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FALLOUT PROGRAM 
QUARTERLY SUMMARY REPORT 

Aprf l  1, 1973 

ABSTRACT 

This r e p o r t  p re sen t s  c u r r e n t  da t a  from t h e  HASL 
F a l l o u t  Program; The Laboratory of Radiation 
Ecology, Univers i ty  of Washington; and t h e  EURATOM 
J o i n t  Nuclear Research C e n t r e  a t  I s p r a o  I t a l y .  
The i n i t i a l  s ec t ion  c o n s i s t s  of i n t e r p r e t i v e  r e p o r t s  
on radium daughter products and lead  i n  marine organ- 
i s m s ,  i n v e n t o r i e s  of rad ionucl ides  i n  t h e  s t r a tosphe re ,  
strontium-90 i n  d i e t ,  and t h e  t ropospheric  b a s e l i n e  
concent ra t ion  of l e a d .  Subsequent s e c t i o n s  include 
t a b u l a t i o n s  of radionucl ide l e v e l s  i n  f a l l o u t ,  sur- 
face  a i r s  s t r a t o s p h e r i c  a i r ,  foodsI milk, and t a p  
water a A bibl iography of recent pub l i ca t ions  re- 
l a t e d  t o  rad ionucl ide  s t u d i e s ,  i s  a l s o  presented * 
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INTRODUCTION 

Every t h r e e  months, the  Health and Safe ty  Laboratory i s s u e s  a 
r epor t  summarizing cu r ren t  information obtained a t  HASL per- 
t a i n i n g  to  f a l l o u t ,  T h i s  r e p o r t ,  the l a t e s t  i n  t h e  series, 
conta ins  information t h a t  became a v a i l a b l e  during the per iod 
from D e e .  1, 1972 t o  Mar. 1, 1973. The next  r epor t  i s  scheduled 
f o r  publ ica t ion  J u l y  1, 1973.. Preceding r e p o r t s  i n  t h e  series, 
s t a r t i n g  with HASL-42, "Environmental Contamination from 
Weapons T e s t s " ,  and continuing through HASL-273, ( t h i s  r e p o r t )  
may be purchased from t h e  Clearinghouse f o r  Federal  S c i e n t i f i c  
and Technical Information, National Bureau of Standards, U. S. 
Department of Commerce, Spr ingf ie ld ,  Vi rg in ia  22151. A complete 
l i s t i n g  of  t h e s e  Fa l lou t  Program Q u a r t e r l y  Summary Reports i s  
given on the t i t l e  page of t h i s  r e p o r t ,  

T o  g ive  a more complete p i c t u r e  of the cu r ren t  f a l l o u t  s i t u a -  
t i o n  and t o  provide a medium for r ap id  publ ica t ion  of rad io-  
nuc l ide  and t r a c e  element  da ta ,  these q u a r t e r l y  r e p o r t s  o f t e n  
contain information from o the r  l a b o r a t o r i e s  and programs, some 
of w h i c h  a r e  not  p a r t  of the genera l  AEC program. T o  a s s i s t  
i n  developing, a s  r a p i d l y  a s  poss ib le ,  p rov i s iona l  i n t e r p r e t a -  
t i o n s  of t h e  da t a ,  s p e c i a l  i n t e r p r e t i v e  r e p o r t s  and notes  
prepared by s c i e n t i s t s  working i n  the f i e l d  of f a l l o u t  a r e  
a l s o  included from t i m e  t o  t i m e .  Many of t h e s e  s c i en t i s t s  a r e  
assoc ia ted  i n  s o m e  way w i t h  the  genera l  AEC program. Information 
developed ou t s ide  HASL i s  i d e n t i f i e d  as  such and i s  g r a t e f u l l y  
acknowledged by the  Laboratory. I n  t h i s  r epor t ,  d a t a  f r o m  t he  
Laboratory of Radiation Ecology - Univ. of Wash. and the EURATOM 
J o i n t  Nuclear Research Centre a t  I sp ra ,  I t a l y  a r e  given. 

