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ABSTRACT 
c ? 

7-2- 
Begun i n  1970, the Amchitka Radiobiological Program i s  a continuing program 
t o  co l l ec t  biological and environmental samples f o r  radiometric analyses. 
An account of the program from July,  1970, t o  December, 1975, has been given 
i n  six previous progress reports from the Laboratory of Radiation Ecology 
to  the Nevada Operations Office of the U. S.  Energy Research and Development 
Administration. T h i s  report  i s  an account of the program for calendar year 
1976. 

Results of analyses f o r  samples collected i n  Augus t ,  1976, have been added 
t o  the tables  i n  Nelson and Seymour (1976) tha t  summarize the r e su l t s  of 
analyses of samples collected from 1970 t o  1976, and include analyses for :  
(1 )  
marine algae, marine invertebrates,  f i s h ,  aufwuchs, and freshwater moss and 
plants;  (2 )  strontium-90 (9OSr) i n  r a t s ,  b i rds ,  and s o i l ;  ( 3 )  2 3 9 , 2 4 0 P u  in  
sand, s o i l ,  marine algae and fish; and (4)  t r i t ium (3H) i n  seawater, fresh- 
water, and biological organisms. Monitoring of background radiation w i t h  
survey instruments was added t o  the Laboratory's program i n  1974, and the 
r e su l t s  of the 1974, 1975, and 1976 surveys a re  included in t h i s  report .  

Conclusions from the r e su l t s  of the recent analyses a re  a r e i t e r a t ion  of the 
r e su l t s  s t a t ed  i n  Nelson and Seymour (1975 ) ;  namely, "(1)  no new radionuclides 
a re  present; 

products and induced radionuclides a r e  from world f a l lou t ;  and ( 4 )  a t race  of 
3H contamination remains in some Long Shot ponds, as previously reported." 
I t  i s  concluded from the r e su l t s  of analyses of samples collected between 
September,l969, and August,  1976, as reported in this and the six previous 
progress reports ,  t h a t  there were no radionuclides of Milrow o r  Cannikin or igin 
i n  the water, plants ,  or animals o f  Amchitka Island. 

gamma-emitting radionuclides i n  a i r  f i l t e r s ,  freshwater, b i r d s ,  l ichens,  

D 1 

2 )  the most abundant radionuclides a re  natural ly  occurring 
beryllium-7 [ .5 Be] and potassium-40 C40K]; ( 3 )  the  t race  quant i t ies  of f i ss ion  
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1.  INTRODUCTION ' 

The present  Amchitka r a d i o b i o l o g i c a l  program began i n  1970 b u t  was 
preceded by t h e  Long Shot r a d i o b i o l o g i c a l  program i n  1965. 
d e s c r i p t i o n  o f  t h e  present  program i s  g i ven  i n  t h e  1972 Progress Repor t  
(Held e t  a1 . , 1973) , and se lec ted  p o r t i o n s  f rom t h a t  r e p o r t  f o l l o w .  

A r e l e v a n t  

"The present  Amchitka Rad iob io log i ca l  Program was i n i t i a t e d  i n  J u l y ,  
1970, by t h e  U n i v e r s i t y  o f  Washington's Labora tory  o f  Rad ia t i on  
Ecology a t  t h e  reques t  o f  t h e  U.S. Atomic Energy Commission, Nevada 
Operat ions O f f i c e .  The program i s  designed t o  p rov ide  a p e r i o d i c  
documentat ion o f  rad ionuc l i des ,  bo th  n a t u r a l l y  o c c u r r i n g  and man- 
made, i n  b i o l o g i c a l  and environmental  samples f rom Amchitka and i t s  
env i rons .  Seafoods and r a d i o n u c l i d e s  p o t e n t i a l l y  a v a i l a b l e  t o  man 
through t h e  food web a r e  emphasized. However, organisms o t h e r  than 
food organisms a r e  a l s o  c o l l e c t e d  and analyzed. These i n d i c a t o r  
organisms a re  species t h a t  s i g n i f i c a n t l y  concent ra te  one o r  more 
rad ionuc l i des .  Concentrat ions o f  r a d i o n u c l i d e s  o t h e r  than those 
p o t e n t i a l l y  hazardous t o  man a re  measured as a means of p r o v i d i n g  
c lues  t o  t h e  o r i g i n  o f  r a d i o n u c l i d e s  a t  Amchitka. Unexpected 
combinat ions o r  concen t ra t i ons  o f  r a d i o n u c l i d e s  would i n d i c a t e  t h e  
presence o f  newly added rad ionuc l  i des  t o  the  environment, presumably 
from f r e s h  f a l l o u t ,  nuclear-powered vessels ,  o r  f rom nuc lea r  detona- 
t i o n s  a t  Amchi t k a  I s 1  and. 'I 

The f i r s t  two Amchitka Rad iob io log i ca l  Program Progress Reports covered 
t h e  p e r i o d  J u l y  1970 t o  February 1972. 
by Held (1972) , who concluded, " A r t i f i c i a l  o r  man-made r a d i o n u c l i d e s  ( found 
a t  Amchitka) d i d  n o t  o r i g i n a t e  a t  Amchitka except  f o r  t r i t i u m ,  which has 
p r e v i o u s l y  been r e p o r t e d  t o  be present  i n  pond water  and t e s t  ho les near 
t h e  Long Shot SGZ s i t e . "  

These r e p o r t s  have been summarized 

The t h i r d  t o  s i x t h  p r o g r e s s  r e p o r t s  re i terated t h e  above c o n c l u s i o n  and 
extended t h e  account -o f  t h e  program through August, 1975. Major conc lu -  
s ions  o f  t h e  s i x t h  r e p o r t ,  as s t a t e d  by Nelson and Seymour (1976) a r e  as 
f o l 1  ows :, 

"a.- Some o f  t h e  ponds i n  the  immediate v i c i n i t y  o f  t h e  Long Shot 
Sur face Ground Zero remain contaminated w i t h  3H. 

An ex tens i ve  search w i t h  s e n s i t i v e  ins t ruments  f o r  r a d i o n u c l i d e s  
i n  b i o l o g i c a l  and environmental  sampl es-marine, t e r r e s t r i a l  , 
f reshwa te r - - co l l ec ted  d u r i n g  t h e  f i r s t  45 months a f t e r  t h e  
Cann ik in  de tona t ion  o f  November 6, 1971, i n d i c a t e s  t h a t  no 
r a d i o n u c l i d e s  f rom t h e  Cann ik in  o r  M i l row  events have escaped 
t o  t h e  su r face  environment.  I' 

"b. 



In t h i s ,  the seventh progress repor t ,  the format i s  the same a s  fo r  
the s i x t h  progress report  except t h a t  new d a t a  from the analyses of 
the samples col lected in A u g u s t ,  1976, were added t o  the appropriate 
tab les  of the previous repor t .  
the geographical location of Amchitka Island. Figure 2 shows general 
co l lec t ion  s i t e s  fo r  the radiobiological program, while Figures 3 
through 6 present the spec i f ic  co l lec t ion  s i t e s  for  the shsded areas 
shown i n  Figure 2. 

Figure 1 of t h i s  progress report  shows 

2 .  METHODS 

Most samples collected pr ior  t o  July,  1972, and f i s h ,  marine inverte- 
brates , and b i r d s  col l  ected through 1976 were analyzed by gamma spectrom- 
e t r y  w i t h  systems u s i n g  3x3 inch NaI ( T l )  c rys t a l s  and 200-channel, pulse 
height analyzers. Samples (except f i s h ,  marine invertebrates and birds 
a s  noted above) col lected s ince July,  1972, have been analyzed w i t h  systems 
u s i n g  Ge(Li ) diode detectors  and 4096-channel , pulse-height analyzers,  
determine the 90Sr content of selected samples, was chemically sepa- 
rated from 90Sr, collected on f i l t e r  paper and counted with a low-level 
beta  counting system. Plutonium was extracted by ion exchange, e l ec t ro -  
plated on platinum d i scs ,  and analyzed by a lpha  spectrometry w i t h  systems 
u s i n g  surface ba r r i e r  alpha detectors  and pulse-height analyzers,  Chemi- 
cal y ie ld  was determined by use of 242Pu as a t r ace r .  Tritium i n  seawater 
and freshwater samples was determined by vacuum d i s t i l l a t i o n  of the samples 
and l i q u i d  s c i n t i l l a t i o n  counting of the d i s t i l l a t e ,  as discussed in Held 
e t  a1.(1973); f r ee  and bound 3H in water samples from f i s h ,  ptarmigan, and 
aquatic plant  samples was determined 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. A discu sion of the procedure fo r  processing bio-  

Seymour (1 975a and 1976).  

To 

logical samples for  analysis  of 3 H in bound water was given in Nelson and 

Freshwater samples (50 l i t e r s  or  more) fo r  analyses of radionuclides 
other than 3H were collected from four lakes or ponds. 
evaporated and the residue counted fo r  gamma-emitting radionuclides. 

The water was 

All data presented i n  the tab les  have been corrected t o  the date of co l -  
l ec t ion ;  this correction will  introduce l i t t l e  or no e r ro r  in the calcu- 
la ted  values except f o r  95Nb i f  the 95Zr i n  the sample was produced a t  
various unknown times and i s  not i n  equilibrium w i t h  i t s  daughter, 95Nb. 
In this case,  an accurate decay correct ion fac tor  cannot be made fo r  
95Nb, and the application of the standard decay correction fac tor  fo r  
95Zr to  the amount of 95Nb present a t  the time of counting gives an 
estimate of  the maximulr! possible amount of 95NB present a t  the time of 

The problems of 95Zr-95Nb analysis  have been discussed in 
Held eL d. (1973). 

. col lec t ion .  
c 
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FIGURE 2. Locction of  Collection Sites on a n d  n e a r  Amchitku Island,' Alaska 

L 4 
t 



'1 

FIGURE 3. Collection S i tes  a n d  Other Prominent Features i n  the  Arnchitka Island Base Camp Area 



R i f l e  Range point -9 

FIGURE 4. Collection S i tes  and  Other Prominent Features in the Milrow Area. 
6 .  



FIGURE 5. Collection S i tes  and  Other Proiilinent Features i n  the  
Lonq S h o t  Ground Zero Vicinitv.  
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. . . . . . . . . 

The e r ro r  term in radionuclide concentration values for  s ingle  samples 
i s  the combined counting e r ro r  for  the background, standard, and sample: 
hence, the term "propagated e r ro r . "  
emitting radionuclides in s ing le  samples a re  "two-sigma" o r  two-standard 
deviation counting e r ro r s ,  while for  the 3H data e r ro r  l imi t s  a r e  one- 
standard deviation counting e r rors .  
analyzed before 1976 a re  one-sigma counting e r ro r s ,  while e r rors  fo r  the 
1976 90Sr analyses and a l l  Pu analyses a re  two-sigma counting e r rors  
plus an  analyt ical  e r ro r  which is  the standard deviation o f  the blank 
value subtracted from the gross amount of 90Sr or  Pu.  The e r ro r  term 
fo r  the mean of more than one sample i s  one-standard deviation of  the 
mean. 

The e r ro r  l imi t s  fo r  the gamma- 

Errors for  g0Sr i n  s ing le  samples 

Limits of detection a re  impor tan t  since they govern the amount o f  a 
radionuclide t h a t  can be detected i f  i t  i s  present in a sample. Many 
fac tors  influence the l imi t  of detect ion,  including the type of detector  
and analyzer, the presence of other radionuclides,  the duration of  the 
counting period, the s i ze  and density of the sample, and the geometry 
relat ionship of the sample and detector .  Hence, the actual l imi t s  of 
detection can vary considerably fo r  various radionuclides and types of 
samples, b u t  can be summarized by s t a t ing  t h a t  the detection l imi t s  
were approximately as follows: 

By gamma detection 

2.7 pCi /g  o r  l e s s  40K 

7Be 103Ru,106Ru,144ce Y 228Th Y 238" 0.41 I' 

0.12 'I 

l l  

II 

By beta detection 

3H 48 pCi / l i t e r  o r  l e s s  

90sr 0.2 pCi/g or l e s s  

By X-ray detection 

55Fe 0.04 I '  

By alpha detection 

239 ,24OPu 

II 

0.02 I 1  

9 



I n  a d d i t i o n  t o  the  rad iomet r i c  analyses made on the  b i o l o g i c a l  and 
environmental samples, environmental r a d i a t i o n  surveys of se lec ted  
areas on Amchitka I s l a n d  were made i n  August 1974, 1975 and 1976, w i t h  
an Eber l i ne  survey meter, Model E-510, and a pancake probe w i t h  a 2 mg/cm2 
w i  ndow . 

