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The objective of the Amchitka Radiobiological Program fo r  the period 
1970-1979 was to  determine the extent of radionuclide contamination 
from world-wide atmospheric f a l l o u t  and from the detonation of three 
underground nuclear b las t s  on Amchitka Island. The objective i s  achieved, 
by the col lect ion and radiological analyses of biological and environ- 
mental samples and by background radiation measurements. Leakage of 
radionucl ides from the underground sites of the Amchi tka nuclear deto- 
nations would be suspected i f  the contamination was s igni f icant ly  greater  
than would be expected from world f a l lou t .  
from July 1970 t o  December 1978 has been given i n  nine previous reports 
from the Laboratory of Radiation Ecology t o  the Nevada Operations Office 
o f  the U.S .  Department of Energy. 
program for  calendar year 1979. 

An account of the program 

T h i s  report  i s  an account of the 

Results of analyses fo r  samples collected i n  September and October 1979 
have been added t o  the tables  of  Tornberg and Nakatani (1979) which 
summarize the Amchitka program from 1970 t o  1978 and include analyses 
for: ( 1 )  gamma-emitting radionuclides i n  freshwater, b i r d s ,  l ichens,  
marine alga,  darine invertebrates,  fish, aufwuchs and freshwater moss 
and plants;  ( 2 )  strontium-90 i n  r a t s ,  birds and soil; ( 3 )  p lu ton ium-  
239,240 i n  sand, s o i l ,  marine alga and fish; ( 4 )  tritium i n  seawater, 
freshwater and organisms; and (5 )  background radiation levels  a t  selected 
island s i tes .  

The r e su l t s  of analyses of the samples collected i n  1979 lead t o  the same 
conclusions as i n  previous years,  i . e . ,  there i s  no evidence tha t  the 
radionuclide contamination a t  Amchitka Island is  greater  than would be 
expected from world f a l l o u t  except for  a s l i g h t  contamination of the Long 
Shot Mud Pits w i t h  tritium. 
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1. INTRODUCTION 

The present  Amchitka r a d i o b i o l o g i c a l  program began i n  1970 b u t  was 
preceded by the Long Shot r a d i o b i o l o g i c a l  program i n  1965. 
d e s c r i p t i o n  o f  the  present  program i s  g iven i n  the  1972 Progress Report 
(Held e t  a l . ,  1973), and se lec ted  po r t i ons  from t h a t  r e p o r t  fo l low.  

"The present  Amchi t k a  Rad iob io log ica l  Program was i n i t i a t e d  i n  Ju ly ,  
1970, by the  U n i v e r s i t y  o f  Washington's Laboratory o f  Rad ia t ion  
Ecology a t  the  request of t he  U.S. Atomic Energy Commission, Nevada 
Operations Office. The program i s  designed t o  p rov ide  a p e r i o d i c  
documentation of rad ionuc l ides ,  both n a t u r a l l y  occu r r i ng  -and man- 
made, i n  b i o l o g i c a l  and environmental samples from Amchitka and i t s  

However, organisms o the r  than 

A r e l e v a n t  

Seafoods and rad ionuc l ides  p o t e n t i a l l y  a v a i l a b l e  t o  man 
food web are  emphasized. 

isms a re  a l s o  c o l l e c t e d  and analyzed. These i n d i c a t o r  
a re  species t h a t  s i g n i f i c a n t l y  concentrate one o r  more 

ides.  Concentrat ions o f  rad ionuc l ides  o t h e r  than those 
l t y  hazardous t o  man are measured as a means o f  p rov id ing  

the  o r i g i n  o f  rad ionuc l ides  a t  Amchitka. Unexpected 

adionucl  ides  t o  the environment, presumably 
ar-powered vessels, o r  f rom nuc lear  detona- 

i o b i o l o g i c a l  Program Progress Reports covered 
bruary  1972. 

combinations o r  concentrat ions o f  rad ionuc l ides  would i n d i c a t e  the  

These repo r t s  have been summarized 
by Held (1972), who concluded, " A r t i f i c i a l  o r  man-made rad ionuc l ides  ( found 
a t  Amchitka) d i d  n o t  o r i g i n a t e  a t  Amchitkd except f o r  t r i t i u m ,  which has 
p rev ious l y  been repor ted  t o  be present  i n  pond water and t e s t  ho les near 
the Long Shot SGZ s i t e . "  

The t h i p d  t o  n i n t h  progress r e p o r t s  r e i t e r a t e d  the above conclus ion and 
extended the  account o f  the  program through December 1978. Major conclu- 
s i o n s  of the  n i n t h  repo r t ,  as s t a t e d  by Tornberg and Nakatani (1979) are 
as fo l l ows :  

a. "Two na tu ra l  rad ionuc l ides ,  7Be and 40K, were the  most abundant 

b. 

r a d i  onucl i des i n  most s,ampl es . 
"Some f i s s i o n  products,  induced rad ionuc l ides  and p lu ton ium have 
been detected i n  q u a n t i t i e s  tha t - range  from the  l i m i t s  of detec- 
t i o n  t o  a few' pCi/g o f  d r y  sample." 

"Peaks o f  abundance o f  f i s s i o n  produc t  rad ionuc l i des  occurred i n  
1970-71, 1974 and 1977 and fo l l owed  major Chinese nuc lear  detona- 
t i ons . "  

"Values f o r  9 5 Z r  and 95Nb i n  f reshwater  moss and a lgae from 
Amchitka I s l a n d  and the  Columbia R iver  were s i m i l a r  i n  amounts 
and peaks o f  abundance. 

c. 

d. 

1 



e. "The r a d i o a c t i v i t y  from fa1 l o u t  r a d i o n u c l i d e s \  genera l ly ,  was 
g rea te r  f o r  freshwater than f o r  marine organifms. I '  

c o l l e c t e d  on f i l t e r  paper and counted w i t h  a low- level  
Plutonium was e x t r a c t e d  by i o n  exchange, e l e c t r o p l a t e d  

f. "There i s  no s t rong  evidence from the gamma si)ectrum ana lys i s  
t h a t  the r a d i o a c t i v i t y  o f  the samples i s  r e l a i e d  t o  the c o l l e c t i o n  
l o c a t i o n  on Amchitka I s land . "  

beta count ing system. 
on p la t i num d iscs  and 

I 
"There has been no increase i n  3 H ,  90Sr ,  o r  2:399240Pu values. 
T r i t i u m  i s  a p o t e n t i a l  r a d i o n u c l i d e  i n d i c a t o r  o f  r a d i o n u c l i d e  

g. 

h. "The background r a d i a t i o n  survey meter readinbs were a t  o r  near 

leakage from underground s i t e s .  'I I 
the lower l i m i t s  o f  d e t e c t i o n  f o r  the inst rum@nt."  

i. "The l a b o r a t o r y  d e t e c t i o n  and measurement system f o r  t he  rad io -  
l o g i c a l  analyses o f  the samples was s e n s i t i v e  I t o  small per turba-  
t i o n s  i n  the amounts and species o f  rad ionuc l i des  i n  t h e  environ- 
men t . 'I 

u l  t s  o f  analyses o f  the 1978 samples Complemented t h e  
o f  analyses o f  samples c o l l e c t e d  p r e v i o u s l y  and d i d  n o t  

xpected i n fo rma t ion . "  

ress r e p o r t ,  the format i s  t he  same as f o r  the n i n t h  

F igure 1 o f  t h i s  r e p o r t  shows t h e  geographical 

except t h a t  t h e  new data from t h e  analj ises o f  samples 
tember and October 1979, Were added t o  the  approp r ia te  tab les  

o f  the previou9 r k p o r t .  
l o c a t i o n  o f  Amchitka I s land .  
f o r  the r a d i o b i o l o g i c a l  program, w h i l e  Fi$ures 3 through 6 present t h e  s p e c i f i c  
c o l l e c t i o n  s i t e s  f o r  t he  shaded areas shown i n  F igure i!. Peak years o f  f a l l o u t  
rad ionuc l i des  a r e  shown i n  F igure 7. 

F igure 2 shuws the  gener41 c o l l e c t i o n  s i t e s  

2. METHODS 

I 

2 c 
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the d i s t i l l a t e ,  o r  by azeot rop ic  d i s t i l l a t i o n  and l i q u i d  s c i n t i l l a t i o n  
count ing.  The f r e e  t r i t i u m  i n  samples from f i s h ,  ptarmigan and aquat ic  
p l a n t s  was determined by f reeze-dry ing  the  samples, azeot rop ic  d i s t i l l a t i o n  
and l i q u i d  s c i n t i l l a t i o n  count ing.  Freshwater samples (34 l i t e r s  o r  more) 
f o r  analyses of rad ionuc l ides  o the r  than t r i t i u m  were evaporated on the  
i s l a n d  and the  res idue was l a t e r  counted f o r  gamma e m i t t i n g  rad ionuc l ides  
us ing  the  Ge(L i )  de tec tors .  

A l l  data presented i n  the  tab les  have been cor rec ted  t o  the  date o f  c o l l e c t i o n ;  
t h i s  c o r r e c t i o n  w i l l  i n t roduce l i t t l e  o r  no e r r o r  i n  the  ca l cu la ted  values 
except f o r  95Nb i f  the 9 5 Z r  i n  the  sample was produced a t  var ious unknown 
times and i s  n o t  i n  e q u i l i b r i u m  w i t h  i t s  daughter, 95Nb. I n  t h i s  case, an 
accurate decay c o r r e c t i o n  f a c t o r  cannot be made f o r  95Nb, and the  a p p l i c a t i o n  
of the  standard decay c o r r e c t i o n  f a c t o r  f o r  9 5 Z r  t o  the  amount of 95Nb 
present  a t  the  t ime o f  the  count ing g ives an est imate o f  the  maximum poss ib le  
amount o f  95Nb present  a t  the t ime o f  c o l l e c t i o n .  
ana lys is  have been discussed i n  Held e t  a l .  (1973). 

The problems of 95Zr-95Nb 

The e r r o r  term i n  rad ioncu l i de  concent ra t ion  values f o r  s i n g l e  samples i s  t he  
combined count ing e r r o r  f o r  t he  background, standard, and sample: hence, t h e  
term "propagated e r r o r " .  The e r r o r  1 i m i t s  f o r  the  gamma-emi t t i n g  radionuc- 
1 ides  i n  s i n g l e  samples are  "two-sigma" o r  two-standard d e v i a t i o n  count ing 
e r r o r s  w h i l e  f o r  t he  3H data, e r r o r  l i m i t s  a re  one-standard d e v i a t i o n  count ing  
e r ro rs .  E r ro rs  f o r  9 0 S r  and a l l  Pu analyses are  two-sigma count ing e r r o r s .  
The e r r o r  term f o r  t he  mean o f  more than one sample i s  one-standard d e v i a t i o n  
of the mean. 

L i m i t s  of d e t e c t i o n  are  impor tan t  s ince  they govern the  amount of a rad ionu-  
c l i d e  t h a t  can be detected if i t  i s  present  i n  a sample. Many fac to rs  i n f l u -  
ence the l i m i t  o f  de tec t ion ,  i n c l u d i n g  the  type  o f  d e t e c t o r  and analyzer,  t he  
presence o f  o t h e r  rad ionuc l ides ,  the  d u r a t i o n  o f  t he  count ing  per iod,  t he  
s i z e  and d e n s i t y  o f  t he  sample and the  geometry r e l a t i o n s h i p  of the  sample 
and de tec tor .  Hence, the  ac tua l  l i m i t s  o f  d e t e c t i o n  can vary  cons iderab ly  
for various radionuclides and types of samples, but can be summarized by 
s t a t i n g  t h a t  t he  d e t e c t i o n  l i m i t s  were approximately as fo l lows:  

By gamma de tec t i on  

By beta de tec t i on  

3H 

9 0 s r  

By X-ray de tec t i on  

55Fe 

2.1 pCi/g o r  l e s s  

0.41 pCi/g or l e s s  

0.12 pCi/g o r  l e s s  

48 p C i / l i t e r  o r  l e s s  

0.2 pCi/g o r  l e s s  

0.04 pCi/g o r  l e s s  

9 



By alpha de tec t i on  

2 39 ,240pu 0.02 pc i )g  o r  l e s s  

I n  a d d i t i o n  t o  the  rad iomet r i c  analyses made on the  b io lQg ica1  and env i ron-  
mental samples , environmental r a d i a t i o n  surveys o f  selecijed areas on Amchi t k a  
I s l a n d  have been conducted s ince  August, 1974. 
Nodel E-410, and a pancake probe w i t h  a <2 mg/cm windowlwas used i n  the  
surveys. 

gn Eber l i ne  survey meter, 

i n  Tables 2 through 18. These tab les  a l s o  summarize the  
from prev ious years a l though more d e t a i l  can be found i n  

4. RESULTS AND DISCUSSION 

r e s u l t s  o f  analyses 
e a r l i e r  progress 

a .  A sample o f  water  was c o l l e c t e d  100 meters aboveisquare Bay i n  
the  Long Shot Drainage t o  f u r t h e r  document t h e  f l o w  o f  water 
contaminated w i t h  t r i t i u m  f rom the  Long Shot Mud P i t s .  

Seven samples o f  Ranunculus were c o l l e c t e d  from the  Long Shot 
drainage system and analyzed f o r  t r i t i u m .  

b. 

Most o f  t he  samples were analyzed by gamma spectrometry f o r  bo th  n a t u r a l  
and f i s s i o n  product  rad ionuc l ides .  
analyzed f o r  tri tium, s t r o n t i u m 9 0  and plutonium-239,240. 
of r a d i o l o g i c a l  analyses are  presented i n  Tables 2-19. 

I n  add i t ion ,  se lec ted  samples were 
The r e s u l t s  

The r e s u l t s  o f  gamma spectrum ana lys i s  f o r  t h ree  vascular  o r  nonvascular 
p l a n t s  c o l l e c t e d  i n  f reshwater  a re  g iven i n  Tables 2-4. 
were F o n t i n a l i s  (a moss), Ranunculus (vascu1ar)and aufwu(;hs (bottom adher ing 
m i  c ro-organi  sms) w i  t h  f i 1 arnentous a1 gae. 
s ta t i ons .  The data from the  tab les  i n d i c a t e  t h a t  t h e  values f o r  n a t u r a l l y  
occu r r i ng  b e r y l  1 i um-7 ( 7Be) and potassium-40 ( 4 0 K )  generi'il l y  a re  g rea te r  
than t h e  values f o r  t he  f i s s i o n  products and t h a t  t he re  . i s  a d i s t i n c t  "year 
of c o l l e c t i o n "  e f f e c t  w i t h  peak years i n  1970-71, 1974 and 1977. 

The sample types 

Samples were c g l  1 ected a t  seven 
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Seymour and Johnson (1978) investigated the "year of col l  ectionl' e f f e c t  
by comparin 
niobium-95 9 95Nb) i n  Fontinalis from Amchitka w i t h  the amount o f  95Zr 
plus 95Nb i n  freshwater moss and algae samples from Columbia River s ta t ions  
on the Oregon shoreline.  These 95Zr p l u s  95Nb values were correlated w i t h  
the schedule of atmospheric detonation of nuclear devices of 20 kiloton 
or  greater  f i s s ion  yields  i n  China .  
Chinese nuclear detonations was Telegadas ( 1  977) and Carter (1 979) .  The 
data for the years 1970 through 1979 a re  presented i n  Figure 7. 

The variables i n  Figure 7 were selected for the following reasons: 95Zr 
and 95Nb a re  indicators of fresh f a l l o u t  radionuclides and were the most 
abundant f i ss ion  products i n  the Amchitka samples; Fontinalis was selected 
as an excellent biological indicator  species; moss and algae from the Colum- 
b i a  River were selected as comparable samples t o  Amchitka Fontinalis samples 
from a location a t  approximately the same l a t i t ude  as Amchitka; and the 
schedule of  Chinese nuclear detonations was selected for conparison w i t h  
the 95Zr plus 95Nb values because t h i s  is the probable source of f a l l o u t  
radionuclides i n  the samples from both areas. The r e su l t s  o f  analyses of 
Columbia River samples ( a  moss, Cal l iero onella cus idata  and/or an a l g a ,  
Cladophora) were provided by Too*,*The Columbia River 
samples were collected monthly and i t  should be noted i n  Figure 7 t h a t  the 
resu l t s  of analyses have been smoothed by a moving average o f  three.  Also, 
the Columbia River sarnples were reported i n  terms of  wet weight and f o r  t h i s  
reason the Amchitka samples i n  Figure 7 a lso a re  given i n  terms of wet weight. 
Prior t o  1978 the wet weight values were calculated from the wet weight-dry 
w e i g h t  r a t i o  of 8.1 as determined from the measurements of  15 samples i n  
1977. The wet weight-dry weight r a t i o  fo r  samples collected i n  1978 and 1979 
used the measured r a t i o  of each i n d i v i d u a l  sample. The Amchitka Fontinalis 
data for 1979 a re  derived from 16 samples collected i n  September and October. 
No samples were avai lable  fo r  other months. 
95Nb i n  F o n t i n a l i s  and i n  Cladophora samples collected a t  A m c h i t k a  I s land  
and a t  Goble, Rainier and Prescott ,  Oregon i n  1979 were l e s s  t h a n  the minimum 
detectable l imi t s  of 4 . 1  picocuries per gram of wet weight. 