A po r t ion  of t h e  radiochemical analyses either have been o r  
are being c a r r i e d  out  by commercial l a b o r a t o r i e s  under con t r ac t  
t o  the HASL Environmental S tudies  Division. The r e s u l t s  of 
t h e s e  analyses a r e  reported a s  p a r t  of HASL's r egu la r  f a l l o u t  
program. The  con t r ac to r  a n a l y t i c a l  l a b o r a t o r i e s  w h i c h  provided 
d a t a  a r e  Nuclear Science and Engineering Corporation, P i t t sburgh ,  
Pa. ; Isotopes,  Inc . ,  Westwood, N. J. ; Radiochemistry I n c . ,  
Louisv i l le ,  Ky.; LFE Environmental Analysis Laborator ies  
Division, Richmond, Ca l i f .  ; Controls for Radiation, Inc . ,  
Cambridge, Mass. : Hazleton-Nuclear Science Corp., Palo A l t o ,  
C a l i f .  (now Isotopes Palo Alto Labora tor ies ) ;  Food, Chemical 
and Research Laborator ies ,  Inc . ,  S e a t t l e ,  Washington; Custom 
Nuclear eo. ,  Mountainview, C a l i f . ;  Ledoux and Company, Teaneck, 
N. J. ; and U. S. Test ing  Co., Richland, Washington. 

T h i s  r e p o r t  i s  divided i n t o  four main p a r t s :  

1. I n t e r p r e t i v e  Reports and Notes 
2. HASL Fa l lou t  Program Data 
3. Data f r o m  Sources O t h e r  t h a n  HASL 
4. Recent  Publ ica t ions  Related t o  Radionucljees S tudies  
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POLO?JIUM-210, UAD-210 ANi) STABLG LXAD I N  I.IARINi2 ORGANISMS n 

Internat ional  Laboratory of Marine Radioactivity 
MusQe Oc6anographique 
Monaco-Ville , Principal i ty  of Monaco 

R.J.  UGM and T.A. JOKELA 
Laboratory of  Radiation Ecology 
College of  Fisheries 
University of Washington, 
Sea t t le ,  I.Jashington, USA 

ABSTRACT. The natural radiat ion environment of marine organisms has 

c lass ica l ly  been a t t r i bu ted ,  i n  the main, t o  contributions from 40K, which is  

ubiquitous i n  seawater, and t o  oosmic ray i r radiat ions,  

evidence has accumulated which suggests tha t  a s ignif icant  component of the 

natural  rad ia t ion  dose t o  marine biota  comes from in te rna l ly  deposited, 

More recently,  however, 

k t u r a l l y  occurring alpha radionuclides. Of these,  210Po appears t o  bo the  

most predominant. This f in&ing has important implications i n  the overall  assess- 

ment of the introduction o f  a r t i f i c i a l  radioact ivi ty  t o  the marine environmentc 

The f rac t ion  o f  the rad ia t ion  dose experienced by marine biota  from man-made 

sources i s  s igni f icant ly  lowered when the radiat ion dose r a t e  from *loPo a s  

well as 40K and cosmic rays a re  considered, The present paper summarizes the 

resu l t s  of extensive measurements of 210Po, 210Pb and s tab le  Pb i n  marine b io ta ,  

with the a i m  o f  increasing the data base from which t o  make generalizations 

concerning the importance of these e n t i t i e s  i n  the marine environment e 

1. INTROOUCTION 

To adequately assess the impact o f  a r t i f i c i a l  radioact ivi ty  on the biota  

o f  any ecosystem, it is  f i r s t  necessary t o  es tab l i sh  the natural  radiat ion 

environment t o  which the biota  are  subject.  While t h i s  s ta tesent  m a y  appear 

thoroughly s impl i s t ic  when one considers the abundant l i t e r a t u r e  tha t  has come 

in to  being on the subject o f  radioact ivi ty  i n  the environment, the f ac t  remains 



tha t  during the past half  decade evidence has been mounting which indicates  

that  previous estimates of the natural  rad ia t ion  environment of marine organisms 

were low. This underestimate r e su l t s  because previous estimates considered only 

cosmic ray i r rad ia t ions  and contributions from 

of the contribution from in te rna l ly  deposited alpha emit ters ,  the t o t a l  

radiat ion dose ra te  is much higher [2]. 

