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ABSTRACT 

I n  January 1971, t h e  l a s t  o f  n i n e  p lu ton ium produc t ion  r e a c t o r s  us i ng  
d i r e c t  d ischarge o f  once-through c o o l i n g  waters i n t o  t he  Columbia R i ve r  was 
closed. Sampling was i n i t i a t e d  a t  t h r e e  s t a t i o n s  on t h e  Colurnbia R i v e r  t o  
document t he  dec l i ne  o f  t h e  r a d i o n u c l i d e  body burdens i n  t he  b i o t a  o f  t h e  
Columbia R i ve r  ecosystem. 

Concentrat ions of 4 6 ~ c  decreased t o  unmeasurable l e v e l s  i n  most b i o t a  
by s p r i n g  of 1972; l a r g e  f i s h  averaged about 0.03 pCi/g d r y  wei h t  (DW) and 

5 8 a l s o  had unmeasurable l e v e l s  a f t e r  one year. Body burdens o f  Mn i n  t h e  
lower t r o p h i c  l e v e l s  were e s s e n t i a l l y  unmeasurable a f t e r  one year.  I n  suckers, 
body burdens dec l ined  t o  f a i r l y  constant  l e v e l s  o f  <1 pCi/g OW a t  White B l u f f s ,  
a va lue  s i m i l a r  t o  those found a t  a l l  t imes a t  McNary Reservo i r  and Bonnevi l  l e  
Reservo i r .  Values i n  squawfish became unmeasurable i n  t he  l a s t  year o f  t h e  
study. Concentrat  ions of 6 0 ~ 0  i n  seston, per iphyton,  and i nve r t eb ra tes  d i d  
no t  decrease t o  t h e  degree t h a t  t h e  o the r  r ad ionuc l i des  d i d  and t h i s  was 
r e l a t e d  t o  the  seepage o f  6 0 ~ 0  i n t o  the  r i v e r  f rom a d isposal  t r ench  near 
t h e  ope ra t i ng  N Reactor. Leve ls  of 6 0 ~ 0  i n  suckers and squawfish showed 
some decreases, b u t  obvious t rends were n o t  present. Zinc-65 was present  i n  
t h e  b i o t a  i n  h ighes t  concent ra t ions.  Concent ra t ions i n  seston and per iphy ton  
decreased r a p i d l y  and d i d  no t  become unmeasurable u n t i l  t h e  s p r i n g  of 1973. . Zinc-65 i n  c a d d i s f l y  l a r vae  was no t  measurable by February 1973, b u t  concen- 
t r a t i  ons i n  McNary chironomids f l u c t u a t e d  between undetectab le  l e v e l s  t o  
24 pCi/g DW and t h i s  was r e l a t e d  t o  i n g e s t i o n  o f  contaminated sediments r a t h e r  
than  l a r v a l  body burdens. I n  suckers and squawfish, 6 5 ~ n  decreased t o  
f a i r l y  low, constant  l e v e l s  o f  1 and 3 pCi/g DW, r e s p e c t i v e l y .  Leve ls  of 
1 3 7 ~ s  were measurable i n i t i a l l y  i n  per iphyton,  b u t  measurable l e v e l s  i n  t he  
lower t r o p h i c  l e v e l s  were m o s t l y  sporadic.  Cesium-137 l e v e l s  i n  suckers f l u c -  
t ua ted  markedly w i t h  no long-term decrease. I n  squawf ish,  1 3 7 ~ s  l e v e l s  
f l u c t u a t e d  a t  White B l u f f s  b u t  were cons tan t  a t  McNary and Bonnev i l l e .  

The data show t h a t  i n  a r i v e r - r e s e r v o i r  complex, t h e  measurable body 
burden o f  f ission-produced rad ionuc l  ides decreased t o  e s s e n t i a l  l y  unde tec tab le  
l e v e l s  w i t h i n  18 t o  24 mo a f t e r  cessa t ion  o f  d ischarge o f  once-through c o o l i n g  
water i n t o  t h e  r i v e r .  On t h e  bas i s  of data  f rom the  f r e e - f l o w i n g  s t a t i o n ,  we 
be1 i eve  t h a t  t h i s  decrease would be even more r a p i d  i n  an unimpounded r i v e r .  
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FIGURES 

1 Locat ions (Dots) o f  Sampling Sta t ions  . 
2 Concentrat ions of 4 6 ~ c  i n  Selected Columbia R iver  

Biota;  a) Seston, b) Periphyton, c )  Chironomids . 
3 Concentrat ions of S 4 ~ n  i n  Selected Columbia River  

Biota; a) Seston, b) Periphyton, c )  Suckers . 
4 Concentrat ions o f  6 0 ~ 0  i n  Selected Columbia River  

Biota; a) Seston, b)  Periphyton, c )  Chironomids, 
d) Suckers, e) Squawf ish .  

5 Concentrat ions of 6 5 ~ n  i n  Selected Columbia R iver  
Biota; a) Seston, b )  Periphyton, c )  Chironomids, 
d) Suckers, e) Squawfish . 

6 Concentrat ions of 1 3 7 ~ s  i n  Selected Columbia River  
Biota; a) Periphytcn, b )  Suckers, c )  Squawfish . 

TABLES 

1 B i o t a  Sampled, Sampling Periods, and Sampling Locat ions 

2 R a d i o a c t i v i t y  i n  Seiected Columbia R iver  Biota, 
1966 and 1967 . 



I n  1944, t h e  f i r s t  p lu ton ium produc t ion  reac to r  on t h e  Atomic Energy 
Commission's Hanford Reservat ion (now the  Department o f  Energy's Hanford S i t e )  
began d ischarg ing rad ionuc l i des  i n t o  t h e  Columbia R i v e r  v i a  t he  coo l i ng  water 
e f f luents .  I n  succeeding years, as many as n ine  reac to r s  were i n t r oduc ing  
var ious amounts o f  r ad ionuc l i des  i n t o  t h e  Columbia a t  one t ime. Wi th  t he  c l o -  
sure o f  t he  K  East Reactor i n  January 1971, d i r e c t  discharge o f  once-through 
c o o l i n g  water i n t o  t h e  Columbia ended. The on l y  r a d i o a c t i v i t y  p r e s e n t l y  
reaching the  r i v e r  i s  f rom N Reactor coo lan t  water which i s  discharged i n t o  a  
seepage trench. From t h i s  t rench, small amounts o f  t h e  coo lan t  water reach 
t h e  r i v e r  through ground seepage (Robertson e t  a l .  1973). 

