t y p e s  w e r e  e x c e s s i v e l y  a n d  w e l l  d r a i n e d  

s a n d s  o f  t h e  R u b i c o n  ( E u t i c  H a p l o r t h o d )  a nd  Mo n t c a l m  

s e r i e s .  ( Ng uye n  a n d  H a r t  1 9 8 4 ) .

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

r e d  o a k  (Q_, r u b r a ) . w h i t e  oak  (C^. a l b a ) a nd  r e d  m a p l e ,  a nd  

an  u n d e r s t o r y  o f  t h e  same s p e c i e s  a l o n g  w i t h  w i t c h  h a z e l  

( H a m a m e l i s  v i r g i n i a n a ) a nd  s e r v i c e  b e r r y  ( A m e l a n c h i e r ) .  

Common g r o u n d s t o r y  s p e c i e s  w e r e  b r a c k e n  f e r n ,  w i n t e r g r e e n  

( G a u l t h e r i a ) . and  s e d g e s .  E x c e s s i v e l y  a n d  s o me wh a t  

e x c e s s i v e l y  d r a i n e d  s a n d s  f r o m  t h e  G r a y l i n g  ( T y p i c  U d i p s a m -  

m e n t )  a n d  R u b i c o n  s e r i e s  w e r e  p r e d o m i n a t e  s o i l s  on t h e  

s i t e .

The  p i n e  p l a n t a t i o n  c o n s i s t e d  o f  j a c k  p i n e  i n t e r ­

s p e r s e d  w i t h  r e d  p i n e  (P_. r e s i n o s a ) .  A s p a r s e  m i d s t o r y  

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

s p e c i e s  w e r e  b l u e b e r r y  ( V a c c l n i u m ) . s w e e t f e r n ,  b r a c k e n  f e r n  

a nd  s e d g e s .  S o i l s  c o n s i s t e d  o f  e x c e s s i v e l y  d r a i n e d  s a n d s  

o f  t h e  G a r y l i n g  s e r i e s  ( T y p i c  U d i p s a m m e n t )  a nd  a w e l l
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d r a i n e d  c o a r s e  l oam o f  t h e  M o n t c a l m  s e r i e s  ( E u t r i c  G l o s s o -  

b o r a l f ) .

S u g a r  m a p l e  (A_. s a c c h a r u m ) . r e d  m a p l e t A m e r i c a n  b e e c h  

( F a g u s  g r a n d i f o l i a ) a n d  A m e r i c a n  b a s s w o o d  ( T i l i a  a m e r i c a n a ) 

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

woods  t y p e ,  A w e l l  d e v e l o p e d  m i d c a n o p y  i n c l u d e d  i n d i v i d ­

u a l s  o f  t h e  o v e r s t o r y  s p e c i e s  a nd  w h i t e  a s h  ( F r a x i n u s  

a m e r i c a n a ) . e a s t e r n  h o p h o r n b e a m  ( O s t r y a  v i r g i n i a n a ) . and  

s t r i p e d  m a p l e  (A., p e n s y l v a n i c u m ) . The  g r o u n d s t o r y  was 

s p a r s e  b u t  d i v e r s e  a n d  was d e s c r i b e d  by Thomas  ( 1 9 8 3 ) .

S o i l s  w e r e  s a n d s  o f  t h e  M a n c e l o n a  a nd  Me nomi ne e  s e r i e s  

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

s o m e w h a t  p o o r l y  d r a i n e d  s o i l s  o f  t h e  K a wk a wl i n  ( A q u i c  

E u t r o b o r a l f s ) a n d  S i ms  ( M o l l i c  H a p l a q u e p t )  s e r i e s .



METHODS

E x p e r i m e n t a l  D e s i g n

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

f i e l d  e x p e r i m e n t s .  T r e a t m e n t s  we r e  r a n d o m l y  r e p l i c a t e d  

among p l o t s  l o c a t e d  w i t h i n  e a c h  v e g e t a t i o n  t y p e .  P l o t  

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

w e r e  d i f f e r e n t  b e t w e e n  c o u n t i e s .

F o r  t h e  j a c k  p i n e  c l e a r c u t ,  t h e  e x p e r i m e n t a l  d e s i g n  

i n c l u d e d  t h e  l o c a t i o n  o f  6 ,  2 ha  p l o t s  ( F i g .  l a ) .  T h r e e  

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

e x i s t  a s  c o n t r o l s .

F o r  Mo n t mo r e n c y  C o u n t y ,  t h e  s l u d g e  a p p l i c a t i o n  me t h o d  

s e l e c t e d  by M i c h i g a n ' s  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s  

r e q u i r e d  a p p l i c a t i o n  t r a i l s .  As s i t e  i m p a c t s  a s s o c i a t e d  

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

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

C o n s e q u e n t l y ,  9 s t u d y  p l o t s ,  e a c h  1 . 5  h a ,  we r e  d e l i n e a t e d
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i n  e a c h  v e g e t a t i o n  t y p e  ( F i g s .  l b - l e ) . T h r e e  p l o t s  we r e  

r a n d o m l y  a s s i g n e d  a s  c o n t r o l s  w i t h  no m a n i p u l a t i o n .  T h r e e  

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

n o t  a me nded  w i t h  s l u d g e .  The  r e m a i n i n g  3 p l o t s  had  

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

S l u d g e  A p p l i c a t i o n

D i g e s t e d  m u n i c i p a l  s e wa g e  s l u d g e  was  o b t a i n e d  f r o m 

w a t e r  t r e a t m e n t  f a c i l i t i e s  i n  C a d i l l a c ,  A l p e n a ,  a n d  R o d g e r s  

C i t y  M i c h i g a n .  S l u d g e  was  t r a n s p o r t e d  t o  a l l  s i t e s  i n  

t a n k e r  t r u c k s ,  b u t  2 a p p l i c a t i o n  m e t h o d s  we r e  e m p l o y e d .  A 

r a i n  c a n n o n  a nd  p o r t a b l e  i r r i g a t i o n  p i p e  we r e  u s e d  t o  

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

a g r i c u l t u r a l  s p r e a d e r ,  w h i c h  r e q u i r e d  5 m- wi d e  t r a i l s  f o r  

a c c e s s ,  was  u s e d  t o  d i s t r i b u t e  s l u d g e s  i n  Mo n t mo r e n c y  

C o u n t y .  T h e s e  a c c e s s  t r a i l s  w e r e  l o c a t e d  20 m a p a r t  a nd  

c o n s t r u c t e d  i n  F a l l  1 9 8 1 .

I n  May 1 9 8 0 ,  1 , 0 2 0 , 0 0 0  L o f  C a d i l l a c  s e w a g e  s l u d g e  ( 6  

% s o l i d s )  we r e  a p p l i e d  t o  t h e  j a c k  p i n e  c l e a r c u t .  A t o t a l  

o f  1 , 1 1 3 , 0 0 0  L o f  A l p e n a  s l u d g e  was  u s e d  t o  t r e a t  t h e  a s p e n  

s i t e  i n  O c t o b e r  1 9 8 1 .  One mon t h  l a t e r ,  a  t o t a l  o f  7 8 0 , 0 0 0  

L,  f r o m  b o t h  A l p e n a  a n d  R o d g e r s  C i t y ,  was  r e c y c l e d  t o  t h e  

o a k  t y p e .  The p i n e  p l a n t a t i o n  a nd  mi x e d  h a r d w o o d  s t a n d
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r e c e i v e d  s l u d g e  i n  J u n e  a nd  J u l y  1 9 8 2 ,  r e s p e c t i v e l y .  

A p p r o x i m a t e l y  1 , 1 1 3 , 0 0 0  L o f  s l u d g e  f r o m  A l p e n a  was  a p p l i e d  

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

6 7 4 , 0 0 0  L a p p l i e d  t o  t h e  h a r d w o o d s .  A p p l i c a t i o n  r a t e s  ( L /  

h a )  w e r e  d e s i g n e d  s o  a s  n o t  t o  e x c e e d  p r o j e c t e d  g r o u n d w a t e r  

n i t r a t e  c o n c e n t r a t i o n s  o f  10 ppm.

S l u d g e  M e t a l  C o m p o s i t i o n

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

e f f o r t  o f  t h e  N o r t h  C e n t r a l  E x p e r i m e n t  S t a t i o n  o f  t h e  U . S .  

F o r e s t  S e r v i c e  and  t h e  F o r e s t r y  D e p a r t m e n t  a t  M i c h i g a n  

S t a t e  U n i v e r s i t y .  C o m p l e t e  s l u d g e  d e s c r i p t i o n s  a r e  

p r e s e n t e d  e l s e w h e r e  ( Wo o d y a r d  1 9 8 2 ,  Nguyen a n d  H a r t  1 9 8 4 ) .  

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

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

f o r  a p p l i c a t i o n  t o  a g r i c u l t u r a l  l a n d s  ( T a b l e  1 ) .  E x c e p ­

t i o n s  we r e  Cd c o n c e n t r a t i o n s  i n  t h e  s l u d g e s  a p p l i e d  t o  t h e  

j a c k  p i n e  c l e a r c u t ,  o a k  s t a n d  a n d  p i n e  p l a n t a t i o n  a n d  Cu i n  

t h e  s l u d g e s  a p p l i e d  t o  t h e  mi xe d  h a r d w o o d s  t y p e .  T h e r e  a r e  

no f e d e r a l  r e s t r i c t i o n s  on t h e  a n n u a l  o r  c u m u l a t i v e  m e t a l  

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

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

b o r n e  Cd c a n n o t  e x c e e d  0 . 5  k g / h a / y e a r  o r  a maximum c u m u l a -
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T a b l e  1.  C o n c e n t r a t i o n s  ( u g  g ~ l )  o f  t h e  s e l e c t e d  m e t a l s  i n  
t h e  s l u d g e s  a p p l i e d  t o  t h e  5 s t u d y  a r e a s ,  a n d  l i m i t s  
c o n s i d e r e d  a p p r o p r i a t e  ( C h a n e y  a n d  G i o r d a n o  1 9 7 7 ) .

M e t a l
Maximum

s u g g e s t e d
c o n c e n t r a t i o n

F o r e s t  Type

J a c k
p i n e

As pen Oak P i n e H a r d wo o d s

Cd 50 56* 27 54 60 9

Cr 1000 154 181 106 106 64

Cu 1000 428 570 775 515 1182

Ni 200 45 43 39 43 23

Zn 20 00 985 705 1145 931 942

*dry weight
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t i v e  a p p l i c a t i o n  o f  5 k g / h a  ( E n v i r o n m e n t a l  P r o t e c t i o n  

A g e n c y  1 9 7 9 ) .  L o a d i n g  r a t e s  f o r  Cd r a n g e d  f r o m  0 . 0 8  t o  

0 , 6 3  k g / h a  i n  t h i s  s t u d y ,  w i t h  o n l y  t h e  j a c k  p i n e  c l e a r c u t  

r e c e i v i n g  an  a p p l i c a t i o n  > 0 . 5  k g / h a  ( T a b l e  2 ) .

V e g e t a t i v e  T i s s u e  S a m p l i n g

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

d u r i n g  s p r i n g ,  summer  and  e a r l y  w i n t e r ,  b e g i n n i n g  t h e  f i r s t  

s e a s o n  a f t e r  t h e  s l u d g e  t r e a t m e n t  a n d  c o n t i n u i n g  f o r  2 

y e a r s .  T h r e e  s a m p l e s /  p l o t  o f  common f o r a g e  s p e c i e s  ( T a b l e  

3 )  w e r e  c o l l e c t e d  f r o m  e a c h  f o r e s t  t y p e .  S a m p l e s  w e r e  

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

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

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

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

f o r  woody s p e c i e s .  W i n t e r  s a m p l e s  w e r e  r e s t r i c t e d  t o  t w i g s  

o f  woody s p e c i e s .  S a m p l e s  w e r e  d r i e d  a t  6 0°  C u n t i l  a 

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

i n  a W i l e y  M i l l  t o  p a s s  a  1 ram s i e v e  and  s t o r e d  i n  W h i r l  

P a k s  u n t i l  a n a l y z e d .

S m a l l  Mammal T i s s u e  S a m p l i n g

S m a l l  mammals  w e r e  c o l l e c t e d  d u r i n g  l a t e  summer  when
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T a b l e  2 ,  R a t e s  o f  m e t a l  a p p l i c a t i o n  ( k g / h a )  a p p l i e d  t o  t h e  
5 s t u d y  a r e a s .

M e t a l F o r e s t  Type

J a c k  p i n e As pen Oak P i n e Har dwood

Cd 0 . 6 3 0 . 2 8 0 . 4 2 0 . 3 6 0 . 0 8

Cr 1 . 6 9 1 . 8 1 0 . 8 5 0 . 3 6 0 . 5 8

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

Mi 0 . 5 4 ' 0 . 4 2  ' 0 . 3 1 0 . 3 5 0 . 2 1

Zn 1 0 . 9 1 2 . 3 9 . 2 5 7 . 6 1 8 . 6 0

*dry weight
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T a b l e  3 ,  F o r a g e  s p e c i e s  c o l l e c t e d  f o r  m e t a l  a n a l y s i s  f r o m  
e a c h  f o r e s t  t y p e .

J a c k  p i n e As pen Oak P i n e Har dwood

b r a m b l e s  w i l d  s t r a w -  r e d  m a p l e '  r e d  m a p l e  s u g a r  m a p l e  
CR u b u s ) b e r r y  ( A c e r  r u b r u m )  ( A. s a c c h a r i u m )

( F r a g a r i a  
v i r g i n i a n a )

o r a n g e  
hawkweed 

C H i e r a c i u m  
a u r a n t i a c u m

o r a n g e
hawkweed

b r a c k e n  s e d g e
f e r n  ( C a r e x )

( P t e r d i u m  
aq u i l i n u m )

p a n i c  g r a s s  p a n i c  g r a s s  
( P a n i c u m  

v i  r g a t u r n )

s e d g e

j a c k  p i n e  
( P i n u s  

b a n k s l a n a )

b i g t o o t h  
a s p e n  

( P o p u l u s  
g r a d i d e n t a t a )

b r a c k e n
f e r n

w h i t e  o a k  
( Q u e r c u s  

r u b r a )

r e d  o a k  
r u b r a )

b r a c k e n
f e r n

r e d  oak

a m e r i c a n  
b e e c h  

( F a g u s  
a m e r i c a n a )

w h i t e  a s h  
( F r a x i n u s  

a m e r i c a n a )

h o p h o r n b e a m  
C O s t r v a  

v i r g i n i a n a )

c h e r r i e s  p i n  c h e r r y  
( P r u n u s ) ( P . p e n s y l v a n i c a )

t r e m b l i n g  a s p e n  
CP.* t r e m u l o i d e s )
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p o p u l a t i o n s  w e r e  h i g h e s t .  S p e c i e s  wh o s e  i n d i v i d u a l  n u m b e r s  

w e r e  t o o  i n f r e q u e n t  f o r  s t a t i s t i c a l  a n a l y s i s  w e r e  n o t  

i n c l u d e d .  A d e q u a t e l y  a b u n d a n t  s p e c i e s  ( T a b l e  4 )  we r e  

o b t a i n e d  f r o m a l l  p l o t s  v i a  S h e r ma n  l i v e - t r a p s  b a i t e d  w i t h  

a  m i x t u r e  o f  o a t s ,  f a t  a n d  a n i s e  e x t r a c t .  S p e c i m e n s  we r e  

■ i d e n t i f i e d  w i t h  a  number  a n d  f r o z e n  f o r  f u t u r e ,  m e t a l  

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

h i n d l e g s  w e r e  r e m o v e d ,  d r i e d  a t  6 0 °  C a nd  a n a l y z e d  i m m e d i ­

a t e l y .  C o m p o s i t e  s a m p l e s  o f  t i s s u e s  f r o m  3 i n d i v i d u a l s  

w e r e  r e q u i r e d  f o r  t h e  s m a l l e r  s p e c i e s ,  N a p a e o z a p u s  

i n s i g n i a . Z a p u s  h u s o n i u s  a nd  P e r o m y s c u s  l e u c o p u s . W h i l e  

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

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

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

S o i l  S a m p l i n g

F o r  t h e  We x f o r d  C o u n t y  s i t e ,  e a c h  p l o t  was  d i v i d e d  

i n t o  a 6x6 m a t r i x  o f  36 s u b p l o t s  ( 5 5 0  m ) .  I n  O c t o b e r  

1 9 8 0 ,  e a c h  s u b p l o t  was  s a m p l e d  w i t h  a b u c k e t  a u g e r  a t  7 

d e p t h s ;  0 - 5 c m ,  5 - 1 0 c m ,  1 0 - 1 5 c m ,  1 5 - 3 0 c m ,  3 0 - 6 0 c m a n d  6 0 - 9 0  

cm.  S a m p l e s  w e r e  d r i e d  a t  1 0 5 °  C f o r  24 h o u r s  a n d  p a s s e d  

t h r o u g h  a 2 mm s i e v e  b e f o r e  a n a l y z i n g .  S a m p l i n g  was



T a b l e  4 .  S m a l l  mammal  s p e c i e s  c o l l e c t e d  f o r  m e t a l  a n a l y s i s  
f r o m  e a c h  f o r e s t  t y p e .

s a m p l e s /  y e a r *
F o r e s t  Type  S p e c i e s  T r e a t m e n t ____________________

1 2  3

j a c k  p i n e w h i t e - f o o t e d  
mouse  

( P e r o m y s c u s  
l e u c o p u s )

c o n t r o l
s l u d g e

( 6 )
( 6 )

( 8 )
( 8 )

( 3 )
( 3 )

-

1 3 - l i n e d  g r o u n d  
s q u i r r e l  

( C i t e l l u s  
t r i d e c e m l i n e a t u s )

c o n t r o l
s l u d g e

( 5 )
( 5 )

( 5 )
( 5 )

( 3 )  
( 3 )

meadow j u m p i n g  
mouse  

( Z a p u s  
h u d s o n i u s  )

c o n t r o l
s l u d g e

( - )
( - )

( 2 ) 
( 3 )

( - )
( - )

a s p e n 1 3 - l i n e d  g r o u n d  
s q u i r r e l

c o n t r o l  
t r a i l s  o n l y  
s l u d g e

( 6 )
( 6 )
( 6 )

1 
1 

1

( - )
( - )
( - )

e a s t e r n  meadow v o l e  
( M i c r o t u s  

D e n n s y l v a n i c u s )

c o n t r o l  
t r a i l s  o n l y  
s l u d g e

( 6 )
( 6 )
( 6 )

( 6 )
( 3 )
( 3 )

( 5 )
( 6 )  
( 6 )

e a s t e r n  c h i p m u n k  
( T a m i a s  s t r l a t u s )

c o n t r o l  
t r a i l s  o n l y  
s l u d g e

( 4 )
( 4 )
( 4 )

( - )
( - )
( - )

( - )
( - )
( - )



T a b l e  4 c o n t .

34

o a k

. p i n e

h a r d w o o d s

w o o d l a n d  j u m p i n g c o n t r o l <3) ( 3 ) ( 3 )
mouse t r a i l s  o n l y ( 3 ) ( 3 ) ( 4 )

( N a p a e o z a p u s  i n s i a n i s ) s l u d g e ( 3 ) ( 3 ) ( 4 )

w h i t e - f o o t e d c o n t r o l ( 6 ) ( 6 ) ( 9 )
t r a i l s  o n l y ( 6 ) ( 6 ) ( 9 )
s l u d g e ( 6 ) ( 6 ) ( 9 )

e a s t e r n  c h i p m u n k  , c o n t r o l  ( - )  ( 5 )  
t r a i l s  o n l y  ( - )  ( 4 )  
s l u d g e  ( - )  ( 4 )

C-)
C-)
( - )

w h i t e - f o o t e d c o n t r o l  ( - )  ( - ) ( 4 )
mous e t r a i l s  o n l y  ( - )  ( - )  

s l u d g e  ( - )  ( - )
( 4 )
( 3 )

w h i t e - f o o t e d c o n t r o l ( 4 ) W ( 1 0 )
mouse t r a i l s  o n l y ( 6 ) ( 6 ) ( 1 0 )

s l u d g e ( 6 ) ( 6 ) ( 1 0 )

e a s t e r n  c h i p m u n k c o n t r o l ( 6 ) ( 6 ) ( 4 )
t r a i l s  o n l y ( 6 ) ( 6 ) ( 3 )
s l u d g e ( 6 ) ( 6 ) ( 4 )

♦n u mb e r  o f  s a m p l e s  p e r  t r e a t m e n t  p e r  y e a r ;  1* 2 a nd  3 a r e  
1 9 8 0 ,  81 a nd  82 f o r  t h e  j a c k  p i n e ,  1 9 8 2 ,  83 a n d  84 f o r  a l l  
s t u d y  a r e a s .
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r e s t r i c t e d  t o  6 s u b p l o t s  p e r  p l o t  i n  f a l l  o f  1981 and 1 9 8 2 ,  

M e t a l  c o n c e n t r a t i o n s  i n  Mo n t m o r e n c y  C o u n t y  s o i l s  w e r e  

o b t a i n e d  f r o m  c o o p e r a t o r s  o f  t h e  F o r e s t r y  D e p a r t m e n t  a t  

M i c h i g a n  S t a t e  U n i v e r s i t y .  T h e i r  s a m p l i n g  a n d  a n a l y t i c a l  

s c h e m e s ,  a s  d e s c r i b e d  by Nguyen  a n d  H a r t  ( 1 9 8 4 ) ,  we r e  

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

C o l l e c t i o n  o f  D e e r  S a m p l e s

T h r e e  w h i t e - t a i l e d  d e e r  d o e s  w e r e  c o l l e c t e d  w h i l e  

f e e d i n g  among t h e  s l u d g e - t r e a t e d  p l o t s ,  i n  t h e  a s p e n  s t u d y  

a r e a ,  i n  November  1 9 8 2 .  L i v e r s ,  k i d n e y s ,  h e a r t s ,  a nd  

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

t i s s u e s  a r e  m o s t  l i k e l y  t o  c o n c e n t r a t e  p o t e n t i a l l y  t o x i c  

m e t a l s  o r  t o  be c o n s u me d  by humans  ( Un d e r wo o d  1 9 7 7 ) .  L i k e  

s m a l l  mammal t i s s u e s ,  t h e  d e e r  s a m p l e s  we r e  f r o z e n  upon  

c o l l e c t i o n  a nd  s t o r e d  b e f o r e  d r y i n g  a t  6 0 °  C.

A n a l y t i c a l  P r o c e d u r e s

The  d r i e d  o r g a n i c  m a t t e r  was  b r o k e n  down i n  a l l  s a m p l e s  

by w e t  d i g e s t i o n  w i t h  n i t r i c  a n d  p e r c h l o r i c  a c i d s  t o  

m i n i m i z e  l o s s e s  f r o m  v o l a t i l i z a t i o n  a nd  r e t e n t i o n  ( Auchmody 

a nd  G r e w e l i n g  1 9 7 9 ) .  S a m p l e s  we r e  t h e n  a n a l y z e d  w i t h  a 

D C - a r g o n  p l a s m a  a t o m i c  e m i s s i o n  s p e c t r o m e t e r  ( S p e c t r a m e t -
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r i c s ,  I n c . ,  A n d o v e r ,  MA) f o r  Cd,  C r ,  Cu,  N i ,  a nd  Zn .

To a s s u r e  q u a l i t y  c o n t r o l ,  d u p l i c a t e  t e s t s  we r e  

c o n d u c t e d  f o r  a t  l e a s t  10% o f  t h e  s a m p l e s .  When d u p l i c a t e  

s a m p l e s  w e r e  n o t  w i t h i n  10% o f  t h e  f i r s t  s a m p l e s  90% o f  t h e  

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

s e r i e s .  I n  a d d i t i o n ,  s a m p l e s  y i e l d i n g  s p u r i o u s  r e s u l t s  

w e r e  r e t e s t e d .  To m o n i t o r  f o r  c o n t a m i n a t i o n ,  b l a n k s  ( 5 - 1 0 % 

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

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

c o n t a i n i n g  c o n t a m i n a t e d  b l a n k s  w e r e  r e a n a l y z e d .

D a t a  A n a l y s i s

The  power  o f  t h e  m e t h o d s  a v a i l a b l e  t o  t e s t  f o r  

a s s u m p t i o n  v i o l a t i o n s  i s  s e n s i t i v e  t o  s m a l l  s a m p l e  s i z e s .  

S i n c e  p l o t  n u m b e r s  w e r e  r e s t r i c t e d  by p l o t  s i z e  d e m a n d s ,  

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

t e s t i n g  w i t h  p a r a m e t r i c  t e s t s  ( S o k a l  a n d  R o h l f  1 9 8 1 ) .  

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

s t a t i s t i c a l  a n a l y s e s .  F o r  2 s a m p l e  c a s e s ,  a r a n d o m i z a t i o n  

t e s t  was  u s e d .  I n  c a s e s  o f  3 s a m p l e s ,  a K r u s k a l - W a l l i s  

o n e - w a y  a n a l y s i s  o f  v a r i a n c e  was  c o m p l e t e d .  A 0 . 1  s i g n i f i ­

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



RESULTS AND DISCUSSION

S o i l s

The  a p p l i c a t i o n  o f  s l u d g e  t o  t h e  j a c k  p i n e  c l e a r c u t  

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

l i t t e r  l a y e r .  S a m p l e s  c o l l e c t e d  a t  0 . 5 ,  1 . 5  a n d  2 . 5  y e a r s  

a f t e r  s l u d g e  a p p l i c a t i o n  t o  t h e  f o r e s t  f l o o r  p r o v i d e d  no 

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

f i r s t  y e a r ,  o n l y  2 o f  30 c o m p a r i s o n s  y i e l d e d  s i g n i f i c a n t l y  

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

ed p l o t s  ( T a b l e  5 ) .  S i m i l a r  r e s u l t s  we r e  o b t a i n e d  i n  1981 

a n d  1 9 8 2 .  A l l  s o i l  m e t a l  c o n c e n t r a t i o n  a r e  p r e s e n t e d  i n  

T a b l e s  2 7 - 3 1  ( A p p e n d i x ) .

No a c c u m u l a t i o n  o f  t h e  s l u d g e - b o r n e  m e t a l s  i n  t h e  s o i l  

p r o f i l e  was e x p e c t e d .  S l u d g e s  a p p l i e d  a t  s i m i l a r  r a t e s  i n  

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

m e t a l s  b e l o w  a 5 cm d e p t h  f o r  f o r e s t s  ( B r o c k w a y  1 9 7 9 )  o r  

a g r i c u l t u r a l  l a n d s  ( Ch a n g  e t  a l . 1 9 8 4 ) .  On l y  a f t e r  s l u d g e

37
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T a b l e  5 .  S o i l  d e p t h s  d e m o n s t r a t i n g  a  s i g n i f i c a n t  d i f f e r e n ­
ce  ( 0 . 1  l e v e l )  i n  m e t a l  c o n c e n t r a t i o n  on t h e  J a c k  p i n e  
c l e a r c u t .

Y e a r M e t a l S o i l  D e p t h
ug s - 1 ( d r y  w t . )

c # * S

1980 Cd 5 - 1 0 0 . 3 8 0 . 6 6 ^

Cu 1 0 - 1 5 0 . 9 4 0 . 6 6

1 5 - 3 0 0 . 1 5 0 . 0 9
- Ni 1 5 - 3 0 0 . 0 0 0 . 2 3

Zn 1 0 - 1 5 2 , 4 4 1 . 3 7

1981 Cd 0 - 5 0 . 4 2 0 . 7 7

Cr 5 - 1 0 3 . 1 3 3 . 6 7

Cu 0 - 5 2 . 0 3 2 . 6 7

Zn 1 5 - 3 0 1 . 9 7 0 . 8 9

1982 Cd 0 - 5 0 . 3 7 0 . 7 7

Zn 0 - 5 1 5 . 6 1 1 . 1

1 0 - 1 5 9 . 7 7 3 . 5 6

* v a l u e s  we r e  s i g n i f i c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l )  f r om 
c o n t r o l s .  * * 0  a nd  S a r e  c o n t r o l  a n d  s l u d g e  v a l u e s ,  
r e s p e c t i v e l y  * *  C,  T,  S a r e  c o n t r o l ,  t r a i l s  o n l y ,  and 
s l u d g e ,  r e s p e c t i v e l y .
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was r e p e a t e d l y  a p p l i e d  a t  h i g h  r a t e s  h a v e  m e t a l s  a p p e a r e d  

t o  move t h r o u g h  s o i l s  ( H i n e s l y  e t  a l .  1 9 7 2 ,  Lund e t  a l .  

1 9 7 6 ,  Chang  e t  a l .  1 9 8 4 ) .

F o r a g e s

W h i l e  t h e  p l a n t  s p e c i e s  a n d  p l a n t  p a r t s  v a r i e d  i n  

t h e i r  m e t a l  c o n t e n t ,  t h e  5 s i t e s  e x a m i n e d  i n  t h i s  s t u d y  

. were  g e n e r a l l y  s i m i l i a r  w i t h . r e s p e c t  t o  m e t a l  r a n g e s .  

C o n c e n t r a t i o n s  o f  t h e  5 m e t a l s  w e r e  w i t h i n  t h e  n o r m a l  

r a n g e s  f o u n d  i n  p l a n t s  a s  r e p o r t e d  by K a b a t a - P e n d i a s  and  

P e n d i a s  ( 1 9 8 4 )  f o r  t h e  U n i t e d  S t a t e s .

A f t e r  t h e  a d d i t i o n  o f  s l u d g e  t o  t h e  j a c k  p i n e  c l e a r -  

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

b o r n e  m e t a l s .  B r a m b l e s ,  p a n i c  g r a s s ,  a n d  o r a n g e  hawkweed 

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

f i r s t  y e a r  f o l l o w i n g  a p p l i c a t i o n  ( T a b l e  6 ) .  D u r i n g  t h e  

f i r s t  y e a r ,  Cd and  Cr  w e r e  t h e  m e t a l s  m o s t  c o n s i s t a n t l y  

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

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

a n d  e x h i b i t e d  t h e  l a r g e s t  i n c r e a s e  r e c o r d e d  ( 2 . 5 x  mor e  Cu 

t h a n  o b s e r v e d  f o r  c o n t r o l s  i n  summer  1 9 8 2 ) .  G e n e r a l l y ,  t h e  

s l u d g e - t r e a t e d  f o r a g e s  c o n t a i n e d  1 . 5  t o  2x t h e  m e t a l  

c o n c e n t r a t i o n s  o b s e r v e d  on c o n t r o l s .  By t h e  summer
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T a b l e  6 .  F o r a g e  s p e c i e s  d e m o n s t r a t i n g  a s i g n i f i c a n t  
d i f f e r e n c e  ( 0 . 1  l e v e l )  i n  m e t a l  c o n c e n t r a t i o n  on  t h e  j a c k  
p i n e  c l e a r c u t .