40 
K [l]. If account is talccn 

The levels  o f  natural radioact ivi ty  i n  the marine environment have rccently 

h e n  summarized [3! 4). 

most current information concerning the a c t i v i t y  leve ls  of alpha emitting radio- 

O f  these summaries, tha t  of Woodhead [3] presents the 

nuclides i n  marine biota. 

high alpha exposures apply generally t o  marine organisms is  not yet  well 

es tabl ished,  while the low cosmic ray and 40K background r e s t  on much data''. 

The present paper presents a summary o f  ineasurements for  210Po, 210Pb ( the 

precursor of 210?o) and s tab le  Pb i n  marine organisms. 

our unclerstanding of the range o f  concentrations of  these e n t i t i e s  i n  tho 

marine environment s o  that  the par t  played by the alpha emitt ing radionuclides 

i n  contributing t o  the natural  radiat ion dose ra te  o€ marine biota  can bo more 

properly a s  sessed. 

However, Bowen e t  a l e  [4] have cautioned, "that these 

The intent  i s  t o  extend 

2. IiISTORICAL WVILq 

It seems useful t o  give a br ief  review o f  the work which has led t o  our  

current understanding of natural ly  occurring 210Po and 210Pb i n  marine organisms. 
I 1  
lhe first reports  that  sparked in te res t  i n  210Po contdnt of mrim biota  . - 
were those of Marsden [5], Cherry [SI and I U l l  [7]s a l l  i n  1964. H i l l  [S] had 

e a r l i e r  reported high levels  o f  210Po i n  cockles, but the number o f  measurements 

were not suf f ic ien t  t o  a t tach  any genera l i t i es  about the extent of accumulation 

of t h i s  radionuclide i n  marine biota. 

a s  ear ly  as 1961 that zooplankton contained eas i ly  measurable quant i t ies  of 

210Pb, and that biological accumulation of t h i s  radionuclide could ac t  as a 

Rama, K o i b  and Goldberg [y]  had shown 

1 - 3  



signif icant  vector f o r  its transport  from tho surface layers of the oceans t o  

depth,, 

that accumulated i n  marine organisms might s ignif icant ly  alter previous radiat ion 

Thus, a11 data t o  1965 indicated that naturally occurring radionuclides 

dose rato estimates. 

L i t t l e  appeared i n  the open l i t e r a tu ro  on the subject of natural a-radio- 

ac t iv i ty  i n  marine biota u n t i l  1966. 

and Beasley [ll] reported a l imited number o f  measurements of 210Po i n  selected 

marine organisms talcen from higher trophic levels  than those reported by e a r l i e r  

Beasley and Palmer [lo] and Folsom, P i l l a i  

workers. 

extended the conclusion of widespread incorporation of 

das i ly  measurable quant i t ies  o f  the radionuclide were found which 
210, 

r~ i n to  thc t i s sues  

of marine vertebrates and invertebrates. 

I n  1966, one of us (TI.lB) had begun a systematic investigation of 210Pb 

(with some *loPo measurements included) t o  understand how the concentration 

of these radionuclides cha-nged i n  marina organisms with respect t o  !;ydrographj 

and saason. awing  that investigation [12], Holtzmann [l3] reported 210Pb and 

210Po concentrations i n  a var ie ty  of both marine and freshwater animals collected 

from various geographical areas. 

that the radiat ion dose rate from * O  alone substant ia l ly  a l te red  previous 

estimates based only on 40K 2nd cosmic rays. 

extended t h e i r  measurements of 210Po i n  marine plankton, confirming Chcrry's 

The results of  h i s  mecsurements agzin showed 
210, 

I n  1967, Shannon and Chsrry [14] 

c a r l i e r  observations i n  1964, again emphasizing the high alpha dose ra te  

experienced by tho first two trophic levels  i n  the marine food chain. 

TlIith the data i n  liand by 1968, i - t  was c lear  that marine organisms could 

serve as importaiit vectors fo r  inclusion of 210Pb and *loPo in to  the d ie t  of 

man. Beasley Osterbcrg and Jones [15] showed that  marins protein concentrates 

prepared from benthic f i shss  , which were under investigation as possible 

supplemnts t o  human food, contained s ignif icant  quantities of 210Pb and 210Po. 

This i n i t i a l  work was recently oxtanded by a second study of concentrates, 

prepared by surface feeding f i shss ,  with essent ia l ly  the same re su l t  [161. 

