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ABS TRACT 

The Ainch-itka Radiobiological Program began i n  1970 and is a continuing program 
t o  c o l l e c t  biological and environmental samples for  radiometric analyses. An 
account of the program from July 1970, t o  December 1977, has been given i n  
eight previous progress reports from the Laboratory of Radiation Ecology t o  
the Nevada Operations Office of the U.S. Department of Energy. This report  
i s  an account of the program fo r  calendar year 1978. 

Results of analyses f o r  samples collected i n  A u g u s t  1978 have been added to  the 
tables of Seymour and Johnson (1978) which summarize the Amchitka program from 
1970 t o  1977 and include analyses for :  
freshwater, birds, l ichens,  marine algae, marine invertebrates,  f i sh ,  aufwuchs , 
and freshwater moss and plants;  ( 2 )  strontium-90 ( 9 0 S r )  i n  rats, b i r d s ,  and 
s o i l ;  ( 3 )  239 2 '+0Pu i n  sand, s o i l ,  marine algae, and f ish;  and ( 4 )  tritium ( 3 H )  
i n  seawater, freshwater, and biological organisms. Monitoring of background 
radiation w i t h  survey instruments was added to  the Laboratory's program i n  
1974, and the r e su l t s  of the f i v e  annual surveys since t h a t  date a re  included 
i n  th is  report .  

(1 )  gamma-emitting radionuclides i n  

Conclusions from the r e su l t s  of the recent analyses a r e  a r e i t e r a t ion  of the 
r e s u l t s  s t a t ed  i n  Nelson and Seymour (1 975a) ; namely, I t (  1 ) no new radionucl ides 
a r e  present; ( 2 )  the most abundant radionucl ides a r e  naturally occurring 
beryllium-7 (7Be) and potassium-40 ('+OK); ( 3 )  the t race quant i t ies  of f ission 
products and induced radionuclides a r e  from world f a l l o u t ;  and ( 4 )  a t r ace  o f  
3H contamination remains i n  some Long Shot ponds, as  previously reported." 
i s  concluded from the  r e su l t s  of analyses of samples collected between September 
1969, and December 1978 as  reported i n  th is  and the eight previous progress re- 
ports,  t h a t  there were no radionuclides of Milrow or  Cannikin or igin i n  the 
water, plants ,  o r  animals of Amchitka Island. 
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1 .  INTRODUCTION 

The present Amchitka radiobiological program began i n  1970 b u t  was 
preceded by the Long Shot radiobiological program i n  1965. 
description of the present program i s  qiven i n  the 1972 Progress Report 
(Held e t  a l . ,  1973), and selected portions from t h a t  report  follow. 

A relevant 

"The present Amchi tka Radiobiological Proclram was i n i t i a t e d  i n  July, 
1970, by the University of Washington's Laboratory o f  Radiation 
Ecoloqy a t  the request of the U.S. Atomic Energy Commission, Nevada 
Operations Office. The program i s  designed t o  provide a periodic 
documentation of radionucl ides,  both naturally occurring and man- 
made, i n  bioloqical and environmental samples from Amchitka and i t s  
environs. Seafoods and radionuclides potent ia l ly  avai lable  to  man 
throuuh the food web a r e  emphasized. However, orqanisms other than 
food organisms a r e  a lso collected and analyzed. These indicator 
orqanisms a r e  species tha t  s ignif icant ly  concentrate one o r  more 
radionucl ides. Concentrations of radionuclides other than those 
potent ia l ly  hazardous t o  man a r e  measured as a means of providing 
clues to  the or iqin of radionuclides a t  Amchitka. Unexpected 
combinations or concentrations of radionuclides would indicate the 
presence of newly added radionucl ides to  the environment, presumably 
from fresh f a l l o u t ,  nuclear-powered vessels,  o r  from nuclear detona- 
t ions a t  Amchitka Island. 

The f i r s t  two Amchitka Radiobiological Program Proqress Reports covered 
the seriod July 1970 t o  February 1972. 
by Held (1972), who concluded, "Art i f ic ia l  o r  man-made radionuclides (found 
a t  Amchitka) d i d  n o t  or iginate  a t  Amchitka except f o r  tritium, which has 
previously been reported to  be present in pond water and t e s t  holes near 
the Long Shot SGZ s i t e . "  

These reports have been summarized 

The t h i r d  to  e i g h t h  proqress reports r e i t e r a t ed  the above conclusion and 
extended the account of the program t h r o u g h  September 1977. Ma.jor conclu- 
s i o n s  o f  the e i g h t h  report ,  a s  s t a t ed  by Seymour and Johnson (1978) a r e  as 
fol  1 ows : 

a. "Two natural radionuclides, 7Be and '+OK, were the most abundant 
radi onucl ides i n  most sampl es . I' 

i t 

b. "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 l imits  of detec- 
t i o n .  t o  a few p C i / g  of dry sample." 

Amchitka Island and the Columbia River were s imilar  i n  amounts 
c: "Values for  95Zr and 95Nb i n  freshwater moss and algae from 

and peaks of l abundance." 

1970-71, 1974, I a n d  1977 and  followed major Chinese nuclear detona-  
d .  "Peaks o f  abundance o f  f i s s ion  product radionuclides occurred i n  

t ions.  I' 

I 
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e.  "TWO f iss ion products of short half l i f e ,  95Zr and 95Nb, were the 
dominant f a l l o u t  radionuclides in  the samples and the i r  date of o r i -  
gin was much more recent t h a n  the l a s t  Amchitka nuclear detonation." 

f .  "The radioact ivi ty  from fa l lou t  radionuclides, generally, was greater  

g .  "There has been no increase in 3 H ,  9 0 S r ,  or  2 3 9 9 2 4 0 P u  values. 

f o r  freshwater t h a n  for  marine organisms." 

i s  a potential radionuclide indicator of radionuclide leakage from 
underground s i  tes . I' 

b 

Tritium 

I 

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

i .  "The laboratory detection and measurement system fo r  the radiological 
analyses of the samples was sens i t ive  to small perturbations in the 
amounts and  species of radionuclides in the environment." 

j .  "The resu l t s  of analyses of the 1977 samples complemented the resu l t s  
of analyses of samples collected previously and did n o t  reveal any 
unexpected information. 'I 

In t h i s ,  the ninth progress report ,  the format i s  the same as for  the eighth 
progress report except f o r  minor changes as fol lows:  
gamma-emitting radionuclides on a i r  f i l t e r s  a t  ground level a t  the Amchitka 
Is1 and Base Camp has been deleted because d a t a  since 1974 a re  n o t  avai 1 ab1 e;  
( 2 )  the concentrations of t r i t ium in seawater and freshwater samples a re  
presented in two tables ,  Table 15 documents the t r i t ium concentrations in 
samples from a l l  areas except Long S h o t  and Table 16 presents data from the 
Long S h o t  mud p i t s  and drainage system; (3)  new d a t a  from the analyses of 
the samples collected i n  August 1978, were added t o  the appropriate tables of 
the previous report .  

( 1 )  the tab le  reporting 

Figure 1 of t h i s  report  shows the aeographical location of Amchitka Island. 
Figure 2 shows general collection s i t e s  for  the radiobiological program, 
while Figures 3 t h r o u q h  6 present the spec i f ic  collection s i t e s  for  the shaded 
areas shown in Figure 2. 
Figure 7. 

Peak years of f a l l o u t  radionuclides a r e  shown in 

2 .  METHODS 

Most samples collected pr ior  t o  July 1972, and f i s h ,  marine invertebrates,  and 
birds collected t h r o u g h  1977 were analyzed by qamma spectrometry w i t h  systems 
using 3 x 3 inch or 4 x 5 inch NaI c rys ta l s  and 200-channel, pulse-height 
analyzers. Samples (except f i s h ,  marine invertebrates,  and  birds as noted 
above) collected since July 1972 have been analyzed w i t h  systems using Ge(Li) 
diode detectors and  4096-channel, pul se-height analyzers, 
90Sr content of selected samples, 
lected on f i l t e r  paper and counted with a low-level beta counting system. 
Plutonium was extracted by ion exchange, electroplated on platinum discs and 
ana1,yzed b.y alpha spectrometr-y with systems using surface bar r ie r  alpha de- 
tectors  and pulse-height analyzers. Chemical yield was determined by use of 
242Pu  as a t racer .  
by vacuum d i s t i l l a t i o n  of the samples and l iquid s c i n t i l l a t i o n  counting of 

To determi ne the 
was chemically separated from 90Sr, col-  

Tritium in seawater and  freshwater samples was determined 
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, 
the d i s t i l l a t e ,  o r  by azeotropic d i s t i l l a t i o n  and l iquid s c i n t i l l a t i o n  counting. 
The f r ee  tr i t ium in samples from f i s h ,  ptarmiaan, and  aquatic plants was de- 
termined by freeze-dr,ying the samples, azeotropic d i s t i l l a t i o n  and l iquid 
s c i n t i l l a t i o n  counting. Freshwater samples (34 l i t e r s  or more) for  analyses o f  
radionuclides other t h a n  tritium were evaporated on the island and the residue 
was l a t e r  counted for  gamma-emitting radionuclides using the Ge(Li) detectors.  

All d a t a  presented in the tables have been corrected to  the date of collec- 
t ion;  t h i s  correction will introduce l i t t l e  o r  no e r ror  i n  the calculated 
values except for y5Nb i f  the 95Zr i n  the sample was produced a t  various un-  
known times and i s  not i n  equilibrium with i t s  daughter, 95Nb. I n  t h i s  case,  
an  accurate decay correction factor  cannot be made for  95Nb, and the appli- 
cation of the standard decay correction factor  for  95Zr t o  the amount o f  95Nb 
present a t  the time of  counting gives an estimate o f  the maximum possible 
amount of 95Nb present a t  the time of col lect ion.  
analysis have been discussed in Held e t  a l .  (1973). 

The problems of 95Zr-95Nb 

The error  term in radionuclide concentration values for  s ingle  samples i s  the 
combined counting e r ror  for the backaround, standard, and sample: hence, the 
term "propagated error .  I' 
nuclides i n  s ingle  samples a re  "two-sigma" o r  two-standard deviation counting 
e r rors ,  while fo r  the 3H data,  e r ror  l imits  a re  one-standard deviation counting 
e r rors .  Errors for 90Sr and a l l  Pu analyses a re  two-sigma counting errors .  
The error  term for the mean of more than  one sampleisone-standard deviation 
of the mean. 

The error  1 imi ts for  the gamma-emi tti ng radio- 

Limits o f  detection a re  important since they govern the amount o f  a radionu- 
c l ide  t h a t  can be detected i f  i t  is present in a sample. Many factors  inf lu-  
ence the l imi t  o f  detection, including the type o f  detector and analyzer, the 
presence of other ~adionucl ides ,  the duration of the counting period, the 
s i z e  and density of the sample, and  the geometry relat ionship o f  the sample 
and detector.  Hence, the actual l imits  of  detection can vary considerably 
f o r  various radionuclides and types of  samples, b u t  can be summarized by 
s ta t ing  tha t  the detection 1 imi t s  were approximately as follows : 

By gamma detection 

4 0 K  2.1 pCi/g or less  

7Be, 103Ru ,  1 0 6 R ~ ,  14'+Ce, 22BTh, 238U 0.41 I' 
II 

95Nb, 95Zr,  125Sb,  -137Cs, 1 5 5 E ~ ,  226Ra 0.12 II 

By beta detection I 

3H 48 pCi/ l i ter  o r  less  

90Sr 0.2 pCi/g o r  less  

By X-ray detection 
, 

0.04 pCi /g  or less  55Fe 

9 



By alpha detection 

239  , 2 4 0 p u  0.02 pCi/g or less  

I n  addition t o  the radiometric analyses made on the biological and environ- 
mental samples, environmental radiation surveys of selected areas on Amchi t k a  
Island have been conducted since August, 1974. 
Model E-410, and a pancake probe with a <2 mg/cm2 window was used in  the 
surveys. 

An Eberline survey meter, 

3. RESULTS A N D  DISCUSSION 

The resu l t s  of the analyses of the samples collected i n  1978 are  presented 
in Tables 2 through 18. These tables a lso summarize the resu l t s  o f  analyses 
from previous years although more detai l  can be found in e a r l i e r  progress 
reports.  An excellent summary of the radiobiological studies a t  Amchitka 
from 1965 t o  1975 can be found in Chapter 24, "Radionuclides in Air, Water, 
and Biota (Seymour and Nelson, 1977) ,  of the book, "The Environment o f  Am- 
chitka Island" (Merrit and  Ful ler ,  ed., 1977) .  Other chapters o f  the book 
provide additional information a b o u t  the Amchitka environment based upon ex- 
tens ive studies by many i nves t i aa to r s .  

The samples collected i n  August 1978 were o f  the same type and f rom the same 
locations as in previous years and  included biological indicator species,  
water, soi l  o r  sand from freshwater, t e r r e s t r i a l ,  and marine environments. 
The only changes in  the 1978 schedule of sample collections and analyses 
were as follows: 

1 .  Ranunculus was collected from Long Shot Mud P i t  H3 and analyzed 
fo r  t r i t ium and gamma-emitting radionuclides. This i s  the f i r s t  
record of t h i s  aquatic plant being available a t  t h i s  location. 

2. Pink salmon (Oncorhynchus gorbusha) were returning in  re la t ive ly  
large numbers t o  many streams d u r i n g  August, 1978. Muscle samples 
from two salmon caught in Constantine Harbor were analyzed for  
gamma-emi t t i  ng radionucl ides. 

The resu l t s  of qamma spectrum analysis for  three vascular o r  nonvascular 
Plants collected in freshwater are  qiven i n  Tables 2 t o  4. The sample t.ypes 
were Fontinalis ( a  moss), Ranunculus (a plant)  and aufwuchs (bottom'adhering 
micro-orqanisms) with filamentous algae. Samples were collected a t  seven 
stations- 'but only Fontinalis was present a t  a i l  locations. The d a t a  from the 
tables indicate tha t  the values for  the naturally occurring beryl 1 ium-7 ( 7Be) 
and potassium-40 ( 4 0 K )  generally are  greater than the values f o r  the f i ss ion  
products and t h a t  there i s  a d i s t i n c t  ''year of col lect ionl 'effectwith peak 
years in  1970-71, 1974, and  1977. 

Seymour and Johnson (1978) investigated the "year of col lect ion" e f f ec t  by 
comparing the values f o r  the amount of zirconium-95 ( 9 5 Z r )  plus niobium-95 
(95Nb) in  Fontinalis from Amchitka w i t h  the amount of 9 5 Z r  plus 95Nb i n  
freshwater moss and algae samples from Columbia River s ta t ions  on the Oregon 
shoreline.  These 95Zr plus g5Nb values were correlated with the schedule of 
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atmospher ic d e t o n a t i o n  o f  n u c l e a r  dev ices o f  20 k i l o t o n  o r  g r e a t e r  f i s s i o n  
y i e l d  i n  China. 
t i o n s  was Telegadas (1977) and C a r t e r  (1979). 
through 1978 a r e  presented i n  F i g u r e  7. 