3. RESULTS AND DISCUSSION 

The r e s u l t s  o f  t h e  analyses o f  t h e  samples c o l l e c t e d  i n  1976 a re  presented 
i n  Tables 2 through 18. 
l e c t e d  and analyzed from 1970 through 1975. Resul ts  of these e a r l i e r  
analyses were presented i n  g rea te r  d e t a i l  i n  prev ious progress repo r t s .  

These tab les  a l s o  con ta in  data f o r  samples c o l -  

The a i r  sampling program a t  Amchitka which had been cont inuous s ince  
February, 1972, was d iscont inued i n  August, 1973, p r i o r  t o  c l o s i n g  the  
camp i n  September. One a i r  p a r t i c u l a t e  sampler ( t h r e e  were fo rmer l y  
used) was r e a c t i v a t e d  f o r  an e ight -day pe r iod  d u r i n g  t h e  August-September 
1974 f i e l d  t r i p .  No rad ionuc l i des  were detected by gamma-spectrum ana- 
l y s i s  o f  t h i s  sample (Table 2 ) .  
t h e  August 1976 f i e l d  t r i p .  

A i r  samples were no t  c o l l e c t e d  du r ing  

Resul ts  o f  t h e  analyses o f  b i o l o g i c a l  samples are  g iven i n  Tables 3 
through 13, and i n  17 and 18. The concen t ra t i on  o f  many o f  t he  gamma- 
e m i t t i n g  f a l l o u t  rad ionuc l i des  i n  the  b i o l o g i c a l  samples c o l l e c t e d  i n  
August, 1975, was l e s s  than i n  1974, bu t  o f t e n  grea ter  than values f o r  
s i m i l a r  samples c o l l e c t e d  i n  1973. Radionucl ides u s u a l l y  detected i n  
the  1976 samples o f  f reshwater  moss, F o v L t i n U ,  (Table 3 )  and the  f resh -  
water p lan t ,  RununcUR~~cl, (Table 4 )  were the  n a t u r a l l y  o c c u r r i n  

155Eu. 
concent ra t ion  (1  t o  26 pCi/g, d r y  t i s s u e ) .  Radionucl ides commonly de- 
tec ted  i n  aqua t i c  vege ta t i on  samples c o l l e c t e d  p r i o r  t o  1975, b u t  o n l y  
s p o r a d i c a l l y  i n  1976, i nc lude  95Zr, 95Nb, l03Ru and 106Ru. The r a d i o -  
n u c l i d e  species and concen t ra t i on  values f o r  Font inae in  and Ra~uncuRun 
samples i n  1976 were a l s o  seen i n  aufwuchs and f i lamentous a lgae (Table 
5 and i n  t h e  l i c h e n s  (Table 6 ) ,  except  t h a t  h igher  concent ra t ions  o f  

l i c h e n  samples and lower  concent ra t ions  o f  155Eu were i n  the  aufwuchs. . 
Cesium-137 l e v e l s  i n  t h e  RanuncuRun, aufwuchs, l i chen ,  s o i l ,  and p-&q;t-igan 
samples c o l l e c t e d  f rom the  Cannik in  area i n  1976 were s i m i l a r  t o  
l e v e l s  i n  s i m i l a r  samples c o l l e c t e d  elsewhere on Amchitka. I n  1975 
h igher  137Cs l e v e l s  i n  several  sample types from the  Cannik in  area may 
have been due t o  a l o c a l  increase i n  wor ld  f a l l o u t  p r i  t o  ou r  sampling 
t r i p ,  s ince  several  s h o r t - l i v e d  rad ionuc l i des  such as %Zr and 95Nb were 
a l s o  present  i n  g rea te r  concent ra t ions  i n  some samples ( i . e . ,  s o i l  and 
aufwuchs) f rom the  Cannik in  area compared t o  Sam l e s  f rom o t h e r  areas 

rad ionu-  
c l i d e s  7Be and 4oK and the  f a l l o u t  rad ionuc l i des  125Sby137Cs, 9 44Ce, and 

O f  these rad ionuc l ides ,  7Be and 4oK were present  i n  t h e  g rea tes t  

1 b 4Ce(Q.Z pCi/g, d r y )  and 137Cs(7 t o  11 pCi/s,  d r y )  were present  i n  the  

of Amchitka. It i s  u n l i k e l y  t h a t  t h e  e leva ted  1 5 7Cs values i n  some 

. 
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Cannikin area samples collected i n  1975 was dug t o  leakage from the 
Cannikin detonation 

Increased 3H leve ls  a r e  expected t o  be the f i r s t  indicator  of leakage 
from a test  s i t e  on Amchitka. 

since 3H leve ls  i n  water samples from t h i s  area 
were comparable t o  3 H levels  in water from other areas on Amchitka. 

The marine algae,  Fucun, had fewer f a l l o u t  radionuclides present i n  
1976 and a t  lower concentrations than freshwater and t e r r e s t r i a l  vege- 
ta t ion  samples (Table 7 ) .  - The natural ly  occurring radionuclide, 4oK, 
was present i n  concentrations t h a t  ranged from 22 t o  30 pCi /g ,  dry,  
which i s  from 20 t o  over 100 times r ea t e r  than the values for  e i the r  
of the two f a l l o u t  radionuclides, 98Nb and 137Cs, detected in Fucun 
samples . 
Maximum radionuclide values fo r  the green sponge, a marine invertebrate ,  
in terms of Ci per gram of dry sample were 0.22 for  144Ce, 4.3 f o r  7Be, 
and 20 fo r  41K (Table 8 ) .  

As i n  previous years ,  natural ly  occurring 4oK and fission-produced 
137Cs were the two radionuclides usually detected i n  f i s h  (Tables 9- 
1 1 ) .  No 55Fe analyses were made on f i s h  collected in 1976. In he 

concentrations were low (0.22 pCi /g ,  d ry) .  Potassium-40 was, as  i n  
1975, the predominant radionuclide i n  a l l  f i sh  samples analyzed and was 
usually present in concentrations 50 t o  250 times higher than 137Cs 
concentrations. 

three species analyzed--halibut, Dolly Varden, and greenling-- 13fCs 

The 137Cs value in the muscle of Dolly Varden collected in DK-45 Lake 
in 1972 was s igni f icant ly  greater  than expected, although we have no 
other  samples of land-locked Dolly Varden from t h a t  time period for  
comparison. The  land-locked races o f  these f i sh  may have been exposed 
t o  d i f f e ren t  137Cs concentrations than the anadromous populations o f  
Dolly Varden from o t h e r  s i t e s  on Amchitka. Other  than f i s h ,  ptarrni an 

and 90Sr were the predominant radionuclides i n  birds (Tables 1 2  and 13). 
Potassium-40 concentrations in birds were usually greater  than 137Cs 
concentrations by about a fac tor  of ten.  Rat boneTsamples had 90Sr 
concentrations (Table 13) of l e s s  than 1 .3  pCi/g,  dry,  a value l e s s  
than i n  samples collected in 1974 o r  1975. 

and r a t s  were the only other  vertebrates analyzed. Potassium-40,13 3 Cs 

Surface (0-2.5 cm) so i l  samples were taken from the main camp and Canni- 
kin areas: 
228Th and 238U, the f a l lou t -  radionucl ides 141Ce, 144Ce, 90Sr,  and 
239~24oPu were detected i n  some soi l  samples (Tables 13, 14 and 18). 
The same natural ly  occurring radionuclides, were present i n  samples of 
beach sand from Constantine Harbor and Sand Beach Cove. Cesium-137 and 
239724oPu in the sample from Constantine Harbor were the only f a l lou t  
radionuclides present i n  the sand samples in 1976. Similar types and 
levels  of f a l l o u t  radionuclides were seen in so i l  samples collected in 
Washington Sta te  during 1974 and 1975 (Nelson and Seymour, 1975b). 

Besides the natural ly  occurring radionuclides 4oK, 226Ra, 
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Water samples fo r  gamma-spectrum analysis  were collected i n  1976 from 
four freshwater s i t e s .  
residue counted. Previous t o  1975, samples were f i l t e r e d  and the 
raidonuclides which had col lected on the f i l t e r  paper o r  i n  the resin 
beds were measured. 
gamma-emitting radionuclides. 
No. 1 had the grea tes t  number of f a l l o u t  radionuclides i n  water samples 
(Table 15 ) .  -As previously reported by Held (1972) ,  the Long S h o t  

-Mud P i t s  have an  unusually h i g h  concentration of suspended organic 
material which may accumulate radionucl ides by adsorption. Concentra- 
t ions  of 137Cs, the only radionuclide detected a t  a l l  four s i t e s ,  were 
s imilar  a t  a l l  s i t e s  and were 0.13 pCi / l i t e r  or l e s s .  

The 3H values i n  freshwater samples col lected i n  Augus t ,  1976 were 
s l i g h t l y  l e s s  than the 1975 LRE values and were a l so  lower than the 
l imi t  of detection value (480 pCi / l i t e r )  reported by Thordarson and 
Balance (1 976a and 1976b) for  freshwater samples col l  ected on Amchi t k a  
in 1974 by the U.S. Geological Survey: These authors a l so  reported a 
mean value of 64 & 43* pCi / l i t e r  i n  seawater. 
measured by L R E  i n  1976 remained a b o u t  the same a s  the 1975 values 
(Table 1 6 ) .  
un i t s )  , while freshwater samples, excluding those from the Long Shot 
area,  averaged 90 pCi / l i t e r .  Tritium concentrations in water samples 
from s t a t ions  other  t h a n  the Long Sho t  area a re  within the range of 
values expected fo r  tritium i n  rainwater col lected a t  other locations 
i n  the northern hemisphere a t  the  same l a t i t u t e  as Amchitka. 

In the Long Shot Mud Bits and drainage system, 3H values decreased w i t h  
distance from Mud P i t  #3 (3700 p C i / l i t e r )  unt i l  the 3H values near the 
m o u t h  of the stream draining the mud p i t s  were within the range of am- 
bient values (45 t o  168 pCi/ l i ter) .  Tritium values i n  the Long Sho t  Mud 
P i t s  increased from concentrations measured in 1975, primarily because 
the value of 3H i n  Mud P i t  #1 was low fo r  reasons given in Nelson and 
Seymour (1 976).  

Whole water samples were evaporated and the 

In  1976 seawater samples were n o t  analyzed fo r  
Of the four s i t e s ,  Long Sho t  Mud P i t  

Values (<45 t o  65 pCi / l i t e r )  

Seawater values averaged l e s s  t h a n  48 pCi / l i t e r  (15 t r i t i um 

Table16 indicates  t ha t  the mean yearly values approached 2050 TU i n  Mud 
P i t  #1 and 3500 TU i n  Mud P i t  #3 during the ear ly  70 's  and have .now 
(1976) declined to  a lower l eve l .  As Seymour and Nelson ( i n  prep.)  note: 

"Although some s ingle  sample values fo r  Mud P i t  #1 exceeded 5000 

This value i s  3 x lo'* 
TU, a1 1 the values a re  we1 1 below the Maximum Permissible Concentration 
fo r  3H in water, MPCw, f o r  o cupational exposure. 

t ional Commission on Radiological Protection ( I C R P ,  1959) and the U.S. 
National Committee on Radiation Protection ( N C R P ,  1959) .  For an indi-  
vidual member of the population i n  an uncontrolled a rea ,  the Radiation 

pCi/ml, equivalent t o  9 x 10 8 TU, and was established by the Interna- 

*One standard deviation 
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Protection Guide ( R P G )  value i s  1/10 the MPC fo r  occupational exposure 
or 3 x pCi/ml fo r  3H, which i s  equivalent t o  9 x 105 TU ( E R D A ,  
1975). 
value fo r  the individual and fo r  isotopes t h a t  concentrate i n  organs 
other than the gonads, a value 1/30 of the MPC value fo r  continuous 
occupational exposure o r  pCi of 3H ( 3  x lo5 TU) has been estab- 
l ished by the ICRP (1964). Another perspective on the significance of 
3H in the Amchitka samples i s  obtained by a comparison of the maximum 
values of 5000+ TU a t  Amchitka (Long Shot  Mud P i t  #1) t o  values f o r  
3H in r a in fa l l  a t  other areas.  A t  nearby Adak in the Aleutian Islands,  
where the concentration of 31-1 in precipi ta t ion can be assumed t o  be 
about the same as  a t  Amchitka, monthly samples have been co l lec ted ,  
and i n  1963 the mean value was 1860 TU and the maximum, 3900 TU 
(Internat ional  Atomic Energy Agency, 1971 ) . 
concentration in Mud P i t  #1 a t  Amchitka was somewhat greater  than i n  
precipi ta t ion a t  Adak in 1963, i t  was comparable t o  the tritium concen- 
t r a t ion  i n  precipi ta t ion in the Central United S ta tes  (Stewart and 
Farnsworth, 1968), a continental location where the concentration of 
3H in precipi ta t ion i s  expected t o  be s igni f icant ly  greater  than a t  a 
coastal location such as  Adak or  Amchitka. Also i n  1963, the tritium 
concentration in precipi ta t ion a t  another continental site--Vienna, 
Austria--ranged from 800 t o  almost 6000 TU (Schell e t  a1 . , 1974). I' 

The average value fo r  the general population i s  l e s s  than the 

A1 t hough  the t r i t ium 

Free and bound water was extracted from samples of aquatic vegetation, 
marine algae,  greenling, Dolly Varden and ptarmigan. The r e su l t s  of 
the analyses of the f r ee  water samples fo r  3H are  presented in Table 
1 7 .  
r e su l t s  of  these analyses will be given in a l a t e r  report .  