1 - 4  



These findings have i n t e re s t ing  implications when one considor6 the increasing 

emphasis being placed on the world oceans as a source of pra te in  fo r  the worldQs 

population, 

By ea r ly  1969 it  seemed t o  us that there  was a need t o  answor cer<ain 

outstanding questions regarding 210Pb and 210Po i n  the marine environment, 

Wo needed t o  know, for  example: 1) The concentrations of these radionuclides 

i n  water and how they varied i n  time i 2)  If seasonal e f faa ta  were prominent 

i n  tho input of these radionuclides i n  the water column, weru there  pronounced 

f luctuat ions i n  the concentrations of these e n t i t i e s  i n  the biota; 3 )  What 

were the relat ionships  between wr ioue  trophic levels with regard t o  concentration 

processes; and 4 )  was thare  a ewre la t ion  between the amounts of 210Pb and s tab le  

Pb i n  marine organism9 

Unt i l  1970, all of the investigations dealing with 210Pb and 210Po i n  

organisms suffered from an adequate number of analyses f o r  these radionuclides 

i n  seawater, I n  1967, Kaufinan [la] had reported masuraments of *loPo i n  swfaoe  

waters i n  the Atlant ic  colloatud i n  1966-67 from s t a i i ens  ranging from 20% t o  

20's a t  distanoea far f rom ths continents. -15 Kaufman's avsrage value was 40 x 10 

Ci/ l i ter .  I n  1970, Shnnon and Chwry [17] pub l i shd  t h e i r  measured concentrations 

of these radionuclides i n  th6 surface waters around Cape Town, South Africa. 

The mean 210Po ac t iv i ty  was 30 x 10 

with a w r y  limited number o f  rnoasurements made by Folfigrnf Pillai and Bcasloy 

[ll] on surface t e r s  colloetod from thc Scripps Ins t i t u t ion  of Oceanography 

p ier  i n  1966, 

37 x 10-'l5 C i / l i t o r .  

from widesymad geographio areas gaw sorno hope ~f baing able t o  compare levels  

of these rndionuclidus i n  organisms collected frQm different ocuc?nso Thus 

generalizations concorning tho radiat ion dose ra te  from the alpha emitt ing 

radionuolides appearod possiblcj I n  addi t ion,  the measurernants of both 

hufman and Shnnon and Chorry showed tha t  210F'b and 210Po were present i n  

1 - 5  

-15 Ci/ l i ter .  Thew f l ~ ~ i r s  are  i n  agreement 

valuoa obtained f o r  duplioate a4rgbes wore 30 x an2 

T ~ Q  general agrwmont between the a c t i v i t y  l ewls  measured 



about equal concentrations. 

and 2LoPb i n  the surfaoe waters of both the Paoifio and Atlantio Ooeans averaged 

approximately 9 x Ci/ l i tor  (discounting one ra ther  large valuo fo r  a sample 

containing algae), which suggests that approximately 25 

present i n  a form retained by a 0.3 pmilliporo f i l ter .  

Laxford's measuremonts [lg] of partioulate 210Po 

of the 210Po was 

While our own investigations were under way dealing with the trophic level 

relationships of these radionuclides i n  marine biota ,  Sdnnon and Cherry [20] 

and Shannon [21] presented the r e s u l t s  of similar studies which they had 

completed i n  South African waters. Their r e su l t s  showed striking trophic level 

magnifications of 210Po, with less accumulation f o r  210Pb. 

factors f o r  210Po i n  whole pelagio f ishes  approached lo5? those for  210Pb boing 

Concentration 

2 less than 3 x 10 . Those findings did much t o  so l id i fy  the argument that these 

radionuclides do, i n  faot 

r a t e  t o  marina organisms. 

provide tho majority o f  the natural  radiat ion dose 

The present paper i s  intended t o  complimont the findings of Shannon and 

Cherry while hdding new data which includes the additional measurement o f  s tab le  

lead. Individual organ analyses ham boen performed where possible t o  more 

alosely ident i fy  the individual sites of accumulation of the radionuclides. 