Y e a r S e a s o n M e t a l F o r a g e
ug 8 ~ 1 ( d r y  w t . )

c o n t r o l s l u d g e

1980 summer Cd B r a m b l e s
j a c k  p i n e  n e e d l e s  
o r a n g e  hawkweed

0 . 6 8
0 . 4 3
0 . 7 3

1 , 0 7
0 . 3 3
1 . 5 9

-

Cr c h e r r y  t w i g s  
c h e r r y  l e a v e s  
j a c k  p i n e  n e e d l e s  
o r a n g e  hawkweed 
p a n i c  g r a s s

1 . 0 4  
1 . 0 8  
0 . 7 2  
2 . 2 8  
0 . 4 7

0 . 7 4  
1 . 7 4  
1 . 2 0  
5 . 8 4  
0 . 7 6

Cu b r a m b l e s  
o r a n g e  hawkweed 
p a n i c  g r a s s

2 . 3 0
3 . 8 2
0 . 9 7

2 . 9 9
9 . 6 3
2 . 2 7

Ni c h e r r y  t w i g s  
o r a n g e  hawkweed 
p a n i c  g r a s s

1 . 1 5
3 . 7 4
0 . 6 9

1 . 5 3  
5 . 4 4  
1 . 2 6

Zn b r a m b l e s  
p a n i c  g r a s s

5 3 . 2
1 4 . 8

6 5 . 6
3 1 . 0

w i n t e r Cd c h e r r y  t w i g s  
j a c k  p i n e  n e e d l e s  
b r a m b l e s

0 , 2 5
0 . 2 4
0 . 8 3

0 . 5 1  
0 . 4 5  
1 . 2 6

Cr b r a m b l e s 1 . 4 5 2 . 2 9

Cu b r a m b l e s 1 . 7 8 3 . 1 9

Ni j a c k  p i n e  t w i g s  
b r a m b l e s

1 . 7 2
0 . 9 8

2 . 3 1
2 , 4 3

Zn b r a m b l e s 5 6 . 7 7 8 . 3
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t a b l e

1981

982

6 c o n t .

s p r i n g Cd c h e r r y  l e a v e s  
j a c k  p i n e  t w i g s  
j a c k  p i n e  n e e d l e s  
o r a n g e  hawkweed

0 . 5 0
0 . 9 1
0 . 3 5
0 . 6 1

0 . 8 8
1 . 3 4
0 . 6 0
1 . 0 9

Cr c h e r r y  t w i g s  
j a c k  p i n e  t w i g s  
o r a n g e  hawkweed 
p a n i c  g r a s s

2 . 4 5
1 . 7 4
1 . 9 6
1 . 1 4

3 . 2 5  
2 . 5 7  
2 . 9 1  
1 . 7 8

Cu b r a m b l e s  
o r a n g e  hawkweed

1 . 8 8
3 . 8 2

2 . 6 6
6 . 7 7

Ni p a n i c  g r a s s 0 . 4 4 0 . 7 7

summer Cd c h e r r y  l e a v e s 0 . 5 1 0 . 2 9

Cr b r a m b l e s 1 . 1 4 1 . 5 2

Ni j a c k  p i n e  t w i g s 1 . 1 8 1 . 9 0

w i n t e r Cd b r a m b l e s  
c h e r r y  t w i g s

0 . 8 1
0 . 4 5

0 . 9 9
0 . 2 5

s p r i n g Ni j a c k  p i n e  n e e d l e s 0 . 4 5 1 . 4 6

summer Ni o r a n g e  hawkweed 2 . '45 4 . 8 7

w i n t e r Cu j a c k  p i n e  t w i g s 2 . 0 4 3 . 3 4

* v a l u e  i s  s i g n i f i c a n t l y  d i f f e r e n t  ( 0 , 1  l e v e l )  f rom 
c o n t r o l s
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o f  1981 ( 1 4  m o n t h s  a f t e r  a p p l i c a t i o n )  a n d  t h r o u g h o u t  t h e  

f o l l o w i n g  y e a r ,  i n c r e a s e d  m e t a l  c o n c e n t r a t i o n s  w e r e  no 

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

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

3 2 - 3 6  ( A p p e n d i x ) .

I n c r e a s e d  m e t a l  c o n c e n t r a t i o n s  i n  f o r a g e s  w e r e . n e v e r  

a p p a r e n t  on t h e  Mo n t m o r e n c y  C o u n t y  s i t e s .  S i g n i f i c a n t l y  

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

a  r a r e  o c c u r e n c e  d u r i n g  t h e  3 y e a r s  o f  m o n i t o r i n g  ( T a b l e s  

7 - 1 0 ) .  The  mor e  common t h a n  e x p e c t e d  by c h a n c e .  H o w e v e r ,  

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

by b o t h  woody a n d  h e r b a c e o u s  u n d e r s t o r y  g r o u p s  ( H a u f l e r  and  

Woodya r d  1 9 8 5 ) .  C o n s e q u e n t l y ,  t h e  t o t a l  m e t a l  b u r d e n  i n  

f o r a g e s  was  g r e a t e r  on s l u d g e - t r e a t e d  p l o t s .  E x p a n s i o n  o f  

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

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

Two o f  t h e  f o r a g e s ,  o r a n g e  hawkweed and p a n i c  g r a s s ,  

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

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

The  m e t a l  c o n t e n t  i n  c o n t r o l  p l a n t s  w e r e  s i m i l a r  on b o t h  

t h e  j a c k  p i n e  c l e a r c u t  a n d  t h e  a s p e n  s i t e ,  a s  w e r e  t h e  

s l u d g e s  r e c e i v e d  by b o t h  s i t e s .  Ho w e v e r ,  n e i t h e r  o r a n g e  

hawkweed  n o r  p a n i c  g r a s s  a c c u m u l a t e d  m e t a l s  on t h e  a s p e n
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Table 7, Forage species demonstrating a significant
difference (0.1 level) in metal concentration on the aspen
study area.

Year S e a s o n M e t a l  F o r a g e
(t ig g _1 ( d r y  w t . )

c*# T S

1982 s p r i n g Cd w i l d  s t r a w b e r r y  
p a n i c  g r a s s  
b r a c k e n  f e r n

1 . 1 9 a *  
0 . 25a 
0 . 2 5 a

2 . 3 2 b
0 . 1 2 b
0 . 1 2 b

1 . 7 6 b  
0 . 26a  
0 . 26a

Cu b r a c k e n  f e r n 2 . 4 2 a 2 . 2 3 a 3 . 7 1 b

Zn t r e m b l i n g  a s p e n 7 9 . 3 a 3 8 . 8 b 9 7 . 5 a

summer Cd p a n i c  g r a s s  
b r a c k e n  f e r n

0 . 2 8 a  
0 .  28a

0 . 26ab  
0 . 26ab

0 . 1 2 b  
0 . 12b

1983 s p r i n g Cd p a n i c  g r a s s 0 . 18a 0 . 3 6 b 0 . 21ab

Cu p a n i c  g r a s s  
b r a c k e n  f e r n

0 . 7 3 a b  
3 . 17ab

1 . 3 1 b
2 . 9 3 a

0 . 9 5 a
2 . 3 6 b

Ni o r a n g e  hawkweed 1 . 6 8 a 1 . 80a  b 2 . 8 6 b

summer Ni b i g  t o o t h  a s p e n 1 . 2 3 a 2 . 4 2 b 1 . 8 9 a b

1984 w i n t e r Zn p i n  c h e r r y — 147a 6 9 , 7 b

* v a l u e s  w i t h i n  a row w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l )

** C , T , S  a r e  c o n t r o l ,  t r a i l s  o n l y ,  and  s l u d g e ,  r e s p e c t i v e l y
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Table 8. Forage species demonst r a t i n g  a significant
difference (0.1 level) in metal c o n c e n t r a t i o n  on the oak
study area.

Y e a r S e a s o n M e t a l F o r a g e
ug

c * *

g _1 ( d r y  

T

w t . )

S

1982 s p r i n g Cr r e d oak 0 . 64 a * 0 . 7 0 a 1 . 2 9 b

Cu r e d oak 1 . 6 1 a 1 . 8 9 a 2 . 7 0 b

summer Cr r e d o a k 0 . 7 2 a 0 . 9 8 a 0 . 2 8 b

- Zn r e d oak 5 8 . 6 a 6 0 . 2ab 3 6 . 0 b

1983 s p r i n g Cd w h i t e  o a k 1 . 66a 0 . 8 3 b 0 . 7 7 b

Cu r e d oa k 1 . 9 6 a b 1 . 4 9 a 2 .  35b

Zn r e d o a k 5 0 . 7 a 5 1 . 6a b 7 4 .  l b

summer Cr r e d m a p l e 1 . 6 6 a 1 . 1 3 b 1 . 14b

Cu r e d oa k 1 . 4 7 a 1 , 8  l a b 2 . 0 7 b

1984 w i n t e r Cu r e d ma p l e — 6 . 1 1 a 4 . 2 8 b

* v a l u e s  w i t h i n  a row w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l ) .

** C , T , S  a r e  c o n t r o l ,  t r a i l s  o n l y ,  a n d  s l u d g e ,  r e s p e c t i v e l y
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Table 9. Forage species demonstrating a significant
difference (0.1 level) in metal c o ncentration on the jack
pine/ red pine study area.

Y e a r S e a s o n M e t a l F o r a g e
ug

c * *

g_1 ( d r y

T

■ w t . ) 

S

1982 s ummer Cu s e d g e 3 . 6 2 a * 3 . 80a 2,  76b

Ni r e d  o a k 1 . 6 2 a 1 . 7 1 a b 1 . 18b

1983 s p r i n g Cd b r a c k e n f e r n 1 . 2 7 a 1 . 3 5 a 1 . 6 1 b

Cu s e d g e 2 . 96 a b 3 . 4 1 a 2 . 7 6 b

Zn r e d  o a k 2 8 . 5 a 4 0 , 6a b 6 5 . 1 b

summer Cd s e d g e 0 . 60a 0 . 8 9 a 1 . 6 4 b

Cu b r a c k e n f e r n 2 . 5 5 a 3 . 8 0 b 3 . 5 1 b

Ni s e d g e 1 . 3 4 a 1 . 06 a b 1 . 0 0 b

wi n  t e r Ni r e d  oak 0 . 7 6 a 1 . 8 4 a b 1 . 2 9 b

* v a l u e s  w i t h i n  a  r ow w i t h  t h e  s ame  l e t t e r  a r e  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l )

** C , T ( S a r e  c o n t r o l ,  t r a i l s  o n l y ,  a n d  s l u d g e ,  r e s p e c t i v e l y



46

Table 10. Forage species demonstrating a significant
difference (0.1 level) in metal c o n centration on the mixed
hardwoods study area.

Y e a r S e a s o n M e t a l F o r a g e
ug g- 1  ( d r y  w t . )

c** T S

1982 summer Cd h o p h o r n b e a m 0 . 3 2 a * 0 . 4 7 a 0 . 16b

1983 s p r i n g Cr h o p h o r n b e a m  
A m e r i c a n  b e e c h

0 . 46a  
0 .  96a

0 . 6 6 a b  
0 . 6 0 b

0 . 8 8 b
0 . 5 9 b

Cu w h i t e  a s h 6 . 54a 8 . 9 6 a 1 2 . 3 b

Zn w h i t e  a s h 3 0 . 4 a 4 2 . 4 b 3 8 . 3 b

summer Cd s u g a r  m a p l e 0 . 7 5 a 0 . 5 9 b 0 . 5 6 b

Cu w h i t e  a s h 7 . 55a  b 6 . 6 2 a 1 0 . 8 b

Ni s u g a r  m a p l e 1 , 2 5 a 1 . 0 3 a b 0 . 8 1 b

Zn h o p h o r n b e a m 3 4 . 7 a 7 7 . 3 b 4 4 . Oab

w i n t e r Cd A m e r i c a n  b e e c h 0 . 9 6 a 0 . 2 2 b 0 . 3 2 b

Ni A m e r i c a n  b e e c h 2 . 3 2 a 1 , 6 4 b 1 . 9 3 b

1984 s p r i n g Cu A m e r i c a n  b e e c h — 3 . 7 6 a 6 . 4 7 b

summer Cd w h i t e  a s h  
A m e r i c a n  b e e c h

— 0 . 66a  
0 . 34a

0 . 4 9 b
0 . 6 8 b

Zn A m e r i c a n  b e e c h — 7 0 . 9 a 116b

* v a l u e s  w i t h i n  a  row w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l )

** C , T , S  a r e  c o n t r o l ,  t r a i l s  o n l y ,  a n d  s l u d g e ,  r e s p e c t i v e l y
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site. All metal concentrations found for forages collected

off the 4 Montm o r e n c y  County sites are reported in Tables

37-56 (Appendix).

An i n c r e a s e  i n  m e t a l  c o n c e n t r a t i o n s  w i t h i n  t h e  

u n d e r s t o r y  h a s  commonl y  b e e n  o b s e r v e d  d u r i n g  t h e  f i r s t  y e a r  

f o l l o w i n g  s l u d g e  a p p l i c a t i o n  ( B r o c k w a y  1 9 79 ,  S m i t h  e t  a l .  

1 9 7 9 ,  U r i e  e t  a l .  1 9 8 1 ) .  Ho w e v e r ,  a s  o b s e r v e d  f o r  t h e  j a c k  

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

r e t u r n e d  t o  b a c k g r o u n d  c o n c e n t r a t i o n s .  C o n s e q u e n t l y ,  

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

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

t h e  f i r s t  y e a r .

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

c u r v e s ,  a r e  n o n e x i s t a n t  f o r  w i l d l i f e  s p e c i e s .  U n f o r t u n ­

a t e l y ,  o n l y  i n f o r m a t i o n  o b t a i n e d  f o r  l a b o r a t o r y  m i c e  a nd  

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

e x p o s u r e  f o r  s m a l l  mammal s .  W h i l e  s u c h  r e l a t i o n s h i p s  may 

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

a v a i l a b l e  a t  t h i s  t i m e .  D i e t s  c o n t a i n i n g  a s  h i g h  a s  5 ppm 

Cd,  100  ppm C r ,  500  ppm Cu,  1000  ppm Ni ,  a nd  2500  ppm Zn 

h a v e  n o t  e l i c i t e d  c h r o n i c  t o x i c i t e s  i n  l a b o r a t o r y  r o d e n t s  

( U n d e r wo o d  1 9 7 7 ) .  C o n s e q u e n t l y ,  n o n e  o f  t h e  m e t a l  c o n c e n ­

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

d o s e  t o  s m a l l  mammal s .

S m a l l  Mammals

M e t a l  c o n c e n t r a t i o n s  i n  s m a l l  mammal t i s s u e s  demon­

s t r a t e d  no c o n s i s t e n t  t r e n d  r e l a t e d  t o  t r e a t m e n t .  S i g n i f i ­

c a n t  d i f f e r e n c e s  i n  m e t a l  c o n c e n t r a t i o n s  we r e  r a r e  ( T a b l e s  

1 1 - 1 5 ) ,  and  w e r e  no mor e  f r e q u e n t  t h a n  was e x p e c t e d  by 

c h a n c e .  A l l  m e t a l  c o n c e n t r a t i o n s  f o u n d  i n  s m a l l  mammal  

t i s s u e s  c o l l e c t e d  f r o m  t h e  5 s t u d y  a r e a s  a r e  r e p o r t e d  i n  

T a b l e s  5 7 - 8 1  ( A p p e n d i x ) .

D i f f e r e n c e s  i n  m e t a l  a f f i n i t i e s  f o r  t i s s u e s  we r e  

e v i d e n t .  F o r  a l l  s p e c i e s ,  l i v e r  and  k i d n e y  t i s s u e s  

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

t h a n  o b s e r v e d  i n  bone  o r  m u s c l e .  As e x p e c t e d  t h e  r e l a t i v e  

c o n c e n t r a t i o n s  o f  t h e  m e t a l s  w e r e  Zn >> Cu > C d , Cr  and  N i ,

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

t o  t h o s e  r e p o r t e d  i n  u n c o n t a m i n a t e d  s m a l l  mammals  by 

J o h n s o n  e t  a l . ( 1 9 7 8 ) ,  A n d e r s o n  e t  a l .  ( 1 9 8 2 ) ,  a n d  H u n t e r  

a nd  J o h n s o n  ( 1 9 8 2 ) ,  An e x c e p t i o n  was  t h e  c o n c e n t r a t i o n  o f  

Cd i n  b one  a n d  m u s c l e  w h i c h  i n  t h i s  s t u d y  was  g e n e r a l l y  

u n d e t e c t a b l e .  F u r t h e r m o r e ,  Cd i n  a l l  t i s s u e s  was  a 

m a g n i t u d e  b e l o w  t h e  10 ppm f r e s h  w e i g h t  v a l u e  d e s c r i b e d
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Table 11. Small mammal species demonstrating a significant
difference (0.1 level) in metal concentration on the jack
pine clearcut.

Year M e t a l T i s s u e S p e c i e s
ug 3 " 1 ( d r y  w t . )  

S

1980 Cd k i d n e y 1 3 - l i n e d  g r o u n d  
s q u i r r e l

0 . 8 4 0 . 5 1 *

Cu k i d n e y 1 3 - l i n e d  g r o u n d  
s q u i r r e l

7 . 5 3 4 . 2 7

'1931 Cd k i d n e y 1 3 - l i n e d ‘ g r o u n d  
s q u i r r e l

0 . 6 0 1 . 3 7

Cu l i v e r meadow j u m p i n g  
mouse

3 . 4 7 7 . 0 4

Cr l i v e r meadow j u m p i n g  
mouse

0 . 1 0 0 . 1 7

Ni l i v e r meadow j u m p i n g  
mouse

0 . 6 2 0 . 1 3

Zn m u s c l e

k i d n e y

whi  t e - f o o t e d  
mouse  

meadow j u m p i n g  
mouse

9 . 3 2

6 2 . 4

1 9 . 7

9 1 . 7

1982 Cr l i v e r 1 3 - l i n e d  g r o u n d  
s q u i r r e l

1 . 2 6 0 . 6 0

Ni l i v e r whi  t e - f o o t e d  
mouse

0 . 8 3 0 . 3 4

Zn l i v e r w h i t e - f o o t e d 4 4 . 6 7 8 . 9

* v a l u e s  wer e  s i g n i f i c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l )  f rom 
c o n t r o l s .

**0 and S a r e  c o n t r o l  and  s l u d g e  v a l u e s ,  r e s p e c t i v e l y
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Table 12. Small mammal species deconstratins a significant
difference (0.1 level) in metal concent r a t i o n  on the aspen
study area.

T e a r M e t a l T i s s u e  S p e c i e s
( d r y w t . )

c * * T S

1982 Cd l i v e r w o o d l a n d j u m p i n g 0 . 18a* 0 . 0 7 a 0 . 6 4 b

k i d n e y
mouse

w o o d l a n d j u m p i n g 0 . 2 7 a 0 . 2 2 a 0 . 8 3 b

Cr m u s c l e
mouse

e a s t e r n
v o l e

meadow 2 . 5 1 a 1 . 1 5 b 1 . 6 3 a b

1983 Cd l i v e r w o o d l a n d j u m p i n g 0 .  22a 0 . 6 4 b 0 . 4 7 c

Cu bo n e
mous e

w o o d l a n d j u m p i n g 2 . 0 6 a  b 5 . 3 4 b 3 , 9 5 a b

Zn l i v e r
mouse

w o o d l a n d j u m p i n g 7 4 . 0 a 3 5 .  l b 2 0 . 0 b

bo ne
mous e

w o o d l a n d
mouse

j u m p i n g 3 8 .  3a 1 8 . 7 b 3 9 . 6ab

1984 Cd l i v e r e a s t e r n
v o l e

meadow 0 . 12a 0 . 0 5 b 0 . 03b

Cu m u s c l e e a s t e r n
v o l e

meadow 1 . 2 7 a 2 . 3 1 b 1 . 70b

Ni l i v e r w o o d l a n d
mouse

j u m p i n g 0 . 3 4 a 0 . 12b 0 . 06b

Zn k i d n e y e a s t e r n meadow 2 0 . 0 a 3 9 . l a b 67 . 4 b
v o l e

* v a l u e s  w i t h i n  a row w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l )

**  C , T , S  a r e  c o n t r o l ,  t r a i l s  o n l y ,  a n d  s l u d g e ,  r e s p e c t i v e l y
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Table 13. Small mammal species d e monstrating a significant
difference (0.1 level) in metal concent r a t i o n  on the oak
study area.

Y e a r He t a l T i s s u e  S p e c i e s
ug g ( d r y v / t . )

c *# T S

1933 Cd l i v e r whi  t e - f o o t e d 0 . 1 6a* 0 . 0 7 b 0 * 14a b

k i d n e y
mouse  

w h i t e - f o o  t e d 0 . 21ab 0 . 3 8 b 0 . 2 0 a

Cr k i d n e y
mouse

w h i t e - f o o t e d 1 . 54a 2 . 8 6 b 1 . 8 8 a b

- Cu k i d n e y
mouse

w h i t e - f o o t e d 1 1 .  5a 2 2 . 8 b 8 . 6 2 a

Zn k i d n e y
mouse

w h i t e - f o o t e d
mouse

2 4 .  8a 3 0 . 4 a b 4 7 . 7 b

* v a l u e s  w i t h i n  a  row w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l )

****** C , T , S  a r e  c o n t r o l ,  t r a i l s  o n l y ,  a nd  s l u d g e ,  r e s p e c t i v e l y
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Table 14. Small mammal species d e monstrating a significant
difference (.10 level) in metal concentration on the jack
pine/ red pine study area.

Ye a r M e t a l T i s s u e  S p e c i e s
ug g~ 1 ( d r y w t . )

c * *  ■ T S

1983 Cu bone e a s t e r n  c h i p m u n k 1 . 4 1 a * 1 . 8 0 b 1 . 6 2 a b

Hi l i v e r e a s t e r n  c h i p m u n k 0 . 14a 0 . 2 5 b 0 . 19ab

Zn m u s c l e e a s t e r n  c h i p m u n k 1 2 . 9 a 2 0 . 0 b 2 8 . 9 b

1984 Cr bon e w h i t e - f o o t e d 0 . 12a 0 . 0 8 b 0 . 06b

Cu k i d n e y
mouse

w h i t e - f o o t e d
mouse

1 6 . 2 a 1 3 . 8 b 1 0 . 9 c

* v a l u e s  w i t h i n  a  row w i t h  t h e  same  l e t t e r  a r e  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l )

** C , T , S  a r e  c o n t r o l ,  t r a i l s  o n l y ,  a n d  s l u d g e ,  r e s p e c t i v e l y
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Table 15. Small mammal species demonstrating a significant
difference (.10 level) in metal concent r a t i o n  on the mixed
hardwoods study area.

Y e a r M e t a l T i s s u e  S p e c i e s
iCO00a 1 ( d r y w t . )

c # # T S

1982 Cd k i d n e y e a s t e r n  c h i p m u n k 0 . 7 9 a * 1 . 6 0 b 1 . 7 3 a b

Cr k i d n e y w h i t e - f o o t e d
mouse

1 . 1 3 a 0 . 6 9 a 8 . 6 4 b

Cu l i v e r e a s t e r n  c h i p m u n k 6 . 22a 1 8 . 4 b 7 . 3 9 a

1983 Cd k i d n e y w h i t e - f o o t e d 0 .  22a 0 . 4 2 b 0 . 5 4 b

l i v e r
mous e  

e a s t e r n  c h i p m u n k 1 . 2 0 a 0 . 7 0 b 0 . 8 8 b

Cu k i d n e y e a s t e r n  c h i p m u n k 8 . 1 1 a 1 3 . 9 b 6 . 7 1 a

Ni l i v e r e a s t e r n  c h i p m u n k 0 . 63a 0 . 2 7 b 0 . 1 3 b

1984 Zn bone w h i t e - f o o t e d
mouse

3 3 . 6 a 5 4 .  7b 8 4 . 4 b

* v a l u e s  w i t h i n  a  row w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  ( 0 . 1  l e v e l )

** C , T , S  a r e  c o n t r o l ,  t r a i l s  o n l y ,  a nd  s l u d g e ,  r e s p e c t i v e l y
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a s  e v i d e n c e  o f  p r o b a b l e  Cd c o n t a m i n a t i o n  ( E i s l e r  1 98 5 )  .

The  f o o d  h a b i t s  o f  t h e  s m a l l  mammals  m o n i t o r e d  i n  t h i s  

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

a c c u m u l a t i o n  i n  s m a l l  mammal  t i s s u e s .  A l l  o f  t h e  s p e c i e s  

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

o m n i v o r e s .  H u n t e r  a n d  J o h n s o n  ( 1 9 8 2 )  h a v e  d e m o n s t r a t e d  

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

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

The  u p l a n d  f o r e s t  t y p e s  a d d r e s s e d  i n  t h i s  s t u d y  d i d  n o t  

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

mammals  ( e . g .  B l a r i n a  b r e v i c a u d a  a n d  S o r e x  c i n e r e u s ) .  

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

i n v e r t e b r a t e  d e t r i t i v o r e s .

C u r r e n t  r e s e a r c h  a t  t h e  U n i v e r s i t y  o f  W a s h i n g t o n  on 

t h e  P a c k  E x p e r i m e n t a l  F o r e s t  i n d i c a t e s  t h a t ,  o f  t h e  s m a l l  

mammals  u t i l i z i n g  s l u d g e - t r e a t e d  s i t e s ,  o n l y  t h e  

i n s e c t i v o r e s  f e e d i n g  u p o n  i n v e r t e b r a t e  d e t r i t i v o r e s  a r e  

a c c u m u l a t i n g  s l u d g e - b o r n e  m e t a l s  ( o n l y  Cd t o  d a t e )  ( S . D .  

W e s t ,  p e r s .  c o m m u n . ) .  I n  t h e  P a c k  F o r e s t  D e m o n s t r a t i o n  

P r o j e c t ,  a p p l i c a t i o n  r a t e s  a r e  c o n s i d e r a b l y  h i g h e r  t h a n  

t h o s e  u s e d  i n  t h i s  s t u d y  a n d  a r e  r e p e a t e d  a n n u a l l y  ( A n d e r ­

s o n  1 9 8 5 ) .

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

a l . 1 9 7 6 ,  H a n s e n  e t  a l .  1 9 7 6 ,  H i n e s l y  e t  a l .  1 9 7 6 ,  Ch a n e y  

e t  a l .  1 9 7 8a  and 1 9 7 8 b ,  W i l l i a m s  e t  a_l.  1 9 7 8 ) ,  t h e r e  h a v e  

b e e n  no p u b l i s h e d  r e p o r t s  o f  f r e e - t a n g i n g  s m a l l  mammals  

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

d i d  f i n d  meadow v o l e s  c o n t a i n e d  s i g n i f i c a n t l y  i n c r e a s e d  Cd 

i n  l i v e r  a n d  k i d n e y  t i s s u e ,  when e n c l o s e d  f o r  2 y e a r s  on 

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

a p p l i e d  i n  t h i s  s t u d y .

Al o n g  w i t h  f o o d  h a b i t s ,  d u r a t i o n  o f  t i m e  s p e n t  on a 

s l u d g e - t r e a t e d  s i t e  o b v i o u s l y  wo u l d  a f f e c t  t h e  p o s s i b i l i t y  

o f  s m a l l  mammals  a c c u m u l a t i n g  m e t a l s .  The  m a j o r i t y  o f  t h e  

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

a n d  s u b a d u l t s  and  p r e s e n t  f o r  o n l y  2 m o n t h s ;  a d u r a t i o n  

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

W h i t e - t a i l e d  De e r

By a m a g n i t u d e ,  t i s s u e s  o b t a i n e d  f r o m  d e e r  c o n t a i n e d  

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

mammals  ( T a b l e  1 6 ) .  The  m e t a l  b u r d e n s  o b s e r v e d  f o r  d e e r  i n  

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

w h i t e - t a i l e d  d e e r  i n  t h e  M i d w e s t  ( J e n k i n s  1980  a nd  Wo o l f  e t  

a l . 1 9 8 2 ) ,  mu l e  d e e r  i n  t h e  We s t  ( Mu n s h o we r  a nd  Neuman
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T a b l e  16 ,  Mean ( + S , E . )  m e t a l  c o n c e n t r a t i o n s  i n  t i s s u e s  o f  
w h i t e - t a i l e d  d e e r  h a r v e s t e d  f r o m  t h e  a s p e n  s t u d y  a r e a  i n  
November  1 9 8 2 .

T i s s u e
M e t a l s  ug  g“ l ( d r y  w t . )

Cd Cr Cu Ni Zn

m u s c l e  1 . 0 8 + 0 . 2 9  1 . 2 6 + 0 . 6 5  9 . 3 9 + 0 . 8 9  1 . 7 0 + 0 . 1 7  3 9 9 + 2 6

h e a r t  0 . 8 1 + 0 . 3 2  0 . 4 3 + 0 . 1 4  1 9 . 5 7 + 3 . 5 3  0 . 6 0 + 0 . 4 4  3 9 7 +6 3

k i d n e y  3 1 . 3 6 + 1 . 2 8  0 . 8 5 + 0 . 2 0  2 1 . 1 6 + 3 . 8 8  0 . 9 9 + 0 . 3 9  8 5 8 + 1 8 4

l i v e r  3 . 1 3 + 0 . 3 2  1 . 5 9 + 1 . 0 0  4 7 3 + 7 1 . 5  1 . 5 3 + 0 . 2 7  6 8 8 +7 5
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1 9 7 9 ) r and  b l a c k - t a i l e d  d e e r  i n  t h e  P a c i f i c  N o r t h w e s t  

( A n d e r s e n  1 9 8 5 ) .  The  e x c e p t i o n s  w e r e  s l i g h t l y  g r e a t e r  

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

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

g e o l o g y  ( a n d  m e t a l  a v a i l a b i l i t y ) ,  d i f f e r e n c e s  i n  a n a l y t i c a l  

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

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

l a n d s .

None o f  t h e  c o n c e n t r a t i o n s  r e c o r d e d  f o r  t h e  s e l e c t e d  

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

t o x i c i t i e s  i n  humans  ( Un d e r wo o d  1 9 7 7 ) .  Wi t h  t h e  e x c e p t i o n  

o f  Zn n o n e  o f  t h e  s e l e c t e d  m e t a l s  d e m o n s t r a t e d  an  a f f i n i t y  

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

be c o n s u me d  i n  l a r g e  q u a n t i t i e s  by h u m a n s .  Z n ,  w h i l e  

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

c o n c e n t r a t i o n s  i s  n o t  t o x i c  b u t  p r o b a b l y  b e n e f i c i a l  t o  

h u m a n s ,  who a r e  l i k e l y  Zn d e f i c i e n t  ( Un d e r wo o d  1 9 7 7 ) .  Wi t h  

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

t h a n  t h e  10 ppm ( f r e s h  w e i g h t )  u s e d  a s  e v i d e n c e  o f  c o n t a m i ­

n a t i o n  a nd  m a g n i t u d e s  l e s s  t h a n  t h e  200  ppm f r e s h  w e i g h t  

( k i d n e y  r e s i d u e )  c o n s i d e r e d  l i f e - t h r e a t e n i n g  t o  v e r t e b r a t e s  

( E i s l e r  1 9 8 5 ) .
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Summary

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

r a t e s  u s e d ,  s l u d g e  r e c y c l i n g  t o  f o r e s t  l a n d s  d o e s  n o t  

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

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

mammal  s p e c i e s  s t u d i e d *  W h i l e  some f o r a g e s  a c c u m u l a t e d  

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

s e a s o n  m e t a l s  i n  t i s s u e s  had  r e t u r n e d  t o  b a c k g r o u n d  

c o n c e n t r a t i o n s *  S m a l l  mammals  d i d  n o t  a p p e a r  t o  a c c u m u l a t e  

m e t a l s *  H o w e v e r ,  t h e  i n s e c t i v o r o u s  s m a l l  mammal -  

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

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

was  n o t  a  m a j o r  c o m p o n e n t  o f  t h e  c o m m u n i t i e s  s t u d i e d .  