The v a r i a b l e s  i n  F i g u r e  7 were s e l e c t e d  f o r  t h e  f o l l o w i n g  reasons: 
95Nb a r e  i n d i c a t o r s  o f  f r e s h  f a l l o u t  r a d i o n u c l i d e s  and were t h e  most abundant 
f i s s i o n  products  i n  t h e  Amchitka samples; E n t i n a l i s  was s e l e c t e d  as an ex- 
c e l l e n t  b i o l o g i c a l  i n d i c a t o r  species;  moss and a lgae f r o m  t h e  Columbia R i v e r  
were s e l e c t e d  as comparable samples t o  Amchitka F o n t i n a l i s  samples f r o m  a 
l o c a t i o n  a t  approx imate ly  t h e  same l a t i t u d e  as Amchitka; and t h e  schedule o f  
Chinese n u c l e a r  de tonat ions  was s e l e c t e d  f o r  comparison w i t h  t h e  9 5 Z r  p l u s  
95Nb values because t h i s  i s  t h e  probab le  source o f  f a l l o u t  r a d i o n u c l i d e s  i n  
t h e  samples f rom both  areas. The r e s u l t s  o f  analvses o f  t h e  Columbia R i v e r  

The source o f  i n f o r m a t i o n  about  t h e  Chinese n u c l e a r  detona- 
The data f o r  t h e  years  1970 

9 5 Z r  and 

samples' ( a  moss, C a l l i e r o  o n e l l a  cusp ida ta  a n d / o r  an a lga,  Cladophora) were 
p r o v i d e d  by Toomb- The Columbia R i v e r  samples were c o l l e c t e d  
month ly  and i t  should be noted i n  F i g u r e  7 t h a t  t h e  r e s u l t s  o f  analyses have 
been smoothed by a moving average o f  th ree .  Also, t h e  Columbia R i v e r  samples 
were r e p o r t e d  i n  terms o f  wet we igh t  and f o r  t h i s  reason t h e  Amchitka samples 
i n  F i g u r e  7 a l s o  a r e  g i v e n  i n  terms o f  wet weight .  P r i o r  t o  1978 t h e  wet  
we igh t  va lues were c a l c u l a t e d  f rom t h e  wet  we igh t -d ry  w e i g h t  r a t i o  o f  8.1 as 
determined f rom t h e  measurements o f  15  samples i n  1977. The wet-weight  r a t i o  
f o r  samples o f  1978 used t h e  measured r a t i o  o f  each i n d i v i d u a l  sample. 
Amchitka F o n t i n a l i s  data f o r  1978 i s  d e r i v e d  f rom 2 samples i n  February, 2 
samples i n  May, 17 samples i n  August, and 2 samples i n  November. 
o f  F i g u r e  7 p rov ides  evidence f o r  t h e  f o l l o w i n g  c o m e n t s  (Seymour and 
Johnson, 1978):  ( 1 )  t h e  t rends f o r  t h e  Amchitka and Columbia R i v e r  values 
a r e  s i m i l a r ;  ( 2 )  t h e  peaks i n  t h e  curves occur  a f t e r  Chinese n u c l e a r  detona- 
t i o n s  o f  20 k i l o t o n  o r  g r e a t e r  f i s s i o n  y i e l d ;  ( 3 )  t h e r e  i s  a "year  o f  c o l -  
l e c t i o n "  e f f e c t  w i t h  peaks i n  1970-71, 1974, and 1977; and ( 4 )  t h e  d e t e c t i o n  
and measurement systems a r e  s e n s i t i v e  t o  smal l  p e r t u r b a t i o n s  i n  t h e  amounts 
o f  f a l l o u t  r a d i o n u c l i d e s  i n  t h e  environment. 

The 

I n s p e c t i o n  

From comments ( 1 )  and ( 2 )  above, t h e  obvious c o n c l u s i o n  i s  t h a t  t h e  source 
o f  r a d i o n u c l i d e s  a t  Amchitka i s  w o r l d  f a l l o u t ,  p r i n c i p a l l y  f r o m  t h e  Chinese 
n u c l e a r  d e t o n a t i o n s .  
n u c l i d e s  i s  t o  determine t h e  da te  o f  o r i g i n  o f  t h e  r a d i o n u c l i d e s  and/or t h e  
presence o f  s h o r t  h a l f  l i v e d  f a l - l o u t  r a d i o n u c l i d e s  i n  t h e  samples. 
o f  o r i g i n  o f  r a d i o n u c l i d e s - c a n  be determined f r o m  t h e  r a t i o  o f  f i s s i o n  
p r o d u c t  r a d i o n u c l i d e s - : i f  t h e  p a r e n t  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 i i a b l e  f i s s i o n  produc t  r a d i o n u c l i d e  
r a t i o s  can be es tab l i shed.  FOP t h e  Amchitka data,  t h e r e  was i n s u f f i c i e n t  
i n f o r m a t i o n  t o  c a l c u l a t e  d a t e  o f  o r i g i n  by t h e  r a d i o n u c l i d e  r a t i o  method. 
However, t h e  presence o f  s h o r t  h a l f  l i f e '  g5Zr"and g5Nb (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  p r o d u c t  r a d i o n u c l i d e s  i n  t h e  samples 
means t h a t  these r a d i o n u c l i d e s  a r e  o f  more r e c e n t ' o r i g i n  than t h e  l a s t  
n u c l e a r  d e t o n a t i o n  a t  Amchitka (November 1971) and hence f rom w o r l d  f a l l o u t .  

There has been no s t r o n g  evidence f rom t h e  r a d i o l o g i c a l  da ta  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 h e  r a d i o a c t i v i t y  o f  t h e  sample i s  r e l a t e d  t o  
t h e  c o l l e c t i o n  l o c a t i o n  on Amchitka I s l a n d .  The va lues f o r  F o n t i n a l i s  f rom 
t h e  Cann ik in  area i n  September o f  1977 were two t o  t h r e e  t imes g r e a t e r  than 
f o r  samples f rom t h e  M i l r o w  o r  Long Shot areas b u t  t h e  d i f f e r e n c e s  were n o t  

Another method o f  de t e rmin ing  t h e  sou rce  o f  t h e  r a d i o -  

The date  

L 
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s t a t i s t i c a l l y  s ignif icant .  
Fontinalis from Cannikin and the Milrow or Long Sho t  areas in 1977 was not 
present in sampl es col l  ected d u r i n g  1978. 

The magnitude of difference i n  the values fo r  

Radionuclide values f o r  Ranunculus a r e  given i n  Table 3, f o r  aufwuchs i n  
Table 4 ,  and f o r  lichens i n  Table 5. Ranunculus, a freshwater plant,  and 
aufwuchs , bottom adhering micro-organisms , a r e  good biological indicator 
species b u t  not present a t  as many locations as  Fontinalis. The radionuclide 
values f o r  Ranunculus, aufwuchs, and Fontinalis a r e  similar.  The lichens a re  
well known fo r  the collection and retention of f a l l o u t  radionuclides and a r e  
the s i  ngl e , best i ndi  ca t o r  species f o r  the t e r r e s  tri a1 environment. 
lichen values f o r  137Cs  and 144Ce a r e  greater  than f o r  the freshwater i n d i -  
cator  species b u t  otherwise s imilar .  

The 

Samples of the marine alga,  Fucus (Table 6 ) ,  had fewer f a l l o u t  radionuclides 
present and a t  lower concentrations i n  1978 and a l l  other years than the two 
freshwater vegetation types , Fontinal i s  and Ranunculus. Small amounts of 
137Cs and 144Ce were the only f i s s i o n  products present i n  Fucus samples col- 
lected d u r i n g  1978. 
i n  concentrations tha t  ranged from 19 t o  39 p C i / g ,  dry, which i s  25 times o r  
more greater  than the most abundant f i s s i o n  product. 

The naturally occurring radionuclide, 4 0 K ,  was present 

Maximum radionuclide values f o r  the green sponge, a marine invertebrate,  in 
terms of pCi/g of dry sample, as given i n  Table 7 ,  were 11 f o r  4 0 K ,  0.48 f o r  
95Nb and 1.2 f o r  144Ce. Niobium-95 and cerium-144 were the only detectable 
f i s s i o n  products present in the green sponge collected i n  1978. 

Naturally occurring 40K and fission-produced 137Cs were the two radionuclides 
most commonly detected i n  f i s h  (Tables 8-10). 
muscle and/or viscera of hal ibut ,  greenling and Dolly Varden i n  concentrations 
w h i c h  ranged from 0.04 to  0.51 pCi /q ,  dry. A r e l a t ive ly  large number of p i n k  
salmon, Oncorh nchus gorbuscha returned to  most of the nagivable streams on 

salmon caught near Constantine Harbor were analyzed and 0.06 p C i / g ,  dry 137Cs 
was found i n  one sample and the other had no detectable 137Cs. Both salmon 
muscle samples had r e l a t ive ly  large amounts of '+OK, 13 and 15 p C i / g ,  dry. 
Potassium-40 was the predominant radionuclide i n  a l l  f i s h  samples i n  a l l  
years and i n  marine fishes was usually present i n  concentrations 50 or more 
times greater  than 137Cs. 

Potassi um-40 and 137Cs a l s o  were the predominant gamma-emi t t i n g  radionuclides 
i n  ptarmigan samples f o r  a l l  years (Table 11) and as fo r  f i s h ,  the 40K values 
were s ign i f icant ly 'g rea te r  than the 137Cs values. The values fo r  both radio- 
nuclides i n  ptarmigan collected i n  1978 f e l l  w i t h i n  the range of values f o r  
other years. 

The samples analyzed f o r  9oS.r were the bones of r a t s  and ptarmigan, and s o i l s  
(Table 12). 
bones ranged from 9.6 t o  27 pCi/g of dry sample; the values . for  r a t  bones 
ranged from the l imits  of detection t o  5.8 pCi /g ,  dry. Soil samples from 
Main Camp and the C a n n i k i n  area have been collected and analyzed fo r  9oSr 
since 1975. All values f o r  9oSr i n  s o i l s  were 1 pCi /g ,  dry or  less .  

Cesium-137 was found i n  the 

Amchitka --+- I s  and d u r i n g  A u g u s t  and September 1978. Muscle samples from two 

In samples collected since 1971 the 90Sr values f o r  ptarmigan 
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Environmental  samples which have been c o l l e c t e d  f o r  gamma spectrum a n a l y s i s  
i n c l u d e  sand, s o i l ,  and water  (Tables 1 3  and 14).  The s u r f a c e  (0 - 2.5 cm) 
s o i l  samples were c o l l e c t e d  a t  Main Camp and i n  t h e  Cannik in  area; t h e  s u r -  
face  sand samples were f rom Constant ine Harbor and Sand Beach Cove. The 
r a d i o n u c l i d e  present  i n  t h e  l a r g e s t  amount was 40K. Other r a d i o n u c l i d e s  
which were present  i n  t r a c e  amounts ( < l  pCi/g,  d r y )  i n c l u d e d  226Ra, 228Th, 
238U and t h e  f a l l o u t  r a d i o n u c l i d e s ,  lS7Cs,  141Ce and 144Ce. S i m i l a r  types 
and l e v e l s  o f  f a l l o u t  r a d i o n u c l i d e s  were seen i n  s o i l  samples c o l l e c t e d  i n  
Was h i  ngton S t a t e  d u r i  ng 1974 and 1975 (Ne1 son and Seymour, 1975b). Freshwater 
samples have been c o l l e c t e d  f o r  gamma spectrum a n a l y s i s  s i n c e  1970-71 a t  f o u r  
s i t e s  - Jones Lake, Hear t  Lake, Cann ik in  Lake, and Long Shot Mud P i t  No. 1 - 
and i n  1977 a t  t h r e e  a d d i t i o n a l  s i t e s  (Constan t ine  Spr ings,  Long Lake and 
Sand Beach Cove Seep. I n  a d d i t i o n ,  a r a i n  water  sample a l s o  was c o l l e c t e d  
f o r  gamma spectrum a n a l y s i s  i n  1977. A l l  s i t e s  were sampled i n  1978 except  
t h e  Sand Beach Cove Seep. The r e s u l t s  o f  analyses of  t h e  res idue f rom t h e  
evapora t ion  o f  34-50 l i t e r  samples a r e  presented i n  Table 14. The most abun- 
d a n t  gamma-emi t t i n g  f a l l o u t  r a d i o n u c l i d e s  i n  t h e  1977 f reshwater  samples were 
9 5 Z r  and g5Nb i n  t h e  Long Shot Mud P i t  No. 1 Sam l e  and i n  t h e  September 1977 

be f r o m  w o r l d  f a l l o u t .  If t h e  source of  9 5 Z r  and 95Nb observed i n  t h e  1977 
sample was f rom r a i n f a l l ,  then  i t  would be expected t h a t  Long Shot !?lud P i t  
No. 1 samole would be g r e a t e r  than f o r  lakes  because o f  g r e a t e r  d i l u t i o n  i n  
t h e  lakes.  

r a i n w a t e r  sample. The presence o f  s h o r t - l i v e d  ! Z r  and 95Nb was presumed t o  

. 

Radionucl ides d e t e c t e d  i n  t h e  August 1978 f i f t . v - l i  t e r  r a i n w a t e r  sample i n -  
c luded 7Be, 9 5 Z r ,  95Nb, 137Cs, and 144Ce. 
t h e  o t h e r  s i x  s i t e s  on t h e  i s l a n d  conta ined smal l  amountsof 7Be, 137Cs o r  144Ce 
and no 9 5 Z r  o r  95f,lb. The amount o f  137Cs i n  r a i n w a t e r  was approx imate ly  f o u r  t imes 
g r e a t e r  than t h e  average v a l u e  f o r  37Cs conta ined i n  t h e  l a k e  samples, and t h e  amount 
o f  144Cewas one o r d e r o f m a g n i t u d e  g r e a t e r i n r a i n w a t e r t h a n i n t h e l a k e  samples. 

The f i f t y - f o u r  samples c o l l e c t e d  f rom 

The c o n c e n t r a t i o n s  o f  t r i t i u m  ("H) i n  seawater and f reshwater  samples f rom 
a l l  areas except  t h e  Long Shot mud p i t s  and dra inage system a r e  recorded i n  
Table 15. The 3H va lues f o r  seawater have d e c l i n e d  f rom 103 p C i / l i t e r  i n  
1970-71 (pre-Cannik in)  t o  an average v a l u e  o f  51 p C i / l i t e r  f o r  8 samples 
c o l l e c t e d  i n  1978. 
than f o r  seawater samples, b u t  l i k e  seawater, t h e  va lues have c o n s t a n t l y  de- 
c l i n e d .  
samples o t h e r  than those f r o m  t h e  Long Shot area has d e c l i n e d  t o  a 1978 
average o f  84 p C i / l i t e r .  Rainwater samples c o l l e c t e d  d u r i n g  1978 had an 
average 3H c o n c e n t r a t i o n  of  96 p C i / l i t e r .  A "season of t h e  year ' '  e f f e c t  
upon t h e  amount o f  3H i n  p r e c i p i t a t i o n  samples c o l l e c t e d  d u r i n g  1978 i s  e v i -  
d e n t  from t h e  data.  The peak v a l u e  of 346 p C i / l i t e r  d u r i n g  e a r l y  s p r i n g  de- 
creased t o  l e s s  than t h e  d e t e c t a b l e  l i m i t  o f  48 p C i / l i t e r  by t h e  end o f  May 
and t h e  3H c o n c e n t r a t i o n  i n  p r e c i p i t a t i o n  samples remained near  t h e  l i m i t  
o f  d e t e c t i o n  f o r  t h e  r e s t  o f  t h e  year .  