Amounts of H i n  the free water from Fucus and Greenling samples a re  
s imilar  t o  those measured i n  1975, w h m H  i n  the f r ee  water from 
Fontinalis and the muscle t i s sue  of Dolly Varden was present in higher 
amounts in 1976 than i n  the same type o f  samples collected from s imi la r  
s i tes  i n  1975. Samples of R a n u n c u l u s  and p tarmigan  were n o t  analyzed f o r  
3H in 1975. Tritium values (5 count ing error) i n  the marine organisms 
o r  in freshwat.er organisms from s i tes  other  

in seawater o r  freshwater samples collected a t  the same place and time as  
the biological sampl-es. Tritium values i n  the freshwater organisms from 
Clevenger and White Alice creeks were about twice as h i g h  as  values 
measured in water samples taken a t  the same loca t i  n as  the biological 

samples from these two streams cannot be known fo r  ce r t a in ,  b u t  contamina- 
t ion o f  these samples i n  the  laboratory o r  analyt ical  e r ro r s  are  the most 
l i ke ly  causes of  the higher values s ince analysis of water samples for  3H 
and biological samples f o r  gamma-emi t t i ng  radionuclides do not indicate 
any increased amounts of radionuclides i n  these two areas .  The  amount of 
3H in Sam l e s  of Ranunculus and Fontinalis from Long S h o t  Creek re f l ec t s  

i n t o  the Creek. 

The bound water samples a r e  being analyzed by a new method and 

3 

han Clevenger and White 
Alice creeks were s imilar  t o  the amounts o f  5 H (+ counting e r ro r )  measured 

samples. The reason for  the higher than expected s H values in biological 

the h i g h  5 H concentration of t he  water flowing from the Long S h o t  Mud P i t s  
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Soil , sand, Fucun, and green1 i n g  samples were a1 so analyzed f o r  2399240Pu 
(Table 18 ) .  
sand and so i l  from Amchitka were s imi la r  t o  concentrations (0.005 t o  
0.012 p C i / g ,  dry) i n  so i l  col lected i n  the coastal  area of Washington 
S ta t e  i n  September, 1974 ( L R E  unpublished datab 
din;tichu, from Amchitka Island had l e s s  239,2 bPu (1 dpm/kg, dry w t . )  
by a f ac to r  of ten than d i d  Smgmnum np, col lected i n  1970 from the 
Atlant ic  Ocean b u t  more than i n  Fucun vunnaculonun (0.14 dpm/kg, wet 
w t . )  col lected a t  Woods Hole i n  1971 (Noshkin et d., 1973) or  i n  
Pehgophycw p o r n  (0.3 dpm/kg, wet w t . )  col lected along the California 
Coast i n  1971 (Wong, Hod e and Folsom, 1972). The surface t i s sue  of  
P .  p o r n  had a higher 23 Pu concentration (4.8 dpm/kg, wet w t . )  t h a n  
the average concentration of either the entire P. poma from California 
o r  the F. db;tichun from Amchitka. 
Amchitka had l e s s  than 0.002 pCi o f  239~24oPu per gram of dry w e i g h t ,  
our l imi t s  o f  detection for  the sample s ize  and counting time used i n  
these analyses. 

The 239~24oPu i n  the Washington so i l  and i n  the Atlant ic  and California 
a l g a e  was assumed t o  be  from worldwide f a l l o u t ,  and t h e  s i m i l a r i t y  o f  
levels  i n  so i l  and algae a t  Amchitka and these other  sites points t o  
the same source fo r  the 239~24oPu a t  Amchitka. 

Concentrations ( ~ 0 . 0 0 2  t o  0.009 p C i / g ,  dry) of 239,240Pu i n  

The brown a lga ,  Fucun 

Muscle t i s s u e  o f  greenling from 

Results of the radiat ion survey a r e  given i n  Table 19. The survey was 
performed w i t h  an Eberline survey meter (Model E-510), u s i n g  a probe 
w i t h  a window thickness o f  l e s s  than 2 mg/cm2. Measurements were made 
w i t h  an unshielded probe. 
beta energies down t o  40 keV and has a gamma s e n s i t i v i t y  of about 5000 
cpm/mR/hr fo r  6oCo. T r i t i u m ,  which has a beta energy of about 19 keV, 
was not detectable  w i t h  this probe, 
between Charlie Runway and E-site and included the Long Shot, Milrow, 
and Cannikin surface ground zeros and adjacent areas.  
dr i l l -back s i t e  and Sand Beach Cove were a l so  surveyed. Maximum values 
recorded while holding the survey instrument one meter above the ground 
ranged from 0.03 t o  0.05 mR/hr  without a beta sh ie ld .  Average leve ls  
a t  a l l  s i tes  were about 0.01 m R / h r  o r  l e s s .  These values a r e  s imilar  
t o  r e su l t s  of comparable surveys i n  other  areas  of the United S ta tes .  . 

This instrument was capable of detect ing 

The  13 locations surveyed were 

The C a n n i k i n  

The  addi t ions t o  the old t ab le s ,  plus the new tab les ,  extend the record 
of radiological data from July 1970 through A u g u s t  1976. These data i n  
no way change the major conclusions of the previous progress reports; 

, the radionuclides present i n  the biological and environmental 
Mmlly samp es  analyzed a r e  not o f  Cannikin o r  Milrow or ig in ,  and only some 
ponds, mud p i t s  and t h e i r  drainage system i n  the immediate v i c in i ty  
of the Long Shot surface ground zero remain contaminated w i t h  3H. 
amounts and types of f i s s ion  products and induced radionuclides detected 
point t o  t h e i r  o r ig in  from worldwide f a l l o u t .  

The 
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4. SUMMARY AND CONCLUSIONS 

The present program for  periodical col lect ion of biological and environ- 
mental samples a t  Amchitka and fo r  analyses of these samples fo r  rad io-  
nuclide content began in July 1970, 
account of the r e su l t s  of t h i s  program t h r o u g h  August 1975, 45 months 
a f t e r  the C a n n i k i n  detonation. I n  t h i s  progress yeport, the account 
of the program i s  extended through August, 1976. 
r e su l t s  of radiat ion surveys performed in Augus t  1974, 1975 and 1976 
a re  given. 

Previous progress reports  give an 

In  addi t ion,  the 

Concentrations of gamma-emi t t i n g  fa1 lou t  radionucl ides in samples 
col lected i n  1976 were generally l e s s  than concentrations in samples 
collected in 1975, and were l e s s  t h a n  the values for  natural ly  occurring 
4oK. 
evident from 1970 t o  1973, b u t  had been reversed in 1974, due to  an in-  
crease in worldwide f a l lou t .  Levels of natural ly  occurring 7Be and 4oK 
in 1976 were s imilar  t o  leve ls  present in previous years. The new d a t a  
acquired during 1975 do not change the important conclusions of the 
previous progress reports ,  namely: 

This continued a trend of decreasing abundance which had been 

a .  Naturally occurring 7Be and 4oK were the most abundan t  radio- 
nuclides present i n  most sample types. 

b.  Trace quant i t ies  of f i s s ion  products, induced radionuclides and 
plutonium have been detected in amounts t h a t  would be expected 
from world f a l lou t  a t  t ha t  l a t i t u d e ,  

c .  No unexpected radionuclides or radionuclide r a t i o s  have been 
detected.  

d .  Tritium values i n  seawater and freshwater a r e  n o t  s ign i f icant ly  
d i f f e ren t  t h a n  the values t h a t  would be expected a t  island 
s t a t ions  a t  the same l a t i t u d e  in the northern hemisphere, 

e .  Some of the ponds and mud pits i n  the v i c i n i t  of the Long S h o t  
Surface Ground Zero remain contaminated w i t h  Y H ,  The drainage 
from the mud p i t s  i s  a l so  contaminated. The concentration i s  
l e s s  than the amount of 3H i n  the r a in fa l l  a t  Vienna, Austria,  
i n  1963, and about  twice as great as the amount in rainwater 
samples from Valentia, I re land,  in the same year ,  

f .  An extensive search w i t h  sens i t ive  instruments for  radionuclides 
i n  biological and environmental samples,--marine, t e r r e s t r i a l ,  
and freshwater--collected d u r i n g  the f i r s t  57 months a f t e r  the 
Cannikin detonation of November 6 ,  1971, indicates  t h a t  no 
radionuclides from the Cannikin or  Milrow events have escaped 
t o  the surface environment. 
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TABLE 1 

S c i e n t i f i c  and Common Names and Wet Weight t o  Dry 
IJeight R a t i o s  of Some Amchitka I s l a n d  Organisms 

Wet /Dry Standard 
S p e c i e s  T i s s u e  R a t i o  Dev ia t ion  

VERTEBRATES 
W m L S  

R a t t u s  norvcgicus 
R a t  Bone 

- FISHa 
S a l v e l i n u s  malma 

Dolly Varden Muscle 
Viscera 

3.62 
4.20 

0.70 
0.42 

Oncorhynchus gorbuscha 
P ink  Salmon Conad 

Muscle 
L i v e r  

4.51 
4.33 
4.49 0.69 

Hippoglossus s t c n o l e p i s  
IIalibu t Mus c l e  

L i v e r  
4 .01 
3 . 6 3  

0.58 
0.04 

Hex a g r ammo s 1 ago c ep h a l u  s 
Rock Green l ing  3.43 

4.83 
2.13 

0.41 
0.14 
0.04 

L i v e r  
Muscle 
Viscera 

BIRDS 
Lagopus mutus 

Rock Ptarmigan L i v e r  
Muscle 

3.52 
3.54 

0.32 
0.08 

INVERTEBRATES 

- Sponge (green)  E n t i r e  9.5 

MARINE ALChE 

Fucus d i s  t i c h u s  
Marine a l g a e  E n t i r e  4.94 1 . 4  

Cladophorn s p .  
Fi lamentous a l g a e  E n t i r e  5 .1  

F o n t i n a l i s  sp .  
Moss E n t i r e  4.83 0.89 

4.10 
Ranunculus s p .  

Freshwater  p l a n t  E n t i r e  1 2 . 2  
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TABLE 1 (cont inued)  

Wet/Dry S t and a r d  
Spec ie s  , T i s s u e  Rat io  Dev ia t ion  

Pe r iphy ton  and o t h e r  organisms E n t i r e  7 . 2 7  2.40 

Cladonia  s p .  
Lichens  

Empetra s p .  
Crowberry 

TERRESTRIAL VEGETATION 

E n t i r e  3.75 0.87 

E n t i r e  - 

(a)  Names are from “Comnion and S c i e n t i f i c  Names of F i s h e s  from t h e  United 
S t a t e s  and Canada” (Thi rd  E d i t i o n ) ,  1970 American F i s h e r i e s  S o c i e t v  
S p e c i a l  Pub. No. 6 .  
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Table 2 