Inspection of  Figure 7 provides evidence for the following comments (Seymour 
and Johnson, 1978): (1) 
a re  s imilar ;  (2 )  the peaks i n  the curves occur a f t e r  Chinese nuclear detona- 
t ions of 20 kiloton or greater  fission ye i ld ;  ( 3 )  there  i s  a "year of C O l -  
lection' '  e f f e c t  w i t h  peaks i n  1970-71, 1974 and 1977; and ( 4 )  
and measurement systems a re  sens i t ive  t o  small perturbations i n  the amounts 
of f a l l o u t  radionuclides i n  the environment. 

the values for  the amount of  zirconium-95 ( 95Zr) plus 

The source of information a b o u t  the 

The concentrations of 95Zr plus 

the trends for the Amchitka and Columbia River values 

the detection 

From comments(1) a n d ( 2 )  above, the obvious conclusion is  t h a t  the source of 
radionuclides a t  Amchitka is  world f a l l o u t ,  pr incipal ly  from the Chinese 
nuclear detonations. Another method of determining the source of the radio- 
nuclides i s  to  determine the date of or igin of the radionuclides and/or 
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Figure 7. Zirconium-95 plus niobium-95 in freshwater vegetation from Amchitka Island and from the Columbia 
River and the f i s s i o n  y ie ld  o f  Chinese atmospheric nuclear detonations,  1970 to  i 9 3 .  
ka samples were the moss, Fontinalis.  
cuspidata,  the algae Cladophora sp., o r  a combination o f  the two species col lected a t  Goble, Oregon 
i n  1970-71, a t  Rainier, Oregon i n  1972-77, and a t  Goble, Rainier, and Prescot t ,  Oregon i n  1978-1979 
The  three locat ions a r e  ten miles apar t .  
smoothed by a moving average of three.  
ki loton a r e  shown as  bars (Telegadas, 1977). 

The Amchit- 
The Columbia River samples were the moss Calliergonella 

The Oregon samples were col lected monthly and the values 
The f iss ion y i e ld  of Chinese detonations greater  than 20 
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the presence of s h o r t  h a l f  l i v e d  f a l l o u t  rad ionuc l i des  i n  the samples. The 
date o f  o r i g i n  o f  rad ionuc l i des  can be determined from the  r a t i o  of f i s s i o n  
product  rad ionuc l i des  i f  the  parent  r a d i o n u c l i d e  i s  known, l i t t l e  o r  no 
f r a c t i o n a t i o n  o f  any k i n d  occurs, and r e l i a b l e  f i s s i o n  product  r a d i o n u c l i d e  
r a t i o s  can be establ ished.  For the Amchitka data, t he re  was i n s u f f i c i e n t  
in format ion t o  c a l c u l a t e  date o f  o r i g i n  by the  r a d i o n u c l i d e  r a t i o  method. 
However, the presence of s h o r t  h a l f  l i f e  9 5 Z r  and 95Nb (65 and 35 days 
r e s p e c t i v e l y )  as t h e  dominant f i s s i o n  product  rad ionuc l i des  i n  t h e  samples 
means t h a t  these rad ionuc l i des  a r e  o f  more recen t  o r i g i n  than the  l a s t  
nuclear detonat ion a t  Amchitka (November 1971 ) and hence o r i g i n a t e  from 
wor ld  f a l l o u t .  

There has been no s t rong  evidence from the  r a d i o l o g i c a l  data f o r  a " c o l l e c t i o n  
l o c a t i o n "  e f f e c t ,  i .e . ,  t he  r a d i o a c t i v i t y  o f  t he  sample i s  r e l a t e d  t o  the 
c o l l e c t i o n  l o c a t i o n  on Amchitka I s land .  

Radionucl ide values f o r  Ranunculus a r e  g iven i n  Table 3, f o r  aufwuchs i n  
Table 4 and f o r  l i c h e n s  i n  Table 5 .  Ranunculus, a f reshwater  p l a n t ,  and 
aufwuchs, bottom adher ing micro-organisms, a re  good b i o l o g i c a l  i n d i c a t o r  
species b u t  a re  n o t  present  a t  as many l o c a t i o n s  as F o n t i n a l i s .  The concen- 
t r a t i o n s  o f  7Be, 4 0 K ,  lo6Ru, 137Cs and 244Ce were s i m i l a r  f o r  Ranunculus, 
aufwuchs, and Fon t ina l  i s .  The average concentrat ions o f  n a t u r a l l y  occu r r i ng  
7Be and 4 0 K  were always g rea te r  than 1.0 pCi/g, dry weight  and t he  average 
concentrat ions o f  t he  f a l l o u t  rad ionucl ides,  106Ru, 137Cs, and 144Ce were 
always l e s s  than 1 pCi/g, dry.  Lichens a r e  w e l l  known f o r  t he  c o l l e c t i o n  and 
r e t e n t i o n  o f  fa1 l o u t  rad ionuc l i des  and a r e  the  s ing le ,  bes t  i n d i c a t o r  species 
f o r  the t e r r e s t r i a l  environment. The average l i c h e n  values f o r  1 3 7 C ~  and 
144Ce i n  1979 (2.5 and 2.7 pCi/g, dry,  r e s p e c t i v e l y )  a r e  g r e a t e r  than f o r  
the freshwater i n d i c a t o r  species b u t  a l l  o the r  r a d i o n u c l i d e  values a re  s i m i l a r  

Samples o f  t he  marine alga, Fucus (Table 6 ) ,  had no measurable f a l l o u t  r a d i o -  
n u c l i d e  values i n  1979. 
was '+OK which ranged i n  concen t ra t i on  f rom 31 t o  39 pCi/g, d r y  weight.  

The o n l y  de tec tab le  r a d i o n u c l i d e  found i n  Fucus 

Haximum r a d i o n u c l i d e  values f o r  the green sponge, Hal i c h o n d r i a  panicea, were 
13 and 0.31 pCi/g, d r y  f o r  '+OK and 144Ce r e s p e c t i v e l y  (Table 7 ) .  Potassium- 
40 was present  i n  each o f  t he  t h r e e  samples c o l l e c t e d  i n  1979. 
144 was the  o n l y  de tec tab le  f a l l o u t  r a d i o n u c l i d e  i d e n t i f i e d  and i t  was found 
i n  o n l y  one sample. 

Natura l  l y  o c c u r r i n g  40K and f iss ion-produced 137Cs were the two rad ionuc l i des  
most commonly detected i n  f i s h  (Tables 8-10). 
muscle and/or visc.era of P a c i f i c  h a l i b u t ,  g reen l i ng  and D o l l y  Varden i n  con- 
c e n t r a t i o n s  which'ranged from 0.06 t o  1.9 pCi/g, dry .  Muscle from a coho 
salmon caught a t  Clevenger Lake had a 40K concen t ra t i on  of 17 pCi/g, d r y  and 
an undetectable amount o f  137Cs. 
i n  a l l  f i s h  samples i n  a l l  years and i n  marine f i s h e s  was u s u a l l y  present  i n  
concentrat ions 50 o r  more times g r e a t e r  than 137Cs. 

Cerium- 

Cesium-137 was found i n  the  

Potassium-40 was the predominant r a d i o n u c l i d e  

13 



Potassi urn-40 and 
nuclides i n  rock ptarmigan, Lagopus m u t u s ,  sarnples f o r  a,ll years (Table 
11) and as f o r  f ish,  the 4 0 K m  were s igni f icant ly  grea te r  than the 
137Cs values. 
from 11-12 and 0.15-0.53 p C i / g ,  dry, respectively.  

The samples analyzed f o r  90Sr were the bones of r a t s  anc\ ptarmigan, and 
s o i l s  (Table 12) .  
r a t  bones have ranged from the l imi t s  of detect ion t o  518 pCi /g ,  dry. 
The concentration of 90Sr i n  ptarmigan bones f o r  the saqe period i s  s i g n i f -  
icant ly  higher (9.6-27 p C i / g ,  dry) b u t  i n  recent years 1;here has been a 
de f in i t e  trend i n  the reduction of 90Sr  i n  ptarmigan bor;es. 
from Main Camp and the Cannikin area have been collectgd and analyzed fo r  
90Sr  s ince 1975. All values f o r  90Sr i n  s o i l s  were 1 pq;i/g, dry,  o r  l e s s .  

Environmental samples which have been collected f o r  gamiia spectrum analysis 
include sand, so i l  and water (Tables 13 and 14) .  The s lyface ( 0  - 2.5 cm) 
so i l  samples were collected a t  Main Camp and i n  the C a n r i i k i n  a rea ;  t h e  sur- 
face sand samples were from Constantine Harbor and SandlBeach Cove. The 
radionuclide present i n  the l a rges t  amount was 4 0 K .  Otlfler radionuclides 
which were present i n  t r ace  amounts (<1 p C i / g ,  dry) included 226Ra, 228Th ,  
23*U and the f a l l o u t  radionuclides, 137Cs, 141Ce and 14'tCe. Freshwater 
samples have been col lected fo r  gamma spectrum analysis1 s ince 1970-71 a t  
four s i t e s  - Jones Lake, Heart Lake, Cannikin Lake and Long Shot Flud P i t  
No. 1 ,  and a t  Constantine S p r i n g s ,  Sand Beach, Cove  seep^ and Long Lake s ince 
1977. In addition, a ra in  water sample has a l so  been c$llected annually 
s ince 1977. 
Cove Seep. 
34 t o  50 l i t e r  samples a r e  presented i n  Table 14. 
i n  the September and October 1979 samples included 7Be, 40K,  137Cs and 144Ce. 
The values f o r  137Cs ranged from 0.03 p c i j l i t e r  t o  a maximum of 0.12 pCi / l i t e r .  
Cerium-144 was detected only i n  the ra in  water sample. 

37Cs a1 so were the predominant ganma-d;mi tti ng radio- 

The values f o r  4 0 K  and 137Cs i n  rock ptatmigan ranged 

In samples collected s ince 1971 the "OSr values fo r  

Soil samples 

All s i t e s  were sampled i n  1978 and 1979 except the Sand Beach 
The r e su l t s  of analyses of the residue from the evaporation of 

Radionuclides detected 

?he concentration o f  tritium ( 3 H )  i n  seawater and freshwater samples f rom a l l  
areas except Long Shot mud pits and drainage systems a re  recorded i n  Table 15. 
Tritium concentrations i n  seawater and freshwater have s teadi ly  declined from 
maximum values of 103 and 298 pCi / l i t e r  i n  1970-71. 
t'iw i n  seawater from 7 collecti,on locat ions i n  1979 w,as 37+30pCi/a. Averaqe 
tritium concentration freshwater from 28 col lect ion loc,ations was 70+26 p C i / R .  
As f o r  1978, precipi ta t ion samples col lected d u r i n q  7 m,onths of 1979 have a 
seasonal tritium i n p u t .  Tritium concentrations i n  precipi ta t ion were low 
($35 pCi / l i t e r )  f o r  January and February and peaked a t  1226 pCi / l i t e r  i n  Apri 1 .  
The concentration of tritium i n  p rec ip i ta t ion  declined i n  May throuqh July and 
then increased t o  129 pCi / l i t e r  i n  September. 

Avlerage tritium concentra- 

The water samples col lected from the Long Shot Mud P i t $  f o r  3H analysis  have 
always been considered separately from other  samples because this  area was 
found t o  be s l i g h t l y  contaminated w i t h  3H a few months l a f t e r  the Long Shot 
nuclear detonation i n  1965. The extent  of the contamir;ation has been well 
document,ed i n  previous progress reports  and i n  other  publications ( see  Nelson, 
1975; llerritt and Ful ler ,  1977; and Seymour and Nelson! 1977. c 

14 
I 



P 
9 

D 
Q 

G1 
Yj 
D 

Table 16 records the values f o r  tritium i n  water samples from Long Shot 
Drainage f o r  the years 1970-1979. 
fo r  water samples from the three mud pi ts  have declined from 11.3 x l o 3  
1.7 x l o 3  pCi / l i t e r .  
Concentration fo r  3H i n  water (MPCw) fo r  occupational exposure. The MPCw 
value as established by the International Commission on Radiological Protection 
(ICRP, 1959,1964)and the U.S. National Committee on Radiation Protection 
(NCRP,  1959) is  3 x lo7  pCi/liter. For an individual member of the pop- 
ulation i n  an uncontrolled a rea ,  the Radiation Protection Guide ( R P G )  value 
i s  one-tenth the MPC f o r  occupational exposure, o r  3 x lo6  pCi/liter (U.S. Energy 
Research and Development Administration, 1975 ) The MP& fo r  the general 
population i s  l o 6  pCi/liter (ICRP, 1959). The 1.6 km course of  the drainage 
stream has been sampled annually s ince 1975 f o r  tritium analysis .  The 3H 
values have decreased from values comparable t o  the Mud P i t  values to  values 
near the mouth of the stream which a r e  s l i g h t l y  greater  than the 1979 3H 
values i n  freshwater samples from other areas of Amchitka Island. The contr i -  
bution of 3 H  from Long Shot Mud Pits t o  the ocean i s  ins igni f icant .  

The r e su l t s  of 3H analysis  of free water extracted from biological samples 
a re  presented i n  Table 17. Twenty-six samples from the marine, freshwater 
and t e r r e s t r i a l  environments were measured f o r  tritium d u r i n g  1979. Fucus, 
greenling muscle and ptarmigan muscle had 3H values which were near the limits 
of detection. Ranunculus and Fontinalis were the best indicators  fo r  3H. 
The average tritium concentration i n  these organisms from col lect ion s i t e s  
other than the Long Shot drainage system was 112 pCi / l i t e r .  During the Sept-  
enber and October f ie ld  trip of 1979, 12 samples of Ranunculus and Fontinalis 
were collected from the Long Shot mud pi ts  and drainage system. 
tritium concentration of 3317 pCi / l i t e r  occurred i n  Ranunculus growing i n  
Mud P i t  #3. 
higher than water samples collected a t  the same s i t e  b u t  decreased i n  con- 
centration a s  distance from the mud pits increased. 
plants near the mouth of the stream were l e s s  than 50 pCi/l i ter .  

During this period the average 3H values 
to  

These values a re  well below the rlaximum Permissible 

The maximum 

Tritium concentrations i n  the aquatic plants were consis tent ly  

Tritium values i n  aquatic 

Samples of s o i l ,  sand and Fucus and greenling muscle were analyzed for  2 3 9 y  
240Pu  and the results of t G a n a l y s e s  a r e  g iven  i n  Table 18. The general 
conclusions from inspection of the tab le  were t h a t  the maximum value was 
0.015 pCi per gram, dry f o r  a so i l  sample and t h a t  there  were no obvious 
differences related t o  year of co l lec t ion .  
were compared w i t h  the results of analyses of comparable samples from the 
Atlant ic  Coast Noshkin e t  a l .  , 1973), California (Wong e t  a l .  , 1972) , 
and Washington Nelson and Seymour, 1975 ) and were found t o  be s imi la r ,  i . e . ,  
some of the Amchitka values were s l i g h t l y  less, some s l i g h t l y  greater  than 

The 2 3 9 y 2 4 0 P u  values a t  Amchitka 

977). For this  reason 
the same a s  fo r  other  

I 
the values found i n  o ther  areas (Ne 
the source of 2 3 9 y 2 4 0 P u  a t  Amchitka 
areas,  i .e.,  world f a l lou t .  

son and' Seymour, 
i s  believed t o  be 
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In 1974 a background radi9tion survey program w i t h  a Gejger-Huller detector  
(window thickness <2mg/cm ) was i n i t i a t e d  and the resu1;ts o f  the survey fo r  
the l a s t  f i v e  years a re  presented in Table 19. Observaitions were made a t  
14 locations and i n  no instance was the average value g!reater than 0.04 mR 
per hour, a1 though occasionally pulses of radiation would momentarily de f l ec t  
the needle on the d ia l  t o  values a s  much as  0.07 mR per/ hour. The survey 
meter reading for  a l l  years a re  s imilar  and i f  there weire annual differences,  
the instrument which was operating near the lower limits o f  detection was 
insensi t ive t o  the changes i n  background radiation. 

SUMMARY AND CONCLUSIONS 

The objective of the program i s  t o  determine the extent1 of radionuclide con- 
tamination on Amchitka Island. The objective is  achievFd, pr incipal ly ,  by 
the col lect ion and radiological analyses of biological and environmental 
samples b u t  a l so  by background radiation measurements. 1 I f  the Contamination 
was s igni f icant ly  greater than would be expected from wprld f a l lou t ,  then 
leakage o f  radionuclides from the underground s i t e s  of phe Amchitka nuclear 
detonations would be suspected. 
collected i n  September and October 1979 and the background radiation measure- 
ments of t h a t  date lead t o  the same conclusions as  i n  p,revious years ,  i .e. ,  
there is  no evidence t h a t  the radionuclide contamination a t  Amchitka Island 
i s  greater  than would be expected from world f a l l o u t  except for a s l i g h t  
contamination of the Long Shot  Mud Pits w i t h  tritium. 

T h e  results o f  analyses o f  t h e  samples 

Following are  summary statements from which the concluslion i s  made tha t  there 
is l i t t l e  radionuclide contamination a t  Amchitka Island and what i s  there ,  
w i t h  the exception of tritium seeping i n t o  the Long S h o t  Mud Pits and drainage 
system, is  of world f a l l o u t  or igin.  

a .  Two natural radionuclides, 7Ue and 40K, were the most 
abundant radionuclides i n  most samples. 

