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4 . 3 . 1  A b s t r a c t  

The f a t e  o f  t o x i c  metals r e l e a s e d  i n t o  t h e  env i ronmen t  i s  one 

o f  t h e  n a t i o n ' s  i m p o r t a n t  e c o l o g i c a l  problems.  

e x p e r i m e n t s  on t h e  movement and c o n c e n t r a t i o n  of mercury and cadmiun 

i n  d i f f e r e n t  ecosys t ems .  R a d i o t r a c e r  t e c h n i q u e s  and s t a b l e  chemica l  

a n a l y s e s  were used  i n  c y c l i n g  and food c h a i n  s t u d i e s  i n  a q u a t i c  and 

t e r res t r ia l  ecosys t ems .  

t h rough  a s i m p l e  a q u a t i c  food c h a i n  were de te rmined  f o r  CH 3 2 0 3 H g C l ,  

203Hg(N03)2 and 109Cd(N03) 2 .  Methylmercury was much more e f f i c i e n t l y  

t r a n s f e r r e d  t h r o u g h  t h e  food c h a i n  than  i n o r g a n i c  mercury o r  cadmium. 

X l i n e a r  e i g h t  compartment model w a s  deve loped  t o  d e s c r i b e  t h e  dynamic 

r e d i s t r i b u t i o n  of methylmercury i n  a pond ecosys t em u s i n g  d a t a  c o l -  

l e c t e d  by r a d i o t r a c e r  t e c h n i q u e s .  

and cadmium i n  t e r res t r ia l  ecosys t ems  and t h e  e x t e n t  

C o n c e n t r a t e  in v a r i o u s  components  were compared. I n  t h e  s y s t e m s  

tec:ed, d a t a  i n d i c a t e d  a g r e a t e r  m o b i l i t y  f o r  mercury and t h e  tendenc;: 

f o r  cadmium t o  b e  accumula t ed  i n  o r g a n i c  components .  

o f  mercury from the t e r r e s t r i a l  t o  t h e  a q u a t i c  s y s t e m  was s t u d i e d  i n  

n i c rocosm e x p e r i m e n t s .  

mercury o n  f l y  a s h  which had been  a p p l i e d  t o  t h e  t e r r e s t r i a l  componenL 

was t r a n s f e r r e d  t o  t h e  a q u a t i c  component o f  t h e  microcosm a f c e r  4 1 / 2  

T h i s  r e p o r t  d e s c r i b e s  

Direct u p t a k e  and t r a n s f e r  e f f i c i e n c i e s  

The g e n e r a l  m o b i l i t y  o f  mercury 

t o  which they  

The t r a n s f e r  
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The b i o m a g n i f i c a t i o n  of n e r c u r y  h a s  become a c o r - ~ o ?  g e n e r a l l z a ~ L o n  

r,jhich is not e a s i l y  s u b s t a n t i a t e d  \;hen t h e  e v i d e n c s  i s  c l c s e l y  e:.:aiine.!. 

S t u d i e s  o f  t h e  a q u a t i c  ecosys t em and food c h a i n  path::ays leadi7.g d i r . - c t l v  

t o  m;ln a r e  s t i l l  i m p o r t a n t  a r e a s  of r e s e a r c h ;  ho:;ever, s i n c e  a s i p i f i -  

c a n t  q u a n t i t y  of  heayiy n e t a l s  a r e  re leased t o  t h s  t e r r e s t r i a l  e c o s - s t e n ,  

t h e  t r a n s f e r  o f  mercury  and cadmium from t h e  t e r r e s t r i a l  t o  rh.2 ec.ua:ic 

ecosys t em and t h e  c y c l i n g  o f  t h e s e  mater ia ls  i n  t 2 r r e s t r i a l  s y s t e m s  

a r e  a l s o  i m p o r t a n t .  

Our s t u d i e s '  on t h e  t e r r e s t r i a l  c y c l i n g  o f  x r c u r y  and c a d n i u n  

are  n e a r i n g  c o m p l e t i o n  and w i l l  b e  r e p o r t e d  i n  g r e a t e r  d e t a i l  i n  ti?is 

r e p o r t .  The t e r r e s t r i a l  s t u d i e s  emphas ized  t h e  z o b i l i t y  of  cadniun, 

and mercury  i n  d i f f e r e n t  sys t ems  and d e m o n s t r a t e d  t h e  t r a n s f e r  o f  

mercury  from water t o  t h e  f r u i t  o f  p l a n t s .  O t h e r  s t u d i e s  'nalv,e 2 7 -  

p h a s i z e d  l and-wa te r  i n t e r a c t i o n  o r  t h e  t r a n s f e r  of  t o x i c  m e t a l s  f r o n  

t h e  t e r r e s t r i a l  t o  t h e  a q u a t i c  e c o s y s t e n .  Anal:,Tses f o r  mercury  

i n  f l y  a s h  c o l l e c t e d  on t h e  ORNL.iJalker Branch '.!atershsd h e - ~ e  l e d  t o  

microcosm s t u d i e s  which o f f e r  a n  e x p l a n a t i o n  of concentrations of 

mercury i n  f i s h  d e t e c t e d  i n  s t r e a m s  of t h e  a r e a .  

, 

S i n c e  methylmercury  c o n c e n t r a t i o n s  i n  fish have  n o t  been  ade_q '~ ic lcc :~  :: 
e x p l a i n e d ,  food  c h a i n  t r a n s f e r s  and u p t a k e  and r e t e n t i o n  s t u d i e s  z r ?  

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

i n v o l v e d  t h e  e f f i c i e n c y  of food c h a i n  transfer af d i f f e r e n t  f o r z s  

o f  mercury  and c a d n i u n .  These  s t u d i e s  have cor , r inued  and xi11 b-. 

b r i e f l y  summarized a l o n g  w i t h  t h e  i n c l u s i o n  o f  ner .~ d a t a .  Streai :z< 

s t u d i e s  w i t h  methylmercury  and i n o r g a n i c  mercur:: ;;ere p r e v i o u s l y  

r e p o r t e d .  Ana lyses  of d a t a  f rom t h e s e  s t u d i e s  have c o n t i n u s d  a?d 

a d d i t i o n a l  d a t a  have  been  c o l l e c t e d  on a s t reaz  cagged w i t h  c a d i i c .  