C o n s e q u e n t l y ,  f o r e s t  s o i l s  s u p p o r t i n g  h a b i t a t  mor e  s u i t a b l e  

f o r  w i l d l i f e  t h a t  c o n s u me  i n v e r t e b r a t e  d e t r i t i v o r e s  ( e . g .  

e a r t h w o r m s )  r e q u i r e  f u r t h e r  s t u d y  t o  d e t e r m i n e  s a f e  

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

s l u d g e - t r e a t e d  a r e a s  wo u l d  n o t  a p p e a r  t o  be e x p o s e d  t o  

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

o r g a n s  w e r e  n o t  c o n s u m e d .



CONTAMINATION RISKS TO RAPTOR FOODCHAINS 

FROM SLUDGE-BORNE METALS

A p o p u l a r  c o n c e p t i o n  h e l d  by b o t h  e c o l o g i s t s  and  

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

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

f r o m  b i o m a g n i f i c a t i o n  o f  x e n o b i o t i c s  ( C o o k e  1 9 7 3 ,  S t i c k e l  

1 9 7 5 ) .  The  d e g r e e  t o  w h i c h  r e p o r t e d  d e c l i n i n g  r a p t o r  

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

i s  d e b a t a b l e  ( B a r t h a l m u s  1 9 8 0 ) .  S t i l l ,  t h e i r  p o s i t i o n  i n  

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

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

t o x i c i t i e s .

S m a l l  mammal s ,  w h i c h  a r e  an  i m p o r t a n t  p r e y  i t e m  f o r  

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

c h a n g e s  w i t h  s i g n i f i c a n t l y  g r e a t e r  d e n s i t i e s  ( H a u f l e r  a nd  

Wes t  1 9 8 6 ) .  G r e a t e r  c o n c e n t r a t i o n s  o f  p r e y  c o u l d  c o n c e n ­

t r a t e  r a p t o r  f e e d i n g  on s l u d g e  a mended  s i t e s .  M e t a l  

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

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

6 0
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s p r e a d i n g  w e r e  t o  become  w i d e s p r e a d ,  e x p o s u r e  t o  s l u d g e -  

b o r n e  m e t a l s  c o u l d  be s i g n i f i c a n t .

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

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

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

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

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

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

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



O B J E C T I V E S

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

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

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

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

The  o b j e c t i v e  was  t o  t e s t  f o r  c o n c e n t r a t i o n  d i f f e r e n c e s  ( o f  

Cd,  C r ,  Cu,  N i ,  a n d  Zn)  among 3 f o o d  c h a i n s  a t  3 t r o p h i c  

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

c o n s u m e r .  Two f o o d  c h a i n s  w e r e  b a s e d  on p r o d u c e r s  g r own on 

s o i l s  a me n ded  w i t h  d i f f e r e n t  s l u d g e s .  The  t h i r d  was 

t h e  c o n t r o l ,  w h i c h  was b a s e d  on a p r o d u c e r  g r own  w i t h  a 

c o m m e r c i a l  f e r t i l i z e r .
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METHODS

S l u d g e  D e s c r i p t i o n

T h i s  e x p e r i m e n t  u s e d  s l u d g e s  ( a p p r o x i m a t e l y  1000  L) 

o b t a i n e d  f r o m  t h e  A l p e n a  and  D e t r o i t  M e t r o  w a s t e w a t e r  

t r e a t m e n t  f a c i l i t i e s .  The  f a c i l i t y  i n  A l p e n a  was  c h o s e n  t o  

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

D e t r o i t ' s  m u n i c i p a l i t y  was  s e l e c t e d  a s  a n  e x a m p l e  o f  

s l u d g e s  p r o d u c e d  f r o m a mor e  p o p u l a t e d  a r e a .  D e t r o i t ' s  

s l u d g e  was  e x p e c t e d  t o  c o n t a i n  g r e a t e r  m e t a l  c o n c e n t r a ­

t i o n s .  Ho we v e r ,  s l u d g e s  f r o m t h e  2 c i t i e s  w e r e  s i m i l a r  

w i t h  r e s p e c t  t o  t h e  m e t a l s  s e l e c t e d  f o r  s t u d y  ( T a b l e  1 7 ) ,

Th e  P r o d u c t i o n  o f  R y e - g r a s s

I n  a g r e e n h o u s e  e n v i r o n m e n t ,  s a n d  s o i l s  w e r e  sewn w i t h  

r y e - g r a s s  ( L o l i u m  p e r e n n e ) s e e d .  R y e - g r a s s  was  c h o s e n  t o  

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

s l u d g e  a me n dme n t  ( U r i e  e t  a_l. 1 9 7 9 ,  Woodya r d  1 9 8 2 ,  H a u f l e r

6 3
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T a b l e  1 7 .  C o n c e n t r a t i o n s  ( u g  g - l )  o f  t h e  s e l e c t e d  m e t a l s  i n  
s l u d g e s  o b t a i n e d  f r o m  A l p e n a  a n d  D e t r o i t ,  M i c h i g a n  a n d  t h e  
i n o r g a n i c  f e r t i l i z e r .

M e t a l
________   A l p e n a  D e t r o i t  1 2 - 1 2 - 1 2
( u g  g ~ A d r y  w t . )

Cd 7 . 5  1 3 . 0  3 . 2

Cr  4 8 . 8  139 2 4 . 0

Cu 1230 527 115

Ni  3 6 . 3  9 . 8  5 . 6

Zn 1125  1718  401



65

a n d  We s t  1 9 8 6 ) .  F u r t h e r m o r e ,  A n d e r s o n  ( 1 9 8 5 )  h a s  r e c o m ­

mended f o r e s t  o p e n i n g s  p l a n t e d  t o  g r a s s e s  a s  t h e  b e s t  s i t e s  

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

l i f e .

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

w e r e  a p p l i e d ,  w i t h  a m a n u a l  pump,  a t  r a t e s  o f  584  a nd  739 

kg N / h a ,  r e s p e c t i v e l y .  I n  a d d i t i o n ,  mor e  r y e - g r a s s  was  

g r own  w i t h  a  1 2 - 1 2 - 1 2  a g r i c u l t u r a l  f e r t i l i z e r  a p p l i e d  a t  

600  kg N / h a .  The  g r a s s  l e a v e s  w e r e  h a r v e s t e d  a t  6 - 1 0  

w e e k s .

A f t e r  d r y i n g  a t  6 0 °  C,  t h e  r y e - g r a s s  was  g r o u n d  t o  

p a s s  t h r o u g h  a 1 mra s i e v e .  E q u a l  w e i g h t s  o f  s o y b e a n  a nd  

c o r n  m e a l s  w e r e  c o m b i n e d  w i t h  t h e  r y e  a nd  b e n t o n i t e  (5% o f  

t h e  t o t a l  d r y  w e i g h t )  t o  make  a s m a l l  mammal d i e t  w i t h  55£  

d r y  w e i g h t  a s  r y e .  W a t e r  was  t h e n  a d d e d  t o  t h e  m i x t u r e  

b e f o r e  h e a t i n g  and p e l l e t  f o r m a t i o n .  The  g r a i n  s u p p l i m e n t s  

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

c o n s u m e r .  S i n c e  p l a n t s  do n o t  i s o l a t e  m e t a l s  t o  s e e d  

t i s s u e ,  i t  was  n o t  n e c e s s a r y  t o  g r ow t h e  g r a i n s  on s l u d g e -  

a me nded  s o i l s .

The  W h i t e - f o o t e d  Mi c e

The  w h i t e - f o o t e d  mou s e  ( P e r o m y s c u s  l e u c o p u s ) was
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s e l e c t e d  a s  t h e  p r i m a r y  c o n s u m e r .  Common t o  a l l  o f  t h e  

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

s l u d g e  a p p l i c a t i o n .  A t o t a l  o f  72 w h i t e - f o o t e d  mi c e  we r e  

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

s e l e c t e d  f r om e a c h  o f  26 l i t t e r s  ( F ^_5  g e n e r a t i o n s  o f  w i l d  

m i c e ) .  The mi c e  we r e  r e a r e d  on a  c o m m e r c i a l  f e e d  p e l l e t  

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

s t e e l  t o p s .

The  R a p t o r s
*

B o t h  g r e a t  h o r n e d  owl s  ( Bubo- v i r g i n i a n u s ) and  r e d ­

t a i l e d  hawks ( B u t e o  l a m a i c e n s i s ) we r e  i d e a l  f o r  t h e  s t u d y  

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

n o n m i g r a t o r y , and  f e e d  e x t e n s i v e l y  on s m a l l  mammals .

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

b o r n e  m e t a l s  c o u l d  be s i g n i f i c a n t  f o r  b o t h .  Twe l ve  

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

c a g e s  ( 0 . 7  x 1 x 1 m ) . A l t h o u g h  u n a b l e  t o  be r e h a b i l ­

i t a t e d  due t o  p r e v i o u s  i n j u r i e s ,  t h e  b i r d s  we r e  o t h e r w i s e  

h e a l t h y  and e x h i b i t e d  c o n s i s t a n t ,  d a i l y  p a t t e r n s  o f  

i n g e s t i o n  and e g e s t i o n .  The., b i r d s  we r e  m a i n t a i n e d  a t  a 

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

mammals f o r  14 mo n t h s  p r i o r  t o  t h e  b e g i n n i n g  o f  t h e  s t u d y .
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The  Food C h a i n

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

h a v e  1 l i t t e r m a t e  p l a c e d  on e a c h  o f  t h e  3 r y e - g r a s s  d i e t s .  

Ov e r  a p e r i o d  o f  60 d a y s ,  2 l i t t e r m a t e  g r o u p s  w e r e  s a c r i ­

f i c e d  e v e r y  5 d a y s .  The  6 C - d a y  t e s t  p e r i o d  was  c h o s e n  t o  

r e p r e s e n t  t h e  2 mo n t h  p e r i o d  ( J u l y  a n d  A u g u s t )  when s m a l l  

mammal  p o p u l a t i o n s  a r e  m o s t  a b u n d a n t  i n  M i c h i g a n  ( Wo o d y a r d  

1 9 8 2 ,  B e y e r  1 9 8 3 ,  Thomas  1 9 8 3 ,  S e o n  1 9 8 4 ) ,  By f a r  t h e  

m a j o r i t y  o f  t h e  s m a l l  mammal  p o p u l a t i o n  h a s  o n l y  t h e s e  2 

m o n t h s  t o  f e e d  on s l u d g e - g r o w n  v e g e t a t i o n .  On l y  d u r i n g  

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

a me n d e d  s i t e s .  Once  a t r e n d  o f  m e t a l  a c c u m u l a t i o n  was

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

a d d i t i o n a l  m i c e  t o  be p l a c e d  on t h o s e  p e l l e t s .  U l t i m a t e l y ,

t h e s e  m i c e  w e r e  t o  be  f e d  t o  t h e  o w l s  a n d  ha wks  f o r  up t o

90 d a y s .  B i r d s  w e r e  t o  be s a c r i f i c e d  a t  s e t  t i m e  i n t e r ­

v a l s .  The  numbe r  o f  b i r d s  a n d  t h e  i n t e r v a l  l e n g t h  w e r e  t o  

be d e p e n d e n t  on w h e t h e r  t h e  m i c e  a c c u m u l a t e d  m e t a l s  f r o m  1 

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

M e t a l  A n a l y s i s

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

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

mammal  t i s s u e s  ( l i v e r ,  k i d n e y ,  h u m e r i  a nd  m u s c l e  f r o m  t h e  

h i n d l e g ) .  To be i n c l u d e d  w e r e  t i s s u e s  ( l i v e r ,  k i d n e y  a n d  

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

( e x c e p t  k i d n e y )  t o  t h e  f e e d i n g  t r i a l  a n d  a f t e r  t h e i r  

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

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

D a t a  A n a l y s i s

K r u s k a l - W a l l i s  o n e - w a y  a n a l y s i s  o f  v a r i a n c e  was  u s e d  

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

m e t a l s )  among t h e  r y e - g r a s s  t r e a t m e n t s  a n d  among t h e  d i e t s .  

The  d i f f e r e n c e s  i n  m e t a l  c o n c e n t r a t i o n s  b e t w e e n  l i t t e r m a t e s  

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

w e r e  r e g r e s s e d  o v e r  t i m e .  The  s l o p e  o f  t h e  l i n e s  o b t a i n e d  

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

l a t i o n  r a t e s  f r o m b o t h  s l u d g e - g r o w n  d i e t s .  S t u d e n t ' s  t  was  

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

m e t a l  c o n c e n t r a t i o n s  w i t h i n  s m a l l  mammal  t i s s u e s  was 

d i f f e r e n t  f r o m z e r o  f o r  b o t h  s l u d g e - g r o w n  d i e t s  ( S t e e l  and  

T o r r i e  1 9 8 0 :  2 5 6 ) .



RESULTS

The  R y e - g r a s s

T h r e e  m e t a l s ,  C d , Cr and  Zn,  we r e  f o u n d  i n  s i g n i f i ­

c a n t l y  g r e a t e r  c o n c e n t r a t i o n s  i n  r y e - g r a s s  grown on s o i l s  

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

( T a b l e  1 8 ) .  Cd and Cr  c o n c e n t r a t i o n s  we r e  2x g r e a t e r  i n  

s l u d g e - t r e a t e d  g r a s s ,  w h i l e  Zn was a p p r o x i m a t e l y  1 . 5 x  more 

c o n c e n t r a t e d .  R y e - g r a s s  g r own on t h e  Al p e n a  and D e t r o i t  

s l u d g e s  we r e  s i m i l a r  i n  r e s p e c t  t o  m e t a l  c o n c e n t r a t i o n .

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

grown r y e - g r a s s e s  we r e  q u i t e  s i m i l a r  t o  t h o s e  v a l u e s  f o u n d  

f o r  f o r a g e s  c o l l e c t e d  f r om c o n t r o l  and  s l u d g e - t r e a t e d  p l o t s  

w i t h i n  t h e  j a c k  p i n e  c l e a r c u t .  Cd a n d  Cr  d i f f e r e n c e s  

b e t w e e n  c o n t r o l  and  t r e a t e d  p l a n t s  we r e  n e a r l y  i d e n t i c a l  

f o r  b o t h  t h e  f i e l d  ( f o r a g e s  i n  t h e  f i r s t  g r o w i n g  s e a s o n  

a f t e r  s l u d g e  was a p p l i e d  t o  t h e  j a c k  p i n e  c l e a r c u t )  and  

g r e e n h o u s e  e x p e r i m e n t s .  Zn d i d  n o t  e x h i b i t  a t r e n d  f o r
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T a b l e  18 ,  Mean m e t a l  c o n c e n t r a t i o n s  i n  r y e - g r a s s  g r o wn  on 
s l u d g e - t r e a t e d  a nd  i n o r g a n i c a l l y  f e r t i l i z e d  s a n d  s o i l s .

T r e a t m e n t

M e t a l ( u g  g- 1  d r y  w t . )

Cd Cr Cu Ni Zn

1 2 - 1 2 - 1 2 0 . 3 2 a 0 . 4 7 a 3 ,  6a 1 . 1 a 44a

A l p e n a 0 . 7 8 b 0 . 9 1 b 3 . 7 a 1.  0a 73b

D e t r o i t 0 . 9 3 b 0 . 9 5 b 3 . 0 a 1 . 1 a 60b

* values in a column with the same letter are not s i g n i f i c ­
antly different (at the 0.1 level).
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a c c u m u l a t i o n  i n  t h e  f i e l d  t r i a l s .

R y e - g r a s s  p e l l e t s  made w i t h  r y e  g r own  w i t h  A l p e n a  

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

C d , Cr  a nd  Zn t h a n  t h o s e  made w i t h  r y e  g r o wn  o n  i n o r g a n ­

i c a l l y  f e r t i l i z e d  s o i l s  ( T a b l e  1 9 ) .  P e l l e t s  made w i t h  

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

g r e a t e r  i n  Cd and C r ;  t h e  s i g n i f i c a n t l y  g r e a t e r  Zn c o n c e n ­

t r a t i o n  ( i n  r y e - g r a s s )  was  l o s t  when t h e  p e l l e t s  w e r e  

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

r y e - g r a s s  g r o wn  on t h e  2 s l u d g e  t r e a t m e n t s  w e r e  n o t  

s i g n i f i c a n t l y  d i f f e r e n t .

The  W h i t e - f o o t e d  Mi ce

F e e d i n g  o f  s l u d g e - g r o w n  r y e - g r a s s  t o  t h e  w h i t e - f o o t e d  

m i c e  o v e r  a  2 mo n t h  p e r i o d  d i d  n o t  r e s u l t  i n  a s i g n i f i c a n t  

t r e n d  o f  a c c u m u l a t i o n  f o r  a ny  o f  t h e  5 s e l e c t e d  e l e m e n t s  

( F i g s .  2 - 1 1 ) .  The  m e t a l - t i s s u e  a f f i n i t i e s  o b s e r v e d  i n  t h e  

f i e l d  e x p e r i m e n t s  we r e  a g a i n  o b v i o u s .  Cd a n d  Ni  w e r e  f o u n d  

a l m o s t  e x c l u s i v e l y  i n  k i d n e y  a n d  l i v e r  t i s s u e .  H o w e v e r ,  Cd 

a nd  Zn c o n c e n t r a t i o n s  w e r e  n e a r l y  2x g r e a t e r  i n  t h e  

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

s m a l l  mammal s .

S i n c e  t h e  6 0 - d a y  t r i a l  p r o v i d e d  no i n d i c a t i o n  o f  m e t a l
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T a b l e  19 .  Mean m e t a l  c o n c e n t r a t i o n s  i n  r y e - g r a s s  p e l l e t s  
f e d  t o  w h i t e - f o o t e d  m i c e .

T r e a t m e n t

M e t a l ( u g  g- 1 d r y  w t . )

Cd Cr Cu Ni Zn

1 2 - 1 2 - 1 2 0 . 1 8 3 a 0 . 6 5 4 a 3 . 9 4 a 8 . 9 8 a 3 9 . 4 a

A l p e n a 0 . 4 2 5 b 0 . 9 5 2 b 4 , 34a 9 . 9 6 a 5 4 . 0 b

D e t r o i  t 0 . 4 7 1 b 0 . 8 9 8 b 4 . 1 4 a 9 . 7 5 a 4 8 . 2ab

* values in a column with the same letter are not s i g n i f i c ­
antly different (at the 0.1 level).
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a c c u m u l a t i o n  i n  t h e  r o d e n t s ,  t h e  f o o d  c h a i n  was  t e r m i n a t e d  

w i t h o u t  t h e  i n c l u s i o n  o f  t h e  o w l s  a n d  h a w k s .  ( W i t h  no 

a c c u m u l a t i o n  by 60 d a y s ,  t h e  l e n g t h  o f  t i m e  r e q u i r e d  f o r  

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

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

f i e l d . )



DISCUSSION

A n d e r s o n  e t  a l .  ( 1 9 8 2 )  d e m o n s t r a t e d  t h a t  h e r b i v o r o u s  

s m a l l  mammals  a c c u m u l a t e d  Cd a n d  C u t when c o n f i n e d  t o  

s l u d g e - t r e a t e d  l a n d s  f o r  2 y e a r s  w h i l e  s t i l l  b e i n g  a l l o w e d  

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

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

m e t a l s  e v e n  when f o r a g e s  s i g n i f i c a n t l y  c o n c e n t r a t e d  m e t a l s  

( f i r s t  y e a r  r e s u l t s  f r o m  t h e  j a c k  p i n e  c l e a r c u t ) .  P o s s i b l e  

c a u s e s  o f  t h e  l a c k  o f  m e t a l  a c c u m u l a t i o n  i n  s m a l l  mammal 

t i s s u e s  w e r e  1)  t h e  2 mo n t h  d u r a t i o n  t h a t  t h e  m a j o r i t y  o f  

i n d i v i d u a l s  u s e d  t h e  s t u d y  s i t e s  was t o o  s h o r t  t o  a l l o w  f o r  

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

t i s s u e s ;  2)  f e e d i n g  h a b i t s  o f  t h e  s m a l l  mammal  s p e c i e s  

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

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

d i e t .

R e s u l t s  i n d i c a t e  t h a t  a  c o m b i n a t i o n  o f  b o t h  a s h o r t e n -
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ed p e r i o d  o f  e x p o s u r e  (2  m o n t h s )  a nd  a d i e t  c o n t a i n i n g  o n l y  

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

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

s l u d g e  was a p p l i e d  a t  t h e  r a t e s  e mp l o y e d  i n  t h i s  s t u d y .  

C o n s e q u e n t l y ,  i f  s l u d g e  r e c y c l i n g ,  a t  t h e  e mp l o y e d  r a t e s ,  

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

f o o d  c h a i n s  p r i m a r i l y  b a s e d  on e n e r g y  f r o m p r i m a r y  p r o ­

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

f r om a c c u m u l a t i o n  o f  s l u d g e - b o r n e  e l e m e n t s .  Such  a r e a s  

woul d  i n c l u d e  mo s t  w e l l - d r a i n e d  s i t e s  t h a t  do n o t  p r o v i d e  

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

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

d e t r i t i v o r e s , S m a l l  mammal f ood  c h a i n s  b a s e d  on s o i l  

m a c r o i n v e r t e b r a t e s  a p p e a r  t o  a c c u m u l a t e  m e t a l s  ( H u n t e r  and 

J o h n s o n  1981)  and  may p r e s e n t  a p a t h w a y  f o r  m e t a l s  t o  

move t o  h i g h e r  t r o p h i c  g r o u p s .



TRANSFER OF SLUDGE-BORNE METALS THROUGH A 

WOODCOCK-EARTHWORM FOOD CHAIN

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

m e t a l s  f r o m  s o i l s  n e a r  s m e l t e r s  ( H u n t e r  a n d  J o h n s o n  1 9 8 2 )  

a n d  r o a d  s i d e s  ( G i s h  a n d  C h r i s t e n s e n  1 9 7 3 ) .  Van Hook 

( 1 9 7 4 )  h a s  d e m o n s t r a t e d  e a r t h w o r m s  a c c u m u l a t e  m e t a l s  f r o m  

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

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

a s  b i o m a g n i f i e r s  o f  s l u d g e - b o r n e  m e t a l s  ( He l mk e  e t  a l .

1 9 7 9 ,  B e y e r  e t  al^.  1 9 8 2 ,  Wade e t  a l .  1 9 8 2 ,  P i e t z  e t  a l . 

1 9 8 4 ) .  As a n  i m p o r t a n t  l i n k  i n  many w i l d l i f e  f o o d  c h a i n s ,  

e a r t h w o r m s  p r e s e n t  a p o s s i b l e  mea ns  f o r  m e t a l s  t o  t r a n s f e r  

t o  v e r t e b r a t e  p r e d a t o r s  f r o m s l u d g e - a m e n d e d  s o i l s .

Of p a r t i c u l a r  c o n c e r n ,  i s  t h e  A m e r i c a n  w o o d c o c k  

( P h i l o h e l a  m i n o r ) f o o d  c h a i n .  Woodcock  a r e  a p o p u l a r  game 

s p e c i e s  n o t  o n l y  i n  M i c h i g a n  b u t  t h r o u g h  t h e  E a s t e r n  U . S . ,  

w h e r e  o v e r  1 . 5  m i l l i o n  b i r d s  a r e  h a r v e s t e d  e a c h  y e a r  

( A r t a a n n  1 9 7 7 ) ,  C o n s e q u e n t l y ,  human h e a l t h  r i s k s  become  an 

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

l a t e  i n  wo o d c o c k  t i s s u e s .
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OBJECTIVES

T h i s  e x p e r i m e n t ' s  p u r p o s e  was t o  e v a l u a t e  t h e  p o t e n ­

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

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

The  o b j e c t i v e  was t o  t e s t  f o r  c o n c e n t r a t i o n  d i f f e r e n c e s  ( o f  

Cd,  C r , Cu,  N i ,  a n d  Zn)  among 3 f o o d  c h a i n s  a t  3 t r o p h i c  

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

a n d  v e r t e b r a t e  p r e d a t o r .  Two f o o d  c h a i n s  w e r e  b a s e d  on a 

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

The  t h i r d  was t h e  c o n t r o l ,  w h i c h  was  b a s e d  on a n  o r g a n i c  

s o i l  t r e a t e d  w i t h  a n  i n o r g a n i c  f e r t i l i z e r .
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METHODS

S l u d g e  D e s c r i p t i o n

As i n  t h e  r a p t o r  f o o d  c h a i n  s t u d y ,  A l p e n a  and D e t r o i t  

s l u d g e s  w e r e  u s e d  i n  t h i s  e x p e r i m e n t .  Ea c h  s l u d g e  was 

mi x e d  w i t h  an  o r g a n i c  t o p  s o i l  t o  make a 7 : 1 0  c o m b i n a t i o n  

o f  w e t  s l u d g e  t o  s o i l .  I n  t h e  f i e l d  e x p e r i m e n t s ,  we t  

s l u d g e  was  a p p l i e d  a t  a  d e p t h  o f  a p p r o x i m a t e l y  7 cm.  

C o n s i d e r i n g  t h a t  wo o d c o c k  c a n n o t  f o r a g e  b e l o w  a  s o i l  d e p t h  

o f  10 cm,  t h e  r a t i o  was  c h o s e n  a s  a r e a l i s t i c  s c e n a r i o  o f  

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

e a r t h w o r m s  t o  t h i s  s p e c i e s .

The  E a r t h w o r m s

R a n c h - f a r m e d  e a r t h w o r m s  ( L u m b r i c i d a e ) w e r e  u s e d  t o  

a v o i d  a gapewor m ( Synga mus  t r a c h e i ) o u t b r e a k  among t h e  

wo o d c o c k  ( S i k a r s k i e ,  p e r s .  c o m m u n . ) .  Ov e r  3 0 , 0 0 0  e a r t h ­

worms w e r e  p l a c e d  i n  e a c h  o f  3 o r g a n i c  m e d i a  f o r  3 0 - 9 0
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d a y s .  A 1 t o  3 mo n t h  e x p o s u r e  was  a p p r o p r i a t e  f o r  s i m u l a t ­

i n g  t h e  t i m e  i n t e r v a l s ,  A p r i l - J u n e  a nd  l a t e  A u g u s t -  

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

a c t i v e  n e a r  t h e  s o i l  s u r f a c e  ( R a b e  1 9 8 1 ) .  The  o r g a n i c  

m e d i a  i n c l u d e d  t h e  2 s l u d g e - s o i l  m i x t u r e s  a n d  t h e  o r g a n i c  

s o i l  w i t h  t h e  1 2 - 1 2 - 1 2  o r g a n i c  f e r t i l i z e r  ( a p p l i e d  a t  400  

k g / h a  o f  5 cm d e e p  s o i l ) .

The  Woodcock

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

Roscommon C o u n t y ,  u s i n g  3 0 0 , 0 0 0  c a n d l e  s p o t l i g h t s  and  

h a n d h e l d  n e t s .  A d e s c r i p t i o n  o f  t h e  a r e a  i s  p r o v i d e d  by 

Rabe  ( 1 9 7 7 ) .  The b i r d s  w e r e  c o l l e c t e d  d u r i n g  l a t e  summer  

o f  1 9 8 4 .  S e v e r a l  i n d i v i d u a l s  w e r e  i n i t i a l l y  u s e d  t o  

d e t e r m i n e  t h e  w e i g h t  o f  e a r t h w o r m s  r e q u i r e d  d a i l y  by a 

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

t h e  f o o d c h a i n .

The  Food C h a i n

T h r e e  wo o d c o c k  w e r e  r a n d o m l y  s e l e c t e d  t o  be f e d  worms 

f r o m  e a c h  m e d i a ,  f o r  a  t o t a l  o f  9 b i r d s .  I n  a d d i t i o n ,  3 

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

a n o t h e r  s t u d y  c o n t r o l .  E a r t h w o r m s  we r e  f e d  t o  t h e  b i r d s
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f o r  30 d a y s .  W h i l e  a wo o d c o c k  c a n  f e e d  on a n  a r e a  f o r  4 - 5  

m o n t h s ,  30 d a y s  ( 2 0 - 2 5 % )  was  b e l i e v e d  an  a p p r o p r i a t e  t i m e  

i n t e r v a l  t o  a l l o w  f o r  m e t a l  a c c u m u l a t i o n  t o  become  a p p a r ­

e n t .  D a i l y  c o n s u m p t i o n  r a n g e d  f r o m 2 5 0 - 4 0 0  wor ms ,  t h u s  

e a c h  b i r d  c o n s u me d  a p p r o x i m a t e l y  1 0 , 0 0 0  worms o v e r  t h e  

c o u r s e  o f  t h e  t r i a l .  A l l  b i r d s  w e r e  s a c r i f i c e d  a t  t h e  end 

o f  t h e  t e s t  a n d  s t o r e d  f r o z e n .  U l t i m a t e l y ,  l i v e r s ,  

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

d r i e d  a t  6 0 °  C,  a nd  a n a l y z e d  f o r  m e t a l s .

M e t a l  A n a l y s i s

As b e f o r e ,  t h e  s ame  a n a l y t i c a l  p r o c e d u r e s  we r e  

era p l o y e d  f o r  m e a s u r i n g  Cd,  C r , Cu,  Ni  a nd  Zn i n  t h e  

e a r t h w o r m  a n d  w o o d c o c k  t i s s u e s .  Ten  s a m p l e s  o f  10 worms 

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

s e l e c t e d  m e t a l s .  The  worms  we r e  d r i e d  a t  60°C p r i o r  t o  we t  

d i g e s t i o n .

D a t a  A n a l y s i s

K r u s k a l - W a l l i s  o n e - w a y  a n a l y s i s  o f  v a r i a n c e  was u s e d  

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

m e t a l s )  among t h e  s o i l  m i x t u r e s ,  e a r t h w o r m s ,  and  wo o d c o c k  

t i s s u e s .



RESULTS

S o i l - s l u d g e  a nd  S o i l - i n o r e a n i c  M i x t u r e s

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

g r e a t e r  c o n c e n t r a t i o n s  o f  a l l  5 m e t a l s  t h a n  t h e  s o i l -  

i n o r g a n i c  f e r t i l z e r  m e d i a  ( T a b l e  2 0 ) .  Co mpar e d  t o  t h e  

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

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

Cd,  C r ,  Cu a n d  Zn.  I n  a d d i t i o n ,  Cd i n  t h e  D e t r o i t  m i x t u r e  

was  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  r e c o r d e d  i n  t h e  A l p e n a  

m i x t u r e .

