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CONTAMINANT RESIDUES IN FISH FROM NORTHEASTERN OKLAHOMA

T h e  m i d d l e  A r k a n s a s  R i v e r  B a s i n  o f  n o r t h e a s t e r n  O k l a h o m a  c o n t a i n s  s t r e a m s
a n d  s e v e r a l  l a r g e  r e s e r v o i r s  n o t e d  f o r  t h e i r  g o o d  f i s h i n g .  T h e  r i v e r s  r e c e i v e
i n d u s t r i a l and m u n i c i p a l w a s t e s ,  a s w e l l as  contaminants  f rom non-point
s o u r c e s . P o r t i o n s  o f  t h e  A r k a n s a s  a n d  V e r d i g r i s  r i v e r s  h a v e  b e e n  e x t e n s i v e l y
m o d i f i e d  f o r  n a v i g a t i o n , a n d  b a r g e t r a f f i c  i s  c o m m o n . T h e s e  w a t e r s  a l s o
p rov ide  f eed ing , o v e r - w i n t e r i n g  a n d  n e s t i n g  h a b i t a t f o r  a n i m a l s p e c i e s  t h a t
a r e  o f concern to the U.S. F i s h  a n d  W i l d l i f e Se rv ice . Ba ld  eag l e s
(wiaeetus l e u c o c e p h a l u s )  u s e  h a b i t a t  s u r r o u n d i n g  t h e  r e s e r v o i r s  e x t e n s i v e l y
d u r i n g  t h e  w i n t e r  f o r  r o o s t i n g  a n d  f e e d i n g , a n d  t h e  e n d a n g e r e d  i n t e r i o r  l e a s t
t e r n  ( S t e r n a  antillarum) n e s t s  o n  s p a r s e l y  v e g e t a t e d  s a n d  s p i t s  a n d  i s l a n d s ,~~
and feeds o n  s m a l l  f i s h e s  c a u g h t  i n  t h e  r i v e r s . Both of  these  endangered
s p e c i e s  d e p e n d  o n  a  c o n t a m i n a n t  f r e e  a q u a t i c  e n v i r o n m e n t  t o  p r o v i d e  thcrr. w i t h
a  r e l i a b l e  s o u r c e  o f  c l e a n  p r e y  s p e c i e s .

O r g a n o c h l o r i n e  c o m p o u n d s  d o  n o t  o c c u r  n a t u r a l l y  i n  thc’environment  a n d  h a v e
b e e n  s y n t h e s i z e d  b y  m a n  o n l y  i n  t h e  p a s t  c e n t u r y . T h e y  a r e  n o n e s s e n t i a l  tz
l i f e  a n d  n u m e r o u s  s t u d i e s  h a v e  s h o w n  t h a t  o r g a n o c h l o r i n e  c o m p o u n d s ,  i n c l u d i n g
PCBs, c a n  n e g a t i v e l y  a f f e c t  f i s h  a n d  w i l d l i f e  s p e c i e s  ( C u s t e r  a n d  H e i n z  1 9 8 0 ,
H a s e l t i n e  a n d  P r o u t y  1 9 8 0 ,  Helander e t  a l .  1 9 8 2 ,  F o l m e r  e t  a l .  1 3 8 2 ,  Mauck e t
a l .  1978 ,  Mayer  e t  a l .  1977 ,  McLanc a n d  H u g h e s  1 9 8 0 , Peakal? 1975 , To;i zr,<
P e t e r l e  1 9 8 3 , Weis  a n d  Weis 1 9 8 2 , a n d  o t h e r s ] .  J?ickcy a n d  A n d e r s o n  (1968)
c o n c l u d e d  t h a t  c h l o r i n a t e d  h y d r o c a r b o n s  a r e  l e a d i n g t o  s i g n i f i c a n t  d e c r e a s e s
i n  r e p r o d u c t i o n  f o r  a v i a n  s p e c i e s  t h a t  a r e  a t  t h e  t o p  o f  f o o d  w e b s  i n  c o n t a m -
i n a t e d  e c o s y s t e m s .

C e r t a i n  e l e m e n t s  ( m e t a l s )  a r e  k n o w n  t o  b e  e s s e n t i a l  f o r  n o r m a l  l i f e  process?5
a n d  o r g a n i s m s  h a v e  e v o l v e d  w a y s  t o  m a i n t a i n  homeostasis  f o r  t h e s e ,  within
n a r r o w  l i m i t s . A t  s l i g h t l y  h i g h e r  l e v e l s  t h e s e same e l emen t s accusulzt2 L!:
t h e  l i v e r , k idneys ,  gonads and  o the r t i s s u e s  w h e r e  t h e y  m a y  i n t e r f e r e  with
n o r m a l  b i o l o g i c a l  p r o c e s s e s . A t  e v e n  h i g h e r  l e v e l s , d e a t h  r e s u l t s  t h r o u g h
t h e  p o i s o n i n g  o f  c r i t i c a l  e n z y m e  s y s t e m s . A t  s o m e  i n t e r m e d i a t e  c o n c e n t r a t i o n
c e r t a i n  o f  t h e  e s s e n t i a l  e l e m e n t s cause t e r a t o g e n i c effects o n  dc:;c?o~Lnl;
e m b r y o s  (Olendorf  e t  a l .  1 9 8 6 ) . M e t a l s  a r e  r e l e a s e d  t o  t h e  e n v i r o n m e n t
t h r o u g h  n a t u r a l  w e a t h e r i n g  o f  g e o l o g i c  f o r m a t i o n s  a s  w e l l a s  t h r o u g h  anthro-
p o g e n i c  m e a n s  a s s o c i a t e d  w i t h  m i n i n g ,  r e f i n i n g  o r  m a n u f a c t u r i n g .

T h i s  s t u d y was under taken t o  d e t e r m i n e  i f  a q u a t i c  o r g a n i s m s  f r o z  the -.“Ai:._. A .A c. ^ .
A r k a n s a s  R i v e r  b a s i n  i n  O!<lahoma a r e  a c c u m u l a t i n g  m e t a l s  o r  organochlorine
compounds  in  body t i ssues .

MATERIALS AJJD  METHCDS

F i s h  a n d  s e d i m e n t s  w e r e  c o l l e c t e d  f r o m  e i g h t locat i o n s  i n  n o r t h e a s t  0klabcc.a
a s  s h o w n  o n  Pigurc 1 . Sediments were c o l l e c t e d  u s i n g  an Ekaan d r e d g e . Thrz:
d r e d g e  h a u l s  w e r e  m a d e  a t  e a c h  l o c a t i o n  a n d  t h e  t o p - m o s t  l a y e r  f r o m  e a c h  ha,::
was  ca r e fu l l y  r emoved  f rom the  d r edge  w i th  a ’Staiill? ss steel scoop and com-
posi ted  to  make one sample . Sediment samples w e r e  p l a c e d  o n  i c e  i n  t h e  f i e l d
a n d  l a t e r  f r o z e n . The dredge and scoop w e r e  c l e a n e d  b e t w e e n  each sample.
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Figure 1. Location of sampling locations for contaminant study
in northeastern Oklahoma. O= sampling sites.
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F i s h  w e r e  c o l l e c t e d  b y  e l e c t r o f i s h i n g . I n d i v i d u a l  f i s h  w e r e  w e i g h e d  a n d
measured, wrapped in aluminum foi l , p laced on i c e  i n  t h e  f i e l d ,  a n d  t h e n
l a t e r  f r o z e n . F i v e  f i s h  o f  t h e  s a m e  s p e c i e s  w e r e  c o r n p o s i t e d  t o  m a k e  o n e
sample. A t  e a c h  s a m p l i n g  l o c a t i o n  e f f o r t s  w e r e  m a d e  t o  c o l l e c t  t w o  r e p l i c a t e
s a m p l e s  o f  c o m m o n  c a r p  (Cyprinus  carpio), a t  l e a s t  o n e  s a m p l e o f  a  p r e d a t o r y
s p e c i e s , and one  sample  of  g izzard  shad (Dorosoma c e p e d i a n u m ) .