P 

I n f o r m a t i o n  o b t a i n e d  i n  e c o l o g i c a l  e x p e r i p e n t s  o n  che f a t e  J ?  

t o x i c  metal r e l e a s e d  i n t o  t h e  envi ronmenc  i s  b s i n g  used  i n  :he 

deve lopment  of exchange  submodels  i n  t h e  U n i f i e d  T r a n s p o r t  !.!ode1 

f o r  t o x i c  materials ( s e e  s e c t i o n  4 . 1 ) .  Using d z c a  c o l l e c t e d  i n  a f i b , :  . 

s t u d y  an  e i g h t  compartment l i n e a r  model h a s  beex deve loped  t o  descr : . .  

t h e  dynamic r e d i s t r i b u t i o n  of  methylmercury  i n  a pond e c c s y s t e n .  ' . ! ~ ?  ' 

d e t a i l e d  a n a l y s e s  of  b o t h  t h e  d a t a  and a o d e l  a r e  c u r r e n t l y  i n  ?reg:.:. . 
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compounds were r u n  t o  check  f o r  rcercury l o s s e s  d u r i n g  s a n p l e  p r e p a r a -  

t i o n ;  l o s s e s  were n e g l i g i b l e .  The cadmiun ana1;:ses were by s p a r k  

s o u r c e  mass s p e c t r o m e t r y  (SSHS) w i t h  i s o t o p e  d i l u t i o n .  

The mosses  (Dicranum and P o l y t r i c h u m )  had h i g h e r  c o n c e n t r a t i o n s  

of  cadmium and mercury  t h a n  t h e  o t h e r  v e g e t a t i o n  w i t h  t h e  e x c e p t i o n  o f  

mercury i n  the  g r a s s  Andropogon ( T a b l e  4 . 3 . 1 ) .  Background c o n c e n t r a -  

t i o n s  o f  metals  in p l a n t s  w i l l  v a r y  w i d e l y  becal ise  of t h e  c o n p l e x i t y  

of  f a c t o r s  c o n t r o l l i n g  metal i o n  u p t a k e :  s o i l  c o n c e n t r a t i o n  o f  m e t a l s ,  

compet ing  s o i l  c a t i o n s ,  s p e c i e s  d i f f e r e n c e s  i? u p t a k e  r a t e ,  and a t -  

m o s p h e r i c  i n p u t  o f  metals. 

4 . 3 . 3 . 2  F l y  Ash as a Source  of !4ercury P o l l c I i o n  

The d i s c o v e r y  o f  h i g h  c o n c e n t r a t i o n  o f  z s r c u r y  in organisms remote 

from known mercury s o u r c e s  led t o  i d e n t i f i c a i l o n  of  f o s s i l  fuel burni.1:: 

as a s o u r c e  of r e g i o n a l  mercury c o n t a m i n a t i o n .  The a v e r a g e  mercury 

c o n c e n t r a t i o n  i n  coa l  v a r i e s  s o  much ( <  0.01 - > 100 pprn) t h a t  i t  i s  , 

u n r e a l i s t i c  t o  c i t e  a n  a v e r a g e  v a l u e .  Yercur:: c o n c e n t r a t i o n s  i n  c o a l  

f l y  a s h  c o l l e c t e d  i n  areas d i s t a n t  from t h e  d i s c h a r g e  s t a c k s  b y  Cannon 

and Anderson were e n r i c h e d  by a f a c t o r  o f  t:;o o v e r  bo t tom a s h  s a m p l e < ; ,  

and f l y  a s h  c o l l e c t e d  from s t a c k  p r e c i p i t a t o r s  h a s  been  shown t o  
9 c o n t a i n  0 . 2  ppm mercury w h i l e  t h e  c o a l  c o n t a l n e d  0 . 3  ppm mercury.  

It h a s  been c a l c u l a t e d  t h a t  90% o f  t h e  cercur:: i n  t h e  c o a l  i s  l o s t  

out of t h e  s t a c k  t o  t h e  env i ro r . aen t  d u r i n g  n o r n a l  f u r n a c e  o p e r a t i o n s .  

5.7 

a 

0 

Xercury  i n  c o a l  i s  c o n v e r t e d  t o  t h e  vapcr  phase  i n  t h e  f u r n a c c  

w h e n  t h e  c o a l  i s  b u r n e d ,  b u t   SOP.^, of i t  rLzi.y zondense on f l y  a s h  
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Cove - D. ScoDarium d i d  n o t  c o n t a i n  s i g n i f i c a n t l y  more mercury than t h a t  

found a t  t h e  h i g h e s t  e l e v a t i c n  i n  t h e  Smoky !4ountains .  

su r rounded  by moun ta ins  and fly a s h  o r i g i n a t i n g  i n  t h e  Appalachian  

V a l l e y  would have t o  pass o v e r  a minimum e l e v a t i o n  of 600 m b e f o r e  

Cades Cove i s  

r e a c h i n g  t h e  Cove. 

The moss P o l y t r i c h u m  commune w a s  n o t  found a t  ORNL, b u t  a t  Cades 

Cove and h i g h e r  i n  t h e  Smoky Mountains i t  c o n t a i n e d  less mercury than  

- D .  scopar ium.  

s p e c i e s  c o u l d  be due  t o  t h e i r  growth forms.  

mats, w h i l e  - P .  commune grows i n  more u p r i g h t  and  less dense  s t a n d s  whic;? 

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

The d i f f e r e n c e  i n  t h e  mercury c o n t e n t  of  t h e s e  two 

Dicranum scopa r ium forms 

The mercury c o n c e n t r a t i o n  i n  t h e  composi te  f e s c u e  g r a s s  F e s t u c a  

e l i a t o r  sample  a t  ORNL was 0.025 ppm, compared w i t h  t h e  mean v a l u e  o f  

1 . 1 3  ppm f o r  t h e  E. s c o p a r i u n .  Noss - f e scue  mercury  c o n c e n t r a t i o n s  & e r e  

compared a t  a n o t h e r  l o c a t i o n ,  s e v e r z l  k i l o m e t e r s  from t h e  nearest  

smokes tack .  Dicranum scopa r ium d i d  n o t  grow i n  t h i s  h a b i t a t ,  b u t  t h s  

smaller moss s p e c i e s  Eurhynchium h i a n s ,  Brachythec ium r i v u l a r e ,  and 

S h a r p i e l l a  s t r i a t e l l a  were found abundan t ly  growing as  i n t e r t u i n e d  

mats under  heavy g r a s s  ( F e s t u c a )  c o v e r .  A c o n p l e t e  sample  of  t h e s e  

mosses c o n t a i n e d  a mercury  c o n c e n t r a t i o n  of  0 . 0 4 4  ppm, w h i l e  t h e  

o v e r s t o r y  g r a s s  ( F e s t u c a )  c o n t a i n e d  0 .009  p p ~  T e r c u r y .  Fo rbs  from 

t h e  same l o c a t i o n  w e r e  q u i t e  v a r i a b l e  i n  mercury c o n c e n t r a t i o n  b u t  

were a lways  a t  l e a s t  a f a c t o r  of  2 l e s s  t han  t5.e mosses .  