Some f i s s ion  products, induced radionuclides, and plutonium 
have been detected i n  quant i t ies  t ha t  range from the limits 
of detection t o  a few pCi /g  o f  dry samples. 

b.  

c .  Values for  95Zr and 95Nb i n  freshwater moss anid algae from 
Amchitka Island and the Columbia River were s i n i l a r  i n  amounts 
and peaks of abundance. 

Peaks o f  abundance of fission product radionuclides occurred 
i n  1970-71, 1974 and 1977 and followed major Chinese nuclear 
detonations. 

There i s  no strong evidence from the gamma spcctrum analysis 
t h a t  the rad ioac t iv i ty  of the samples i s  related t o  the col- 
lect ion location on Amchitka Island. 

d .  

e .  
E 
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f .  The radioact ivi ty  from f a l l o u t  radionuclides, generally,  
was greater  f o r  freshwater than fo r  marine organisms. 

There has been no s igni f icant  increase i n  3H, 90Sr  or  
239 '240Pu  values. 
indicator  o f  radionuclide leakage from underground s i t e s .  

g .  
T r i t i u m  i s  a potential  radionuclide 

h .  The background radiation survey meter readings were a t  
o r  near the lower l imi t s  of detection f o r  the instrument; 

i .  The laboratory detection and measurement system f o r  the 
radiobiological analyses of the samples was sens i t ive  t o  
small perturbations i n  the qmounts and species of radio- 
nuclides i n  the environment. 

j. The r e su l t s  of analyses of the 1979 samples complemented 
the r e su l t s  of analyses of  samples col lected previously 
and d i d  not reveal any unexpected information. 
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Table 1. S c i e n t i f i c  and common.names and wet weight t o  d ry  weight  r a t i o s  of  
some Anichitka I s l a n d  organisms. 

I 

Wet/ Dry Standard 
Species Tissue Ra t io  I De v i  a t  i on 

MAMMALS 

R a t  
Rattus norvegicus 

VERTEBRATES 

Bone 

 FISH^ 
Muscle 
Viscera 

Oncorhynchus gorbuscha 
Pink Salmon 

H i  o lossus s teno lep is  
+1ibut 

Hexagrammos lagocephalus 
Rock Green1 i n g  

B I R D S  
L a g o p u s  mutus 

Rock Ptarmigan 

Ha l ichondr ia  anicea 
Sponge (green 9- 

Fucus d i s t i c h u s  
Marine algae 

Cladophora sp. 

Font ina l i s .  9. 

Ranunculus 9. 

F i l a m e n t o z  a lgae 

Moss 

Freshwater p l a n t  

Gonad 
Muscle 
L i v e r  

Muscle 
L i v e r  

L i v e r  
Muscle 
Viscera 

L i  ver 
Muscle 

INVERTEBRATES 

3.62 
4.20 

4.51 
4.71 
4.49 

4.01 
3.63 

3.43 
4.83 
2.13 

3.52 
3.54 

En ti r e  4.55 

MARINE ALGAE 

E n t i  r e  4.94 

FRESHWATER V EG ETAT I ON 

E n t i r e  7.82 

E n t i  r e  8.10 

E n t i r e  12.2 
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0.70 
0.42 

0.81 
0.69 

0.58 
0.04 

0.41 
0.14 
0.04 

0.32 
0.08 

0.91 

1.40 

3.51 

0.89 

4.10 



Table 1 . (cont inued) S c i e n t i f i c  and common names and wet weight  t o  d r y  weight  
r a t i o s  o f  some Amchitka I s l a n d  organisms. 

We t l  Dry Standard 
Spec i es Tissue Ra t io  De v i  a t  i on 

AUFWUCHS 

Periphyton & o the r  organisms E n t i r e  7.27 2.40 

TERRESTRIAL VEGETATION 

Cladonia sp. 
L i c h en s- e n t i r e  3.75 0.87 

a. Names are  f rom “Common and S c i e n t i f i c  Names o f  Fishes from t h e  Un i ted  States 
and Canada” ( T h i r d  E d i t i o n ) ,  1970 American F i she r ies  Soc ie ty  Special  Pub. 
No. 6. 
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Table 2. Some gamma-emi t t i n g  r a d i o n u c l i d e s  i n  t h e  f reshwater  moss, F o n t i n a l i s  sp:, c o l l e c t e d  a t  Amchitka I s l a n d  

Radionucl ides pCi/g, d r y  a 

Loca t ion  
and Date n 7Be OK 9 5 Z r  5Nb 3 R ~  06Ru 37cs 1 4 4Ce 1 5 5 E ~  

C1  evenger Creek 

1970-71b 4 
1971 -72 5 
1973 2 
May ' 74  1 
Auq '74 1 
Aug '75 1 

. Auq '76 3 
A p r i l  '77 1 
May ' 77 1 
Auq '77 1 
Sept '77 3 

N Feb '78 1 
Yay '7P 1 
Auq '78 3 
Nov '78 1 
Sept '79 3 

1970-71b 3 
1971 -72 5 
1973 2 
May '74 1 

- Aua'7-4- 1 
Auq '75 1 
Auq '76 2 
A p r i l  '77 1 
May '77 1 
Aug '77 1 
Sept '77 3 
Feb '78 1 
May '78 1 
Auq '78 3 
Nov '78 1 
;ept '79 3 

0 

? r i d g e  Creek 

8 2 4  
2.7k 4.3 
4.5+ 1.1 

17 k11 
4.3k1.9 
4.2t2.0 
4.022.4 

20 k1.3 
12 k7.7 

3.9k1.8 
7.0k5.8 
3.3k2.5 
2.1k1.8 
4.7k1.3 
3.6k1.6 

--- 

10 k5 
6.2k2.8 
5.1k1.4 
5.2k0.9 
3.6k2.5 
3.3k2.2 
5.2k0.5 

21 21.6 
12 29.3 

3.9k3.3 
3.5-10.3 

11 k2.7 
2.4k0.76 
3.7k1.3 
4.2 a .47  

--- 

5.8k3.0 
6.2k2.1 
5.4k0.2 
3.9k1.8 
5 . 7 4 . 4  
6.3k1.4 
9.2k3.2 
5.551.4 
4.7k1.6 
4.8k2.3 
5.1 k2.3 
4.4k1 .4 
6.3k1.5 
5.8kO. 83 
4.4k2.0 
6.7k0.88 

1.4 k l . 0  
0.6 tr3.3 

2.4 t1 .2 
0.7 k0.3 

--- 
1.5 k0.2 
2.3 kO.9 
0.8320.37 

0.50tO. 26 
0.07+0.13 

--- 
--- 

--- 

7.323.2 1.7 k1.4 
6.8k1.0 1.0 k0.6 
5,820.4 --- 
7.9k1.6 2.1 59.2 
5.2k1.8 1.0 t0.3 
5.8k1.7 0.3 50.3 
6.0t0.3 --- 
5.5t1.2 1.2 t0.2 
5.721.8 --- 
2.3k1.7 1.5 t0.4 
6.9-11.4 1.5 t0.4 
3 .0 t l . 1  --- 
6.151.6 0.85kO.29 
5.5t1.4 --- 
5 . 6 i l . 6  --- 
6.820.90 --- 

2.9 k2.3 
2.0 k2.0 
0.15kO. 21 
3.4 k0.8 
1.5 t0.2 
0.44rtO. 18 

3.0 k0.2 
3.7 kO.9 
1.6 20.4 
1.4 20.19 
1.2 k0.42 
0.59k0.22 
O . l l k ~ . l O  

--- 

--- 

3.9 k3.1 
2.2 k1.5 
0.08t0.11 
4.4 k0.2 
2.1 t0.3 
0.6 20.23 
0.1 0+0. 13 
2.6 k0.2 
2.3 20.8 
3.0 20.5 
2.3 21.4 
1.3 k0.50 
1.4 50.27 
0.28t0.03 -- - --- 

0.28k0.54 
0.67kO. 87 
0.07kO. 1 0 --- 

--- 
0.21 k0. 30 
1.2 k0.2 --- 

3.2 k1.2 
0.54k0.75 
0.74k0.18 
3.1 k0.9 
2.5 k0.5 
0. W O .  47 
0.15kO. 27 
0 .7 820.4 3 
1.4 20.8 

O.92kO. 84 
1.6 k0.58 
2.3 k0.51 
1.8 k0.74 
1.4 k0.58 
0 .41 3l.37 

--- 

4.4 t2.5 
1.1 21.3 

3.5 k0.6 
2.3 k0.7 
1.7 50.7 
0.4 50.6 
0.71 k0.42 
0.9320.78 
2.0 k0.8 
1.7 k0.8 
2.7 k0.65 
4.7 k0.72 
1.9 t O . l l  
1.4 k0.58 

--- 

--- 

1.4 r0.6 
0.18rt0.4 
0.2320.03 
0.55kO. 1 6 
0.31 k0. 10 
0.1 7k0.09 

0.23k0.12 

0.28r0.15 
0.28k0.19 
9.18k0.11 
0.27k0.10 
0.06kO.lO 

--- 
--- 

4.0 k1.5 
1.9 21.2 
2.3 k1.1 
1.2 kO.1 
1.5 20.1 
0.7 20.1 
1.2 t0 .8 
2.9 kO.1 
1.7 k0.2 
0.75kO. 1 2 
0.8 k0.3 
1.8 kO.11 
2.8 k0.13 
1.1 20.22 

NA NA 
1.1 k1.6 --- 
0.84k0.37 0.22k0.01 
2.8 k0.3 0.26k0.10 
3.9 k0.3 0.27k0.06 
2.3 k0.3 0.08k0.06 
0.52k0.21 0.05dl.08 
1.5 k0.2 0.28k0.09 
1.1 20.4 
2.2 k0.4 0.18k0.14 
2.0 k0.6 . --- 
2.9 k0.32 --- 
3.4 20.28 --- 
1.9 k0.56 0.13t0.12 

--- 

--- 1.7 k0.13 1.2 t0.3 0.13t0.12 --- 1.5 kO.26 0.62k0.42 --- 

1.2 k0.8 4.1 k3.0 NA NA 
0.4 k0.6 3.3 k1.3 0.52k1.2 --- 
0.14a0.19 2.3 21.9 1.1 20.5 0.11t0.15 
0.3320.11 1.9 kO.1 4.5 20.3 0.18k0.06 
0.20k0.15 -1.0 k0.1 4.6 t 0 . 4  0.23k0.09 
0.25t0.14 1.1 10.1 3.1 k0.4 0.10k0.08 
0.08k0.11 1.4 20.4 0.9 t 0 . 6  
0.24k0.12 5.1 k0.2 1.3 k0.2 
0.3320.16 2.3 k0.2 1.5 20.5 
0.38t0.18 2.7 t0 .2 3.0 k0.5 
0.2620.16 1.6 t0 .3 2.3 k0.7 
0.28k0.14 3.2 k0.17 4.2 k0.43 
0.44k0.11 1.4 k0.10 5.0 t0 .34 
0.16k0.14 1.1 20.17 3.3 k0.73 

--- 1.7 t0.16 1.9 20.33 
1.6 t0.49 0.444.39 --- 

0.08t0.11 
0.14k0.07 
0.1 6k0.10 
0.1 4t0.10 
0.2420.15 
0.19%0.07 
0.14t0.11 
0.04kO. 08 
0.11 k0 .07 --- 



Table 2 (cont inued)  Some gamma-emitting r a d i o n u c l i d e s  i n  t h e  f reshwater  moss, F o n t i n a l i s  sp., c o l l e c t e d  a t  
Amchitka I s land .  

Radionucl ides pC i jg ,  d r y  a 

L o c a t i o n  
and Date n 7 ~ e  4 0 K  9 5Zr 5Nb 3 R ~  Io6Ru 125Sb 137cs 144Ce 5 5 E ~  

Duck Cove Creek 

1970-71b 3 8 +3 
1971 -72 5 6.4k5.4 
1973 2 7.127.0 
May ‘74 1 7.4k1.0 
Aug ‘74  1 1.4k0.8 
Aug ‘75 1 1.9k1.2 
Aug ‘76 1 4.7k2.2 
Sept ‘77 1 --- 
Aug ‘78 1 2.9k0.88 
Sept ‘79 1 1.8k1.4 

Long Shot Drainage 

Aug ‘75  1 
Aug ‘76 1 

3 Sept ‘77 2 
Aug ‘78 2 

3 

1973 
May ‘74 
Aug ‘74 
Aug ‘75 
Aug ‘76 
Sept ‘77 
Aug ‘78 

I c e  Box L 
1973 
May ‘74 
Aug ‘74 
Aug ‘75  
A m  ‘76 

o c t  ‘79 
MP-12 Creek 

k 

s e p t  ‘77 
Aug ‘78 
Sept ‘ 79  

6.642.6 
6.1k0.8 
6.4c0.4 
5 .4 t l . 2  

<6 
5.4k1.1 
7.0k1.3 
3.6k2.1 
4.1k2.0 
7.6k1.6 

2.7 42.3 0.5 40.6 
1.3 40.8 0.9 k1.2 

3.5 20.2 0.36k0.11 
0.21 +O .08 --- 
0.65k0.15 --- 
1.1 t0 .4 --- 
0.14t0.09 --- 

--- --- 

--- --- 

--- --- 

2.8 t1 .5 
1.2 41.0 
0.6520.92 
3.4 r0 .6 
0.29kO.19 
0.6940.44 

0.93r0.62 
0.4640.50 

--- 
--- 

1.4 k0.5 2.6 k1 .l NR 
1.1 50.5 1.7 k0.9 0.32k0.72 
0.32a0.23 1.2 k0.5 0.9 51.3 
0.53+_0.13 2.2 kO.1 5.7 k0.3 

--- 0.8 t O . l  0.34k0.1 
0.26k0.09 0.8 t O . l  2.4 20.26 
0.18k0.09 1.4 20.1 --- 

--- 1.0 50.2 1.5 k0.4 
--- 0.86t0.11 1.1 k0.28 
--- 0.66k0.09 --- 

4.4k1.2 4.0t1.3 0.2 20.1 0.61k0.13 --- 2.3 40.4 0.27k0.01 1.2 20.1 3.2 20.2 0 . 2  k0.08 
4.7k1.6 5.351.2 --- --- --- --- 0.12tO.09 0.7 20.1 0.2620.21 0.1020.05 
4.2k0.1 4.820.04 0.8 20.3 1.1 a0.7 --- 1.3 t0.7 --- 0.7 40.1 1.4 t l . 1  --- 
2.2k0.05 5.721.8 --- 0.18t0.05 0.05+0.07 1.4 r l . 1  0.2720.19 1.3 40.46 2.0 t0.9 0.05+0.07 
7.4k8.6 7.6k2.4 --- --- --e --- --- 0.5820.41 0.7620.67 --- 

9.0k8.6 4.7k2.0 --- 0.17k0.23 - -- 0.7 k0.9 0.12k0.17 2.0 k1.2 1.4 20.8 0.09kO.12 
13 21.0 6.021.1 1.4 k0.13 3.4 t0.18 0.20k0.05 4.1 k0.6 0.23k0.10 2.1 kO.1 6.0 k0.3 0.16+0.04 
4.5k2.0 5.8k1.2 0.8 k0.3 1.3 t0 .3  --- 1.9 k0.6 --- 0.7 20.1 3.9 50.3 0.13+_0.06 
6.551.8 4.5k1.7 0.3 k0.2 0.67k0.18 e-- 2.7 k0.7 --- 0.5 r O . l  5.2 20.3 0.21kO.11 
8.7k1.9 5.3k1.5 0.3 *0.3 --- --- 1.6 20.5 0.15t0.10 0.9 r O . l  1.7 kO.2 0.16t0.09 
5.924.1 6.4k2.7 1.2 k0.5 3.4 k0.6 --- --- 1.1 t0.2 4.4 t0 .5  --- 2.8 t1.0 
6.6k1.4 5.6k2.0 --- 0.32k0.14 0.12kO.11 4.3 51.1 --- 1.1 r0.16 7.1 t0.61 --- 

1 e t  
4.1k0.8 5.721 .O --- 
3.7k0.6 5.021 .O 0.70+0.09 
2.3k0.8 5.9k0.5 0.17+0.14 --- 4.721.3 --- 
4.8kl .8 4.0k0.8 0.1520.26 
3.0+2.9 4.8+1.6 --- 
2.0+0.66 4.123.6 --- 
1.521.3 6.722.6 --- 

0.08+0.11 - -- 0.5 2O.g 0.28k0.06 1.5 20.6 
1.2 t o . l l  --- 1.0 i-0.4 0.2Ot0.09 3.1 20.1 
0.6 tO.1 --- 0.9 k0.3 0.23k0.08 1.0 20.1 
0.27t0.16 --- 0.7 50.5 0.2OkO.11 1.3 kO.1 

--- --- 0.2 k0.4 0.21t0.08 1.4 20.5 
1.9 +0.8 1.4 +1.0 1.3 +1.1 - -- 1.4 +0.7 
0.4620.79 --- 0.89t0.79 0.05t0.08 0.81k0.19 

--- --- --- --- 0.68k0.06 

0.87t0.12 0.17t0.08 
2.4 20.21 0.13+0.04 
1.6 20.2 --- 
1.8 k0.3 0.09+0.07 
0.7520.1 3 0.13+0.05 
2.5 +1.6 -- - 
2 .0  20.7 0.04+0.08 
0.45tO. 47 --- 



Table 2 (cont inued)  Some gamma-emitting rad ionuc l i des  i n  t h e  fresl lwater moss, F o n t i n a l i s  sp., c o l l e c t e d  a t  
Amchi t k a  I s l a n d .  