D e t e r m i n a t i o n  o f  m e t a l  r e s i d u e s  w a s  c a r r i e d o u t  a t  t h e  E n v i r o n m e n t a l  T r a c e
S u b s t a n c e s  R e s e a r c h  C e n t e r  i n  C o l u m b i a ,  M i s s o u r i ’ . Organochlorine compound
r e s i d u e s w e r e  d e t e r m i n e d  a t W e y e r h a e u s e r  A n a l y t i c a l  a n d  T e s t i n g  S e r v i c e s ,
Tacoma, Washington. Q u a l i t y  c o n t r o l  a n d  q u a l i t y  a s s u r a n c e  w e r e  m o n i t o r e d  b y
t h e  A n a l y t i c a l  C o n t r o l  F a c i l i t y a t  t h e  P a t u x e n t  W i l d l i f e  R e s e a r c h  C e n t e r ,
L a u r e l ,  M a r y l a n d . C o n t a m i n a n t  l e v e l s  i n  r e a g e n t  b l a n k s , d u p l i c a t e  s.amples
and unknown s t a n d a r d s  w e r e  d e t e r m i n e d  a s  p a r t  o f  t h e  QA/QC p r o c e d u r e s . The
recovery of  samples  spiked wi th  known amounts  of m e t a l s  a v e r a g e d  9 9  p e r c e n t
a n d  a n a l y s i s o f  s t a n d a r d s a n d  d u p l i c a t e  s a m p l e s  s h o w e d  l e s s  t h a n  1 1  p e r c e n t
d e v i a t i o n  i n  r e s u l t s  f o r  b o t h  m e t a l s  a n d  o r g a n i c  c o m p o u n d s .

D a t a  a n a l y s e s  w e r e  c a r r i e d  o u t  u s i n g  t h e  S y s t a t s t a t i s t i c a l  a n a l y s i s  p a c k a g e
on a microcomputer . R e s i d u e  v a l u e s  w e r e  n o r m a l i z e d  b y  u s i n g  t h e  n a t u r a l  log
of (x + 1) and an a n a l y s i s  o f var iance was c a r r i e d  o u t o n  t h e t ransformed
v a r i a b l e s . W h e r e  c o n t a m i n a n t  r e s i d u e s  w e r e  r e p o r t e d  a s  “ l e s s  t h a n ”  v a l u e s ,  a
v a l u e  o f  o n e - h a l f  t h e  q u a n t i t a t i o n l i m i t  ( f o r  organics) o r  o n e - h a l f  t h e
d e t e c t i o n  l i m i t  ( m e t a l s )  w a s  u s e d  i n  t h e  s t a t i s t i c a l  a n a l y s i s .  Geoxstric
means  we re  ca l cu l a t ed  and  conve r t ed  back t o  a r i t h m e t i c  v a l u e s . D i f f e r ences
b e t w e e n  s i t e s  a n d  b e t w e e n  .species w e r e d e t e r m i n e d  u s i n g  T u k e y s  H S D  a t  t h e
0 . 0 5  l e v e l . M e t a l  r e s i d u e s  w e r e  c o n v e r t e d  t o  w e t  w e i g h t  v a l u e s  u s i n g  t h e
a v e r a g e  m o i s t u r e  c o n t e n t  o f  a l l  s a m p l e s  ( 7 4 % ) .

RESULTS AND DISCUSSIO!J

B o t t o m  f e e d e r s (common carp) were c o l l e c t e d  a t  a l l  l o c a t i o n s  e x c e p t  L a k e
Eucha where o n l y  g i z z a r d s h a d  (planktivores) w e r e  c a u g h t  d u e  t o  e x t r e m e l y
h i g h  w a t e r  l e v e l s . P r e d a t o r y  s p e c i e s c o l l e c t e d  w e r e e i t h e r  w h i t e  c r a p p i e
(Pomoxis  a n n u l a r i s )  o r  l a r g e m o u t h  b a s s  (Micropterus  salmoides), e x c e p t  a t  t h e
A r k a n s a s  R i v e r  s i t e  w h e r e  s m a l l  s t r i p e d  b a s s  ( M o r o n e  saxatilis)  were  t he  on ly
p r e d a t o r y  s p e c i e s  f o u n d . A t  Pryor C r e e k , Webbers F a l l s a n d  F o r t  G i b s o n
s u f f i c i e n t  w h i t e c r a p p i e  w e r e c o l l e c t e d  s o t h a t  t h r e e  c o m p o s i t e  samples cf
f i l l e t s  w e r e  s u b m i t t e d  f o r  r e s i d u e  a n a l y s i s . Channel c a t f i s h  (Ictalurus
p u n c t a t u s )  w e r e c o l l e c t e d  o n l y  f r o m  Pryor C r e e k . All sediment samples ..‘on-
s i s t e d  m o s t l y  o f  s a n d  w i t h  l i t t l e  o r g a n i c  m a t e r i a l .

T i s s u e  l e v e l s  o f  3 8  o r g a n o c h l o r i n e  c o n t a m i n a n t s  a n d  1 0  m e t a l s  were q;;.!antificd
i n  t h e  s a m p l e s  ( T a b l e  1 ) . However, res idues  of  many of these were below the
d e t e c t i o n  l i m i t s  o f  t h e  a n a l y t i c a l  i n s t r u m e n t s  a n d  t e c h n i q u e s  uszd, and only

I .  M e n t i o n  o f  c o m m e r c i a l  l a b o r a t o r i e s  o r  p r o d u c t s  i s  E::r i d e n t i f i c a t i o n
only  a n d  d o e s  n o t  s i g n i f y  e n d o r s e m e n t  b y  t h e  U . S .  F i s h  a n d  W i l d l i f e  S e r v i c e .
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Tab le  1 . F i s h  t i s s u e  a n d  s e d i m e n t s  w e r e  e x a m i n e d  f o r  t h e  f o l l o w i n g
e n v i r o n m e n t a l  c o n t a m i n a n t s .

Organochlorine Compounds:

oxychlordane
c i s - c h l o r d a n e
t r a n s - c h l o r d a n e
c i s - n o n a c h l o r
t r a n s - n o n a c h l o r
0 P’ DDE
P P’ DDE
0 P’ DDD
P P’ DDD
0 P’ DDT
P P’ DDT
dicof ol

Meta l s :

cadmium
copper
i r o n
molybdenum

e n d r i n
d i e l d r i n
a l d r i n
alpha BHC
beta BHC
gama BHC
delta BHC
hexachlorobenzene
e n d o s u l f a n  I
e n d o s u l f a n  I I
mirex
DCPA

t e t r a d i f o n
arochlor  1221
arochlor  1016
arochlor  1232
arochlor  1242
arochlor  1248
arochlor  1254
arochlor  1260
arochlor  1262
toxaphene
h e p t a c h l o r
h e p t a c h l o r  e p o x i d e
methoxychlor

n i c k e l t h a l l i u m
l e a d vanadium
selenium z i n c
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t h e  c o n t a m i n a n t s  l i s t e d  i n  T a b l e s  2  a n d  3  w e r e  s u b j e c t e d  t o  s t a t i s t i c a l  a n a l -
y s i s . I n  o rde r  t o  make t h i s  r e p o r t comparable  to o t h e r  d a t a c o l l e c t e d  i n
Oklahoma, t h e  v a l u e s  f o r a l l  t h e c h l o r d a n e  i s o m e r s  ( o x y c h l o r d a n e ,  c i s -  a n d
t r a n s - c h l o r d a n e  a n d  cis- a n d  t r a n s - n o n a c h l o r )  w e r e summed to a  s i n g l e  v a l u e
a n d  repor  t e d  a s  “ c h l o r d a n e .  ” PP’ DDE was the most common isomer of DDT and
w a s  f o u n d  i n  a l l  s a m p l e s . T h e  v a l u e  “DDT” r e p o r t e d  i n  T a b l e  2  i s the sum of
a l l  t h e  D D T  i s o m e r v a l u e s . S i m i l a r l y ,  v a l u e s f o r  a l l  t h e  A r o c h l o r  v a l u e s
w e r e  t o t a l e d  a n d  r e p o r t e d  a s  PCBs. V a l u e s  f o r  i r o n , l e a d  a n d t e l l u r i u m  a r e
n o t  i n c l u d e d  i n  t h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  m e t a l s  d a t a .