3 .l. Sample Colleotio_i?, 

The samples analyzed i n  t h i s  study were collected from different  s t a t ions  

t ~ t h i n  the S t r a i t  of Juan de Fuca (hget Sound, Washington Sta te )  from the 

N/V CObIAMx)  of the University of Washington and the northeast Pacific Ocean 

from the R/V YAQUINA of Oregon State University. Plankton samples were taken 

using one-half and one mctor plankton nets of zero mesh si5c. Nacroplankton 

samples and Felngic f ishes  were taken with an Isaacs-Kidd midwater trawl and a 

large commercial o t t e r  trawlo 

trawling and were quick frozen rather  than fornialin preserveda 

Samples were sorted on deck immediately a f te r  



3 . 2 Analytioal Prooodw 

3 . 2. 1 Polonium 

A t  the home laboratory, samples were disseoted (where noaessory) weighed 

and dr ied t o  constant weight a t  1 0 5 O C e  

samples p r io r  t o  dissolut ion t o  trace the subsequent y i e ld  of 210Po through 

processing. 

n i t r i c  and perchlorio noids unt i l  a l l  organic matter was oxidieed. 

isotopes were plated onto a 2,2 om diameter pure A g  d i so  (coated on one s ide  with 

an  i n e r t  organio f i l m j  from a 0.5 N HC1 solution containing approximately 100 m g  

of ascorbic acid. 

Known amounts of 208Po were added t o  the 

The samples were bgmted  i n  r e d i s t i l l e d ,  roagent grade ooncentrated 

Tho polonium 

Spontaneous electrodeposition of the polonium isotopes was 

accomplished by suspending the Ag diso i n  the solution by n glass rod attached 

t o  the bottom of a watch glass [12]. 

placing a t e f l o n  coated magnat i n  the beakers which were placed on a la rge ,  

s t i r r i n g  hot plate,, 

plating, the small Ag d i s c  was removed f rom the solution, r insed with d i s t i l l e d  

water and l e f t  t o  dry i n  a i r .  

The solution was warmed and ag i ta ted  by 

&posit ion times were normally 16 hours. Following the 

Since the deposition of  210Po on these small 

Ag%discs i s  not quantitative it was necessary t o  fur ther  s t r i p  the solution of 

polonium isotopes, t o  allow f o r  the ingrowth of f resh  210Po as an indication o f  

the 210Pb presente This was accomplished by adding another 100 mg of ascorbio 

aoid t o  tho solution, warming tho mixture t o  gO°C and plat ing the remainder of 

the polonium onto a large Ag d iso  (4.92 om diameter, uncoated). Plating times 

fo r  t h i s  pa r t  of tha soparation were normally two hours. 

' 3.2.2. Stable Pb 

After the second s t r ipp ing  of polonium from the mixture, 212Pb was added 

t o  the solut ion and allowed t o  equilibrate overnight with the s tab le  Pb i n  

solution. 

was subsequently i so la ted  by extract ing the solution twice with 20 m l  portions 

The solution was warmed t o  Purthcr ensure oxchange. The Pb f r ac t ion  

f \ of a 1 $ DDTC/chloroform mixture (diethylammonium diethyldisthiocarbamato). The 

organic oxt rac t  was then transferred t o  a clean, 250 m l  beaker containing a small w 
I - '7 



amout  of 6 M HNO 

was then evaporated t o  dryness, an6 traces of organic matter wore doetroyod by 

heating the b a k e r s  i n  a muffle rUrnace t o  50O0C fo r  approximately one houre 

The Pb isotopes and s tab le  Pb were removed from the beaker by r insing with 

0.3 N HC1. 

the y ie ld  o f  Pb was obtained by t o t a l  gmma oounting o f  the n2Pbe 

i n  the solut ion was determindd by atomic absorption spectrometry using the 

method of standard additions, 

the absorbance of the solution a t  the 2833 1 l ine Qf Pb was recorded. 

and warmed t o  remow ohlorofom. The n i t r i o  aoid phase 
; J V  

The r inses  were transferred t o  25 m l  tarod volumetrio f lasks ,  and 

Stable Pb 

Once the weight of solut ion had bean determined, 

The 

solution was reweighed, and 25 pg of Pb were added (10 p liters o f  solution).  