E a s t e r n  hemlock (Tsuga c a n a d e n s i s )  n e e d l e s  and s t e m s  and 

Rhodendron maximum l e a v e s  c o l l e c t e d  i n  t h e  sace l o c a t i o n  a s  t h e  

mosses i n  Cades Cove c o n t a i n e d  0 .025  and 0.024 ppm mercury ,  respec t i> : t .L .  

(Tab le  4 . 3 . 1 ) .  Mercury c o n c e n t r a t i o n s  i n  t h e s e  spec ie s  w e r e  s i g n i f i -  

c a n t l y  lower  (P 2 0.01) t h a n  t h e  moss c o n c e n t r a t i o n s ,  which i n d i c a t e d  

t h a t  - D .  s copa r ium and E. commune accumula te  mercury  from t h e  e n v i r o = -  

ment t o  a g r e a t e r  e x t e n t  t h a n  t h e  v a s c u l a r  p l a n t s  examined.  

F l y  Ash Yicrocosm Exper iment :  S i n c e  a t m o s p h e r i c  d e r i v e d  m e r c u r . :  

may be  a v a i l a b l e  t o  t h e  a q u a t i c  b i o t a ,  a microcosm expe r imen t  w a s  

run  t o  i d e n t i f y  t a r g e t  organisms and s i r . k s  a n d  t o  d e t e r m i n e  t h e  

t r a n s f e r  r a t e  o f  f l y  a s h - r a i n  xatt3r der ivec!  c c r c u r y  from t h e  t e r -  

r e s t r i a l  t o  t h e  a q u a t i c  ecos:.rsten.  ( S e e  F i g .  b .3 .1 . )  D u p l i c a t e  t-.'. 



( 0 . 3  :i 0 . 3  :< 1 . 6  R) .,'ere e s t a b l i s h e d  and k e p t  a t  t h e  p r o ? e r  photoper iod  

(long-dalr)  and t e m p e r a t u r e  ( 6 5 - 7 0 ° F )  for t h e  d u r a t i o n  of  t h e  experizen:.  

S e c t i o n s  of a s t r e a n  bank icere p l a c e d  in one 2nd o f  t h e  t a n k s ,  r , ~ i t i ?  S L T . ? ? . ~  

sed imen t s  and 60-;. o f  watar i n  t h e  o t h e r  half. F i s h  (Gambusia affini: ;)  

a n d  s n a i l s  (Gon iobas l s  c l a v a e f o r n i s )  were p laced  i n  th2 a q u a t i c  

p o r t i o n .  After t h e  t : jo  systems s t a b i l i z e d ,  radioacti1:e Hg-taggzd 

f l y  a s h  vas added in s i m u l a t e d  r a i n f a l l .  The fly ash t a g g i n g  ..;as a c c o z p l i s h e o  

by p l a c i n g  a c o i l  o f  coppe r  wi re  i n  a solution of 2 0 3 H g ( S 0  3 2  ) o v e r n i g h t ,  

removing and p l a c i n g  t h e  wire o v e r  a €e:J g r a n s  o f  fly a s h  i n  a f l a s k  and 

h e a t i n g  t h e  wire t o  i n c a n d e s c e n c e .  The 203Hg t h a t  had amalgaDated o n t o  

t h e  wire  v a p o r i z e d  o f f  and d e p o s i t e d  on t h e  fly asn p a r t i c l e s .  

fly a s h  vas t h e n  mixed w i t h  u n l a b e l e d  fly a s h  t o  b r i n g  i t  t o  t h e  ?ro?.--r 

a c t i v i z y  (?,200 ,C i /g>  and  added t o  t h e  t e r r e s E r i a 1  p o r t i o n  o f  ea,:Ii 

2 0 3  
_L 

The tagged  

2 0 3  microcosm. Each microcosm rece i l i ed  abou t  110 -Ci o f  Hg 
Sampling and c o u n t i n g  f o r  2Q3,!g ac t iv i t ! .  :.:as t h e n  conducted  

on a r o u t i n e  b a s i s  f o r  4 1/2 months.  The t e r r e s t r i a l  p o r r i o n  of 

t h e  microcosms was sampled irrr:t.:iiately p o s t - t a g ,  the?. once  weelily 

f o r  fLve weeks,  and once  month ly  for t h e  d u r s t i o 2  of  t!ie e x p e r i c e z t .  

Te r re s t r i a l  sarnplir,g i n c l u d e d  l i t t e r  an.? soil. '.:ater samples  and 

f i s h  -.:ere coun ted  a t  24-hr p o s t - t a g ,  once  iJeerri': f o r  f i v e  weeks,  an? 

t hen  once monthl:: u n t i l  t h e  e x ? e r i n e n t  '.Gas t e r n i r . a t e d .  S n a i l s  and 

s e d i m n t s  were coun ted  once  wesk ly  s t a r t i n g  z t  one ~ e e k  and t v o  

Tceeks, r e s p e c t i v e l ; J ,  u n t i l  t h e  f i f t h  v e e k ,  ar.c ;?en once  noncnl;. 

f o r  t h e  d u r a t i o n  of t h e  experLment .  The  d i s C r i S u t i o n  of  Hg 

a c t l v i t y  a t  t h e  t e r m i n a t i o n  o f  che  exper inen:  (L 112 months) i s  

shown i n  T a b l e  4 . 3 . 2 .  The n e r c u r y  o n  fly as:? ;;as sho:m t o  b e  l e z c h a b l e  

and t h u s  a v a i l a b l e  t o  b i o t a  s i n c e  rad ioac t iv i t1c-  was found throug3.out 

t h e  s o i l  column and i n  t h e  p l a n t  r o o t s .  S o i l  i n v e r t e b r a t e s  cou ld  

halie d i s t r i b u t e d  t h e  p a r t i c l e s  of f l y  a s h  dorm i n t o  t h e  s o i l  t o  t h i s  

e x t e n t  b u t  p l a n t s  t h c t  s p r o u t e d  s e v e r a l  weeks a f t e r  t h e  t a g  con ta ined  

' 0 3 H g  i n  t h e  v e g e t a t i v e  p a r t s ,  i n d i c a t i n g  l ezc i i i ng  o f  t h e  nercu ry  o f :  

o f  tne  f l y  a s h .  