Radionucl ides pCi/g, drya 

Loca t ion  
and Date n 7Be 4OK 9 5 Z r  5Nb Io3Ru I o 6 R u  125Sb 37cs 44Ce l s 5 E u  

Cannik in  Lake O u t l e t  

1973 2 7.3k0.5 6.2.0.7 0.09k0.12 0.1620.23 0.07k0.09 0.6 kO.8 0.3OkO.18 
May '74 1 10 k l . 0  2.4k0.6 1.2 kO.12 2.7 k0.15 0.24k0.13 2.2 k0.3 0.29k0.05 
Aug '74 1 --- 4.2k0.6 1.2 20.15 2.3 k0.17 0.21kO.11 2.6 k0.5 0.33k0.12 
Aug '75 1 7.9k1.9 5.1k1.1 --- 0.52k0.16 --- 1.8 ?0.5 0.24k0.09 
Aug '76 3 3.8k0.6 3.6k0.3 --- --- 0.1520.27 0.3 k 0 . 3  0.05_+0.09 
Sept ' 77  3 19.520.5 5.3k1.8 3.1 k0.2 6.6 k1.1 0.66k0.35 4.0 k1.7 0.23k0.20 
Aug '78 3 13 k4.3 3.2k0.62 --- 0.19+0.03 --- 1.7 k0.5 0.25k0.09 
Sept '79 3 14 20.32 4.5k2.6 --- --- --- 0.27k0.23 --- 

3.9 k4.6 1.1 k0.4 0.15t0.21 
1.1 kO.1 6.3 20.2 0.1320.03 
1.6 20.1 6.4 k0.3 --- 
2.0 20.1 2.1 20.3 --- 
1.0 20.4 --- 0.06t0.05 
1.0 kO.2 9.0 k0.7 0.3720.21 
1.3 k0.47 3 . 6 - t l . 5  0.08k0.09 
0 6 5 20.1 3 0.3020.28. --- 

a. Radionucl ide values f o r  a s i n g l e  sample ( n = l )  a r e  a s i n g l e  count  o f  t he  sample 2 t h e  two sigma, propagated, count ing 
e r r o r .  
s i n g l e  sample counts. 
n u c l i d e  was n o t  i n c l u d e d  i n  t h e  analyses. 

The r a d i o n u c l i d e  va lue  shown f o r  more than one sample i s  t h e  mean k one s tandard d e v i a t i o n  o f  two o r  more 
Dashes i n  t h e  t a b l e  i n d i c a t e  t h e  sample count  i s  n o t  s i g n i f i c a n t  and NA i n d i c a t e s  t h e  r a d i o -  

b. Pre-Canni k in .  



Table 3. Some gamma-emitting rad ionuc l i des  i n  t h e  f reshwater  p l z n t ,  Ranuncu lus  sp . ,  c o l l e c t e d  a t  Amchitka I s l a n d  

Loca t ion  
and Date n 

C1 evenger Creek 

1970-71b 4 
1971 -72 5 
1973 2 
May '74 1 
Aug ' 74  1 
Aug ' 75  1 
Aug '76 3 
Scpt ' 7 7  3 
Aug ' 78  3 
Sept '79 3 

1970-71b 3 
1971 -72 5 
1973 1 

1 
Aug '74 1 
Aug '75 1 
Aug '76 3 
Sept '77 2 
Aug ' 78  2 
Sept '79 3 

Duck Cove Creek 

1970-71b 2 
1971 -72 5 
1973 1 
May '74 1 
Aug '74 1 
Aug '75 1 
Aug ' 76  1 
Sept '77 1 
Aug '78 1 
Sept '79 1 

- 

Br idge  Creek 

ru 
w May '74 

Radionucl ides pCi/g, drya 

95Zr  5Nb 3Ru 06Ru 125Sb 37cs 1 4 Y e  5 5 E ~  7Be &OK 

4.1 t4 .7  21 24 
5.0 t8 .7 16 k1.6 
1.9 t2.7 22 k3.5 
3.1 k0.6 24 k1.6 
1.4 k1.4 15 t1 .3  --- 19 k2.3 
1.2 k l . 0  17 k2.3 --- 22 23.8 --- 15 a1.5 --- 17 k3.8 

- 

8.4 k5.8 
. 3.6 k5.0 

3.8 -10.8 
2;O k0.8 

0.9 k1.6 

0.69k0.97 

4.7 q . 5  

2.5 k1.2.  

--- 
--- 

17 13 
21 k7.6 
29 t2;3 

'19 k2.5 
19 t0.8 
21 t2.2 
19 20.6 
25 kO.1 
19 k1.4 
19 22.6 

0.6 20.8 1.3 k1.6 
0.36k0.49 0.99kO. 96 

--- 1.9 k1.8 0.3 k0.6 
0.54k0.53 0.6 k0.8 0.5 k0.54 --- --- --- 
0.12k0.08 1.0 k0.4 0.14t0.09 

1.7 21.1 NA 
1.6 k0.7 NA 
0.8 k0.5 0.3 t 0 . 4  
0.87t0.07 2.3 k0.2 
0.24k0.07 0.5 k0.3 
0.52k0.09 0.34k0.3 
0.39k0.15 - -- 
0.34k0.13 0.69k0.36 
0.64k0.11 0.51 k0. 49 
0.43t0.18 -- - 

1.0 k0.4 2.3 k1.0 --- 2.1 20.5 0.5 20.5 3.2 k0.2 
0.3620.22 0.78k0.48 0.19+0.30 0.62k0.91 0.3 k0.4 2.2 k1.4 --- --- 1.2 kO.l 
1.1 k0.2 2.4 k0.2 0.15t0.09 1.5 20.6 0.23k0.12 1.6 kO.1 
0.4 kO.1 0.7 t O . l  --- 0.94t0.32 0.16kO .08 0.85k0.06 --- 0 .35d .  13 --- 0.6750.46 --- 1.2 20.1 

--- --- --- 0.04k0.08 1.8 k0.6 
--- 0.7420.30 --- 0.71 20.58 - -- 0.28kO. 18 - -- --- 0.40tO. 20 --- --- --- 1.30k0.32 

--- --- --- 

--- 
0.09k0.13 --- - -- --- --- 

4.0 k3.5 15 k8  0.41 50.1 5 
6.2 k8.9 20 k5 0.42k0.24 
6.0 k1.5 20 t1.5 --- 
3.1 k0.7 14 k1.5 0.46k0.09 --- 21 k2 --- 

--- 13 k1.8 --- 
3.5 k2.9 18 22.3 e--  

sample l o s t  
L-- 12 k2.4 --- 21 52.0 --- 

0.86k0.32 --- 
0.94k0.57 0.5220.66 

1.2 20.1 0.16k0.08 
0.47k0.19 --- 

--- --- 

- -- --- 

1.0 k1.0 
0.87k0.80 --- 
0.81k0.36 

0.63k0.43 
--- 
- -- 

NA 
NA 

--- 

NA NA 
NA NA 

0.7 k0.2 0.15t0.10 
3.4 k0.3 --- 
1.7 k0.2 --- 
1.0 k0.23 . --- 
0.3 20.2 ' --- 
1.0 kO.1 --- 
1.0 20.1 --- 
0.21 +O. 37 --- 

0.7 k0.5 1.3 k0.4 NA NA 
0.6 k0.4 1.6 kO.9 NA NA 
0.2620.09 2.9 kO.1 0.9 kO.2 0.14k0.08 

--- 4.0 k0.2 1.8 k0.2 -- - 
--- 0.6720.08 0.78k0.22 --- 
--- 1.6 t0.13 0.85k0.24 --- 
- -- 1.5 kO.1 0.25k0.24 --- 

0.18k0.13 0.1 1 k0.12 0.61 20.25 --- --- 0.43+0.07 --- --- 



Table 3 (cont inued)  Some gamma-emitting rad ionuc l i des  i n  t h e  freshwater p l a n t ,  Ranunculus sp. , c o l l e c t e d  
a t  Arnchitka I s l a n d .  

Radionucl ides pCi/g, d rya  

Loca t ion  
and Date n 7Be 4 0 K  9 5 Z r  95Nb 3 R ~  IO6Ru 125Sb 37cs 1 W e  55Eu 

Clevenger Lake O u t l e t  
1970-71b 2 2.5k 2.2 5.3k3.5 0.39kO.07 0.81k0.16 0.4 k0.5 0.5 20.6 0.6 kO.1 0.6 t0 .8 NA NA 
1971 -72 5 12 k14 10 k9 0.78k0.86 2.5 k2.4 0.9 k1.3 1.2 k0.4 0.1 50.2 1.1 kO.1 NA NA 

e - -  - -- --- --- 0.3 t O . l  --- --- 1973 1 3.4k 1.0 20 k2.1 --- 
Aug ' 74  1 --- 24 k1.1 0.45k0.20 0.80k0.19 --- --- --- 0.7 40.1 1.4 k0.3 --- 
aug '75 1 1.9k0.7 18 k1.5 --- 0.07k0.07 --- 0.5k0.3 --- 0.8 20.1 0.6 kO.2 --- 

Long Shot Drainage 

Auq '75 1 5.39.4 19 k3.0 --- 
Aug '76 2 1.8k2.5 26 25 --- 
Sept '77 1 --- 18 k2.8 0.72k0.50 
Aug '78 3 4.3k4.8 16 k2.7 --- 
Oct '79 3 3.3r5.7 20 k6.6 

May ' 7 4  1 13 k1.2 17 k1.8 1.6 kO.2 
Aug ' 74  1 3.5r1.3 28 k3.3 0.31k0.19 

Cann ik in  Lake O u t l e t  

Aug '75 1 2.3k0.9 . 10 t1 .5  --- 
Aug '76 1 --- 11 k1.9 --- 

3.9 r0.2 0.45k0.13 3.4k 0.6 
0.60k0.16 --- 1.2t 0.8 
0.18k0.09 c-- --- 

--- 1.0 kO.l 1.4 k0.4 --- 
--- 0.6 k0.3 0.2.20.3 --- 
--- 0.69r0.11 0.87k0.33 --- 
- -- 0.57k0.26 1.9 k0.78 --- 
--- 0.53kO. 24 0.30k0.53 --- 

--- 1.3 20.1 6.4k 0.3 0.20k0.06 --- 1.4 kO.1 2.05 0.3 e - -  

0.22t0.1 2.9 k0.2 1.5k 0.2 0.14k0.06 
--- 1.8 kO.1 --- --- 

a. Radionucl ide values f o r  a s i n g l e  sample ( n  = 1 )  a re  a s i n g l e  count o f  the sample k t h e  two-sigma, propagated, count ing 
-error.- The rsd!w!c!-!de value c,~B::':: fsr mor2 th;,n oiie sarni;:~ i s  t he  iilean i ~ i i e  staildard- cievf-aiiori-or'~two-or~more~singie 
sample counts.  Dashes i n  t h e  t a b l e  i n d i c a t e  t h e  sample count  i s  n o t  s i q n i f i c a n t  and NA i n d i c a t e s  the  r a d i o n u c l i d e  was 
n o t  i n c l u d e d  i n  t h e  analyses. 

b .  Pre-Canni k i n  

p7 



Table 4. Some gamma-emitting radionuclides in freshwater gufwuchs and filamentous algae 
collected at Amchitka Island 

Location 
and Date 

b Radionucl ides pCi/g, dry 

n 7Be 40K 9 5 ~ r  95Nb O3RU 06Ru 25Sb 37cs 44~e 
Long Shot 
Mud Pit #3 
1970-71 

1973 
May '74 
Aug '74 
Aug '75 
Aug '76 

Aug '78 
Oct ' 79 

1971 -72 

r ;  Sept '77 c -  

7 
5 
2 
1 
1 
1 
1 
1 
1 
1 

15 212 9 24 
3.29 3.4 10 21.4 
3.72 2.1 9.8k0.4 
26 t 9 4.921.4 
3.4k 1.0 9.420.8 
2.82 1.8 9.8a1.6 
1.8t 1.4 8.6t1.6 

--- 10 a2.7 
--- 7.522.5 

13 k2.2 --- 

3.1 21.9 6.7 k3.9 2.1 k2.7 5.8 t4.1 
0.8 k1.0 2.2 52.9 0.3920.56 0.2 k0.4 --- 0.9 20.12 --- --- 

--- 4.6 t1.0 --- 2.5 50.8 
0.55kO. 15 0.92k0.14 --- 1.3 k0.4 

--- 0.28k0.19 --- --- 
--- 0.7220.37 0.5420.51 0.69k0.63 
--- --- --- --- 
--- --- --- --- 

1.5 kO.9 
0.4 k0.3 

0.39k0.13 
0.24kO. 09 
0.21 +o. 09 
0.16kO. 08 

--- 

--- 

1.8 kO.9 NA 
0.5 kO.1 1.1 k1.6 
0.27+0.02 0.4220.26 
0.40k0.07 7.7 50.6 
0.34k0.05 1.2 t0.2 
0.19+0.05 1.4 k0.3 

--- 1.5 k0.4 
0.25k0.05 --- 
0.09k0.07 0.31 20.29 
0.12t0.08 --- 

MP-12 Creek 
July '72 
Aug '73 
May ' 74 
Aug '75 
Sept '77 
Aug '78 
Sept '79 

7.8k 1.7 5.2t0.5 3.5 50.4 6.4 k0.5 1.7 kO.3 0.76k0.28 --- 
8.3+ 0.9 9.6t1.6 0.29+_0.11 0.34k0.08 0.24t0.09 --- --- 
9.12 1.1 8.9k1.6 4.0 20.2:  7.6 50.3 0.28+0.13 2.9 k0.7 0.79k0.13 
13 2 1.2 6.2k1.5 0.36k0.11 0.97k0.12 --- 2.3 k0.5 0.26k0.10 
7.82 2.8 5 . 1 ~ 2 . 3  2.5 k0.4 5.3 20.5 --- 2.4 tl.O --- 
8.9t 1.5 6.1k2.2 0.21kO.11 --- 2.2 k0.72 0.30k0.15 

10 k 2.0 13 k1.0 --- --- --- --- --- 

2.0 20.2 3.8 20.4 
2.7 kO.1 0.36t0.17 
2.5 kO.2 12 t0.5 
2.3 kO.1 3.2 kO.2 
1.7 kO.2 3.0 k0.4 
1.8 t0.16 2.7 k0.35 
0.89t0.06 --- 



Table 4. (Con’ t . )  
f i lamentous a lgae c o l l e c t e d  a t  Amchitka Is landa. 

Some gama-emmi t t i n g  rad ionuc l i des  i n  f r e s h  water aufwuchs and 

Radionucl ides pCi/g, dryb 

and Date n 7Be 40 K 9 5 ~ r  95Nb 03Ru 06Ru 25Sb 37cs 4 4 ~ e  
L o c a t i  on 

White A l i c e  I n l e t  
t o  Cannik in  Lake 
Aug ‘73 
Aug ‘74 
Aug ‘75 
Aug ‘76 
Aug ‘ 7 8 ,  
Sept ‘ 79 

23 k 1.5 
12 k 1.2 

3.8k 0.9 
3.3k 1.9 --- 

--- 

6 . 1 4 . 4  
9.8t0.6 
5 . M  .3 

10 k1.7 
21 t20 

8.5k6.9 

0.59kO. 13 
0.99k0.14 

1.1 k0.14 0.91+0.15 
2.0 k0.15 0.4350.08 
0.2 k0.08 --- 

--- --- 

--- 
1.7 110.4 
0.8920.4 

0.72k0.09 1.4 kO.2 
1.1 k0.08 4.3 i 0 . 2  
0.75k0.09 2.0 k0.3 
0.17k0.04 0.23t .20 
1.6 t0 .69 --- 
2.3 ~Q.28 --- 

D r i l l b a c k  Drainaqe 
,,, t o  Cannik in  Lake- 
Q, Sept ‘77 1 36 k 5.1 4.8t3.0 4.1 50.62 8.7 50.80 --- 5.0 t 1 . 3  --- 1.0 k0.17 9.1 20.7 

Aug ‘78 1 10 5 1.4 3.3k2.4 - -  0.17+0.11 --- --- 0.3050.13 0.83t0.10 --- 

Duck Cove Seepage 
1.7k 0.67 16 Q.2 --- --- 0.09k0.08 0.4420.39 - -- 0.06k0.05 1.2 0.23 

-- - --- 0.14t0.04 --- --- Aug ‘ 7 8  1 --- --- Sept ‘ 79  1 --- 5.0k1.3 

- 

a. 

b. 

Aufwuchs samples were c o l l e c t e d  from Long Shot Pond, MP-12 Creek, and D r i l l b a c k  Drainage t o  Cannik in Lake and t h e  
a lgae samples f rom White A l i c e  I n l e t  t o  Cannik in Lake and from C l i f f  Seepage a t  Duck Cove. 
Radionucl ide values f o r  a s i n g l e  sample (n  = 1)  a r e  a s i n g l e  count o f  t h e  sample f. t h e  two-sigma, propagated, 
coun t ing  e r r o r .  
two o r  more s i n g l e  sample counts.  
i n d i c a t e s  t h e  r a d i o n u c l i d e  was n o t  i nc luded  i n  t h e  analyses. 

The r a d i o n u c l i d e  va lue  shown f o r  more than one sample i s  t h e  mean k one standard d e v i a t i o n  of 
Dashes i n  t h e  t a b l e s  i n d i c a t e  the sample count i s  n o t  s i g n i f i c a n t  and NA 

c. Pre-Canni k i  n . 