The water  samples c o l l e c t e d  f rom t h e  Long Shot Mud P i t s  f o r  3H a n a l y s i s  have 
always been considered s e p a r a t e l y  f rom o t h e r  samples because t h i s  area was 
found t o  be s l i g h t l y  contaminated w i t h  3H a few months a f t e r  t h e  Long Shot 
n u c l e a r  d e t o n a t i o n  i n  1965. The e x t e n t  of t h e  contaminat ion  has been w e l l  
documented i n  p rev ious  progress r e p o r t s  and i n  o t h e r  pub1 i c a t i o n s  (see 
Nelson, 1975; M e r r i t  and F u l l e r ,  1977; and Seymour and Nelson, 1977). Table 
16 records t h e  values f o r  t r i t i u m  i n  w a t e r  samples f rom Long Shot Drainage 

The 3H va lues f o r  f reshwater  samples have been g r e a t e r  

The average v a l u e  o f  298 p C i / l i t e r  i n  1970-71 f o r  f reshwater  
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for the years 1970-1978. 
samples from the three mud,pits have declined from 11.3 x l o3  t o  2.0 x l o 3  
pCi/li t e r .  These values a re  well below the Maximum Permissible Concentration 
fo r  3H in  water (MPCw) fo r  occupational exposure. 
1 ished by the International Commission on Radiological Protection (ICRP, 1959) 
and the U.S. National Committee on Radiation Protection ( N C R P ,  1959) i s  3 x lo7  
pCi / l i t e r .  
area,  the Radiation Protection Guide ( R P G )  value i s  one-tenth the MPC fo r  oc- 
cupational exposure, or  3 x lo6  pCi / l i t e r  (Energy Research and Development Ad- 
ministration, 1975a).  
( I C R P ,  1959) .  
nually since 1975 for  tr i t ium analysis. 
values comparable t o  the Mud P i t  values t o  values near the m o u t h  of the stream 
which a re  s l i gh t ly  greater than  the 1978 3H values in freshwater samples from 
other areas of Amchitka Island. Samples collected i n  1978 a t  locations below 
Infantry Road had 3H values which were greater t h a n  s imilar  samples collected 
in 1977. Replicate measurements were made on the 1978 s e t  of samples and the 
3H values were confirmed. I n  1978 the values decreased in regular order from 
1700 pCi / l i t e r  near the Mud Pits t o  200 pCi / l i t e r  twenty meters above Square 
Bay. The contribution of 3 H  from the Long Shot Mud P i t s  t o  the ocean was i n -  
s ign i f icant .  

During t h i s  period the average 3H values for  water 

The HPCW value as estab- 

For an  individual member of the population in an uncontrolled 

The MPC, fo r  the general population i s  lo6 pCi/ l i ter  
The 1.6 km course of the drainage stream has been sampled an- 

The 3H values have decreased from 

The resu l t s  of 3H analyses of f r ee  water extracted from biological samples 
are  presented in Table 16. Thirty-three samples from the marine, freshwater, 
and  the t e r r e s t r i a l  environments were measured for  3H during 1978. Fucus 
and Greenling muscle from the marine environment had 3 H  values which were 
near the l imits  of detection; Ranunculus and  Fontinalis were the best indi-  
cator organisms in the freshwater environment; and ptarmigan muscle from the 
t e r r e s t r i a l  environment had 3H values close t o  the detection l imit .  The 
greatest  t r i t ium concentrations were in the Fontinalis and Ranunculus samples 
and the averaqe value for  1978 other t h a n  samples from the Long Shot Area was 
94 and 90 pCi?l i ter ,  respectively. 
P i t  #3 f o r  the f i r s t  time in 1978. The tri t ium values decreased in the 
Ranunculus samples along the Long Shot  drainage from 2500 pCi / l i t e r  a t  Mud 
P i t  #3 t o  233 pCi/ l i ter  from four hundred meters below Infantry Road. 
values cor re la te  well with the 3H values for  water collected from the same 
1 oca t i  on. 

Samples of so i l  , sand, Fucus and greenling muscle were analyzed for  2 3 9 , 2 4 0 P u  
and the resu l t s  of these analyses are  given in Table 18. The general conclu- 
sions from inspection of the table  were t h a t  the maximum value was 0.015 pCi 
per gram dry for  a so i l  sample and  tha t  there were no obvious differences re- 
lated t o  year of collection. The 2 3 9 3 2 4 0 P u  values a t  Amchitka were compared 
with the resu l t s  of analyses of comparable samples from the Atlantic Coast 
(Noshkin, e t .  a l . ,  1973), California (Wong, e t .  a l . ,  1972) ,  and Washington 

. (Nelson and Seymour, 1975b)- and were found t o  be s imilar ,  i . e .  some of the 
Amchitka values were s l i gh t ly  l e s s ,  some s l igh t ly  greater  t h a n  the values 
from other areas (Nelson and Seymour, 1977).  
239924OPu a t  Amchitka i s  believed to be the same as for  other areas,  i . e .  
world fa l lou t .  

Ranunculus was collected in Long Shot Mud 

These 

For th i s  reason the source of 

I n  1974 a background radiation survey program w i t h  a Geiger-Muller detector 
(window thickness <2mg/cm2) was in i t i a t ed  and the resul ts  of the survey for  
the l a s t  f i ve  years a re  presented in Table 19. 
locations and in no instance was the average value greater  t h a n  0.02 mR per 

Observations were made a t  1 4  
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4. 

hour, a l though o c c a s i o n a l l y  pu lses o f  r a d i a t i o n  would momentar i ly  d e f l e c t  t h e  
needle on t h e  d i a l  t o  values as much as 0.06 mR pe r  hour.  
readings f o r  a l l  years a r e  s i m i l a r  and i f  t h e r e  were annual d i f f e r e n c e s ,  t h e  
i ns t rumen t  which was o p e r a t i n g  near  the  lower  l i m i t s  o f  d e t e c t i o n  was insen-  
s i t i v e  t o  t h e  changes i n  background r a d i a t i o n .  

The survey meter 

SUMMARY AND CONCLUSIONS 

The o b j e c t i v e  o f  t h e  program i s  t o  determine t h e  e x t e n t  o f  r a d i o n u c l i d e  con- 
t a m i n a t i o n  on Amchi t k a  I s land .  The o b j e c t i v e  i s  achieved, p r i n c i p a l l y ,  by 
t h e  c o l l e c t i o n  and r a d i o l o g i c a l  analyses o f  b i o l o g i c a l  and environmental  
samples b u t  a l s o  by background r a d i a t i o n  measurements. I f  t h e  contaminat ion  
was s i g n i f i c a n t l y  g r e a t e r  than would be expected f rom wor ld  f a l l o u t ,  then 
leakage o f  rad ionuc l i des  f rom t h e  underground s i t e s  o f  t h e  Amchitka nuc lea r  
de tonat ions  would be suspected. The r e s u l t s  o f  analyses o f  t h e  samples c o l -  
l e c t e d  i n  August 1978 and t h e  background r a d i a t i o n  measurements o f  t h a t  da te  
l e a d  t o  t h e  same conc lus ions  as i n  p rev ious  years,  i .e .  t h e r e  i s  no evidence 
t h a t  t h e  r a d i o n u c l i d e  contaminat ion  a t  Amchitka I s l a n d  i s  g r e a t e r  than would 
be expected f rom wor ld  f a l l o u t  except  f o r  a s l i g h t  con taminat ion  o f  t h e  Long 
Shot Mud P i t s  w i t h  t r i t i u m .  

Fo l l ow ing  a r e  summary statements f rom which t h e  conc lus ion  i s  made t h a t  t h e r e  
i s  l i t t l e  r a d i o n u c l i d e  contaminat ion  a t  Amchitka I s l a n d  and what i s  there ,  
w i t h  t h e  excep t ion  o f  t r i t i u m  seeping i n t o  t h e  Long Shot Mud P i t s  and 
dra inage system, i s  o f  w o r l d  f a l l o u t  o r i g i n .  

1. 

2. 

3.  

4. 

5. 

6. 

7. 

8. 

Two n a t u r a l  r a d i o n u c l i d e s ,  7Be and 40K, were t h e  most 
abundant r a d i o n u c l i d e s  i n  most samples. 

Some f i s s i o n  products ,  induced rad ionuc l i des ,  and 
have been de tec ted  i n  q u a n t i t i e s  t h a t  range f rom 
o f  d e t e c t i o n  t o  a few pCi /g  o f  d r y  samples. 

Values f o r  9 5 Z r  and y5Nb i n  f reshwater  moss and a 

p lu ton ium 
he l i m i t s  

gae f rom 
Amchitka I s l a n d  and the  Columbia R i v e r  were s i m i l a r  i n  amounts 
and peaks o f  abundance. 

Peaks o f  abundance o f  f i s s i o n  produc t  r a d i o n u c l i d e s  occur red  
i n  1970-71, 1974 and 1977 and f o l l o w e d  major  Chinese nuc lea r  
de tonat ions .  

There i s  no s t r o n g  evidence f rom t h e  gamma spectrum ana 
t h a t  t h e  r a d i o a c t i v i t y  o f  t h e  samples i s  r e l a t e d  t o  t h e  
l e c t i o n  l o c a t i o n  on Amchitka I s l a n d .  

The r a d i o a c t i v i t y  f rom f a l l o u t  rad ionuc l i des ,  g e n e r a l l y  
g r e a t e r  f o r  f reshwater  than f o r  mar ine  organisms. 

y s i  s 
c o l -  

was 

There has been no s i g n i f i c a n t  inc rease i n  3H, gost-, o r  2399240Pu 
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  leakage f rom underground s i t e s .  

The background r a d i a t i o n  survey meter readings were a t  o r  near  
t h e  lower  l i m i t s  o f  d e t e c t i o n  f o r  t h e  ins t rument .  
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9. 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 h e  
r a d i o l o g i c a l  analyses o f  t h e  samples was s e n s i t i v e  t o  smal l  
p e r t u r b a t i o n s  i n  t h e  amounts and species o f  r a d i o n u c l i d e s  i n  
t h e  e n v i  ronment. 

10. The r e s u l t s  o f  analyses o f  t h e  1978 samples complemented t h e  
r e s u l t s  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  r e v e a l  any unexpected i n f o r m a t i o n .  

17 



Table 1. S c i e n t i f i c  and cC)rnmon names and wet weight t o  d ry  weight  r a t i o s  o f  
some Anichitka I s l a n d  oraanisrns 

Wet/Dry Standard 
R a t i o  Dev i a t  i on Species T i  ssuc 

VERTEBRATES 

MAMMALS 

Rat 
Rattus norvegicus 

Bone 

 FISH^ 
Sal ve l  i nus  malrna 

D o l l y  Varden 0.70 
0.42 

Muscle 3.62 
Viscera 4.20 

Oncorhynchus gorbuscha 
Pink Salmon Gonad 4.51 

Muscle 4.71 
L i v e r  4.49 

o.87 
0.69 

Hippoglossus s teno lep is  
Hal i b u t  Muscle 4.01 

L i v e r  3.63 
0.58 
0.04 

Hexagrammos 1 agocephal us 
Rock Green1 i n g  0.41 

0.14 
0.04 

L i v e r  3.43 
Muscle 4.83 
Viscera 2.13 

B I R D S  
Lagopus mutus 

Rock Ptarmigan L i v e r  3.52 
Muscle 3.54 

0.32 
0.08 

I NV ERTEBRATES 

Hal i chondr ia  anicea 
Sponge (green 9- Enti r e  4.55 0.91 

MAR I N  E ALGAE 

Fucus d i s t i c h u s  
Marine algae E n t i  r e  4.94 1.40 

FRESHWATER VEGETATION __ 

Cladophora sp. 
Filamentous algae E n t i r e  7.82 3.51 

0.89 

4.10 

F o n t i n a l i s  sp. 
Moss E n t i  r e  4.83b 

Ranuncul us sp. 
Freshwater p l a n t  E n t i r e  12.2 

18 
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Tab le  1 (cont inued)  

Wet/Dry Standard 
Spec i es T issue R a t i o  Devi a t  i on 

AUFWUCHS 

Per iphy ton  & o t h e r  organisms E n t i r e  7.27 

TERRESTRIAL VEGETATION 

2.40 

Cladonia sp. 
L ichens e n t i r e  3.75 0.87 

a. Names a r e  f rom “Common and S c i e n t i f i c  Names o f  Fishes f rom t h e  U n i t e d  Sta tes  
and Canada” ( T h i r d  E d i t i o n ) ,  1970 American F i s h e r i e s  S o c i e t y  Specia l  Pub. 
No. 6. 

b .  Value c a l c u l a t e d  f rom 15 samples i n  1977 i s  8.1. 

19 
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Table 2. Some gamma-emitting rad ionuc l ides  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  ' 
Locat ion  
and Date n 7Be OK 9 5 Z r  5Nb 3 R ~  lO6Ru 125Sb 37cs 55Eu 

C1 evenpler Creek 
1970-71b 4 
1971 -72 5 
1973 2 
May '74 1 
Auq '74 1 
Auq '75 1 
Auq '76 3 
A p r i l  '77 1 
May '77 1 
Auq '77 1 
Sept '77 3 

0 Feb '7F! 1 
Yay ' 7 P  
Auq '78  3 
Nov '78 1 

Br idge Creek 

1970-71 

1973 
May ' 74 
Auq '7d 
Auq ' 7 5  
Auq '76 
A p r i l  ' 7 7  
May '77 
Aug '77 
Sept '77 
Feb '78 
May '78  
Auq '78 
Nov '78 

1971 -72 

8 + 4  
2.7k 4.3 
4.5t 1.1 

17 211 
4.3k1.9 
4.2k2.0 
4.0t2.4 

20 21.3 
12 t7.7 

3.9k1.8 
7.025.8 
3.3k2.5 
2.1k1.8 
4.721.3 

--- 

3 10 25 
5 6.2k2.8 
2 5.1k1.4 
1 5.2t0.9 
1 3.622.5 
1 3.3t2.2 
2 5.2k0.6 
1 21 t1 .6 
1 12 29.3 
1 3.923.3 
3 3.5t0.3 
1 
1 11 k2.7 
3 2.4+0.76 
1 3.7t1.3 

--- 

5.8k3.0 
6.232.1 
5.450.2 
3.921.8 
5.721.4 
6.321.4 
9.2k3.2 
5.54.4 
4.751.6 
4.8t2.3 
5.122.3 
4.4k1.4 
6.3k1.5 
5.8k0.83 
4.422.0 

7.3t3.2 
5.8?1 .o  
5.8k0.4 
7 . 9 4 . 6  
5 .24 .8  
5.821.7 
6. 020.  3 
5.5k1.2 
5 . 7 4 . 8  
2.321.7 
6.921.4 
3.0k1.1 
6.121 .6 
5.521.4 
5.6t1.6 

1.4 k l . 0  
0.6 k0.3 

2.4 t1.2 
0.7 -10.3 

1.5 20.2 
2.3 kO.9 
0.83k0.37 

0.50kO. 26 
0.07k0.13 

--- 

--- 
--- 

--- 
--- 

--- 

1.7 k1.4 
1.0 k0.6 

2.1 k0.2 
1.0 k0.3 
0.3 20.3 

1.2 20.2 

1.5 t0.4 
1.5 k0.4 

0. S5k0.29 

--- 

--- 

--- 

--- 

--- 
--- 

2.9 k2.3 0.28k0.54 3.2 k1.2 
2.0 k2.0 0.6750.87 0.5420.75 
0.15kO. 21 0.07kO. 10 0.74t0.18 
3.4 k0.8 --- 3.1 k0.9 
1.5 t0 .2 --- 2.5 20.5 
0.44t0.18 --- 0,8850.47 

--- 0.21 k0. 30 0.1 5k0.27 
3.0 kO.2 1.2 50.2 0.78k0.43 
3.7 20.9 --- 1.4 k0.8 
1.6 k0.4 --- --- 
1.4 t0.19 --- 0.92 k9. 84 
1.2 k0.42 --- 1.6 50.58 
0.59k0.22 --- 2.3 k0.51 
0.11 k0. l o  --- 1.8 k0.74 