E a r  t h wo r ms

S i g n i f i c a n t l y  g r e a t e r  c o n c e n t r a t i o n s  o f  Cd,  C r ,  Cu a nd  

Zn we r e  o b s e r v e d  i n  e a r t h w o r m s  g r own i n  t h e  s l u d g e - t r e a t e d  

s o i l s  when c o m p a r e d  t o  worms g r own i n  t h e  i n o r g a n i c a l l y  

f e r t i l i z e d  s o i l  ( T a b l e  2 1 ) .  E a r t h w o r m s  e x p o s e d  t o  A l p e n a  

a nd  D e t r o i t  s l u d g e s  c o n t a i n e d  2 , 5  t o  5 . Ax g r e a t e r  c o n c e n -

8 6
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Table 20. Mean metal concentrations in soil-sludge and
s o i l -inorganic fertilizer mixtures.

S o i l
T r e a t m e n t

M e t a l  ( u g  g ~ l  d r y  w t . )

Cd Cr Cu Ni Zn

1 2 - 1 2 - 1 2 1 . 6 3 a 00 • 00 0 1 5 . 2 a 2 0 .  6a 7 8 . 0

A l p e n a 3 . 7 3 b 5 6 . 5 b 4 1 . 6 b 2 4 . 8 b 287b

D e t r o i t A . 5 0 c 5 8 . 0 b 3 4 . 4 b 1 9 . 5a b 327b

* v a l u e s  i n  a c o l u m n  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c ­
a n t l y  d i f f e r e n t  ( a t  t h e  . 1 0  l e v e l ) .
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Table 21. Mean metal concentrations in earthworms exposed
to sludge-treated and i n o rganically fertilized soil.

S o i l  
T r e a  tmen t

M e t a l  ( u g  g " 1 d r y  w t . )

Cd Cr Cu Hi Zn

1 2 - 1 2 - 1 2 5 .  0a 1 6 .  5a 9 . 6 a 2 1 . 1 a 21 .On

A l p e n a 1 9 . 2 b 6 7 . 4 b 3 7 . 9 b 3 5 . 4 a 85 . 4 b

D e t r o i t 2 7 . 4 b 4 7 . 7 b . 2 4 . 9 b 1 9 . 8 a 117b

,!t v a l u e s  i n  a  c o l u mn  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c ­
a n t l y  d i f f e r e n t  ( a t  t h e  0 . 1  l e v e l ) .
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t r a t i o n s  o f  t h e  s e l e c t e d  m e t a l s  t h a n  worms e x p o s e d  t o  t h e  

i n o r g a n i c  f e r t i l i z e r .  No s i g n i f c a n t  d i f f e r e n c e  was  

a p p a r e n t  b e t w e e n  t h e  worms g r own  on s o i l s  w i t h  t h e  2 s l u d g e  

t r e a t m e n t s ,

Cd i n  worm t i s s u e s  was  o v e r  5x g r e a t e r  t h a n  t h e  

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

t r a t i o n s  w e r e  s i m i l a r  b e t w e e n  s o i l s  and  wo r ms ,  w h i l e  C r ,  Cu 

a n d  Zn w e r e  o b s e r v e d  i n  g r e a t e r  c o n c e n t r a t i o n s  i n  t h e  s o i l s  

t h a n  wor ms .  T h e s e  m e t a l  t r e n d s  w e r e  s i m i l a r  f o r  b o t h  t h e  

s l u d g e  a n d  i n o r g a n i c  f e r t i l i z e r  t r e a t m e n t s .

The  Woodcock

A f t e r  c o n s u m i n g  e a r t h w o r m s  f o r  30 d a y s ,  wo o d c o c k  f e d  

s l u d g e - e x p o s e d  worms c o n t a i n e d  l i v e r  a n d  k i d n e y  Cd c o n c e n ­

t r a t i o n s  a p p r o x i m a t e l y  2x g r e a t e r  t h a n  c o n t r o l  b i r d s  

( i n d i v i d u a l s  s a c r i f i c e d  upon  c a p t u r e )  a n d  3x g r e a t e r  t h a n  

b i r d s  f e d  worms e x p o s e d  t o  t h e  i n o r g a n i c  f e r t i l i z e r  ( T a b l e  

2 2 ) .  Cd c o n c e n t r a t i o n s  we r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

among t h e  t r e a t m e n t s  w i t h  r e s p e c t  t o  wo o d c o c k  h e a r t ,  

m u s c l e ,  o r  b o n e  t i s s u e s .

Woodcock  C r ,  Cu,  a n d  Ni  c o n c e n t r a t i o n s  we r e  n o t  

a f f e c t e d  by d i f f e r e n c e s  i n  e a r t h w o r m  c o n t a m i n a t i o n  ( T a b l e s  

2 3 - 2 5 ) .  The  o n l y  s i g n i f i c a n t  d i f f e r e n c e  f o u n d  f o r  Zn was
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Table 22. Mean Cd concen t r a t i o n s  in tissues of woodcock fed
e arthw orms exposed to s l u d g e-treated and i n organically
fertilized soil.

T i s s u e Cd ( ug g- 1  d r y  w t . )

S o i l
T r e a t m e n t L i v e r K i d n e y H e a r t M u s c l e Bone

C o n t r o l 3 . 1 2 a 1 7 . 9 a 0 . 7 8 a 1 . 2 5 a 0 . 0 5 a

1 2 - 1 2 - 1 2 1 . 8 1 b 1 2 . 6 b 0 . 5 7 a 0 . 69a 0 . 0 2 a

A l p e n a 7 . 3 8 c  ' 3 0 .  4c 0 . 6 1 a 0 . 9 7 a 0 . 04a

D e t r o i t 6 . 2 1 c 3 6 . 1 c 0 . 5 6 a 1 . 1 2 a 0 . 0 2 a

* v a l u e s  i n  a c o l u m n  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c ­
antly different (at the 0.1 level).
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T a b l e  2 3 .  Mean Cr  c o n c e n t r a t i o n s  I n  t i s s u e s  o f  w o o d c o c k  f e d  
e a r t h w o r m s  e x p o s e d  t o  s l u d g e - t r e a t e d  a n d  i n o r g a n i c a l l y  
f e r t i l i z e d  s o i l .

S o i l
T r e a t m e n t L i v e r

T i s s u e Cr  ( u g g " 1 d r y  w t . )  
%

K i d n e y H e a r t M u s c l e Bone

C o n t r o l 1 . 3 1 a 0 . 6 1 a 0 . 4 2 a 1 . 2 9 a 0 . 5 0 a

1 2 - 1 2 - 1 2 1 . 1 6 a 0 . 4 5 a 0 . 2 7 a 1 . 8 4 a 0 . 6 5 a

A l p e n a 1 . 1 7 a  ‘ 0 . 6 5 a 0 . 3 1 a 1 . 5 2 a 0 . 4 3 a

D e t r o i t 1 . 2 7 a 0 . 4 2 a 0 .  26a • 1 . 4 2 a 0 . 2 6 a

* v a l u e s  i n  a c o l u m n  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c ­
antly different (at the 0.1 level).
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Table 24. Mean Cu concentrations in tissues of woodcock fed
earthworms exposed to sludge-treated and i n organically
fertilized soil.

S o i l  
T r e a  t r ae n t

T i s s u e Cu ( u g  g _1 d r y  w t . )

L i v e r K i d n e y H e a r t M u s c l e Bone

C o n t r o l 3 1 0 a 2 8 . 7 a 1 2 .  l a 2 4 .  4a 3 . 1 6 a

1 2 - 1 2 - 1 2 328a 2 4 . 3 a 1 2 . 9 a 1 7 . 8 a 3 . 3 1 a

A l p e n a 246 a  . 2 1 . 6 a  , 8 . 4 6 a 2 0 .  2a 2 . 15a

D e t r o i t 3 4 7 a 3 5 . 7 a 1 4 . 5 a 2 6 ,  5a 2 , 6 5 a

* v a l u e s  i n  a  c o l u mn  w i t h  t h e  same  l e t t e r  a r e  n o t  s i g n i f i c
antly different (at the 0.1 level).
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T a b l e  2 5 .  Mean Ml c o n c e n t r a t i o n s  I n  t i s s u e s  o f  wo o d c o c k  f e d  
e a r t h w o r m s  e x p o s e d  t o  s l u d g e - t r e a t e d  a n d  i n o r g a n i c a l l y  
f e r t i l i z e d  s o i l .

S o i l
T r e a t m e n t

T i s s u e Ni  ( u g  g - 1 d r y  w t . )

L i v e r K i d n e y H e a r t M u s c l e Bone

C o n t r o l 2 . 14a 1 . 8 3 a 0 . 58 a 1 . 4 3 a 0 . 06a

1 2 - 1 2 - 1 2 1 . 8 8 a 1 . 5 4 a 0 . 9 7 a 1 . 4 1 a 0 . 4 4 a

A l p e n a 2 . 23a 1 . 1 4 a * 1 . 0 9 a 1 . 7 4 a 0 . 19a

D e t r o i t 2 . 23a 1 . 65a 1 . 2 6 a 1 . 95a 0 . 6 4 a

* v a l u e s  i n  a c o l u mn  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c ­
antly different (at the 0.1 level).
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t h e  l e s s e r  c o n c e n t r a t i o n  p r e s e n t  i n  r e n a l  t i s s u e s  o f  b i r d s  

f e d  worms e x p o s e d  t o  t h e  1 2 - 1 2 - 1 2  f e r t i l i z e r  ( T a b l e  2 6 ) .
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Table 26. Mean Zn concentrations in tissues of woodcock fed
earthworms exposed to sludge-treated and inorganically
fertilized soil.

S o i l
T r e a t m e n t

T i s s u e Zn ( u g  g * 1 d r y  w t , )

L i v e r K i d n e y H e a r t M u s c l e Bone

C o n t r o l 464a 982a 273 a 39 0a 20 0 a

1 2 - 1 2 - 1 2 344a 738b 306 a 32 2a 12 5 a

A l p e n a 537a 1 2 1 4 a • 331a 27 6a 2 9 8 a

D e t r o i t 756a 11 59a 38 6 a 345 a 21 9 a

* v a l u e s  i n  a c o l u m n  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c ­
antly different (at the 0.1 level).



DISCUSSION

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

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

m e t a l s  c a n  be  m o b i l e  i n  a w i l d l i f e  f o o d  c h a i n  b a s e d  on  s o i l  

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

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

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

c o n c e n t r a t e  i n  t h e  i n v e r t e b r a t e  t i s s u e s .  Ho w e v e r ,  wo o d c o c k  

d e m o n s t r a t e d  some h o m e o s t a s i s  f o r  C r ,  Cu ,  Ni  a n d  Zn t o  

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

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

G r e a t e r  m o b i l i t y  by Cd i n  c o n t a m i n a t e d  e c o s y s t e m s ,  a s  

c o m p a r e d  t o  o t h e r  m e t a l s ,  h a s  b e e n  o b s e r v e d  by J o h n s o n  e t  

a l .  ( 1 9 7 8 ) ,  R o b e r t s  a n d  J o h n s o n  ( 1 9 7 8 ) ,  a n d  H u n t e r  and 

J o h n s o n  ( 1 9 8 1 ) .

Cd d e m o n s t r a t e d  an  o b v i o u s  a f f i n i t y  f o r  l i v e r  and  

k i d n e y  t i s s u e s  b u t  no a c c u m u l a t i o n  o r  c o n c e n t r a t i o n  i n
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woodc ock  m u s c l e .  The g r e a t e s t  Cd c o n c e n t r a t i o n  r e c o r d e d  i n  

woodcock  t i s s u e s  ( 45  ppm d r y  w e i g h t  i n  r e n a l  t i s s u e  o f  a 

b i r d  f e d  worms e x p o s e d  t o  D e t r o i t  s l u d g e )  a p p r o a c h e d  t h e  

lOppm f r e s h  w e i g h t  f o r  v e r t e b r a t e  k i d n e y  t i s s u e  t h a t  may 

i n d i c a t e  Cd c o n t a m i n a t i o n  ( E i s l e r  1 9 8 5 ) .  The r e s u l t s  

f r om t h i s  s t u d y  s u g g e s t  i f  s i m i l a r  s l u d g e s  we r e  a p p l i e d  t o  

f o r e s t  l a n d s  s u p p o r t i n g  good woodc ock  f e e d i n g  h a b i t a t ,

Cd c o u l d  c o n c e n t r a t e  i n  woodc ock  t i s s u e s .  At  t h e  o b s e r v e d  

r a t e  o f  r e n a l  Cd a c c u m u l a t i o n ,  1 0 - 2 0  ppm/  30 d a y s ,  and 

a s s u m i n g  a c o n s t a n t  r a t e  o f  Cd e x c r e a t i o n ,  a p p r o x i m a t e l y  2 

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

l e t h a l  k i d n e y  c o n c e n t r a t i o n  o f  200 ppm ( f r e s h  w e i g h t ) .

T o x i c  e f f e c t s  f r om r e n a l  Cd c o n c e n t r a t i o n s  o f  l e s s  

t h a n  200 ppm i n  w i l d l i f e  a r e  n o t  known.  T h e r e f o r e ,  a t  

wh i c h  Cd c o n c e n t r a t i o n  d o e s  i n d i v i d u a l  f i t n e s s  be comes  

c o mp r o m i s e d  and woodc ock  p o p u l a t i o n s  h a r m e d ,  can  n o t  be 

p r e d i c t e d .  R i s k s  t o  human h e a l t h ,  h o w e v e r ,  do n o t  a p p e a r  

t o  be i n c r e a s e d  f r o m s l u d g e - b o r n e  Cd t r a n s f e r  t o  woodcock  

t i s s u e s .  Mu s c l e  t i s s u e s  a r e  n o t  s i t e s  o f  Cd d e p o s i t i o n ,  

a nd  h u n t e r s  u s u a l l y  do n o t  consume  s i g n i f i c a n t  q u a n t i t i e s  

o f  t h e  i n t e r n a l  o r g a n s  t a k e n  f r om u p l a n d  game b i r d s .

B e c a u s e  p r e d i c t i o n s  c a n  n o t  be made w i t h  r e g a r d s  t o  

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

M a c r o i n v e r t e b r a t e  d e t r i t i v o r e  -  v e r t e b r a t e  i n s e c t i v o r e  f o o d  

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

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

n u t r i e n t - d e f i c i e n t .  C o n s e q u e n t l y ,  by l i m i t i n g  s l u d g e  

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

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

h e a l t h  r i s k s  t o  w i l d l i f e  f r o m  s l u d g e - b o r n e  m e t a l s  s h o u l d  be 

m i t i g a t e d .



RISK ASSESSMENT OF SLUDGE-BORNE CD, CR, CU, NI AND ZN 

TO WILDLIFE FROM RECYCLING SLUDGES UPON FORESTED LAND

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

s l u d g e - b o r n e  m e t a l s ,  p r i m a r i l y  Cd a n d  C r , may be  a c c u m u ­

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

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

c o n c e n t r a t i o n s  r e t u r n  t o  b a c k g r o u n d  l e v e l s .  The  maximum 

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

l e s s  t h a n  c o u l d  p r o v i d e  a  d o s e  Unde r wood  ( 1 9 7 7 )  r e p o r t e d  a s  

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

d o m e s t i c  a n i m a l s .

T h e r e  a p p e a r e d  t o  be no h e a l t h  e f f e c t s  a s s o c i a t e d  w i t h  

s l u d g e  r e c y c l i n g  t o  s m a l l  mammals  o r  w h i t e - t a i l e d  d e e r .

Use  o f  s l u d g e - t r e a t e d  s i t e s  was  g e n e r a l l y  g r e a t e r  by b o t h  

s m a l l  mammals  ( H a u f l e r  and  Woodya r d  1 9 8 4 )  a n d  u n g u l a t e s  

( H a u f l e r  and  Campa 1 9 8 4 ) .

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

s m a l l  mammal s ,  e x p o s e d  t o  s l u d g e - t r e a t e d  f o r a g e s ,  s howed  no 

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

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

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

s l u d g e - b o r n e  m e t a l s  by s m a l l  mammal s .  C o n s e q u e n t l y ,  h e a l t h  

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

mammals  p r o d u c e d  on s l u d g e - t r e a t e d  s i t e s  d o e s  n o t  a p p e a r  

s i g n i f i c a n t .

The  e x c e p t i o n  f o r  s m a l l  mammals  may be i n s e c t i v o r e s , 

s u c h  a s  s h r e w s ,  t h a t  c o n s u me  m a c r o i n v e r t e b r a t e s  t h a t  

u t i l i z e  s o i l  d e t r i t u s .  The  u p l a n d  f o r e s t s  a d d r e s s e d  

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

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

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

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

s l u d g e - b o r n e  m e t a l s  was  n o t  a c c o m p l i s h e d .

The s o i l  m a c r o i n v e r t e b r a t e  -  v e r t e b r a t e  i n s e c t i v o r e  

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

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

c o n c e n t r a t e  i n  a w i l d l i f e  f o o d  c h a i n .  Woodcock  a c c u m u l a t e d  

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

a f t e r  2 y e a r s  o f  c o n t i n u a l  e x p o s u r e .  The a p p l i c a b i l i t y  o f  

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

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

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

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

Cd,  w h i c h  was  t h e  o n l y  m e t a l  t o  d e m o n s t r a t e  m o b i l i t y  f r o m  

s l u d g e  i n t o  w i l d l i f e  t i s s u e s ,  e x h i b i t e d  a  d e f i n i t e  a f f i n i t y  

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

m u s c u l a r  t i s s u e s .  C o n s e q u e n t l y ,  c o n s u m i n g  m u s c l e  t i s s u e  

p o s e s  no t h r e a t .  C o n s u m p t i o n  o f  i n t e r n a l  o r g a n s  s h o u l d  

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

r e c o r d e d  ( <5 0  ppm d r y  w e i g h t )  s i g n i f i c a n t ,  human p i c k - u p  o f  

Cd wo u l d  r e q u i r e  y e a r s  o f  d a i l y  i n t a k e .



MANAGEMENT RECOMMENDATIONS

R e s u l t s  f r o m  t h i s  s t u d y  s u g g e s t  t h a t  a t  t h e  a p p l i ­

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

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

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

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

t h i s  i n v e s t i g a t i o n ,  c a n  be r e c o mme n d e d  f o r  s l u d g e - r e c y c l i n g  

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

humans  c o n s u m i n g  w i l d l i f e .  H o w e v e r ,  m o n i t o r i n g  s l u d g e s  a n d  

f o r e s t  r e s p o n s e  t o  a me ndme n t  i s  r e c o mme n d e d  t o  e n s u r e  

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

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

b r a t e  d e t r i t i v o r e s  ( e . g .  e a r t h w o r m s )  r e q u i r e  f u r t h e r  s t u d y  

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

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

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

t o  a s s e s s  human a nd  w i l d l i f e  f o o d  c h a i n  h a z a r d s .
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Table 27. Mean Cd concentrations in soils collected on the
jack pine clearcut from 1980-1982.

S o i l  d e p t h  ( cm)  
T r e a t m e n t  Y e a r  _______________ ______________________

0 - 5 5 - 1 0 1 0 - 1 5 1 5 - 3 0 3 0 - 6 0 6 0 - 9 0

C o n t r o l 1980 0 . 5 0 0 . 3 8 0 . 0 8 0 . 0 3 0 . 0 0 0 . 0 0
S l u d g e 0 . 9 5 0 . 6 6 * 0 . 1 4 0 . 0 6 0 . 0 0 0 . 0 0

C o n t r o l 1981 0 . 4 2 0 . 4 2 0 . 1 6 0 . 0 0 0 . 0 0 0 . 0 0
S l u d g e 0 . 7 7 * 0 . 3 4 0 . 0 9 * 0 . 0 1 0 . 0 1 0 . 0 0

C o n t r o l 1982 0 . 3 7 0 . 4 6  ' 0 . 1 8 0 . 0 7 0 . 0 1 0 . 0 0  •
S l u d g e 0 . 7 7 * 0 . 4 2 0 . 1 4 0 . 0 4 0 . 0 1 ■ 0 . 0 0

* v a l u e  i s  s i g n i f i c a n t l y  d i f f e r e n t  ( . 1 0  l e v e l )  f r o m c o n t r o l s
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Table 28. Mean Cr concentrations in soils collected on the
jack pine clearcut from 1980-1982.

T r e a t m e n t Ye a r
S o i l d e p t h  ( cm)

0 - 5 5 - 1 0 1 0 - 1 5 1 5 - 3 0 3 0 - 6 0 6 0 - 9 0

C o n t r o l 1980 4 . 0 7 3 . 8 7 1 . 4 8 0 . 4 5 0 . 0 1 0 . 0 0
S l u d g e 4 . 0 8 3 . 9 9 1 . 6 7 0 . 4 6 0 . 0 0 0 . 0 0

C o n t r o l 1981 4 . 0 3 3 . 1 3 1 . 8 8 0 . 3 5 0 . 0 2 0 . 0 0
S l u d g e 3 . 9 6 3 .  67* 1 . 8 8 0 . 1 3 0 . 0 0 0 . 0 0

C o n t r o l 1982 3 . 3 4 3 . 1 3 1 . 6 6 0 . 4 7 0 . 0 6 0 . 0 0
S l u d g e 3 . 8 2 3 . 8 6 1 . 6 3 0 . 6 8 0 . 0 0 0 . 0 0

lvalue is significantly different (.10 level) from controls
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Table 29. Mean Cu concentrations in soils collected on the
jack pine clearcut from 1980-1982.

S o i l  d e p t h  ( cm)  
T r e a t m e n t  Ye a r  _______________________________________

0 - 5 5 - 1 0 1 0 - 1 5 1 5 - 3 0 3 0 - 6 0 6 0 - 9 0

C o n t r o l
S l u d g e

1980 2 . 4 0
2 . 6 4

2 . 3 4
2 . 5 3

0 . 9 4
0 . 6 6 *

0 . 1 5
0 . 0 9 *

0 . 0 0
0 . 0 0

0 . 0 1
0 . 0 0

C o n t r o l
S l u d g e

1981 2 . 0 3
2 . 6 7 *

2 . 1 9
2 . 3 0

0 . 6 5  
0 .  58

0 . 0 3
0 . 0 0

0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

C o n t r o l
S l u d g e

1982 2 . 3 7
2 . 4 9

2 . 1 3  
1 . 7 4

0 . 6 0
0 . 5 3

0 . 0 0
0 . 0 1

0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

*value is s i gnificantly different (.10 level) from controls
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Table 30. Mean Ni c o n c e ntrations in soils collected on the
jack pine clearcut from 1980-1982.

T r e a t m e n t  Y e a r
S o i l d e p t h (cm)

0 - 5 5 - 1 0 1 0 - 1 5 15- 30 3 0 - 6 0 6 0 - 9 0

C o n t r o l 1980 2 . 4 6 2 . 2 8 0 . 5 3 0 . 00 0 . 0 0 0 . 0 0
S l u d g e 2 . 2 0 2 . 4 6 1 . 0 4 0 . 23* 0 . 0 0 0 . 0 0

C o n t r o l 1981 2 . 6 7 2 . 3 3 0 . 8 6 0 . 05 0 , 0 0 0 . 0 0
S l u d g e 2 . 5 1 2 . 1 5 0 . 7 9 0 . 16 0 . 0 0 0 . 0 0

C o n t r o l 1982 2 . 1 2 2 . 1 3 0 . 9 5 0 . 13 0 . 0 1 0 . 0 0
_Sl udge 2 . 3 9 2 . 3 6 0 . 5 1 0 . 03 0 . 0 0 0 . 0 0

*value is significantly different (.10 level) from controls
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Table 31. Mean Zn c o n c e ntrations in soils collected on the
jack pine cleorcut from 1980-1982.

T r e a t m e n t  

60 - 9  0

Y e a r
S o i l d e p t h  ( cm)

0 - 5 5 - 1 0 1 0 - 1 5  1 5 - 30 3 0 - 6 0

C o n t r o l 1980 1A . 0 1 3 . 7 2 . 4 4 0 . 9 3 0 .  56 0 . 3 4
S l u d g e 1 2 . 3 1 0 . 9 1 . 3 7 * 1 . 0 1 0 . 6 1 0 . 9 9

C o n t r o l 1981 2 . 8 1 3 . 3 5 . 2 7 1 . 9 7 0 . 9 4 0 . 8 1
S l u d g e 1 1 . 3 1 3 . 2 3 . 1 6 0 . 8 9 * 1 . 1 4 0 . 9 5

C o n t r o l 1982 1 5 . 6 1 1 . 2 9 . 7 7 5 . 6 0 1 . 4 5 0 . 3 7
"Sl udge 1 1 . 1 * 1 4 . 3 3 . 5 6 * 2 . 7 0 1 . 2 0 0 . 6 8

*value is significantly different (.10 level) from controls
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Table 32. Mean Cd concentrations in forages collected off
the jack pine clearcut from 1980-1982.

Y e a r
S p e c i e s  T r e a t m e n t  S e a s o n  _______________________________________

1980  1981 1982

b r a m b l e s  c o n t r o l  
s l u d g e

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

s p r i n g

summer  0 . 6 8  
1 . 0 7 *

w i n t e r  0 . 8 3  
1 . 2 6 *

1 . 0 8
1 . 1 2

0 . 5 2
0 . 6 7

0 . 8 1
0 . 9 9 *

0 . 9 1  
1 . 0 5

0 . 7 1
0 . 6 1

0 . 6 1
0 . 6 5

c h e r r y
t w i g s

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

s p r i n g

summer  0 , 8 0  
0 . 6 2

w i n t e r  0 , 2 1  
0 . 2 9

0 . 6 5
0 . 7 5

0 . 5 9
0 . 5 4

0 . 4 5
0 . 2 6 *

0 . 68 
0 . 5 6

0 . 6 9
0 . 7 1

0 . 2 6
0 . 1 7

c h e r r y
l e a v e s

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

s p r i n g

summer  0 . 2 4  
0 . 1 8

0 . 5 0
0 . 88*

0 . 5 1
0 . 2 9 *

0 , 6 6
0 . 3 9

0 . 2 2
0 . 2 1

jack
pine
twigs

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

control
sludge

s p r i n g

summer  0 . 4 8  
0 . 5 5

w i n t e r  0 . 9 1  
0 . 7 4

0 . 9 1
1 . 3 4 *

0 . 3 7
0 . 6 9

1 . 2 0
1 . 0 3

0 . 8 2
0 . 7 1

0 . 3 9
0 . 4 2

0 . 9 6
0 . 8 6
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j a c k c o n t r o l s p r i n g 0 . 3 5 0 . 3 8
p i n e s l u d g e — 0 . 6 0 * 0 . 5 0

n e e d l e s
c o n t r o l summer 0 , 4 3 0 . 2 6 0 . 5 0
s l u d g e 0 . 3 3 * 0 . 3 3 0 . 5 7

c o n t r o l w i n t e r 0 , 2 4 0 . 4 5 0 . 4 8
s l u d g e 0 . 4 5 * 0 . 3 1 0 . 3 8

o r a n g e c o n t r o l s p r i n g 0 . 6 1 0 . 8 6
ha wk - s l u d g e — 1 . 0 9 * 0 . 8 4

weed
c o n t r o l summer 0 . 7 3 — 0 . 9 0
s l u d g e 1 . 5 9 * — — 0 . 8 3

p a n i c c o n t r o l s p r i n g 0 . 6 0 0 . 3 9
g r a s s s l u d g e 0 . 3 9 0 . 6 0

c o n t r o l summer 0 . 2 1 _
0 . 2 3 s l u d g e 0 . 2 9 -------

0 ,  24

s e d g e c o n t r o l s p r i n g _ _ 0 . 7 0 0 . 7 8
s l u d g e — 0 . 9 0 0 . 8 4

c o n t r o l summer 0 . 6 3 0 , 6 9
s l u d g e 0 . 4 3 0 . 5 8

s a m p l e s  c o l l e c t e d  i n  1980 i n c l u d e d  a l l  c h e r r i e s ;  1981 and  
1982 s a m p l e s  i n c l u d e d  o n l y  p i n  c h e r r y  ( P . p e n s y l v a n i c a ) 

s a m p l e s  c o l l e c t e d  i n  1980  i n c l u d e d  a l l  b r a m b l e s ;  1981 a nd
1982 s a m p l e s  i n c l u d e d  o n l y  r e d  r a s p b e r r y  ( R . i d a e u s )

*value is significantly different (.10 level) from controls
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Table 33. Mean Cr c o n c entrations in forages collected off
the jack pine clearcut from 1980-1982.

Ye a r
S p e c i e s T r e a t m e n t S e a s o n

1980 1981 1982

b r a m b l e s c o n t r o l  
s l u d g e  •

s p r i n g — 2 . 2 6
2 . 1 9

2 . 0 2  
1 . 8 9

c o n t r o l
s l u d g e

summer 1 . 4 7
1 . 5 0

1 . 1 4
1 . 5 2 *

1 . 3 7  
1 . 7 5

c o n t r o l w i n t e r 2 . 2 9 2 . 1 3 1 . 6 9
, s l u d g e 1 . 4 5 * 1 . 8 6 1 . 8 8

' c h e r r y c o n t r o l  ' s p r i n g 2 . 4 5 2 . 6 9
t w i g s s l u d g e 3 . 2 5 * 2 . 6 8

c o n t r o l
s l u d g e

summer 1 . 0 4
0 . 7 4 *

0 . 9 9
0 . 9 1

1 . 1 3  
1 , 1 2

c o n t r o l
s l u d g e

w i n t e r 2 . 1 7
2 . 2 9

2 . 2 5
2 . 3 4

2 . 3 7
2 . 0 5

c h e r r y c o n t r o l s p r i n g 1 . 9 3 2 . 1 1
l e a v e s s l u d g e ---------- 1 . 9 5 1 . 8 4

c o n t r o l
s l u d g e

summer 1 . 7 4  
1 . 0 8 *

1 . 5 9  
1 . 9 3

0 . 7 1
0 . 9 5

j a c k c o n t r o l s p r i n g 1 . 7 4 2 . 3 9
p i n e

t w i g s
s l u d g e “  “ 2 . 5 7 * 2 . 9 6

c o n t r o l
s l u d g e

summer 0 . 7 9
0 . 9 1

0 . 8 5
0 . 6 9

0 . 9 1  
1 . 2 5

c o n t r o l
s l u d g e

w i n t e r 1 . 5 4
3 . 3 7

1 . 6 9  
1 . 5 4

1 . 8 5  
1 . 9 5
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j a c k c o n t r o l s p r i n g 1 . 4 0 1 . 2 8
p i n e s l u d g e — 1 . 5 4 1 . 4 2

n e e d l e s
c o n t r o l summer 0 . 7 2 0 . 6 8 0 . 5 5
s l u d g e 1 . 2 0 * 0 . 5 1 0 . 6 9

c o n t r o l w i n t e r 1 . 6 3 1 . 2 5 1 . 2 0
s l u d g e 1 . 9 5 1 . 7 1 1 . 8 6

o r a n g e c o n t r o l s p r i n g 1 . 9 6 1 . 4 2
ha wk - s l u d g e — 2 . 9 1 * 2 . 2 1

weed
c o n t r o l summer 2 . 2 8 — 2 . 4 2
s l u d g e 5 . 8 4 * — ™ 3 . 2 3

p a n i c c o n t r o l s p r i n g 1 . 1 4 1 . 4 2
g r a s s s l u d g e — 1 . 7 8  * 1 . 0 3

c o n t r o l summer 0 . 4 7 0 . 7 8
s l u d g e 0 . 7 6 * 0 . 8 6

s e d g e c on  t r o l s p r i n g 0 . 5 4 0 . 9 9
s l u d g e ------ 0 . 6 2 0 . 7 7

c o n t r o l summer 0 . 4 1 0 . 5 6
s l u d g e 0 . 4 1 0 . 4 2

s a m p l e s  c o l l e c t e d  i n  1980 i n c l u d e d  a l l  c h e r r i e s ;  1981 a nd  
1982 s a m p l e s  i n c l u d e d  o n l y  p i n  c h e r r y  ( F . p e n a y l v a n i c a ) 

s a m p l e s  c o l l e c t e d  i n  1980  i n c l u d e d  a l l  b r a m b l e s ;  1981 a n d
1982 s a m p l e s  i n c l u d e d  o n l y  r e d  r a s p b e r r y  ( R . i d a e u s )

*value is significantly different (.10 level) from controls
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Table 34. Mean Cu concentrations in forages collected off
the jack pine clearcut from 1980-1982.