A 1  arge body o f  l i t e r a t u r e ,  abs t rac ted  by  Becker (1973), has repo r ted  t h e  
r e s u l t s  o f  r ad ioeco log i ca l  s tud ies  o f  t he  Columbia River ,  t h e  most thorough 
surveys be ing those of Robeck, Henderson and Palange (1954), Davis, Watson and 
Pa lmi te r  (1956), and Watson e t  a l .  (1970). Numerous s tud ies  r e p o r t  t h e  accu- 
mu la t i on  and l oss  o f  r ad ionuc l  ides by b io ta ,  b u t  t h e  c losure  of t h e  Hanford 
reac to r s  prov ided a  unique oppo r tun i t y  t o  study t h e  p a t t e r n  o f  decreasing 
rad ionuc l  i d e  concent ra t ions  i n  t he  components o f  t he  na tu ra l  r i v e r  ecosystem 
over t ime. I n  t he  summer o f  1966, a  s t r i k e  c losed t h e  Hanford reac to r s  f o r  
about 40 days; t h e  r e s u l t s  o f  t h i s  shutdown upon r a d i o n u c l i d e  concent ra t ions  
i n  t he  b i o t a  have been pub1 ished by Watson e t  a l .  (1969). 

Knowledge o f  t he  l oss  o f  r ad ionuc l i des  i n  b i o t a  i s  p a r t i c u l a r l y  impor tan t  
today. The number of nuc lear  power generat ing p l  ants i s  inc reas ing  and more 
are p ro jec ted .  The data repor ted  here p rov ide  i n fo rma t i on  on t h e  poss ib l e  
e f f e c t s  o f  t he  c l osu re  o f  once-through c o o l i n g  systems on t h e  r a d i o n u c l i d e  
body burdens o f  t h e  b i o ta ,  thus ensur ing a  more complete eva lua t i on  of t h e  
environmental  impact o f  s i t i n g  nuc lear  reac to rs .  

The purpose o f  t h i s  i n v e s t i g a t i o n  was t o  determine t h e  dec l i ne  o f  t h e  
body burdens o f  r ad ionuc l i des  i n  t he  b i o t a  o f  t he  Columbia R i ve r  ecosystem 
a f t e r  shutdown o f  t h e  Hanford reac to r s  w i t h  once-through c o o l i n g  systems. 



SAMPLING LOCATIONS 

Three s i t e s  were sampled f rom J u l y  1971 th rough  June 1972: 1 )  immedia te ly  
below the  r e a c t o r s  a t  White B lu f f s  ( R i v e r  km 593), 2 )  i n  MclVary R e s e r v o i r  
(Rkm 473) on t h e  Washington s ide,  and 3) i n  Bonnev i l  l e  Reservo i r  (Rkm 245). 
The Columbia R i v e r  a t  White B l u f f s  i s  f r e e - f l o w i n g ,  and t h e  l i t t o r a l  and deeper 
bot tom subs t ra tes  a re  rounded rubb le .  The water l e v e l  f l u c t u a t e s  about 2 m 
each day because o f  t h e  o p e r a t i o n  o f  P r i e s t  Rapids Dam, about 45 km upstream. 
I n  backwater areas, t h e  c u r r e n t  lessens, and f i n e  s i l t s  cover t h e  rubb le .  Bo th  
t h e  McNary and B o n n e v i l l e  s t a t i o n s  are  t y p i c a l  r i v e r - r e s e r v o i r  l e n t i c  h a b i t a t s  
w i t h  l i t t l e  o r  no d i s t i n g u i s h a b l e  c u r r e n t .  Bottom s u b s t r a t e  a t  McNary i s  f i n e  
s i l t s ,  w h i l e  a t  Bonnev i l l e ,  f i n e  s i l t s  and coarse woody d e b r i s  were present .  
The decrease i n  concen t ra t ions  o f  r a d i o n u c l i d e s  i n  b i o t a  a t  White B l u f f s  and 
Bonnev i l  1 e, t o g e t h e r  w i t h  t h e  occurrence o f  most r a d i o n u c l  i des i n  t h e  Columbia 
R i v e r  system i n  sediments beh ind McNary Dam, d i c t a t e d  e l i m i n a t i n g  t h e  Whi te  
B l u f f s  and Bonnev i l  l e  s i t e s  and expanding t h e  sampl ing e f f o r t  i n  McNary f rom 
J u l y  1972 th rough  June 1973. F i g u r e  1 shows t h e  sampl ing l o c a t i o n s .  

FIGURE 1. Loca t ions  (Dots)  o f  Sampling S t a t i o n s  



METHODS AND MATERIALS 

BIOTA SAMPLED 

I n i t i a l l y ,  we sampled seston, per iphyton, a dominant i nve r t eb ra te  
species, an herbivorous f i s h  species (sucker, Catostomus macrochei lus) and a 
carn ivorous f i s h  species (squawfish, Ptychochei l u s  oregonensis) a t  each s i t e .  
We be l ieved  t h i s  s e l e c t i o n  would g i ve  us a rep resen ta t i ve  p i c t u r e  of t he  v a r i -  
ous t r o p h i c  l e v e l s  and pathways; d e t a i l e d  sampling o f  a l l  organisms a t  a l l  
s i t e s  was beyond t he  budgetary c o n s t r a i n t s  o f  t h e  program. Th is  sampling 
regime was fo l lowed as c l o s e l y  as poss ib l e  dur ing  t h e  f i r s t  year, a l though 
some organisms were not a v a i l a b l e  dur ing  t h e  e n t i r e  year, e.g., cadd i s f l y  
(Hydropsychidae) la rvae  a t  White B lu f fs .  As mentioned above, t he  sampl i n g  
e f f o r t  dur ing  t h e  second year was s h i f t e d  t o  McNary Reservo i r  and inc luded  
a d d i t i o n a l  organisms i n  t he  food web as determined from f i s h  stomach content  
analys is .  Table 1 l i s t s  t he  b i o t a  and t h e i r  l oca t i ons  sampled du r i ng  t h i s  
study. 