Table 5. Some gamma-emitting rad ionuc l i des  i n  l i c h e n s  c o l l e c t e d  a t  Amchitka I s l a n d  

a Radionucl ides pCi/g, d r y  Loca t ion  
and Date n 7Be 40K 9szr "Nb ' 03Ru O6RU 25Sb l 3 ' C S  44cP 55F11 

Clam Lake 
1970-71 b 7 15 k6.1 4.5k6.4 1.0 k1.0 2.1k1.9 1.5 k3.1 5.423.2 5.6 k7.2 37239 NA NA 
1971 -72 5' 9 . 7 4 . 2  6.2k5.5 0.7 k0.7 1.7k1.4 0.5 50.7 3.6k3.8 3.4 k3.5 27k23 9 ko.4 1.5 20.14 
1973 3 5 . 3 4 . 5  3.5k0.3 0.03k0.05 0.1kO.1 0.03k0.06 1.1kO.2 0.6OkO.12 726.9 3.7k1 .3 0.56t0.32 

1.4k0.5 0.56k0.11 12k0.3 4.0k0.3 0.38k0.05 
1.3k0.4 0.33k0.09 9k0.2 4.1k0.2 0.33kO.09 

Aug '75 1 4.6k1.7 2.5k1.1 -- - 0.520.1 --- 1.0k0.6 0.28k0.14 6k0.2 5.5k0.4 0.23t0.08 
0.6k0.4 0.41k0.11 7k0.2 2.0k0.3 0.11+0.10 
2.1k0.8 0.36k0.19 2.8k0.2 6.2k0.6 0.18t0.10 

Aug ' 78  1 6.5k1.5 --- 0.28k0.18 O.lEO.11 --- 1.9t0.69 0.35+0.14 3.9k0.25 10k0.63 0.24t0.10 

May ' 74 1 4.5k0.9 2.4k0.9 0.48k0.09 1.220.1 --- 
Aug '74 1 5.2k1.2 3.720.4 0.23kO.18 0.9kO.1 --- 
Aug ' 76  1 8.0k1.5 2.051.5 --- --- --- 
Sept '77 1 8.123.3 1.9k1.4 1.1 kO.4 2.4k0.5 --- 
Sept '79 1 6.0k2.6 2.622.6 --- --- --- --- 2 .O+O. 14 2.7t0.48 --- --- 

I c e  Box Lake 
Oct '72 1 --- 2.8k1.2 0.7 kO.1 1.4k0.3 3.8 k2.0 --- 2.6 20.7 14k0.2 NA N A 

1.3k0.1 0.86k0.12 1620.7 4.3k1.1 0.63kO.18 1973 2 5.7k0.3 0.6kO.8 --- --- --- 
May '74 1 8.6k1.1 1.4k0.9 0.80k0.12 2.1k0.2 --- 2.1k0.5 0.59k0.13 13k0.3 8.1k0.4 0.4Oko.06 

2.2k0.5 0.64Hl.13 9k0.2 6.0k0.3 0.43k0.07 Aug '74 1 5.721.5 1.3k0.5 0.49k0.19 0.8k0.1 --- 
1.5k0.6 0.48k0.14 l lkQ.3 5.4k0.3 0.38kO.13 Aug '75 1 5.2k1.5 1.921.6 --- 0.420.1 --- 
OBE0.55 0.5620.13 l l k 0 . 3  2.1k0.3 0.48t0.12 Aug '76 1 8.1k3.7 --- --- 0.2k0.2 --- 
2.0k0.9 0.3750.17 3.6k0.3 10k0.7 Sept '77 1 14 k3.8 1.7k1.3 1.5 20.4 3.8k0.6 --- 

Aug ' 7 8  1 8.3k2.0 --- 0.32t0.14 0.380.14 --- 2.2k0.80 --- 9.5t4.2 9.0k0.66 0,18+0.12 
Sep t ' 79 1 8.920.7 0.520.4 --- --- --- 0.720.26 --- 3.020.08 2.8k0.09 --- 

Cannikin Lake 
J u l y  '72 1 5.3k1.7 2.0k0.7 0.7 kO.1 1.6k0.1 0.6 k0.3 --- 0.2 k0.4 2120.2 NA NA 
1973 2 5.3k1.3 2.3k0.1 --- --- 0.07k0.09 1.3k0.1 0.90k0.06 16k0.7 4.141.6 0.73k0.17 
May ' 7 4  1 6.720.6 1.6kO.6 0.62k0.07 1.6kO.1 0.09t0.06 1.6kO.3 0.65kO.08 11k0.2 5.8t0.2 0.39k0.03 
Aug '74 1 5.1k1.3 2.5k0.6 0.30k0.15 0.720.1 --- 1.7k0.5 0.3420.12 820.2 4.340.3 0.30k0.06 
Aug '75 1 6.122.1 --- --- 0.4t0.2 --- 1.420.5 0.40k0.10 720.2 4.640.3 0.26k0.11 

1 6.4k1.6 1.4k1.0 --- - -b --- 0.520.45 0.40k0.11 520.2 2.4k0.3 0.19+0.07 Aug '76 
Sept '77 1 13 k3.6 --- 1.3 k0.4 3.6k0.5 --- 2.0k0.7 0.38k0.15 3.5C1.2 7.6k0.5 
Aug ' 78  1 7.3k1.4 --- --- 0320 .12  --- 1.6k0.65 0.5210.14 4.020.23 7.5k0.46 0.23k0.14 

r\) 
w 

--- 

--- 

Sept '79 1 9.621.7 1.621.3 --- --- --- 2.5k0.12 2.620.36 --- 0.8k0.48 --- 

a. Radionuc; ,ue vaiues fo r  a s i n q l e  sample ( n  = 1)  a re  a s i n g l e  count o f  t he  sample k t h e  two-sigma, ProPagated~ 
count ing e r r o r .  
two o r  more s i n g l e  sample counts. Dashes i n  t h e  t a b l e  i n d i c a t e  t h e  sample count i s  n o t  s i g n i f i c a n t  and NA 
i n d i c a t e s  t h e  r a d i o n u c l i d e  was not i nc luded  i n  t h e  analyses. 

The r a d i o n u c l i d e  value shown f o r  more than one sample i s  t h e  mean k one standard d e v k t i o n  of 

b. Pre-Canni k i  n c .  n equals 1 f o r  144Ce and 155Eu. 
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Table 6. Some gamma-emitting radionuclides in the marine alqa Fucus distichus 
collected at Amchitka Island. 

Location 
and Date 

Radionuclides pCi/g, dry a 

7Be 40K 95zr 95Nb 37cs 44Ce n 

Constantine Harbor 
1970-716 3 
1972 4 
1973 2 
May ' 7 4 1 
Aug '75 1 
Aug '76 1 
Sept '77 1 
Aug '78 1 
Sept '79 1 

Duck Coveb 
1970-71 
1971 -72 
1973 
May '74 
Aug '74 
Aug '75 
Aug '76 
Sept '77 
Aug '78 

-%pi: l Y  
I -- n 

3 
5 
3 
1 
1 
1 
1 
1 
1 
1 
I 

Square Bay 
Aug '75 1 
Aug '76 1 
Sept '77 1 
Aug '78 1 
Sept '79 1 

25+6 
34?2 
3420. 7 
3222.0 
3222.3 
28i2.2 
23k3.2 
28f2.3 
3391.2 

2322 
35f4.5 
3529.9 
3821.2 
3622.3 
3322.3 
30f2.2 
3223.4 
30f2.2 
3Qf:!. 2 

3822.4 
2222 0 0 
31f3.4 
T9fl.7 
3751.2 

0.21 +O. 17 
0.0720.08 

0.7320.09 
--- 
--- 
--- 
--- 
--- 
--- 

0.15+0.10 
0.1 OfO. 07 

0.2220.05 
--- 
--- 
--- 

0.13f0.10 
0.24f0.11 --- 

--- - 

0.05+0.02 

0.03*0.04 
0.0520. 03 
0.0420. 04 
0.0520.04 

--- 

--- 
--- --- 

0.04+0.02 
0.01 fO. 03 
0.03+0.05 
0.07+0.02 
0.0720.04 --- 

--- 
--- 
--- 
--- 

NA 
--- 
--- 

1.520.2 --- 
--- 

0.3820.26 
0.3820.18 --- 
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Table 6. ( C o n ' t . )  Some gamma-emitting rad ionuc l ides  i n  the  marine a lga  Fucus d i s t i c h u s  
c o l l e c t e d  a t  Amchitka Is land.  