. ,  

. .  

203 

The a c t i v i t y  i n  t h e  s e d i m e n t s  c o u l d  b e  d u e  t o  t h e  washoff o f  :I;: 

a s h  p a r t i c l e s ,  b u t  t h e  3ctiYJit:: of  t h e  a q u a t i c  b i o t a  seems n o r e  

r e a s o n a b l y  t o  be  due t o  t h e  up:;iXil of iot:ic ? .ercury,  r a t h e r  t h a n  t o  
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1 3 3  

4.3 .3 .3  C y c l i n g  of  Mercury and Cadmium i n  Terrestr ia l  Ecosystems 

The r e l a t i v e  movements of  i n o r g a n i c  forms of  mercury and cadmium 

were s t u d i e d  i n  two te r res t r ia l  ecosys tems - a s m a l l  e a s t e r n  r ed  ceda r  

s t a n d  and an o l d  f i e l d .  The p u r p o s e  of  t h e s e  s t u d i e s  w a s  t o  compare 

t h e  g e n e r a l  m o b i l i t y  of t h e s e  e l e m e n t s  and t h e  e x t e n t  t o  which they  m a y  

c o n c e n t r a t e  i n  v a r i o u s  e c o s y s t e m  components.  

S o l u t i o n s  of  203Hg(N03) and '"CdC1 2 were i n o c u l a t e d  i n t o  t r u n k s  

of  e a s t e r n  r ed  c e d a r  trees and subsequen t  movements i n  t h e  t r e e s  and 

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

de te rmined .  Tab le  4 . 3 . 3  i l l u s t r a t e s  t h e  d i s t r i b u t i o n  of 203Hg and 

Io9Cd e i g h t  weeks a f t e r  i n o c u l a t i o n .  While '09Cd w a s  t r a n s l o c a t e d  

more r e a d i l y  than  203Hg, mercury w a s  more m o b i l e  i n  terns of  f o l i a r  

l e a c h i n g  i n  r a i n  and t r a n s f e r s  t h rough  l i t t e r  t o  s o i l .  Cadmium 

t r a n s l o c a t e d  i n t o  b r a n c h e s  and f o l i a g e  i n  q u a n t i t i e s  d i r e c t l y  pro-  

p o r t i o n a l  t o  t h e  w e i g h t s  (de t e rmined  by t h e  tree h a r v e s t s )  o f  t h e s e  

p l a n t  compartments .  Nercu ry  w a s  much less mobi le  w i t h  80% of t h e  

inoculum rema in ing  w i t h i n  s e v e r a l  c e n t i m e t e r s  of t h e  i n p u t  p o i n t .  

Al though o n l y  1 .5% of t h e  mercury t r a n s l o c a t e d  i n t o  f o l i a g e ,  compared 

t o  28.5% of t h e  cadmium, l e a c h i n g  lo s ses  of mercury were t h r e e  ti=es 

g r e a t e r  t h a n  t h o s e  of cadmium. 

Table 4.3.3.  Diqtribution ot' ""Cd and ' " ' t i g  
from inoculation into  trunks of Eastern red cedar trees eiyht 
weeks after inoculation in eastern Tennessee.  summer 1972 

2 0 3  Cd 1 o v  

Percent o f  input 

In trunk 34 6 96.5 
In branches 36  (i I .7 
In foliage 28.5 1 s  
Leached out b)  r3in t Z O  8 cm) 0 .  I 0.3 

Percent of activity rained out  

z .7 I .J 
68 (J I6 0 
13.3 8 2 . 6  

1 0 2 4 4 1 0  
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o r  d o m e s t i c  a n i m a l s  t h a t  may f e e d  in s u c h  e c o s y s t e m s .  

4 . 3 . 3 . 4  Uptake of Mercurs  by  Bean ( P h a s e o l u s  v u l g a r i s )  P l a n t s  

The u p t a k e  o f  mercury  by food p l a n t s  v i a  i r r i g a t i o n  r e p r e s e n t s  

one  pathway i n  which  man may be  exposed t o  t h i s  t o x i c  e l e m e n t .  

d e t e r m i n e  the re la t ive  m o b i l i t y  of  o r g a n i c  and i n o r g a n i c  mercu ry  from 

water t o  soil t o  p l a n t s ,  snap  bean s e e d s  were p l a n t e d  i n  two i d e n t i c a l  

p l o t s  which were t h e n  w a t e r e d  w i t h  s o l u t i o n s  of 203Hg(N0,), and  CH3203HgCl, 

r e s p e c t i v e l y .  Mercury  s o l u t i o n s  were a p p l i e d  f o u r  days  a f t e r  p l a n t i n g  

and bean  p l a n t s  were h a r v e s t e d  f o r  *03Hg d e t e r m i n a t i o n s  f o r  a p e r i o d  o f  

e i g h t  weeks. W a t e r i n g  s o l u t i o n s  c o n t a i n e d  97.2 L C i  o f  203Hg (0.018 ppm 
203 

Hg) as m e r c u r i c  n i t r a t e  and 102.7  V C i  of  

mercury c h l o r i d e ,  e a c h  in one l i t e r  of w a t e r .  

To 

Hg (0.026 ppm Hg) as , e t h y l -  

T a b l e  4 . 3 . 4  g i v e s  t h e  d i s t r i b u t i o n  of mercury i n  p l a n t  p a r t s  throus?.  

t i m e .  

Hg i n  a l l  p l a n t  p a r t s .  

from t h e  o r g a n i c  form c o n c e n t r a t e d  i n  t h e  bean  f r u i t  by a n  o r d e r  o f  

magn i tude  g r e a t e r  t h a n  t h a t  from t h e  i n o r g a n i c  form. 

forms r e a c h e d  c o n c e n t r a t i o n  l e v e l s  i n  beans  which  were h i g h e r  t h a n  

Uptake of methylmercury  was c o n s i s t e n t l y  h i g h e r  t h a n  i n o r g a n i c  
203 The most s i g n i f i c a n t  r e s u l t  w a s  t h a t  Hg 

Mercury i n  b o t h  

Table 4 .3 .4 .  tlercury uptrke by h e i n  pl3nrc 
I’rom soil in EN Tennessee. summer 1 9 i l  

IIzJn, n< I g dr\ tGeigtir 

Stern? 7 

3 
5 
9 

Root\ 2 
j 

5 
s 

2.1  0.05 
1 . 1  I . I  
I . 3  0.45 
0.1 0.02 

4 .o 2 .J 
1.8 I .J 
2 .4 I .? 
I ?  0.0 ! 