TABLE 1. B i o t a  Sampled, Sampling Periods, and Sampling Locat ions 

Locat ions and B i o t a  Sampled 

White B l u f f s  
Seston 
Per iphyton 
Cadd i s f l y  l a r vae  
Suckers 
Squawf i s h  

McNary Reservo i r  
Seston 
Per iphyton 
Chironomids 

J u l y  1971 J u l y  1972 J u l y  1973 

Suckers --me-------------------------------------- 

Squawf i sh 
Cray f i sh  
Forage f i s h  
C a t f i s h  
Mussels 

Bonnevi 11 e Reservo i r  
Seston 
Per iphyton 
Suckers 
Squawfish 
Sturgeon 



FIELD COLLECTION 

Seston was c o l l e c t e d  by towing a p lank ton  ne t  (Ni tex@, 80 p m  mesh). No 
at tempt was made t o  separate phytoplankton, zooplankton and d e t r i t u s .  P e r i -  
phyton was c o l  l ected ma in ly  f rom a r t i f  i c i  a1 subst ra tes because power produc- 
t i o n  by t he  dams r e s u l t e d  i n  water l e v e l  f l u c t u a t i o n s  such t h a t  access ib le  
n a t u r a l  subs t ra tes  were no t  always submerged. Occasional samples were co l -  
l e c t e d  from f l o a t s ,  buoys, and o ther  subst ra tes.  

Caddisf  l y  l a r vae  a t  White B l u f f s  were c o l l e c t e d  by hand-picking f rom 
rocks i n  r i f f l e  areas. Chironomids (Chironomidae) i n  McNary were i n i t i  a1 l y  
c o l l e c t e d  d u r i n g  t h e  f i r s t  18 mo f rom sediments obta ined w i t h  a 15-cm ( 6 - i n )  
Ekman dredge and washed through screens. La te r ,  scuba d i v e r s  c o l l e c t e d  19-R 
(5 -ga l )  buckets o f  sediments which were then washed through screens on shore. 
Th i s  technique was much more e f f i c i e n t  and t ime-saving than us ing t h e  Ekman 
dredge. C r a y f i s h  ( P a c i f a s t i c u s  l e n i s c u l a t u s )  and freshwater mussels (Anodonta 
n u t t a l l  i ana)  were c o l l e c t e d  i n d i v i d u a l l y  f rom the  bottom by scuba d ivers .  

Suckers, squawfi sh, sturgeon (Acipenser transmontanus) , and c a t f i s h  
( I c t a l u r u s  punctatus)  were c o l  l e c t e d  w i t h  46-m long exper imental  g i  11 ne t s  
(mesh size, 2.54 t o  7.62 cm). Forage f i sh ,  mos t l y  smal l  squawfish, were 
seined f rom shal low areas near shore. 

LABORATORY PROCESSING 

Samples were prepared f o r  gamma-ray spectrometry by f i l l  i n g  a coun t ing  
con ta iner  (10 cm i n  diameter by 2 cm t h i c k )  w i t h  an homogenized, ashed and 
weighed a l i quo t .  I f  s u f f i c i e n t  t i s s u e  was no t  present  t o  f i l l  t he  con ta iner ,  
t h e  e n t i r e  sample was u n i f o r m l y  mixed w i t h  agar-agar t o  make up t h e  d i f fe rence .  
The gu t  contents  of suckers, squawfish, sturgeon, and c a t f i s h  were removed 
be fo re  processing, and o n l y  t he  s o f t  t i s s u e s  o f  t h e  mussels were analyzed. 
P r i o r  t o  ashing, samples were oven-dr ied a t  60°C and weighed. The number o f  
samples o f  each type counted va r i ed  f rom one t o  four ,  and i n  some cases f o r  
t h e  l a r g e r  . f i s h ,  t h e  s i n g l e  ana lys is  was from a composite sample of up t o  10 
i n d i v i d u a l  f i s h .  Thus, s ince  t h e  m a j o r i t y  o f  measurements presented i n  t h e  
f o l l o w i n g  f i g u r e s  are from sample s izes  o f  one o r  two, no da ta  are presented 
on v a r i a t i o n .  

The samples were counted on an an t i co inc idence  shielded, mu l t id imens iona l  
gamma-ray spectrometer; det  a i  1 s of t h e  system are descr ibed giM;ogman, 
Robertson and Perk ins  (1967). Data are presented f o r  4 6 ~ c ,  , 6 0 ~ o ,  6 5 ~ n  
and 1 3 7 ~ s  as pC i /g  DW and pCi /g  DW + 1 standard dev ia t i on .  

Sampling f o r  t h i s  s tudy cou ld  no t  begin u n t i l  June 1971, about 5 mo a f t e r  
c l osu re  o f  t he  l a s t  once-through c o o l i n g  reac to r .  Thus, some unknown change 

8' Use of t r ade  name does no t  imp ly  B a t t e l l e  endorsement. 



i n  r a d i  onucl i de concen t ra t i on  i n  t h e  b i o t a  occurred before our sampl i n g  began. 
This,  un fo r tuna te ly ,  prevents  t he  c a l c u l a t i o n  of accurate  r a t e s  o f  d e c l i n e  o r  
e f f e c t i v e  h a l f - l i v e s  f rom t h e  t ime a l l  r eac to r s  were operat ing.  However, t o  
p rov i de  an i n d i c a t i o n  of t he  concen t ra t ions  o f  these rad ionuc l i des  i n  t h e  
b i o t a  w h i l e  f i v e  r eac to r s  were i n  operat ion,  t h e  data i n  Table  2 are presented. 
These data were obta ined f rom organisms c o l l e c t e d  j u s t  downstream f rom t h e  
White B l u f f s  area and can be compared w i t h  values presented i n  t h e  t e x t  and 
f igu res .  An a d d i t i o n a l  f a c t o r  t o  be cons idered i s  t h a t  between 1967, when t h e  
l a s t  sampling was done i n  t h e  s tud ies  by Watson e t  a l .  (1970), and January 
1971, when t he  l a s t  r e a c t o r  was closed, t h e  f o u r  o ther  r eac to r s  were shut  down 
sequen t i a l l y ,  so t h a t  t h e  unknown l oss  o f  r a d i o a c t i v i t y  i n  t h e  organisms i n  
t h e  i n t e r i m  was a lso  probably  o f  a  " s t a i r - s t e p "  nature.  To f u r t h e r  a i d  i n  
assessing t h i s  phenomenon, see Watson e t  a l .  (1969) f o r  i n f o rma t i on  on immedi- 
a te  l oss  o f  r a d i o a c t i v i t y  f rom Columbia R i ve r  b i o ta ;  these data were c o l l e c t e d  
du r i ng  t h e  1966-1967 sampling when a  work stoppage c losed  a l l  r e a c t o r s  f o r  
about 40 days. 