Some Gamma-Emitting Radionuclides on Air Filters at Ground Level 
at the Amchitka Island Base Camp 

a Me an Gamma-Emitting Radionuc1ldes (pcijchousand cubic meters) 
VO lume 

Period n 1031113 'Be 95zr 95Nb Io3Ru 137cs 1 4 4 ~ e  
b Collection 

Pre-Cannikin 

0.7 + 0.3 NA - 0.7 + 1.1 - 2.8 + '2.1 5.9 + 4.5 - - 24.5 + 3..7 20 + 9 - - 1970-71 28 

Post-Cannikin 

0.37+ 0.59 0.24+ 0.24 NA - - - - - - 11.3 + 1.6 17 + 11 0.7 + 1 . 2  1.3 t 1 . 6  

11.1 + 1.4 16 + 10 
1972 45 

197 3 34 0 . 4 2  + 0.53 - --- 0.04+ 0.09 0.04+ 0.07 0.16-t 0.13 - - - - - 

4 

03 
a. Radionuclide values for a single sample (n = 1) are a single count for the sample ( +  the two-sigma, propagated, 

counting error). The radionuclide value shown for more than one (n>l) sample is the mean (+  one standard devia- 
tion) of two or more single sample counts. Dashes in the table indicate the sample count is not significant and 
N. A. indicates the radionuclide was not inlcuded in the analyses.' 

b. Number of pooled samples. 
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Tab le  4 

Gamma-Emitting Radionucl ides i n  t h e  Freshwater P l a n t  Ranunculus sp. 
C o l l e c t e d  a t  Amchitka I s l a n d  

a Gamma-Emitting Radionucl ides (pCi /g ,  d r y )  

and Date n 7Be 40 K 95zt- 95Nb 03Ru Io6Ru 25Sb 37cs 44Ce 55Eu 
Loca t i o n  

C 1  evenger Creek 

1970-71b 4 4.1k 4.7 21 k 4  0.6 k0.8 1.3 k1.6 --- 1.9 21.8 0.3 k .6 1.7 21.1 NA NA 
- 1971-72 5 5.0k 8.7 16 k1.6 0.36k0.49 0.99k0.96 0.5450.53 0.6 50.8 0.5 k.54 1.6 50.7 NA NA 

1973 2 1.9k 2.7 22 53.5 --- --- --- --- --- 0.8 20.5 0.3 k0.4 --- 
May ' 7 4  1 3.1+ 0.6 24 k1.6. 0.80*0.10 1 .8  k O . l  0.12k0.08 1.0 k0.4 0.14k.09 0.87k0.07 2.3 kO.2 --- 
Aug ' 7 4  1 1.4k 1.4 15 k1.3 . --- --- --- --- --- 0.24k0.07 0.5 k0.3 --- 
Aug ' 75  1, --- 19 k2.3 --- --- --- --- --- 0.52k0.09 0.3420.3 --- 

--- --- 0.09kO. 16 --- c-- 0.39t0.15 --- --- Aug '76 3 1.2k 1.0 17 k2.3 

B r i d g e  Creek 

1970-71b 3 8.4k 5.8 17 +3 1.0 k0.4 2 .3  51.0 --- 2.1 k0.5 0.5 k . 5  3.2 k0.2 N A NA 
w 1971-72 5 3.6+ 5.0 21 k7.6 0.36t0.22 0.78k0.48 0.19t0.30 0.62k0.91 0.3 k .4 2.2 21.4 NA NA 

1973 1 4.7k 1.5 29 9 . 3  --- --- - -e  --- --- 1.2 kO.1 0.7 k0.2 0.15k0.10 
May ' 7 4  1 3.8k 0.8 19 k2 .5  1.1 t0 .2 2.4 k0.2 0.15k0.09 1 .5  k0.6 0.23k.12 1.6 kO.l 3.4 k0.3 --- 
Aug ' 7 4  1 2.0k 0.8 19 k0.8 0.4 kO.l 0.7 50.1 --- 0.94k0.32 0.16k.08 0.85k0.06 1.7 k0.2 --- 

Aug ' 7 6  3 0.9k 1.6 19  t0.6 --- --- --- - - -  o.04?.08 1.8 *n .6  0.3 k0.2 --- 
Aug ' 75  1 2.5k 1.2 21 k2.2 - -- 0.3520.13 --- 0.67kO. 46 --- 1.2 kO.1 1.0 50.23 --- 

Duck Cove Creek 

1970-71b 2 4.0k 3.5 
1971-72 5 6.2k 8.9 
1973 1 6.05 1.5 
May ' 7 4  1 3.15 0.7 
Aug ' 74  1 --- 
Aug '75 1 --- 
Aug ' 7 6  1 3 . 5 2 2 . 9  

15 k8 0.41k0.15 0.86kO.32 --- 1.0 51.0 0.7 5.5 1 .3  20.4 N A NA 
20 25 0.4220.24 0.94k0.57 0.52k0.66 0.87k0.80 0.6 k .4  1.6 t 0 . 9  NA NA 

--- 4.0 20.2 1 .8  t 0 . 2  --- 
21 9 --- 0.47t0.19 --- --- --- 0.67k0.08 0.78k0.22 --- 
13 k1.8 --- --- --- 0.6320.43 --- 1.6 k0.13 0.85k0.24 --- 

20 k1.5 --- --- --- --- 0.26k.09 2.13 kO.l 0.9 k0.2 0.14k0.08 
14 t 1 . 5  0.46k0.09 1 .2  kO.1 0.16k0.08 0.81t0.36 

18 22.3 - -c 1.5 t O . l  0.25kO.24 --- - -- 



I 

Tab le  4. (con t inued)  

Gamma-Emi t t i  ng Radionucl i d e s  ( pCi / g  , d r y ) a  

and Date n 7Be 40 K 9 5 ~ r  95Nb 03Ru 06Ru 25Sb 37cs 1 4 4 ~ e  .- 55Eu 
L o c a t i o n  

C1 evenger Creek 
O u t l e t  

1971-72 5 12 214 10 k9 0.78k0.86 2.5 52.4 0.9 51.3 1.2 kO.4 0.1 k . 2  1.1 k0.1 NA NA 
1970-71 2 2.5+ 2.2 5.3k3.5 0.39k0.07 0.8120.16 0.4 50.5 0.5 i 0 . 6  0.6 k.1 0.6 kO.8 NA NA 

1973 1 3.42 1.0 20 k2.1 --- --- --- --- 
Aug ' 7 4  1 --- 24 k1 .1 0.45k0.20 0.80k0.19 --- --- 
Aug ' 7 5  1 1.95 0.7 18 t1 .5 --- 0.07k0.07 --- 0.550.3 

Long Shot 
Drainage 

Aug '75  1 5.3k2.4 19 53.0 --- 0.4220.26 --- 1.350.8 
N Aug ' 7 6  2 1.8k2.5 26 f5 --- --- --- 
N 

Canni k i n  Lake 
Out1 e t  
May '74  1 13 k 1.2 17 k1.8 1.6 k0.2 3.9 t O . 2  0.45kO.13 3.4k0.6 

Aug ' 7 5  1 2.3k 0.9 10 k1.5 --- 0.1820.09 
Aug ' 7 4  1 3 . 5 k - 1 . 3  28 k3.3 0.31-10.19 0.60k0.16 --- 1 .*2k0.8 

Aug ' 7 6  1 --- 11 t 1 . 9  -- - 
--.. --- 

-..- --- _.-- 

--- --- --- 0.3 kO.l --- 0.7 kO.1 1.4 k0.3 --- 
--- 0.8 kO.l 0.6 t 0 . 2  --- 

--- 1.3 50.1 6.4 t 0 . 3  0:20+0.06 
--- 1.4 kO.l 2.0 k0.3 --- 

0.22k0.1 2.9 k0.2 1.5 k0.2 0.14k0.06 

_1_1 - 
a. Radionuc l ide  va lues 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 h e  two-sigma, propagated, 

c o u n t i n g  e r r o r ) .  
t i o n )  o f  two o r  more s i n g l e  sample counts ,  
N.A. i n d i c a t e s  t h e  r a d i o n u c l i d e  was n o t  i n c l u d e d  i n  t h e  analyses. 

The r a d i o n u c l i d e  va lue shown f o r  more than one (n.1) sample i s  t h e  mean ( 5  one standard dev ia -  
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 

b. Pre-Canni k i n  

I .  I .  L' 



, 

Table 5 

Locat i o n  
and Date n 

Long Shot Mud P i t  #3 
1970-71' 7 
1971-72 5 
1973 2 
May '74 1 
Aug '74 1 
Aug '75 1 
Aug '76 1 

J u l y  '72 I 
Aug '73 1 
May '74 1 
Aug '75 1 

Aug '73 1 
Aug '74 1 
Aug '75 1 
Aug '76 1 

MP-12 Creek 

r 4  
w White A l i c e  I n l e t  

t o  Cannikin Lake 

Gamma-Emitting Radionuclides i n  Freshwater  Aufwuchs and Filamentous Algae 
Co l l ec t ed  a t  Amchitka I s l a n d a  

b Gamma-Emitting Rad ionuc l ides  (pCi/g,  d r y )  

15 212 9 24 3.1 21.9 6.7 23.9 2.1 22.7 5.8 24.1 1.5 20.9 1.8 20.9 NA 
3.22 3.4 10 51.4 0.8 21.0 2.2 22.9 0.3920.56 0.2 20.4 0.4.20.3 0.5 20.1 1.1 21.6 
3.72 2.1 9.820.4 --- 0.0920.12 --- --- --- 0.2720.02 0.4220.26 
26 2 9 4.951.4 --- 4.6 21.0 --- 2.5 20.8 0.3920.13 0.4020.07 7.7 20.6 
3.42 1.0 9.420.8 0.5520.15 0.9220.14 --- 1.3 20.4 0.2420.09 0.3420.05 1.2 20.2 
2.82 1.8 9.821.6 --- 0.2820.19 --- --- 0.2120.09 0.1920.05 1.4 20.3 
1.82 1.4 8.621.6 --- --- --- --- 0.1620.08 0.2520.05 --- 

7.82 1.7 5.2t0.5 3.5 20.4 6.4 20.5 1.7 50.3 0.7620.28 --- 2.0 20.2 3.8 20.4 
8.32 0.9 9.621.6 0.2920.11 0.3420.08 0.2420.09 --- --- 2.7 20.1 0.3620.17 
9.12 1.1 8.921.6 4.0 20.2 7.6 20.3 0.2820.13 2.9 20.7 0.7920.13 2.5 20.2 12 20.5 
13 2 1.2 6.221.5 0.3620.11 0.9720.12 --- 2.3 20.5 0.2620.10 2.3 20.1 3.2 20.2 

23 2 1.5 6.lt1.4 0.5920.13 1.1 50.14 0.9120.15 --- --- 0.7220.09 1.4 20.2 
1.1 20.08 4.3 20.2 12 2 1.2 9.820.6 0.9920.14 2.0 20.15 0.4320.08 1.7 20.4 --- 

3.82 0.9 5.121.3 --- 0.2 20.08 --- 0.8920.4 0.1620.09 0.7520.09 2.0 20.3 
--- --- --- --- 0.1720.04 0.232.20 3.32 1.9 10 51.7 --- 

a .  Aufwuchs samples  were c o l l e c t e d  from Long Shot Pond and MP-12 Creek, w h i l e  t h e  a l g a e  samples were c o l l e c t e d  from 
White A l i c e  I n l e t  t o  Cannikin Lake. 

b .  Radionucl ide  v a l u e s  f o r  a s i n g l e  sample (n  = 1) are  a s i n g l e  count  of t h e  sample ( 2  t h e  two-sigma, propagated ,  
coun t ing  e r r o r ) .  The r a d i o n u c l i d e  value shown f o r  more than  one ( n > l )  sample is  t h e  mean ( 2  one s t a n d a r d  d e v i a t i o n  
of two o r  more s i n g l e  sample c o u n t s .  
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  included i n  t h e  a n a l y s e s .  

Dashes i n  t h e  t a b l e s  i n d i c a t e  t h e  sample  count i s  no t  s i g n i f i c a n t  and N.A. 

c .  Pre-Cannikin.  