Pods 8 0 . 5  0.08 
Bean tc 3.1 0.3 

____-- 

t h o s e  i n  t h e  s o l u t i o n s  a p p l i e d  t o  t h e  s o i l .  I n  t h e  bean  f r u i t  a t  

1 0 2 4 9 1 2  
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was t h e  s u l f i d e  minerals of  Cu and Fe,  w i t h  some Zn and t r a c e s  of P b ,  

Co, and As. The s t u d y  s t r eam are 

l o c a t e d  i n  r emote  s e c t i o n s  of t h e  p a r k  and are a c c e s s i b l e  on ly  by f o o t  

o r  on h o r s e b a c k .  

c o m e r c i a 1  a c t i v i t y  w a s  phased o u t  w i t h  t h e  e s t a b l i s h m e n t  of t h e  Park 

i n  1926.  

No c i n n a b a r  (HgS) w a s  d e t e c t e d . 1 3  

H i s t o r i c a l l y  t h e  area w a s  h e a v i l y  logged ,  b u t  a l l  

Rainbow t r o u t  (Salmo g a i r d n e r i )  and s t o n e r o l l e r s  (Campos t o m  

anomalum) were c o l l e c t e d  a t  550 m e l e v a t i o n  i n  a l l  t h r e e  stream. 

Rainbow t r o u t  were c o l l e c t e d  a t  580 m i n  Haze l  Creek  and a t  850 and 

1225  m i n  Forney  Creek .  Eastern brook t r o u t  ( S a l v e l i n u s  f o n t i n a l i s )  

were c o l l e c t e d  a t  e l e v a t i o n s  between 1150 and  1225 m i n  a l l  t h r e e  

streams. R o s y s i d e  d a c e  (Cl inos tomus  f u n d u l o i d e s )  and banded s c u l p i n  

( C o t t u s  c a r o l i n a e )  were c o l l e c t e d  a t  550 m i n  Haze l  Creek .  The f i s k  

sampled r e p r e s e n t  two t r o p h i c  l e v e l s ,  t r o u t ,  d a c e ,  and s c u l p i n s  b e i n g  

p r e d a t o r s  and  s t o n e r o l l e r s  f e e d i n g  on p e r i p h y t o n .  

n o t  p r e s e n t l y  s t o c k e d  with h a t c h e r y  f i s h ;  however ,  ra inbow t r o u t  

were i n t r o d u c e d  a p p r o x i m a t e l y  50 y e a r s  ago .  

a l s o  c o l l e c t e d  a t  550 m i n  each  of  t h e  t h r e e  streams f o r  uiercury 

a n a l y s i s .  

The s t r e a n s  are 

Sediment  s a n p l e s  were 

A l l  f i s h  samples  were i m e d i a t e l y  f r o z e n  i n  D e w a r  f l a s k s  contain::.: 

Dry Ice (CO ) f o r  t r a n s p o r t  t o  t h e  l a b o r a t o r y .  ( S i n c e  t h 2  ana l : ; t l z iL  

t e c h n i q u e  f o r  measu r ing  me thy lne rcu ry  w a s  r?ot in o p e r a t i o n  a= t h e  :i--, 

t h e  s a m p l e s  were a n a l y z e d  f o r  t o t a l  mercury o n l y .  The GCPES tec57.1 :'.': 

i s  now a v a i l a b l e  ( s e c t i o n  4 .9 )  and w i l l  be used i n  f u t u r e  s t u d i s s . )  

The g a s t r o i n t e s t i n a l  t r a c t s  were removed from a l l  t h e  s t o n e r o l l e r s  1: 

a v o i d  t h e  p o s s i b i l i t y  of p r e j u d i c i n g  t h e  a n a l y s e s  w i t h  mercury-ccn-31':::L 

sed imen t  o r  food o r g a n i s m .  Comparat ive a n a l y s e s  of t r o u t  samples  ' . . 'r. '  

made w i t h  t h e  g a s t r o i n t e s t i n a l  t r ac t  removed and w i t h  i t  p r e s e n c .  s* 

compar ison  w a s  a l s o  made o f  mercury c o n t e n t  i n  t r o u t  by d i s so lv in ; ,  

a r a t e l y  f o r  a n a l y s i s  t h e  whole f i s h  and a s t r i p  of  a x i a l  muscle c i .  , . . 

Under c o n d i t i o n s  o f  c h r o n i c  exposure  t o  mercury ,  t h e  muscle  t iss-5 . 

f i s h  c o n t a i n s  the g r e a t e s t  p e r c e n t  of  t h e  t o t a l  mercury body b u r d e - .  

2 

Most r e p o r t s  o f  mercury  a n a l y s e s  i n  f i s h  and o t h e r  0rganis r . s  
2 , 1 4 9 1 5  The 

wide  v a r i a b i l i t y  o f  mercury c o n c e n t r a t i o n  i n  t i s s u e .  

a c t u a l  amounts--nanograms and less--are v e r y  smal l ,  so  a l a r g e  
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b e  a s p e c i e s  d i f f e r e n c e  r a t h e r  t h a n  g e o g r a p h i c a l  d i f f e r e n c e  (Table  

4.3.5). Mercury  c o n c e n t r a t i o n s  have p r e v i o u s l y  b e e n  measured i n  brook 

and rainbow t r o u t .  Brook t r o u t  i n  Canada were found t o  have a range 

from 0.08 t o  0.13 pprn (wet w e i g h t )  r n e t h y 1 m e r c ~ r y . l ~  I n  Idaho ,  1 6  

w i l d  r a inbow t r o u t  had a mean of  0 .31 ppm (wet w e i g h t )  mercury wi th  

a r a n g e  o f  < 0.008 t o  0.6 ppm, and h a t c h e r y  r e a r e d  rainbow t r o u t  had 

a mean mercury  c o n c e n t r a t i o n  of  0.10 ppm w i t h  a r a n g e  of  0.05 t o  

0.17 ppm. 1 7  

Earlier s t u d i e s  a t  ORNL o f  mercury t r a n s p o r t  i n  streams had d i s -  

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

background levels  i n  the Great Smoky Mountains  N a t i o n a l  P a r k  f i s h .  The 