TABLE 2. R a d i o a c t i v i t y  i n  Selected Columbia R i ve r  B io ta ,  
1966 and 1967 (Mod i f i ed  f rom Watson e t  a l .  1970) 

pCi/g OW 
Number 

Organism Sampled 4 6 ~ c  5 4 ~ n  6 0 ~ 0  6 5 ~ n  1 3 7 ~ s  

Seston 45 4630 + 6060 1030 + 1270 52 + 2 0 1 ( ~ )  10720 + 8290 23 f 129") 

Periphyton 3 5 4350 + 4950 1770 + 1290 240 + 4 8 0 ' ~ )  8190 + 5940 27 f 53") 

C a d d i s f l y l a r v a e  39 580 + 1 1 9 0 ( ~ )  745 + 568 66 f 1 0 4 ' ~ )  3686 + 2186 0 

Sucker: 5 0.06 + 0.13") 4.7 + 1.5 1.4 + 0.2 249 + 62 2 + 0.2 

Squawf i sh  2 0.2 + 0 . 3 ( ~ )  0.7 + 0 . 9 ' ~ )  0.5 + 0.6 141 + 77 1.2 + 0.6 

( a )  50% or  more of values below de tec t ion  l i m i t s  
( b )  23% of values below de tec t ion  l i m i t s  
( c )  20% of values below de tec t ion  l i m i t s  



RESULTS AND DISCUSSION 

I t  should  be k e p t  i n  mind t h a t  t h e  decreas ing c o n c e n t r a t i o n s  o f  t h e  
r a d i o n u c l i d e s  i n  t h e  b i o t a  descr ibed below are  a  r e s u l t  o f  t h r e e  c o i n c i d e n t  
processes: 1 )  p h y s i c a l  decay o f  t h e  r a d i o n u c l i d e ,  2)  b i o l o g i c a l  t u r n o v e r  of 
t h e  element by t h e  organisms, and 3 )  decreas ing a v a i l a b i l i t y  i n  t h e  food  
supp ly  ( i n  most cases).  I n  t h e  case o f  t h i s  study,  t h e  t h i r d  i t e m  i s  a  func -  
t i o n  o f  t h e  f i r s t  and second. S ince t h e  s tudy  p e r i o d  i n c l u d e d  8.7, 2.5, and 
3.0 h a l f - l i v e s  f o r  4 6 ~ c ,  5 4 ~ n ,  and 6 5 ~ n ,  r e s p e c t i v e l y ,  t h e  d e c l i n e  d  e  t o  
p h y s i c a l  decay f o r  these i s o t o p e s  i s  s i g n i f i c a n t ;  t h a t  f o r  6 0 ~ 0  and Y37Cs i s  
n e g l i g i b l e  because o f  t h e i r  l o n g  h a l f - l i v e s .  

SCANDIUM-46 (HALF-LIFE. 84 DAYS) 

Concen t ra t i ons  o f  4 6 ~ c  i n  seston decreased a t  a1 1  t h r e e  s tudy  s i t e s  t o  
values near o r  l e s s  t h a n  1 pC i /g  DW b y  February  and were unmeasurable by  l a t e  
summer, 1972 ( F i g u r e  2a).  Seston ( m o s t l y  phy top lank ton )  and p e r i  phyton have 
r a p i d  r e p r o d u c t i v e  r a t e s  and h i g h  a d s o r p t i v e  c a p a c i t i e s  due t o  1  arge su r face -  
to-volume r a t i o s ,  thus  u s u a l l y  resu! t i n g  i n  r e 1  a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  
most r a d i  onucl  ides.  

A s i m i l  a r  p a t t e r n  was e v i d e n t  f o r  t h e  p e r i p h y t o n  ( F i g u r e  Zb), except  t h a t  
t h e  d e c l i n e  appears t o  l a g  behind t h a t  o f  t h e  seston.  T h i s  i s  p robab ly  r e l a t e d  
t o  t h e  s e s s i l e  n a t u r e  o f  t h e  p e r i p h y t o n  as compared t o  t h e  f r e e - f l o a t i n g  
seston. Per iphy ton  would r e t a i n  r e 1  a t i v e l y  h i g h e r  c o n c e n t r a t i o n s  i n  t h e  01 d e r  
p o r t i o n  o f  t h e  community. Abso lu te  concen t ra t i ons  i n  seston and p e r i p h y t o n  
were comparable. 

C a d d i s f l y  l a r v a e  were sampled a t  White B l u f f s  f rom September 1971 t o  
February  1972. Dur ing  t h i s  t ime, t h e y  decreased f rom 3.1 pCi /g  DW t o  below 
measurable 1  i m i  t s .  Scandi um-46 c o n c e n t r a t i o n s  i n  ch i ronomid  1  arvae i n  McNary 
R e s e r v o i r  were measurable o n l y  u n t i l  November 1971 ( F i g u r e  2 c ) .  Dur ing  t h i s  
t ime, c o n c e n t r a t i o n s  v a r i e d  f rom 5.4 t o  34.5 pCi /g  DW. Concen t ra t i ons  o f  
4 6 ~ c  i n  c r a y f i s h ,  mussels, and f o r a g e  f i s h  i n  McNar d u r i n g  t h e  second year  
of t h e  s tudy were unmeasurable. Concen t ra t i ons  o f  46Sc i n  l a r g e  f i s h  c o l -  
l e c t e d  a t  a l l  s i t e s  averaged about 0.03 pC i /g  DW, and no sample con ta ined  more 
than 0.6 pC i /g  DW. 