S p e c i e s  T r e a t m e n t  S e a s o n
1980

Ye a r

1981 1982

b r a m b l e s  c o n t r o l  
s l u d g e

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

s p r i n g

summer  2 . 3 3  
2 . 9 9 *

w i n t e r  1 , 7 8  
3 . 1 9 *

1 . 8 8
2 . 6 6 *

2 . 5 9
2 . 1 3

1 . 7 1
1 . 7 2

1 . 9 6
1 . 6 1

2 . 4 0
2 . 6 4

1 . 9 5  
1 . 6 1

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

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

c h e r r y  c o n t r o l  
l e a v e s  s l u d g e

c o n t r o l
s l u d g e

s p r i n g

summer 6 . 4 4  
2 . 7 1

w i n t e r  8 . 2 9  
2 . 1 8

s p r i n g

summer 1 . 8 0  
2 . 2 0

3 . 8 0
3 . 1 3

4 . 8 5
4 . 3 1

5 . 3 8
3 . 5 1

1 . 2 5  
0 . 8 8

1 . 5 6
1 . 7 2

3 . 0 4
2 . 6 6

5 . 2 0  
4 . 5 5

3 . 4 0
3 . 2 0

1 . 0 9  
1 . 0 3

1 . 6 9  
1 . 9 6

jack
pine
twigs

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

control
sludge

s p r i n g

summer  1 . 4 8  
1 . 6 6

w i n t e r  2 . 6 4  
1 . 7 9

1 . 2 9  
1 . 9 4

1 . 3 4
1 . 1 6

2 . 7 8
2 . 0 0

1 . 4 1  
1 . 8 4

1 . 6 5
2 . 0 5

2 . 0 4
3 . 3 4 *
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j a c k c o n t r o l s p r i n g — 1 . 9 3 4 . 7 9
p i n e s l u d g e --- 2 . 8 4 2 . 8 2

c o n t r o l summer 1 . 6 3 1 . 8 4 2 . 2 9
s l u d g e 2 . 0 1 1 . 5 1 1 . 6 7

c o n t r o l w i n t e r 2 . 6 4 2 . 5 3 1 . 8 6
s l u d g e 1 . 7 9 2 . 0 3 2 , 1 1

o r a n g e c o n t r o l s p r i n g _ _ 3 . 9 3 2 , 4 2
h a wk - s l u d g e --- 6 , 7 7 * 4 . 3 4

c o n t r o l summer 3 . 8 2 3 . 9 0
s l u d g e 9 . 6 2 * --- 5 . 8 6

p a n i c c o n t r o l s p r i n g 0 . 7 4 0 . 8 5
g r a s s s l u d g e  ‘ --- 0 . 3 0 0 . 5 4

c o n t r o l summer 0 . 9 7 1 . 0 8
s l u d g e 2 . 27 --- 0 . 8 3

s e d g e c o n t r o l s p r i n g 1 . 3 1 1 . 7 3
s l u d g e --- 1 . 7 2 2 . 2 3

c o n t r o l summer 3 . 9 8 4 . 7 5
s l u d g e 2 . 5 1 — 2 . 9 9

s a m p l e s  c o l l e c t e d  I n  1980  I n c l u d e d  a l l  c h e r r i e s ;  1981 and  
1982  s a m p l e s  I n c l u d e d  o n l y  p i n  c h e r r y  ( F . p e n s v l v a n i c a ) 

s a m p l e s  c o l l e c t e d  i n  1980  I n c l u d e d  a l l  b r a m b l e s ;  1981 and  
1982  s a m p l e s  I n c l u d e d  o n l y  r e d  r a s p b e r r y  ( R . i d a e u s )

♦ v a l u e  i s  s i g n i f i c a n t l y  d i f f e r e n t  ( . 1 0  l e v e l )  f r o m  c o n t r o l s
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Table 35. Mean Ni concentrations in forages c o llected off
the jack pine clearcut from 1980-1982.

Ye a r
S p e c i e s  T r e a t m e n t  S e a s o n   _______________________________________

1980  1981 1982

b r a m b l e s  c o n t r o l  
s l u d g e

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

s p r i n g

summer  1 . 9 4  
1 . 9 4

w i n t e r  0 . 9 8  
2 , 4 3 *

0 , 6 2
0 . 4 1

1 . 6 1  
1 . 8 7

1 . 1 7
1 . 6 4

0 . 3 9
0 . 6 0

1 . 3 4  
1 . 8 4

1 . 4 9  
1 . 0 3

c h e r r y
t w i g s

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

s p r i n g

summer

w i n t e r

1 . 1 5  
1 , 5 3 *

2 . 3 9  
1 . 2 8

0 . 9 0
1 . 1 5

0 . 9 3  
1 . 0 7

1 . 6 3  
1 . 9 3

1 . 2 7  
1 . 0 7

1 . 3 1
1 . 1 5

1 . 6 4  
1 . 3 4

c h e r r y
l e a v e s

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

s p r i n g

summer  2 . 0 6  
1 , 7 7

1 . 3 7
0 . 6 9

1 . 6 6  
1 . 9 1

1 . 1 9  
0 . 7 7

1 . 8 7  
2 . 0 0

jack
pine
twigs

c o n t r o l
s l u d g e

c o n t r o l
s l u d g e

control
sludge

s p r i n g

summer  1 . 7 6  
1 . 8 1

w i n t e r  1 . 7 2  
2 . 3 1 *

1 . 4 9  
1 . 6 3

1 . 1 8  
1 . 9 0 *

1 . 6 8  
2 . 2 2

1 . 5 1  
1 . 8 4

1 . 8 8  
1 . 2 0

1 . 4 1  
1 . 8 6
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j a c k c o n t r o l s p r i n g 0 . 8 8 0 . 4 5
p i n e s l u d g e — 0 . 6 6 1 . 4 6 *

n e e d l e s
c o n t r o l summer  1 . 6 3 1 . 8 4 2 . 0 8
s l u d g e 1 . 7 6 1 . 6 9 1 . 8 6

c o n t r o l w i n t e r  1 . 2 6 1 . 4 6 1 . 1 1
s l u d g e 1 . 5 5 1 . 7 8 1 . 5 3

o r a n g e c o n t r o l s p r i n g 2 . 8 3 2 . 7 5
hawk- s l u d g e 3 . 5 4 3 . 8 3

weed
c o n t r o l summer  3 . 7 4 4 . 3 8 2 . 5 4
s l u d g e 5 . 4 4 * 4 . 6 6 4 . 8 7 *

p a n i c c o n t r o l s p r i n g  , — 0 . 4 4 0 . 4 1
g r a s s s l u d g e — — 0 . 7 7 * 0 . 3 4

c o n t r o l summer  0 . 6 9 0 . 9 5 0 . 8 5
s l u d g e 1 . 2 6 * 0 . 6 6 0 . 7 5

s e d g e c o n t r o l s p r i n g  — 0 . 6 8 0 . 2 7
s l u d g e — 0 . 4 1 0 . 6 3

c o n t r o l sunnier  1.  24 1 . 4 3 1 . 8 6
s l u d g e 1 . 5 0 1 . 5 6 1 . 2 8

s a m p l e s c o l l e c  t e d i n  1980 i n c l u d e d a l l  c h e r r i e s ; 1981 a nd
1932 s a m p l e s  i n c l u d e d  o n l y  p i n  c h e r r y  ( P . p e n s y l v a n i c a )

s a m p l e s c o l l e c t e d i n  1980 i n c l u d e d a l l  b r a m b l e s ; 1981 and
1982 s a m p l e s  i n c l u d e d  o n l y  r e d  r a s p b e r r y  ( R . i d a e u s )

* v a l u e i s  s i g n i f i c a n t l y  d i f f e r e n t  ( . 1 0  l e v e l )  f r om c o n t r o l s
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Table 36. Mean 2n c o n c e ntrations in forages collected off
the jack pine clearcut from 1980-1982.

S p e c i e s T r e a t m e n t S e a s o n
Ye a r

1980 1981 1982

b r a m b l e s c o n t r o l
s l u d g e

s p r i n g 3 4 . 5
2 4 . 8

4 1 . 1
2 8 . 7

c o n t r o l
s l u d g e

summer 5 3 . 2
6 5 . 6

6 3 . 8
6 8 . 7

6 9 . 4
5 3 . 9

c o n t r o l
s l u d g e

w i n t e r 5 6 . 6
7 8 . 3 *

7 3 . 0
7 0 . 7

9 3 . 7
8 0 . 9

c h e r r y c o n t r o l s p r i n g 7 4 . 8 6 0 . 6
t w i g s s l u d g e -------- 8 5 . 7 7 0 . 9

c o n t r o l
s l u d g e

summer 4 8 . 2
9 4 . 0

5 6 . 4
4 2 . 8

4 7 . 3
4 7 . 6

c o n t r o l
s l u d g e

w i n t e r 5 1 . 9
5 5 . 9

6 5 . 0
5 3 . 9

6 4 , 2
6 0 . 4

c h e r r y c o n t r o l s p r i n g —  — 8 . 1 1 7 . 6 6
l e a v e s s l u d g e — — 1 3 . 1 1 2 , 8

c o n t r o l
s l u d g e

summer 1 8 . 6
2 5 . 2

1 7 . 1
1 8 . 6

1 6 . 0
1 8 . 8

j a c k c o n t r o l s p r i n g —  — 166 210
p i n e

t w i g s
s l u d g e 185 187

c o n t r o l
s l u d g e

summer 5 0 , 3
5 6 . 2

6 3 . 4
7 4 . 6

5 3 . 9
6 7 . 3

c o n t r o l
s l u d g e

w i n t e r 151
6 7 . 8

108
135

114
8 5 . 5



Table 36. cent.
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j a c k c o n t r o l s p r i n g 9 5 . 0 6 6 . 0
p i n e s l u d g e — 7 7 , 4 8 0 . 9

n e e d l e s
c o n t r o l summer 4 3 . 2 4 6 . 1 49 . 3
s l u d g e 4 5 . 6 6 6 , 4 5 3 . 1

c o n t r o l w i n t e r 151 109 136
s l u d g e 6 7 . 8 103 9 6 . 4

o r a n g e c o n t r o l s p r i n g 9 3 . 9 8 6 . 3
h a wk - s l u d g e ------ 7 3 . 0 8 6 . 4

weed
c o n t r o l summer 115 — 132
s l u d g e 154 — 114

p a n i c c o n t r o l s p r i n g — — 8 . 8 3 11. 2 .
g r a s s s l u d g e — — 5 . 5 7 9 . 2 2

c o n t r o l summer 1 4 . 8 M _ 1 9 . 6
s l u d g e 3 0 , 1 * ---- 1 8 . 8

s e d g e c o n t r o l s p r i n g 2 1 . 7 2 6 . 1
s l u d g e 2 5 . 4 1 5 . 2

c o n t r o l summer 5 3 . 0 3 8 . 1
s l u d g e 6 5 . 6 5 1 . 0

s a m p l e s  c o l l e c t e d  i n  1980 i n c l u d e d  a l l  c h e r r i e s ;  1981 a nd  
1982  s a m p l e s  i n c l u d e d  o n l y  p i n  c h e r r y  ( P . p e n s y l v a n i c a ) 

s a m p l e s  c o l l e c t e d  i n  1980  i n c l u d e d  a l l  b r a m b l e s ;  1981 a nd
1982 s a m p l e s  i n c l u d e d  o n l y  r e d  r a s p b e r r y  ( R. i d a e u s )

* v a l u e  i s  s i g n i f i c a n t l y  d i f f e r e n t  ( . 1 0  l e v e l )  f r o m c o n t r o l s
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Table 37. Mean Cd conce n t r a t i o n s  in forages collected off
the aspen study area from 1982-1984.

Ye a r
S p e c i e s  T r e a t m e n t  S e a s o n

1982 1983 1984

w i l d c o n t r o l  s p r i n g 1 . 1 9 a 1 . 6 4
s t r a w ­ t r a i l s  o n l y 2 . 3 2 b 1 . 8 3 1 . 4 6

b e r r y s l u d g e 1 . 7 6 b 1 . 5 5 1 . 0 3

c o n t r o l  summer 0 . 7 3 0 . 6 5
t r a i l s  o n l y 0 , 8 2 0 . 4 8 0 . 4 3
s l u d g e 0 . 9 5 0 . 5 3 0 . 4 5

o r a n g e c o n t r o l  s p r i n g 0 . 9 5 ■1. 13
h a w k - t r a i l s  o n l y 0 . 9 6 0 . 7 3 0 . 6 5

weed s l u d g e 0 . 7 3 1 . 0 0 1 . 1 2

c o n t r o l  summer 0 . 9 2 0 . 7 2 _  _

t r a i l s  o n l y 0 . 6 9 0 . 6 9 0 . 5 8
s l u d g e 0 . 7 4 0 , 8 2 0 . 4 9

p a n i c c o n t r o l  s p r i n g 0 . 2 5 a 0 . 18a _  _

g r a s s t r a i l s  o n l y 0 . 12b 0 . 3 6 b 0 .  20
s l u d g e 0 . 2 6 a 0 .  21 a b 0 . 1 4

c o n t r o l  summer 0 . 2 8 a 0 . 1 5
t r a i l s  o n l y 0 , 26a  b 0 . 2 6 0 . 1 6
s l u d g e 0 . 12b 0 . 2 2 0 . 1 2

b i g t o o  t h c o n t r o l  s p r i n g 0 . 4 9 0 . 4 5 —  _

a s p e n t r a i l s  o n l y 0 . 2 2 0 . 3 1 0 . 4 7
s l u d g e 0 . 4 1 0 . 4 1 0 . 2 8

c o n t r o l  summer 0 . 3 4 0 . 1 5 __ _

t r a i l s  o n l y 0 . 2 8 0 . 3 0 0 . 2 3
s l u d g e 0 . 3 9 0 . 1 5 0 . 1 9

c o n t r o l  w i n t e r
t r a i l s  o n l y 0 , 2 8 0 . 2 5 0 . 3 2
s l u d g e 0 . 3 9 0 . 3 6 0 . 4 1



125

Table 37. cont.

t r e m b ­ c o n t r o l  s p r i n g 0 . 4 8 0 . 3 4
l i n g t r a i l s  o n l y 0 . 4 8 0 . 3 9 0 . 5 1

a s p e n s l u d g e 0 . 4 4 0 . 2 8 0 . 3 3

c o n t r o l  summer 0 . 3 4 0 . 1 8
t r a i l s  o n l y 0 . 3 8 0 . 2 8 0 . 3 9
s l u d g e 0 . 3 9 0 . 2 9 0 . 4 3

c o n t r o l  w i n t e r _ _
t r a i l s  o n l y 0 . 2 6 0 . 4 3 0 . 4 1
s l u d g e 0 . 2 8 0 . 1 5 0 . 3 0

p i n c o n t r o l  s p r i n g 0 . 5 5 0 . 2 1 _  —

c h e r r y t r a i l s  o n l y 0 . 3 6 0 . 3 6 0 . 7 3
s l u d g e 0 . 5 3 0 . 4 7 0 . 4 0

' c o n t r o l  summer 0 . 2 6 0 . 3 0 • •

t r a i l s  o n l y 0 . 2 9 0 . 2 0 0 . 4 1
s l u d g e 0 . 3 2 0 . 2 2 0 . 2 6

c o n t r o l  w i n t e r _ _ « «  — _ _
t r a i l s  o n l y 0 . 3 6 0 . 5 5 0 . 3 3
s l u d g e 0 . 3 9 0 . 2 3 0 . 5 4

b r a c k e n c o n t r o l  s p r i n g 0 . 2 5 a 0 . 18a
f e r n t r a i l s  o n l y 0 . 12b 0 . 3 6 b 0 . 2 0

s l u d g e 0 . 2 6 a 0 . 2 1 a b 0 . 1 4

c o n t r o l  summer 0 . 2 8 a 0 . 1 5 _ _
t r a i l s  o n l y 0 . 26a  b 0 . 2 6 0 . 1 6
s l u d g e 0 . 12b 0 . 2 2 0 . 1 2

*  values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 38. Mean Cr concentrations in forages collected off
the aspen study area from 1982-1984.

Y e a r
S p e c i e s  T r e a t m e n t  S e a s o n

1982 1983 1984

w i l d c o n t r o l  s p r i n g 1 . 5 4 1 . 2 7
s t r a w ­ t r a i l s  o n l y 1 . 3 3 1 . 4 5 1 . 6 7

b e r r y s l u d g e 1 . 5 0 1 . 9 8 2 . 1 6

c o n t r o l  summer 1 . 5 1 1 . 7 2 _ ̂
t r a i l s  o n l y 2 . 0 6 2 . 2 7 1 . 7 4
s l u d g e 1 . 7 8 2 . 1 3 1 . 9 3

o r a n g e c o n t r o l  s p r i n g 2 . 7 7 1 . 6 6 _______

ha wk - t r a i l s  o n l y i . 54 1 . 6 2 1 . 6 1
weed s l u d g e 2 . 5 0 3 . 2 0 2 . 3 2

c o n t r o l  summer 2 . 0 9 2 . 1 1 _
t r a i l s  o n l y 2 . 2 5 1 . 7 2 2 . 8 4
s l u d g e 2 . 1 5 1 . 6 5 1 . 7 9

p a n i c c o n t r o l  s p r i n g 1 . 4 5 0 . 7 0
g r a s s t r a i l s  o n l y 1 . 2 7 1 . 3 6 0 . 8 8

s l u d g e 0 . 5 5 1 . 0 5 1 . 4 1

c o n t r o l  summer 0 . 7 1 0 . 6 5
t r a i l s  o n l y 0 . 8 4 0 . 8 0 1 .  13
s l u d g e 0 . 7 2 0 . 6 9 0 . 6 8

b i g t o o t h c o n t r o l  s p r i n g 0 . 2 7 0 . 2 0
a s p e n t r a i l s  o n l y 0 . 6 1 0 . 3 4 0 . 3 9

s l u d g e 0 . 3 1 0 . 4 4 0 . 4 5

c o n t r o l  summer 0 . 4 0 0 . 6 8 • V M

t r a i l s  o n l y 0 . 5 6 0 . 6 7 0 . 1 8
s l u d g e 0 . 3 6 0 . 4 5 0 . 5 2

c o n t r o l  w i n t e r mm mm

t r a i l s  o n l y 2 . 5 2 1 . 9 0 2 . 8 6
s l u d g e 1 . 5 3 1 . 7 9 1 . 5 7
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Table 33. cont.

t r e m b ­ c o n t r o l  s p r i n g 0 . 4 8 0 . 4 9 „

l i n g t r a i l s  o n l y 0 . 5 9 0 . 7 2 0 . 6 9
a s p e n s l u d g e 0 . 3 0 0 . 5 3 0 , 5 4

c o n t r o l  summer 0 . 6 4 0 . 3 4
t r a i l s  o n l y 0 . 4 2 0 . 6 3 0 . 5 1
s l u d g e 0 . 4 8 0 . 4 7 0 . 6 6

c o n t r o l  w i n t e r
t r a i l s  o n l y 1 . 1 2 1 . 3 1 1 . 0 6
s l u d g e 1 . 0 5 1 . 1 6 1 . 3 2

p i n c o n t r o l  s p r i n g 1 . 5 4 1 . 3 6
c h e r r y t r a i l s  o n l y 1 . 3 3 1 . 4 2 1 . 9 0

s l u d g e 1 . 5 0 1 . 3 5 3 . 1 8
-

c o n t r o l  summer 1 . 2 8 1 . 8 0
t r a i l s  o n l y 1 . 1 4 1 . 1 0 1 . 1 1
s l u d g e 1 . 4 0 1 . 2 5 1 . 7 8

c o n t r o l  w i n t e r _ _ _
t r a i l s  o n l y 1 . 5 4 1 . 7 9 2 . 3 4
s l u d g e 2 . 8 0 1 . 7 7 2 . 8 4

b r a c k e n c o n t r o l  s p r i n g 0 . 9 0 0 . 6 5
f e r n t r a i l s  o n l y 0 . 8 6 0 . 4 2 0 . 9 9

s l u d g e 0 . 6 0 0 . 8 3 0 . 8 2

c o n t r o l  summer 0 . 2 3 0 . 1 7 * * *

t r a i l s  o n l y 0 . 4 1 0 . 3 7 0 . 6 0
s l u d g e 0 . 4 4 0 . 3 2 0 . 5 2

# values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 39. Mean Cu c o n c e ntrations in forages collected off
the aspen study area from 1982-1984.

S p e c i e s  T r e a t m e n t  S e a s o n
1982

Ye a r

1983 1984

w i l d
s t r a w ­

b e r r y

o r a n g e
ha wk -

weed

p a n i c
g r a s s

b i g t o o t h
a s p e n

c o n t r o l  s p r i n g  4 . 6 7
t r a i l s  o n l y  2 . 3 2
s l u d g e  3 . 6 6

c o n t r o l  summer  3 . 5 2
t r a i l s  o n l y  3 . 4 3
s l u d g e  2 . 7 2

c o n t r o l  s p r i n g  1 . 9 7
t r a i l s  o n l y  2 . 7 1
s l u d g e  1 . 9 5

c o n t r o l  summer  3 . 0 7
t r a i l s  o n l y  3 . 3 6
s l u d g e  2 . 6 5

c o n t r o l  s p r i n g  0 . 3 0
t r a i l s  o n l y  0 . 3 9
s l u d g e  0 . 5 8

c o n t r o l  summer  0 . 9 9
t r a i l s  o n l y  1 , 0 3
s l u d g e  1 . 1 2

c o n t r o l  s p r i n g  2 . 0 2
t r a i l s  o n l y  1 . 6 9
s l u d g e  1 . 8 4

c o n t r o l  summer  1 . 5 3
t r a i l s  o n l y  1 . 4 4
s l u d g e  1 . 4 5

c o n t r o l  w i n t e r  —
t r a i l s  o n l y  6 , 2 7
s l u d g e  4 . 9 9

3 . 4 1
3 . 2 9
3 . 3 4

2
3
3

,43
64
17

1 . 7 5  
1 . 1 8  
3 . 6 4

3 . 4 8
2 . 5 9
3 . 9 5

0 . 7 3 a b
1 . 3 1 b
0 . 9 5 a

1 . 1 5
1 . 3 3
0 . 7 4

1 . 7 5  
1 . 5 1  
1 . 8 7

1 . 8 6
1 . 4 1
1 . 1 8

4 . 8 2
4 . 3 3

2 . 7 9
3 . 1 1

2 . 5 3
2 . 7 6

2 . 1 2
2 . 0 4

2 . 6 6
2 . 5 9

0 . 5 4
0 . 4 1

1 . 2 5  
1 . 3 1

1 . 6 8
1 . 2 2

1 . 4 3  
1 . 7 3

2 . 6 6
3 . 1 0
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Table 39. cont.

t r e m b ­ c o n t r o l  s p r i n g 1 . 8 7 1 . 4 4
l i n g t r a i l s  o n l y 1 . 1 3 1 . 7 4 1 . 3 7

a s p e n s l u d g e 1 . 9 5 1 . 4 8 1 . 7 2

c o n t r o l  summer 1 . 6 0 1 . 4 5
t r a i l s  o n l y 1 . 7 0 2 . 5 9 2 . 2 7
s l u d g e 1 . 2 1 1 . 6 2 1 . 6 3

c o n t r o l  w i n t e r _  _ _  _

t r a i l s  o n l y 7 . 3 8 6 . 9 7 5 . 4 2
s l u d g e 8 . 7 2 6 . 7 4 7 . 4 0

p i n c o n t r o l  s p r i n g 1 . 3 8 1 . 7 4 _  —
c h e r r y t r a i l s  o n l y 1 . 4 9 1 . 3 5 1 . 4 6

s l u d g e 1 . 1 5 1 . 6 6 1 . 5 3

c o n t r o l ' summer 2 . 2 2 1 . 3 5
t r a i l s  o n l y 1 . 5 1 1 . 3 5  - 1 . 9 8
s l u d g e 1 . 5 4 1 . 1 2 1 . 7 2

c o n t r o l  w i n t e r **
t r a i l s  o n l y 6 . 1 7 5 . 1 5 6 . 0 9
s l u d g e 8 . 3 5 6 . 4 2 6 . 9 4

b r a c k e n c o n t r o l  s p r i n g 2 . 4 2 a 3 . 1 7a b —  ^

f e r n t r a i l s  o n l y 2 . 2 3 a 2 . 9 3 a 2 . 2 7
s l u d g e 3 . 7 1 b  ' 2 . 3 6 b 3 . 1 8

c o n t r o l  summer 2 . 3 5 2 . 6 9 ^  —

t r a i l s  o n l y 1 . 9 7 2 . 1 3 2 . 2 8
s l u d g e 1 . 8 9 1 . 5 1 2 . 7 0

* values within a year and season with the same letter are
not s i g nificantly different (at the .10 level)
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Table 40. Mean Hi concentrations in forages collected off
the aspen study area from 1982-1984.

Y e a r
S p e c i e s  T r e a t m e n t  S e a s o n  __________________

1982 1983 1984

w i l d c o n t r o l  s p r i n g 1 . 3 1 1 . 2 5
s t r a w ­ t r a i l s  o n l y 1 . 8 7 1 . 6 8 1 . 5 8

b e r r y s l u d g e 1 . 9 0 1 . 7 4 1 . 1 6

c o n t r o l  summer 1 . 4 2 1 . 4 5 — __
t r a i l s  o n l y 1 . 6 9 1 . 3 0 0 . 9 5
s l u d g e 0 . 8 5 1 . 7 6 0 . 8 8

o r a n g e c o n t r o l  s p r i n g 1 . 4 3 1 . 6 8 a
- h a w k - t r a i l s  o n l y 1 . 4 9 1 .8,0a b 1 . 3 3

weed s l u d g e 1 . 5 3 2 . 8 6 b 1 . 9 2

c o n t r o l  summer 3 . 3 1 2 . 2 4 _  _
t r a i l s  o n l y 3 . 2 9 2 . 7 7 1 . 3 9
s l u d g e 2 . 1 8 2 . 4 5 2 . 7 8

p a n i c c o n t r o l  s p r i n g 0 , 9 4 0 . 5 9 ^  _
g r a s s t r a i l s  o n l y 0 . 5 0 0 . 6 8 0 . 8 6

s l u d g e 1 , 0 2 0 . 7 5 0 . 7 2

c o n t r o l  summer 0 . 9 3 1 . 0 6
t r a i l s  o n l y 1 . 3 3 0 . 7 9 0 . 9 1
s l u d g e 0 . 8 0 0 . 6 0 0 . 8 0

b i g t o o t h c o n t r o l  s p r i n g 1 . 8 0 1 . 4 2
a s p e n t r a i l s  o n l y 1 . 7 9 1 . 5 5 1 . 8 2

s l u d g e 1 . 7 9 1 . 7 5 1 . 4 9

c o n t r o l  summer 1 . 9 8 1 , 2 3 a
t r a i l s  o n l y 1 . 8 1 2 . 4 2 b 1 . 7 6
s l u d g e 1 . 5 6  , 1 . 8 9 a b 1 . 9 2

c o n t r o l  w i n t e r
t r a i l s  o n l y 2 . 7 1 2 . 4 0 3 . 1 1
s l u d g e 1 . 4 1 2 . 3 4 3 . 0 3
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Table 40. cont.

t r e m b -  c o n t r o l  s p r i n g  1 . 7 2
l i n g  t r a i l s  o n l y  1 . 0 4

a s p e n  s l u d g e  1 . 4 9

c o n t r o l  summer  2 . 0 0
t r a i l s  o n l y  1 . 1 6
s l u d g e  1 . 7 8

c o n t r o l  w i n t e r  —
t r a i l s  o n l y  2 . 8 9
s l u d g e  2 . 5 3

p i n  c o n t r o l  s p r i n g  1 . 1 0
c h e r r y  t r a i l s  o n l y  1 . 6 2

s l u d g e  1 . 4 7

c o n t r o l '  summer  1 , 1 5
t r a i l s  o n l y  1 . 9 0
s l u d g e  1 . 1 5

c o n t r o l  w i n t e r
t r a i l s  o n l y  1 . 4 1
s l u d g e  1 . 7 3

b r a c k e n  c o n t r o l  s p r i n g  1 . 0 9
f e r n  t r a i l s  o n l y  0 . 8 5

s l u d g e  0 . 7 4

c o n t r o l  summer 0 . 8 7
t r a i l s  o n l y  1 . 0 3
s l u d g e  0 . 7 7

1 . 6 5  
1 . 2 7  
1 . 7 3

1 . 6 7
2 . 2 0
1 . 6 5

3 . 1 7
2 . 6 2

1 . 3 9
1 . 4 4
1 . 2 3

0 . 8 6
1 . 6 9
1 . 1 9

1 . 3 7
1 . 4 3

0 . 9 8
0 , 7 1
1 . 1 0

0 . 6 8
0 . 8 0
0 . 3 9

1 . 5 6  
1 . 2 4

1 . 8 6  
1 . 9 0

2 . 5 5
2 . 9 5

2 . 3 2  
1 . 5 2

1 . 4 5
1 . 2 1

1 . 9 6  
1 . 7 8

0 . 7 9  
0 . 6 6

1 . 1 2
0 . 7 4

* values within a year and season with the sane letter are
not significantly different (at the .10 level)
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Table 41. Mean Zn c o n c entrations in forages collected off
the aspen study area from 1982-1984.