--- --- 1.4 k0.58 

3.9 k3.1 
2.2 t1.5 
O.r)8+0.11 
4.4 t0 .2 
2.1 20.3 
0.6 t0.23 
0.1 O t O .  13 
2.6 20.2 
2.3 kO.8 

2.3 k 1 . 4  
1.3 20.50 
1.4 k0.27 
0.28+0.03 

3.0 fn.5 

-- - 

4.4 22.5 
1.1 21.3 

3.5 20.6 
2.3 t0.7 
1.7 20.7 
0.4 t0 .6  
0.71 +O .42 
0.9 3kO. 78 
2.0 20.8 
1.7 20.8 
2.7 20.65 
4.7 20.72 
1.9 +0.11 
1.4 t0 .58 

--- 

1.4 k0.6 
0.18k0.4 
0.23kO. 03 
0.55k0.16 
0.31 t o  .10 
0.1 7k0.09 

0.23k0.12 

0.28kO. 15 
0.2820.19 
9.18k0.11 
0.2720.10 
0.06k0.10 

--- 
--- 

--- 

1.2 k0 .8  
0.4 t0.6 
0.14t0.19 
0.33k0. 1 1 
0.2020.15 
0.25k0.14 
0.08+0.11 
0.2420.1 2 
0.33k0.16 
0.3820. 18 
0.2620. 16 
0.2820.14 
0.44_+0.11 
0.1620.14 

--- 

4.0 k1.5 
1.9 k l . 2  
2.3 k l . 1  
1.2 kO.1 
1.5 k0.1 
0.7 20.1 
1.2 20.8 
2.9 kO.1 
1.7 k0.2 
0.75t0.12 
0.8 k0.3 
1.8 kO.11 
2.8 t0.13 
1.1 k0.22 
1.7 t0.13 

4.1 k3.0 
3.3 21.3 
2.3 t1 .9 
1.9 20.1 
1.0 kO.l 
1.1 20.1 
1.4 t0 .4 
5.1 kO.2 
2.3 20.2 
2.7 t0 .2 
1.6 +0.3 
3.2 20.17 
1.4 20.10 
1.1 20.17 
1.7 20.16 

NA 
1.1 k1.6 
0.84kO. 37 
2.8 k0.3 
3.9 k0.3 
2.3 t0.3 
0.52k0.21 
1.5 kO.2 
1.1 k0.4 
2.2 k0.4 
2.0 t0.6 
2.9 k0.32 
3.4 k0.28 
1.9 k0.56 
1.2 20.3 

NA 
0.5221.2 
1.1 20.5 
4.5 k0.3 
4.6 20.4 
3.1 k0.4 
0.9 t0 .6 
1.3 kO.2 
1.5 k0.5 
3.0 k0.5 
2.3 k0.7 
4.2 t0.43 
5.0 k0.34 
3.3 t0.73 
1.9 t0.33 

NA 

0.22+_0.01 
0.26kO. 10 
0.2750.06 
0.08t0.06 
0.05k0.08 
0.28k0.09 

0.1 8k0.14 

--- 

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

0.13k0.12 
0.13t0.12 

NA 

0.1 120.15 
0.18t0.06 
0.2320.09 
0.1 O k O  .08 
0.08kO.11 
0.14k0.07 
0.1 6t0.10 
0.1420.10 
0.2420.1 5 
0.19kO .07 
0.14t0.11 
0.04t0.08 
0.11 k0.07 

--- 



Table 2 (cont inued)  

Radionucl ides pCi/g, d r y  a 

Locat ion  
and Date n 40K 9 5 Z r  95Nb 03Ru 06Ru 25Sb 37cs 144Ce 5 5 E ~  

Duck Cove Creek 

1970-71' 3 
1971 -72 5 
1973 2 
May '74 1 
Aug '74 1 
Aug '75 1 
Aug '76 1 
Sept '77 1 
Aug '78  1 

8 +3 6.6k2.6 1.3 t l . 1  2.7 k2.3 0.5 k0.6 2.8 k1.5 1.4 k0.5 
6.4k5.4 6.1k0.8 0.5 kO.2 1.3 50.8 0.9 k l .2  1.2 k1.0 1.1 k0.5 
7.1k7.0 6.4k0.4 --- --- --- 0.65k0.92 0.32k0.23 
7.421.0 5.4k1.2 1.6 k0.2 3.5 k0.2 0.36k0.11 3.4 20.6 0.5320.13 
1.4k0.8 <6 --- 0.21 k0.08 --- 
1.9k1.2 5.4k1.1 0.2 kO.2 0.65k0.15 --- 0.69k0.44 0.26k0.09 

--- --- 0.18kO .09 4 .7~2.2  7.0k1.3 --- --- 
, --- 3.622.1 --- 1.1 k0.4 --- --- --- 
2.9k0.88 4.1k2.0 --- 0.14kO. 09 --- 0.9340.62 --- 

e--  0.2920.19 

P -  

2.6 r l  .1 NR NA 
1.7 k0.9 0.32k0.72 
1.2 20.5 0.9 51.3 0.09k0.13 
2.2 t O . l  5.7 k0.3 1.16t0.05 
0.8 20.1 0.34k0.1 -- - 
0.8 kO.1 2.4 k0.26 0.09k0.05 
1.4 kO.1 
1.0 kO.2 1.5 k0.4 --- 
0.86k0.11 1.1 k0.28 --- 

--- --- 

. .  
Long Shot Drainage 

Aug '75 1 4.4k1.2 4.051.3 0.2 50.1 0.61k0.13 --- 2.3 k0.4 0.27k0.01 1.2 kO.1 3.2 k0.2 0.2 k0.08 
Aug '76 1 4.721.6 5.3k1.2 --- --- --- --- 0.12+0.09 0.7 kO.1 0.26k0.21 0.10k0.05 

Aug '78 2 2.2k0.05 5.7k1.8 --- 0.18k0.05 0.05t0.07 1.4 21.1 0.27k0.19 1.3 k0.46 2.0 kO.9 0.05k0.07 
2 Sept '77 2 4.2k0.1 4.8k0.04 0.8 k0.3 1.1 k0.7 --- 1.3 20.7 --- 0.7 kO.1 1.4 k l . l  --- 

MP-12 Creek 

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

2 9.0k8.6 4.722.0 
1 13 k l . 0  6.0k1.1 
1 4.5k2.0 5.8k1.2 
1 6..5+1.8 4.5k1.7 
1 8.7k1.9 5.3k1.5 
1 5.9k4.1 6.49.7 
1 6.6k1.4 5.6k2.0 

I c e  Box Lake I n l e t  
1973 2 4.1k0.8 5.7k1.0 
May '74 1 3.7t0.6 5.0k1 .O 
Aug '74 1 2.3k0.8 5.9k0.5 
Aug '75 1 --- 4 . 7 4 . 3  
Aug '76 3 4.821.8 4.020.8 
S e p t  '77 3 3.0+2.9 4.8+1.6 
Aug '78 3 2.0+0.66 4.1t-3.6 

--- 
1.4 k0.13 
0.8 k0.3 
0.3 kO.2 
0.3 k0.3 
1.2 k0.5 --- 

--- 
0.70k0.09 
0.1 7k0.14 

0.15+0.26 
--- 
--- 

0.17k0.23 
3.4 k0.18 
1.3 50.3 
0.67k0.18 

3.4 k0.6 
--- 

0.32k0.14 

0.08k0.11 
1.2 kO.11 
0.6 k0.1 
0.27k0.16 

1.9 +0.8 
0.46t0.79 

--- 

- -- 0.7 k0.9 
0.20k0.05 4.1 k0.6 

1.9 20.6 
2.7 k0.7 
1.6 k0.5 

--- 2.8 k1.0 
0.12kO.11 4.3 k l . l  

--- 
--- 
- -- 

- -- 0.5 20.') 
--- 1.0 20.4 
--- 0.9 k0.3 
--- 0.7 20.5 
--- 0 . 2  k0.4 

1.4 +1.0 1.3 +1.1 
--- 0.8920.79 

0.12k0.17 
0.23+0.10 --- 

--e 

0.15k0.10 
--- 
--- 

0.28kO .06 
0.2OkO.09 
0.23k0.08 
0.20k0.11 
0.21 t0 .08 

0.05+0.08 
--- 

2.0 k1.2 
2.1 kO.1 
0.7 20.1 
0.5 20.1 
0.9 kO.1 
1.1 kO.2 
1.1 t0.16 

1.5 k0.6 
3.1 20.1 
1.0 20.1 
1.3 kO.1 
1.4 20.5 
1.4 +0.7 
0.81 to. 19 

1.4 20.8 
6.0 k0.3 
3.9 k0.3 
5.2 k0.3 
1.7 20.2 
4.4 k0.5 
7.1 20.61 

0.8720.12 
2.4 kO.21 
1.6 20.2 
1.8 k0.3 
0.75k0.13 
2.5 +1.6 
2.0 k0.7 

0.09kO.12 
0.16kO .04 
0.13k0.06 
0.21 to .  11 
0.16k0.09 

0.17k0.08 
0.13kO .04 

0.09kO. 07 
0.13k0.05 

0.04k0.08 

--- 

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

~~ - ~~~~~ _ _ _ _  
Radionucl ides pCi/g, d rya  

Locat ion  
and Date n 7Be Lt OK 95Zr 95Nb 3 R ~  06Ru 125Sb 37cs 144Ce 5 5 E ~  
- 
C1 evenger Creek 

1970-71b 4 
1971 -72 5 '  
1973 2' 
May '74 1 
Aug '74 1 
Aug ' 75  1 
Aug '76 3 
Sept '77 3 
Aug ' 78  3 

B r idge  Creek 

1970-71b 3 
5 

1973 1 
May '74 1 
Aug '74 1 
Aug '75 1 
Aug '76 3 
Sept '77 2 
Aug '78 2 

N 
w 1971-72 

Duck Cove Creek 
1970-71b 2 
1971 -72 5 
1973 1 
Flay I74 1 
Aug '74 1 
Aug '75 1 
Auq '76 1 
Sept '77 1 

4.1 24.7 
5.0 28.7 

3.1 k0.6 
1.4 21.4 

1.2 k l . 0  

1.9",+2.7 

---- 
--- 
--- 

21 k4 
16 k1.6 
22 23.5 
24, t l . 6  
15 t1.3 ' 

19 22.3 
17 k2.3 
22 k3.8 
15 +1,.5 

8.4 k5.8 17 k3 
3.6 k5.0 21 57.6 
4.7 21.5 29 k2.3 
3.8 t0.8 19 k2.5 
2.0 k0.8 19 k0.8 
2.5 k1.2 21 k2.2 
0.9 11.6 19 20.6 

--- 25 ltO.1 
0.69k0.97 19 k1.4 

4.0 rt3.5 15 +8 
6.2 k8.9 20 25 
6.0 k1.5 20 k1.5 
3.1 k0.7 14 k1.5 

--- 21 k2  
--- 13 k1.8 

3.5 k2.9 18 k2.3 
sample l o s t  

1.3 k1.6 
0.99k0.96 

1.8 kO.1 
--- 
--- 
--- 
--- 

0.51 20. 12 -- - 

1.9 k1.8 0.3 k0.6 
0.6 50.8 0.5 t0.54 

1.0 k0.4 0.14k0.09 
--- --- 
- -- --- 
--- --- 
--- --- 

1.0 k0.4 2.3 k1.0 --- 2.1 k0.5 0.5 lt0.5 
0.36k0.22 0.7820.48 0.19+0.30 0.62rt0.91 0.3 20.4 

1.1 k0.2 2.4 50.2 0,1520.09 1.5 20.6 0.23+0.12 
0.4 kO.1 0.7 20.1 --- 0.94k0.32 0.16k0.08 

--- 9.352O.13 --- 0.67f0.46 --- 
-- - --- 0.04+0.08 

--- 0.7420.30 --- 0.71 20.58 --- 
0.09k0.13 --- - -- - -- --- 

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

--- --- 

1.7 k l . l  NA 
1.6 t0.7 NA 
0.8 k0.5 0.3 k0.4 
0.87t0.07 2.3 k0.2 
0.24k0.07 0.5 k0.3 
0.52k0.09 0.3420.3 
0.39k0.15 --- 
0.34k0.13 0.69k0.36 
0.6420.11 0.51 k0. 49 

3.2 l t O . 2  r4 A r4A 
2.2 21.4 NA NA 
1.2 ltO.1 0.7 20.2 0.15kO.10 
1.6 20.1 3.4 t0 .3  --- 
0.85k0.36 1.7 kO.2 --- 
1.2 iO.1 1.0 k0.23 --- 
1.8 20.6 0.3 r0.2 --- 
0.28k0.18 1.0 20.1 --- 
0.40k0.20 1.0 rtO.1 - - -  

0.41 t o .  15 0.8620.32 --- 1.0 21.0 0.7 k0.5 1.3 t0.4 NA NA 
0.42k0.24 0.94k0.57 0.52k0.66 0.8720.80 0.6 rt0.4 1.6 kO.9 NA N A 

--- --- --- --- 0.26k0.09 2.9 kO.1 0.9 kO.2 0.14k0.08 
0.46+0.09 1.2 20.1 0.16rt0.08 0.8120.36 --- 4.0 kO.2 1.8 k0.2 -- - 

--- 0.4750.1 9 - -- --- --- 0.6720.08 0.78k0.22 --- 
--- --- --- --- 1.6 20.13 0.85k0.24 --- 0.63k0.43 
--- --- --- - -- --- 1.5 kO.1 0.25k0.24 --- 

Auk '78 1 --- 12 Q.4 - -- - -- --- - -- 0.18+0.13 0.11kO.12 0.61k0.25 --- 



Table 3 (cont inued)  

Radionuclides pCi/g,  drya 
-~ ~~~ ~ ~ ~~ 

Location 
and Date n 7Be 40K 9 5Zr 95Nb 3 R ~  1 06Ru 125Sh 37cs W e  5 5 E ~  

C1 evenger Lake Out1  e t  
1970-71b 2 2.5% 2 .2  
1971 -72 5 12 k14 
1973 1 3.4k 1.0 
Aug ‘74 1 
Aug ‘75 1 1.9k0.7 

--- 

Long Shot Dra i nage 
Auq ‘75 1 5.3k2.4 
Aug ‘76 2 1.8k2.5 

Aug ‘78 3 4.3k4.8 
S e p t  ‘77 1 --- 

Cannikin Lake Ou t l e t  

May ‘74 1 13 k l . 2  
Aug ‘74 1 3 .5 t l  .3 
Aug ‘75 1 2.3k0.9 --- Aug ‘76 1 

5.3k3.5 0.39r0.07 0.81k0.16 0.4 k0.5 0.5 t0.6 0.6 kO.1 0.6 k0.8 NA NA 
10 k9 0.78k0.86 2.5 k2.4 0.9 k1.3 1 . 2  20.4 0.1 50.2 1.1 20.1 NA NA 
20 k2.1 --- --- - -- --- --- 0.3 10.1 --- --- 
24 51.1 0.45k0.20 0.80k0.19 --- -- - --- 0.7 20.1 1.4 k0.3 --- 

18 k1.5 - -- 0.07k0.07 --- 0.5k0.3 --- 0.8 t O . 1  0.6 50.2 

--- 1.0 tO.l 1.4 k0.4 19 k3.0 --- 0.42k0.26 --- 1.3k0.8 
26 k5 --- --- --- --- --- 0.6 k0.3 0.2 k0.3 --- 
18 k2.8  0.72k0.50 0.91k0.31 --- - -- --- 0.69+0.11 0.8750.33 --- 
16 k2.7 --- O.llk0. l o  --- 1 . 3 4 . 1  - -- 0.57k0.26 1.9 50.78 --- 

17 t1.8 1.6 kO.2 3.9 t0 .2  0.45k0.13 3.4+ 0.6 --- 1.3 kO.1 6 .4 t  0.3 0.20+0.06 
28 r 3 . 3  0.31k0.19 0.60k0.16 --- 1.22 0.8 --- 1.4 kO.1 2.Ok 0.3 --- 
10 k1.5 --- 0.1820.09 --- --- 0.22kO.1 2.9 k0.2 1.52 0.2 0.14+0.06 
11 t1 .9  --- --- --- --- --- 1.8 i-0.1 --- --- 

a. Radionuclide 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  the  sample k the two-sigma, propagated, counting 
e r r o r .  
sample counts .  Dashes i n  the t a b l e  i n d i c a t e  the sample count i s  not  s i g n i f i c a n t  and NA i nd ica t e s  the radionucl ide was 
not  included i n  the analyses .  