MANGANESE-54 (HALF-LIFE, 290 DAYS) 

Concen t ra t i ons  of 5 4 ~ n  i n  seston a t  a1 1  s i t e s  v a r i e d  f rom below measur- 
a b l e  l e v e l s  t o  s l i g h t l y  ove r  4  pC i /g  DW ( F i g u r e  3a).  The o n l y  excep t ion  t o  
t h i s  was t h e  A p r i l  1972 sample f rom White B l u f f s ,  which con ta ined  10.4 pCi /g  
DW. Concen t ra t i ons  o f  6 0 ~ 0 ,  65zn, and 1 3 7 ~ s  were a1 so -unusua l l y  h i g h  on t h i s  
date, no t  o n l y  i n  seston, b u t  i n  o t h e r  organisms as w e l l .  T h i s  peak c o i n c i d e s  
w i t h  an inc rease  i n  r u n o f f  and consequent s c o u r i n g  and resuspens ion o f  f i n e  
r a d i o a c t i v e l y  contani i  na ted sediments (Robertson e t  a1 . 1973). Resuspension 
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evidently increases the availabili ty of these radionuclides t o  the food web. 
Manganese-54 was n o t  measurable in the peri phyton after July 1972. Fl uctua- 
tions reveal a general decrease during the study (Figure 3b). 

Manganese-54 in caddisfly larvae a t  White Bluffs decreased from 5 pCi/g , 
DW in September 1972 t o  unmeasurable levels in February 1973. Manganese-54 in 
chironomid larvae in McNary was not measurable during the ent ire  study. Mean 
concentrations of S4nn in crayfish were 0.78 2 0.5 pCi/g DW in McNary between t 
September 1972 and July 1973. The soft parts of the mussels were sampled 
during the las t  4 mo of the study in 1973. Mean concentrations of s 4 ~ n  were 
11.15 + 2.1 pCi/g DW. As mentioned above, 5 4 ~ n  was virtually unmeasurable 
in seston after July 1972; yet th is  radionuclide was present in highest con- 
centrations of any radionuclide in the mussel flesh. Mussels u t i l ize  seston 
for food and are known concentrators of 5 4 ~ n  (Harrison 1969). The relatively 
high concentrations of 5 4 ~ n  are probably related t o  the long effective half- *. 
l i f e  (Te 1 / 2 )  of 5 4 ~ n  in Anodonta of about 1400 days (Harrison 1969). No 
seasonal trends were apparent in either the crayfish or mussels. 

Manganese-54 was not measurable in forage f ish in McNary from September 
1972 until completion of the study. Concentrations of th i s  radionuclide in 
suckers at  White Bluffs decreased from June 1971 until June 1972 and remained 
essentially constant a t  Bonnevi 1 le  and McNary (Figure 3c). Mean concentrations 
in McNary suckers were 0.24 + 0.2 pCi/g DW. Manganese-54 concentrations in 
the carnivorous squawfish were always <1 pCi/g DW and exhibited no overall 
trends a t  any study s i tes ;  values were usually n o t  measurable during the l a t t e r  
part of the study. Mean concentrations were 0.28 + 0.2, 0.03 + 0.05 and 
0.01 + 0.02 pCi/g DW a t  White Bluffs, McNary, and Bonneville, respectively. 
Concentrations of 5 4 ~ n  in sturgeon at Bonneville did not show a noticeable 
trend; mean value was 0.04 5 0.1 pCi/g DW. Catfish were collected f ive times 
in McNary Reservoir; the mean concentration of 5 4 ~ n  was 0.02 - + 0.03 pCi/g 
DW. Values were not measurable in two o f  the f ive samples. 

COBALT-60 (HALF-LIFE, 5.24 YEARS) 

Concentrations of 6 0 ~ 0  in seston a t  White Bluffs fluctuated during the 
f i r s t  year with no appreciable overall decline. This Mas probably related t o  
the proximity of the N Reactor (15 km upstream), from which 6 0 ~ 0  leaches 
into the Columbia River through springs draining a disposal trench (0. E.  
Robertson, personal communication; Cushing and Watson, unpubl i shed data). 
Mean concentration a t  White Bluffs was 6.0 + 3.3 pCi/g DW. An  overall 
decrease from about 20 pCi/g DW t o  values near unity were measured over the 
two years in seston in McNary (Figure 4a) .  Concentrations of 6 0 ~ 0  in seston 
a t  Bonneville also decreased during the f i r s t  year from about 5 t o  1 pCi/g DW 
(Figure 4a). 

Cobalt-60 concentrations in periphyton at White Bluffs decreased from 22 
t o  2 pCi/g DW during the f i r s t  year of the study (Figure 4b). In McNary, con- 
centrations decreased from 34 t o  abou t  3 pCi/g DW during the f i r s t  year and 
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f l u c t u a t e d  between about 1 and 7 pCi /g  DW du r i ng  t he  second year .  Unexplain- 
ab l y  h i gh  values ( c a  30 pCi /g  DW) were present  i n  December 1972; these are n o t  
shown on F i g u r e  4b and are probably  sampling a r t i f a c t s .  A t  Bonnevi l le ,  con- 
cen t ra t i ons  dec l i ned  from about 5  t o  1 pCi/g DW (F igu re  4b).  

Cadd is f l y  l a r vae  a t  White B lu f fs  showed no apprec iab le  d e c l i n e  o f  6 0 ~ 0  
dur ing  t h e  6 mo they  were ava i l ab le .  Mean concent ra t ion  was 12.0 + 2.5 pCi /g  
DW. The p a t t e r n  of GOco concent ra t ion  i n  chironomids i n  McNary was unusual 
(F i gu re  4c); concen t ra t ions  increased f rom 5.4 t o  28.2 pCi/g DW f rom June t o  
October 1972 and then decreased and remained e s s e n t i a l l y  constant  a t  about 
5  pCi /g  DW f o r  t h e  du ra t i on  of t h e  study. C ray f i sh  i n  McNary conta ined a mean 
concent ra t ion  of 0.53 + 0.2 pCi /g  DW from September 1972 through June 1973; no 
apparent t rends were ev ident .  Freshwater mussels had a mean concent ra t ion  o f  
1.69 - + 1.5 pCi /g  DW w i t h  no apparent t rends.  