The  Nat ional C o n t a m i n a n t  B i o m o n i t o r i n g  P r o g r a m  (NCBP) i s  a  nat ionwide ef for t
by the  U.S. F i s h  a n d  W i l d l i f e S e r v i c e  t h a t t r a c k s  l e v e l s o f  e n v i r o n m e n t a l
c o n t a m i n a n t s  i n  f i s h  t i s s u e . R e s u l t s  f r o m  t h e  m o s t  r e c e n t  s t u d y  o f  o r g a n i c
c o n t a m i n a n t s ,  1 9 8 0 - 8 1  ( S c h m i t t  e t  a l . 19851, were u s e d  f o r compar ison  to
d e t e r m i n e  i f r e s i d u e s  f r o m nor theas t  Oklahoma a r e  e l e v a t e d . Table 2  l i s t s
t he  geome t r i c  means ,  ug/g we t  we igh t (PP~), f o r e a c h  l o c a t i o n a n d  f o r  earl!1
s p e c i e s  ( t r o p h i c  l e v e l )  f o r  c h l o r d a n e , t o t a l  D D T ,  d i e l d r i n  a n d  t o t a l  PCBs.

E x c e p t  f o r  PCBs, o r g a n i c  c o n t a m i n a n t  r e s i d u e s i n  f i s h  f r o m  t h e  e i g h t  stlldy
lakes  were  gene ra l ly  low.

C h l o r d a n e  i s  r e a d i l y  a c c u m u l a t e d  f r o m  w a t e r  b y  a q u a t i c  o r g a n i s m s . Veith e t
a l . ( 1 9 7 9 ,  a s c i t e d  i n  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 8 0 )  f o u n d  t h a t
f a t h e a d  m i n n o w s  (Pimephales  p r o m e l a s )  c o n c e n t r a t e d  c h l o r d a n e  i n  t h e i r  b o d y
t i s s u e s  3 7 , 8 0 0  t i m e s  g r e a t e r t h a n  t h e  w a t e r  c o n c e n t r a t i o n  ( b i o c o n c e n t r a t i o n
f a c t o r ) .  C h l o r d a n e  i s n o t  a s  a c u t e l y  t o x i c  a s  o t h e r  p e s t i c i d e s and rcprts
o n  b i o l o g i c a l  e f f e c t s  o t h e r t h a n  d e a t h  w e r e  n o t  f o u n d  i n  t h e  l i t e r a t u r e .
T e c h n i c a l  c h l o r d a n e  i s  a  c o m p l e x  m i x t u r e  t h a t  m a y  c o n t a i n  s o m e 45 dif ferfnt
components. U n t i l  1 9 8 8 ,  i t  w a s  w i d e l y  u s e d  f o r  t e r m i t e  c o n t r o l . Labora tory
t e s t s  i n d i c a t e  c h l o r d a n e  i s  a n  a n i m a l  c a r c i n o g e n ,  a n d  t h i s  f a c t ,  ccupled w i t h
f i n d i n g  l a r g e  r e s i d u e s  o f  c h l o r d a n e i n  f i s h  t i s s u e  i n  t h e  M i s s o u r i  River
b a s i n ,  l e d  t o  a  b a n  o n  f u r t h e r  u s e  o f  t h e  c h e m i c a l . The NCBP geometric mean
fo r  ch lo rdane , a d j u s t e d  t o i n c l u d e  t h e t o t a l  o f  a l l  i s o m e r s ,  i s  0 . 1 2  ug/g.
T h i s  v a l u e  i s  equalled o r  e x c e e d e d  i n  b o t t o m  f e e d e r s from t h e  V e r d i g r i s
R i v e r ,  i n p r e d a t o r s  f r o m  B i g  C a b i n  C r e e k ,  a n d i n  a l l t r o p h i c  l e v e l s  f r o m
Pryor Creek . T h e  a n a l y s i s  o f var iance showed a  s i g n i f i c a n t  d i f f e r e n c e  b e -
tween  l oca t i ons i n  t i s s u e  r e s i d u e s  f o r  c h l o r d a n e  a n d  T u k e y s  t e s t  s h o w e d  t h a t
t h e  c o n c e n t r a t i o n s  i n  t h e  s a m p l e s  f r o m  Pryor C r e e k , w i t h o u t  r e g a r d t o  s p e -
ties, a r e s i g n i f i c a n t l y  d i f f e r e n t t h a n  c o n c e n t r a t i o n s  a t  t h e  o t h e r  s a m p l e
s i t e s . T h e  F o o d  a n d  D r u g  A d m i n i s t r a t i o n  h a s  s e t a n  a c t i o n  l e v e l  o f  0 . 3
ug/mg o f t o t a l  c h l o r d a n e  f o r  f i s h  p r o d u c t s  ( t a b l e  r e a d y  f i s h  o r  f i l l e t s )  i n
in t e r s t a t e  commerce . C a r p  f r o m  Pryor C r e e k  w o u l d  p r o b a b l y  exceed this  value .

I s o m e r s  o f  D D T  a r e  u b i q u i t o u s  c o n t a m i n a n t s  t h a t  a r e  f o u n d  i n  p r a c t i c a l l y  a l l
a n i m a l  t i s s u e s . L e v e l s  f o u n d  i n  t h e  p r e s e n t  s t u d y  w e r e  a l l  l o w e r  t h a n  t h e
NCB? mean of  0 .29  ug/g. W i l d l i f e  r e s e a r c h e r s  h a v e  s p e c u l a t e d that  a  d i e t
c o n t a i n i n g  a b o u t  1  ug/g o f  D D E  w i l l  p r o b a b l y  l e a d  t o  e g g  s h e l l  t h i n n i n g  i n
p r e d a t o r y  b i r d s . L e v e l s  i n  n o r t h e a s t  O k l a h o m a  f i s h a p p e a r  ta b e  w e l l  below.
t h a t  c o n c e n t r a t i o n . T h e  a n a l y s i s  o f  v a r i a n c e  s h o w e d  a  s i g n i f i c a n t  d i f f e r e n c e
Setween t r o p h i c  l e v e l s  i n  t i s s u e  r e s i d u e s  f o r  D D T  a n d  T u k e y s  t e s t  s h o w e d  t h a t
t h e  c o n c e n t r a t i o n s  i n  b o t t o m  f e e d e r s  a r e s i g n i f i c a n t l y  d i f f e r e n t  t h a n  t h e
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Tab le  2 . Geome t r i c  means  o f  o rganoch lo r ine  chemica l  r e s idues
i n  f i s h  f r o m  n o r t h e a s t e r n  O k l a h o m a . A l l  v a l u e s  a r e  ug/g w e t
weight ,  N=number  of..compositesamples  analyzed.