Tab le  6 

Gamma-Emitting 'Radionucl ides i n  Lichens C o l l e c t e d  a t  Amchitka I s l a n d  

Gamma-Emi t t i n g  Radionucl ides (pCi /g  , d r y ) a  

L o c a t i o n  
and Date n 7Be 40K 9 5 ~ r  95Nb 03Ru 06Ru 25Sb 37cs 4 4 ~ e  55Eu 
Clam Lake 

1970-71 7c 15 k6.1 4.5k6.4 1.0 k1.0 2.1k1.9 1.5 rt3.1 5.4k3.2 5.6 k7:2 37k39 NA NA 
1971-72 5 9.7t8.2 6.2k5.5 0.7 50.7 1.7k1.4 0.5 k O . 7  3.6k3.8 3.4 k3.5 27k23 9 k0.4 1.5 20.14 
1973 3 5.350.5 3.5k0.3 0.03kO.05 O.lkO.1 0.03kO.06 l . l k O . 2  0.6OkO.12 7k6.9 3.7k1.3 0.5620.32 
May '74 1 4.5k0.9 2.4k0.9 0.48k0.09 1.2k0.1 --- 1.4k0.5 0.56k0.11 12k0.3 4.0k0.3 0.38k0.05 
Aug '74 1 5.2k1.2 3.7t0.4 0.23k0.18 0.9kO.1 --- 1.3k0.4 0.33k0.09 9kO.2 4.1k0.2 0.33t0.09 
Aug '75  1 4.651.7 2 . W .  1 --- 0.5kO.l --- 1.0k0.6 0.28k0.14 6k0.2 5.5k0.4 0.23k0.08 
kug '76  1 8 . 0 i 1 . 5  2.0+1,5 - - -  - c -  0.6'0.4 0.41+0.11 7k0.2 2.0ku.3 0 . 1 1 ~ 0 . 1 0  

I c e  Box Lake 

/ 2.6 k0.7 14t0.2 NA NA Oct '72 1 --- 2.8k1.2 0.7 kO.1 1.4k0.3 3.8 52.0 --- 
--- --- 1.3k0.1 0.86k0.12 16k0.7 4.3k1.1 0.63k0.18 1973 2 5.7k0.3 0.6k0.8 --- 

May '74  1 8.6k1.1 1.4k0.9 0.80k0.12 2.1kO.2 --- 2.120.5 .0.59+0.13 13k0.3 8.120.4 0.40t0.06 
Aug '74  1 5.7k1.5 1.3k0.5 0.49k0.19 0.8k0.1 --- 2.20.5 0.64k0.13 9k0.2 6.0k0.3 0.4320.07 
Auq '75  1 5 . 2 1 . 5  1.9k1.6 --- 0.4k0.1 --- 1.5k0.6 0.48k0.14 11k0.3 5.4k0.3 0.38k0.13 
Aug ' 7 6  1 8.123.7 - - -  --- 0 .2 to ,2  --- 0.8AO,55 0.56t0.13 1120.3 2.1t0.3 0.48t0.12 

Canni k i n  Lake 

J u l y  '72 1 5.321.7 2.020.7 0.7 kO.l 1.6k0.1 0.6 k0.3 --- 0.2 k0.4 21k0.2 NA NA 
1973 2 5.3k1.3 2.3k0.1 --- --- 0.07k0.09 1.3k0.1 0.90k0.06 16k0.7 4 . l k1 .6  0.73k0.17 
May ' 7 4  1 6.7k0.6 1.6t0.6 0.62k0.07 1.6k0.1 0.09+0.06 1.6k0.3 0.65k0.08 l l ' k O . 2  5.8k0.2 0.39k0.03 
Aug ' 7 4  1 5.1k1.3 2.5t0.6 0.30t0.15 0.7k0.1 -- - 1.7k0.5 0.34t0.12 8k0.2 4.3k0.3 0.3020.06 
Auq ' 7 5  1 6.1 k2.1 --- --- 0.4k0.2 --- 1.4k0.5 0.40k0.10 7k0.2 4.6k0.3 0.2620.11 

0.52t0.45 0.40'0.11 5 t0 .2  2.420.3 0.19+0.07 Aug '76  1 6 . 4 4 . 6  1 . 4 4  . O  --- - -- --- 

a. 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 o f  t h e  sample ( k  t h e  two-sigma, propagated, 
c o u n t i n g  e r r o r ) .  
t i o n ) o f  two o r  more s i n g l e  sample counts.  
N. A .  i n d i c a t e s  t h e  r a d i o n u c l i d e  was n o t  i n c l u d e d  i n  t h e  analyses. 

The r a d i o n u c l i d e  va lue  shown f o r  more than one ( n > l )  sample i s  t h e  mean (k one standard &v ia -  
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 

b. Pre-Cannik in  
c .  n equals  1 f o r  144Ce and 155Eu. 

. . .  * .  1 L '  



Tab le  7 

Some Gamma-Emitting Radionucl ides i n  t h e  Marine Alga Fucus C o l l e c t e d  a t  
Amchitka I s l a n d  

Gamma-Emitting Radionucl ides (pCi/g,  d r y ) a  
L o c a t i o n  
and Date n 7B e 40K 9 5 ~ r  95Nb 37cs 4 4 ~ e  
Constant ine Harbor 

1970-71 
1972 
1973 
May ' 7 4  
Auq ' 75  
Aug ' 7 6  

Duck Cove 

1970-71 

1973 
May ' 74 
Aug ' 7 4  

E Aug ' 75  
Aug ' 7 6  

1971 -72 

Square Bay 
Auq ' 7 5  
Aug ' 7 6  

Sand Beach Cove 

1970-71 

1973 
May ' 7 4  
Aug ' 7 4  
Auq ' 7 5  
Aug ' 7 6  

1971 -72 

3 
4 .  
2 
1 
1 
1 

3 
5 
3 
1 
1 
1 
1 

1 
1 

5 '  
6 
2 
1 
1 
1 
1 

0.52+0. 18 
2.5 k2.0 

1.7 k1.3 

-- - 
1.0 k0.4 

--- 

0.8 t0 .3 

0.47k0.41 
1.9 k1.5 

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

--- 
--- 

0.09to.09 
3.8 k 3 . 2  

--- 
0.61 t o  .45 --- 

--- 
- - -  

25k6 
34k2 
34t0.7 
3 2 2 . 0  
32Q. 3 
28t2.2 

23+2 
35k4. 5 
35t9.9 
38k1.2 
36t2.3 
33t2.3 
30k2.2 

3 8 9 . 4  
22k2,O 

26k6 
26k4.6 
3552.1 
39k2.3 
27k1.4 
34k2.2 
24k2.1 

0.1 O+O. 08 
0.04kO. 04 

0.3650.04 
--- 
--- 
--- 

0.07kO. 04 
0.05t0.03 

--- 
0. OEkO. 06 

--- 
--- 
I-- 

--- 
--- 

0.08kC). 06 
0.22k0.20 

0.23k0.09 
--- 

--- 
--- 
- - -  

0.21 k0.17 0.05kO. 02 NA 
0.07+0.08 --- --- 

--- 0.03t0.04 --- 
0.73k0.09 0.05k0.03 1.5 k0.2 

0 * 04+0.04 
0.05t0.04 

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

0.15k0.10 0.04kO. 02 NA 
0.1 OkO. 07 0.01 t o .  03 --- 

0.22+0. 05 0.07kO. 02 0.91 t o .  10 
--- 0.07+0.1)4 0.35k0.21 

--- 0.03t0.05 0.08t0.14 

--- --- --- 
0.13+0.10 --- --- 

0.17t0.14 0.06kO. 03 NA 
0.45t0.43 0.01 t 0 . 0 2  --- 
0.34k0.08 --- 0.92kO. 1 9 

0.16k0.12 0.04k0.04 --- 

--- --- 0.1 6k0.23 

0.25k0.19 --- --- 
--- --- --- 

a. 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  o f  t h e  sample (k  t h e  two-sigma, propagated, 
c o u n t i n g  e r r o r ) .  
t i o n ) o f  two o r  more s i n g l e  sample counts .  
N.A. i n d i c a t e s  t h e  r a d i o n u c l i d e  was n o t  i n c l u d e d  i n  t h e  analyses. 

The r a d i o n u c l i d e  va lue  shown f o r  more than  one (n.1) sample i s  t h e  mean (k one s tandard  dev ia-  
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 

b. Pre-Canni k i n  



Table 8 

'Some Gamma-Emitting Radionuclides i n  Green Sponge Collected a t  Amchitka Island 

Gamma-Emi tti ng Radionucl ides ( p C i / g  , dry)a 
Location 
and Date n 7Be 40K 9 5 ~ r  95Nb 4 4 ~ e  
Duck Cove 
1971 -72 
1973 
May '74 

A u g  '75 
Aug ' 7 6  

A u g  '74 

Sand Beach Cove 
Iu June '72 

April '73 
May '74 
Aug '74 
A u c  '75 
A.ug ' 76 

Square Bay 
1973 
Aug '75 
Aug '76 

4 2.7k2.7 11 +3 0.05k0.07 0.11 +O.  14 NA 
2 1.5k0.6 9.8k0.1 --- --- 0.42k0.04 
1 l .Ot0.4 10 k1.5 0.16t0.07 0.3Gk0.07 1.1 kO.17 
1 --- 7.2kl .3  --- --- 1 . 2  k0.23 
1 --- 7.7k1.4 --- --- 0.73kO. 20 
1 4.3k4.2 20 t l . 3  - - -  --- --- 

1 --- 6.8kl.7 0.24to. 13 0.54k0.28 NA 
1 - -- 1 2  t 1 . 7  --- --- 0.31 +!I. 1 7 

0.26k0.07 0.60k0.16 1 1.1k0.4 9.0k1.5 0.1 O+O. 07 
--- --- 1 . 2  k0.2 1 --- 9.6k1.4 

1 --- 1O.Ok1 .6 --- --- 0.56t0.2 
1 l.Ok0.7 8.521.4 --- --- 0.22t0.16 

2 0 .7t0.9 9.7t0.5 --- --- 0.35k0.12 
1 1.2k0.9 9 . 5 4 . 7  --- 0.11 k0. 09 0.61 k0.20 
1 --- 10 k1.7 --- --- 0.21 20.18 

a .  Radionuclide values f o r  a single sample ( n  = 1 )  a r e  a s ing le  count  o f  the sample (k t he  two-sigma, propagated, 
counting error). 
t ion)  of two-or more single sample counts. 
N.A. ind ica tes  the radionuclide was no t  included i n  the analyses. 

The radionuclide value shown fo r  more than one (n.1) sample i s  the mean (k one standard devia- 
Dashes i n  the table ind ica te  the sample count i s  not s ign i f i can t  and 

1 . - 8 .  + i '  



Table 9 

40K and  I3’Cs in Halibut Collected off  Amchitka Island 

Gamma-Emi t t i ng  Radionucl ides (pCi/g , d r y )  2 

and  Date Tissue n 40K ’ 37cs 
b 

Location 

Bering Sea 
( O f f  c-Si t e )  
1971 

1973 
Aug b75 
1971 

1973 

1971 -72 

1971 -72 

Aug ‘ 7 5  I .  

Muscle 
I‘ 

I 1  

’I 

Liver 
11 

11 

I 1  

18 f 1 . 7  
1 7  f 1 . 7  
18 * 1 .1  
18 * 1.6 
13 f 5.9 
6.7 2.1 
6.9 * 1 . 3  

l ?  f 1 . 5  

0.06 f 0.08 
0.02 f 0.03 
0.11 f 0.02 
9.06 * 0.04 
0 .27  f 0.28 

--- 
0.04 f 0.05 
0.05 f 0.03 

(Constantine Harbor) 
ro 

5/ 5 7.5 k 2.6 0.06 f 0.07 - Aug ‘74d Liver 

( M i  dden Cove) 

A u g  ‘75 . Muscle 2/ 2 
Liver 4 /4  

Aug ‘76  Muscle 1 /1 

I1 I 1  

(Square Bay) 

1 9  f 1.9  
10 f 1.5 

18 * 0.5 

0.05 f 0.04 --- 

0.05 * 0.03 

a .  Radionuclide values for  a s ingle  sample ( n  = 1 )  a r e  a single’count of the sample (f the two-sisma, propagated, 
counting e r r o r ) .  
t ion)of  two or more s ingle  sample counts. 
N . A .  indicates  the rahionuclide was not included in the analyses. 
Number of pooled samples/total number of f i sh  i n  a l l  samples. 