The radionucl ide value shown f o r  more than one sample i s  t h e  mean t one s tandard devia t ion  of two o r  more s i n g l e  

b. Pre-Canni k i n  



Table 4. Some gamma-emitting rad ionuc l ides  i n  f reshwater gufwuchs and f i lamentous a lgae 
c o l l e c t e d  a t  Amchitka I s l a n d  

Loca t i on 
and Date 

b Radionucl ides pCi/g, d r y  

n 7Be 40 K 95zr 95Nb O3RU 06Ru 25Sb 37cs 4 4 ~ e  

Long Shot 
Mud P i t  #3 

1970-71 

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

1971 -72 
7 15 512 9 k4 3.1 21.9 
5 3.2k 3.4 10 t1 .4 0.8 k1.0 
2 3.7+ 2.1 9.8k0.4 --- 
1 26 k 9 . 4.9t1.4 --- 
1 3.4k 1.0 9.4k0.8 0.55k0.15 
1 2.8k 1.8 9.8k1.6 --- 
1 1.8k 1.4 8.6k1.6 --- 
1 --- 10 k2.7 --- 
1 --- 7.552.5 --- 

6.7 k3.9 2.1 k2.7 5.8 24.1 
2 .2  52.9 0.39k0.56 0.2 k0.4 
0.9 kO.12 --- --- 
4.6 21.0 2.5 k0.8 

--e 1.3 k0.4 0.92k0.14 
0.28kO. 19 --- 

0.72k0.37 0.54k0.51 0.69k0.63 

- - - ,  

--- --- --- 

1.5 20.9 
0.4 k0.3 

0.3920.13 
0.24kO. 09 
0.21kO.09 
0.16k0.08 

--- 

--- 

1.8 kO.9 NA 
0.5 kO.1 1.1 k1.6 
0.27k0.02 0.42k0.26 
0.40k0.07 7.7 50.6 
0.34k0.05 1.2 k0.2 
0.19k0.05 1.4 i 0 . 3  

1.5 k0.4 
0.09k0.07 0.31 kO.29 

0.25k0.05 --- --- 

MP-12 Creek 
J u l y  '72 1 
Aug '73 1 

,,, May '74 1 
Aug '75 1 
Sept '77 1 
Aug '78 1 

White A l i c e  I n l e t  
t o  Cannik in  Lake 
Aug '73 1 
Aug '74 1 
Aug '75 1 
Aug '76 1 
Aug '78 1 

Sept '77 1 
Aug '78 1 

D r i  11 back Drainage 
t o  Cannik in Lake 

' 7.8k 1.7 5.220.5 3.5 k0.4 6.4 kO.5 1.7 k0.3 0.76k0.28 --- 2.0 kO.2 3.8 k0.4 
~ 8.3+ 0.9 9.6k1.6 0.29k0.11 0.34k0.08 0.24k0.09 --- --- 2.7 t O . l  0.36k0.17 

9.12 1.1 8.9t1.6 4.0 kO.2- 7.6 kO.3 0.28kO.13 2.9 k0.7 0.79k0.13 2.5 k0.2 12 t0.5 
.13 k 1.2 6.2k1.5 0.36k0.11 0.97k0.12 --- 2.3 k0.5 0.26k0.10 2.3 kO.1 3.2 20.2 

1.7 k0.2 3.0 k0.4 7.82 2.8 5.1k2.3 2.5 k0.4 5.3 k0.5 --- 2.4 k1.0 --- 
8.9k 1.5 6.1t2.2 0.21 k0. 11 --- 2.2 k0.72 0.30k0.15 1.8 k0.16 2.7 20.35 

23 k 1.5 6. l t1 .4  0.59k0.13 1.1 t0.14 0.91k0.15 --- --- 0.72t0.09 1.4 kO.2 
12 k 1.2 9.850.6 0.9920.14 2.0 k0.15 0.43k0.08 1.7 k0.4 --- 1.1 k0.08 4.3 k0.2 

3.8+ 0.9 5.1k1.3 --- 0.2 t0.08 --- 0.89k0.4 0.16k0.09 0.75k0.09 2.0 k0.3 
3.3k 1.9 10 k1.7 --- --- --- --- --- 0.17c0.04 0.23k .20 

1.6 t0.69 --- --- --- --- --- --- --- 21 k20 

36 t 5.1 4.823.0 4.1 k0.62 8.7 k0.80 --- 5.0 k1.3 --- 1.0 c0.17 9.1 k0.7 
10 k 1.4 3.3k2.4 -- 0.17k0.11 --- --- 0.30+0.13 0.83k0.10 --- 

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 the 
a lgae samples from White A l i c e  I n l e t  t o  Cannikin Lake. 

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 t the  two-sigma, propagated, 
count 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  the  rad ionuc l ide  was n o t  included i n  the  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  the  mean t one standard d e v i a t i o n  o f  
Dashes i n  the 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-Cannikin. 



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

Clam Lake 
1970-71 b 7 15 26.1 4.526.4 1.0 21.0 2.151.9 1.5 k3.1 5.423.2 5.6 57.2 37239 NA NA 
1971 -72 5' 9.728.2 6.2k5.5 0.7 20.7 1.7k1.4 0.5 c0.7 3.623.8 3.4 23.5 27223 9 20.4 1.5 20.14 
1973 3 5 . 3 ~ 0 . 5  3.5k0.3 0.03k0.05 0.120.1 0.0320.06 1 . l t 0 . 2  0.60+0.12 7k6.9 3.721.3 0.56kO.32 
May ' 74 1 4.5k0.9 2.420.9 0.48kO.09 1.2kO.1 --- 1.4k0.5 0.5620.11 l2k0.3 4.020.3 0.3820.05 
Aug '74 1 5.251.2 3.7k0.4 0.2320.18 0.920.1 --- 1.3k0.4 0.33k0.09 920.2 4.1k0.2 0.3320.09 
Aug '75  1 4.6c1.7 2.551.1 --- 0.520.1 --- 1.020.6 0.28+0.14 6k0.2 5.5-10.4 0.2320.08 
Aug '76  1 8.021.5 2.Ok1.5 --- --- --- 0.6k0.4 0.41kO.11 720.2 2.020.3 0.11cO.10 
Sept '77 1 8.1k3.3 1.921.4 1.1 k0.4 2.4tO.5 --- 2.120.8 0.36k0.19 2.8k0.2 6.2k0.6 0.18+0.10 
Aug '78  1 6.521.5 --- 0.28kO. 18 0.1 EO. 11 --- 1.9k0.69 0.3520.14 3.920.25 10k0.63 0.2420.10 

I c e  Box Lake 
Oct '72  1 --- 2.8k1.2 0.7 20.1 1.4k0.3 3.8 52.0 --- 2.6 k0.7 14k0.2 NA NA 
1973 2 5.7k0.3 0.6kO.8 --- --- --- 1.3k0.1 0.86k0.12 16k0.7 4.3k1.1 0.6320.18 

N May '74  1 8.651.1 1.420.9 0.8OkO.12 2.1kO.2 --- 2.1k0.5 0.59t0.13 1350.3 8.1k0.4 0.40t0.06 
Aug '74 1 5.721.5 1.320.5 0.49kO.19 0.8k0.1 --- 2.2+0.5 0.64k0.13 9cO.2 6.0k0.3 0.4350.07 
Aug '75 1 5 . 2 1 . 5  1.951.6 --- 0.4kO.l --- 1.550.6 0.48k0.14 11k0.3 5.4k0.3 0.38k0.13 
Aug '76 1 8.1k3.7 --- --- 0.2+0.2 --- 0.8B0.55 0.56k0.13 l l t 0 . 3  2.120.3 0.48k0.12 

Aug '78  1 8.3k2.0 --- 0.3220.14 0.390.14 --- 2.220.80 --- 9.5t4.2 9.050.66 0.1820. 12 

J u l y  ' 7 2  1 5.3k1.7 2.020.7 0.7 t O . l  1.6k0.1 0.6 20.3 --- 0 . 2  20.4 2120.2 NA PI A 
1973 2 5.321.3 2.3k0.1 --- --- 0.07k0.09 1.3k0.1 0.90k0.06 1620.7 4.1k1.6 0.7320.17 
May ' 7 4  1 6.7k0.6 1.620.6 0.62kO.07 1.6kO.1 0.09+0.06 1.6kO.3 0.65kO.08 l l k 0 . 2  5.820.2 0.39kO.03 
Aug '74  1 5.1k1.3 2.520.6 0.30k0.15 0.720.1 --- 1.7k0.5 0.34k0.12 8k0.2 4.3k0.3 0.30k0.06 
Aug '75 1 6.1t2.1 --- --- 0.4t0.2 --- 1.4k0.5 0.40k0.10 750.2 4.6k0.3 0.26k0.11 
Aug '76  1 6.4k1.6 1.4t1.0 --- --- --- 0.520.45 0.40+0.11 520.2 2.4k0.3 0.19k0.07 

Aug ' 7 8  1 7.351.4 --- --- 03ao.12  --- 1.650.65 0.52k0.14 4.0k0.23 7.5k0.46 0.2320.14 

a. Radionucl ide values f o r  a s i n l g e  sample ( n  = 1 )  a r e  a s i n g l e  count o f  t h e  sample 2 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. 
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  t h e  analyses. 

0-l 

Sept '77 1 14 23.8 1.7k1.3 1.5 k0.4 3.820.6 --- 2.020.9 0.37k0.17 3.6k0.3 1020.7 --- 

Canni k i n  Lake 

Sept '77 1 13 k3.6 --- 1.3 k0.4 3.650.5 --- 2.0+0.7 0.38k0.15 3.533.2 7.6k0.5 --- 

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 i a t i o n  of 
Dashes i n  the  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 

b. Pre-Canni k i n  c. n equals 1 f o r  144Ce and 55Eu. 



Table 6. Some gamma-emitting radionuclides in the marine alga collected at 
Amchitka Island 

Location 
and Oate 

Radionuclides pCi/q, drya 
n 'Be 40 K 9 5 ~ r  95Nb 137cs 4 4 ~ e  

Constanti e Harbor 
4 3  0.52+ 0.18 2526 0.10k0.08 0.2120. 17 0.05k0.02 NA 

1972 4 2.5 +- 2.0 34t2 0.04+-0.04 0.07+0.08 
1973 2 --- 3420.7 --- --- 0.03+0.04 --- 
May '74 1 1.0 i 0.4 32t2.0 0.3620.04 0.73t0.09 0.05+0.03 1.5 2 0.2 
Aug '75 1 1.7 2 1.3 3222.3 -_- --- 0.0420.04 --- 
Aug '76 1 --- 28t2.2 --- --- 0.0520.04 --- 
Aug '78 1 0.662 0.47 2822.3 --- --- 

--- --- 
1970-71 6 

--- 0.382 0.26 
--- 0.382 0.18 

--_ --- Sept '77 1 --- 2323.2 

Duck Cove 
1970-71 

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

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

1970-71b 

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

1971 -72 

Sand Beach Cove 

1971-72 

0.8 2 0.3 2322 
3524.5 
35k9.9 
38k1.2 
36k2.3 
3322.3 
3022.2 
3223.4 
3022.2 

0.1520.10 
0.10k0.07 

0.22k0.05 
--- 
--- --- 

0.1320.10 
0.2420.11 --- 

3 
5 

. 3  
1 

0.0720.04 
0.05*0.03 

0.08+0.06 
--- 
--- 

0.04*0.02 
0.01*0.03 
0.03+0.05 
0.07+0.02 
0.0720.04 --- --- 

NA 

0.082 0.14 
0.912 0.10 
0.352 0.21 

--- 

--- 
--- 

1.9 2 1.5 
0.472 0.41 

1 : 
1 
1 
1 

38k2.4 
2222.0 
31t3.4 
19k1.7 

--- 
0.69k 0.27 
0.27k 0.14 

-_- 
0.902 0.45 

--- 
0.08+0.04 

0.092 0.09 
3.8 2 3.2 

0.612 0.45 
_-- 
_-_ --_ 
-_- 

0.952 0.79 --- 

2626 
2624.6 
3522.1 
39k2.3 
2721.4 
34t2.2 
24t2.1 
25k3.2 
2322.9 

0.08tO. 06 
0.22t0.20 

0.23 20.09 
--- 
--- 

0 :17+0.14 
0.4520.43 

0.34t0.08 

0.16k0.12 

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

0.06tO. 03 
0.01 k0 .02 --- 

5 
6 

NA 

0.162 0.23 
0.925 0.19 
0.25+ 0.19 

--- 

--- 
--- 

0.662 0.27 
0.212 0.18 

2 
1 --- 

0.04k0.04 --- 
--- 

0.07+0.04 

--_ 
0.2020.19 --- 

a. Radionuclide values for a single sample ( n  = 1) are a single count o f  the sample 2 the two-sigma, 
propagated, counting error. 
one standard deviation o f  two or more single sample counts. 
count is not significant and NA indicates the radionuclide was not included in the analyses. 

The radionuclide value shown for more than one sample is the mean 2 
Dashes in the table indicate the sample 

b. Pre-Cannikin. 