Forage f i s h  c o l l e c t e d  i n  McNary f rom September 1972 through June 1973 
conta ined a mean 6 0 ~ o  concent ra t ion  of 0.2 + 0.1 pCi /g  DW and e x h i b i t e d  no 
d i s c e r n i b l e  t rends i n  concentrat ions.  There i s  some evidence o f  a  decrease i n  
6 0 ~ o  concen t ra t i on  i n  suckers f rom White B lu f fs  (F igure  4d), a l though t h e  
f l u c t u a t i o n s  a t  t h e  beginn ing and end of t h e  f i r s t  year over lap.  Mean concen- 
t r a t i o n  was 0.68 + 3.5 pCi /g  DW. Cobalt-60 concent ra t ions  i n  suckers i n  
McNary decreased Tram about 0.39 t o  0.06 C i /g  DW du r i ng  t h e  two years of 

6  8 study (F igu re  4d). No obvious t r end  i n  Co concent ra t ion  i n  suckers a t  
Bonnevi l  l e  was found (F igu re  4d).  Cobal t -60  concent ra t ions  i n  squawf i s h  a t  
White B l u f f s  e x h i b i t e d  a1 t e r n a t i  ng increases and decreases (F igu re  4e). 
Cobalt-60 concent ra t ions  i n  squawfish f rom McNary showed no o v e r a l l  t rend; 
mean concent ra t ion  was 0.08 + 0.1 pCi /g  DW (F igu re  4e). A t  Bonnevi l l e ,  con- 
cen t ra t i ons  i n  squawfish decreased f rom 0.12 t o  0.03 pCi/g DW i n  t h e  f i r s t  
3  mo o f  s tudy and remained e s s e n t i a l l y  constant  f o r  t he  nex t  11 mo (F igu re  4e). 
Cobalt-60 i n  sturgeon was q u i t e  uniform; mean concent ra t ion  was 0.13 + 0.1 
pCi /g  DW. Concentrat ions o f  6 0 ~ o  i n  c a t f i s h  f rom McNary decreased s l T g h t l y  
du r i ng  t h e  l a s t  year of s tudy  from about 0.13 t o  0.05 pCi /g  DW. 

ZINC-65 (HALF-LIFE, 245 DAYS) 

I n  general, 65Zn was the  r a d i o n u c l i d e  i n  h ighes t  concen t ra t i on  i n  t h e  
b i o t a .  Concentrat ions o f  65Zn i n  seston a t  White B l u f f s  decreased q u i t e  
r a p i d l y ,  as would be expected of t h i s  t r a n s i e n t  community (F i gu re  5a). A f t e r  
t h e  i n i t i a l  decrease f rom about 38 pCi /g  DW t o  3 pCi g DW, 65Zn l e v e l s  f l u c -  k t u a t e d  d u r i n g  t he  f o l l o w i n g  year. The increase o f  6  Zn i n  A p r i l  1972 i n  
t h i s  and o the r  organisms co inc ided  w i t h  t h e  sp r i ng  r u n o f f ,  a  p e r i o d  i n  which 
6 5 ~ n  sorbed t o  f i n e  sediments i s  scoured and resuspended i n  t h e  water column. 
Th is  cou ld  make t h i s  r ad ionuc l  i d e  avai  1  ab le  f o r  b i o l o g i c a l  uptake. Zinc-65 i n  
McNary seston d i d  n o t  dec l i ne  as much, i n i t i a l l y ,  as i t d i d  a t  White B l u f f s ,  
nor  d i d  i t  decrease as f a r  u n t i l  about March 1972 (F igu re  5a), A t  Bonnev i l l e ,  
seston G5zn concent ra t ions  f l  uctuated s im i  1  a r l  as a t  White B lu f fs  (F i gu re  

6 f  5a).  A t  the end of t h e  f i r s t  year of study, Zn concent ra t ions  were about 
3  pCi/g DW a t  a l l  s i t e s .  Zinc-65 concent ra t ions  i n  seston a t  McNary g r a d u a l l y  
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decreased du r i ng  t he  second year o f  study, w i t h  some f l u c t u a t i o n s ,  t o  essen- 
t i  a l l y  unmeasurable l e v e l s  (F i gu re  5a). Decreases o f  65Zn i n  pe r i phy ton  
were s im i  1  a r  t o  decreases i n  t h e  seston ( F i g u r e  5b). The A p r i  1  1972 pu l se  was 
ev iden t  a t  White B l u f f s ,  b u t  i t  was l e s s  ev iden t  a t  McNary and absent a t  
Bonnev i l l e .  Cushing and Watson (1971) est imated an e f f e c t i v e  h a l f - l i f e  o f  15 
days f o r  65Zn i n  pe r i phy ton  i n  1  abora to ry  streams. 

The concen t ra t i on  of 65Zn i n  c a d d i s f l y  l a r vae  a t  White B l u f f s  decreased 
from about 11 pCi/g DW i n  September 1972 t o  undetectab le  l e v e l s  by  February  
1973. Z i  nc-65 concen t ra t ions  i n  c h i  ronomi ds i n  McNary decreased r a p i d l y  f rom 
about 95 pC i /g  DW t o  l ess  than  10 pCi/g DW i n  6  mo ( F i g u r e  5c ) .  Concent ra t ions 
f l u c t u a t e d  between undetectab le  amounts t o  24 pCi/g DW from February  1972 t o  
t h e  end o f  t h e  study. Dean (1974) found t h a t  t u b i f i c i d  worms, which i n g e s t  
sediments as do chironomids, accumulated 65Zn f rom t h e  water b u t  n o t  f rom 
t h e  sediments. Thus, t h e  decreasing concen t ra t ions  o f  65Zn i n  chironomids 
may be p a r t i a l l y  r e l a t e d  t o  decreased concen t ra t ion  i n  t h e  water r a t h e r  t han  
t h e  sediments. Renf ro  (1973), on t h e  o the r  hand, found t h a t  mar ine po lychae te  
worms accumulated 65Zn f rom r a d i o a c t i v e l y  1  ab 1 l e d  sediments. I n  t h e  same 

85 study, i t  was demonstrated t h a t  cons iderab le  Zn was l o s t  f rom t h e  sedi -  
ments because o f  bur rowing a c t i v i t i e s  o f  t h e  polychaetes (Renf ro  1973). 
A1 though decreas ing sediment a c t i v i t y  i n  Mchary i s  re1  ated more t o  resuspen- 

i o n  and t r a n s p o r t  and/or bu ry i ng  by new uncontaminated sediments, l o s s  of 
:5Zn due t o  a g i t a t i o n  by chironomid l a r vae  may be a c o n t r i b u t i n g  f a c t o r .  