Ye a r
S p e c i e s  T r e a t m e n t S e a s o n

1982 1983 1984

w i l d c o n t r o l  s p r i n g 6 6 . 4 9 2 . 4 .
s t r a w ­ t r a i l s  o n l y 8 8 . 1 4 5 . 2 9 0 . 9

b e r r y s l u d g e Cl  . 5 5 4 , 1 7 7 . 0

c o n t r o l  summer 7 9 . 0 8 7 . 1 mm —
t r a i l s  o n l y 6 6 . 9 6 7 . 0 6 8 . 8
s l u d g e 7 2 . 8 8 8 . 0 4 4 . 7

o r a n g e c o n t r o l  s p r i n g 151 112
‘ h a wk - t r a i l s  o n l y 172 155 131

weed s l u d g e 192 158 170

c o n t r o l  summer 9 9 . 7 163
t r a i l s  o n l y 121 115 8 4 . 5
s l u d g e 129 132 102

p a n i c c o n t r o l  s p r i n g 2 2 . 6 4 6 . 3
g r a s s t r a i l s  o n l y 3 1 . 6 3 5 . 2 2 3 , 3

s l u d g e 2 9 . 8 3 9 . 5 2 8 . 0

c o n t r o l  summer 104a 142 _ _
t r a i l s  o n l y 1 24o 141 118
s l u d g e 156b 130 135

b i g  t o o t h c o n t r o l  s p r i n g 8 4 . 6 7 5 . 0
a s p e n t r a i l s  o n l y 7 4 . 6 7 2 . 0 6 5 . 2

s l u d g e 7 4 . 6 5 4 . 8 5 7 . 1

c o n t r o l  summer 4 0 . 2 3 5 . 2 mm mm
t r a i l s  o n l y 4 4 . 3 4 3 . 8 3 3 . 2
s l u d g e 4 8 . 8 6 0 . 9 6 4 . 8

c o n t r o l  w i n t e r mmmm
t r a i l s  o n l y 118 7 3 . 1 8 4 . 1
s l u d g e 6 8 . 2 7 8 . 3 9 7 . 9
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t r e m b ­
l i n g

a s p e n

p i n
c h e r y

b r a c k e n
f e r n

c o n t r o l  s p r i n g  7 9 . 3 a  5 1 . 2
t r a i l s  o n l y  3 8 . 8 b  7 5 . 5
s l u d g e  9 7 . 5 a  7 2 . 4

c o n t r o l  summer 4 9 . 4  5 9 . 6
t r a i l s  o n l y  4 2 . 1  3 5 . 7
s l u d g e  4 1 . 0  3 7 . 4

c o n t r o l  w i n t e r  —  —
t r a i l s  o n l y  8 1 . 6  7 5 . 2
s l u d g e  7 8 . 1  6 7 . 5

c o n t r o l  s p r i n g  6 3 . 8  8 9 . 2
t r a i l s  o n l y  7 3 . 8  8 2 . 3
s l u d g e  7 4 . 2  5 9 . 9

c o n t r o l '  summer  4 4 . 7  4 0 . 1
t r a i l s  o n l y  4 2 . 6  3 7 . 3
s l u d g e  3 0 . 8  5 7 . 2

c o n t r o l  w i n t e r  —  —
t r a i l s  o n l y  7 3 . 8  8 0 . 8
s l u d g e  5 4 , 7  7 7 . 5

c o n t r o l  s p r i n g  7 7 . 1  8 3 . 6
t r a i l s  o n l y  6 2 . 8  5 8 , 4
s l u d g e  6 8 . 0  6 7 . 6

c o n t r o l  summer  105 7 5 . 5
t r a i l s  o n l y  8 5 . 2  8 3 . 4
s l u d g e  112 9 6 . 3

9 1 . 1
6 1 . 3

4 6 . 7
5 6 . 5

6 1 . 7
7 9 . 5

62 . 9
7 4 . 8

5 5 . 6
3 4 . 6

147a
6 9 . 7 b

7 2 . 2
5 7 . 2

103
9 1 . 1

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 42. Mean Cd concentrations in forages collected off
the oak study area from 1982-1984.

S p e c i e s T r e a t m e n t  S e a s o n
Ye a r

1982 1983 1984

b r a c l c e n c o n t r o l  s p r i n g 0 . 2 9 0 . 5 1
f e r n t r a i l s  o n l y 0 . 3 5 0 . 2 5 0 . 2 2

s l u d g e 0 . 2 3 0 . 2 6 0 .  34

c o n t r o l  summer 0 . 2 6 0 . 3 5
t r a i l s  o n l y 0 . 2 4 0 . 3 2 0 . 4 3
s l u d g e 0 . 4 8 0 . 3 3 0 . 2 1

r e d  oa k c o n t r o l  s p r i n g 0 . 7 0 1 . 0 6 — _
t r a i l s  o n l y 0 . 7 2 0 . 6 0 0 . 6 9
s l u d g e 0 . 6 0 0 . 8 3 0 . 9 6

c o n t r o l  summer 0 . 3 8 0 . 5S
t r a i l s  o n l y 0 . 4 4 0 . 3 6 0 . 6 0
s l u d g e 0 . 5 1 0 . 5 8 0 . 3 7

w h i t e c o n t r o l  s p r i n g 0 . 5 1 1 . 6 6 a
oak t r a i l s  o n l y 0 . 7 8 0 . 8 3 b 1 . 0 2

s l u d g e 0 . 6 1 0 . 7 7 b 0 . 8 8

c o n t r o l  summer 0 . 4 1 0 . 4 0
t r a i l s  o n l y 0 . 2 3 0 . 3 4 0 . 2 1
s l u d g e 0 . 2 4 0 . 6 4 0 . 2 4

r e d c o n t r o l  s p r i n g 0 . 3 4 0 . 3 2
m a p l e t r a i l s  o n l y 0 . 5 4 0 . 3 9 0 . 6 5

s l u d g e 0 . 6 9 0 , 3 3 0 . 3 9

c o n t r o l  summer 0 . 4 1 0 . 3 2
t r a i l s  o n l y 0 . 4 3 0 . 3 6 0 . 5 5
s l u d g e 0 . 6 4 0 . 8 3 0 . 6 7

c o n t r o l  w i n t e r mm — _  _
t r a i l s  o n l y 0 . 2 0 0 . 3 8 0 . 1 6
s l u d g e 0 . 1 4 0 . 2 4 0 . 1 9

* v a l u e s w i t h i n  a y e a r  a nd s e a s o n  w i t h t h e  same l e t t e r  a r e
n o t  s i g n i f i c a n t l y  d i f f e r e n t ( a t  t h e  . 1 0  l e v e l )
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Table 43. Mean Cr c o n c e ntrations in forages collected off
the oak study area from 1982-1984.

S p e c i e s T r e a t m e n t  S e a s o n
Y e a r

1982 1983 1984

b r a c k e n c o n t r o l  s p r i n g 0 . 3 5 0 . 2 5 —
f e r n t r a i l s  o n l y 0 . 2 4 0 . 4 2 0 . 3 0

s l u d g e 0 . 7 8 0 . 2 5 0 . 3 2

c o n t r o l  summer 0 . 1 4 0 . 1 2
t r a i l s  o n l y 0 . 2 5 0 . 2 6 0 . 1 0
s l u d g e 0 . 2 2 0 . 1 8 0 . 0 5

r e d  oa k c o n t r o l  s p r i n g 0 . 6 4 a 0 . 8 0 _  ^

t r a i l s  o n l y 0 . 7 0 a 0 . 8 7 0 . 7 3
s l u d g e 1 . 2 9 b 0 . 7 2 1 . 1 6

c o n t r o l  summer 0 . 7 2 a 0 . 6 8
t r a i l s  o n l y 0 . 9 8 a 0 . 6 0 0 . 8 6
s l u d g e 0 . 2 8 b 0 . 5 4 0 . 5 6

w h i t e c o n t r o l  s p r i n g 0 . 3 4 0 . 4 2
o a k t r a i l s  o n l y 0 . 5 1 0 . 3 7 0 . 7 5

s l u d g e 0 . 4 7 0 . 4 9 0 . 5 2

c o n t r o l  summer 0 . 6 8 0 . 6 2 _  _

t r a i l s  o n l y 0 . 8 4 0 , 7 8 0 . 7 4
s l u d g e 0 . 8 8 0 . 7 1 1 . 1 0

r e d c o n t r o l  s p r i n g 0 . 4 7 0 . 4 0
m a p l e t r a i l s  o n l y 0 . 5 3 0 . 2 8 0 . 4 1

s l u d g e 0 . 6 6 0 . 5 7 0 . 3 9

c o n t r o l  summer 1 . 1 8 1 . 66a mmmm

t r a i l s  o n l y 1 . 3 7 1 . 1 3 b 1 . 2 3
s l u d g e 1 . 1 4 1 . 14b 1 . 3 3

c o n t r o l  w i n t e r
t r a i l s  o n l y 0 . 9 4 1 . 1 6 1 . 3 0
s l u d n e 1 . 2 1 1 . 3 7 1 . 0 8

* v a l u e s  w i t h i n  a  y e a r  a n d  s e a s o n  w i t h  t h e  same l e t t e r  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t  t h e  . 1 0  l e v e l )
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Table 44. Mean Cu conce n t r a t i o n s  in forages collected off
the oak study area from 1982-1984,

S p e c i e s T r e a t m e n t  S e a s o n
Y e a r

1982 1983 1984

b r a c k e n c o n t r o l  s p r i n g 1 . 7 9 1 . 3 2 —

f e r n t r a i l s  o n l y 1 . 8 8 1 . 8 3 1 . 6 7
s l u d g e 1 . 5 6 1 . 3 2 1 . 6 2

c o n t r o l  summer 2 . 7 5 2 . 3 0 . _ _
t r a i l s  o n l y 1 . 8 6 2 . 0 1 1 . 8 0
s l u d g e 2 . 2 0 1 . 7 5 1 . 4 6

r e d  oak c o n t r o l  s p r i n g 1 . 6 1 a 1 . 9 6 a b _ _
t r a i l s  o n l y 1 . 8 9 a 1 . 4 9 a 1 . 9 3
s l u d g e 2 . 7 0 b 2 . 3 5 b 2 . 2 3

c o n t r o l  summer 1 . 8 2 1 . 4 7 a
t r a i l s  o n l y 1 . 6 4 1 . B l a b 1 . 9 7
s l u d g e 1 . 4 7 2 . 0 7 b 1 , 8 7

w h i t e c o n t r o l  s p r i n g 2 . 9 3 3 . 2 2
o a k t r a i l s  o n l y 2 . 6 0 2 . 3 7 2 . 9 6

s l u d g e 2 . 0 4 2 . 8 6 2 . 1 4

c o n t r o l  summer 1 . 4 3 1 . 5 0 _ _
t r a i l s  o n l y 1 . 6 3 1 . 7 0 1 . 3 2
s l u d g e 1 . 6 9 1 . 2 8 1 . 2 9

r e d c o n t r o l  s p r i n g 2 . 3 8 2 . 0 6 _ n
m a p l e t r a i l s  o n l y 2 . 0 0 2 . 6 6 2 . 1 8

s l u d g e 2 . 2 7 2 . 3 8 1 . 8 0

c o n t r o l  summer 1 . 6 3 l . O , —

t r a i l s  o n l y 1 . 7 2 1 . 9 7 1 . 9 5
s l u d g e 1 . 8 5 1 . 7 7 1 . 2 2

c o n t r o l  w i n t e r _ M _
t r a i l s  o n l y 4 . 4 5 6 . 5 8 6 . 1 1 a
s l u d  ne 3 . 4 7 6 . 3 3 4 . 2 8 b

* v a l u e s w i t h i n  a  y e a r  a n d s e a s o n w i t h  t h e  same l e t t e r  a r e
■ n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t t h e  . 1 0  l e v e l )
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Table 45. Uean I.'i concentrations in forages collected off
the oak study area from 1982-1984.

S p e c i e s T r e a t m e n t  S e a s o n
Ye a r

1982 1983 1984

b r a c k e n c o n t r o l  s p r i n g 0 . 4 7 0 . 3 7 —

f e r n t r a i l s  o n l y 0 . 4 2 0 . 5 7 0 . 6 7
s l u d g e 0 . 7 4 0 . 7 2 0 . 3 1

c o n t r o l  summer 1 . 1 2 1 . 0 9 M H

t r a i l s  o n l y 1 . 3 9 1 . 0 0 1 . 1 1
s l u d g e 1 . 5 4 1 . 6 5 1 . 3 8

r e d  o a k c o n t r o l  s p r i n g 1 . 2 6 1 , 5 6 _  _

t r a i l s  o n l y 1 . 4 3 1 . 2 7 1 . 6 9
s l u d g e 1 . 3 5 1 . 9 1 1 . 3 9

c o n t r o l  summer 1 . 5 3 1 . 2 5 ^  mm

t r a i l s  o n l y 1 . 3 0 2 . 2 8 1 . 5 7
s l u d g e 1 . 7 2 1 . 6 0 1 . 8 4

w h i t  e c o n t r o l  s p r i n g 1 . 7 0 1 . 2 3
o a k t r a i l s  o n l y 1 . 5 4 1 . 4 2 1 . 3 1

s l u d g e 1 . 2 9 1 . 7 2 1 . 7 7

c o n t r o l  summer 1 . 4 2 1 . 2 8 _  _
t r a i l s  o n l y 1 . 0 1 1 . 2 6 1 . 1 7
s l u d g e 0 . 9 4 1 . 5 9 1 . 1 7

r e d c o n t r o l  s p r i n g 1 . 1 1 1 . 7 4
m a p l e t r a i l s  o n l y 1 . 3 1 1 . 0 1 0 . 9 6

s l u d g e 1 . 2 1 1 . 3 5 1 . 6 2

c o n t r o l  summer 1 . 3 5 1 . 4 4 mmmm

t r a i l s  o n l y 0 . 7 0 1 . 1 3 1 . 2 9
s l u d g e 1 . 3 2 0 . 9 5 0 . 9 2

c o n t r o l  w i n t e r
t r a i l s  o n l y 0 . 9 3 1 . 2 0 1 . 0 4
s l u d g e 1 . 5 4 2 . 5 0 1 . 1 4

f* v a l u e s  w i t h i n  a y e a r  a n d  s e a s o n  w i t h  t h e  s a n e  l e t t e r  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t  t h e  . 1 0  l e v e l )
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Table 46* Mean Zn concentrations in forages collected off
the oolc study area from 1982-1984.

S p e c i e s T r e a t m e n t  S e a s o n
Ye a r

1982 1933 1984

b r a c k e n c o n t r o l  s p r i n g 3 8 . 2 5 0 . 2 —
f e r n t r a i l s  o n l y 5 9 . 6 2 4 . 5 3 3 . 0

s l u d g e 2 0 . 1 3 8 . 5 2 9 . 8

c o n t r o l  summer 6 7 . 5  . 5 8 . 8 •M *—
t r a i l s  o n l y 8 7 . 2 4 3 . 2 7 5 . 2
s l u d g e 4 3 . 4 7 7 . 2 8 4 . 1

r e d  oak c o n t r o l  s p r i n g 6 1 . 9 5 0 . 7 a mmmm
t r a i l s  o n l y 6 5 . 8 5 1 . 6a b 6 2 . 8
s l u d g e 7 1 . 8 7 4 . 1 b 8 4 . 9

c o n t r o l  summer 5 8 . 6 a 8 4 . 4
t r a i l s  o n l y 6 0 . 2ab 8 5 . 4 9 3 . 2

3 6 . 0 b 6 1 . 7 102

w h i t e c o n t r o l  s p r i n g 6 9 . 5 3 2 . 9
o a k t r a i l s  o n l y 4 5 . 9 6 4 . 6 3 7 . 8

s l u d g e 9 7 . 4 6 8 . 8 7 0 . 5

c o n t r o l  summer 4 7 . 1 8 2 . 5 _  _
t r a i l s  o n l y 5 4 . 2 102 7 9 . 4
s l u d g e 4 7 . 2 3 1 . 2 8 9 . 6

r e d c o n t r o l  s p r i n g 110 9 3 . 8
m a p l e t r a i l s  o n l y 8 0 . 4 7 8 . 7 5 1 .  1

s l u d g e 8 3 . 6 7 0 . 9 9 1 . 2

c o n t r o l  summer 5 4 . 1 6 9 . 5 mm mm.
t r a i l s  o n l y 4 2 . 3 6 4 . 1 6 8 . 8
s l u d g e 5 0 . 7 8 9 . 4 7 3 . 0

c o n t r o l  w i n t e r — _
t r a i l s  o n l y 145 139 157
s l u d g e 119 6 2 . 2 151

* v a l u e s w i t h i n  a y e a r  and s e a s o n  w i t h  t h e  same l e t t e r  a r e
n o t  s i g n i f i c a n t l y  d i f f e r e n t ( a t  t h e . 1 0  l e v e l )
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Table 47. Mean Cd c o n c entrations in forages collected off
the jack pine/ red pine study area from 1982-1984.

Y e a r
S p e c i e s  T r e a t m e n t  S e a s o n  _______________________________________

1982 1983  1984

s e d g e c o n t r o l  s p r i n g — 0 , 3 5 —

t r a i l s  o n l y 0 . 5 1 0 . 8 2
s l u d g e — 0 . 5 7 0 . 6 9

c o n t r o l  summer 0 . 5 1 0 . 60a
t r a i l s  o n l y 0 . 5 7 0 . 8 9 a 0 . 6 9
s l u d g e 0 . 5 5 1 , 6 4 b 0 . 7 1

b r a c k e n c o n t r o l  s p r i n g __ 1 . 2 7 a
f e r n t r a i l s  o n l y — 1 . 3 5 a 1 . 4 3

s l u d g e — 1 . 6 1 b 1 . 2 3

c o n t r o l  summer 0 . 4 8 0 . 7 3 _  _
t r a i l s  o n l y 0 . 7 9 0 . 3 0 0 . 5 9
s l u d g e 0 . 5 5 0 . 6 8 0 . 6 6

r e d  o a k c o n t r o l  s p r i n g — 0 . 1 2 _
t r a i l s  o n l y — 0 . 1 7 0 . 5 2
s l u d g e — 0 .  24 0 . 3 6

c o n t r o l  summer 0 . 4 4 0 . 6 6 _  w
t r a i l s  o n l y 0 . 7 1 0 . 6 0 0 . 4 9
s l u d g e 0 . 3 6 0 . 4 6 0 . 8 4

c o n t r o l  w i n t e r _  _
t r a i l s  o n l y 0 . 3 4 0 . 0 9 0 . 2 7
s l u d g e 0 . 1 6 0 . 2 9 0 . 2 6
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r e d c o n t r o l  s p r i n g 0 . 1 6 _ _
m a p l e t r a i l s  o n l y — 0 . 3 4 0 . 4 4

s l u d g e — 0 . 1 8 0 . 3 5

c o n t r o l  summer 0 . 3 8 0 . 6 1 ______

t r a i l s  o n l y 0 . 4 0 0 . 7 4 0 . 3 8
s l u d g e 0 . 5 6 0 . 8 1 0 . 6 9

c o n t r o l  w i n t e r ■*—

t r a i l s  o n l y 0 . 1 2 0 . 3 1 0 . 2 6
s l u d g e 0 . 1 8 0 , 3 1 0 . 1 4

* values within a year and season with the same letter are
not s i gnificantly different (at the .10 level)
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Table 48. Mean Cr concentrations in forages collected off
the jack pine/ red pine study area from 1982-1984.

Ye a r
S p e c i e s  T r e a t m e n t  S e a s o n  _

1982  1983 1984

s e d g e  c o n t r o l  s p r i n g  —  0 , 7 9  - -
t r a i l s  o n l y  - -  0 . 9 0  0 . 6 7
s l u d g e  - -  0 , 7 5  0 . 6 8

c o n t r o l  summer  0 . 4 4  0 . 5 7
t r a i l s  o n l y  0 . 5 7  0 , 5 5  0 . 4 5
s l u d g e  0 . 3 6  0 . 3 7  0 , 5 0

b r a c k e n  c o n t r o l  s p r i n g  —  0 . 9 7  - -
f e r n  t r a i l s  o n l y  —  0 , 9 3  0 . 8 1

s l u d g e  ' —  1 . 0 1  0 . 8 4

c o n t r o l  summer  0 . 5 5  0 , 4 4  —
t r a i l s  o n l y  0 , 4 2  0 . 6 9  0 . 3 9
s l u d g e  0 . 5 1  0 . 4 1  0 . 4 9

r e d  oa k  c o n t r o l  s p r i n g  —  1 , 2 0  - -
t r a i l s  o n l y  —  0 . 7 1  0 . 8 8
s l u d g e  —  0 . 9 2  1 , 0 3

c o n t r o l  summer  0 . 7 5  0 . 6 7
t r a i l s  o n l y  0 . 7 6  0 . 6 8  0 , 4 2
s l u d g e  0 . 9 1  0 , 3 7 .  0 . 8 2

c o n t r o l  w i n t e r
t r a i l s  o n l y  0 . 8 8  1 , 0 8  1 . 0 2
s l u d g e  1 . 1 2  1 . 1 3  1 . 1 0
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r e d
m a p l e

c o n t r o l  s p r i n g — 1 . 0 3 —

t r a i l s  o n l y — 1 . 3 2 1 . 0 7
s l u d g e — 0 . 8 2 1 . 2 0

c o n t r o l  summer 0 . 6 8 0 . 3 9 _  _
t r a i l s  o n l y 0 . 7 9 0 . 2 4 0 . 3 5
s l u d g e 0 . 5 9 0 . 4 0 0 . 1 2

c o n t r o l  w i n t e r _  _ _  _
t r a i l s  o n l y 0 . 8 0 1 . 2 6 1 . 14
s l u d g e 0 . 9 4 1 . 0 2 0 . 8 3

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 49. Mean Cu concen t r a t i o n s  in forages collected off
the jack pine/ red pine study area from 1982-1984.

S p e c i e s  T r e a t m e n t  S e a s o n
Ye a r

1982 1983 1984

c o n t r o l  s p r i n g ^ to 2 . 9 6 a b
t r a i l s  o n l y — 3 . 4 1 a 2 . 6 9
s l u d g e — 2 . 7 6 b 1 . 8 0

c o n t r o l  summer 3 . 6 2 3 , 3 4 to
t r a i l s  o n l y 3 . 8 0 1 . 9 7 2 . 7 0
s l u d g e 2 . 9 3 3 . 2 8 3 .  23

c o n t r o l  s p r i n g 2 . 5 1 _  _

t r a i l s  o n l y — 2 . 7 3 2 . 9 4
s l u d g e —— 2 . 0 6 1 . 4 7

c o n t r o l  summer 3,3*1 2 . 5 5 a
t r a i l s  o n l y 3 . 2 9 3 . 8 0 b 3 . 1 1
s l u d g e 3 . 9 2 3 . 5 1 b 4 . 0 6

c o n t r o l  s p r i n g 1 . 2 7 .  to
t r a i l s  o n l y — 1 . 5 1 1 . 2 6
s l u d g e — 1 . 4 0 1 . 1 0

c o n t r o l  summer 1 . 4 0 1 . 8 0 to .

t r a i l s  o n l y 1 . 7 9 1 . 9 7 2 . 72
s l u d g e 1 . 9 4 1 . 9 1 1 . 6 5

c o n t r o l  w i n t e r to ** 3 . 5 0
t r a i l s  o n l y 3 . 0 4 2 . 7 8 3 . 7 2
s l u d g e 4 . 2 7 2 . 5 1 2 . 9 6

s e d g e

b r a c k e n
f e r n

r e d  oak



Table 49 cont.

144

r e d c o n t r o l  s p r i n g 1 . 3 1 „

m a p l e t r a i l s  o n l y 0 . 8 5 1 . 4 7
s l u d g e — 1 . 1 7 0 . 9 4

c o n t r o l  summer 1 . 6 3 1 , 8 8
t r a i l s  o n l y 1 . 6 9 1 . 8 3 2 , 0 3
s l u d g e 1 . 4 5 1 . 6 5 1 . 8 2

c o n t r o l  w i n t e r _ _ _ _
t r a i l s  o n l y 7 . 6 2 6 . 7 6 7 . 6 5
s l u d g e 6 .  25 6 . 9 8 5 . 7 5

* values within a year and season with the same letter are
not significantly different (at the *10 level)
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Table 50. Mean Ni concentrations in forages collected off
the jack pine/ red pine study area from 1982-1984.

S p e c i e s  T r e a t m e n t  S e a s o n
Ye a r

1982 1983 1984

c o n t r o l  s p r i n g 1 . 3 7
t r a i l s  o n l y — 1 . 1 5 1 . 2 5
s l u d g e — 1 . 1 1 1 . 3 4

c o n t r o l  summer 1 . 1 2 1 , 3 4 a _
t r a i l s  o n l y 1 . 0 5 1 . 0 6 a b 1 . 2 5
s l u d g e 1 . 1 2 1 . 0 0 b 0 . 8 9

c o n t r o l  s p r i n g — 0 . 8 0 _  —

t r a i l s  o n l y — 1 . 1 7 1 . 3 2
s l u d g e * — 1 . 2 2 1 . 2 9

c o n t r o l  summer 1 . 4 5 1 . 3 3 * *  *—

t r a i l s  o n l y 1 . 6 3 1 . 6 7 1 . 4 0
s l u d g e 1 . 1 2 1 . 3 1 1 . 2 6

c o n t r o l  s p r i n g — . — 1 . 2 8 ^  —

t r a i l s  o n l y — 1 . 1 6 1.  32
s l u d g e — 1 . 0 3 1 . 4 2

c o n t r o l  summer 1 . 6 2 a 1 . 2 6 _  _

t r a i l s  o n l y 1 . 7  l a  b 1 . 4 7 1 . 3 1
s l u d g e 1 . 18b 1 . 4 0 1 . 6 5

c o n t r o l  w i n t e r ^  * • 0 .  76a _  _

t r a i l s  o n l y 1 . 3 1 1 . 8 4 a b 1 . 5 4
s l u d g e 1 . 6 9 1 . 2 9 b 1 . 3 7

s e d g e

b r a c k e n
f e r n

r e d  oak
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Table

r e d
m a p l e

50 cont.

c o n t r o l  s p r i n g — 0 . 9 7 —

t r a i l s  o n l y — 1 . 2 4 1 . 1 7
s l u d g e — 1 . 0 5 1 . 1 6

c o n t r o l  summer 1 . 2 4 1 . 3 6 —*

t r a i l s  o n l y 1 . 2 8 1 . 6 9 1 . 9 3
s l u d g e 1 , 2 6 1 . 2 9 1 . 3 9

c o n t r o l  w i n t e r _  — 1 . 3 7 _  __
t r a i l s  o n l y 1 . 0 2 1 . 2 4 1 . 9 5
s l u d g e 1 , 3 3 1 . 6 3 1 . 3 8

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 51. Mean Zn concentrations in forages collected off
the jack pine/ red pine study area from 1982-1984.

Year
S p e c i e s  T r e a t m e n t  S e a s o n

1982 1983 1984

s e d g e c o n t r o l  summer 3 7 . 5
t r a i l s  o n l y — 2 6 . 9 3 6 ,  2
s l u d g e —■ 3 2 . 7 4 6 .  2

c o n t r o l  summer 6 3 . 1 5 9 . 0 _  _

t r a i l s  o n l y 7 3 . 9 7 7 . 5 5 6 . 5
s l u d g e 5 7 . 8 5 1 . 1 6 6 . 0

b r a c k e n c o n t r o l  s p r i n g _  _ 4 3 . 3
f e r n t r a i l s  o n l y ---- 4 5 . 8 5 5 . 3

- s l u d g e • ---- 5 6 . 4 5 1 .  7

c o n t r o l  summer 7 4 . 0 8 8 . 0 _

t r a i l s  o n l y 6 7 . 4 6 5 . 7 6 1 . 2
s l u d g e 9 9 . 2 5 2 , 1 8 5 . 6

r e d  oak c o n t r o l  s p r i n g _  w 2 8 . 5 a _  _

t r a i l s  o n l y ---- 4 0 . 6a b 5 7 , 3
s l u d g e ---- 6 5 . 1 b 4 3 . 8

c o n t r o l  summer 6 7 . 3 6 2 . 1
t r a i l s  o n l y 6 4 . 2 8 9 . 1 8 1 . 2
s l u d g e 6 9 . 8 8 4 . 4 6 9 . 9

c o n t r o l  w i n t e r 193 _  _

t r a i l s  o n l y 297 270 265
s l u d g e 250 302 316
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c o n t r o l  s p r i n g — 1 8 . 1 a —

t r a i l s  o n l y — 3 7 . 6 b 1 5 . 5
s l u d g e — 4 0 . 7 b 2 5 . 0

c o n t r o l  summer 5 5 . 9 5 8 . 5 _  _
t r a i l s  o n l y 4 0 . 3 7 5 . 2 6 7 . 7
s l u d g e 4 3 . 3 5 0 . 8 4 6 . 9

c o n t r o l  w i n t e r ---- 207 __ _
t r a i l s  o n l y 221 162 214
s l u d g e 168 174 152

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 52. Mean Cd concentrations in forages collected off
the mixed hardwoods study area from 1982-1984.

Ye a r
S p e c i e s  T r e a t m e n t  S e a s o n

1982 1983 1984

w h i t e c o n t r o l  s p r i n g „ 0 . 2 3
a s h t r a i l s  o n l y — 0 . 1 7 0 . 3 0

s l u d g e — 0 . 3 9 0 . 4 7

c o n t r o l  summer 0 . 6 8 0 . 5 8 _<-•
t r a i l s  o n l y 0 . 8 7 0 . 5 7 0 . 6 6
s l u d g e 0 . 5 7 0 . 7 2 0 . 4 9

h o p h o r n - c o n t r o l  s p r i n g — . 0 . 2 9 •to —
beam t r a i l s  o n l y — 0 . 4 8 0 . 5 8

- s l u d g e •— 0 . 4 8 0 . 5 1

c o n t r o l  summer 0 . 3 2 a ' 0 . 35 _ _
■ t r a i l s  o n l y 0 . 4 7 a 0 . 5 9 0 . 2 0

s l u d g e 0 . 16b 0 .  37 0 . 3 5

s u g a r c o n t r o l  s p r i n g — — 0 . 3 2
ma p l e t r a i l s  o n l y - - 0 . 4 5 0 . 3 1

s l u d g e — — 0 . 2 0 0 . 2 9

c o n t r o l  summer 0 . 5 1 0 . 7 5 a to- —
t r a i l s  o n l y 0 . 6 8 0 . 5 9 b 0 . 6 9
s l u d g e 0 . 5 0 0 . 5 6 b 0 . 4 9

c o n t r o l  w i n t e r •to — _ _
t r a i l s  o n l y 0 . 4 9 0 . 5 3 0 . 6 2
s l u d g e 0 . 4 4 0 . 6 4 0 . 5 9
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A m e r i c a n  c o n t r o l  s p r i n g „ 0 . 4 5
b e e c h  t r a i l s  o n l y — 0 . 2 6 0 . 5 3

s l u d g e — 0 . 2 2 0 . 3 6

c o n t r o l  summer 0 . 6 5 0 , 3 1
t r a i l s  o n l y 0 . 7 8 0 . 6 5 0 . 3 4
s l u d g e 0 . 4 1 0 . 3 9 0 . 6 8

c o n t r o l  w i n t e r -*** 0 . 9 6 a _  _
t r a i l s  o n l y 0 .  29 0 . 2 2 b 0 . 1 9
s l u d g e 0 . 3 5 0 . 3 2 b 0 . 3 6

* values within a year and season with the same letter are
not significantly different (at the ,10 level)
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Table 53. Mean Cr concentrations in forages collected off
the mixed hardwoods study area from 1982-1984.