Trophic  l e v e l
o r  l o c a t i o n N Chlordane DDT D i e l d r i n PCBs

A l l  l o c a t i o n s :
B o t t o n  f e e d e r s  1 7
P r e d a t o r s 15

f i l l e t  (Pryor) 3
f i l l e t  (Webber) 3
f i l l e t  (F G i b s o n )  3

Shad 8
C a t f i s h  (Pryor) 3

A l l  trophic l e v e l s :
Pryor Creek 6 0.13 0 .07 C.06’ 3.43*
T e n k i l l e r  R e s . 4 0.05 0.11 0.01 0.27
Webr  Fa l l s  Res . 6 0 .05 0 .10 0.01 0.45
Big Cabin Crk. 4 0.08 0 .06 0.02 0.09
V e r d i g r i s  R i v . 3 0.11 0 .05 0 .02 0.54*
Ft .Gibson  Res . 6 0 .05 0 .05 0 .02 1.41
Arkansas  Riv . 11 0 .05 0.06 0 .02 0.55*

Bot tom feeders :
Pryor Creek
T e n k i l l e r  R e s .
Webr  Fa l l s  Res .
Big Cabin Crk.
V e r d i g r i s  R i v .
F t .Gibson  Res .
Arkansas  Riv .

P r e d a t o r s :
Pryor Creek
T e n k i l l e r  R e s .
Webr  Fa l l s  Res .
Big Cabin Crk.
l verdigris Riv .
F t .Gibson  Res .
Arkansas  Riv .

2
2
2
2
2
2
5

3
1
3
1
0
3
4

1
1
1
1
1
1
2

0.26* 0.13
0.07 0.19
0 .05 0 .15
0.07 0.06
0.12” 0 .05
0.07 0 .10
0.05 0.09

0.07 0 .05
0.02 0 .04
0.04 0.08
0.12” 0.08

- - - -
0.04 0.03
0 .04 0.03

Shad :
Pryor Creek
T e n k i l l e r  R e s .
Webr  Fa l l s  Res .
Big Cabin Crk.
V e r d i g r i s  R i v .
Ft.Gibson  R e s .
Arkansas Riv.

0 .06 0 .04
0 .02 0.03
0.06 0 .08
0.06 0 .04
0.07 0 .05
0.04 0 .02
0.06 0.05

0.14*
0.01
0.01
0.01
0.02
0.03
0.01

0.03
0.01
0.01
0.03

- -
0.01
0.01

0.002
OLO1
0.02
0.02
0.02
0 .02
0 .02

0.04

8.38*
0.42
0.53
0.03
0.59*
2.61”
0 . 8 8-*

2.25”
0.17
0.38
C-26

- -
0.79*
0.23

l-66*
0.09
0.47
0.03
0.45
1.6.!*
0.51

1980-81  NCBP col lect ion
geometr ic  mean:

0.09 0 .11 0.03 1.12”
0.05 0.05 0.02 0.65*
0.03 0 .02 0 .02 1.96”
0.01 0 .02 0.003 0.17
0.01 0 .01 0.004 0.18
0.05 0 .04 0.02 0.58*
0.13 0 .06 0.05* 3.23”

0.12 0.29 0.53

* These values  exceed the  NCBP geometr ic  mean.
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Table  3 . G e o m e t r i c  m e a n s  o f  m e t a l  r e s i d u e s  i n  f i s h  f r o m  n o r t h e a s t e r n
Oklahoma. All  values  are  ug/g w e t  w e i g h t ,  N = n u m b e r  o f  c o m p o s i t e
samples  analyzed.

Trophic  l e v e l
o r  l o c a t i o n

N‘-: Cd .r -cu _ &‘ Ni Se . . v
Zn

A l l  l o c a t i o n s :
B o t t o n  f e e d e r s  1 7
P r e d a t o r s 15

f i l l e t  (Pryor) 3
f i l l e t  (Webber) 3
f i l l e t  (F G i b s o n )  3

Shad 8
C a t f i s h  (Pryor) 3

A l l  trophic l e v e l s :
Pryor Creek
T e n k i l l e r  R e s .
Webr  Fa l l s  Res .
Big Cabin Crk.
V e r d i g r i s  R i v .
F t .Gibson  Res .
Arkansas  Riv .

Bot tom feeders :
Pryor Creek
T e n k i l l e r  R e s .
Webr  Fa l l s  Res .
Big Cabin Crk.
V e r d i g r i s  R i v .
F t .Gibson  Res .
Arkansas  Riv .

P r e d a t o r s :
Pryor Creek
T e n k i l l e r  R e s .
Webr  Fa l l s  Res .
Big Cabin Crk.
V e r d i g r i s  R i v .
Ft.Gibson  R e s .
Arkansas  Riv .

Shad:
Fryor Creek
T e n k i l l e r  R e s .
Webr  Fa l l s  Res .
Big Cabin Crk.
V e r d i g r i s  R i v .
F t .Gibson  Res .
Arkansas  Riv .

6 0.03 0 .59 0 .05 0.48 0.44 0.14 27.7 .
4 0.03 0 .55 0.03 0 .30 0.35 0.05, 17.3
6 0.03 0.69 0.03 0.26 0 .40 0.12 28.0
4 0 .06" 0.71 0 .11 0.45 0.42 0.16 29.3
3 0 .07" 0.75 0 .09 0.66 0.48 0.34 28.6
6 0 .07" 0 .59 0 .06 0 .40 0.33 0.17 30.4

11 0 .06" 0 .85 0 .05 0 .18 0.43 0.16 30.3

2
2
2
2
2
2
5

3
1
3
1
0
3
4

1
1
1
1
1
1
2

0 .07" 0 .92 0 .07 0.78 0.67 0.11 52.7*
0.04 0.65 0.03 0.43 0 .34 0.05 16.1
0 . 0 6 "  0 . 9 5 " 0.03 0.29 0.61 0.19 Gl.O*
0 . 1 1 "  1.04* 0 .10 0.61 0.52 0.12 59.9*
0 .06" 0.61 0.13 0.45 0.62 0.11 35.0
0 . 1 5 "  0 . 9 3 " 0 .08 0.32 0.34 0.11 54.0*
0 .10" 0.83 0 .05 0 .14 0.42 0.23 36.5

0 .01 0.32 0 .04 0.24
0.01 0 .29 0 .01 0.03
0.01 0 .49 0 .04 0.21
0.004 0.29 0.13 0.08

- - - - - - - -
0.02 0 .32 0 .05 0 .22
0 .04 0.78 0 .07 0.15

0 .30 0.03
0.47 0.02
0.26 0.05
0 .42 0.03

- - - -
0.26 0.04
0.46 0.09

17.0
18.6
18.3
Il.5

- -
20.6
30.8

0.03 1.11*
0.03 0.71
0.02 0.91*
0.03 0 .70
0.07* 1.13*
0 . 1 1 "  1 . 1 1 "
0.03 1 .10"

0.03 0.68
0 .06 0 .90

0.03 1.04 0.52 0.94 22.5
0 .05 0.44 0.26 0.08 18.4
0.01 0.42 0.55 0.26 21.0
0 .10 0.73 0.26 0.47 17.6
0.03 1.27 0.26 1.31 1 3 . :
0.08 1.95 0.52 . 1.36 30.9
0.01 0 .35 0.38 0.22 19.8

1981 NCBP collection:
geometric mean

8 5 t h  p e r c e n t i l e

0 .04 0.47 0 .01
0.003 0 .26 0 .01
0.003 0.21 0.13
0 .01 0 .30 0 .01
0 .01 0.51 0.01
0.02 0.69 0.01
0 .04 0 .30 0 .05

0.08 0.26
0 . 0 0 3  0 . 2 6
0 .11 0 .35
0.03 0.36
0 .12 0.26
0.29 0.26
0.49 0 .34

0.05 15.3
0.02 11.6
0.01 5 .3
0.01 5 .8
c-01 5.6
0.08 17.6 _
0 .17 21.6

0.47 23.8
0.71 40.1

* This  va lue  exceeds  the  85 percent i le  of  the  NCBP samples .
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c o n c e n t r a t i o n s  i n  p r e d a t o r s  o r  g i z z a r d  s h a d . However, t h e r e  w a s  n o  s i g n i f i -
c a n t  d i f f e r e n c e  b e t w e e n  s a m p l e  l o c a t i o n s .