ORNL w a t e r s h e d  where  t h e  stream samples  were c o l l e c t e d  i s  f r e e  from 

i n d u s t r i a l  or a g r i c u l t u r a l  d i s c h a r g e s  ( o t h e r  t h a n  f l y  a s h )  aiid t h e  

s m a l l  streams are o l i g o t r o p h i c .  However, 38 f i s h  ( R h i n i c h t h y s  

cataractae, t h e  long-nose  d a c e )  w e r e  found t o  c o n t a i n  a mean concen- 

t r a t i o n  o f  0.281 ppm mercury.  T h i r t y  f i s h  o f  t h e  same s p e c i e s  from 

a stream i n  Cades Cove a t  t h e  550-m e l e v a t i o n  were found t o  c o n t a i n  

a mean c o n c e n t r a t i o n  o f  0.058 ppm mercury ( f i v e  compos i t e  s a m p l e s  

o f  2 t o  11 f i s h  e a c h ) .  The s i g n i f i c a n t l y  h i g h e r  (P  < 0.01)  c o n c e n t r a -  

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

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

- 

Mercury S t r e a m  Tag E x p e r i m e n t s .  The r e s u l t s  of streams tagged 

w i t h  r a d i o a c t i v e  methylmercury  and m e r c u r i c  n i t r a t e  were r e p o r t e d  

p r e v i o u s l y . '  A b r i e f  summary of  t h e  e x p e r i m e n t s  and a d d i t i o n a l  

a n a l y s e s  o f  t h e  d a t a  f o l l o w s .  A s m a l l  s t rearn  w i t h i n  t h e  AEC-ORl'iL 

R e s e r v a t i o n  w a s  t a g g e d  w i t h  r a d i o a c t i v e  methylmercury  c h l o r i d e  

and a s imi l a r  stream tagged  w i t h  r a d i o a c t i v e  m e r c u r i c  n i t r a t e  i n  

an e f f o r t  t o  c l a r i f y  t h e  f a t e  o f  mercury compounds w i t h i n  n a t u r a l  

stream e c o s y s t e m s .  S t r e a m  t a g  e x p e r i m e n t s ,  i n  which a r a d i o a c t i v e  

i s o t o p e  is  added t o  t h e  water, and t h e  d i s t r i b u t i o n  of  t h e  a c t i v i t y  

f o l l o w e d  by c o l l e c t i n g  samples  and d e t e r m i n i n g  t h e  r a d i o a c t i v i t y ,  

can  r a p i d l y  y i e l d  q u a n t i t a t i v e  d a t a  on t r a n s f e r  r a t e s  and b i o -  

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

from stream t o  stream, b u t  t h e  q u a l i t a t i v e  g e n e r a l i z a t i o n s  shou ld  

h o l d .  
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s e d i m e n t s )  on which they  g r a z e d ,  peaked a t  f i v e  d a y s .  I n  t h e  C H 3 2 0 3 ~ g ~ 1  

e x p e r i m e n t ,  t h e  p e r i p h y t o n  peaked a t  f o u r  d a y s ,  and t h e  s n a i l s  a t  28 

d a y s .  

p e r i p h y t o n  compartment  a b o u t  t w i c e  as f a s t  a s  methylmercury ,  w h i l e  

t h e  s n a i l  compartment c y c l e s  i n o r g a n i c  mercury a b o u t  f i v e  times 

f a s t e r  t h a n  methylmercury .  

These  d a t a  show t h a t  i n o r g a n i c  mercury i s  c y c l e d  th rough  t h e  

Table 4.3.6. Transport of '9'Flg(Su0,)2 
and CH, 'OjHgCI in a stream at O R S L ,  

Tennessee. follo\bing spike input 

Day after \pikc 
when m i n i m u m  

concentration occurred 

' 9 ' H g r S 0 , ) 2  CH, '03ilgC'I 

Station 

Sed ime n h I 9 I 
2 7 8 
3 9 R 
4 3 42 
5 7 16 

Pcripliy t o n  I I I 
2 2 1 
3 2 2 
4 2 1 

5 2 4 
I I 4 
2 I X 
3 2 12 
4 3 2R 
S 5 28 

Snails 

2+ I n  t h e s e  o l i g o t r o p h i c  waters, Hg from methylmercury was 

c o n c e n t r a t e d  and r e t a i n e d  to a g r e a t e r  e x t e n t  t han  m e r c u r i c  i o n s  

from Hg(N0 ) by a l l  t h e  a n i m a l s  s a m p l e d .  I t  w a s  n o t  de t e rmined  

whe the r  m e r c u r i c  i o n s  from Hg(S0 1 were c o n v e r t e d  t o  methylmercury.  
3 2  

F i g u r e s  4 . 3 . 8  and 4 . 3 . 9  show t h e  c o n c e n t r a t i o n s  (dpm/g) of  radiomerc,Jr:: 

i n  t h e  s a m p l e s  of s e l e c t e d  s t a t i o n s  (all b i o t a  p r e s e n t )  i n  each  

e x p e r i m e n t .  

3 2  

F i s h  a c q u i r e  and r e t a i n  methylmercury t o  a g r e a t e r  e x t e n t  than  

o t h e r  b i o t a  and i n o r g a n i c  s e d i m e n t s .  Dur ing  t h e  c o u r s e  of t h e  s s c ? l t d  

c o l l e c t i n g ,  a f e w  c r a y f i s h  and s a l a n a n d e r s  were c a u g h t .  The concen-  

t r a t i o n s  o f  Hg a c t i v i t y  f r o m  ne t h y l n e r c u r y  i n  t h e s e  species '..-?T.. 203 2+ 
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Mercury i n  A q u a t i c  Food Chains :  The accumula t ion  o f  mercury i n  

f i s h  i s  one  o f  t h e  most i m p o r t a n t  a s p e c t s  of  t h e  mercury p o l l u t i o n  

problem, b o t h  i n  terms of  e c o l o g i c a l  e f f e c t s  and human consumption.  