Locat ion  
and Date 

~~~~ 

Radionucl ides pCi/g, drya 

n 7Be 40K Z r  95F4b 37cs ' 4 4 ~ e  
95 

Sand Beac Cove 
1970-71 6 
1971 -72 
1973 
May '74 
Aug '74 
Aug '75 
Aug '76 
Sept '77 
Aug '78 
Sept '79 

Iu 
1 3  

5 
6 
2 
1 
1 
1 
1 .  
1 
1 
1 

0.09+0.09 
3.8 k3.2 

0.61 to. 45 
--- 

26k6 
26k4.6 
35k2.1 
39k2.3 
27k1.4 
34k2.2 
24k2.1 
25+3 . 2 
23k2.9 
3 W . 2  

0.0820.06 
0,2220.20 

--- 

0.17k0.14 
0.45k0.43 

0.06k0.03 
0.01 20.02 --- 

--- 
-e- 

0.04+0.04 

NA 

0.16k0.23 
0.9220. 1 9 
0.25k0.19 

--- 

--- 
--- 

0.6620.27 
0.21 k0.18 - -- 

a. Radionucl ide values f o r  a s i n g l e  sample ( n = l )  are a s i n g l e  count of the  sample f. the  two-sigma, 
propogated, count ing e r r o r .  
one standard d e v i a t i o n  o f  two o r  more s i n g l e  sample counts. 
count i s  n o t  s i g n i f i c a n t  and N A  i n d i c a t e s  t h e  r a d i o n u c l i d e  was n o t  inc luded i n  the  analyses. 

The r a d i o n u c l i d e  va lue shown f o r  more than one sample i s  t h e  mean 
Dashes i n  the  t a b l e  i n d i c a t e  the  sample 

b. Pre-Canni k in .  
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Table 7. Some gamma-emi t t i n g  rad ionucl ides i n  the green sponge, Hal ichondri-a' panicea, c o l l  ected a t  Amchi tka 
I s land .  

a - Radionuclides pCi/g, d ry  

and Date n 7Be 40K 95zr 95Nb 4 4 ~ e  
Locat ion 

Duck Cove 
1971 -72 
1973 
May '74 
Aug '74 
Aug '75 
Aug '76 
Sept '77 
Aug '78 
O C t  '79 

w June 75 
Apr i  1 '73 
May '74 
Aug '74 
Aug '75 
Aug '76 
Sept ' 77 
Auq '78 

Sand Bg? h Cove 
0 

o c t  '79 
Square Ba.v ~- ...T.--c.- - 

l Y l J  
Aug '75 
Auq '76 

4 
2 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
1 
1 

11 k3 
9.820. 1 

10 k1.5 
7.2k1.3 
7.7k1.4 

20. k1.3 
8 . 2 d  .5 

10 21.5 
9.522.0 
6.8k1.7 

12, 51.7 
9.0k1.5 
9.621.4 

10.0k1.6 
8.5k1.4 
7.4t2.3 

17 51.5 
13 k1.0 

9.5A .7 
10, k1.7 

n --.n I- 

Y .  f fU. 3 

NA 
0.42+0.04 
1.1 20.17 
1.2 20.23 
0.7320.20 

1.1 kO.2 
1 .1+0.20 

NA 
0.31 20.17 
0.6040.16 
1.2 20.2 
0.56k0.2 
0.2220.16 
1.0 k0.3 
1.1 X . 1 5  

--- 

--- 
n-?c ,0-13 u. J J I U .  I L 

0.61 20.20 
0.21 50.18 
1.2 20.3 
0.31 20.1 4 

a. Radionuclide values f o r  a s ing le  sample (n  = 1) are  a s ing le  count o f  the  sample L the two-sigma, propagated, 
count ing e r ro r .  
of two o r  more s i n g l e  sample counts. 
NA ind ica tes  t h e  rad ionuc l i de  was no t  inc luded in t h e  analyses. 

The rad ionuc l ide  value shown far more than one sample i s  t h e  mean k one standard dev ia t i on  
Dashes i n  t h e  t a b l e  i nd i ca te  the  sample count i s  n o t  s i g n i f i c a n t  and 
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Radionuclides pCi/g, drya 

and Date T i  ssue n 40 K 37cs 
b Location 

Bering Sea 
Off C-Site 
1971 

1973 I 
Aug '75 

+ 1 97lC 

1973 

1971 -72 

1971 -72 

;Aug ' 7 5 

Constantine Harbor 
Aug '74 
Sept '77 
Aug '78 
Oct '79 
sept ' 77  
Aug '78 
Oct '79 

Midden Cove 
AUCJ '75 
Aug '75 

Square Bay 
Aug '76 

Muscle 
I' 

'I 

' 'I 

Liver 
I 1  

I' 

U 

Liver 
. '! 

11 

I' 

Muscle 
'I 

II  

Muscle 
Liver 

Muscle 

4/4 
9/9 
5/ 5 
1/1 

2/2 
4/ 4 

18 21.7 
17  21.7 
18 k 1 . 1  
18 51.6 
13 25.9 
6.7 22.1 
6.9 21.3 

31 k1.5 

7.5 22.6 

7.7 22.7 
6.8 30.40 

18 k2.8 
12 21.6 
20 k2.2 

19 t1 .9  
10 k1.5 

18 t 0 . 5  

0.0620.08 
0.02k0.03 
0.11to.02 
0.06+_0.04 
0.27tO. 28 

0.04+0.05 
4.05k0.03 

--- 

0.06kO. 07 --- 
--- 
--e 

0.07t0.06 
0.08+0.04 

--IC 

0.0520.04 --- 

0.O5tO. 03 

a .  Radionuclide values f o r  a s ing le  sample ( R  = 1 )  a r e  a s ing le  count o f  the sample t the two-sigma, 
propagated, counting e r ro r .  The radionuclide value shown f o r  more than one sample i s  the  mean t 
one standard deviat ion o f  two o r  more single sample counts.  
count is not s ign i f i can t .  

Dashes i n  the t a b l e  ind ica t e  the sample 

b .  Number of  samplesl total  number of  f i s h  i n  a l l  samples. 

c. Pre-Canni k i n  



Tabl'e 9. Potassium-40 and cesium-137 i n  greenl ing co l l ec ted  off Amchitka Is land.  

Locat ion 
and Date 

Radionucl ides pCi/g , drya 

Tissue n b 40K 37cs 

! 

Constantine Harbor 
1971 

1973 
May '74 
Aug '74 
Aug '75 
Aug '76 
Sept '77 
Aug '78 
Sept '79 
1971C 
Dec '71 
1973 
May '74 
Aug '74 
Aug '75 
Aug '76 
Sept '77 
Aug '78 
Sept '79 

1971 

1973 
May '74 
Aug '74 
Aug '75 
Aug '76 
Sept '77 
Aug '78 
Se_ntc ' 79 
1971 
1972 
1973 
1973 
May '74 

1971 -72 

Sand Beach Cove 

1 97_1r22 

Muscle 
II 

I t  

I 1  

I 1  

I 1  

II 

I 1  

I 1  

I 1  

Viscera 
L i v e r  
Viscera 

11 

I 1  

I 1  

11 

I 1  

II 

I 1  

Muscle 
I 1  

I 1  

I 1  

I 1  

I 1  

I 1  

I1 

I 1  

11 

Viscera 
L i v e r  
Viscera 
L i v e r  
Viscera 

16 2 0.7 
15 f 1.3 
17 f 2.8 
18 k 1.5 
16 k 0.8 
21 f 2.5 

9.8k 0.8 
15 2.7 
18 t 2.8 
16; f 1.a 
13 0.7 
13 +_ 1.6 
9.1+ 0.6 

15 2 1.0 
9.25 0.8 

11 * 2.2 
10 5 0.9 
7.9k 3.5 

17 2.6 
17 21 .1  

15 1.2 
1.5- --f 
17 t 1.4 
21 f 1.9 
15 0.7 
25 k 2.7 
18 0.8 
15 2.5 
18 k 2.8 
19 .f 2.2 
13 f 0.6 
21 f 2.9 
11 0.4 
13 2 0.6 
9.1f 1.1 

0.37 f 0.42 
0.04 f 0.04 
0.05 f 0.06 
0.06 ?r 0.03 
0.07 k 0.05 
0.49 f 0.07 --- 
0.08 k 0.06 
0.07 f 0.06 

0.15 f 0.05 
0.21 +- 0.12 

0.03 f 0.02 

0.06 0.05 
0.20 * 0.06 

--- 
--- 

--- 
--- 

0.07 t 0.03 

--- 
0.02 k 0.02 
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Table 

Locat ion 

(continued) potassium-40 and cesium-137 i n  greenl ing.  c o l l e c t e d  of f  ~ ~ ~ h i t k a  I s l a n d .  
a Radionucl ides pCi/q, d r y  

and Date Tissue n b 4oK 37cs 

Sand Beach Cove 
8.1 t2 .1  --- 

I I  0.06 f 0.04 
Viscera 1 /4  

6.3 21.4 1 / 8  
9.6 k0.4 1 / 8  
9.0 f2.4 1/7 

15 f4.2 1 / 4  
1.4 13 20.9 

II --- 
I1 --- 
I I  -- - 

Aug '74 
Aug '75 
Aug '76 
Sept '77 
Aug '78 
Sept '79 

Square Bay 
Aug '75 
Aug '76 
Sept I77 
Aug ' 78  

Aug '75 
Aug '76 
Sept '77 

11 --- 

16 51.6 --- Muscle 1 / 5  
18 20.9 1/6 

1/5 16 f2.8 
1/5 

Sept '79 1 /4  

116 
1 / 5  9.1 22.6 
3/5 

I1  

II 

--- 
--- 

I 1  14 f2.1 0.04 f 0.04 
II 15 t2.2 --- 

U i  scera 1/5 7.8 21-4 0.07 f 0.04 
II 11 f0.8 0.10 f 0.05 

I I  10 f2.4 0.10 f 0.06 
I1 --- 
I I  -- - Aug 178 

SepE I79  1 /4  13 
Duck ove 

w 
W 1972- 

1973 
May '74 
Aug '74 
Aug '75 
Aug '76 
Sept '77 
Aug '78 
1973 
May '74 
Aug '74 
Aug ' 7 5  
Aug '76 
Sept ' 7 7  
Aug '78 

-Muscle 
I 1  

I1  

I I  

I I  

I 1  

I I  

' I  

Viscera 
I I  

I I  

I 1  

II 

II 

I I  

16 fl.l 
15 f2.8 
18 f1.6 
15 21.8 
17 f1.8 
18 20.4 
13 22.7 
19 f2.9 
12 20.5 
7.7 f0.8 
9.5 kO.1 
9.5 k1.2 
9.6 f0.4 

11 f2.5 
9 f2.0 

0.06 f 0.06 
0.08 f 0.01 
0.06 t 0.03 
0.07 f 0.02 
0.09 f 0.04 
0.07 f 0.02 

0.09 f 0.06 
0.13 f 0.03 
0.04 f 0.02 
0.15 f 0.05 
0.04 t 0.03 

0.08 f 0.06- 
0.09 f 0.05 

--- 

--- 

a.  Radionucl ide values f o r  a s i n g l e  sample ( n  = 1 )  a r e  a s i n g l e  count o f  t he  sample k the  two-sigma, 
propagated, count ing e r ro r .  
mean 
t h e  sample count i s  n o t  s i g n i f i c a n t .  

The r a d i o n u c l i d e  values shown f o r  more than one sample i s  t h e  
one standard dev ia t i on  o f  two o r  more s i n g l e  sample counts. Dashes i n  t h e  t a b l e  i n d i c a t e  

b. Number o f  samples/ total  number o f  f i s h  i n  a l l  samples. 

c. Pre-Cannikin. 



Table 10. Potass,Jm- 0 and cesium- 
a t  Amchitka I s l a n d .  

Col 1 e c t i o n  C o l l  e c t i o n  
Date Loca t i on 

37 i n  muscle o f  bol l ! /  Varden c o l l e c t e d  

a Radioriiucl ides pCi/g, d r y  
, 

401: 37cs 
b n 

1971 Jones Lake 1/1 15 f (4.8 0.35 t 0.05 
1972 DK-45 Lake 3/8 16 _+ 1 .0 5.7 2 3.9 
1973 Jones L.. Br idge Cr . ,  S i l v e r  3/7 16 k 0.6 0.18 t 0.09 

Salmon L O u t l e t  

Duck Cove 

Br idge Cr., Duck Cove, 
C1 evenger C r .  

Duck Cove 

Clevenger L ,  O u t l e t  

1974 Jones L., Cannikin L. , 6/28 15 f 1.7 0.28 t 0.08 

1975 Jones L. , Canni k i n  L. , ’ 5/19 12 f 4.4 0.17 f 0.12 

Aug ‘76 Jones L. Cannik in L., 3/17 15 2 0.58 0.17 k 0.06 

Sept ‘77 Jones L., Duck Cove, 3/6 14 k ;!.l 0.27 k 0.17 

Aug ‘78 Jones L. $ O u t l e t ,  Cannik in L., 
Duck Cove, Clevenger Creek 4/15 14 f ‘1.0 0.23 f 0.23 

1.9 t 0.08 Oct ‘79 Jones Lake Watershed 1/4 17 f ‘1.2 

Oct ‘79 Canni kan Lake 1/5 15 f 2.6 0.35 f 0.09 

Sept ‘79 C1 evenqer Lake 1/3 15 f 2.6 0.06 t 0.39 
- 

aRadionucl ide values f o r  a s i n g l e  sample (n=1) a re  ii s i n g l e  count of t h e  
sample f the  two-sigma, propagated count ing  e r r o r .  
shown f o r  more than one sample i s  t h e  mean t one standard d e v i a t i o n  of two o r  
more s i n g l e  sample counts. 

The r a d i o n u c l i d e  values 

bNumber o f  samples/ total  number of f i s h  i n  a l l  sampiles. 

‘Pre-Canni k i n .  
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Table 11. Potass ium40 and cesium-137 i n  rock  Ptarmigan c o l l e c t e d  a t  
Amchi t k a  I s l a n d .  

a Radionucl ides  pCi/g, d r y  
C o l l e c t i o n  C o l l e c t i o n  Number 

40K 37cs Date Locat ion Tissue of B i r d s  

1970-71 

Aug '74 
1970-71 
1971 -72 

1973 
May '74 
Aug '74 
Aug '75 
11 

I I  

Aug '76 
I I  

I 1  

I I  

Sept I77 
I I  

I I  

Aug 78 
I I  

II 

Sept  79 
I I  

11 

South B i g h t  

Canni k i n  Area 

South B i g h t  
Canni k i n  Area 

Canni k i n  AreaC 
Canni k i n  Area 
I I  

I I  

M i l e  8 

M i  1 row Area 
Canni k i  n Area 

M i  1 row/Long Shot 
Camp Area 
M i l e  18 
Canni k i n  Area 

Long Shot 
Camp Area 
Canni k i n  Area 
M i  1 row/Long Shot 

Camp Area 

Mi 1 row/Long Shot 
Camp Area 
Canni kan Area 

L i v e r  

V iscera 
Muscle 
I I  

II 

I I  

I1 

I I  

I I  

I I  

11 

I I  

I I  

II 

I I  

I I  

I I  

II 

I I  

I I  

I( 

I I  

I I  

1 

1 
4 

3 
5 
2 

4 
4 
2 
2 

4 

3 
1 
1 
4 
4 

5 
4 
7 

4 
4 

3 
4 

--- 
13 f 1.2 

11 t 0.5 

11 t 1.6 
11 t 0.8 
11 2 1.2 
11 f 1.5 
14 t 2 
11 ? 2 
12 2 2 
12 2 0.5 
10 2 4.5 

10 f 0.6 
9.4 + 0.6 

11 ? 2.5 

8.8 f 1.0 
12 2 2.5 
9.1 f 2.3 

9.6 2 1.8 
9.4 ? 1.5 

11 f 2.8 
12 t 1.6 

11 t 1.6 

--- 
1.6 f 0.8 
1.0 t 0.6 

0.70 f. 0.04 
0.43 f 0.25 
0.42 f 0.05 
0.90 t 0.35 
3.4 f 0.2 
1.4 f 0.1 
1.8 t 0.6 

1.7 5 0.1 
<0.3 

1.5 f 0.1 
0.75 f 0.04 
2.1 k 0.18 

0.37 f 0.08 
0.55 t 0.10 
0.39 t 0.08 

0.90 f 0.08 

0.30 f 0.04 

0.53 t 0.07 

0.15 f 0.10 
0.32 k 0.07 

Values f o r  rad ionuc l ides  i n  samples c o l l e c t e d  from 1970 through 1973 a r e  a 

g iven as a mean f one standard d e v i a t i o n  o f  two or more s i n g l e  sample counts. 
Values f o r  rad ionuc l ides  i n  b i r d s  c o l l e c t e d  from 1974 t o  1977 a r e  from a s i n g l e  
count of a sample o f  one o r  more b i r d s  t a two-sigma, propagated count ing e r r o r .  
The dashes i n  t h e  body o f ' t h e  t a b l e  i n d i c a t e  t h e  sample counts were n o t  
s i g n i f i c a n t .  

bPre-Canni k in .  

'One each from Mason Lake, Cannik in area, and M i l e  16; two from M i l e  5. 
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Table 12. Strontium-90 i n  bone samples from r a t s  and ptarmigan and i n  s o i l  
samples c o l l e c t e d  a t  Amchitka Is land.  

I 

I 

C o l l e c t i o n  C o l l e c t i o n  Sample I pCi 9oSr/g, d r y  b 
Date na Locat ion  TY Pe j 

1.6 1.3 
1971 
1971 
1973 

' 1975 

1976 
1977 

1978 

1979 

1973 
1974 

1975 
1976 
1977 
1978 
1979 

1971 
1975 

1976 
1977 
1978 
1979 

1971' 
1973 
1975 

1976 
1977 

1978 

1979 

2 
2 

1 

1 
1 
1 

1 
1 

1 
2 

2 
5 
3 

3 
3 

1 
1 

1 
1 
1 
1 

1 
1 

1 

1 
1 

1 
1 

Sand Beach Cove 
I I  

II 

II 

d 
Other S i t e s  

I 1  

II 

II 

Canni k i n  Area 
I I  

II 

I I  

II 

II 

!ti 1 row/Long Shot 
I I  

II 

II 

I I  

II 

I I  

36 

Rat , bone 
I I  

I I  

I I  

II 

II 

I I  

I I  

Rat, bone 
11 

I I  

II 

Ptarmigan , bone 
II 

II 

I I  

II 

II 

Ptarmigan, bone 
II 

, . II 

5.8 t 5.9 
1.9 i- 2.0 

0.5 i- 0.2 
<1.3 
<o .7a 

0.63f 0.04 
4 . 1 1  

1.3 2 0.4 
1.6 +_ 1.1 
1.4 ? 0.3 

<1.3 
GO. 80 

2.1 i- 5.2 
1.1 f 1.1 

31.0 f 3.6 
13.0 2 1.0 

14.0 f 2.6 
17.0 t 1.4 
13.0 2 1.0 
13.0 t 1.0 

27.0 t 3.2 

14.0 f 1.4 

19.0 * 2.4 
16.0 k 1.2 

9.6 2 0.6 
9.7 f 1.2 

11.0 f 0.8 

D 



Table 12. ( C o n ' t . )  Strontium-90 i n  5 ne sam;)les frori r a t s  and ptarmigan and i n  s o i l  
samples c o l l e c t e d  a t  Amchit 

Col lec t ion  Col lec t ion  Sample 
Date na  Location TYPe pCi 90Sr/g,  d ryb  

1971 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

1975 
1976 
1977 
1978 
1979 

1975 
1976 
1977 
1978 
1979 

2 
1 
1 
1 
2 
1 
1 
1 

1 
3 
1 
1 
1 

1 
3 
3 
3 
1 

Each bone sample ob 

Other Si tese 
II 

I 1  

I 1  

I 1  

I 1  

It 

I 1  

Main Camp 
I 1  

II 

I 1  

I 1  

Canni k i  n Area 
II 

I 1  

II 

II 

Ptarmigan, bone 
11 

II 

il 

I I  

I 1  

11 

I 1  

Soi 1 
I 1  

I 1  

II 

II 

Soi 1 
I 1  

II 

I 1  

I 1  

a i n e d  from 2 t o  4 i n d i v i d u a l s .  

27.0 k 12.0 
14.0 ? 0.8 
16.0 k 9.2 
19.0 k 2.8 
26.0 k 0.4 
15.0 k 1.4  
10.0 5 0.8 
9.6 5 1 . 2  

0.03 ? 0.02 
<O .03 
4 . 1 4  

0.06 k 0.10 
0 .13  0.12 

<0.16 
4 . 0 4  

c-0.14 
0.21 5 0.26 
0.11 2 0.08 

Radionuclide values  f o r  s i n g l e  samples (n=1)  a r e  a mean o f  a repea ted  count 