D i e l d r i n  r e s i d u e s  i n  n o r t h e a s t  O k l a h o m a  w e r e  a l s o  l o w . O n l y  b o t t o m  f e e d e r s
a n d  c a t f i s h  f r o m  Pryor C r e e k  e x c e e d  t h e  N C B P  m e a n  o f  0 . 0 4  ug/g. T h e r e  i s  n o
s i g n i f i c a n t  d i f f e r e n c e  i n  r e s i d u e  l e v e l s  b e t w e e n s p e c i e s  b u t t h e r e  a r e  s i g -
n i f i c a n t  d i f f e r e n c e s  b e t w e e n  s o m e  s i t e s . Pryor C r e e k  d i e l d r i n  r e s i d u e s ,
c o n s i d e r e d  w i t h o u t  r e g a r d  t o  s p e c i e s , w e r e  h i g h e r  t h a n  r e s i d u e s  i n f i s h  f r o m
T e n k i l l e r  R e s e r v o i r , W e b b e r s  F a l l s  R e s e r v o i r , B i g  C a b i n  C r e e k and the
A r k a n s a s  R i v e r ,  b u t  w e r e  n o t  d i f f e r e n t  t h a n  r e s i d u e s  f r o m  t h e  V e r d i g r i s  R i v e r
and For t  Gibson Reservoi r .

PCBs a r e p r e s e n t  a t a l l  o f t h e  l o c a t i o n s s a m p l e d  i n  t h i s  s t u d y . Residues
equalled or  exceeded the NCBP geometr ic  mean in bot tom feeders a t a l l  l o c a -
t i o n s  e x c e p t T e n k i l l e r  R e s e r v o i r a n d  t h e V e r d i g r i s  R i v e r . Bot tom feeders
f r o m  Pryor C r e e k  h a d  t h e  h i g h e s t  P C B  r e s i d u e s  o f a n y  l o c a t i o n  o r  o f  a n y
s p e c i e s  i n  t h i s  s t u d y ,  8 . 3 8  ug/g. In the NCBP data, o n l y  f i s h  f r o m  s t a t i o n  3
o n  t h e  H u d s o n  R i v e r  h a d  P C B  r e s i d u e s  t h a t  e x c e e d e d  t h i s  l e v e l .  F r e d a t o r s
f rom Pryor C r e e k  w i t h  r e s i d u e s  o f 2 . 2 5  ug/g a n d  b o t t o m  f e e d e r s  f r o m  Fcrt
G i b s o n  w i t h  r e s i d u e s  o f 2 . 6 1  ug/g w e r e  a l s o  w e l l  a b o v e  t h e  N C B P  g e o m e t r i c
mean. R e s i d u e s  i n  s h a d  w e r e  a l s o  h i g h e s t  f r o m  Pryor C r e e k ,  1 . 6 6  ug/g, w h i l e
s h a d  f r o m  F o r t  G i b s o n  w e r e  s e c o n d  w i t h  r e s i d u e s  o f  1 . 6 4  ug/g. T h e  s t a t i s t i -
c a l  t e s t s , c o n s i d e r i n g  a l l s p e c i e s  w i t h o u t  r e g a r d  t o  s a m p l e  l o c a t i o n ,  i n d i -
c a t e  t h a t  t h e  d i f f e r e n c e s  b e t w e e n  s p e c i e s  i s  n o t  s i g n i f i c a n t . However, tasts
c o n s i d e r i n g  s a m p l e  l o c a t i o n s  w i t h o u t  r e g a r d  t o  s p e c i e s ,  s h o w  t h a t  t h e  d i f -
f e r e n c e  b e t w e e n  l o c a t i o n s  i s  s i g n i f i c a n t  a n d  t h a t  r e s i d u e  c o n c e n t r a t i o n s  a t
Pryor Creek a r e  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  a l l  o t h e r  l o c a t i o n s . Rtsidues
o f  PCBs w e r e  l o w e s t  a t  B i g  C a b i n  C r e e k . The FDA has s e t  a PCB act ion level
o f  2 . 0  ug/g f o r  f i s h  p r o d u c t s  i n  i n t e r s t a t e  c o m m e r c e . P r e d a t o r  f i l l e t s  f r o m
Pryor C r e e k  ( 1 . 9 6  ug/g) a r e  c l o s e  t o  t h i s  n u m b e r  a n d  b o t t o m  f e e d e r s  f r o ?
Pryor Creek and For t  Gibson probably  exceed the  FDA act ion  l imi t .

T h e  h i g h  P C B  r e s i d u e s  a r e  o f c o n c e r n  b e c a u s e  a  l a r g e  n u m b e r  o f  b a l d  e a g l e s
a r e  k n o w n  t o  f e e d  a r o u n d  r e s e r v o i r s i n  n o r t h e a s t e r n  O k l a h o m a . Research on
t h e  e f f e c t s  o f  PCBs o n  r a p t o r s  h a s  d e m o n s t r a t e d  t h e  f o l l o w i n g  n e g a t i v e  e f -
f e c t s . Lincer a n d  Peakall (1970) f e d  P C B  c o n t a m i n a t e d  p r e y  t o  A m e r i c a n
k e s t r e l s  (Falco sparver ius 1 and c o m p a r e d  l i v e r  a c t i v i t y  t o  u n t r e a t e d  b i r d s .
T h e y  f o u n d  a  d o s e  r e l a t e d  i n c r e a s e  i n  t h e  b r e a k d o w n  o f es tdradiol ,  a hormone
a s s o c i a t e d  w i t h  r e p r o d u c t i o n ,  i n t h e  t r e a t e d  b i r d s . These  au thors  sugges t
t h a t  t h e  p h y s i o l o g i c a l  a c t i o n  o f  PCBs i s s i m i l a r to that of DCT and its
m e t a b o l i t e s . M o r e  r e c e n t  w o r k  b y  B i r d  e t  a l .  ( 1 9 8 3 )  p r o v i d e s  f u r t h e r  i n f o r -
m a t i o n  o n  a  p o s s i b l e  c o n s e q u e n c e  o f  t h i s  a l t e r e d metabolism. They ’examined
t h e  e f f e c t s o f  ?CBs o n  t h e s e m e n  c h a r a c t e r i s t i c s o f  Americas  I;esfrels a n d
f o u n d  t h a t  f e e d i n g  p r e y  c o n t a m i n a t e d  w i t h  3 3  p p m  PCBs r e s u l t e d  i n  a 2 2  %
r e d u c t i o n  i n  s p e r m  n u m b e r s  p e r  e j a c u l a t e . R e s e a r c h  o n  t h e  p r a i r i e  f a l c o n  1E.
m e x i c a n u s )  i n  C a n a d a  s h o w e d  t h a t  a  d e c r e a s e  i n  r e p r o d u c t i o n  w a s  s i g n i f i c a n t l y
a s s o c i a t e d  w i t h  i n c r e a s i n g  l e v e l s  o f  PCBs a n d  D D E  (Fyfe et al.  1976). Highly
c o n t a m i n a t e d  i n d i v i d u a l s  i n  t h i s s t u d y were l e s s aggressi-:e in  de fend ing
t h e i r  n e s t s a n d  t e r r i t o r i e s . N e w t o n  a n d  Bogan (1978) c o m p a r e d  c l u t c h e s  a n d
n e s t i n g  s u c c e s s  o f  w i l d  B r i t i s h  s p a r r o w  h a w k s  ( A c c i p t e r  nisus) a n d  f o u n d  t h a t
t h e  P C B  c o n c e n t r a t i o n  w a s  s i g n i f i c a n t l y  r e l a t e d  t o  t h e  e x t e n t  o f  e g g  a d d l i n g
a n d  h a t c h i n g  f a i l u r e . A  d e c r e a s e  i n  s h e l l  t h i c k n e s s  o f the e g g s o f  r a p t o r s



a n d  f i s h - e a t i n g  b i r d s  w a s s h o w n  t o  b e  c o r r e l a t e d  w i t h  i n c r e a s e d  organochlo-
r i n e  r e s i d u e s  (Hickey a n d  A n d e r s o n  1 9 6 8 ) .