Table 7. Some gamma-emitting rad ionuc l ides  i n ' t h e  green sponge, Ha l ichondr ia  panicea, 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  

and Date n 7Be 40K 9 5 ~ r  95Nb 4 4 ~ e  
Locat ion  

Duck Cove 

1971 -72 
1973 
May '74 
Aug '74 
Aug '75 
Aug '76 
Sept '77 
Auq '78 

Sand Beach Cove 

N June '72 
A p r i  1 ' 73 
May '74 
Aug ' 7 4  
Aug '75 
Aug '76 
Sept ' 7 7  
Aug '78 

Square Bay 
1973 
Aug '75 
Aug '76 
Sept '77 

aJ 

4 
2 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

2 
1 
1 
1 

2.722.7 
1.520.6 
l.Ok0.4 

4.324.2 

0.9k0.6 

--- 
-- - 
--- 

--- 
-- - 

1.1k0.4 

1.050.7 

1.1k0.58 

0.7k0.9 
1.2kO.9 

--- 
--- 

--- 

--- 
--- 

11 t 3  
9.8k0.1 

10 t1 .5 
7 . M  . 3  
7 . 7 t l . 4  
20. k1.3 
8.2k1.5 

10 k1.5 

6.8k1.7 
12, k1.7 
9.0k1.5 
9.621.4 

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

11 k1.5 

9.7k0.5 
9 . 5 4 . 7  

10, k1.7 
7.8t2.3 

0.11 k0. 14 

0.3620.07 
--- 
--- 
--- 
--- 

0.45k0.16 
- 

0.54kO. 28 

0.2620.07 
--- 
--- 
--- 
--- 

0.40t0.26 
- 

--- 
0.11 20. 09 

0.4820.25 
--- 

NA 
0 .42+0.04 
1.1 t0.17 
1.2 k0.23 
0.73k0.20 

1.1 kO.2 
1.1+0.20 

NA 
0.31k0.17 
0.60k0.16 
1.2 kO.2 
0.56k0. 2 
0.22k0.16 
1.0 k0.3 
1.1 kC.15 

0.35kO. 12 
0.61 20.20 
0.21 k0. 18 
1.2 k0.3 

--- 

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 h e  sample k the two-sigma, propagated, 
count ing  e r r o r .  
of two o r  more s i n g l e  sample counts. 
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 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 k one standard d e v i a t i o n  
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 



Table 8. Potassium-40 and cesium-137 i n  hal ibut  col lected o f f  Arnchitka Island 

Location 
and Date 

Radionuclides pCi/g, drya 

Tissue n b 40K 37cs 

Bering Sea 
O f f  C-Site 
1971 
1971 -72 
1973 
Aug '75 
l97lc 
1971 -72 
1973 
Aug '75 

Constantine Harbor 
N Aug '74 

Sept '77 
Aug '78 
Sept '77 
Aug '78 

W 

Midden Cove 
Aug '75 
Aug '75 

Square Bay 
Aug '76 

Muscle 
II 

'I 

I '  

Liver 
I '  

I '  

I' 

Liver 
'I 

I '  

Muscle 
I' 

Muscle 
Liver 

Muscle 

21 2 
41 4 

18 k1.7 
17 k1.7 
18 21.1 
18 21.6 
1 3  25.9 
6.7 52.1 
6.9 k1.3 

11 21.5 

7.5 52.6 

7 .7  t 2 . 7  
18 22.8 
1 2  21.6 

--- 

19 21.9 
10 k1.5 

18 t0 .5  

0.0620.08 
0.0220.03 
0.1 120.02 
0.06kO. 04 
0.2720.28 

0.0420. 05 
0.0520.03 

--- 

0.06kO. 07 

0.07kO. 06 
0.0850.04 

--- 
--- 

0.05t0.04 --- 

0.05tO. 03 

a .  Radionuclide values f o r  a single sample ( n  = 1 )  a r e  a s ing le  count of the sample k the two-sigma, 
propagated, counting e r ro r .  T h e  radionuclide value shown fo r  more than one sample i s  the mean k 
one standard deviation of t w o  o r  more s ingle  sample counts. 
count i s  not s ign i f icant .  

Dashes in the t ab le  indicate  the sample 

b .  Number o f  samples/total number of f i sh  in a l l  samples. 

c .  Pre-Canni kin 



Table 9. Potassium-40 and cesium-137 i n  g reen l i ng  c o l l e c t e d  o f f  Amchitka I s l a n d  

Radionucl i des  pCi /g  , drya  

and Date T issue n b 40K 37cs 
Loca ti on 

Constant ine Harbor 

1971 

1973 
May ' 74  
Aug '74  
Aug ' 7 5  
Aug '76  
Sept ' 7 7  

1971 
Dec '71 
1973 

0 w May '74 
Aug '74  
Aug ' 7 5  
Aug '76 
Sept ' 7 7  

, Aug '78  

1971 -72 

I Aug '78  

Sand Beach Cove 

1971 

1973 
May 74 
Aug ' 74  
Aug ' 7 5  
Aug '76 
Sept '77 
Aug '78 
1971 
1972 
1973 
1973 
May '74 

1971 -72 

Muscle 
11 

1 1  

II 

I 1  

I1 

1 1  

I 1  

I1 

Viscera 
L i v e r  
V iscera 

I '  

I1 

I1 

I' 

11 

I1 

Muscle 
II 

I 1  

II 

'I 

I1 

II 

I1 

I1 

V i  scera 
L i v e r  
V iscera 
L i v e r  
V i  scera 

16 0.7 
15 t 1.3 
17 + 2.8 
18 rt 1.5 
16 t 0.8 
21 rf- 2 .5  

9 .8+  0.8 - 

15 2 2.7 
18 2.8 
13 + 0.7 
13 f 1.6 
9.1+ 0.6 

15 5 1.0 
9.2+ 0.8 

11 * 2.2 
10 * 0.9 

7.9+ 3.5 
17 2.6 

15 5 1.2 
15 1.6 
17 5 1.4 
21 f 1.9 
15 t 0.7 
25 2.7 
18 0.8 
15 2.5 
18 t 2.8 
13 0.6 
21 _+ 2.9 
11 f 0.4 
13 5 0.6 

9.1f 1.1 

0.37 rf: 0.42 
0.04 + 0.04 
0.05 + 0.06 
0.06 + 0.03 
0.07 t 0.05 
0.49 t 0.07 

0.08 t 0.06 
0.07 rt 0.06 
0.15 f 0.05 
0.21 f 0.12 

- -  

--- 
0.03 t 0.02 

0.06 t 0.05 
0.20 ? 0.06 

--- 

--- 
--- 

0.07 _+ 0.02 
0.03 t 0.05 
0.05 t 0.06 
0.05 + 0.04 

0.08 t 0.06 
--- 

--- 
0.02 _+ 0.02 



Table 9 (cont inued)  

Loca t i on 

a Radionucl ides pCi/g, d r y  

and Date Tissue n 40 K 37cs b 

Sand Beach Cove 

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

Square Bay 

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

Viscera 
'I 

'I 

I' 

I' 

Muscle 
'I 

'I 

' 'I 

Viscera 
- I' 

I' 

I I  

Duck Cove 

1972 
1973 
May '74 
Aug '74  
Aug '75  
Aug '76 
Sept '77 
Aug '78  

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

1973 . 

Muscle 
I' 

I I  

'I 

'I 

'I 

'I 

'I 

Viscera 
'I 

'I 

I' 

'I 

I' 

'I 

8.1 9 . 1  
6.3 t 1 . 4  
9.6 t0 .4  
9.0 f2.4 

15 t4 .2  

16 t1 .6  
18 kO.9 
16 f2.8 
14 f2.1 

7.8 t1 .4  
11 k0.8 
9.1 k2.6 

10 k2.4 

16 k1.1 
15 22.8 
18 k1.6 
15 f1.8 
17 21.8 
18 f0 .4 
13 9 . 7  
19 k2.9 
12 kO.5 

7.7 k0.8 
9.5 fO.1 
9.5 t l . 2  
9.6 k0.4 

11 f 2 . 5  
9 22.0 

--- 
--- 

0.04 k 0.04 
0.07 k 0.04 
0.10 0.05 

0.10 f 0.06 
--- 

0.06 1 0.06 
0.08 f O . 0 1  
0.06 f 0.03 
0.07 f 0.02 
0.09 f 0.04 
0.07 1 0.02 

0.09 0.06 
0.13 1 0 . 0 3  
0.04 2 0.02 
0.15 1 0.05 
0.04 1 0.03 

0.08 +_ 0.06 
0.09 2 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 h e  sample t t he  two-sigma, 
propagated, count ing  e r r o r .  
mean f 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.  
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  
Dashes i n  t h e  t a b l e  i n d i c a t e  

b. Number o f  samples/ to ta l  number of f i s h  i n  a l l  samples. 

c. Pre-Canni k i n .  
~ 



Table 10. Potassiun-40 and cesium-137 i n  muscle of dol ly  Varden collected 
a t  Amchitka Island 

Col 1 ec t i on Col 1 e c t  i on 
Date Loca t i on 

a Radionuclides p C i / g ,  dry 
b 

n 40K 37cs 

1971 
1972 
1973 

1974 

1975 

Aug ‘76 

Sept ‘ 7 7  

Aug ‘78 
I1 

II 

I I  

Jones Lake 
DK-45 Lake 
Jones L . ,  Bridge Cr., Si lver  
Salmon L .  Outlet 
Jones L . ,  Cannikin L . ,  
Duck Cove 
Jones L . ,  Cannikin L . ,  
Bridge Cr., Duck Cove, 
C1 evenger Cr. 
Jones L., Cannikin L . ,  
Duck Cove 
Jones L., Duck Cove, 
Clevenger L Outlet  
Jones Lake Outlet 
Canni k i n  Lake 
Duck Cove 
C1 evenger Creek 

1 / 1  15 2 0.8 0.35 2 0.05 
3/8 16 t 1.0 5.7 2 3.9 
3/7 16 k 0.6  0.18 k 0.09 

6/28 15 f 1 . 7  0.28 2 0.08 

5/19 12 k 4.4 0.17 ? 0.12 

3/17 15 f 0.58 0.17 f 0.06 

3/6 14  f 2 . 1  0.27 k 0.17 

1 /3  13 2 2.5 0.16 k 0.07 
1/5 13 k 2.5 0.21 k 0.07 
1/3 15 f 1.8 0.51 f 0.04 
1/4 14 k 1.8 0.04 & 0.04 

aRadionuclide values f o r  a single sample (n= l )  a r e  a s ingle  count o f  the  
sample f the two-sigma, propagated counting e r ro r .  
shown f o r  more than one sample i s  the mean +_ one standard deviation of two or 
more s ingle  sample counts. 

The radionuclide values 

bNumber o f  samples/total number of fish i n  a l l  samples. 

“re-Canni k i n .  
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Table 11. P o t a s s i u m 4 0  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 Loca t ion  T issue o f  B i r d s  

1970-71 

Aug ' 74  

1970-71 

1971 -72 

1973 

May ' 74  

Aug ' 7 4  

Aug '75 
I1 

I I  

Aug '76  
II 

II 

II 

Sept '77  
II 

II 

Aug 78 
I 1  

II 

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 
II 

11 

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 

L i v e r  

V iscera 

Muscle 
II 

II 

11 

I 1  

II 

I 1  

11 

I I  

I I  

II 

I I  

II 

II 

II 

I 1  

11 

11  

1 

1 

4 

3 

5 

2 

4 

4 

2 

2 

4 

3 

1 

1 

4 

4 

5 

4 
7 

4 

--- 
13 f 1.2 

11 f 0.5 

11 f 1.6  

11 & 0.8 

11 f 1.2 

11 2 1.5  

14 f 2 

11 f 2 

12 t 2 

12 2 0.5 

10 2 4.5 

10 5 0.6 

9.4 _+ 0.6 

11 t 2.5 

8.8 t 1.0  

12 +_ 2 .5  
9.1 k 2.3 

9.6 ? 1.8 

9.4 f 1.5 

--- 
1.6 f 0.8 

1.0 f 0.6 

0.70 f 0.04 
0.43 f 0.25 

0.42 t 0.05 

0.90 _+ 0.35 

3.4 l! 0.2 

1.4 f 0.1 

1.8 t 0.6 

1.7 f 0.1 

< O .  3 
1.5 5 0.1 

0.75 2 0.04 

2.1 2 0.18 

0.37 l! 0.08 

0.55 k 0.10 
0.39 f 0.08 

0.90 2 0.08 
0.30 5 0.04 

aValues f o r  r a d i o n u c l i d e s  i n  samples c o l l e c t e d  from 1970 th rough 1973 a re  
g iven as a mean f one standard d e v i a t i o n  of  two o r  more s i n g l e  sample counts .  
Values f o r  r a d i o n u c l i d e s  i n  b i r d s  c o l l e c t e d  from 1974 t o  1977 a r e  f rom a s i n g l e  
count  o f  a sample o f  one or more b i r d s  f a-two-sigma, propagated count ing  e r r o r .  
The dashes i n  t h e  body of 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 cant .  

bPre-Canni k i n .  

'One each from Mason Lake, Cannik in  area,  and M i l e  16; two f rom M i l e  5. 
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Table 12. Strontium-90 i n  Bone Samples from Rats  and Ptarmigan and i n  S o i l  
Samples Collect .ed at Amchitka I s l a n d  

na C o l l e c t i o n  
Date 

C o l l e c t i o n  
Lo c a t  i o n  

Sample 
Type 

pCi 9 0 S r / g ,  dryb 
~~ ~~ ~ 

R a t  , bone 1.6 2 1.3 
5.8 rf: 5.9 

11  II 1.9 2.0 
0.5 f 0.2 

11 11 ~1.3 
11 11 <O. 78 

Other S i t e s d  R a t  , bone 1.8 f 0.4 
II 11 1.6 k 1.1 

1.4 f 0.3 
I 1  II ~1.3 
11 I 1  <0.80 
11 I 1  2,1 k 5.2 

Cannikin Area Ptarmigan , bone 31 k 3.6 
13 f 1.0 
14 f 2.6 
17 +_ 1.4 
13 f 1.0 

Milrow/Long Shot Pt ami gan , bone 27 f 3.2 
11 f 0.8 
14 f 1.4 
19 f 2.4 
16 f 1.2 
9.6 f 0.6 

14 f 0.8 
16 f 9.2 
19 f 2.8 
26 _+ 0.4 
15 & 1.4 
10 f 0.8 

Sand Beach Cove 
11  11  

1971' 2 
1971 2 
1973 I 
1975 1 
1976 1 
1977 1 
1978 1 
1973 1 
1974 2 
1975 2 
19'76 5 
1977 3 
1978 3 
1971 1 
1975 1 
1976 1 
1977 1 
1978 1 
1971' 1 

1 1973 
1975 1 
1976 1 
1977 1 
1978 1 
1971 2 
1973 1 
1974 1 
1975 1 
1976 2 
1977 1 

1975 1 
3 

1 

I 1  11 

11 11  0.63 f 0.04 

I 1  11 

II 11 

I 1  11 

I 1  11  

11 11 

11 11  

11 I I  

11 11 

11 11 

I 1  II 

Other S i t e s e  Ptarmigan , bone 27 f 1 2  
I1  11 

11 11 

11  I t  

11 11 

11 I 1  

I 1  1978 1 Camp Area 
Main Camp S o i l  0.03 ? 0.02 

11  
I 1  ~0.03 

I 1  II <O. 14 
0.06 f 0.10 

<o. 16 
<0.04 

11 11 <0.14 
0.21 2 0.26 

11 11 
1977 1976 1 
1978 
1975 1 Cannikin Area S o i l  
1976 3 
1977 3 
1978 3 

11 I1  

I 1  I 1  

a. 
b. 

Each bone sample o b t a i n e d  from 2 t o  4 i n d i v i d u a l s .  
Radionucl ide  v a l u e s  f o r  s i n g l e  samples ( n  = 1) are a mean of  a r e p e a t e d  count 
o f  t h e  sample 5 
f o r  more t h a n  one sample i s  t h e  mean 
sample v a l u e s .  S ince  1976 a c o r r e c t i o n  w a s  made f o r  r e a g e n t  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  f o r  r e s i d u a l  sample contaminants .  The maxi- 
mum n e t  e f f e c t  of t h e s e  c o r r e c t i o n s  on sample v a l u e s ,  i n  t e r m s  o f  pCi p e r  gram 
of  sample, i s  about  0.5 f o r  ra t  samples ( 3  g . )  0.3 f o r  p ta rmigan  ( 5  g )  and 0.03 
f o r  s o i l s  (50 g ) .  

Main dump, Duck Cove, Cons tan t ineHarbor ,  Camp Area, Br idge  Creek and Clevenger 
Creek (mouth).  
Main camp, m i l e  p o s t  8, S i l v e r  Salmon Lake, m t l e  18. 

two sigma, p ropaga ted ,  coun t ing  e r r o r .  The r a d i o n u c l i d e  v a l u e s  
one s t a n d a r d  d e v i a t i o n  of t h o s e  i n d i v i d u a l  

c .  Pre-Cannikin. 
d. 