C r a y f i s h  i n  McNary e x h i b i t e d  an o v e r a l l  decrease f rom about 1.7 t o  
0.8 pCi/g DW d u r i n g  t h e  9 mo they  were sampled. Mean concen t ra t i on  was 1.26 - + 
0.5 pCi/g DW. Zinc-65 i n  mussel f l e s h  a l s o  decreased du r i ng  t h e  4 mo they  
were co l l ec ted .  Ha r r i son  (1969) r epo r t ed  an e f f e c t i v e  h a l f - l i f e  o f  65Zn of 
about 650 days f o r  t h e  mussel Anodonta n y t t a l  l i a c a ,  and Seymour (1973) r e p o r t e d  
an e f f e c t i v e  h a l f - l i f e  o f  162 days for~zn i n  a marine mol lusc,  Crassostreus 
g iqas .  Mean concen t ra t i on  of 65Zn i n  McNary mussels was 19.5 - + 2.7 pCi/g OW. 

Concent ra t ions of 65Zn i n  f o rage  f i s h  i n  McNary were e s s e n t i a l l y  con- 
s t a n t  du r i ng  t h e  7 mo they  were sampled. The mean concen t ra t i on  was 2.57 + 
2.8 pCi/g DW. Zinc-65 concen t ra t ions  i n  suckers a t  White B l u f f s  decreased- 
f rom about 55 t o  5  pCi /g  DW du r i ng  t h e  f i r s t  year  o f  s tudy ( F i g u r e  5d). A t  
McNary, concen t ra t ions  f l u c t u a t e d  du r i ng  t h e  f i r s t  year  and then g r a d u a l l y  
decreased du r i ng  t h e  second year  t o  values o f  about 1 pCi /g  DW (F igu re  5d).  
Lower values were p resen t  a t  Bonnev i l le ;  they  decreased and remained f a i r l y  
cons tan t  a t  about 3  pCi /g  DW by t h e  end of t h e  f i r s t  year  ( F i g u r e  5d).  Con- 
c e n t r a t i o n s  o f  65Zn i n  t h e  ca rn ivo rous  squawfish a t  White B l u f f s  f l u c t u a t e d  
b u t  showed an o v e r a l l  decrease f rom about 27 t o  5  pCi/g DW du r i ng  t h e  f i r s t  
year  (F i gu re  5e).  A t  McNary, t h e  r a p i d  decrease du r i ng  t h e  f i r s t  year  slowed 
du r i ng  t h e  second; concen t ra t ions  a t  t h e  conc lus ion  o f  t h e  s tudy  were about 
1.5 pCi /g  OW (F i gu re  5e).  Concent ra t ions a lso  f l u c t u a t e d  a t  Bonnevi-I le, b u t  
revea led  an o v e r a l l  d e c l i n e  du r i ng  t h e  f i r s t  year  ( F i g u r e  5e) .  Zinc-65 
concen t ra t ions  i n  c a t f i s h  f rom McNary decreased f rom 2.8 t o  1.3 pCi/g DW f rom 
August 1972 t o  June 1973; t h e  mean concen t ra t i on  was 2.05 + 1.1 pCi /g  DW. A t  
Bonnevi 1  1  e, 6 5 ~ n  concen t ra t i on  i n  sturgeon a1 so decreased ;bout t h r e e f o l d  
f rom 6 t o  2  pCi/g OW du r i ng  t h e  f i r s t  year.  Mean concen t ra t i on  was 3.47 - + 



1.3 pCi /g  DW. Jones (1975) c a l c u l a t e d  e c o l o g i c a l  h a l f - l i v e s  ( d e f i n e d  as t h e  
t i m e  t h e  organism r e q u i r e s  t o  l o s e  50% o f  t h e  body burden by  b o t h  decay and 
b i o l o g i c a l  t u r n o v e r )  o f  65zn i n  v a r i o u s  t i s s u e s  f rom ca rp  i n  McNary a t  t h e  
same t i m e  our s tudy  was i n  progress.  He found no s t a t i s t i c a l  d i f f e r e n c e  among 
t h e  va lues f o r  t h e  v a r i o u s  t i s s u e s  and so d e r i v e d  a  common l o s s  r a t e  w i t h  an 
e c o l o g i c a l  h a l f - 1  i f e  o f  177 days. 

Analyses of water samples showed t h a t  about 20% of t h e  65Zn was i n  
i o n i c  fo rm when t h e  r e a c t o r s  were o p e r a t i n g  (Perk ins ,  Nelson and H a u s h i l d  
1966), b u t  t h a t  l e s s  than 2% was i o n i c  i n  1971 and 1972 (Robertson e t  a1 . 
1973),  a  t e n f o l d  decrease. Wi th  these da ta  i n  mind, i t  i s  o f  i n t e r e s t  t o  
compare r a t i o s  o f  65Zn i n  v a r i o u s  organisms and i n  t h e i r  p r i n c i p a l  food  
d u r i n g  t h e  above p e r i o d s  o f  t ime. Suckers graze on p e r i p h y t o n  communit ies; 
when t h e  r e a c t o r s  were opera t ing ,  t h e r e  was approx ima te ly  10 t imes  as much 
6 5 ~ n  i n  t h e  p e r i p h y t o n  as i n  suckers (Watson e t  a l .  1970). I n  1971 and 1972, 
t h e r e  was o n l y  about two t imes  as much 65Zn i n  t h e  pe r iphy ton .  The same 
r a t i o s  p r e v a i l e d  f o r  t h e  squawfish, which p r e y  on s m a l l e r  f o r a g e  f i s h .  The 
change i n  r a t i o  approximated t h a t  o f  t h e  changes i n  i o n i c  65zn. The 
decrease o f  65Zn by 9  t o  0  t imes  i n  t h e  ch i ronomids c l o s e l y  approximates 5 t h e  t e n f o l d  decrease o f  6  Zn i n  t h e  sediments. S ince ch i ronomids i n g e s t  
sediments, t h e  decrease e s s e n t i a l l y  i n d i c a t e s  t h a t  r a d i o n u c l i d e  measurements 
o f  ch i ronomids are  r e f l e c t i v e  o f  t h e  gu t  con ten ts  r a t h e r  than  t h e  t i s s u e .  