T h e  o n e  s a m p l e  ( g i z z a r d  s h a d )  c o l l e c t e d  f r o m  L a k e  E u c h a  s h o w e d  j u s t  t r a c e s  o f
c h l o r d a n e  ( 0 . 0 2 ug/g) , DDT ( 0 . 0 1  ug/g), d i e l d r i n  ( 0 . 0 0 4  ug/g) a n d  n o  PCBs.
Only two of  the  sediment  samples showed contaminat ion by organic  compounds.
T h e  s a m p l e  f r o m  F o r t  G i b s o n  R e s e r v o i r  h a d  0 . 0 0 2  ug/g o f  o x y c h l o r d a n e  a n d  t h e
s a m p l e  f r o m  Pryor C r e e k  h a d  t h e  f o l l o w i n g  l e v e l s : c i s - c h l o r d a n e  0 . 0 0 3 ,
PP’DDE 0.002, a n d  PCBs 0 . 1 9  ug/g. M o s t  c o n t a m i n a n t s  b i n d  t o  s m a l l  c l a y  o r
c o l l o i d a l  p a r t i c l e s  i n  t h e  w a t e r  c o l u m n  a n d  t h e n  s e t t l e  o u t  o n  t h e  s e d i m e n t s .
The  spr ing o f  1 9 8 6  h a d  a b o v e u s u a l  a m o u n t s  o f  r a i n f a l l ,  a n d  r e s e r v o i r s  a n d
r i v e r s  w e r e  p r o b a b l y  s c o u r e d  o f  f i n e  m a t e r i a l s  l e a v i n g o n l y  r e l a t i v e l y  c l e a n
s a n d  i n  t h e  s e d i m e n t s .

T h e  c o n c e n t r a t i o n s o f  e l e m e n t s  ( m e t a l s )  i n  f i s h  a r e  a l s o  m e a s u r e d  a s  p a r t  o f
the NCBP. T h e  l a t e s t  r e s u l t s  a r e  f o r  s a m p l e s  c o l l e c t e d  i n  1980-8: (Lowe et
a l .  1 9 8 5 ) . The 8 5 t h  p e r c e n t i l e , a n  a r b i t r a r y  p o i n t  d i s t i n g u i s h i n g  s t a t i o n s
w i t h  h i g h  concentratons  o f  m e t a l s ,  i s c a l c u l a t e d  f o r NCBP station geometric
mean c o n c e n t r a t i o n s ( M a y  a n d  McKinney 1 9 8 1 ) .  T h e s e  n u m b e r s  ?rerc u s e d  t o
c o m p a r e  r e s u l t s  f r o m t h e  n o r t h e a s t Oklahoma samples . I f  c o n c e n t r a t i o n s
e x c e e d  t h e  8 5 t h  p e r c e n t i l e , t h o s e  r e s i d u e s  a r e  g r e a t e r  t h a n  8 5 %  o f  t h e  v a l u e s
r e p o r t e d  i n  t h e  1 9 8 0 - 8 1  n a t i o n w i d e  s a m p l i n g .

N C B P  r e s u l t s  s i n c e  1 9 7 6  h a v e  s h o w n  t h a t  f i s h  f r o m  s t a t i o n  7 8 ,  V e r d i g r i s  R i v e r
a t  O o l o g a h  R e s e r v o i r , c o n s i s t e n t l y  h a v e  t h e  h i g h e s t ,  o r  n e x t  t o  h i g h e s t ,
c a d m i u m  r e s i d u e s  o f  a l l  s t a t i o n s  t h a t  a r e  s u r v e y e d . D a t a  f r o m  t h e  p r e s e n t
s t u d y  s h o w  t h a t  c a d m i u m  r e s i d u e s  a r e  a b o v e  t h e  8 5 t h  p e r c e n t i l e  f o r  a l l  bottom
f e e d e r s  e x c e p t  t h o s e  f r o m  T e n k i l l e r  R e s e r v o i r . R e s i d u e s  i n  g i z z a r d  s h a d  f r o m
t h e  V e r d i g r i s  R i v e r  a n d  F o r t  G i b s o n  a r e  a l s o  a b o v e  t h e  8 5 t h  p e r c e n t i l e . The
a n a l y s i s  o f  v a r i a n c e  s h o w e d  t h a t  t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  i n  r e s i d u e
c o n c e n t r a t i o n s  b e t w e e n t r o p h i c  g r o u p s ,  b u t  n o  s i g n i f i c a n t  d i f f e r e n c e  bet:qeen
l o c a t i o n s . T u k e y s  t e s t  s h o w e d  t h a t  e a c h  t r o p h i c  g r o u p  i s d i f f e r e n t  f  ram t h e
o t h e r  t w o . The  cadmium l eve l i n  t h e s i n g l e  g i z z a r d  s h a d  s a m p l e  f r o m  Lake
E u c h a  w a s  n o t  d i f f e r e n t  f r o m  t h e  r e s i d u e s  i n  f i s h  f r o m  Fcrt G i b s o n  R e s e r v o i r .
S u b l e t h a l e f f e c t s  o f cadmium e x p o s u r e  i n f i s h  a n d  b i r d s  a r e  s i m i l a r  a n d
inc lude  r e t a rded  g rowth ,  anemia ,  and t e s t i c u l a r  d a m a g e  ( E i s l e r  1 9 8 5 ) .  T h e
t o x i c i t y  o f c a d m i u m  t o  f i s h  i s  c o n f o u n d e d  b y  c o m p l e x  i n t e r a c t i o n s  b e t w e e n
w a t e r  h a r d n e s s ,  s a l i n i t y ,  e x p o s u r e c o n c e n t r a t i o n  a n d time, and temperature .
T h e  s i g n i f i c a n c e o f  l o w  t i s s u e  c o n c e n t r a t i o n s i n  f i s h a n d  w i l d l i f e  i s  n o t
f u l l y  u n d e r s t o o d  ( E i s l e r  1 9 8 5 ) .  C a d m i u m  i s  c l o s e l y  a s s o c i a t e d  uith z i n c  -in
g e o l o g i c a l  f o r m a t i o n s  a n d  n e a r l y  a l l  c a d m i u m  i n  t h i s  c o u n t r y  i s  groduceSI a s  a
b y  p r o d u c t  o f  z i n c  s m e l t i n g  ( M a y  a n d  McKinney 1 9 8 1 ) . Cadmium is us:24 ir.
l a r g e  q u a n t i t i e s  i n  t h e  e l e c t r o p l a t i n g  i n d u s t r y  a n d  f o r m e r l y  !~as a co!rmon
c o n t a m i n a n t  i n p l a t i n g wastewaters t r e a t e d  a t  m u n i c i p a l s e w a g e  p l a n t s .
Sewage t reatment p l a n t  s l u d g e i n  T u l s a c o n t a i n s  e l e v a t e d  levels o f  c a d m i u m
and cannot  be  d isposed of b y  l a n d  f a r m i n g  ( p e r s o n a l  communic~~tion, 7’1 in!:
Canahl)  . One of t h e  p r i m a r y z i n c  p r o d u c e r s i n  t h e c o u n t r y  i s  l o c a t e d  i n
B a r t l e s v i l l e ,  O k l a h o m a ,  b u t  t h e  s o u r c e  o f  c a d m i u m  c o n t a m i n a t i o n  i n  n o r t h -
eas tern  Oklahoma has  not  been determined, .
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Copper  i s t h e  o n l y e l e m e n t  m e a s u r e d  i n  t h e  N C B P  t h a t  d e c l i n e d  s i g n i f i c a n t l y
f rom 1978-79  to  1980-81  (Lowe e t  a l .  1985) . I n  t h e  s a m p l e s  f r o m  n o r t h e a s t e r n
Oklahoma concentra t ions  of  copper  in  bot tom feeders  f rom Pryor C r e e k ,  W e b b e r s
F a l l s  R e s e r v o i r ,  B i g  C a b i n  C r e e k  a n d  F o r t  G i b s o n  R e s e r v o i r  e x c e e d e d t h e  8 5 t h
p e r c e n t i l e . A l l  g i z z a r d shad s a m p l e s  e x c e p t  T e n k i l l e r  R e s e r v o i r  a n d  B i g
Cabin Creek were above t h e  8 5 t h  p e r c e n t i l e . However, none o f  t h e  s a m p l e s
approach t h e  m a x i m u m  r e s i d u e  c o n c e n t r a t i o n o f  3 8 . 7 5  ug/g r e p o r t e d  i n  t h e
NCBP (Lowe et al .  1985). S t a t i s t i c a l  a n a l y s i s showed there a r e  s i g n i f i c a n t
d i f f e r e n c e s  b e t w e e n t h e  t r o p h i c  l e v e l s  b u t  n o  d i f f e r e n c e  b e t w e e n  s a m p l e
l o c a t i o n s . B e c a u s e  c o p p e r  i s  a  r e q u i r e d  e l e m e n t f o r  a n i m a l  n u t r i t i o n ,  t h e
s i g n i f i c a n c e  o f c o p p e r  r e s i d u e s  h a s  n o t  b e e n  e s t a b l i s h e d ,  a n d  f e w  t e s t s  h a v e
b e e n  c o n d u c t e d  f o r  t h e  p u r p o s e  o f  e s t i m a t i n g t h e  b i o c o n c e n t r a t i o n  f a c t o r
(Environmenta l  Protec t ion Agency 1983) .