The radionuclide values shown f o r  more than one (n.1) sample i s  the mean (+- one standard & v i a ,  
Dashes i n  the  tab le  indicate  the sample count i s  no t  s ign i f i can t  and 

b.  

c . Pre-Canni ki n 
d .  Cobalt-60 was present (0.03 * 0.02 pCi/g, d r y )  in one l i v e r  sample. 
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Table 10 

40K and 137Cs i n  Green l ing  C o l l e c t e d  o f f  Amchitka I s l a n d  

Gamma-Emi t t i n g  Radionucl ides (pCi/g,  d r y ) a  , 

and Date T i  ssue n 40K 37cs 
b Locat  i on 

Constant ine Harbor 

1971 

1973 
May '74  
Aug '74  
Aug '75  
Aug L76 
1971 
Dec '71  
1973 
May '74  
Aug '74  
Aug ' 75  
Aug '76 

1971 -72 

h 
a3 

Sand Beach Cove 

1971 

1973 
May '74d 
Aug '74  
Aug ' 7 5  

pr Aug 176 
1971 
1972 
1973 
1973 
May '74  
Aug '74 
Aug ' 7 5  
Aug '76  

1971 -72 

Muscle 
I' 

I' 

I 1  

II 

'I 

I I  

Viscera  
L i v e r  
V iscera  

I 1  

I' 

'I 

Muscle 
I '  

'I 

I I  

'I 

I' 

I I  

Viscera  
L i v e r  
V iscera  
L i v e r  
V iscera  

'I 

I' 

'I 

211 9 
15/29 
219 
115 
115 
1 /4 
1 / I  
211 9 
1/10 
114 

1 /5  

111 

115 

114 

16 f 0.7 
15 5 1.3 
17 f 2.8 
18 f 1.5 
16 f 0.8 
21 f 2.5 
9.8 f 0.8 

13 f 0.7 
13 f 1.6 
9.1 f 0.6 

15 f 1.0  
9.2f 0.8 

11 f 2.2 
10 t 0.9 

15 f 1.2 
15 +_ 1.6 
17 f 1.4 
21 f 1.9 
15 f 0.7 
25 t 2.7 
18 t 0.8 
13 f 0.6 
21 f 2.9 
11 f 0.4 
13 f 0.6 
9.1 f 1.1 
8.1 f 2.1 
6.3 f 1.4 
9,6 t 0.4 

0.37 f 0.42 
0.04 5 0.04 
0.05 f 0.06 
0.06 k 0.03 
0.07 f 0.05 
0.49 t 0.07 

0.15 f 0.05 
0.21 f 0.12 

0.03 k 0.02 

0.06 f 0.05 

--- 

--- 

0.20 k 0,06 

0.07 5 0.02 
0.03 f 0.05 
0.05 f 0.06 
0.05 f 0.04 --- 
0.08 f 0.06 

0.02 f 0.02 
--- 
--- 
- -e  

--- 
--e 

--- 
0.06 f 0.04 

' .  . .  



Table 10 (cont inued)  

Gamma-Emitting Radionucl ides (pCi /g ,  d r y )  a 

and Date T issue n b 40K ' 37cs 
Loca t ion  

Square Bay 

Aug '75 
Aug ' 75  
Aug ' 7 6  
Aug ' 76  

Duck Cove 

1972 
1973 
May '74  
Aug '74e 

a Aug '75 
Aug '76  
1973 
May '74  
Aug ' 74  
Auq '75  
Aug '76  

Muscle 
V iscera  
Fluscl e 
Viscera 

Muscle 
I I  

I '  

I '  

I I  

t' 

V iscera  
I' 

II 

I I  

' I  

16 f 1.6 
7.8 f 1.4 

18 f 0.9 
11 k 0.8 

16 f 1.1 
15 +_ 2.8 
1 8  f 1.6 
15 f 1.8  
17 f 1.8 
18 ? 0.4 
12  f 0.5 

1.7 f 0.8 
9.5 k 0.1 
9.5 f 1.2 
9.6 f 0.4 

--- 
0.07 f 0.04 

0.10 f 0.05 
--- 

0.06 f 0.06 
0.08 f 0.01 
0.06 i 0.03 
0.07 f 0.02 
0.09 f 0.04 
0.07 t 0.02 
0.13 f 0.03 
0.04 f 0.02 
0.15 It 0.05 
0.04 k 0.03 -_-  

a. -  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  o f  t h e  sample (+ t h e  two-sigma, propagated, 
coun t ing  e r r o r ) .  
d e v i a t i o n ) o f  two o r  more s i n g l e  sample counts.  
c a n t  and N.A. i n d i c a t e s  t h e  r a d i o n u c l i d e  was n o t  i n c l u d e d  i n  t h e  analyses. 

b. Number o f  pooled samples / to ta l  number o f  f i s h  i n  a l l  samples. 
c.  Pre-Canni k i n .  

The r a d i o n u c l i d e  values shown. for  more than one (n.1) sample i s  t h e  mean (f one standard 
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 -  

d. 

e. 

Cobal t -60 (0.07 f 0.04 pCi /g)  was a l s o  de tec ted  i n  t h i s  sample. 

Cobal t -60 (0.03 f 0.02 pCi /g)  was a l s o  de tec ted  i n  t h i s  sample. 



Table 11 
- 

Potassium-40 and 137Cs i n  Muscle of Dolly Varden Collected a t  Amchitka Island 

Collection 
Date Loca t i on 

Gamma-Emi t t i n g  
a Radionuclides (pCi /g ,  dry) 

n b 40k 137cs 

1971 Jones Lake 
1972 DK-45 Lake 
1973 d 
1974 e 
1975 f 

1 /I  15k0.8 0.35k0.05 
318 1621 - 0  5.7 k3.9 
3/ 7 16k0.6 0.18t0.09 
61 28 15rtl.7 0.28tO. 08 
511 9 12k4.4 0.17k0.12 

Aug '76 Cannikin Lake 1 12 14k0.5 0.19+0.03 
I I  15t0.4 0.22t0.02 Jones Lake 1 /9 

Duck Cove 1 /6 1 5 ~ 1 . 8  0.1 O+O. 04 I I  

a. Radimuclide values fo r  a s ingle  sample ( n  = 1 )  a r e  a s ingle  c?unt, of the sanple 
( 5  the two-sigma, propagated, counting e r r o r ) .  
more than one (n>l ) sample is  the mean (k one standard deviation) o f  two o r  pore 
s ingle  sample counts. 
cant and N.A. indicates  the radionuclide was not included i n  the analyses. 

The radionuclide values shown fo r  .- 

Dashes i n  the tab le  ind ica te  the sample count i s  not signifi- 

b. Number of samples pooled/total number of  fish i n  a l l  samples. 

c. Pre-Cannikin. 

d .  Jones Lake, Bridge Creek, S i lver  Salmon Lake Outlet 

e. Jones Lake, Cannikin Lake, Duck Cove. 

f .  Jones Lake, Cannikin Lake, Bridge Creek, Duck Cove, Clevenger Creek. 
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Table 12 

Some Gamma-Emitting Radionuclides in Rock Ptarmigan 
Collected at Amchitka Island 

Radionuclides (pCi/g, dry)a 

Collection Collection Number 
Date Locat ion Tissue of Birds 40K 137cs 

6 1970-71 
1971-72 
1973 
May '74 
Aug '74 
Aug '75 
Aug '75 
Aug '75 
Aug '76 
Aug '76 
Aug '76 
Aug '76b 

Aug '74 
1970-71 

South Bight Muscle 
C-Site 

C-Site 
C-Site 1 1  

C-Site 
Mile 8 
Milrow Area 
C-Site 
MilrowlLong Shot 'I 

Camp Area 
Mile 18 
South Bight Liver 
C-Site Viscera 

11 

I 1  

11 
C 

1' 

11 

11 

I 1  

I 1  

11 

4 
3 
5 
2 
4 
4 
2 
2 
4 
3 
1 
1 
1 
1 

11 f 0.5 
11 + 1.6 
11 f 0.8 
11 2 1.2 
11 f 1.5 
14 2 2 
11 f 2 
12 ? 2 
12 2 0.5 
10 2 4.5 
10 f 0.6 
9.42 0.6 

13 5 1.2 
--- 

1.0 f 0.6 
0.70 2 0.04 , 

0.43 f 0.25 
0.42 + 0.05 
0.90 ? 0.35 
3.4 ? 0.2 
1.4 f 0.1 
1.8 f 0.6 
1.7 2 0.1 

1.5 2 0.1 
0.75 f 0.04 

1.6 ? 0.8 

<O. 3 

--- 

~~ ~~~ ~~ 

a. Values for radionuclides in samples collected from 1970 through 1973 are given as a 
mean (f one standard deviation) of two or more single sample counts. Values for 
radionuclides in birds collected from 1974 to 1976 are from a single count of a sample 
of one or more birds (+ a two-sigma, propagated, counting error). The dashes in the 
body of the table indicate the sample counts were not significant. 

b. Pre-Cannikin. 

c. One each from Mason Lake, C-Site, and Mile 16; two from Mile 5. 
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Table 13 

Strontium-90 i n  Bone from Rats and Ptarmigan, and i n  Soil Collected a t  
Amchitka Island. 

- 
Col 1 ect  i on Sample 

Date na Loca t i on Type pCi 9oSr/g, dry 

1971C 
1971 
1973 
1975 
1976 

1973 
1974 
1975 
1976 

1971 
1975 
1976 

1971 
1973 
1975 
1976 

1971 
1973 
1974 
1975 
1976 

1975 
1976 

1975 
1976 

2 
2 
1 
1 
1 

1 
2 
2 
5 

1 
1 
1 

1 
1 
1 
1 

2 
1 
1 
1 
2 

1 

1 

Sand Beach Cove 
II 

I I  

II 

I t  

d Other Sites 
II 

II 

II 

Canni k i n  Area 
II 

I 1  

Milrow/Long Shot 
I I  

I I  

II 

Other Si tese 
I I  

II 

I I  

Main Camp 
I I  

Canni k i n  Area 
I 1  

Rat, bone 
II 

I I  

II 

II 

Rat , bone 
II 

I I  

II 

Ptarmigan, bone 
I 1  

II 

Ptarmigan, bone 
I I  

I I  

II 

Ptarmigan , bone 
II 

I I  

II 

II 

Soi 1 
I I  

Soi 1 
I I  

1.6 f 1.3  
5.8 f 5.9 
1.9 f 1.0 
0.5 f 0.2 

<1.3 

1.8 f 0.2 
1 .6  f 1.1 
1.4 f 0.3 

<1.3 

31 f 1.8 

14 k 2.6 
13 f 1.0 

27 2 1.6  

14 f 1.4 
11 f 0.4 

19. f 2.4 

27 f 1 2  
14 f 0.4 
16 k 4.6 
19  f 2.8 
26 f 0.4 

0.03 f 0.02 
<O. 03 

<0.16 
<O. 04 

a .  

6. 

Each sample (n)  of bone was obtained from 2 t o  4 individuals.  

Radionuclide values f o r  s ing le  samples ( n  = 1 )  col lected before 1976 a r e  a 
single count of  the sample (+ the two-sigma, propagated, counting e r r o r ) .  
The error on the radionuclide values f o r  single samples analyzed i n  1976 i s  
the sum of the counting e r r o r  and an ana ly t ica l  e r ro r .  
shown fo r  more than one (n.1) samples i s  the mean ( +  one standard deviat ion)  
o f  two or more s ing le  sample counts. 

T h e  radionuclide value 

c. Pre-Canni k i n  

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

Main camp, mile post 8, S i l v e r  Salmon Lake, Mile 18. e. 
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Table 14 

Gamma-emitting Radionucl ides i n  Sand and S o i l  C o l l e c t e d  a t  Amchitka I s l a n d  

a Radionucl i d e  Concentrat ion i n  pCi/g, d r y  
Sample Col l e c t i o n  n 40K 37cs 141ce 1 4 4 ~ e  226Ra 228Th 238" TY Pe Loca t ion  

I .  August 1975 

Soi 1 Main Camp 

S o i l  Canni k i n  

Sand Constant ine 

Sand Sand Beach 

Area 

Harbor 

Cove 

11. August 1976 

Soi  1 Main Camp 

S o i l  Canni k i n  
Area , 

Sand Constant ine 
Harbor 

Sand Sand Beach 
Cove 

8.021.2 

11 k1.3 

13 k1.2 

9.821.1 

11 21.0 

10 k2.5 

16 k1.6 

8.6k1.1 

--- 0.2020.13 

0.32k0.05 0.22k0.15 

0.07+0.03 (I --- 

0.06+0.03 --- 

0.82k0.60 0.27k0.24 

0.34k0.21 --- 

0.22kO. 04 --- 

0.14k0.13 

0.97k0.18 

--- 

0.2 kO.1 

--- 

0.0920.12 

--- 

--- 

0.18+0.04 

0.1 1 20.05 

0.18k0.04 

0.22k0.04 

0.26k0.06 

0.21 k0. 03 

0.2820.05 

0.28+0. 04 

0.14k0.05 

0.08+0.04 

0.09kO. 04 

0.1 1 k0 .03 

0.1 1 k0. 04 

0.1 1 k0. 02 

0.11 k0. 05 

0.1320. 04 

--- 

--- 

0.4420.36 

0.4820. 20 

0.1 720.30 

0.64k0.18 

0.88k0.47 

0.6420.33 

a. 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  o f  t he  sample (+  t h e  two-sigma, propagated, 
count ing  e r r o r ) .  
t i o n )  o f  two o r  more s i n g l e  sample counts. 
N.A. i n d i c a t e s  t h e  r a d i o n u c l i d e  was not  i nc luded  i n  t h e  analyses. 