F i s h  a c q u i r e  body burdens  o f  mercury d i r e c t l y  from t h e  water by absorp-  ) 
t i o n  t h r o u g h  the g i l l s  and t h r o u g h  the food  c h a i n Y 2 l  b u t  i t  i s  n o t  

known i f  t h e  r e t e n t i o n  t i m e  of mercury d i f f e r s  a c c o r d i n g  t o  t h e  r o u t e  

of up take .  T h e r e  have  been  many a n a l y s e s  of  mercury i n  a q u a t i c  

o rgan i sms ,  b u t  t h e  t r o p h i c  dynamics o f  mercury  i n  a q u a t i c  ecosys tems 

remain o b s c u r e .  Under s t and ing  t h e  problem r e q u i r e s  c o n s i d e r a t i o n  o f  

t h e  b e h a v i o r  of b o t h  i n o r g a n i c  m e r c u r i a l s  and methylmercury.  I t  h a s  

been  r e p o r t e d  t h a t  60-100% of  t h e  t o t a l  mercury  i n  f i s h  t i s s u e  i s  t h e  

methyl  form, even  though t h e  major  i n d u s t r i a l  i n p u t  t o  t h e  envi ronment  

i s  i n o r g a n i c  o r  m e t a l l i c  mercury .  2 9 1 9 7 2 0 y 2 1  The conve r s ion  of o t h e r  

m e r c u r i a l s  t o  t h e  methyl  form by  methanogenic  b a c t e r i a  i n  stream and 

l a k e  s e d i m e n t s  h a s  been  r e p o r t e d  as  t h e  p r o c e s s  3:: which f i s h  accurnu- 

l a t e  methylmercury .  R e c e n t l y ,  t h i s  e x p l a n a t i o n  as  t h e  s o u r c e  o f  

methylmercury  i n  f i s h  h a s  been  q u e s t i o n e d  b e c a u s e  of  low m e t h y l a t i o n  

rates and t h e  f a i l u r e  t o  d e t e c t  methylmercury  i n  s e d i m e n t s .  T h e r e f o r e ,  

d a t a  on t h e  u p t a k e  and r e t e n t i o n  o f  methyl  and i n o r g a n i c  mercury i n  

f i s h  and d a t a  on food c h a i n  s t u d i e s  have  becor.2 i n c r e a s i n g l y  i m p o r t a n t .  

2 19,20 

/ 

- 
A compar ison  h a s  been  made of t h e  a c c u m u l a t i o n  and r e t e n t i o n  o f  

CH HgCl and H 0 ,acqui red  d i r e c t l y  from t h e  a n b i e n t  water and from 

t h e  food i n  t h e  t r o p h i c  c h a i n :  d e t r i t u s  -+ Chirononus l a r v a e  -, mosqui to  

f i s h  (Gambusia A f f i n i s )  * l a rgemouth  bass (P l i c rop te rus  sa lmod ies )  a t  

25°C .  Some o f  t h e  d a t a  which a re  summarized i n  Tab le  4 . 3 . 7  have been  

r e p o r t e d  p r e v i o u s l y .  These  d a t a  w e r e  o b t a i n e d  i n  expe r imen t s  u s i n g  

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

3 4 3- 

The mechanism o f  u p t a k e  and r e t e n t i o n  of i n o r g a n i c  m e r c u r i a l s  b y  
5 1 , ? 2  f i s h  d i f f e r s  from t h a t  o f  o r g a n i c  m e r c u r i a l s .  Organ ic  m e r c u r i a l s  

a re  m e t a b o l i z e d  i n  t h e  l i v e r  and t h e  Hg i o n s  e x c r e t e d  v i a  t h e  

k i d n e y s .  The c l e a v a g e  r a t e  of  t h e  carbon-mercury bond is  s low;  con- 

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

i o n s ,  r e s u l t i n g  i n  d e p o s i t i o n  of  o r g a n o - m e r c u r i a l s  i n  t h e  ne rvous  

s y s t e m  and i n  m u s c l e s .  S i n c e  f i s h  musc le  p r o t e i n  h a s  a h i g h e r  

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

2+ 

21 -- 
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t h e  p e r c e n t a g e  had d e c r e a s e d  t o  less than  2 % .  C i r e c t  u?taXe and 

food c h a i n  s t u d i e s  are c o n t i n u i n g  i n  o r d e r  t o  c l e r s r z i n e  ti-,? f lo :~ .  o f  

cadmium th rough  a q u a t i c  s y s t e m s .  

-- Hodel o f  Methylmercury Behavior  i n  a Pond E tc~~* : s t2= :  A l i n 2 i r ,  

e i g h t  compartment model h a s  been  developed  t o  d z a c r i b e  th; d;naixic 

r e d i s t r i b u t i o n  o f  methylmercury  i n  a pond ecos;:srzz ( F i g .  4 . 3 . 1 2 ) .  

The e i g h t  compartments  were water, sed imen t ,  ? i ~ y r o ? l a n k t o n ,  zoo- 

p l a n k t o n ,  m o s q u i t o f i s h ,  b l u e g i l l ,  b a s s  and c a r p .  I t  w a s  assumed 

t h a t  t h e  methylmercury t r a n s f e r s  r e s u l t i n g  f r o n  ? r e d a t i o n  are  dor.or 

dependent ;  t h a t  i s ,  t h e  t r a n s f e r  ra te  i s  l i n e a r l : :  ? r o p o r t i o n a l  t o  

t h e  amount of methylmercury  i n  the p r e y  compartr??:. It is a l s o  

assumed t h a t  each  o f  t h e  t r o p h i c  l e v e l s  a c c m u l z r e c !  aeth! : laercuq-  

d i r e c t l y  f rom t h e  water, and  t h a t  mercury loss :o :he a tzosp:?ere  

w a s  n e g l i g i b l e .  E i g h t  m i l l i c u r i e s  of methylnercur:: vas i n t r o d u c e d  

i n t o  a 1/4-acre pond t o  v a l i d a t e  t h e  model .  T'n2 ?sn? w2s s t o c k e d  

w i t h  m o s q u i t o f i s h  Gambusia af f i n i s ,  b l u e g i l l  Ls?cris ? a c r o c h i r u s ,  

l a rgemouth  b a s s ,  Elicrop t e r u s  s a l m o d i e s ,  and czr? ,:;:?r i r t ~ s  c a r a i s  . 
A dense  bloom o f  z o o p l a n k t o n ,  mos t ly  S c a p h o l s 3 r l s  k i n g i ,  -..-si present  

d u r i n g  most o f  t h e  s t u d y .  The p h y t o p l a n k t o n ,  zo:?lank:c-, f i s h ,  

s e d i m e n t s ,  and water were sampled p e r i o d i c a l l y  a:.- assa:.-26 f o r  Hg 

a c t i v i t y .  The model gave good q u a l i t a t i v e  agrl-e=s:.r i;it:? :;?e g2?2r2L 