T h e r e  h a s  b e e n  m u c h  i n t e r e s t  i n  s e l e n i u m  a s  a  c o n t a m i n a n t  o f  f r e s h  w a t e r
ecosystems s ince  the  Service  f i rs t  became aware  of  the  problems a t  K e s t e r s o n
EJational W i l d l i f e  R e f u g e  ( A n o n . 1986). L o w e  e t  a l .  (1985) r e p o r t e d  a  r a n g e
o f  s e l e n i u m  v a l u e s  o f  f r o m  0 . 0 9 t o  2 . 4 7  ug/g i n w h o l e  f i s h t i s s u e  f o r  t h e
1980-81 NCBP samples. T h e y  s t a t e  t h a t  t h e  h i g h e s t  v a l u e s  consistantly c o m e
f rom the  Colorado River  sys tem, a n  a r e a  o f  h i g h l y  s e l e n i f e r o u s s o i l s . S a i k i
(1986) r e p o r t e d se l en ium re s idue v a l u e s  i n mosqui tof i sh  (Gambusia  affinis)
from a  c lean  pond of  0 .29  ug/g s e l e n i u m  w h i l e  m o s q u i t o f i s h  f r o m  c o n t a m i n a n t e d
p o n d s  c o n t a i n e d  r e s i d u e s  o f f r o m  2 6 . 0  t o  3 1  ug/g. Bauaann and Gillespie
(1986) f o u n d t h a t  s e l e n i u m c o n c e n t r a t e d  i n t h e  g o n a d s  o f  f i s h  a n d  l e d  t o
r e p r o d u c t i v e  f a i l u r e  i n  s u n f i s h e s  w h e n  r e s i d u e s  r e a c h e d  a b o u t  .J ;lg/g. E:2Xli-
n a t i o n  o f  t h e  d a t a  f r o m  n o r t h e a s t e r n Oklahoma with a n  a n a l y s i s o f  v a r i a n c e
s h o w s  t h a t  t h e  r e s i d u e s  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  b e t w e e n  l o c a t i o n s  b u t
t h e y  a r e  d i f f e r e n t  b e t w e e n  t r o p h i c  g r o u p s . R e s i d u e s  i n  p r e d a t o r s  a r e  d i f f e r -
ent  f rom r e s i d u e s  o f  b o t h  b o t t o m  f e e d e r s  a n d  g i z z a r d  s h a d . J u d g i n g  from t h e
v a l u e s  r e p o r t e d i n  T a b l e  3 ,  i t  a p p e a r s  t h a t  s e l e n i u m  l e v e l s  i n  f i s h  fro%
n o r t h e a s t e r n  O k l a h o m a  a r e  n o t  a  c a u s e  f o r  c o n c e r n  a t  t h i s  t i m e .

Zinc  r e s idues a r e  e l e v a t e d  i n  b o t t o m  f e e d e r s  f r o m  Pryor C r e e k ,  W e b b e r s  F a l l s
R e s e r v o i r  a n d  B i g  C a b i n  C r e e k  w h e n  c o m p a r e d  t o  t h e  8 5 t h  p e r c e n t i l e :  hcwcver,
the maximum v a l u e  f r o m  n o r t h e a s t e r n  O k l a h o m a  f i s h  i s  w e l l  b e l o w  t h e  v a l u e  o f
103 .2  ug/g recorded from the NCBP. Tukeys tes t  shows t h e r e a r e  s i g n i f i c a n t
d i f f e r e n c e s  i n  z i n c  r e s i d u e s  b e t w e e n  t r o p h i c  g r o u p s ,  wit!] b o t t o m  f e e d e r s
b e i n g  h i g h e r  t h a n  t h e  o t h e r  g r o u p s .

Vanadium, molybdenum and nickel  are  not  measured as  par t  of the  NCB?;  there-
f o r e , comparison v a l u e s  f o r r e s i d u e s  a r e n o t  a v a i l a b l e . Vanadium residues
were  h ighes t i n  g i z z a r d s h a d  w i t h  s h a d  f r o m t h e  V e r d i g r i s River  and For t
G i b s o n  R e s e r v o i r  s h o w i n g  t h e  h i g h e s t  a c c u m u l a t i o n , 1 . 3 1  a n d  1 . 3 6  ug/g r e s p e c -
t i v e l y . Molybdenum residues  were low ( 0 . 0 3  t o  0 . 0 9  ug/g f o r  a l l  t r o p h i c
l e v e l s ) and t h e  a n a l y s i s  o f v a r i a n c e s h o w e d  t h a t  d i f f e r e n c e s  i n  residue
c o n c e n t r a t i o n s  b e t w e e n  s p e c i e s  a n d  b e t w e e n  s i t e s w e r e  n o n s i g n i f i c a n t . Tx1g
et al. (1974) f o u n d t h a t  m o l y b d e n u m r e s i d u e s i n  l a k e  t r o u t  (Salvelinus
naymaycush) r a n g e d  f r o m  0 . 0 0 2 2  u p  t o  0 . 0 0 8 5  ug/g a n d  t h a t r e s i d u e s  d e c r e a s e d
w i t h  f i s h  a g e . Nicke l r e s i d u e s a r e  l o w  i n  m o s t  f i s h e s  f r o m  n o r t h e a s t
O k l a h o m a ,  0 . 0 3  t o  1 . 9 5  ug/g, b u t  r e s i d u e s  i n  g i z z a r d  s h a d  a r e  s i g n i f i c a n t l y
h i g h e r  t h a n  t h e  o t h e r  t r o p h i c  g r o u p s .  Flickel, a s  n i c k e l  c a r b o n y l ,  i s t o x i c
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to  mammal s  when  i nha l ed  (Env i ronmen t  P ro t ec t i on  Agency  19801,  but  no  research
h a s  b e e n  c o n d u c t e d  o n  e f f e c t s  f r o m  i n g e s t i n g  c o n t a m i n a t e d  p r e y .