of the sample f two s.igrna, propagated, count ing e r r o r .  
f o r  more than one sample is the mean ? one s tandard  d e v i a t i o n  of those  
ind iv idua l  sample values .  S ince  1376 a c o r r e c t i o n  was made f o r  reagent  
contaminants and, i n  1977, an a d d i t i o n a l  c o r r e c t i o n  for r e s i d u a l  sample 
contaminants.  
i n  terms of pCi per  gram o f  sample, i s  about  0 .5  f o r  r a t  samples ( 3  g )  0.3 
f o r  ptarmigan ( 5  g )  and 0.03 for s o i l s  (50 9 ) .  

The radionucl ide  values  

The maximum net effect  o f  these c o r r e c t i o n  on sample va lues ,  

Pre-Canni k i  n .  

Main dump, Duck Cove, Constant ine Harbor, Camp Area, Bridge Creek and Clevenger 
Creek (mouth). 

blain camp, mile p o s t  8, S i l v e r  Salmon Lake, mile 18. 
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- 
- .  Table 13. 

i o c a t  i o n  Samul e 

Sone gamma-emitting rad ionucl ides i n  sand and s o i l  co l lec ted  a t .  Amchitka Is land.  

a Radi onucl i des pCi /g , dry  
and Date Type n 40K 37cs 41 ~e 4 4 ~ e  “‘Ra 228Th 238” 

Main Camp 
Aug ‘ 7 5  
Aug ‘76 
Sept ‘77 
Auq ‘78 
Sep ‘79 

Aug ‘75 
Aua ‘76 

Canni k i n  Area 

S o i l  1 
3 
1 
1 
1 

II 

II 

11 

I1  

S o i l  1 
3 
5 
3 
2 

II 

II 

II 

II 

8.Ok1.2 
11 21.0 
15 Q.2 
21 21.6 
14 t0 .7 

11 k1.3 
10 Q.5 
8.Pk3.0 

--- 
0.82k0.60 
0. 24+0. 07 
0.35k0.05 
0.15kO. 02 

0.3220.05 
0.3420.21 
0.21 20.15 

9.0k3.8 0.47k0.08 
13.021.2 0.27+0.19 

0.20k0.13 
0.2720.24 --- 

0.14t0.13 --- 
0.29+0.21 
0.22k0.13 --- 

0.97t0.18 
0.09k0.12 
0.42kO. 02 
0.60kO. 15 
0.0650.08 

0.1820. 04 
0. 2520. 06 
0.29k0. 07 
0.39k0.04 
0.4020.05 

0.1 II 20.05 
0.2120.93 
0.29k0.05 
0.16+0.95 
0.07+0.09 

0.1420.05 
0.11 20.04 
0.27kO. 08 --- 
0.41 k0.04 

0.08k0.04 
0.11 20. 02 
0.1920.08 

0.1 7t0.05 
--- 

--- 
0.17kO. 30 
0.8520. 69 
0.6720.42 
0.13t0.26 

Cons t a n t i  ne Harbor 

Aug ‘75  Sand 1 13 21.2 0.07kO.03 --- --- 0.1820.04 0.0010.04 0.4.420.36 
1 16 k1.6 0.22?0.04 --- --- 0.28k0.05 0.11+0.05 O.EC20.47 ~ ! C J  I 76 

1 15 k2.2 --- --- --- 
1 8.3k0.4 0.03+0.01 --- -e-  0.13tO. 03 0.0820.02 0. 05kO. 10 

Aug ‘78  
Sep ‘79 

II 

II 

II 

Sept ‘77 1 15 22.1 0.05k0.04 --- --- 0.19k0.06 CI.0920. 07 --- 
II 0.20+0.05 --- --- 

Sand Beach Cove 
Sand 1 9.8t1.1 0.06kO.03 --- 0 .2  20.1 0.22k0.04 0.11+0.03 0.48k0.20 
II _ _ _  _ _ _  --- g.zg.C-0.0a- 0.1-225. 04 n.cd_kn.3..1 1 8.651.1 

1 4.7k1.1 
1 7.8k1.8 --- --- --- 0.28t0.06 --- 0.71k0.62 

Aug ‘75 
b l l n -  1-75 
Sept ‘ 77  
Aug ‘78 
Sep ‘79 1 9.8k0.4 0.01+0.01 --- --- 0.24+0.03 0.2220.03 --- 

,\uy 
II 

II 

II 

--- --- --- 0.08k0.05 0.0720.04 --- 

Radionuclide values fo r  a s ing le  sample ( n = l l  are a s ing le  count o f  the sample 2 the  two-sigma, d 

propagated count ing e r r o r .  
standard dev ia t i on  o f  two o r  more s ing le  sample counts. 
i s  no t  s i g n i f i c a n t .  

The rad ionuc l ide  value shown f o r  more than one sample i s  the mean k one 
Dashes-in the t a b l e  i n d i c a t e  the sample count 
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Table 14. (Continued) Some gamma-emi t t i n g  radionucl ides i n  freshwater samples co l lec ted  a t  Amchitka Is landa. 
-- Radionuclides p C i / l i t e r b  

144ce 
- 

9 5 ~ r  95Nb 137cs and Date Range Fract ion n '0e - 
Locat ion L i t e r s  ; 

Long Shot 
Mud P i t  No. 1 

1970-71' 62-950 
I' I' 

1971-72 29- 108 

1973 32- 38 
II II 

I1  I1  

May '74 48 
48 

Aug. '74 189 
189 

Aug. '75 50 
Aug. '76 52 
Sept. '77 50 
Aug. '78 50 

P Sept. '79 50 
Gonstantine Springs 

Sept. '77  50 
Aug. '78 50 
Sept. '79 50 

Sept. '77 50 
Aug. '78 50 

8 Sept. '79 50 

I' 

I 1  

0 

Long Lake 

Sand Beach Cove 
Se epa y e- 

Rain Water 

- 

Sept. '77  34 

Sept. ' 77  50 
Aug. '78 50 
Sept. '79 50 

Par t i cu la te  
Soluble 
P a r t i  c u l  a te  
Soluble 
Par t i cu la te  
Soluble 
Par t i cu la te  
Soluble 
Par t i cu la te  
Soluble 
En t i  r e  
En t i re  
En t i re  
E n t i r e  
En t i re  

E n t i r e  
En t i re  
En t i  r e  

E n t i  r e  
E n t i r e  
En t i re  

En ti r e  

En t i  r e  
Enti  r e  
E n t i r e  

6 4.0 k 4.7 0.4 t 0.6 0.9 5 :.2 
6 11.0 f 18.0 0.002 f 0.003 0.006 f 0.009 
5 1.2 ?r 1.3 0.25 f 0.29 0.48 k 0.55 
5 0.44 k 0.98 --- --- 
2 2.0 f 1.0 
2 
1 4.0 f 0.7 1.3 f 0.1 2.7 f 0.2 

--- --- 
--- --- --- 

i 0.7 f 0.2 0.06 f 0.03 0.14 f 0.02 --- 0.21 t 0.10 --- 1 
--.. --- 1 1.2 f 0.3 

1 1.3 f 0.4 
1 1.7 f 0.8 0.44 f 0.14 0.91 f 0.19 
1 1.3 f 1.2 
1 

--- --- 
--- --- --- --- --- 

1 1.1 ?; 0.7 0.55 f 0.15 0.61 f 0.14 
1 
1 

--- --- -e- --- --- --- 

1 1.1 +- 1.0 0.30 t. 0.29 0.33 -+ 0.14 

1 28.0 -+ 1.5 4.9 f 0.2 9.4 f 0.3 
1 3.3 k 2.2 0.24 ?; 0.23 0.28 f 0.23 
1 14.0 f 1.4 --- --- 

0.02 k 0.03 
0.08 * 0.18 
0.03 k- 0.07 

0.04 k 0.06 
--- 
--- 

0.034 f 0.028 

NA 
NA 
NA 
NA 
NA 
NA 

4.9 f 0.3 --- 
- -- - -- - - -  --- 

0.08 f 0.03 --- 
0.05 f 0.03 --- 
0.14 f 0.06 0.31 f 0.24 
0.12 f 0.05 --- 
0.03 f 0.02 --- 

0.11 f 0.06 0.41 f 0.24 
0.10 f 0.05 0.30 f 0.20 
0.05 f 0.02 --- 

0.40 f 0.06 2.8 k 0.3 
0.41 f 0.06 3.7 * 0.26 
0.12 f 0.02 0.27+ 0-06 

- 
a.  
b. 

4%, lo3Ru, 106RU, IzsSb, 140Ba, 214Bi, 22% and 2 2 h h  a lso  prgsent i n  some samples. 
Radionuclide values fo r  a s ing le  saniple (n=l> are a s ing lecoun to f  the sample f the  two sigma, propagated counting 
er ro r .  
s ing le  sample counts. 
rad ionucl ide was no t  included i n  the analyses. 

The rad ionuc l ide  value shown for more than one sample i s  the mean k one standard dev ia t ion  of two o r  more 
Dashes i n  the tab le  i nd i ca te  the  sample count i s  not s i g n i f i c a n t  and NA i nd i ca te  the 

c.  Pre-Canni k i  n 

m Q 



P 
Table 15. T r i t i u m  c o n c e n t r a t i o n  i n  water  samples c o l l e c t e d  a t  s i t e s  o t h e r  than 

Long Shot Drainage, Rnichitka I s l a n d ,  1970-1979. 

C o l l e c t i o n  Number o f  T r i t i u m  
L o c a t i o n  Samples Uni t s a  p c i / l  i t e r b  

I Seawater 4 1970-71' 

1972 0 1973 
1974 

n 
1975 

1976 
u 

1977 
1978 
Sep ' 79 
Sep '79 
Sep '79 

n 

Sep '79 
Sep '79 

Sep '79 Q 
Sep '79 

d 10 

d 16 

d 6 

d 6 

d 6 

d 6 
d 4 
d 8 

Cons t a n t i  ne Harbor 1 
Square Bay 1 

Sand Beach Cove 1 
Duck Cove 1 
S t .  Makarius Bay 1 
Near Mouth o f  Long Shot 

Creek 1 
Near Mouth o f  B r i d g e  

Creek 1 

32 + 19 

28 + 25 

22 f. 13 

<13 

<15 

<15 

<13 
17 * 13 

< 9  

<10 

< 8  
< 9  
< 9  

2 4 t  19 

103 t 61 

90 f 81 
71 2 42 

< 42 

< 48 
< 50 

<42 
55 ? 32 

< 29 
< 32 

< 26 

<2!! 
< 29 

<32 

77 + 32 

0 I1  Freshwater, Except Long Shot Area 
1970-71 d 12 92 2 46 298 +149 

1972 

1973 

1974 
1975 

18 49 14 158 5 45 

46 50 ?r '17 162 k 55 

44 32 k 18 103 k 50 
29 34 + 14 110 f. 45 

1976 

1977 
1978 

1979 
- 

33 30 12 

44 . 2 8 +  9 
45 26 + 13 

45 2 0 +  9 

97 * 39 
90 + 29 
84 t 42 
65 t 29 
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Table 15. (Con' t . )  T r i t i u m  concentrat ion i n  h a t e r  samples (o l l ec ted  a t  s i t e s  
o ther  than Long Shot Drainage, Amchitka Is land,  19'0-1979, 

, 

Col 1 e c t i  on Co l l ec t i on  Number of T r i  t i  Ljm I b e 
Date Locat ion Samples Uni tsa,  p C i / l  i t e r  

Jan '79 
Feb '79 
Apr '79 
May ' 79 
Jun '79 
Ju l  '79 
Sep '79 
Feb '79 
May ' 79 
Sep '79 
Feb '79 

May '79 
Sep '79 
Sep '79 
Sep '79 
Sep '79 
Oct '79 
Sep '79 
Oct '79 
Sep '79 
Sep '79 

Sep '79 
Sep '79 
Sep '79 
Sep '79 
Sep '79 
Sep '79 

Camp Area P r e c i p i t a t i o n  
'I 

I' 

I' 

II 

I I  

'I 

C1 evenger Creek 
'I 

I I  

Bridge Creek 
I' 

'I 

Cons t a n t i  ne Spr ing 
Long Lake 
Pump House 
Decontamination Faci 1 i ty 
Jones Lake O u t l e t  
Clevenger Lake O u t l e t  
Duck Cove Creek 
Seep Area from C l i f f s  

Clam Lake 
Heart  Lake 

Quonset Lake 
Quonset Creek 
I c e  Box Lake I n l e t e  
I c e  Box Lake O u t l e t  

a t  Duck Cove 
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2 
2 
2 
2 
2 
2 

1 
2 
2 
2 
2 

2 
2 
1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

12 f 4 

10 f 2 
70f 3 

25 2 2 

20+ 1 
11 f 3 
4 O f  9 

<10 

13 f 4 '  
2 2 5  1~ 
18 2 1 1  
33 f 3 
15 2 8 

, 2 3 2  9 
3 6 2  9 
275 9 
2 4 f  9 

<10 
9 2  8 
27 f 9 
2 0 2  9 

18 f 9 
13 t 9 
272 9 
282 9 
54 f 10 
18 10 

39 2 13 
3 2 _ +  6 
226 10 

8 1 +  6 
65 f 3 
36 f 10 

129 f 29 
<32 

42 f 13 
71 f 3 
58 f 36 

107 f 10 
48 f 26 
74 -L 29 

116 k 29 
87 f 29 
78 f 29 

<32 
29 _+ 26 
87 _+ 29 
65 f 29 

58 f 29 
42 29 
87 2 29 
90 f 29 

174 2 32 
58 f 32 



Table 15. ( C o n ' t . )  Tritium c o n c e n t r a t i o n  i n  water samples c o l l e c t e d  a t  s i t e s  
o t h e r  than Long Shot  Drainage, Amchitka I s l a n d ,  1970-1979. 

C o l l e c t i o n  C o l l e c t i o n  Number o f  Tritium 
Date Locat ion Samples Uni tsa p c i / l i  terb 

Sep '79 Cannikin Lake I n l e t  from 

Sep '79 Cannikin Lake I n l e t  from 
Ground Zero 1 < lo  <32 

Dri 11 back 1 <10 <32 
Sep '79 White A l i c e  I n l e t  t o  

Canni k i n  Lake 1 30 * 11 97 5 36 
Sep ' 7 9  Cannikin Lake Sur face  

and Bottom 9 1 4  ? 6 45 * 19 
Sep '79 Cannikin Lake Outlet 3 21 * 11 84 i 1 3  
Sep ' 79  MP-12 Creek 1 2 4 +  3 78 29 

Sep ' 79  DK-45 Lake 1 2 4 5  9 78 _+ 29 
Sep '79 Sand Beach Cove Seep 2 23  * 3 74 f 10  

D 
B 

a Radionuclide va lues  f o r  single samples ( n  = 1 )  a r e  a mean o f  a r epea ted  
count  o f  the sample f a one-sigma, propagated,  coun t ing  e r r o r .  
n u c l i d e  value shown f o r  more than  one sample i s  the mean ? one s t a n d a r d  
d e v i a t i o n  o f  t h o s e  i n d i v i d u a l  sample va lues .  

The  r ad io -  

b One TU e q u a l s  3 . 2 3  pCi/liter. 

c Pre-Canni k i n .  

d Nean of a l l  c o l l e c t i o n  s i tes .  

e A small  l a k e  formed i n  the north f o r k  o f  CJhite A l i c e  Creek a f t e r  s u r f a c e  
subsidence occur red  a t  the Cannikin s i t e .  
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Table 6. Tri i u m  concen ration. i n  water samples co l lec ted  
drainage, Amchitka Is land,  1970-1979. 

t Long Sho 

, 
Col 1 ec t i  on Collection Number gf Tritium/ 
Location Date $amp1 es Unitsa pc i / l  i t e r b  

Spring Draining i n t o  
Mud P i t  #3 1978 

1979 
Long Shot Mud P i t  

Mud P i t  #3 1970-71' 
1974 
1975 
1976 
1977 
1978 
1979 

Mud P i t  #2 1976 
1977 
1978 
1979 

Mud P i t  #1 1970-71 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

3 Meters bel ow 1975 
1976 Mud P i t  #1 

1970 
1979 

Long Shot Mud P i t  Drainage 

1 
1 

3 
1 
1 
1 
1 
1 
1 
1 

1 
1 
2 
3 
4 
2 
2 
1 
2 
2 
1 
1 

1 
1 
1 
2 

44 I 

792 f ;!3 
54 f 9 

3500 i 460 
2900 f 460 
867 f 119 

1150 f 23 
915 5 :!3 
704 f 21 
654 f 20 

1140 f 23 
731 1 20 
623 -I 20 
501 f 20 

1800 f 260 
2050 f 240 
1900 f 420 
1300 f 2!50 

122 f 'I1 
716 f '12 
681 f 27 
492 '18 

383 f '15 

872 f '19 
739 f 'I8 

529 f '18 
406 k 4 

2558 f. 74 
174 f 29 

11300 '1500 

9400 k 160 
2800 f 61 
3710 f 74 
2956 f 74 
2274 f 68 
2112 t 65 
3680 * 74 
2361 2 6b 
2012 t 65 
1618 f 65 
5800 f 840 
6600 f 780 
6100 21400 
4200 k 810 

395 f 36 
2310 f 39 
2200 f 87 
1589 f 58 
1237 t 48 

2820 f 61 
2390 f 53 
1709 f 58 
1311 f 13 



Table 16. ( C o n ' t . )  Tritium concent ra t ion  i n  water  samples c o l l e c t e d  a t  Long 

Shot dra inage ,  Amchitka I s l a n d ,  1970-1979. 

Col lec t ion  C o l l e c t i o n  Number o f  T r i t i p  
Location Date Samples Units p c i / l  i terb 

I n f a n t r y  Road 

100 meters below road 

200 meters below road 

400 meters below road 

500 meters below road 

200 meters above 
Square Bay 

1975 
1976 
1977 
1978 
1979 
1975 
1976 
1977 
1978 
1979 
1976 
1977 
1978 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
3 

666 2 16 
342 f 14 
454 t 16 
394 _+ 15 
329 t 14 
424 t 15 
278 t 14 
1 4 8 . 2  1 3  
279 2 1 3  
229 t 12 
252 t 1 3  

84 2 12 
272 t 90 

979 1 214 t 12 
9 76 1 103 k 12 
977 1 57 t 12 
978 2 168 i- 18 
9 79 1 78 t 10 
975 1 82 t 1 3  

1976 
1978 
,1979 

1975 
1976 
1977 
1978 
1979 

45 

53 * 11 
70 f 10 
4 5 2  9 

121 _+ 1 3  
48 f 11 
41 _+ 12 
92 ? 17 
6 4 t  9 

2150 f 52 
1100 k 45 
1466 t 52 
1273 f 48 
1063 t 45 
1370 f 48 
898 t 45 
478 -t 42 
901 t 42 
740 ? 39 
814 +_ 42 
271 ? 39 
879 +291 
691 -t 39 
333 k 39 
184 rt 39 
543 t 58 
252 t 32 
264 % 42 
171 k 36 

226 k 32 
145 t 29 

390 t 47 
155 t 36 
132 t 39 
297 t 55 
207 f 29 



Table 16. (Con't .)  
Shot drainage, Amchitka Island, 1970-1979. 

Tritium concentration i n  water samples cdllected a t  Long 

Collection Number of T r i t i p  
b Date Samples Units pCi/l i t e r  

Collection 
Location 

n 100 meters above 
Square Bay 

20 meters above 
Square Bay 

1979 1 

1975 1 
1976 1 
1977 1 
1978 2 
1979 1 

54 t 9 

107 2 13 
27 f 11 

174 f 29 

347 * 42 
87 f 36 

16 -+ 12 52 +_ 39 
62 t 5 200 16 

37 5 10 120 -+ 32 

w 

E 

a 

b 

Radionuclide values f o r  single samples ( n = l )  are  a mealn of a repeated count 
of the sample a one-sigma, propagated, counting error .  The radionuclide 
value shown for  more t h a n  one sample is the mean +one standard deviat ion of 
those individual sanipl e Val ues . 

One TU equals 3.23 pCi/ l i ter .  

c 

C Pre-Canni k i n  . 
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a 