r e d i s t r i b u t i o n  t r e n d s  shown by t h e  e x p e r i m e n t a l  t z : ~ .  ? r z l i z ~ i n a r - :  

a n a l y s i s  i n d i c a t e s  d i r e c t  u p t a k e  b y  t r o p h i c  ;e.:sIs o f  ~2t :ylrnercj~r ; ;  

f rom w a t e r  i s  p r o p o r t i o n a l  t o  s i z e  of  o r g a n i s z .  ?rel i - ; -  --..a~; 

a n a l y s e s  i n d i c a t e  t h e  need  t o  model biomass a s  ~ t l l  as  z r r k y l n e r c u r y  

dynamics i n  c a s e s  where t h e r e  are  l a r g e  f l u c t u a t l z - s  i n  t r o p h i c  l e v e l  

b iomass ,  s i n c e  t h e  p r e d a t i o n  r a t e  between t r o p h i c  levels i s  a 

f u n c t i o n  o f  t h e  r e l a t i v e  s i z e s  o f  t h e  l e v e l s .  i>.e p r2da tLsn  r a t e  

between l e v e l s  d e t e r m i n e s  t h e  methylmercury c r a r s f s r  ra t2  j e t d e e n  

l e v e l s .  More d e t a i l e d  a n a l y s e s  of  b o t h  t h e  d a t a  a . d  t h e  =ode1 a r e  

c u r r e n t l y  i n  p r o g r e s s ,  

203  

The e x p e r i m e n t a l  d a t a ,  n o t  y e t  comple t e ,  diffrr q u a n t i t a t i v e l ! :  

f rom t h e  c a l c u l a t e d  v a l u e s  ( F i g .  4 .3 .13 ) ,  b u t  r.rr c ~ a l i + o : i v e  f i r  

i s  good. The d i s c r e p a n c i e s  are  p robab ly  due t o  ~ 2 ~ 2  i n ? r s c i s i o n  

i n  measur ing  t h e  t r a n s f e r  r a t e  c o e f f i c i e n t s .  AS -.:re d a c a  a r e  

1 0 2 4 9 2 0  
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4 . 3 . 7  P o t e n t i a l  A p p l i c a t i o n  of Work 

E c o l o g i c a l  d a t a  on t h e  movement and c o n c e n t r a t i o n  of t o x i c  

metals i n  d i f f e r e n t  ecosys t ems  are n e c e s s a r y  i n  o r d e r  t o  p r e d i c t  t h e  

fa te  o f  t h e s e  s u b s t a n c e s  i n  t h e  environment .  Knovledge of food c h a i n  

pathways,  t r a n s f e r  c o e f f i c i e n t s  and s i n k s  are n e c e s s a r y  i n  t a k i n g  

r e a l i s t i c  s t e p s  towards  p o l l u t i o n  aba temen t .  E c o l o g i c a l  problems 

i n v o l v i n g  t o x i c  materials are c u r r e n t  and rea l i s t ic  p r o b l e n s  t o  which 

s t u d e n t s  e n t h u s i a s t i c a l l y  relate.  Underg radua te s  i n  t h e  NSF summer 

r e s e a r c h  program, ORAU summer trainee program, and  ORAU u n d e r g r a d u a t e  

r e s e a r c h  program have  p a r t i c i p a t e d  i n  r e s e a r c h  on t h e  e c o l o g y  of  t o x i c  

metals. 

T e n n e s s e e ,  i s  c o m p l e t i n g  work on a master’s t h e s i s .  

f e l l o w  from N o r t h w e s t e r n  U n i v e r s i t y  i s  c u r r e n t l y  c o l l e c t i n g  d a t a  t o  

d e t e r m i n e  t h e  i n f l u e n c e  of t e m p e r a t u r e  and methylnercur) .  c o n c e n t r a t i o n s  

on t h e  k i n e t i c s  of methylmercury  u p t a k e  i n  f i s h .  TGJO g r a d u a t e  s t u d e n t s  

from t h e  MIT P r a c t i c e  Schoo l  of  Chemical E n g i n e e r i n g  s t u d i e d  t h e  d i s t r i b u t i o n  

of methylmercury  i n  a n  e x p e r i m e n t a l  pond. 

The background c o n c e n t r a t i o n s  of mercury and c a d n i u n  i n  e c o l o g i c a l  

A g r a d u a t e  s t u d e n t  f rom t h e  Ecology I n s t i t u t e ,  U n i v e r s i t y  of  

An ORAU p r e d o c t o r a l  

samples  f rom t h e  Great Smoky Mountains  N a t i o n a l  Pa rk  a r e  b e i n g  r e l i e d  

upon by t h e  N a t i o n a l  P a r k  S e r v i c e .  The s e l e c t i o n  of  Cades Cove as t h e  

s i t e  i n  Great Smoky Houn ta in  N a t i o n a l  P a r k  (GSFE?) f o r  heavy n e t a l  

a n a l y s i s  of v e g e t a t i o n  was s u g g e s t e d  by P a u l  F .  YcCrary,  Ch ie f  P a r k  

N a t u r a l i s t .  The Cades Cove Loop Road is  s o  h e a v i l y  u t i l i z e d  t h a t  t h e  

P a r k  S e r v i c e  i s  conce rned  a b o u t  t h e  e n v i r o n m e n t a l  i q a c t  of v e h i c u l a r  

t r a f f i c .  Our p r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  v e g e t a t i o n  w i t h i n  1 

meter of t h e  pavement i s  e n r i c h e d  i n  Pb, Cd, and Zn, b u t  n o t  Hg. The<? 

r e s u l t s  a l o n g  w i t h  o t h e r  f a c t o r s  are  b e i n g  c o n s i d e r e d  by t h e  Park Ser.!: 

i n  t h e i r  pend ing  d e c i s i o n  w h e t h e r  o r  n o t  t o  c u r t a i l  o r  e l i m i n a t e  auto-( \ ’ \  .: 5 

E r o m  t h e  l o o p  road .  

A GSSNP c o n s t r u c t i o n  p r o j e c t ,  t h e  L i t t l e  R ive r  Road, w a s  

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

s t a t e m e n t  r e q u i r e d  by NEPA. S o i l  from a m i n e r a l i z e d  a r e a  had been  

used f o r  f i l l  material a l o n g  t h e  stream. G i l b e r t  Calhoun,  A s s i s t a n t  

S u p e r i n t e n d e n t ,  GSPINP, r e q u e s t e d  OUK a d v i c e  on p o s s i b l e  t o x i c  
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