L e a d  r e s i d u e s  w e r e  n o t  a n a l y z e d  s t a t i s t i c a l l y  b e c a u s e  o n l y  1 0  o f  t h e  r e p o r t e d
v a l u e s  a r e a b o v e  t h e  d e t e c t i o n  l i m i t . F ive o f  t h e  v a l u e s  a b o v e  d e t e c t i o n
a r e  f r o m  t h e  A r k a n s a s  R i v e r . V a l u e s  f o r  A r k a n s a s  R i v e r  p r e d a t o r s  w e r e  a l l
be low  de t ec t i on , v a l u e s  f o r  A r k a n s a s  R i v e r  g i z z a r d  s h a d  w e r e  0 . 1 3  a n d  O-.18,
a n d  v a l u e s  f o r  b o t t o m  f e e d e r s  w e r e  0 . 1 8 ,  0 . 3 6 , 0 . 5 2 ,  a n d  0 . 7 0  ug/g. The
1 9 8 0 - 8 1  N C B P  g e o m e t r i c  m e a n  f o r  l e a d  i s  0 . 1 7  a n d  t h e  8 5 t h  p e r c e n t i l e  i s  0 . 2 5
w/g * T h e  A r k a n s a s  R i v e r  c o l l e c t i n g  s i t e  i s i n  a m a j o r  m e t r o p o l i t i a n  a r e a ,
r e c e i v e s  l a r g e  a m o u n t s  o f  r u n - o f f  f r o m  c i t y  s t r e e t s ,  a n d  i s  b o r d e r e d  b y
highways. T h i s  m a y  e x p l a i n  t h e  h i g h  l e a d  r e s i d u e s .

R e s u l t s  f r o m  t h e  m e t a l s  a n a l y s e s  o f  t h e  s e d i m e n t  s a m p l e s  s h o w e d  n o  consister,t
p a t t e r n s  a n d  r e s u l t s  d o  n o t  a p p e a r t o  c o r r e l a t e  w i t h  f i s h  t i s s u e  r e s i d u e s .
T h e  a b s e n c e  o f  f i n e m a t e r i a l s  i n  t h e  s e d i m e n t samples may e x p l a i n  t1:e 1o:r
v a l u e s  f o r  m e t a l  c o n t a m i n a n t s .

T h e  r e s i d u e values for s a m p l i n g  l o c a t i o n s , w i t h o u t  r e g a r d  f o r  s p e c i e s ,  rrere
examined and scored for a l l  1 1  m e a s u r e d  v a r i a b l e s . The values were scored
e i t h e r  1, 2 ,  o r  3 ,  d e p e n d i n g  o n  w h e t h e r  t h e  r e s i d u e  f o r  t h a t  v a r i a b l e  was the
l o w e s t , med ium o r  h ighes t  va lue  r eco rded  fo r  these s a m p l e s . T h e  s c o r e s  !qere
then summed. A  l o c a t i o n  t h a t  h a d  t h e  l o w e s t  v a l u e  f o r  a l l  c o n t a m i n a n t  yes-
idues would receive  a  score  of  11;  the  maximum score  would be  33. The scores
r a n g e d  f r o m  1 4  t o  2 6 . The lowest s c o r e , a n d  t h e r e f o r e  t h e  “ c l e a n e s t ”  lo-,
c a t i o n  s a m p l e d ,  w a s  T e n k i l l e r R e s e r v o i r . S a m p l e s  a t t h i s l oca t i on  we re
co l l ec t ed  above t h e  r e s e r v o i r i n  t h e I l l i n o i s  R i v e r  a n d ,  e-:ali!ated subjec-
t i v e l y ,  t h i s  l o c a t i o n  w o u l d  b e  r a n k e d  a s  t h e  b e s t  l o c a t i o n i n  n o r t h e a s t e r n
Oklahoma. A  p u t  a n d  t a k e  r a i n b o w  t r o u t f i s h e r y  i s  m a i n t a i n e d  belo:r Che da;?,
t h e  r i v e r  f l o w s  t h r o u g h  r o u g h ,  h i l l y  l i m e s t o n e  t e r r a i n ,  a n d  t h e  -4ater i s  c o l d
and very c l e a r . T h e  h i g h e s t  s c o r e ,  a n d  t h e r e f o r e  t h e  “ d i r t i e s t ”  l o c a t i o n
sampled, w a s  Pryor Creek . T h i s  s t r e a m  d r a i n s  a n  i n d u s t r i a l  a r e a ,  strea:n
b a n k s  a r e  e r o d e d , a n d  s u s p e n d e d  s e d i m e n t  l o a d s  a r e  h i g h . I n  .addition, a n  o l d
i n d u s t r i a l  d i s p o s a l s i t e  h e a v i l y c o n t a m i n a t e d  w i t h  PCBs i s  l o c a t e d  o n  t h e
s t r e a m  b a n k . A d d i t i o n a l s t u d i e s o n  P C B  contaminaticn f r o m  t h i s  sit? ;ire
cu r ren t ly  unde rway .

M o s t  o f  t h e  l o c a t i o n s  f r o m  w h i c h  s a m p l e s  w e r e  a n a l y z e d  appesr I-.0 b e t p .? 1 !) f
c o n t a m i n a n t s  a t l e v e l s  w h i c h  h a v e  b e e n  s h o w n  i n  t h e  l i t e r a t u r e  t o  cayzso
p r o b l e m s  i n  f i s h  o r  w i l d l i f e . D a t a  f r o m  f i s h  c o l l e c t e d  f r o m  t h e  Ar!;.a;lsas
R ive r  d id n o t  i n d i c a t e t h a t  f o o d  i t e m s  o f  t h e  i n t e r i o r  l e a s t  t e r n  w e r e  c o n -
t a m i n a t e d . However, t h i s  w a s  a  l i m i t e d  s a m p l e  a n d  a d d i t i o n a l specizens f,-o;;.
o t h e r  l o c a t i o n s a n d  s p e c i e s should  be co l l ec t ed  and  ana lyzed . Fish, e s 1: f -
c i a l l y  b o t t o m  f e e d e r s  f r o m Pryor C r e e k  a n d  F o r t Gibson,  do have  h igh  body
r e s i d u e s  o f  PCBs. C o n s u m p t i o n  o f  f i s h  b y  e a g l e s  f r o m  Pryor C r e e k  a n d / o r  Tcrf
G i b s o n  R e s e r v o i r  m a y  c o n s t i t u t e a  t h r e a t t o  t h e  s u c c e s s f u l  reprolucti*:!l of
t h e s e  b i r d s  a t  t h e i r  n o r t h e r n  b r e e d i n g  s i t e s . O k l a h o m a  i s  p a r t i c i p a t i n g  i n  a
“ h a c k i n g ”  p r o g r a m  t o  r e i n t r o d u c e  c a p t i v e  r e a r e d  s o u t h e r n  b a l d  e a g l e s  Cnto
t h e i r  f o r m e r range . Consumption of c o n t a m i n a t e d  f i s h >y these b i r d s  o n  a
r e g u l a r  b a s i s  m a y  l e a d t o  r e p r o d u c t i v e  f a i l u r e  w h e n  t h e y  b e g i n  t o  n e s t  i n
Oklahoma. C o n t i n u e d  r e p r o d u c t i v e s u c c e s s  o f  f i s h  e a t i n g  b i r d s  t h a t  n e s t  i n
n o r t h e a s t e r n  O k l a h o m a , h e r o n s , e g r e t s , and t h e i r a l l i e s , may 3:SC ‘2 2
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j e o p a r d i z e d . M o r e  f o l l o w  u p  s t u d i e s a re  needed . T h i s  s t u d y  a l s o  p r o v i d e s
b a s e l i n e  d a t a  t h a t  w i l l  a l l o w  f u t u r e  c o m p a r i s o n s  t o  b e  m a d e  a n d  d e t e r m i n e  i f
t h e  t h r e a t  f r o m  e n v i r o n m e n t a l  c o n t a m i n a n t s  d e c r e a s e s  o v e r  t i m e .
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