The r a d i o n u c l i d e  value shown f o r  more than one (n.1) sample i s  t h e  mean (5 one standard dev ia -  
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 
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Table 15 

Gamma-Emitting Radionuclides i n  Samples Collected from Lakes on Amchitka Island 

Gamma-Emitting Radionuclides (pCi/l i t e r ) a  

Loca t i on L i t e r s  
and Date Sampl ed Frac t i on n 7B e 9 5 ~ r  5P4 b 37cs 
Jones Lake 

1971b 

1971 -72 
I 1  

1973 

May '74' 

Aug '74 

I 1  

I 1  

I 1  

0 
p Aug '75 

Aug '76 

Heart Lake 
Aug '75d 
Aug '76 

Canni kin Lake 
1972 
1973 

I 1  

Aug '74 

Aug '75 
Aug '76 

I 1  

278k240 

154k133 

172k30 

53 

41 3 

56 
50 

I1  

I 1  

II 

I 1  

I 1  

52 
48 

9k 1.4 
84k16 

I 1  

31 4 

99 

53 
50 

I 1  

I 1  

Par t i  cltl a t e  
Sol ubl e 
Pa r t i cu la t e  
Sol ubl e 
Pa r t i cu la t e  
Sol ubl e 
Pa r t i cu la t e  
Sol ubl e 
Par t  i cul a t e  
Sol u b l  e 
Ent i re  
Enti re 

Ent i re  
Entire 

Pa r t i cu la t e  
Pa r t i cu la t e  
Sol ubl e 
Par t i  cul a t e  
Soluble 
Par t i  cul a t e  
Sol u b l  e 
E n t i  re 
Entire 

4 
4 
5 
5 
2 
2 
1 
1 
1 
1 
1 
1 

1 
1 

2 
2 
2 
1 
1 
1 
1 
1 
1 

0.05 50.04 
0.01 k0.01 
0.008k0.011 
0.07 20.15 

--- 
0.084+0.062 

0.09 k0.05 
--- 

0.11 50.08 
0.02 k0.02 
0.02 50.02 
0.16 k0.33 

--- 
--- 

0.19 k0.06 
--- 
--- 
--- 

0.05 k 0.03 --- 

0.15 k0.04 
--- 

0.34 k0.48 --- 
--- 

0.25 k0.03 - -- 
--- 
--- 
--- 
c - _  

0.02 k0.04 
0.02 kO.02 
0.004k0.009 
0.05 20.10 
0.042+0.015 

0.039k0.029 
--- 
--- 
--- 
--- 

0.12 t 0.03 
0.08 k 0.04 

0.25 k 0.04 
0.13 k 0.05 

--- 
0.04 k0.057 
0.08 kO.11  
0.01 9k0.013 --- 

--- 
-- - 

0.21 t0.04 
0.10 20.04 
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Table 15  (continued) 
I a 

-- Gamma-Emi t t i n a  Radionuclides ( p C i / l  i t e r )  

Location Liters 
and Date Sampled Fraction n 7Be 9 5 ~ r  95Nb 37cs 

Long S h o t  
Mud P i t  No. 1 

I I 1  Par t i  cul a t e  6 4.0 k 4.7 0.4 k0.6 0.9 k1.2 0.02 k0.03 1970-71 41 8k398 
Sol ubl e 6 11 k18 0.002k0.003 0.006k0.009 0.08 k0 .18  

56k41 Par t icu la te  5 1.2 k 1 .3  0.25 k0.29 0.48 k0.55 0.03 k0.07 
Sol ubl e 5 0.44k 0.98 --- --- --- 

0.04 k0.06 35+5 Par t icu la te  2 2.0 _+ 1.0 
Sol ubl  e 2 --- --- --- 

48 Sol u b l  e 1 

I1 I 1  
1971 -72 

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

May 1 74f 48 Par t icu la te  1 4.0 * 0.7 1 .3  kO.1 2.7 k0 .2  0.034k0.028 

A u g  '74 189 
I 1  --- --- --- , --- 

0.14 kO.02 --- 
189 Sol ubl e 1 --- --- 0.21 kO.10 --- Par t icu la te  1 0 .7  k 0.2 0.06 k0.03 

I1 

--- --- 0.08 k0.03 
Aug ' 7 6  52 Ent i re  1 1 . 3  k 0.4  - - -  --- 0.05 k0.03 

a .  

Aug 175g 50 Entire 1 1 . 2  f 0.3 

w 
v1 Radionuclide values for a single sample ( n  = 1 )  are a s ing le  count o f  the'sample (k the two-sigma, propagated, 

count ing error). 
t i o n )  of  two o r  more s ingle  sample counts. 
N . A .  indicates  the radionuclide was n o t  included i n  the analyses.  

The radionuclide value shown for  more than one (n.1) sample i s  the mean (k one standard devia- 
Dashes i n  the t a b l e  ind ica te  the sample count i s  n o t  s ignif icant  and 

b. Pre-Canni k i n ,  
c. 
d. 

Cerium-144 a l so  present, 0.44 k 0.14 pCi/liter. 

Ruthenium-106 (0.45k0.25 pCi / l i t e r ) ,  lZ5Sb (0.09k0.06 pCi/ l i ter)  and 144Ce (0.24k0.11 pCi/liter) were a lso  present 
i n  t h i s  sample. 

e. 
f. 

g.  

Cerium-144 a l so  present, 0.41 f 0.07 pCi/liter. 
Cerium-144 a l so  present, 4.9 f 0.3 pCi / l i t e r .  
Barium-140 a l s o  present, 0.43 k 0.37 pCi/liter. 
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Table 16. Tritium Concentration i n  Water Samples Collected a t  Amchitka 

Is1 and, 1970-1 976, 

Coll ec t ion  Number of Tri t i  urn 
Date S i t e  Samples Uni tsa p c i / l i  terb 

I Seawater 
1970-71 d 
1972 d 
1973 d 
1974 d 

1975 d 
1976 d 
A u g u s t  1976 Constantine Harbor 

I I  Square Bay 
II Sand Beach Cove 

I J  Rifle Range P t .  
I I  St. Makarius Bay 

Duck Cove I1 

I1 Freshwater, except Long Shot Area 
1970-71 
1972 
1973 
1974 
1975 
1976 
A u g u s t  1976 

II 

II 

II 

II 

I t  

l l  

II 

II 

I 1  

I I  

II 

II 

10 
16 
6 
6 
6 
6 
1 
1 
1 
1 

1 
1 

12 
18 
46 
44 
29 
33 

Main Camp ( r a i n f a l l )  1 

Jones Lake Outlet- 1 
Clevenger Lake Outlet 1 
Clevenger Creek (mouth) 1 

Constantine Spring 1 

C1 evenger Creek 1 

Heart Lake 1 
Clam Lake 1 
Duck Cove Creek (mouth) 1 
Seep-Duc k Cove 1 
Quonset Creek ( a t  road) 1 
Bridge Creek ( a t  road) 1 
Mile Post 12 Creek 1 

36 

(headwaters) 

32 t 19 
28 25 
22 2 13 

.c 13 
t15 
t15 
<14 
t14 
<14 
<14 
t16 

20 f. 11 

92 f. 46 
49 2 14 
50 A 17 
32 2 18 
34 t 14 
30 t 12 
23 2 14 
52 A 11 
12 t 11 
20 t 14 
36 t 11 
36 A 11 

29 t 12 
30 f 11 
25 t 11 
38 2 11 

4 7 
29 2 11 
39 t 11 

103 t 61 
90 A 81 
71 42 

<42 
<48 
<50 
<45 
<4 5 
<45 
<45 
<52 

65 36 , 
. 

298 ~ 1 4 9  
158 2 45 
162 2 55 
103 A 58 
110 2 45 
97 t 39 
74 A 45 

168 t 36 
39 2 31 
65 t 45 

116 2 36 
116 t 36 

94 2 39 
97 2 36 
81 36 

123 5 36 
<55 

94 2 36 
126 2 36 



Ta b l  e 1 6( c o n t  i nued ) 

.: Col 1 e c t i  on 
Date S i t e  
11. Freshwater ( con t )  

August 1976 Cann ik in  Lake I n l e t  
f rom Ground Zero 

Cann ik in  Lake I n l e t  
f rom D r i l l  back 

Cann ik in  Lake White 
A l i c e  I n l e t  

Cannik in  Lake S t a t i o n  
#1 Sur face 

Canni k i n  Lake S t a t i o n  
#1 Bottom 

Cann ik in  Lake S t a t i o n  
#2 Sur face 

Canni k i n  Lake S t a t i o n  
#2 Bottom 

Cann ik in  Lake S t a t i o n  
#3 Sur face 

Canni k i n  Lake S t a t i o n  
#3 Bottom 

Cann ik in  Lake S t a t i o n  
#4 Sur face 

Canni k i n  Lake S t a t i o n  
#4 Bottom 

Cann ik in  Lake O u t l e t  
I c e  Box Lake I n l e t e  
I c e  Box Lake O u t l e t e  
DK-45 Lake 
Seep-Sand Beach Cove 

II 

I1 

II 

II 

II 

II 

II 

II 

I 1  

II 

II 

II 

I1 

II 

I1 

111. Long Shot Mud P i t s  
1970-1 971C Mud P i t  #3 
1974 

1975 

1976 

1976 Mud P i t  #2 

1970-71 Mud P i t  #1 
1972 

1973 

1974 

1975 

1976 

I 1  

II 

I1 

I 1  

5 II 

I1 

I1 

I 1  

37 

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

3 50 f 23 162 f 74 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

3 
1 
1 
1 

1 

3 

4 
2 

2 

1 

2 

40 t 11 

29 f 13 

<14 

26 t 12 

<15 

20 ~f: 16 

23 t 13 

33 f 11 

<15 

27 +_ 13 

29 k 19 
49 f 11 
43 f 14 
17 +_ 11 
21 f 12 

3500 ~f: 460 
2900 f 460 
867 5 19 

1150 23 

1140 t 23 

1800 t 2 6 0  

2050 2 240 

1900 f 420 

1300 f 250 

1 2 2 t  11 

7 1 6 t  12 

1 2 9 t  36 

94 k 42 

<45 

84 k 39 

<48 

6 5 k  52 

74 t 42 

107 f 36 

<48 

87 42 

94 t 61 
i 5 8  t 36 
139 k 45 

55 f 36 
68 f 39 

11300k1500 

940C f 160 
2800 t 61 

3710 t 74 

3680 t 74 

5800 f 8 4 0  

6600 rt: 780 

61 0021 400 

4200 rt: 810 

3 9 5 t  36 

2310k 39 



Ta bl e 1 6 ( con t i nued ) 
.I Collection Number of Tritium 

Date Site Samples Uni t s a  pCi / I  i t e rb  

IV. Long Sho t  Mud P i t  Drainage 
A u g u s t  1975 3 meters below Mud 

P i t  #1 
I 1  Infantry Road 
II 100 meters below road 
I t  500 meters below road 

I1 Mouth o f  creek 
II 200 meters above Sq. Bay 

P gust 1976 3 meters below Mud 

Infantry Road 
P i t  #1 

100 meters below road 
f 

200 meters below road 
400 meters below road9 
500 meters below road 
200 meters above Sq.Bay 
20 meters above Sq. Bay 

1 

1 
1 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 
1 

I 

872 _+ 19 

666 f 16 
424 5 15 
82 f 13 

121 _+ 13 
107 _+ 13 

739 f 18 
342 rt 14 
278 14 

252 k 13 
103 12 
5 3 5  11 
48 f 11 
27 5 11 

a 

€ 

2820 _+ 61 

21 50 f 52 
1370 f 48 
264 f 42 
390 k 47 
347 5 42 

2390f 58 
l l 0 0 a  45 
898+ 45 

814f 42 
333k 39 
171 k 36 
155k 36 
87f 36 

a. Radionuclidc values f o r  a s ing le  samnle (n  = 1) a re  a s ing le  count c?f i h e  
sample (+ the  two-sigma, propagated, counting e r r o r ) .  
value.shown f o r  more than one ( n > l )  sample i s  the mean (5 one standard 
deviat ion)  o f  two o r  more s ingle  sample counts. Dashes i n  the t ab le  
ind ica te  the sample count i s  not  s ign i f i can t  and N. A .  indicates  the 
radionuclide was not  included i n  the analyses.  