Q 
R 
Q 

U 

P 
0 

n 

Table 17. T r i t i u m  i n  f r e e  w a t e r  f rom b i o l o g i c a l  samples c o l l e c t e d  a t  
A m h i  t k a  I s l a n d .  

Sample Type, T issue 81 
C o l l e c t i o n  L o c a t i o n  Date na Uni t s b  

Col 1 e c t i  on T r i  t i urn 
p c i  /I i t e r C  

Fucus, e n t i  r e  
Cons t a n  ti ne Harbor Aug '75  

Aug '76 

Sept ' 77 
Aug ' 78  
Sept '79 

Square Bay 

Sand Beach Cove 

Aug ' 75  
Aug '76 

Sept ' 77  
Aug '78 
Sept '79 

Aug ' 75  

Aug ' 76  
Sept ' 77 

Aug ' 7 8  
Sept '79  

Duck Cove Aug ' 76  
Sept '77  

Aug ' 7 8  

Green1 i ng , muscle 
Cons t a n  ti ne Harbor f lay ' 7 4  

Aug '75 
Aug ' 76  
Sept ' 77  

Aug ' 7 8  
Sept '79  

Square Bay Aug '75  

Aug '76  

Sept ' 77  

Aug ' 7 8  
Sept '73  
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2 
1 

1 
1 
1 

3 
2 
1 
1 
1 

2 

3 
1 

1 
1 

3 

4 
1 

2 
1 
1 
2 

1 
1 

4 
1 

1 

1 
1 

<35 * 18 
35 + 11 

23 f 10 
15 f 9 
< 8  

<26 t 12 
2 5 +  3 
38 f 11 
53 k 19 
15 t 9 

.:21 + 1 

31 k 4 
28 t 11 

< 9  

13 + 9 

2 3 f  3 

<13 
< 9  

4 8 +  4 
<14 

<21 
<13 
< 9  

14 k 9 

<20 k 2 

<19 

17 + 10 

< 9  

<10 

<110 k 58 
110 * 36 

74 f 32 
48 f 29 

< 26 

<84 t 39 
81 f 10 

122 + 36 

171 k 61 
48 t 29 

<68 + 3 

100 + 13 
90 36 

<29 

42 + 29 

74 t 10 
<42 
<29 

155 t 13 
<45 
<68 
<4 2 

<29 
45 f 29 

4 5  f 6 
<62 

55 k 32 
<29 

<32 



1 
Table 17  ( C o n ' t . )  

a t  Arnchitka I s land .  
Tritium i n  free water  from b i o l o g i c a l  samples c o l l e c t e d  

1 

1 Sample Type, Tissue Pr co11 ect i  on T r i t i u m  , 
C o l l e c t i o n  Location Date na Uni t s b  , I pci / l  i terC 

- 

Green1 ing , muscle 
Sand Beach Cobe 

Duck Cove 

Dol ly Varden, muscle 
Ice Box Lake 
White Alice Creek 
Bridge Creek ( I n t e r t i d a l  

a r e a  of Creek) 

Duck Cove 

Jones Lake 

Cannikin Lake 

!lay ' 7 4  
Aug '75  
Aug '76  
S e p t '  77 
Aug ' 7 8  
S e p t ' 7 9  

Aug '76 
S e p t '  77 
Aug ' 7 8  

Oct '72 
Aug ' 7 3  

Rug '73 
Aug '75  
Rug '76 
Sep t' 77 
Rug ' 7 a  

May ' 74 
Aug ' 7 5  
Aug '76 
Sept '77  
Aug ' 7 8  
Oct '79 

Aug '75  
Aug '76 
Aug ' 7 8  
Oct '79 
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3 
2 

3 
1 

1 
1 

7 
1 
1 

3 
2 

4 
2 
2 
1 
1 

3 
4 
1 
1 
1 
1 

1 
1 
1 
1 

94 2 39 
< 2 O f  1 

2 0 5  7 
<12 
<10 

2 8 5  9 

< 46 
<13 

16 t 9 

45 -+ 9 
162 _+ 52 

64 -+ 3 
16 2 
4 3 2  9 

<11 
< 9  

68  _+ 54 
26 2 16 
58 1 3  
38 11 
< 9  

25 5 11 

39 +- 12 
72 f 17 
2 2 2  9 

<10 

304 * 126 
65 -+ 3 
65 f 23 
<39 
< 32 

90 f 29 

<150 
<42 

52 -+ 29 

145 * 29 
523 2 168 

207 f 10 
51 6 

140 +- 29 
< 36 
<29 

220 -+ 174 
85 -+ 52 

190 42 
123 2 36 

<29 
81 _+ 36 

130 -+ 39 
230 -+ 55 

71 f 29 
< 32 



Table 17. (Con ' t . )  T r i t i u m  i n  f r e e  water  f rom b i o l o g i c a l  samples c o l l e c t e d  
a t  Amchitka I s l a n d .  n 

Sample Type, Tissue & ~ o ~ l e c t i o n  T r i  t i  um 
C o l l e c t i o n  L o c a t i o n  Date na Uni t s b  p c i / l  i t e r b  

Ranunculus, e n t i r e  
Duck Cove Creek 
Mh i te  A l i c e  Creek 

Br idge Creek 

Aug ' 73  

Aug ' 73  

Aug '76 

Aug ' 78  
Sep t '  79 
Aug ' 7 8  
Aug ' 78  
Oct '79 

Oct  '79 

68 t 35 
89 2 28 

<67 

2 5 +  4 

13 t 9 
31 t 1 

787 t 7 
1027 t 30 

413 t 1 7 .  

220 k 113 
228 t 90 

<220 

81 t 13 
42 t 29 

100 2 3 
2542 t 23 

3317 t 97 

1334 t 55 

Clevenger Creek 

Long Shot Mud P i t  #3 

Long Shot F.lud P i t  #1 
Long Shot a t  I n f a n t r y  

Long Shot-200 m below 

Long Shot-250 m below 

Long S h o t 4 0 3  m below 

Road 

I n f a n t r y  Road 

I n f a n t r y  Road 

I n f a n t r y  Road 

Oct  '79 1 1237 2 58 383 2 18 

Oct '79 1 270 t 15 872 t 48 

Aug '76 1 143 2 11 462 t 36 

A U ~  178  

Oct '79 

72 t 10 

105 t 12 

233 f. 32 

339 t 39 
Long Shot-500 m below 

Long Shot-100 m above 

Square Bay 

Square Bay 

F o n t i n a l  i s  , e n t i r e  

C1 evenger Creek 

Oct '79 1 53 t 10 171 t 32. 

Oct  '79 1 309 ? 15 998 ? 48 

Aug '76 
Sept '  77 
Aug ' 78  

329 t 19 
87 t 52 

123 2 19 

102 t 6 
27 t 16 
3 8 2  6 

rjoV 70 1 3 7 k  9 120 29 
Sep t '79 1 46 f 11 149 t 36 

I c e  Box Lake I n l e t  Aug '76 3 37 t 16 120 ~ t :  52 

Sept '77 2 5 4 k  9 174 t 29 

Aug '78 3 32 k 1 103 t 3 
13 
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Table 17. (Con ' t . )  Tritium i n  free water  from bio logica l  samples c o l l e c t e d  
a t  Amchitka I s land .  

Sample Type, Tissue & Col lec t ion  a Tri t i p  b Col 1 ec t i on Location Date n Units p C i / l  i ter  

F o n t i n a l i s ,  entire 
White Al ice  Creek Aug '75  

Aug '76 (Cannikin Lake Drainage) 

Bridge Creek 

Long Shot Mud P i t  #2 
Long Shot-200 m above 

Square Bay 

Long Shot-20 m above 
Square Bay 

Ptarmigan, muscle 
Camp Area 

Mi 1 row/Long Shot 

Canni k i n  Area 

Sept '77  
Aug ' 7 8  
Sept '79 
Feb '78  
Aug '78  
Sept ' 79 
Oct '79 

Aug '75  
Sept  '77 
Aug '78  

Oct '79 

Aug '76 
Sept  '77  
Aug '78 
Oct '79  

Aug '76 
Sept '77  
Aug ' 7 8  
Sept '79 
Aug '76 
Sept '77 
Aug ' 7 8  
Sept 79 
Aug '76 
Aug ' 7 8  
Sept '79 

2 
5 
3 
3 
1 
1 
1 
1 
1 

2 
1 
1 

1 

1 
1 
1 
1 

2 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 

39 f 28 
71 f 15 
32 f 9 
3 2 +  4 
35 f 11 

< l o  
< 9  

44 f 11 
721 f 24 

85 f 14 
107 f 12 
95 10 

87 f 12 

150 * 15 
62 f 11 
97 f 11 
4 9 5  9 

< 21 
21 f 10 
17 f 9 

< l o  
40 t 17 
35 f 5 

< 9  
15 f 10 
3 6 f  18 
10 f 10 
16 10 

126 f 91 
229 f 48 
103 + 29 
103 f 1 3  
113 f 36 

< 32 
< 29 

142 -+ 36 
2329 f 78 

275 f 45 
346 t 39 
307 -+ 32 
281 ? 39 

480 f 48 
200 * 36 
313 -t 36 
158 -+ 29 

< 68 
68 k 32 
55 f 29 
< 32 

130 f 55 
113 f 16 

< 29 
48 _+ 32 

120 f 58 
32 f 32 
52 t 32 

a 
b 

n equals  the number o f  free water  samples from a s i n g l e  tissue sample. 
Radionuclide va lues  f o r  s i n g l e  samples ( n = l )  a r e  a mean o f  a/ repeated count of the 
sample f a one-sigma, propagated, count ing error. 
more t h a n  one sample i s  the mean 2 one s tandard  d e v i a t i o n  of ,  these indiv idua l  
sample Val ues. 
One TU equals  3.23 p C i / l i t e r .  

The rad ionucl ide  value shown f o r  

c 
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Table 18. Plutonium-239, 240 i n  Fucus, greenl ing,  sand and s o i l  samples 
co l l ec ted  a t  Amchitka I s l a n d .  

Sample C o l l e c t i o n  C o l l e c t i o n  
TY Pe Locat ion Date pCi/g, drya 

Fucus, e n t i  r e  

Fucus, e n t i  r e  

Fucus, e n t i  r e  

Fucus, e n t i  r e  

Greenl i ng , muscl e 

Greenl i ng , muscl e 

b Sand, sur face 

Sand Beach Cove Aug '75 
Aug '76 

Sep t ' 77 
Aug '78 
Sep t I 79 

Constantine Harbor Aug '75 
Aug '76 
Sept'77 
Aug '78 
Sep t' 79 

Square Bay Aug '76 
Sept '77 
Aug '78 
Oct '79 

Duck Cove Sept '77 

Aug '78 
Sept ' 79 

Sand Beach Cove Aug '75 

Aug '76 
Sept ' 77 
Aug '78 
Sept '79 

Cons t a n t i  ne Harbor Aug '75 

Aug '76 
Sept '77 
Aug '78 

Sand Beach Cove Aug '75 

' Aug '76 
Sept '77 
Aug '78 
Sept ' 79 

0.006 f 0.002 
0.003 f 0.002 

0.002 f 0.002 
0.003 0.0008 
0.004 0.001 

0.002 * 0.002 

<o .002 
0.002 k 0.0006 
0.003 f 0.0006 
0.001 2 0.0004 

0.003 f 0.002 
0.005 f 0.002 
0.003 k 0.001 
0.002 f 0.001 

0.002 f 0.0008 

0.003 k 0.001 
0.003 f 0.0008 

<o ,002 
<0.002 

0.001 k 0.0004 
<o .001 
<O ,0005 

<O .003 
<0.002 
<o .OOOl  
<o .001 

0.004 k 0.002 
<o .001 

0.001 k 0.0006 
<0.001 

0.004 f 0.001 



Table 18. (Con ' t . )  Plutonium-239, 240 i n  Fucus, g reenl ing ,  sand and s o i l  

Sample Col lec t ion  Col lec t ion  pCi!/g, drya 
TY Pe Location Date 

samples co l l ec t ed  a t  .Amchitka I$= 

Sand, sur face  

S o i l ,  surface 

S o i l ,  su r f ace  

S o i l ,  su r f ace  

S o i l ,  su r f ace  

Cons t a n t i  ne Harbor 

Canni k i n  Area 
Dri l lback #1 

Canni k i n  Area 
Drillback #2 

Canni k i  n Area 
Dri l lback #3 

Camp Area 

Aug '75 
Aug '76 
Sept '  77 
Sep t ' 79 

Aug '75 
Aug '76 
Sept '77  
Aug ' 7 8  
Sept  ' 79 

Aug '76 
Sept '77  
Aug ' 7 8  
Sep t ' 79 

Aug '76 
sept ' 77 
Aug '78 

Aug '75 
Aug '76 
Aug '76 
Aug '76 
Sept '77 
Aug ' 78  

<o. 002 
0.003 f 0.002 
0.1105 2 0.002 
0.803 f 0.001 

0.015 2 0.004 

0.~005 2 0.006 
O.iO03 f 0.002 
0.1007 2 0.004 

0.008 2 0.002 

<o. 002 
0.'002 f 0.0008 

0,,005 2 0.001 
0.,001 f 0.001 

0.009 2 0.005 

0.004 f 0.001 
0.001 f 0.0001 

c1.001 f 0.001 
<o .002 

0.005 f 0.003 
0.006 5 0.004 
0.004 f 0.002 
0.004 ? 0.001 

The rad ionucl ide  value for these single samples i s  a sin'gle count of the 
sample f the two sigma, propagated, counting error. 

Surface samples were the 0 t o  2.5 cril l aye r .  
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Table 19. Background radiation a t . s e l e c t e d  s i t e s  on Amchitka 
Island. 

Average Reading - Radiation Levela, mR/hr  

Location 1974 
~ 

1975 1976 1977 1978 1979 

Decon Faci 1 i t y  

Inside "3" Barracks 

Husky Camp 

Jones Creek Effluence 

EIC Calibration Range 

Rifle Range Target Area 

Duck Cove 

Milrow SGZ & Vicinity 

Long Shot SGZ & Vicinity 

C a n n i k i n  SGZ & Vicinity 

Cannikin Drillback 

Sand Beach Cove 

D - S i  t e  

E-Si t e  

0.01 

0.01 

<o. 01 

<o. 01 

<o. 01 

0.01 

<o. 01 

<0.01 

0.01 

0.01 

0.01 

<o. 01 

0.01 

0.01 

0.01 

<o. 01 

0.01 

<o. 01 

0.01 

0.01 

to .  01 

0.01 

0.01 

0.01 

0.01 

<0.01 

<0.01 

<o. 01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.02 

0.01 

0.02 

0.01 

0.02 

0.02 

0.02 

0.01 

0.02 

0.01 

0.01 

0.02 

0.02 

0.02 

0.03 

8.03 

0.03 

0.03 

0.04 

0.03 

0.03 

0.02 

0.03 

0.04 

0.04 

0.03 

0.03 

0.03 

a Eberlin G-M detector ,  Model E-510, probe window thickness l e s s  than 
2 mg/cm 5 . 
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Table 19. (Con ' t . )  Background r ad ia t ion  a t  se lec ted  sii tes on Amchita 
Is land.  

Maximum Reading - Radiatioh Levela, mR/hr  
I 
I Location 1974 1975 1976 1 9717 1978 1979 

Deacon Faci 1 i ty  

Inside "D" Barracks 

Husky Camp 

Jon& Creek Effluence 

E I C  Cal ibra t ion  Range 

Rifle Range Target  Area 

Duck Cbve 

Milrow S G t  & Vicin i ty  

Long Shot SGZ & Vicin i ty  

Cannikin SGZ & Vicin i ty  

Canni k i n  Dri 11 back 

Sand Beach Cove 

D-Si t e  

E-Si t e  

I s 

0.05 

0.04 

0.04 

0.04 

0.04 

0.04 

0.03 

0.04 

0.05 

0.04 

0.05 

0.04 

0.05 

0.03 

0.04 

0.04 

0.05 

0.04 

0.04 

0.05 

0.04 

0.04 

0.05 

0.04 

0.04 

0.04 

0.03 

0.04 

0.03 

0.04 

0.04 

0.03 

0.05 

0.04 

0.04 

0.06 

0.05 

0.04 

0.05 

0.04 

0.04 

0.04 

0.04 

0.05 

0.05 

0 . (114 
0 . (115 
0 . 06 

0.05 

0.05 

0.04 

0.04 

0. (15 

0.136 

0.05 

0.03 

1 

I 
1 

I 

0.03 

0.03 

0.05 

0.03 

0.03 

0.03 

0.03 

0.02 

0.04 

0.04 

0.04 

0.03 

0.03 

0.03 

a Eberlin G-M d e t e c t o r ,  Model E-510, probe window thickness less than 
2 mg/c 4 . 
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0.06 

0.06 

0.06 

0.06 

0.05 

0.06 

0.06 

0.06 

0.06 

0.06 

0.07 

0.06 

0.05 

0.06 
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8. TABLE AFID MAP INDEX 

-- C o l l e c t i o n  -_ S i t e  F i q u r e  No. ( s )  

Baker Sunway 3 
Base Camp 2 & 3  
Ber ing  Sea 1 & 2  
B r idge  Creek 4 
Cann ik in  Lake I n l e t  From D r i l l b a c k  6 
Cann ik in  Lake 6 
Cann ik in  Lake O u t l e t  6 
Cannik'in Lake I n l e t  From GZ 6 
Cann ik in  Lake I n l e t  From White A l i c e  I n l e t  6 
Cann ik in  S i t e  2 & 6  
Chapel Cove Stream 2 
Clam Lake 4 
C1  evenget Creek 4 
Clevenqeu' Lake O u t l e t  3 
Constan t ine  Harbor 2 & 3  
Constan t ine  Harbor 3 
Constan t i  ne Spr ing  3 
Crown Reefer P o i n t  2 & 4  
D - S i  t e  2 
Decon Area 3 
Duck Cove 4 
Duck Cove Creek 4 
Duck Cove Seep 4 
E - S I  t e  2 
E I C  Cal i b r a  ti on Range 3 
Hear t  Lake 4 
Hus-key Camp 3 
IA-2 6 
IA-3 6 
I c e  Box Lake (Lake 05-46) 6 
I c e  Box Lake I n l e t  6 
I n f a n t r y  Road 2, 4-6 
Jones Lake 3 
Jones Lake O u t l e t  3 
Lake DK-45 6 
Lake DK-45 O u t l e t  6 
Long Lake 3 
Lonq Shot 2, 4, 5 
Lonq Shot Drainaqe 4 & 5  - 
Main Camp 
Midden Cove 
M i l e  8 
M i l e  18 
M i  1 row 
MP 12 Creek. 
Quonset Creek 
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3 
2 .  
2 
2 

6 
4 

2 8 4 4  

Tab le  No. ( S I  
13 

13, 19 
8, 10 

2, 3, 10, 15, 17 
: 5  

5.. In., 15, 17, 18 
?, 3, -i5, 17 

1 5  
4, 15 

10 
5, 12, 15 

3, 15 

11, 12, 13, 18, 19 

2, 3, 10, 12, 15 

6, 8, 9, 12, 13, 15 ,  
15 

14, 15 
6 

19 
19 

6, 7, 9, 10, 12, 17 
2, 3, 10, 15 

15 
19 
19 

14, 15 
19 

None 

5, 15 
2, 15, 17 

None 
10, 14, 15, 17, 18 
15, 19 

10 
None 

14, 15 

I1 

4, 14, 15,15, 19, 
2, 3, 15, 16, 17 

11, 12, 13, 18, 19 
8 

11, 12 
11, 12 
11, 12, 17, 19 

2, 15 
15 

7, 



8. TABLE AND HAP INDEX (Cont 'd )  

C o l l e c t i o n  S i t e  

R i f l e  Range Targe t  Area 
Sand Beach Cove 
Sand Beach Cove Seep 
S i l v e r  Salmon Lake 
Small Boat  Dock, Constan t ine  Harbor 
South B i g h t  
South Hangar 
Square Bay 
White A l i c e  Creek 

F i g u r e  No. ( s )  Tab le  No. ( s )  

19 
6, 7, 9, 12, 13, 15, 17, 19 

1 E  
I J  

12 
None 

13 
15 

6, 7, 8, 9, 15, 17 
2, 3, 4, 15, 17 
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