0 .  
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Table 13. Sone gamma-emitting radionuclides in sand and soil collected a t  Amchitka Island 

Location Sample 
and Date Type n 40K 37cs 41 Ce 44~e 226Ra 228Th 238" 

Main Camp 
Aug '75 Soi 1 1 8.0k1.2 --- 0.20tO. 13 0.14k0.13 0.18t0.04 0.14k0.05 --- 
Aug '76 
Sept '77 
Aug '78 

a Radionuclides pCi/gg dry 

I' 

I I' 
3 11 k1.0 0.82k0.60 0.27k0.24 --- 0.26k0.06 0.11k0.04 0.17k0.30 
1 15 k2.2 0.24kO.07 --- 0.29k0.21 0.29k0.07 0.27k0.08 0.8550.69 

I' . 0.67k0.42 1 21 k1.6 0.38k0.05 --- --- 0.22k0.13 0.39kO. 04 
Canni kin Area 

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

Aug '75 
Aug '76 

Aug '78 

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

Constantine Harbor 

Sept '77 

Sand Beach Cove 

s o i  1 
I' 

I' 

I' 

Sand 
I' 

I' 

'I 

Sari,d 
'I 

I '  

I' 

1 11 t1.3 0.32t0.05 0.22tO.15 0.97tO.18 0.11kO.05 0.08kO.04 . --- 
3 10 t2.5 0.34k0.21 --- 0.09t0.12 0.21 k0. 03 0.11 k0.02 0.64tO. 18 
5 8.8k3.0 0.21k0.15 --- 0.42k0.02 0.20k0.05 0.19k0.08 --- 
3 9.0t3.8 0.47t0.08 --- 0.60k0.15 0.16t0.05 --- --- 

1 13 k1.2 0.07t0.03 --- --- 0.18t0.04 0.09t0.04 0.44k0.36 
1 16 51.6 0.22k0.04 -I- --- 0.28k0.05 0.11k0.05 0.88+0;47 
1 15 22.1 0.05t0.04 --- --- 0.19k0.06 0.09kO. 07 --- 
1 15 22.2 --I --- --- 0.20kO. 05 --- --- 

1 9.821.1 0.06t0.03 --- 0.2 tO.1 0.22~0.04 0.11+0.03 0.48k0.20 
1 8.6t1.1 --- --- --- 0.28k0.04 0.13tO. 04 0.6450.33 
1 4.7tl.l --- --- --- 0.08k0.05 0.07k0.04 --- 

-I- 0.2820.06 --- 0.71 50.62 1 7.8t1.8 --- --- 
I .  

aRadionuclide values for a single sample (n=l) are a single count of the sample k the two-sigma, 
propagated counting error. 
standard deviation of two or more single sample counts. 
is not significant. 

The radionuclide value shown for more than one sample is the mean t one 
Dashes in the table indicate the sample count 



Table 14. Some gamnia-emitting radionuclides i n  freshwater samples collected a t  Amchitka Islanda 

b Radionuclides pCi / l i t e r  
Location Liters; 
and Date Range Fraction n 7Be 9 5 ~ r  95Nb 37cs 4 4 ~ e  
Jones Lake 

1971' 83-477 Par t icu la te  4 --- 0.05 t 0.04 0.11 f 0.08 0.02 t 0.04 NA 
Sol ubl  e 4 --- 0.01 f 0.01 0.02 f. 0.02 0.02 f 0.02 NA 

53-619 Par t icu la te  5 0.2 f 0.3 0.008+ 0.011 0.02 t 0.02 0.004f 0.009 NA 
Sol u b l  e 5 1 .3  f 2.9 0.07 0.15 0.16 f 0.33 0.05 2 0.10 NA 

--- 0.042f 0.015 w A 
NA Sol u b l  e 2 

1973 

Soluble 1 
Flay ' 74 

Aug '74 413 Part iculate  1 
Sol u b l  e 1 

'I II 

I' I' 
1971 -72 

152-193 Part iculate  2 --- --- 
II 'I --- --- --- --- 

53 Part iculate  1 --- 0.084t 0.062 0.19 * 0.06 0.039f 0.029 0.44 f 0.14 
I1 II --- --- --- -e- --- 

--- --- --- -- - --- 
II II --- --- --- --- --- 

Aug '75 56 Entire 1 1.1 f 0.3 --- 0.05 t 0.03 0.12 f. 0.03 --- 
Aug '76 50 Entire 1 1.9 5 0.5 --- --- 0.08 * 0.04 --- 
Sept '77 50 Entire 1 1.6 t 0.6 0.29 t 0.09 0.42 ? 0.09 0.13 k 0.04 0.44 k 0.17 
Aug ' 7 8  50 Entire 1 --- --- - -- 0.11 f. 0.05 0.23 .t 0.22 

Aug '75 52 Entire 1 2 .3  k 0.4 0.09 f 0.05 0.15 f 0.04 0.25 f 0.04 0.24 k 0.11 

0.90 1 0.30 

c-) 

cn Heart Lake 

A u q  '76 48 Entire 1 1.9 f 0.5 --- --- 0.13 f 0.05 --- 
Sept '77 50 Enti re 1 
Aug ' 7 8  50 Entire 1 1.8 f 1.3 --- --- 0.10 t 0.04 --- 

1972 9-1 0 Par t iculate  2 --- 0.17 f 0.23 0.34 f 0.48 --- 
1973 

May '74 314 Par t icu la te  1 --- 0.20 f 0.04 0.25 5 0.03 0.019+ 0.013 0.41 k 0.07 

Aug '74 

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

Cannikin Lake 
PIA 

72-95 Par t icu la te  2 --- --- --- 0.04 f. 0.057 NA 
Sol ubl e 2 --- --- 0.08 t 0.11 NA 

Sol ubl e 1 
99 Par t icu la te  1 

Sol ubl e 1 
Auq '75 53 Enti re 1 --- --- --- 0.21 f. 0.04 --- 
Aug '76 50 E n t i  re 1 

Aug '78 50 Entire 1 --- --- --- 0.05 k 0.03 --- 

I' II --- 
'I II --- --- --- -e-  --- 

--- --- --- --- --- 
II I' - - -  --- --- --- --- 

0.10 f 0.04 0.24 t 0.15 
Sept '77 50 Entire 1 0.93k 0.78 --- 0.46 f. 0.13 0.10 k 0.06 0.35 k 0.25 

- - -  --- --- 



Table 14 (cont inued)  

Loca t ion  L i t e r s ;  
and Date Range F r a c t i o n  n 7Be 9 5 ~ r  95Nb 37cs 4 4 ~ e  
Long Shot 
Mud P i t  No. 1 

1970-71' 62-950 P a r t i c u l a t e  6 4.0 f 4.7 0.4 t0 .6  0.9 f1 .2  0.02 f 0.03 NA 

Radionucl ides p C i / l  i t e r b  

I I  I 1  So lub le  6 11 +18 0.002+0.003 0.006k 0.009 0.08 f 0.18 NA 
29-108 P a r t i c u l a t e  5 1.2 f 1.3 0.25 20.29 0.48 f0 .55  0.03 + 0.07 NA - -- NA Sol ub l  e 5 0.44f 0.98 --- --- 
32-38 P a r t i c u l a t e  2 2.0 t 1.0 --- --- 0.04 + 0.06 I4 A 

NA So lub le  2 

48 So lub le  1 

189 Sol ub l  e 1 

II I 1  
1971 -72 

I I  --- --- --- --- I 1  
1973 

May I74  48 P a r t i c u l a t e  1 4.0 + 0.7 1.3 kO.1 2.7 k0.2 0.034f 0.028 4.9 k 0.3 
II --- --- --- --- --- 

Aug '74  189 P a r t i c u l a t e  1 0.7 f 0.2 0.06 t0.03 0.14 kO.02 --- --- 

Aug '75 50 E n t i r e  1 1.2 f 0.3 --- --- 0.08 f 0.03 --- 
--- --- 0.05 f 0.03 --- 

I I  -- - --- --- --- 0.21 fO.10 

Aug '76 52 E n t i r e  1 1.3 f 0.4 
Sept ' 77  50 Ent i  r e  1 1.7 f 0.8 0.44 20.14 0.91 t0 .19  0.14 f 0.06 0.31f 0.24 
Aug ' 78  50 E n t i r e  1 1.3 t 1.2 --- 0.12 t .05 --- --- 

Cons t a n  t i ne 
w Spr ings 
v --- --- --- --- --- Sept '77  50 E n t i r e  1 

Aug ' 78  50 E n t i r e  1 0.75% 0.62 --- --- 0.05 f 0.03 --- 
Long Lake 

Sept '77 50 E n t i r e  1 1.1 f 0.7 0.55 iQ.15 0.61 i 0 .14  0.11 t 0.06 0.41f 0.24 
Aug '78  50 E n t i  r e  1 --- --- --- 0.10 t 0.05 0.302 0.20 

Seepage 

Sept ' 77  34- E n t i r e  1 1.1 % 1.0 0.30 9 . 2 9  0.33 f0 .14 

Sand Beach Cove 

--- - -- 

Rain Water 
Sept ' 7 7  50 E n t i  r e  1 28 t 1.5 4.9 kO.2 9.4 k0.3 0.40 % 0.06 2.8 * 0.3 

0.91 2 0.06 3.7 _+ 0.26 Aug '78  50 E n t i r e  1 3.3 + 2.2 0.24 N . 2 3  0.28 +0.12 
a. 

b. 

lo3Ru, lo6Ru, lZ5Sb, and 140Ba a l s o  present  i n  some samples. 
Rad ionuc l 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  of  t h e  sample % t h e  two-sigma, propagated, 
c o u n t i n g  e r r o r .  
o r  more s i n g l e  sample counts .  
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  value shown f o r  more than one sample i s  t h e  mean f one standard d e v i a t i o n  o f  two 
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  

c .  Pre-Cannik in  



Table 15. Tritium Concentration in Water Samples Collected at Sites other than 
Long Shot Drainage, Amchitka Island, 1970-1978. 

Col 1 ecti on Collection Number o f  Tritium 
Date Location Samples Uni tsa p c i  / I  i terb 

.__ 

I Seawater 
1970-71C d 10 
1972 d 16 
1973 d 6 
1974 d 6 
1975 d 6 
1976 d 6 
1977 d 4 

Aug '78 Constantine Harbor 1 
Square Bay 1 
Sand Beach Cove 1 
Duck Cove 1 
St. Makarius Bay 1 

II 

I I  

I 1  

II 

I I  Near Mouth o f  Lonq Shot 
Cr. 2 

II Near Mouth o f  Bridge Cr. 1 

I1 Freshwater, except Long Shot Area 
1970-71 d 12 
1972 d 18 
1973 d 46 
1974 d 44 
1975 d 29 
1976 d 33 
1977 d 44 
1978 d 45 

Jan '78 Camp Area Precipitation 2 
Feb '78 2 
Apr '78 2 
May '78 2 

'I Sept '78 1 

'I 

I' 

I' 

II 

32 L- 19 
28 + 25 
22 2 13 
<13 
<15 
<15 

<13 
<9 

<9 
<9 

10 f 10 
34 t 10 

23 f 7 
20 f 9 

92 L- 46 
49 -+ 14 
50 2 17 
32 t 18 
34 L- 14 
30 f 12 
2 8 +  9 
26 L- 13 

< 15 
107 + 62 
47 f 45 

<15 
21 i 10 

103 2 61 
90 t 81 
71 + 42 
<42 
<48 
<50 

<42 
<29 
<29 
<29 

32 ? 32 
110 L- 32 

74 ? 23 
65 t 29 

298 t149 
158 f 45 
162 t 55 
103 + 58 
110 t 45 
97 t 39 
90 t 29 
84 2 42 
<48 

346 L-200 
152 t145 

68 2 32 
4 8  

38 



Table 1 5 .  (continued) 

Col 1 e c t i  on Collection Number of Tri t i  urn 
Date Location Samples U n i  t s a  pci/1 i t e r b  

Oct ‘78 
Nov ‘78 
Dec ‘78 
May ‘78 
Nov ‘78 
Aug ‘78 
Nov ‘78 
Aug ‘ 7 8  
Aug ‘78 

II 

I 1  

II 

II 

II 

II 

II 

II 

I1 

II 

II 

II 

II 

II 

II 

I 1  

II 

Camp Area Preci p i  t a t i  on 
II 

I I  

C1 evenger Creek 
II 

II 

Bridge Creek 

Constantine S p r i n g  
Long Lake 
Pump House 
Jones Lake Outlet 
C1 evenger Lake O u t  1 e t  
Duck Cove Creek 
Seep Area from C1 i f f s  

a t  Duck Cove 
Clam Lake 
Heart Lake 
Quonset Lake 

Quonset Creek 
Ice Box Lake I n l e t e  
Ice Box Lake Outlet  
Cannikin Lake I n l e t  

from Ground Zero 
Cannikin Lake I n l e t  

from Drillback 
White ,4lice I n l e t  t o  

Canni k i n  Lake 
Canni k i n  Lake Surface 

and Bottom 
Canni k i n  Lake Outlet  

II 

2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
2 

1 
1 
1 

1 
3 
1 
1 

1 

1 

9 

3 

<9 
10 t 1 
14 t 7 

<8 
10 + 1 
25 +15 
12 t 4 
33 k 5 
24 t 9 
25 + 9 
10 k 9 
11 + 9 
27 t 9 

<9 
49 +11 

33 t10 
21 t 9 
22 210 

37 f 9 
40 t 4 
12 t 9 
18 k10 

15 + l o  

73 +10 

30 k25 

15 2 4 

<29 
3 2 2  3 
45 t 23 

<26 
3 2 +  3 
81 t 48 
39 + 13 

107 + 16 
78 t 29 
81 k 29 
32 t 29 
36 f 29 
87 ? 29 

158 T 36 

107 + 32 
68 f 29 

120 f 29 
129 ? 13 
39 + 29 
58 t 32 

48 + 32 

236 t 32 

97 k 81 

48 + 13 

<29 

71 2 32 

39 



Table 15. (continued) 

Col1 ection Col l e c t i  on Number o f  Tritium 
Date Location Samples Uni t sa  pci / I  i t e rb  

Aug ‘78 MP-12 Creek 1 1 2  k 9 39 + 29 
I! DK-45 Lake 1 31 -I 9 100 f 29 

Sand Beach Cove Seep 2 42 +13 136 * 42 II 

a .  Radionuclide values for  s ingle  samples ( n  = 1 )  a re  a mean of a repeated 
count of the sample k a one-sigma, propagated, counting error .  
nuclide value shown f o r  more t h a n  one sample is  the mean * one standard 
deviation of those individual sample values. 

The radio- 

b.  One TU equals 3.23 pCi / l i t e r .  

c.  Pre-Canni k i  n .  

d. Mean of all collection s i t e s .  

e.  A small lake formed i n  the north fork o f  White Alice Creek a f t e r  surface 
subsidence occurred a t  the C a n n i k i n  s i t e .  

40 
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Table 16. T r i t i u m  concen t ra t i on  i n  water  samples c o l l e c t e d  
a t  Long Shot Drainage, Amchitka I s land ,  1970-1978. 