Ye a r
S p e c i e s  T r e a t m e n t  S e a s o n

1982 1983 1984

w h i t e c o n t r o l  s p r i n g 1 . 5 3 mm -a
a s h t r a i l s  o n l y 1 . 3 0 1 . 6 0

s l u d g e — 1 . 3 2 1 . 8 8

c o n t r o l  summer 0 . 7 9 0 . 7 1 _ _
t r a i l s  o n l y 0 . 5 8 0 . 5 2 0 , 8 1
s l u d g e 0 . 5 0 0 . 3 1 0 . 9 0

h o p h o r n - c o n t r o l  s p r i n g .— 0 . 46a
beam t r a i l s  o n l y — 0 . 6 6 a b 0 . 8 6

s l u d g e — 0 . 8 8 b 0 . 4 9

c o n t r o l  summer 0 . 3 6 0 , 3 5
t r a i l s  o n l y 0 . 7 1 0 . 3 1 0 . 4 8
s l u d g e 0 . 3 2 0 . 2 2 0 . 4 7

s u g a r c o n t r o l  s p r i n g 1 . 0 5 ----
m a p l e t r a i l s  o n l y ---- 1 . 1 6 0 . 9 8

s l u d g e ---- 0 . 8 0 1 . 0 9

c o n t r o l  summer 0 . 4 2 0 . 7 0
t r a i l s  o n l y 0 . 6 2 0 . 5 7 0 . 5 5
s l u d g e 0 . 4 7 0 . 3 8 0 . 5 1

c o n t r o l  w i n t e r ^  mm _ _
t r a i l s  o n l y 2 . 4 7 1 . 4 6 2 . 0 0
s l u d g e 1 . 3 1 1 . 3 7 1 . 7 2
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Ame r i c a n  c o n t r o l  s p r i n g
b e e c h  t r a i l s  o n l y

s l u d g e

c o n t r o l  summer
t r a i l s  o n l y  
s l u d g e

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

— 0 . 9 6 a —

— 0 . 6 0 b 0 . 6 8
— 0 . 5 9 b 0 . 6 6

0 . 2 8 0 . 5 5 _  _

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

M, _ 1 . 1 7 _  _

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

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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T a b l e  54 . Mean Cu c o n c e n t r a t i o n s  i n f o r a g e s  c o l l e c t e d o f f
t h e  mi xe d h a r d w o o d s  s t u d y  a r e a  f r o m 1 9 8 2 - 1 9 8 4 .

Y e a r
S p e c i e s T r e a t m e n t  S e a s o n

1982 1983 1984

w h i t e c o n t r o l  s p r i n g __ 6 . 5 4 a
a s h t r a i l s  o n l y — 8 . 9 6 a 4 . 9 9

s l u d g e — 1 2 .  3b 5 . 8 9

c o n t r o l  summer 6 . 0 4 7 . 55 a b
t r a i l s  o n l y 5 . 5 5 6 . 6 2 a 8 . 0 4
s l u d g e 6 . 6 7 1 0 , 8 b 5 . 7 7

h o p h o r n - c o n t r o l  s p r i n g __ 3 . 5 8 _  _
beant t r a i l s  o n l y — 3 . 6 2 4 . 1 8

s l u d g e — 3 . 7 5 3 . 6 6

c o n t r o l  summer 4 . 9 1 4 . 7 4
t r a i l s  o n l y 4 . 1 2 4 . 7 2 5 . 3 3
s l u d g e 5 . 1 5 4 . 5 0 5 . 0 9

s u g a r c o n t r o l  s p r i n g —_ 2 . 1 2 — —
ma p l e t r a i l s  o n l y — 3 . 9 5 3 . 7 2

s l u d g e — 2 . 0 3 2 . 6 7

c o n t r o l  summer 4 . 1 1 5 . 3 9
t r a i l s  o n l y 4 . 9 4 8 . 1 4 4 . 2 8
s l u d g e 4 . 4 5 5 . 1 5 5 . 27

c o n t r o l  w i n t e r _  _ _  _
t r a i l s  o n l y 1 0 . 6 1 0 . 8 7 . 5 8
s l u d g e 7 . 4 0 6 . 5 7 8 , 0 9
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c o n t r o l  s p r i n g — 5 . 1 6 —

t r a i l s  o n l y — 5 . 1 2 3 .  76a
s l u d g e — 3 . 4 6 6 . 4 7 b

c o n t r o l  summer 5 . 7 6 6 . 0 0
t r a i l s  o n l y 6 . 3 9 6 . 3 2 7 . 0 6
s l u d g e 4 . 7 1 8 . 0 2 5 . 9 4

c o n t r o l  w i n t e r 1 0 . 6 _  _
t r a i l s  o n l y 1 9 . 8 1 2 . 8 1 5 . 6
s l u d g e 1 2 . 5 9 . 6 3 1 3 . 6

*■ v a l u e s  w i t h i n  a y e a r  a n d  s e a s o n  w i t h  t h e  s ame  l e t t e r  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t  t h e  . 1 0  l e v e l )



155

'able 55. Mean Ni concentrations in forages collected off
;he mixed hardwoods study area from 1982-1984.

Year
p e c i e s  T r e a t m e n t  S e a s o n  ______________________________________

1982 1983 1984

r h i t e  c o n t r o l  s p r i n g  —  0 , 5 0
a s h  t r a i l s  o n l y  —  0 . 5 2  0 . 6 2

s l u d g e  —  0 . 2 9  0 . 5 3

c o n t r o l  summer  0 . 6 4  0 . 6 9  —
t r a i l s  o n l y  0 . 9 7  0 . 7 7  0 . 8 1
s l u d g e  0 . 8 8  0 . 9 3  0 . 7 4

: o p h o r n -  c o n t r o l  s p r i n g  —  0 . 4 7
beam t r a i l s  o n l y  —  0 . 4 5  0 . 3 2

s l u d g e  ■ —  ■ 0 . 1 5  0 . 3 8

c o n t r o l  summer 0 . 7 2  0 . 4 8  —
t r a i l s  o n l y  0 . 6 7  0 . 9 8  1 . 3 6
s l u d g e  1 . 0 4  0 . 7 4  0 . 9 4

u g a r  c o n t r o l  s p r i n g  —  0 . 7 8  —
ma p l e  t r a i l s  o n l y  —  0 . 6 3  0 . 4 6

s l u d g e  —  0 . 7 5  0 . 2 3

c o n t r o l  summer  1 . 1 6  1 . 2 5 a  —
t r a i l s  o n l y  1 . 5 9  1 . 0 3 a b  0 . 9 5
s l u d g e  0 . 9 4  0 . 8 1 b  1 . 3 1

c o n t r o l  w i n t e r  —  0 . 8 3
t r a i l s  o n l y  1 . 1 3  2 . 1 2  1 . 8 1
s l u d g e  1 . 4 7  1 . 7 5  1 . 2 4
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Table 56, Mean Zn concentrations in forages collected off
the mixed hardwoods study area from 1982-1984.

S p e c i e s  T r e a t m e n t  S e a s o n
1982

Ye a r

1983 1984

w h i t e  c o n t r o l  s p r i n g  —
a s h  t r a i l s  o n l y  —

s l u d g e  —

c o n t r o l  summer  7 4 . 3
t r a i l s  o n l y  5 0 . 0
s l u d g e  4 9 . 3

h o p h o r n -  c o n t r o l  s p r i n g
beam t r a i l s  o n l y

s l u d g e  * ' —

c o n t r o l  summer  4 6 . 2
t r a i l s  o n l y  6 4 . 7
s l u d g e  6 5 . 0

s u g a r  c o n t r o l  s p r i n g  —
m a p l e  t r a i l s  o n l y  - -

s l u d g e

c o n t r o l  summer  4 9 . 0
t r a i l s  o n l y  4 1 . 4
s l u d g e  6 9 . 5

c o n t r o l  w i n t e r  —
t r a i l s  o n l y  148
s l u d g e  159

3 0 . 4 a
4 2 . 4 b
3 8 . 3 b

6 1 . 8
9 8 . 6
8 1 . 6

5 2 . 0
7 1 . 7
3 3 . 2

3 4 . 7  a
7 7 . 3  b
4 4 . 0  ab

2 0 . 7
1 7 . 2  
2 2 . 5

7 9 . 3  
6 3 . 2
6 8 . 7

21 1
196

2 7 . 6
1 7 . 2

5 3 , 7
8 4 . 0

6 9 . 8
5 9 . 8

5 0 . 5
6 7 . 7

4 1 . 1
3 7 . 6

8 8 . 4
5 9 . 8

206
156
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A me r i c a n  c o n t r o l  s p r i n g 6 9 . 7
b e e c h  t r a i l s  o n l y — 5 7 . 2 4 1 . 6

s l u d g e — 7 2 . 0 3 8 . 7

c o n t r o l  summer 6 3 . A 8 1 . 8 _ _
t r a i l s  o n l y 7 3 . 5 5 3 . 4 7 0 . 9 a
s l u d g e 6 9 . 5 5 9 . 9 116b

c o n t r o l  w i n t e r 158 _ _
t r a i l s  o n l y 164 128 195
s l u d g e 133 116 171

* values within a year and season with the same letter are
not significantly different (at the ,10 level)
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Table 57. Mean Cd concentrations in small mammals tissues
collected off the lack pine clearcut from 1980-1982._______

S p e c i e s T r e a t m e n t T i s s u e
1980

Y e a r

1981 1982

w h i t e - c o n t r o l l i v e r 0 . 1 7 0 . 1 6 0 . 2 6
f o o t e d s l u d g e 0 . 2 1 0 . 2 5  . 0 . 2 1

mouse
c o n t r o l k i d n e y 0 . 2 8 0 . 4 0 0 .  24
s l u d g e 0 . 4 9 0 . 3 9 0 . 3 5

c o n t r o l m u s c l e 0 . 0 3 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l bo n e 0 . 0 0 0 . 0 0 0 . 0 0
*

s l u d g e 0 . 0 0 0 . 0 1 0 . 0 0

1 3 - l i n e d c o n t r o l l i v e r 0 . 3 8 0 . 3 5 0 . 4 5
g r o u n d s l u d g e 0 . 3 9 0 . 4 2 0 . 5 3

s q u i r r e l
c o n t r o l k i d n e y 0 . 8 4 0 . 4 1 0 . 6 6
s l u d g e 0 . 5 1 * 0 . 6 6 0 . 4 5

c o n t r o l m u s c l e 0 , 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 , 0 0 0 , 0 0 0 . 0 0

c o n t r o l bo ne 0 . 0 2 0 . 0 1 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 1 0 . 0 0

meadow c o n t r o l l i v e r 0 . 0 8
j u m p i n g s l u d g e -------- 0 . 0 4 —

mouse
c o n t r o l k i d n e y ------- 0 . 1 2 —

s l u d g e ------- 0 . 1 0 —

c o n t r o l m u s c l e _  _ 0 . 0 0 __
s l u d g e --- 0 . 0 0 —

c o n t r o l bone 0 . 0 0
s l u d g e 0 . 0 0 —

* value is s i gnificantly different (.10 level) from control
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Table 58. Mean Cr concentrations In small mammals tissues
collected off the lack pine clearcut from 1980-1982._______

S p e c i e s T r e a t m e n t T i s s u e
1980

Ye a r

1981 1982

w h i t e ­ c o n t r o l l i v e r 0 . 5 0 0 . 7 3 0 . 4 4
f o o t e d s l u d g e 0 . 3 5 0 . 4 6 0 . 4 0

mouse
c o n t r o l k i d n e y 0 . 7 3 0 . 9 6 0 . 7 9
s l u d g e 0 . 8 7 1 . 2 9 0 . 7 1

c o n t r o l m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l b o n e 0 . 0 0 0 . 0 0 0 . 0 0
- s l u d g e

■ • 0 . 0 1 0 , 0 0 0 . 0 1

13 - l i n e d c o n t r o l l i v e r 0 . 7 7 0 . 7 0 1 . 2 6
g r o u n d s l u d g e 0 . 8 8 0 . 8 6 0 . 6 0 *

s q u i r r e l
c o n t r o l k i d n e y 0 . 4 8 0 . 4 0 0 . 6 0
s l u d g e 0 . 3 5 0 . 5 5 0 . 5 1

c o n t r o l m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l bone 0 . 0 2 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

meadow c o n t r o l l i v e r — 0 . 1 0 _  _
j u m p i n g s l u d g e --- 0 . 1 7 * ---

mouse
c o n t r o l k i d n e y 0 . 2 3 ----
s l u d g e 0 . 2 7 ----

c o n t r o l m u s c l e 0 . 0 0
s l u d g e 0 . 0 0 ----

c o n t r o l bo n e 0 . 0 0
s l u d g e 0 . 0 0

* value Is significantly different (.10 level) from control
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Table 59. Mean Cu c o n c e ntrations in small mammals tissues
collected off the lack pine clearcut from 198 0-19 8 2._______

S p e c i e s T r e a t m e n t T i s s u e
1980

Y e a r

1981 1902

w h i t e ­ c o n t r o l l i v e r 1 7 . 0 1 0 . 5 8 . 3 4
f o o t e d s l u d g e 8 . 8 1 7 . 7 0 1 6 . 4

mouse
c o n t r o l k i d n e y 2 . 5 1 3 . 9 1 3 . 9 8
s l u d g e 2 . 7 4 1 . 5 8 2 . 9 2

c o n t r o l m u s c l e 0 . 9 5 1 . 8 3 1 . 7 2
s l u d g e 1 . 6 5 0 . 7 9 1 . 3 7

c o n t r o l bon e 1 . 6 3 2 . 3 5 1 . 5 4
- s l u d g e * 1 . 6 4 1 . 9 0 1 . 6 8

1 3 —l i n e d c o n t r o l l i v e r 3 . 5 6 7 . 7 9 8 . 1 7
g r o u n d s l u d g e 4 . 3 8 6 . 9 0 3 . 4 5

s q u i r r e l
c o n t r o l k i d n e y 7 . 5 3 3 . 9 6 9 . 4 8
s l u d g e 4 . 2 7 * 6 . 0 7 3 . 4 2

c o n t r o l m u s c l e 1 . 3 6 0 . 6 0 1 . 1 2
s l u d g e 0 . 9 6 1 . 3 7 * 1 . 6 9

c o n t r o l b o n e 1 . 4 8 0 . 9 8 1 . 0 2
s l u d g e 1 . 3 2 1 . 8 1 0 . 9 2

meadow c o n t r o l l i v e r 3 . 4 7 mmmm
j u m p i n g s l u d g e ---- 7 . 0 4 * ----

mous e
c o n t r o l k i d n e y 2 . 3 8 ----
s l u d g e “ — 4 . 2 7 ----

c o n t r o l m u s c l e 0 . 7 9
s l u d g e ---- 1 . 3 3 ----

c o n t r o l bone 1 . 7 3
s l u d g e 1 . 0 2

* value is significantly different (.10 level) from control
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Table 60. Mean Mi concentrations in small mammals tissues
collected off the lack pine clearcut from 1900-195 2._______

Y e a r
S p e c i e s  T r e a t m e n t  T i s s u e  __________________

1980 1981 1982

w h i t e ­ c o n t r o l l i v e r 0 . 9 3 0 . 5 6 0 . 8 3
f o o t e d s l u d g e 0 . 3 5 0 . 7 2 0 . 3 4 *

mous e
c o n t r o l k i d n e y 0 . 3 0 • 0 . 6 7 0 . 3 7
s l u d g e 0 . 4 7 0 . 3 1 0 . 2 2

c o n t r o l m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l bone 0 , 0 0 0 . 0 0 0 . 0 0
. s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

1 3 - l i n e d c o n t r o l l i v e r 0 . 3 2 0 . 2 4 0 . 2 9
g r o u n d s l u d g e 0 . 4 1 0 . 6 4 0 . 2 6

s q u i r r e l
c o n t r o l k i d n e y 0 . 1 1 0 . 1 5 0 . 0 9
s l u d g e 0 . 0 8 0 . 1 1 0 . 1 9

c o n t r o l m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l bone 0 . 0 1 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

meadow c o n t r o l l i v e r __ 0 .  62 _ _
j u m p i n g s l u d g e — 0 . 1 3 * —

mouse
c o n t r o l k i d n e y — 0 . 0 5 —

s l u d g e — 0 . 1 1 —

c o n t r o l m u s c l e _. n 0 . 0 0 —

s l u d g e — 0 . 0 0 —

c o n t r o l bo ne __. 0 . 0 0
s l u d g e — 0 . 0 0 —

* value is signifi c a n t l y  different (.10 level) from control
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Table 61. Mean Zn concentrations in small mammals tissues
collected off the lack pine clearcut from 1980-1982._______

Ye a r
S p e c i e s  T r e a t m e n t  T i s s u e  __________________

1980 981 1982

w h i t e ­ c o n t r o l l i v e r 5 7 . 6 5 7 . 8 4 4 . 6
f o o t e d s l u d g e 6 0 . 7 4 7 . 0 7 8 . 9 *

mouse
c o n t r o l k i d n e y 6 9 . 3 7 1 . 4 6 8 . 8
s l u d g e 8 0 . 5 6 7 . 3 9 2 . 2

c o n t r o l m u s c l e 1 3 . 0 9 . 3 2 1 0 . 7
s l u d g e A . 52 1 9 . 7 * 9 . 7 4

c o n t r o l bone 5 0 . 0 7 2 . 9 6 6 . 0
- s l u d g e ■ • 4 9 . 3 7 5 . 1 6 5 . 0

1 3 - l i n e d c o n t r o l l i v e r 6 2 . 9 9 3 . 9 8 3 . 3
g r o u n d s l u d g e 7 1 . 1 104 5 9 . 3

s q u i r r e l
c o n t r o l k i d n e y 9 8 . 4 7 9 . 9 189
s l u d g e 9 3 . 4 118 7 8 . 9

c o n t r o l m u s e l e 4 . 6 0 8 . 3 3 1 8 . 1
s l u d g e 9 . 5 8 8 . 6 1 6 , 0 4

c o n t r o l bone 4 2 . 5 2 9 . 9 8 9 . 8
s l u d g e 6 9 . 5 4 6 . 8 5 9 . 4

meadow c o n t r o l l i v e r 4 8 . 5
j u m p i n g s l u d g e — 5 2 , 0 —

mouse
c o n t r o l k i d n e y — 6 2 . 4 —

s l u d g e — 9 1 . 7 *

c o n t r o l m u s c l e __ 1 3 . 3
s l u d g e — 7 . 8 5 -------

c o n t r o l bone __. 5 2 . 4
s l u d g e — 9 9 . 1 -------

* value is significantly different (.10 level) from control
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Table 62. Mean Cd c o n c entrations in small mammals tissues
collected off the aspen study area from 1982-19 4.

S p e c i e s T r e a t m e n t  T i s s u e
1982

Ye ar

1983 1984

e a s t e r n c o n t r o l  l i v e r 0 . 0 8 0 . 0 5 0 . 1 2n
meadow t r a i l s  o n l y 0 . 0 7 0 . 0 1 0 . 0 5 b

v o l e s l u d g e 0 . 0 4 0 . 0 4 0 . 0 3 b

c o n t r o l  k i d n e y 0 . 4 7 0 . 2 2 0 . 6 2
t r a i l s  o n l y 0 . 3 1 0 . 4 1 0 . 3 0
s l u d g e 0 . 3 1 0 . 4 2 0 . 2 6

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  bo n e 0 . 0 0 0 . 0 0 0.00

t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

1 3 - l i n e d c o n t r o l  l i v e r 1 . 7 7 M MM

g r o u n d t r a i l s  o n l y 0 . 4 9 ---- —

s q u i r r e l s l u d g e 0 . 6 4 ---- —

c o n t r o l  k i d n e y 0 . 7 3 M — _ _

t r a i l s  o n l y 0 . 5 6 ---- ----
s l u d g e 0 . 9 9 ---- MM

c o n t r o l  m u s c l e 0 . 0 0 MM MM

t r a i l s  o n l y 0 . 0 0 MM -----

s l u d g e 0 . 0 0 ------ —

c o n t r o l  bon e 0 . 0 8 M M

t r a i l s  o n l y 0 . 1 8 — — MM

s l u d g e 0 . 2 1 ------ —
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Table 62. cont.

w o o d l a n d c o n t r o l  l i v e r 0 . 1 8 a 0 . 2 2 a 0 . 1 0
j u m p i n g t r a i l s  o n l y 0 . 0 7 a 0 . 6 4 b 0 . 1 6

mouse s l u d g e 0 . 6 4 b 0 . 4 7 c 0 . 2 0

c o n t r o l  k i d n e y 0 . 2 7 a 0 . 5 7 0 . 5 4
t r a i l s  o n l y 0 . 2 2 a 0 . 4 9 0 . 3 7
s l u d g e 0 . 8 3 b 0 . 3 0 0 . 3 9

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 , 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  b o n e 0 . 0 0 0 . 0 2 0 . 0 1
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 1

e a s t e r n c o n t r o l  l i v e r 0 . 4 8 _ _

c h i p m u n k t r a i l s  o n l y 0 . 4 8 — —
s l u d g e 0 . 6 1 — —

c o n t r o l  k i d n e y 0 . 8 0
t r a i l s  o n l y 0 . 4 6 — —

s l u d g e 0 . 5 9 — —

c o n t r o l  m u s c l e 0 . 0 0 _ __ ,

t r a i l s  o n l y 0 , 0 0 — —

s l u d g e 0 . 0 0 — —

c o n t r o l  bone 0 . 0 4 __
t r a i l s  o n l y 0 . 0 2 — —

s l u d g e 0 . 0 4

* v a l u e s w i t h i n  a  y e a r  a n d  s e a s o n w i t h  t h e same l e 1 1g r  o r e
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t t h e  . 1 0 l e v e l )
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Table 63. Mean Cr concentrations in small mammals tissues
collected off the aspen study area from 1982-1934.

S p e c i e s T r e a t m e n t  T i s s u e
1982

Ye a r

1983 1984

e a s t e r n c o n t r o l  l i v e r 2 . 3 4 1 . 7 5 1 . 2 4
meadow t r a i l s  o n l y 1 . 4 2 3 . 7 4 1 , 8 1

v o l e s l u d g e 1 . 5 1 1 . 1 3 1 . 3 2

• c o n t r o l  k i d n e y 1 0 . 6 1 6 . 9 2 1 . 9
t r a i l s  o n l y 2 3 . 3 2 9 . 8 9 . 8 3
s l u d g e 1 3 . 5 9 . 9 3 2 7 . 6

c o n t r o l  m u s c l e 2 . 5 1 a 1 . 7 6 1 . 1 8
t r a i l s  o n l y 1 . 1 5 b 3 . 1 5 1 . 7 0
s l u d g e 1 . 6 3 a b 1 . 5 6 2 . 1 7

c o n t r o l  bone 0 . 5 4 0 . 3 6 0 . 6 0
t r a i l s  o n l y 0 . 8 8 0 . 2 7 0 . 8 3
s l u d g e 0 . 8 5 1 . 0 7 0 . 6 4

13 - l i n e d c o n t r o l  l i v e r 0 . 2 2 . . . . _

g r o u n d t r a i l s  o n l y 0 . 7 8 — -----

s q u i r r e l s l u d g e 0 . 2 4 — -----

c o n t r o l  k i d n e y 0 . 2 7 _
t r a i l s  o n l y 0 . 4 8 — -----

s l u d g e 0 . 0 6 —

c o n t r o l  m u s c l e 0 . 0 4 __ _ M
t r a i l s  o n l y 0 . 0 0 — ——

s l u d g e 0.00 —: -----

c o n t r o l  b o n e 0 . 2 2 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 5 0 . 0 0 0 . 0 0
s l u d g e 0 . 2 1 0 . 0 0 0 . 0 0
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w o o d l a n d c o n t r o l  l i v e r 0 . 8 2 0 . 6 9 0 . 2 7
j u m p i n g t r a i l s  o n l y 0 . 4 4 0 . 7 3 0 . 2 0

mouse s l u d g e 0 . 3 4 0 . 4 5 0 . 5 2

c o n t r o l  k i d n e y 0 . 5 1 0 . 3 4 0 . 7 5
t r a i l s  o n l y 0 . 7 2 0 . 6 7 0 . 3 3
s l u d g e 0 . 1 5 0 . 7 1 0 . 5 6

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 , 0 0 0 . 0 0
s l u d g e 0.00 0 . 0 0  . 0 . 0 0

c o n t r o l  bo n e 0 . 4 0 0 . 1 9 0 . 5 7
t r a i l s  o n l y 0 . 4 1 0 . 4 8 0 . 7 2
s l u d g e 0 . 9 0 0 . 6 5 0 . 2 7

e a s t e r n c o n t r o l  l i v e r 0 . 1 6 —

c h i p m u n k t r a i l s  o n l y 0 . 8 3 — — ----
s l u d g e 0 . 2 7 ---- ——

c o n t r o l  k i d n e y 0 . 2 1
t r a i l s  o n l y 0 . 9 0 ----
s l u d g e 0 . 6 2 —— ----

c o n t r o l  m u s c l e 0 . 0 1 _

t r a i l s  o n l y 0 . 0 1 ---- — —

s l u d g e 0 . 0 0 ---- ----

c o n t r o l  bone 0 . 0 4 M __ _  _
t r a i l s  o n l y 0 . 0 2 ---- ----
s l u d g e 0 . 0 1 — — ■* “

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 64, Mean Cu concentrations in small mammals tissues
collected off the aspen study area from 1 9 8 2 - 1 &  4.

S p e c i e s T r e a t m e n t  T i s s u e
1982

Ye a r

1983 1984

e a s t e r n c o n t r o l  l i v e r 1 7 . 4 2 3 . 9 7 . 1 3
meadow t r a i l s  o n l y 9 . 5 5 1 1 . 3 2 5 . 1

v o l e s l u d g e 2 2 . 2 2 9 . 6 1 6 . 4

c o n t r o l  k i d n e y 2 8 . 8 2 2 . 5 2 6 . 2
t r a i l s  o n l y 1 2 . 5 3 3 . 2 3 0 . 2
s l u d g e 2 5 . 5 1 7 . 2 1 9 . 7

c o n t r o l  m u s c l e 0 . 9 6 1 . 1 7 1 . 2 7 a
t r a i l s  o n l y 0 . 6 1 0 . 7 2 2 . 3 1 b
s l u d g e 1 . 6 7 0 . 8 0 1 . 7 0 b

c o n t r o l  bon e 2 . 3 3  ■ 3 . 1 2 2 . 4 3
t r a i l s  o n l y 3 . 4 6 2 . 7 0 3 . 8 7
s l u d g e 4 . 6 9 3 . 9 9 3 . 0 2

1 3 - l i n e d c o n t r o l  l i v e r 3 . 4 5
g r o u n d t r a i l s  o n l y 7 . 5 3 ------- ----

s q u i r r e l s l u d g e 4 . 2 7 ---- ----

c o n t r o l  k i d n e y 3 . 9 6 •

t r a i l s  o n l y 6 . 0 7 ------- --------

s l u d g e 9 . 2 2 ------- -------

c o n t r o l  m u s c l e 1 . 3 0 _ _
t r a i l s  o n l y 1 . 0 7 —  — —

s l u d g e 1 . 7 5 -------

c o n t r o l  bo n e 1 . 8 8 wm wm

t r a i l s  o n l y 2 . 0 5 -------- --------

s l u d g e 1 . 1 5 -------- —
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w o o d l a n d c o n t r o l  l i v e r 1 3 . 1 1 1 . 7 7 . 4 2
j u m p i n g t r a i l s  o n l y 6 . 3 3 1 2 . 3 1 1 . 6

mouse s l u d g e 1 9 . 6 1 5 . 4 2 1 . 8

c o n t r o l  k i d n e y 1 0 . 8 1 5 . 3 2 9 . 0
t r a i l s  o n l y 1 3 . 4 2 1 . 5 3 6 . 2
s l u d g e 2 5 . 9 9 . 2 8 2 8 . 5

c o n t r o l  m u s c l e 2 . 3 6 5 . 4 2 5 . 0 5
t r a i l s  o n l y 3 . 6 0 4 . 9 7 3 . 7 1
s l u d g e 3 . 4 2 2 . 5 7 5 . 4 0

c o n t r o l  b o n e 1 . 1 6 2 . 0 6 a 2 . 7 6
t r a i l s  o n l y 3 . 5 7 5 . 3 4 b 1 . 8 5
s l u d g e 4 . 6 0 3 . 95a  b 2 . 9 2

e a s t e r n c o n t r o l  l i v e r 6 . 7 4 _  _
c h i p m u n k t r a i l s  o n l y 7 . 39 ---- ----

s l u d g e 3 . 0 8 —— ----

c o n t r o l  k i d n e y 7 . 5 0 — —
t r a i l s  o n l y 8 . 1 9 ---- ----
s l u d g e 3 . 9 6 ---- ----

c o n t r o l  m u s c l e 0 . 4 4 __ _
t r a i l s  o n l y 0 . 7 3 ---- — —

s l u d g e 0 . 8 6 "

c o n t r o l  bone 2 . 7 8 — mm mm
t r a i l s  o n l y 3 . 0 7 ---- mm —
s l u d g e 2 . 7 6

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 65. Mean Hi c o n c e ntrations in small mammals tissues
collected off the aspen study area from 198 2-19<-4.