The radionuclide 

b. 

c . Pre-Canni k i n  . 
One TU equals 3.23 pCi / l i t e r .  

d .  Mean o f  a l l  co l lec t ion  s i t e s .  

e .  A small lake formed in the north fork of While Altce Creek a f t e r  surface 
subsidence occurred a t  the Cannikin s i t e .  

f. Ranunculus co l lec t ion  s i t e  #2.  

g .  Ranunculus co l lec t ion  s i t e  # l .  
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Table 17.  Tritium i n  Free Water from Biological 
Samples Coll ected a t  Amchi tka Island 

na Tri t i  um Uni tsb pCi / l  i t e r b  
Organism Tissue Coll ection S i te  1975 1976 1975 1976 1975 1976 

Fucus 
II 

II 

It 

Green1 i ng  
II 

I1 

I1 

Dolly Varden 
I1 

II 

II 

w 
CD Ranuncul us 

I1 

Fontinal is  
II 

I1 

11 

II 

II 

I1 

I1 

I 1  

Entire 
II 

I t  

I 1  

Muscle 
II 

' II 

II 

Muscle 
II 

11 

II 

Entire 
11 

Entire 
I 1  

I1 

II 

I1 

I t  

I 1  

I1 

II 

Constantine Harbor 
Square Bay 
Sand Beach Cove 
Duck Cove 

Constantine Harbor 
Square Bay 
Sand Beach Cove 
Duck Cove 

Brsi dge Creekd 
Duck Cove 
Jones Lake 
Canni k i n  Lake 

Bridge Creek 
Long Shot Creeke 

Clevenger Creek #1 
It #2 II 

,White Alice Creek #1 
#2 
#3 

Ice Box Lake Inlet#l  
It  #2 
II #3 

Long Shot Creek 

I t  

I1 

I1 I t  

II I 1  

It I1 II 

I1 II II 

2 1  
3 2  
2 3  
- 3  

1 1  
4 1  
2 3  
- 1  

2 
- 2  
4 1  
1 1  

- 2  
- 1  

- 2  
- 2  

2 1  
- 2  
- 2  
- 1  
- 1  
- 1  
2 1  

- 

<35 f 1 8  
<26 f 12 
<21 + 1 

nac 

<14 
<20+ 2 
<20f 1 

na 

1 6 f  2 
na 

26 f 16 
39 + 12 

na 
na 

na 
na 

39 + 28 
na 
na 
na 
na 
na 

85 f 14 

35+ 11 
25+ 3 
31f 4 
23+ 3 

<2 1 
<19 

20+  7 
<46 

na 
43+ 9 
5 8 + 1 3  
72 +17 

120+ 17 

106+ 18 
97+ 14 

72+ 17 
8 6 +  11 
56 + 48 

< 21 
39+ 19 
52+ 18 

150+ 15 

< 67 

<110 f 58 
<84 + 39 
<68f  3 

na 

$45 
<65f 6 
<65f 3 

na 

5 1 f  6 

85 f 52 
na 

130 f 39 

na 
na 

na 
na 

126 f 91 
na 
na 
na 
na 
na 

275 f 45 

110 + 36 
81 f 1 0  

1003.13 
743.10 

e68 
< 62 

65 f 23 
<150 

na 
140 f 29 
190 3.42 
2305 55 

<220 
3901 55 

340+ 58 
310+ 45 

230+ 55 
2802 36 
180 A60 

<68 
1302 61 
170+ 58 
4805 48 



Table 17 Continued 

na Tri t i  um Units b pci/l  i t e r b  
Organism Tissue Col 1 ect i  on S i te  1975 1976 1975 1976 1975 1976 

Muscle Camp Area - na 4 1  na <68 
II II Milrow/Long Shot 2 na 4Oi-17 na 130 k 55 
II II Canni k i n  Area - 1 na 36+18 na 120k 58 

Ptarmigan 

a .  

b .  

n equals the number of f ree  water samples from a single t i s sue  sample. 

Radionuclide values for a single sample ( n  = 1 )  are a single count of the sample (-+ the two-sigma, propagated, 
counting e r ro r ) .  
t ion)  o f  two or more single sample counts. 
and N. A. indicates the radionuclide was not included i n  the analyses. 

P The radionuclide value shown for  more t h a n  one ( n > l )  sample i s  the mean (+ one standard devia- 
Dashes i n  the table indicate the sample count i s  n o t  significant 0 

c. na = not analyzed. 

d .  Inter t idal  area a t  the m o u t h  o f  the creek. 

e .  S i te  #1 i s  400 meters below Infantry Road. L 
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Table 18, Plutonium-239,240 i n  FucLLil, Greenling, Sand and S o i l  
Co l lec ted  a t  Amchitka I s l a n d  i n  August, 1975 and 1976. 

Sample Co l l  e c t i o n  
TY Pe Loca t i on pCi/g, d r y  a dpm/kg, wet 

L 

I .  August 1975 
F u c a ,  e n t i r e  

F u c a ,  e n t i r e  

Greenl i ng ,muscl e 

Greenling,muscle 

Sand, sur face 

Sand, sur face 

S o i l ,  sur face 

S o i l ,  sur face 

F u c a ,  e n t i r e  

FUCUA, e n t i r e  

F u c u  , e n t i  r e  

Greenl i ng ,muscl e 
Greenl ing,muscle 

Sand, sur face 

Sand, sur face 
S o i l  , sur face 
S o i l ,  sur face 
S o i l ,  sur face 
S o i l ,  sur face 

S o i l ,  sur face 

S o i l ,  sur face 

b 

11. August 1976 

Sand Beach Cove 

Constant ine Harbor 

Sand Beach Cove 

Constant ine Harbor 
Sand Beach Cove 

Constant ine Harbor 

Cannik in Area 

Main Camp 

Sand Beach Cove 

Constant ine Harbor 

Square Bay 

Sand Beach Cove 

Constant ine Harbor 

Sand Beach Cove 

Constant i  ne Harbor 
Cannik in Area #1 
Cannikin Area #2 
Cannik in Area #3 
Camp Area #1 
Camp Area #2 
Camp Area #3 

0.006 f 0.002 
0.002 f 0.002 

<o. 002 
<O. 003 
0.004 2 0.002 

0.015 f 0.004 
0.001 f 0.001 

<o. 002 

0.003 f 0.002 

<o. 002 
0.003 k 0.002 

<o. 002 
<o. 002 

<o. 001 

0.003 f 0.002 
0.008 ? 0.002 

0.009 f 0.005 
<o. 002 

<o. 002 
0.005 ? 0.003 

0.006 2 0.004 

3.0 f 1.0 

0.8 ? 0.8 

<0.8 

<1.2 
- 
- 
- 

1 f 0.8 

1 f 0.8 

~ 0 . 8  

<0.8 
<0.8 

- 
- 
- 
- 
- 
- 
- 
- 

a. 

b. 

The rad ionuc l ide  value f o r  these s i n g l e  samples i s  a s i n g l e  count o f  the  sample 
(+ the  sum o f  a two-sigma, propagated, count ing e r r o r  and an a n a l y t i c a l  e r r o r ) .  
S u r f x e  samples were the  0 t o  2.5 cm laye r .  

. 
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Table 19. Radiation Survey o f  Selected Sites on Amchitka Island 

Radiation Level ( a ) ,  mR/hr  
Average Reading Maximum Reading 

Location 1974 1975 1976 1974 1975 1976 

Decon Faci 1 i t y  
Inside 'ID" Barracks 
Husky Camp 
Jones Creek Effluence 
EIC Cal ibrat ion Range 
Ri f le  Range Target Area 
Duck Cove 
Milrow SGZ & Vicinity 
Long Shot SGZ & Vicinity 
Cannikin SGZ & Vicinity 
Cannikin Drillback 

Sand Beach Cove 
D-Si t e  
E-Si t e  

0.01 
0.01 

<o. 01 
<o. 01 
<o. 01 
0.01 

<o. 01 
<o. 01 
0.01 
0.01. 
0.01 

<0.01 
0.01 
0.01 

0.01 
<o. 01 
0.01 

<o. 01 
0.01 
0.01 

<0.01 

0.01 
0.01 
0.01 
0.01 

<o. 01 
c0.01 
<0.01 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 

0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.03 
0.04 
0.05 
0.04 
0.05 
0.04 
0.05 
0.03 

0.04 
0.04 
0.05 
0.04 
0.04 
0.05 
0.04 
0.04 
0.05 
0.04 
0.04 
0.04 
0.03 
0.04 

n 

0.03 

0.04 
0.04 
0.03 
0.05 
0.04 
0.04 
0.06 
0.05 
0.04 
0.05 
0.04 
0.04 
0.04 

( a )  Eberline G-M de tec tor ,  Model 570, probe window thickness l e s s  than 2 mg/cmL. 
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1 

6 .  T A B L E  A N D  MAP I N D E X  

Figure 
Coll ec t ion  S i t e  No . ( s l  

Baker Runway 3 
Base Camp 2 & 3  
Bering Sea 1 & 2  
Bridge Creek 4 
Cannikin Lake I n l e t <  

Froin Dri 11  back 6 
Canni ki n Lake 6 
Cannikin Lake Ou t l e t  6 
Cannikin Lake I n l e t  

From G Z  6 
Cannikin Lake I n l e t  From 

White Alice I n l e t  6 
Canni k i n  S i t e  2 8 6  
Chapel Cove Streatn 2 
Clam Lake 4 
C1 evenger Creek 4 
Clevenger Lake Out le t  3 
Constant ine Harbor 2 8 4 3  

Constant ine Harbor 
Crown Reefer Point  
D-Si t e  
Decon Area 
Duck Cove 
Duck Cove Creek 
Duck Cove Seep 
E-Si t e  
E I C  Ca l ib ra t ion  Range 
Heart Lake 
Hus-Key Camp 

Ice Box Lake 
Ice Box Lake I n l e t  
In fan t ry  Road 
Jones Lake 
Jones Lake Outlet 

IA-2 
IA-3 

3 
2 & 4  

2 
3 
4 
4 
4 
2 
3 
4 
3 
6 
6 
6 
6 

2,4-6 
3 
3 

Lake DK-45 6 
Lake DK-45 Out l e t  6 
Long Shot 2 ,  4 ,  5 

Long Shot Drainage 4 8 9 5  
Main Camp 3 
Midden Cove 2 
Flile 8 2 
Mile 18  2 

Tab1 e 
No. ( s )  Remarks 

1 3  P a r t  of Base Camp 
2 ,  13 ,  19 
9 ,  11 Collect ion s i t e s  loca ted :  
3,  4 ,  1 1 ,  16,  17 a )  Off C-Site 

16 
6 ,  11 ,  15 ,  16,  17 
3 ,  4 ,  16,  1 7  

16 

5 ,  16 
1 2 ,  13, 14,  18, 19 

11 
6 ,  13,  16 
3 ,  4 ,  1 1 ,  13,  16 
4 ,  16 
7 ,  9 ,  10 ,  13,  14 ,  

16,  1 7 ,  18 
16 

7 
19 
19 

7 ,  a ,  i o ,  1 1 ,  1 3 , ~  
3,  4 ,  1 1 ,  16 

16 
19 
19 

15 ,  16 
19 

None 
II 

6 ,  16 Lake 05-46 
3 ,  16,  17 
None 
11 ,  15,  16 ,  1 7 ,  18 
16 ,  1 9  

B 

11 

5 ,  15 ,  16 ,  19 Col lec t ion  s i t e s  located a t :  
a )  Mud P i t s  Nos. 1 ,  2 & 3; 

> 

3 ,  4 ,  16,  17 
12,13,14,18,19 P a r t  o f  Base Caw 

9 
12,13 5 

12,13 

46 



TAI3LE AND MAP I N D E X  ( c o n t i n u e d )  

Figure 
C o l l e c t i o n  S i t e  No. ( s )  

2 & 4  
I 

Mi 1 row 
MP 12 Creek 6 
Quonset Creek 4 
R i f l e  Ranqe T a r g e t  Area 4 
Sand Beach Cove 6 

Sand Beach Cove Seep 6 
S i g n a l  Cove Stream 2 
S i l v e r  Salmon Lake 4 
Small Boat Dock 3 

South Bight  
South Hangar 
Square Bay 

2 
3 
4 

Tab1 e 
No. ( s )  

1 2 ,  1 9 ,  13, 17 
3,  16 

16 
1 3  

7 ,  8 ,  1 0 ,  1 3 ,  1 4 ,  
16 ,  1 7 ,  19 
16 

1 
1 3  

* 12 
16 
7 ,  8 ,  9 ,  10, 16 

47 

Remarks 

Located i n  
C o n s t a n t i n e  Harbor 

17 
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