Col 1 e c t  i on 
Loca t ion  

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

Long Shot Mud P i t  

f4ud P i t  #gd 

flud P i t  #2 

Mud P i t  #1 

1970-71' 

1974 

1975 

1976 

1977 

1 97gd 

1976 

1977 

1978 

1970-71 

1972 

1973 

1974 

1975 

1976 
1977 

1973 

3500+400 - 
2?00*469 

867+19 

11 50223 

91 5+23 

704+21 

1 1 4 0 9 3  

731 +20 
623+20 

1800+260 

2050i240 

1900+420 

1300+250 

122+11 

71 6 t l 2  
681 527 

C92+13 

11 300+1500 

9400*160 

2800+61 

371 0274 

29 56274 

2274i68 

3680+74 

2361+65 

201 2+65 

5800+840 

66002780 

61 0021 400 

4200+810 

395236 

231 0+39 
2200287 

i5a9+58 

Long Shot Mud P i t  Drainage 
3 Meters bel ow 1975 1 872t19 2820261 

Mud P i t  #1 1976 1 7 3 S i l 8  2390258 

1978 1 52921 8 1 7 0 9 5 8  

I n f a n t r y  Road . 1975 1' 666+16 21 50i52 

1976 1 342+14 1 100245 

1977 , 1' 454+16 1466+52 

1978 1 394+15 1273+48 

41 



Table 16. (cont inued)  

Co l l ec t ion  Col 1 ect i  on Number of Tri t i  um 
Location Date Samples Uni t sa  p c i  / I  i terb 

600 meters below road 

d 200 meters bel ow road 

d 400 meters bel ow road 

500 meters below road 

200 meters above Square 
Bay 

20 meters above Square 
Bay 

1975 
1976 
1977 
1975 

1976 
1977 
1978 

1976 
1977 

1973 

1975 
1976 
1978 

1975 
1976 
1977 
1978 

1975 
1976 
1977 
1978 

1 
1 
1 
1 

1 
1 
3 

1 
1 
2 

1 
1 
1 

1 
1 
1 
2 

1 
1 
1 
2 

424+15 
278+14 
1 4 8 g  3 
27921 3 

252+13 
84+12 

272290 

10321 2 
57f l2  

1 68f l8  

8221 3 
53+11 
7021 0 

121+13 
4 8 f l l  
41212 
92+17 

107f l3  
27 f l l  
16+12 - 
62+5 

1370248 
898+45 
478+42 
901 +42 

814242 
271 +39 
879f291 

333239 
184+39 
543+58 

264f42 
171 +36 
226+32 

390247 
155236 
132239 
297+55 

347+42 
87236 
52f39 

200+16 

a .  Radionuclide va lues  f o r  s i n g l e  samples ( n = l )  a r e  a mean o f  a repea ted  
count  o f  the sample 2 a one-sigma, propagated,  c o u n t i n g  e r r o r .  The 
rad ionuc l ide  va lue  shown f o r  more than one sample i s  the mean f one 
s tandard  d e v i a t i o n  o f  t hose  ind iv idua l  sample va lues .  
One TU equa l s  3 .23 pCi/ l i ter  b .  

c .  Pre-Canni k i n  
d.  - Ranunculus c o l l e c t i o n  s i t e  

42 
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Table 17 .  T r i t i um i n  f r e e  water  from b i o l o g i c a l  samples c o l l e c t e d  
a t  h c h j . t k a  I s l a n d .  

b 
Sample Type, T i s sue  C o l l e c t i o n  Tr i t i um 
C o l l e c t i o n  Locat ion  Date n Uni t sb  p C i / l i  ter a 

Fucus, e n t i r e  
Cons tan t ine  Harbor Aug '75 

Aug '76 
Sept  '77 
Aug '78 

Square Bay 

Sand Beach Cove 

Duck Cove 

G r  e en1 i u g  Mus c l  e 
Cons tan t ine  Harbor 

Square Bay 

Sand Beach Cove 

Duck Cove 

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

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

Aug '76 
Sept  ' 77 
Aug ' 7 8  

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

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

May '74 
Aug ' 75  
Aug '76 
Sep t ' 77 
Aug '78 

Aug '76 
Sept  '77 
Aug '78 

2 
1 
1 
1 

3 
2 
1 
1 

2 
3 
1 
1 

3 
4 
1 

2 
1 
1 
2 
1 

4 
1 
1 
1 

3 
2 
3 
1 
1 

1 
1 
1 

~ 3 5 2 1 8  
35+11 
23t10 
15+ 9 

<26t12 
25+ 3 
38511 
53+19 

<21+ 1 
3 1 T  4 
28+11 
<9 

23+ 3 
<13 

<9 

4 8 t  4 
<14 
<21 
<13 

<9 

<20+  2 
<19 
1 7  t10 
<9 

94+39 
<20+ 1 

20+ 7 
<12 
< l o  

<46 
<13 
16+ 9 

<110+ 58 
1102 36 

742 32 
48+ 29 

<84+ 39 
81+ 10 

1 2 2 t  36 
171+ 6 1  

< 6 8 t  3 
loo+ 13 

902 36 
<29 

742 10  
<4 2 
<29 

155t 13 
<45 
<68 
<4 2 
<29 

<65+ 6 
<62 
55t 32 

<2 9 

304t126 
< 6 5 t  3 

6 5 t  23 
<39 
<32 

4 5 0  
< 42 

522 29 

43 



Tablc 17. (continued) 

--- 

b Sample Type. Tissue C o l l e c t i o n  Tr i t i um 
C o l l e c t i o n  Locat ion  Date n Uni t sb  p C i / l i  ter a 

Dolly Varden Muscle 
I c e  Box Lake O c t  '72 

White A l i c e  Creek Aug ' 73  

Bridge Creek Aug ' 73  
( I n t e r t i d a l  area of 

c reek )  Aug ' 75  

Duck Cove 

Jones Lake 

Cannikin Lake 

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

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

Aug '75 
Aug ' 76  
Aug '78 

Ranmculus  e n t i r e  
Duck Cove Creek Aug ' 7 3  

White Alice Creek Aug ' 7 3  

Bridge Creek Aug '76 
Aug ' 78  

Longshot Mud P i t  3 Aug '78 
Longshot Creek Aug '78 
(250 m below I n f a n t r y  Rd) 
Longshot Creek Aug ' 76  
(422 m below I n f a n t r y  Rd) Aug '78 

Clevenger Greek Aug ' 7 8  

3 

2 

4 

2 

2 
1 
1 

3 
4 
1 
1 
1 

1 
1 
1 

2 

2 

2 
3 

2 
1 

1 
1 

2 

44 

4 5 t  9 

162t52  

64+ 3 

16+ 2 

43% 9 
<11 
<9 

68+ 54 
262 1 6  
58+ 13  
38t 11 
<9 

3 9 t  1 2  
7 2 t  1 7  
222 9 

68+ 35 

8 9 +  28 

<67 
25+ 4 

787+ 7 
1432 11 

1 2 0 t  1 7  
725 10 

31t 1 

1452 29 

5 2 351 68 

2072 1 0  

51t 6 

1 4 0 t  23 
<36 
<2 9 

2202 174 
852 52 

199+ 42 
123+ 36 
<29 

1302 39 
230+ 55 

7 1 2  29 

2 2 0 t  113 

228k 90 

<220 
81% 13 

2542t 23 
462+ 36 

390t  55 
233+ 32 

1002 3 



b Sample Type, Tissue  C o l l e c t i o n  a Tr i t i um 
C o l l e c t i o n  Locat ion  Date n Uni t sb  p C i / l i t e r  

- F o n t i n a l i s ,  e n t i r e  
Clevenger Creek 

I c e  Box Lk I n l e t  

White Alice Creek 
(Cannikin Lk Drainage) 

Sric'.ge Creek 

Longshot Creek 
(200 m upstream from 

Square Bay) 

Longshot Creek 
(25 m upstream from 

Square Bay) 

Ptarmigan,  Muscle 
Camp Area 

Milrow/Longshot 

Cannikin Area 

Aug ' 76  
Sept ' 77 
Aug '78 
Nov '78 

Aug '76 
Sept  '77 
Aug '78 

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

Feb '78 
Aug '78 

Aug '75 

Sept ' 77 
Aug '78 

Aug ' 76 
Sept  '77 
Aug '78 

. .  

Aug '76 
Sep t  '77 
Aug '78 

Aug ' 76 
Sept  ' 77 
Aug '78 

Aug '76 
Aug '78 

4 
1 
3 
1 

3 
2 
3 

2 
5 
3 
3 

1 
1 

2 

1 
? ._ . 

1 
1 
1 

2 
1 
1 

2 
2 
1 

1 
1 

1022 6 
27t16 
382 6 
3 7 t  9 

37216 
542 9 
322 1 

39?28 
71215 
322 9 
322 4 

<10 
<9 

85214 

107212 
95210 

150215 
62211 
37+11 

<21  
21210 
17+ 9 

40t17 
35+ 5 

<9 

36+18 
10210 

3292 19  
872 52 

1232 19 
1202 29 

1202 52 
1742 29 
1032 3 

126% 9 1  
229+ 48 
1032 29 
103 t  13  

<32 
<2 9 

2752 45 

3462 39 
307+ 32 

4802 48 
2002 36 
313k 36 

<68 
682 32 
5 5 t  29 

1 3 0 t  55 
1132 16  

<2 9 

1202 58 
3 2 t  32 

a. n e q u a l s  t h e  number of f r e e  water samples from a s i n g l e  t i s s u e  sample. 
b. Radionucl ide v a l u e s  f o r  s i n g l e  samples (n  = 1 )  are a mean of a r epea ted  

count  of  t h e  sample t a one-sigma,propagated, count ing  e r r o r .  The r ad io -  
n u c l i d e  v a l u e  shown f o r  more t h a n  one sample  i s  t h e  mean t one s t anda rd  
d e v i a t i o n  of t h e s e  i n d i v i d u a l  sample v a l u e s .  

45 



Table  18. Plutonium - 239,240 i n  Fucvs ,Green l ing ,  Sand, and S o i l  Samples c o l l e c t e d  a t  
Amchitka I s l a n d  

_ _ ~  ~ __  

Sample Type C o l l e c t i o n  Locat ion  C o l l e c t i o n  Date pCi/g,  dry" DPM/kg, w e t  

FUCUS e n t i r e  -----' 

FUCUS, e n t i r e  

- 9  Fucus e n t i r e  

Fucus,  e n t i r e  

Greenl ing  , Muscle 

Greenl ing ,  Muscle 

b 
Sand, Su r face  

Sand, Su r face  

S o i l ,  Su r face  

S o i l ,  S u r f a c e  

Sand Beach Cove 

Cons tan t ine  Harbor 

Square Bay 

Duck Cove 

Sand Beach Cove 

Con s t  a n t  i n e  Harbor 

Sand Beach Cove 

Cons tan t ine  Harbor 

Cannikin Area 
D r i l l b a c k  #1 

Cannikin Area 
D r i l l b a c k  #2 

Aug. 1975 
Aug. 1976 

Aug. 1978 
S e p t *  1977 

Aug- 1975 
Aug. 1976 

Aug. 1978 

Aug. 1976 

Aug. 1978 

Sep t .  1977 
Aug. 1978 

Sep t .  1977 

S e p t a  1977 

Aug* 1975 
A u g .  1976 
Sept .  1977 
Aug. 1978 

Aug* 1975 
Aug. 1976 
Sept .  1977 
Aug. 1978 

Aug* 1975 
Aug . 1976 
Sept .  1977 
Aug. 1978 

Aug- 1975 
Aug. 1976 
Sep t .  1977 

Aug* 1975 
Aug. 1976 
Sept .  1977 
Aug. 1978 

Aug. 1976 
S e p t a  1977 
Aug. 1978 

46 

0.006 f 0.002 
0.003 5 0.002 
0.002 f 0.002 
0.003 f 0.0008 

0.002 f 0.002 

0.002 f 0.0006 
<o. 002 

0.003 f 0.0006 

0.003 f 0.002 

0.003 t 0.001 
0.005 2 0.002 

0.002 f 0.0008 
0.003 f 0.001 

<o. 002 
<o .002 

<o .001 
0.001 f 0.0004 

<O. 003 
<o. 002 
<o. 0001 
<o .001 

0.004 f 0.002 
<o. 001 

<o .001 
0.001 f 0.0006 

<o. 002 
0.003 f 0.002 
0.005 t 0.002 

0.015 k 0.004 
0.008 f 0.002 
0.005 k 0.006 
0.003 f 0.002 

< 0.002 
0.002 t 0.0008 
0.005 f 0.001 



Table 18 ( c o n t i n u e d )  

Sample Type C o l l e c t i o n  Locat ion  C o l l e c t i o n  Date pCi /g ,  drya DPM/kg, w e t  

S o i l ,  S u r f a c e  

D 

S o i l  , Sur face  

Cannikin Area 
D r i l l b a c k  #3 

Camp Area 

Aug. 1976 
Sep t .  1977 
Aug. 1978 

Aug. 1975 
Aug. 1976 
Aug. 1976 
Aug. 1976 
Sept .  1977 
Aug. 1978 

0.009 f 0.005 
0.001 f 0.0001 
0.004 f 0.001 

0.001 f 0.001 

0.005 f 0.003 
0.006 f 0.004 
0.004 f 0.002 
0.004 f 0.001 

<o. 002 

a. The r a d i o n u c l i d e  v a l u e  f o r  t h e s e  s i n g l e  samples i s  a s i n g l e  count o f  t h e  sample f 
t h e  two sigma, p ropaga ted ,  coun-t;ing e r r o r .  

b. S u r f a c e  samples w e r e  t h e  0 t o  2.5 cm layer. 
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8 .  TABLE AND MAP INDEX 

Col I e c t i o n  -. S i t e  F iqu re  No. ( s )  

Baker Runway 3 
Base Camp 2 & 3  
Ber ing  Sea 1 & 2  
Br idge Creek 4 
Cannik in  Lake I n l e t  From D r i l l b a c k  6 
Canni k i n  Lake 6 
Cannik in  Lake O u t l e t  6 
Cannik in  Lake I n l e t  From GZ 6 
Cannik in  Lake I n l e t  From White A l i c e  I n l e t  6 
Cannik in  S i t e  2 & 6  
Chapel Cove Stream 2 
C l a m  Lake 4 
Clevenger Creek 4 
Clevenger Lake O u t l e t  3 
Constan t i  ne Harbor 2 & 3  
Constant ine Harbor 3 
Cons t a n  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  C a l i b r a t i o n  Range 3 
Hear t  Lake 4 
Hus-key Camp 3 

I 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 
Long Shot 2, 4, 5 
Long Shot Drainage 4 & 5  
Main Camp 3 
Midden Cove 2 
M i l e  8 2 
M i l e  18 2 
M i  1 row 2 & 4  
MP 12 Creek 6 
Quonset Creek 4 

Table No. ( s )  

13 
13, 19 

3 j  10 
2, 3, 10, 15, 17 

:r 
5 .  10 15, 17, 18 
3, 3, 75 ,  17 

15  
4 %  75 

10 
5, 12, 15 

3, 15 

15 

11,, 12, 13, 18, 19 

2 ,  3, 10, 12, 15 

6, 8, 9, 12, 13, 15, 17, 18 

14, 15 
6 

19 
19 

6, 7 ,  9, IO, 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 

11, 12, 13, 18, 19 
8 

11, 12 
11, 12 
11, 12, 17, 19 
2, 15 

15 

II 

4, 14, 15, 19 
2, 3, 15, 17 
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9 .  TABLE AND MAP INDEX c o n t ' d  

C o l l e c t i o n  S i t e  F i g u r e  No. ( s )  Table  No 0 
Rifle Range T a r g e t  Area 
Sand Beach Cove 
Sand Beach Cove Seep 
S i l v e r  Salmon Lake 
Small Boat Dock, C o n s t a n t i n e  Harbor 
South Bight  
South Hangar 
Square Bay 
White Alice Creek 

19 

1 5  
12 

None 
1 3  
1 5  

6 ,  7 ,  8,  9 ,  1 5 ,  17 
2 ,  3,  4 ,  1 5 ,  17  

6 ,  7, 9 ,  1 2 ,  1 3 ,  1 5 ,  1 7 ,  1 9  
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