Ye a r
S p e c i e s  T r e a t m e n t  T i s s u e  __________________

1982 1983 1984

e a s t e r n c o n t r o l  l i v e r 0 . 4 4 0 . 3 3 0 . 4 1
meadow t r a i l s  o n l y 0 . 2 2 0 . 2 9 0 . 3 1

v o l e s l u d g e 0 . 4 2 0 . 2 9 0 . 3 4

c o n t r o l  k i d n e y 0 . 9 5 0 . 6 7 0 . 9 3
t r a i l s  o n l y 0 . 5 1 0 , 8 9 1 . 1 5
s l u d g e 0 . 7 2 0 . 5 6 0 . 9 7

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 1 0 , 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  bo n e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

1 3 - l i n e d c o n t r o l  l i v e r 0 . 4 0
g r o u n d t r a i l s  o n l y 0 . 2 8 — ----

s q u i r r e l s l u d g e 0 . 3 0 —

c o n t r o l  k i d n e y 0 . 2 0 ___ _  _
t r a i l s  o n l y 0 . 1 1 — ----
s l u d g e 0 . 0 6 ----

c o n t r o l  m u s c l e 0 . 0 0 —— __ ,

t r a i l s  o n l y 0 . 0 0 ----
s l u d g e 0 . 0 0 — ----

c o n t r o l  bo n e 0 . 3 1 _  _ _  H
t r a i l s  o n l y 0 . 1 2 — ----

* s l u d g e 0 . 2 2 — ----
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w o o d l a n d c o n t r o l  l i v e r 0 . 0 8 0 . 1 1 0 . 3 4 a
j u m p i n g t r a i l s  o n l y 0 . 1 3 0 . 2 1 0 . 1 2 b

mouse s l u d g e 0 . 0 7 0 . 1 9 0 . 0 6 b

c o n t r o l  k i d n e y 0 . 1 3 0 . 1 8 0 . 3 0
t r a i l s  o n l y 0 . 1 8 0 . 2 5 0 . 2 6
s l u d g e 0 . 2 2 0 . 3 7 0 . 1 7

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 2 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 1 0 . 0 0

c o n t r o l  b o n e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 1

' e a s t e r n c o n t r o l  l i v e r 0 . 0 4 __ __
c h i p m u n k t r a i l s  o n l y 0 . 0 8 — —

s l u d g e 0 . 1 5 - - —

c o n t r o l  k i d n e y 0 . 0 3 _ _

t r a i l s  o n l y 0 . 1 3 — —

s l u d g e 0 . 0 9 — —

c o n t r o l  m u s c l e 0 . 0 0 __
t r a i l s  o n l y 0 . 0 0 ---
s l u d g e 0 . 0 0 —— ---

c o n t r o l  b o n e 0 . 0 0 _  „ — _

t r a i l s  o n l y 0 . 0 4 — —

s l u d g e 0 . 0 0

* v a l u e s  w i t h i n  a  y e a r  a nd  s e a s o n  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t

w i t h  
t h e  .

t h e  s ame  l e t t e r  a r e  
10 l e v e l )
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Table 66. Mean Zn c o n c e ntrations In small mammals tissues
collected off the aspen study area from IS 2-19 4.

S p e c i e s T r e a t m e n t  T i s s u e
1982

Ye a r

1983 1984

e a s t e r n c o n t r o l  l i v e r 4 1 . 5 2 5 . 6 4 3 . 4
meadow t r a i l s  o n l y 3 8 . 9 3 9 . 4 6 4 . 0

v o l e s l u d g e 4 6 . 9 2 1 . 6 4 1 . 4

c o n t r o l  k i d n e y 3 6 . 5 6 0 . 1 2 0 .  0a
t r a i l s  o n l y 5 7 . 7 4 7 . 5 3 9 . ab
s l u d g e 3 9 . 4 5 7 . 0 6 7 . 4 b

c o n t r o l  m u s c l e 1 3 . 6 5 . 9 0 7 . 7 8
t r a i l s  o n l y 6 . 9 7 1 3 . 0 4 . 4 8
s l u d g e 9 . 9 4 4 . 5 7 5 . 1 2

c o n t r o l  b o n e 5 7 . 7 4 0 . 7 5 5 . 3
t r a i l s  o n l y 5 4 , 2 7 2 . 0 3 3 . 6
s l u d g e 6 4 . 9 6 3 . 6 6 5 . 8

13 - l i n e d c o n t r o l  l i v e r 7 8 . 5 mm M —

g r o u n d t r a i l s  o n l y 8 6 . 3 — ----
s q u i r r e l s l u d g e 8 7 . 4 — ----

c o n t r o l  k i d n e y 5 9 . 6 a ______ M _

t r a i l s  o n l y 9 5 , 9 b — ------

s l u d g e 147c — -----

c o n t r o l  m u s c l e 5 . 2 3 _ _
t r a i l s  o n l y 1 7 . 2 __ ------

s l u d g e 1 4 . 5 — ------

c o n t r o l  bo n e 2 1 . 3 _  _
t r a i l s  o n l y 1 4 . 1 — ------

s l u d g e 2 6 . 0 — ----
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w o o d l a n d c o n t r o l  l i v e r 5 5 . 1 7 4 . 0 a 5 6 . 2
j u m p i n g t r a i l s  o n l y 5 7 . 0 3 5 . 1 b 4 4 . 4

mouse s l u d g e 5 3 . 9 2 0 . 0 b 2 4 . 8

c o n t r o l  k i d n e y 4 0 . 6 4 3 . 5 3 0 . 4
t r a i l s  o n l y 3 4 . 9 3 2 . 4 5 3 . 2
s l u d g e 2 3 . 4 2 4 . 8 4 7 . 7

c o n t r o l  m u s c l e 7 . 3 5 1 0 . 2 7 . 0 8
t r a i l s  o n l y 1 4 . 1 1 3 . 5 6 . 8 1
s l u d g e 9 . 8 4 6 , 4 9 6 . 9 7

c o n t r o l  bo n e 2 8 . 7 3 8 . 3 a 3 7 . 7
t r a i l s  o n l y 2 8 , 7 1 8 . 7 b 2 9 . 5
s l u d g e 2 3 . 9 3 9 .  6a b 2 4 . 8

e a s t e r n c o n t r o l  l i v e r 6 5 . 5
c h i p m u n k t r a i l s  o n l y 2 7 . 0 ----- —

s l u d g e 5 6 . 0 —

c o n t r o l  k i d n e y 4 0 . 5 — — _  _

t r a i l s  o n l y 1 8 . 9 ----- —

s l u d g e 9 0 . 8 —

c o n t r o l  m u s c l e 4 . 5 3 w m m m __, __„

t r a i l s  o n l y 9 . 5 5 ----- —

s l u d g e 1 9 . 3 —

c o n t r o l  bo n e 2 2 . 7
t r a i l s  o n l y 1 9 . 8 — .

s l u d g e 3 5 . 1 “ —

* values within a year and season with the same letter are
not significantly different (at the .10 level)



174

Table 67. Mean Cd concentrations in small mammals tissues
collected off the oak study area from 1982-1984.

S p e c i e s T r e a t m e n t  T i s s u e
1982

Ye a r

1983 1984

w h i t e ­ c o n t r o l  l i v e r 0 . 1 3 0 . 1 6 a 0 . 1 2
f o o t e d t r a i l s  o n l y 0 . 0 9 0 . 0 7 b 0 . 0 9

mouse s l u d g e 0 . 1 8 0 . 14 a b 0 . 1 3

c o n t r o l  k i d n e y 0 . 1 6 0 . 2 1a b 0 . 1 6
t r a i l s  o n l y 0 . 2 1 0 . 3 8 b 0 . 1 4
s l u d g e 0 . 2 5 0 . 2 0 a 0 . 2 5

c o n t r o l  m u s c l e 0 . 0 2 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 1

* s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  bone 0 . 0 8 0 . 0 1 0 . 0 2
t r a i l s  o n l y 0 . 0 3 0 . 0 0 0 . 0 1
s l u d g e 0 . 0 3 0 . 0 1 0 . 0 1

* v a l u e s w i t h i n  a y e a r  a nd  s e a s o n wi  t h t h e  same l e t t e r  a r e
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t t h e  . 10 l e v e l )

4
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Table 68. Mean Cr concentrations in snail mammals tissues
collected off the oak study area from 1982-1984,

S p e c i e s T r e a t m e n t  T i s s u e
1982

Year

1983 1984

w h i t e ­ c o n t r o l  l i v e r 0 . 7 5 0 . 7 2 0 . 6 1
f o o t e d t r a i l s  o n l y 0 , 5 2 1 . 1 0 1 . 3 5

mouse s l u d g e 1 . 3 7 0 . 6 8 0 . 5 4

c o n t r o l  k i d n e y 1 . 3 2 1 , 5 4 a 1 . 2 1
t r a i l s  o n l y 1 . 0 5 2 . 8 6 b 1 . 4 2
s l u d g e 6 . 2 6 1 . 88ab 3 . 0 7

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 0 0 . 0 1
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  bone 0 . 2 0 0 . 3 1 0 . 1 4
t r a i l s  o n l y 0 . 0 6 0 . 1 5 0 . 1 0
s l u d g e 0 . 3 8 0 . 0 9 0 . 0 7

* v a l u e s w i t h i n  a y e a r  and  s e a s o n w i t h t h e  same l e t t e r  a r e
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t t h e  . 10 l e v e l )
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Table 69. Mean .Cu concentrations in small mammals tissues
collected off the oak study area from 1982-1984.

S p e c i e s T r e a t m e n t  T i s s u e
1982

Ye a r

1983 1984

w h i t e ­ c o n t r o l  l i v e r 1 5 . 4 2 0 . 0 1 7 . 0
f o o t e d t r a i l s  o n l y 1 8 . 0 1 0 . 8 2 0 . 9

mouse s l u d g e 1 2 . 1 1 7 . 5 1 1 . 4

c o n t r o l  k i d n e y 1 0 . 5 1 1 . 5 a 2 2 . 3
t r a i l s  o n l y 2 6 . 0 2 2 . 8 b 2 0 . 6
s l u d g e 1 7 . 4 8 , 6 2 a 1 0 . 5

c o n t r o l  m u s c l e 0 . 9 9 1 . 2 0 1 . 5 6
* t r a i l s  o n l y 1 . 3 8 0 . 9 5 0 . 7 9

s l u d g e 1 . 5 4 0 . 8 3 0 . 9 3

c o n t r o l  bo n e 1 . 0 7 2 . 2 3 1 . 1 5
t r a i l s  o n l y 0 . 7 2 1 . 0 7 1 . 2 8
s l u d g e 2 . 2 1 2 . 8 0 1 . 6 2

* v a l u e s w i t h i n  a y e a r  a n d  s e a s o n w i t h t h e  same l e t t e r  a r e
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t t h e  . 10 l e v e l )
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T a b l e  7 0 .  
c o l l e c t e d

Mean Ni  c o n c e n t r a t i o n s  
o f f  t h e  oa k  s t u d y  a r e a

i n  s m a l l  mammals  
f r o m  1 9 8 2 - 1 9 8 4 .

t i s s u e s

S p e c i e s T r e a t m e n t  T i s s u e
Ye a r

1982 1983 1984

w h i t e ­ c o n t r o l  l i v e r 0 . 3 2 0 . 2 7 0 . 2 4
f o o t e d t r a i l s  o n l y 0 . 0 7 0 . 1 1 0 . 1 5

mouse s l u d g e 0 . 4 7 0 . 1 7 0 . 2 1

c o n t r o l  k i d n e y 0 . 0 9 0 . 1 5 0 . 0 7
t r a i l s  o n l y 0 . 1 2 0 . 1 1 0 . 1 6
s l u d g e 0 . 0 8 0 . 1 0 0 . 0 8

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  b o n e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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T a b l e  7 1 .  
c o l l e c t e d

Mean Zn c o n c e n t r a t i o n s  
o f f  t h e  o a k  s t u d y  a r e a

i n  s m a l l  
f r o m  1982

mammals
- 1 9 8 4 .

t i s s u e s

S p e c i e s T r e a t m e n t  T i s s u e
1982

Ye a r

1983 1984

w h i t e ­ c o n t r o l  l i v e r 3 8 . A 5 2 . 5 6 4 . 8
f o o t e d t r a i l s  o n l y 7 9 . 6 7 7 . 9 5 7 . 2

mouse s l u d g e 4 4 . 2 6 4 . 4 5 7 . 8

c o n t r o l  k i d n e y 3 5 . 5 2 4 . 8 a 3 9 . 5
t r a i l s  o n l y 5 3 . 0 3 0 . 4a b 3 4 . 9
s l u d g e 2 9 . 8 4 7 . 7 b 2 6 . 6

c o n t r o l  m u s c l e 1 7 . 4 3 0 . 9 1 7 . 7
t r a i l s  o n l y 2 1 . 9 1 5 . 6 2 1 . 2
s l u d g e 1 3 . 7 1 9 . 7 1 8 . 8

c o n t r o l  bo n e 7 8 . 5 7 7 . 9 6 8 . 8
t r a i l s  o n l y 7 4 . 3 9 8 . 4 114
s l u d g e 9 0 . 8 8 0 . 2 8 5 . 5

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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T a b l e  72 ,  Mean Cd c o n c e n t r a t i o n s  
c o l l e c t e d  o f f  t h e  j o c k  p i n e /  r e d  
1 9 8 2 - 1 9 8 4 .

i n  s m a l l  mammals  
p i n e  s t u d y  a r e a

t i s s u e s
f r o m

S p e c i e s  T r e a t m e n t  T i s s u e
1982

Ye a r

1983 1984

w h i t e -  c o n t r o l  l i v e r „ 0 . 1 1
f o o t e d  t r a i l s  o n l y _ _ — 0 . 1 8

mouse  s l u d g e — — 0 . 1 5

c o n t r o l  k i d n e y _  „ ___ 0 . 3 3
t r a i l s  o n l y — — 0 . 5 6
s l u d g e — — 0 . 2 0

c o n t r o l  m u s c l e „  _ __ 0 . 0 0
t r a i l s  o n l y — — - 0 . 0 0
s l u d g e — — 0 . 0 0

c o n t r o l  bo n e ,__ 0 . 0 0
t r a i l s  o n l y — — 0 . 0 0
s l u d g e — — 0 . 0 0

e a s t e r n  c o n t r o l  l i v e r _ 0 , 0 6
c h i p m u n k  t r a i l s  o n l y — 0 . 0 5 —

s l u d g e —- 0 . 1 2 —

c o n t r o l  k i d n e y __ 0 . 3 0 _  _

t r a i l s  o n l y — 0 . 2 6
s l u d g e — 0 . 4 1 —

c o n t r o l  m u s c l e _  „ 0 . 0 1
t r a i l s  o n l y — 0 . 0 0 -----

s l u d g e — 0 . 0 0 —

c o n t r o l  b o n e _  _ 0 . 0 0 _  ̂

t r a i l s  o n l y — 0 . 0 0 ——

s l u d g e — 0 . 0 0

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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T a b l e  7 3 .  Mean Cr  c o n c e n t r a t i o n s  
c o l l e c t e d  o f f  t h e  j a c k  p i n e /  r e d  
1 9 8 2 - 1 9 8 4 .

i n  s m a l l  mammals  
p i n e  s t u d y  a r e a

t i s s u e s
f r o m

S p e c i e s  T r e a t m e n t  T i s s u e
1982

Y e a r

1983 1984

w h i t e -  c o n t r o l  l i v e r 0 . 7 4
f o o t e d  t r a i l s  o n l y — — 0 . 5 0

mouse  s l u d g e — - - 1 . 2 1

c o n t r o l  k i d n e y —— ______ 1 . 5 4
t r a i l s  o n l y — — 1 . 4 1
s l u d g e — — 2 . 1 7

c o n t r o l  m u s c l e _  u „  _ _ 0 . 0 0
t r a i l s  o n l y — — 0 . 0 0
s l u d g e — — 0 . 0 0

c o n t r o l  bo n e 0 . 1 2 a
t r a i l s  o n l y — 0 . 0 8 b
s l u d g e — — 0 . 0 6 b

e a s t e r n  c o n t r o l  l i v e r ______ 1 . 2 7
c h i p m u n k  t r a i l s  o n l y — 1 . 1 6 ------

s l u d g e — 1 . 4 1

c o n t r o l  k i d n e y ______ 3 . 1 1
t r a i l s  o n l y — 1 . 6 8
s l u d g e — 1 . 9 0 ------

c o n t r o l  m u s c l e 0 . 0 0
t r a i l s  o n l y — 0 . 0 0 — —

s l u d g e — 0 . 0 0 ------

c o n t r o l  bo n e 0 . 1 2
t r a i l s  o n l y — 0 . 1 1 ——

s l u d g e —— 0 . 0 8

# values within a year and season with the same letter are
not significantly different (at the .10 level)
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T a b l e  7 4 .  
c o l l e c t e d  
1 9 8 2 - 1 9 8 4

Mean Cu c o n c e n t r a t i o n s  
o f f  t h e  j a c k  p i n e /  r e d

•

i n  s m a l l  mammals t i s s u e s  
p i n e  s t u d y  a r e a  f r om

S p e c i e s T r e a t m e n t  T i s s u e
1982

Ye a r

1983 1984

w h i t e ­ c o n t r o l  l i v e r „ 1 0 . 8
f o o t e d t r a i l s  o n l y — — 1 9 . 3

mouse s l u d g e — — —— 1 7 . 2
•

c o n t r o l  k i d n e y _ „ 1 6 . 2 a
t r a i l s  o n l y — — 1 3 . 8 b
s l u d g e — — 1 0 . 9 c

c o n t r o l  m u s c l e __ 0 . 5 4
t r a i l s  o n l y — — 1 . 1 8

. s l u d g e — — 0 . 3 5

c o n t r o l  bone __ 1 . 0 4
t r a i l s  o n l y — — 1 . 5 1
s l u d g e — — 1 . 0 5

e a s t e r n c o n t r o l  l i v e r __ 2 1 . 2 —

c h i pmunk t r a i l s  o n l y — 1 4 . 5 ------

s l u d g e — 3 0 . 5 ------

c o n t r o l  k i d n e y __ 1 8 . 0 _ _
t r a i l s  o n l y — 2 7 . 0 — -

s l u d g e — 1 2 . 9 ------

c o n t r o l  m u s c l e _ _ 0 . 3 0
t r a i l s  o n l y — 0 . 7 6
s l u d g e — - 0 . 8 0

c o n t r o l  bone _ _ 1 . 4 1 a
t r a i l s  o n l y — 1 . 8 0 b — —

s l u d g e —— 1 . 62ab — “

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 75. Mean Ni concentrations in s m a 11 mammals tissues
collected off the jack pine/ red pine study area from
1982-1984.

Year
S p e c i e s T r e a t m e n t T i s s u e

1982 1983 1984

w h i t e ­ c o n t r o l  l i v e r  —; — 0 . 1 5
f o o t e d t r a i l s  o n l y  — — 0 . 1 1

mouse s l u d g e — 0 . 1 0

c o n t r o l  k i d n e y _,_ 0 . 0 8
t r a i l s  o n l y — 0 . 0 5
s l u d g e  — — 0 . 0 5

c o n t r o l  m u s c l e  — _ _ 0 . 0 0
t r a i l s  o n l y  — — 0 . 0 0

* s l u d g e  — - - 0.0.0

c o n t r o l  bone  — _ „ 0 . 0 0
t r a i l s  o n l y  — — 0 . 0 0
s l u d g e  — — 0 . 0 0

e a s t e r n c o n t r o l  l i v e r  — 0 . 1 4 a
c h i p mu n k t r a i l s  o n l y 0 . 2 5 b ---

s l u d g e  — 0 , 19ab —

c o n t r o l  k i d n e y 0 . 0 9 M —
t r a i l s  o n l y  — 0 . 1 5 —
s l u d g e 0 . 0 7 —

c o n t r o l  m u s c l e  — 0 . 0 0 _ _
t r a i l s  o n l y 0 . 0 0 —
s l u d g e 0 . 0 0 —

* c o n t r o l  bone 0 . 0 0
t r a i l s  o n l y  — 0 . 0 0 ——

s l u d g e 0 . 0 1

* v a l u e s  w i t h i n  a y e a r  a n d  s e a s o n  w i t h  t h e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t  t h e  . 1 0

same l e t t e r  a r e  
l e v e l )
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Table 76. Mean Zn c o n c e ntrations in small mammals tissues
collected off the jack pine/ red pine study area from
1982-1984.

Ye a r
S p e c i e s T r e a t m e n t T i s s u e

1982 1983 1984

whi  t e - c o n t r o l  l i v e r — — 4 0 . 2
f o o t e d t r a i l s  o n l y — — 3 0 . 5

mouse s l u d g e — — 3 0 . 8

c o n t r o l  k i d n e y __ 3 9 . 5 a
t r a i l s  o n l y — — — 2 2 . 6 b
s l u d g e ■— --- 2 5 . 2 b

c o n t r o l  m u s c l e __ 2 2 . 2
t r a i l s  o n l y — --- . 1 7 . 7
s l u d g e .— - - 1 5 . 4

c o n t r o l  b o n e __ _ 5 6 . 3
t r a i l s  o n l y — --- 3 0 . 7
s l u d g e — --- 5 3 . 4

e a s t e r n c o n t r o l  l i v e r 6 0 . 0 _ _
c h i p m u n k t r a i l s  o n l y — 5 3 . 4 ---

s l u d g e —— 3 6 . 9 ---

c o n t r o l  k i d n e y 4 9 . 3
t r a i l s  o n l y — 3 0 . 9 ---
s l u d g e - - 4 6 . 2 ---

c o n t r o l  m u s c l e _ _ 1 2 . 9n _
t r a i l s  o n l y 2 1 . 0 b
s l u d g e — 2 8 . 9 b ---

c o n t r o l  bone __ 6 8 . 5
t r a i l s  o n l y — 5 3 . 9 ---
s l u d g e — 6 2 . 8 ---■

* v a l u e s w i t h i n  a  y e a r  a n d  s e a s o n w i t h t h e  same l e t t e r  a r e
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t t h e  . 10 l e v e l )
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T a b l e  7 7 .  
c o l l e c t e d

Mean Cd c o n c e n t r a t i o n s  i n  s m a l l  mammals  t i s s u e s  
o f f  t h e  h a r d w o o d s  s t u d y  a r e a  f r o m 1 9 8 2 - 1 9 8 4 .

S p e c i e s T r e a t m e n t  T i s s u e
Ye a r

1982 1983 1984

w h i t e ­ c o n t r o l  l i v e r 0 . 2 7 0 . 3 0 0 . 2 9
f o o t e d t r a i l s  o n l y 0 . 7 0 0 . 2 3 0 . 3 4

mouse s l u d g e 0 . 4 8 0 . 3 5 0 . 2 3

c o n t r o l  k i d n e y 0 . 1 3 0 . 2 2 a 0 . 4 5
t r a i l s  o n l y 0 . 2 9 0 . 4 2 b 0 . 3 3
s l u d g e 0 . 2 8 0 . 5 4 b 0 . 5 7

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  bo n e 0 . 0 1 0 . 0 0 0 . 0 1
t r a i l s  o n l y 0 . 1 1 0 . 0 0 0 . 0 1
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 1

e a s t e r n c o n t r o l  l i v e r 0 . 7 8 1 . 2 0 a 1 . 1 8
c h i p m u n k t r a i l s  o n l y 1 . 3 1 0 . 7 0 b 0 . 8 0

s l u d g e 0 . 7 3 0 . 8 8 b 0 . 9 6

c o n t r o l  k i d n e y 0 . 7 9 a 1 . 3 1 1 . 3 4
t r a i l s  o n l y 1 . 6 0 b 1 . 4 2 0 . 7 5
s l u d g e 1 . 7 3 b 1 . 1 0 1 . 3 9

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  bone 0 , 0 6 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 , 0 0 0 . 0 0

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

w i t h  t h e  
t h e  . 1 0

same l e t t e r  a r e  
l e v e l )
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Table 78. Mean Cr concentrations in small mammals tissues
collected off the hardwoods study area from 1982-1984.

Y e a r
S p e c i e s  T r e a t m e n t  T i s s u e  _______________________________

1982 1983 1984

w h i t e ­ c o n t r o l  l i v e r 0 . 2 5 0 . 4 9 0 . 4 6
f o o t e d t r a i l s  o n l y 0 . 9 3 0 . 5 3 0 . 7 9

mouse s l u d g e 0 . 6 9 0 . 5 9 0 . 3 0

c o n t r o l  k i d n e y 1 . 1 3 a 1 . 4 9 0 . 9 8
t r a i l s  o n l y 0 . 69a 0 . 8 6 0 . 7 3
s l u d g e 8 . 64b 0 . 8 0 2 . 3 3

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 5 0 . 0 1
t r a i l s  o n l y 0 . 0 0 0 . 0 0 0 . 0 1

- s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  bone 0 . 1 6 0 . 3 4 0 . 3 6
t r a i l s  o n l y 0 . 7 9 0 . 4 9 0 . 4 4
s l u d g e 0 . 3 5 0 . 8 0 0 . 6 5

e a s t e r n c o n t r o l  l i v e r 0 . 4 9 0 . 6 0 0 . 7 1
c h i p m u n k t r a i l s  o n l y 0 . 7 4 1 . 2 8

s l u d g e 0 . 8 2 0 . 4 7 0 . 6 3

c o n t r o l  k i d n e y 1 . 8 9 1 . 5 3 1 . 1 5
t r a i l s  o n l y 0 . 5 8 1 . 4 9 1 . 5 2
s l u d g e 0 . 6 0 0 . 8 5 0 . 7 7

c o n t r o l  m u s c l e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 , 0 0 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

c o n t r o l  bo n e 0 . 0 0 0 . 0 0 0 . 0 0
t r a i l s  o n l y 0 . 0 0 0 . 0 1 0 . 0 0
s l u d g e 0 . 0 0 0 . 0 0 0 . 0 0

** values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 79. Mean Cu concentrations in small mammals tissues
collected off the hardwoods study area from 1982-1984.

S p e c i e s T r e a t m e n t  T i s s u e
1982

Ye a r

1983 1984

whi  t e - c o n t r o l  l i v e r 1 9 . 4 1 7 . 0 6 . 5 3
f o o t e d t r a i l s  o n l y 1 3 . 4 1 6 . 0 9 . 4 1

mous e s l u d g e 7 . 3 9 9 . 2 5 1 5 . 9

c o n t r o l  k i d n e y 1 5 . 1 1 2 . 5 7 . 5 0
t r a i l s  o n l y 1 5 . 0 1 9 . 2 1 8 . 4
s l u d g e 2 0 . 6 1 8 . 4 1 5 . 0

c o n t r o l  m u s c l e 0 . 9 8 0 . 7 4 1 . 2 2
t r a i l s  o n l y 1 . 0 4 0 . 9 3 0 . 5 1
s l u d g e 0 . 4 2 0 . 8 6 0 . 8 1

c o n t r o l  bone 3 . 7 1 2 . 0 5 3 . 2 8
t r a i l s  o n l y 1 . 3 5 3 . 7 3 3 . 3 4
s l u d g e 2 . 0 1 2 . 4 1 2 . 5 9

e a s t e r n c o n t r o l  l i v e r 6 . 2 2 a 6 . 9 5 9 . 7 2
c h i p m u n k t r a i l s  o n l y 1 8 . 4 b 7 . 9 3 8 . 6 1

s l u d g e 7 . 3 9 a 1 2 . 4 1 0 . 2

c o n t r o l  k i d n e y 4 . 9 4 8 . 11a 6 . 3 7
t r a i l s  o n l y 1 1 . 2 1 3 . 9 b 7 . 9 1
s l u d g e 7 . 5 0 6 . 7 1 a 9 . 1 7

c o n t r o l  m u s c l e 0 . 7 3 0 . 6 8 0 . 9 3
t r a i l s  o n l y 0 . 6 2 1 . 2 6 0 . 3 6
s l u d g e 0 . 3 0 0 . 5 1 0 . 4 5

c o n t r o l  bo n e 2 . 6 4 2 . 2 2 2 . 6 7
t r a i l s  o n l y 1 . 0 7 2 . 0 2 1 . 0 6
s l u d g e 0 . 9 6 1 . 4 1 1 . 9 0

* v a l u e s w i t h i n  a y e a r  a nd  s e a s o n w i t h  t h e same l e t t e r a r e
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t t h e  . 1 0 l e v e l )
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Table 80. Mean Hi concen t r a t i o n s  in small mammals tissues
collected off the hardwoods study area from 1982-1904.

S p e c i e s T r e a t m e n t  T i s s u e
Ye a r

1982 1983 1984

w h i t e ­
f o o t e d

mouse

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

0 . 1 7
0 . 9 2
0 . 1 2

0 . 2 8
0 . 2 1
0 . 1 1

0 . 3 3
0 . 1 8
0 . 1 9

c o n t r o l  k i d n e y  
t r a i l s  o n l y  
s l u d g e

0 . 3 3
0 . 4 4
0 . 8 6

0 . 4 9
0 . 7 1
0 . 6 4

0 . 5 0
0 . 3 3
0 . 4 6

c o n t r o l  m u s c l e  
t r a i l s  o n l y  
s l u d g e

0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0

c o n t r o l  b o n e  
t r a i l s  o n l y  
s l u d g e

0 . 0 0
0 . 9 3
0 . 0 0

0 . 0 1
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0

e a s t e r n
c h i p m u n k

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

0 . 0 5
0 . 1 5
0 . 2 2

0 . 63a  
0 . 2 7 b  
0 . 1 3 b

0 . 5 3
0 . 4 6
0 . 3 1

c o n t r o l  k i d n e y  
t r a i l s  o n l y  
s l u d g e

0 . 0 3
0 . 1 1
0 . 1 0

0 . 0 9
0 . 3 4
0 . 1 4

0 . 1 6  
0 . 2 6  
0 . 1 9

c o n t r o l  m u s c l e  
t r a i l s  o n l y  
s l u d g e

0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0

c o n t r o l  bone  
t r a i l s  o n l y  
s l u d g e

0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0

* values within a year and season with the same letter are
not significantly different (at the .10 level)
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Table 81. Mean Zn concentrations in small mammals tissues
collected off the hardwoods study area from 1982-1984.

S p e c i e s T r e a t m e n t  T i s s u e
1982

Y e a r

1983 1934

. w h i t e ­ c o n t r o l  l i v e r 3 6 . 5 4 8 . 2 3 1 . 3
f o o t e d t r a i l s  o n l y 7 5 . 3 4 0 . 3 3 9 . 3

mouse s l u d g e 3 8 . 8 4 5 . 5 3 5 . 6

c o n t r o l  k i d n e y 5 7 . 5 6 1 . 5 6 0 . 7
t r a i l s  o n l y 3 3 . 6 7 3 . 3 5 8 . 0
s l u d g e 4 2 . 8 6 2 . 4 4 1 . 4

c o n t r o l  m u s c l e 8 . 7 6 8 . 0 2 1 3 . 5
t r a i l s  o n l y 1 4 . 1 1 6 . 4 3 1 . 9

* s l u d g e 1 1 . 8 3 4 . 6 2 0 . 0

c o n t r o l  b o n e 7 1 . 3 5 0 . 7 3 3 . 6 a
t r a i l s  o n l y 4 5 . 2 9 2 . 9 5 4 . 7 1
s l u d g e 4 9 . 6 3 0 . 7 8 4 . 4 b

e a s t e r n c o n t r o l  l i v e r 144 7 4 . 4 5 6 . 5
c h i p m u n k t r a i l s  o n l y 8 6 . 9 5 7 . 8 9 3 .  5

s l u d g e 9 0 . 8 8 5 . 1 7 7 . 9

c o n t r o l  k i d n e y 6 9 . 6 6 8 . 8 8 9 . 0
t r a i l s  o n l y 8 1 . 8 8 2 .  2 8 3 . 4
s l u d g e 5 2 . 2 112 4 9 . 7

c o n t r o l  m u s c l e 1 0 . 7 4 . 8 2 7 . 9 3
t r a i l s  o n l y 7 . 8 4 9 . 8 1 6 . 7 6
s l u d g e 6 . 2 1 5 . 0 8 4 . 6 9

c o n t r o l  b o n e 3 6 . 7 4 1 . 1 2 7 . 0
t r a i l s  o n l y 2 7 . 6 1 9 , 9 4 5 . 6
s l u d g e 6 4 . 2 3 7 . 7 4 3 . 8

* v a l u e s w i t h i n  a y e a r  a n d  s e a s o n w i t h t h e  same l e t t e r  a r e
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t t h e  . 10 l e v e l )