CESILIM-137 (HALF-LIFE, 30 YEARS) 

Concent ra t ions of 1 3 7 ~ s  i n  seston a t  a l l  t h r e e  s i t e s  were t o o  near t h e  
l i m i t s  of d e t e c t a b i l i t y  t o  r e v e a l  any p a t t e r n  over t h e  p e r i o d  o f  study.  When 
measurable, i t  r a r e l y  exceeded 2  pC i /g  DW. F i g u r e  6a shows t h e  t r e n d s  f o r  
137cs c o n c e n t r a t i o n s  i n  p e r i  phyton. A f t e r  t h e  i n i t i a l  decrease d u r i n g  t h e  
f i r s t  6  t o  9  mo o f  sampling, measurable c o n c e n t r a t i o n s  occur red  s p o r a d i c a l l y  
a t  t h e  d i f f e r e n t  s i t e s .  

Concen t ra t i ons  of 1 3 7 ~ s  i n  c a d d i s f l y  1  arvae a t  White B l u f f s  were mea- 
s u r a b l e  tw ice;  mean c o n c e n t r a t i o n  was 0.89 + 0.7 pC i /g  DW. No measurable 
c o n c e n t r a t i o n s  o f  1 3 7 ~ s  occur red  i n  chironomids,  c r a y f i s h ,  o r  mussels f r o m  
McN a r y  . 

The mean c o n c e n t r a t i o n  o f  1 3 7 ~ s  i n  f o r a g e  f i s h  was 0.11 + 0.1 pCi /g  DW; 
i t  was unmeasurable i n  h a l f  o f  t h e  samples. Concen t ra t i ons  OF 1 3 7 ~ s  i n  
suckers a t  Whi te  B l u f f s  f l u c t u a t e d  marked1 ; t h e  mean c o n c e n t r a t i o n  was 0.83 2 
0.3 pC i /g  OW. No long- term decrease i n  13rCs i n  suckers f rom McNary was 
observed ( F i  r e  6b) .  The mean c o n c e n t r a t i o n  was 0.39 + 0.4 p C i / g  DW. A t  
B o n n e v i l l e ,  QY7Cs c o n c e n t r a t i o n s  i n  suckers were lower  a n d  a l s o  constant ;  
mean c o n c e n t r a t i o n  was 0.15 + 0.04 pC i /g  DW. Cesium-137 c o n c e n t r a t i o n s  i n  
squawf ish  f l u c t u a t e d  w i d e l y  at White B l u f f s  b u t  were r e l a t i v e l y  c o n s t a n t  a t  
McNary and B o n n e v i l l e  ( F i g u r e  6 c ) .  Mean c o n c e n t r a t i o n s  were 1.68 + 1.0, 
0.34 + 0.1 and 0.2 + 0.1 pC i /g  DW a t  White B l u f f s ,  McNary, and ~ o n T e v i l l e ,  
r e s p e F t i v e l y .  ~ e a n c o n c e n t r a t i o n s  o f  1 3 7 ~ s  i n  c a t f i s h  f r o m  McNary and s t u r -  
geon f r o m  B o n n e v i l l e  were 0.23 + 0.1 and 0.13 - + 0.1 pC i /g  DW, r e s p e c t i v e l y ;  
o v e r a l l  va lues were cons tan t .  
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FIGURE 6. Concentrations o f  13'cs i n  Selected Columbia R i v e r  
B io ta ;  a )  Periphyton,  b )  Suckers, c )  Squawfish 



CONCLUSIONS 

The b i o t a  i n  t h e  Columbia R i v e r  ecosystem below Hanford a re  be ing  exposed 
t o  a  changing, and much lower, ambient l e v e l  o f  r a d i o n u c l i d e s  i n  t h e i r  env i -  
ronment. True e f f e c t i v e  h a l f - l i v e s  of t h e  r a d i o n u c l i d e s  cannot be determined 
s ince  r a d i o n u c l i d e s  are s t i l l  a v a i l a b l e  f rom t h e  sediments, f rom N Reactor 
seepage e f f l u e n t s  and f rom t h e  r e s i d u a l  r a d i o a c t i v i t y  i n  t h e  d i f f e r e n t  organ- 
isms i n  t h e  food  web. The l a r g e  sediment-bound r a d i o n u c l i d e  poo l  i n  McNary 
Reservo i r  w i l l  become l e s s  a v a i l a b l e  t o  b i o t a  w i t h  t i m e  as i t  i s  covered w i t h  
successive l a y e r s  o f  sediments c a r r y i n g  o n l y  r a d i o n u c l i d e s  r e l a t e d  t o  t h e  N  
Reactor,  a  much sma l le r  f r a c t i o n  than  o r i g i n a l l y  found. 

Nevertheless,  these da ta  show t h a t  i n  a  r i v e r - r e s e r v o i r  complex, t h e  mea- 
s u r a b l e  body burden o f  f i ss ion -p roduced  r a d i o n u c l i d e s  decreased t o  e s s e n t i a l l y  
unde tec tab le  l e v e l s  w i t h i n  18 t o  24 mo o f  cessa t ion  o f  i n p u t  o f  once-through 
c o o l i n g  water i n t o  t h e  r i v e r .  We f u r t h e r  hypothesize,  on t h e  b a s i s  o f  t h e  
da ta  f rom t h e  White B l u f f s  s t a t i o n ,  t h a t  t h e  d e c l i n e  would be more r a p i d ,  
p a r t i c u l a r l y  i n  t h e  lower  t r o p h i c  l e v e l s ,  i n  a  f ree - f l ow ing  r i v e r .  Slack water  
a l l ows  t h e  sediments and t h e i r  assoc ia ted r a d i o n u c l i d e  burden t o  s e t t l e  and 
accu~i iu late,  thus p r o v i d i n g  a  pool  f o r  subsequent resuspension and r e c y c l i n g  of 
r a d i o n u c l i d e s  w i t h i n  t h e  food  web. 
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