The so lu t ion  was w e l l  mixed and the absorbance again determined. This procedure 

WOE repeated un t i l  three data points were available t o  plot absorbance versus 

p.p.m. Pb i n  the solution. Such a p l o t  when extrapolated through the zero 

addition ordimto gives an intercept on the abscissa corresponding t o  the Pb 

concentration of the solution. Nultiplying bx t h  o r i g i n a l  solution weig2l;t 

y ie lds  the t o t a l  Pb i n  the samplee 

a leas t  squares f i t  t o  tho absorbanoo-concentration p lo t ,  and the f inal  readout 

of the analysis reports the net pepom. of Pb i n  the specimen analyzed. 

A oomputer programme w a s  wri t ten t o  perform 

3.2.3. Lead-210 

The solut ion remaining a f t a r  the Pb deterinination was stored gram 3 - 12 

months t o  a l l o w  f o r  ingrowth of fresh 210Po. 

%n-gromft mPo provid?s a determination of the "*Pb i n  the sample 

The determination of  t h i s  

a.t,-tho t i m e  of analysise 

bar r ie r  diodes: whose badtground count rates. ranged from 0.02 - 0.05 c.p.m. 

Counting of the samples was done using surface 

(0.1 - 0.3 dOpem4) i n  the energy in te rva l  twed to. dkbermine the 210Po. 

Counting times f o r  both %he *loPo and 210'Pb measurements were 1000 minutes. 

In the t3etemGnation of the. 2350'Po which grow in to  the solut ion following the 

QFi!ghEd! 210Pb1 measurements, selected samples were plated on large Ag diocs 

and! the 210Po determined by t o t a l  a-oounting [12]. The majority of the samples, 

1 - 8  



however, were analyzed by alpha spectrometry, The *l0Pb i n  the sample was 

calculated using standard equations for  growth of daughter a c t i v i t i e s  from 

i n i t i a l l y  pure parent isotopos. 

of samples, the groups generally being comprised o f  fran8-12 samples, 

Reagent blanlcs were nnalyeed with each group 

The ca l ibra t ion  of the alpha spectrometer system was performed and verifiod 

F i r s t ,  the efficiency of thc diodes was determined by counting i n  several  ways. 

an electrodoposited 239Pu dioc whose size was very nearly that o f  the Ag d i scs  

used i n  the experiments and whose source s t rength had been dotermined by a 

number of laborator ies  i n  the United States.  Second, cal ibrated standard 

solut ions of both 210Po and 208Po were st;ippled onto A g  discs  and tho eff ic iency 

o f  tho diodes was compared with that  determined by tha 239Pu standard. In  each 

caseO agreement was excellent,  Finally,  the t o t a l  alpha counters were dc.sigmd 

t o  be iden t i ca l  t o  those o r i g i n a l l y  described Sy Hallden and Harley [22], 

e f f i c i en t iu s  of our t o t a l  alpha counters were 46,48 and 46 percent,  as determined 

using the cal ibratad 210Po solutions which comparcs very well with thc figure of 

47 percent quoted by the above authors. 

per iodical ly  t o  ensure that no changes i n  deteotor eff ic iency was occurring. 

During the course of the research, no change was observedc 

The 

The eff ic iency of each diode was checked 

We were concerned a t  the outset tha t  upon thawing our plankton specimens pr ior  

t o  analysis t ha t  some 210Po and 210Pb might be l o s t  due t o  the lysis of c e l l s  

during freezing. 

pelagic and benthic crustacea and f ishes  because they could be dissected fo r  

individual t issuo analysis  while s t i l l  i n  tho froeen s t a t e .  To deteimine t o  

what extent these radionuclides appeared i n  tho l i q u o r  upon thawing, we analy5ed 

zooplankton eamples (pr incipal ly  euphausiids and mysiids taken from three separate 

tows)  which were composed of tho sample plus l iquor ,  a sample without liquor, 

and a sample o f  l iquor i t s e l f .  

analyses, small, but nonetheless measurable amounts o f  a c t i v i t y  f o r  *loPo m r e  

present i n  the l iquor .  

\{a considered t h i s  much l e s s  of a problem with our  larger  

Table I shows that a t  the precision of the 

The var i ab i l i t y  between al iquots  do not permit an 

1 -  9 
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assessment o f  the  loss  through simple difference,  but the magnitude of the 

210Po a c t i v i t y  i n  the l iquor  suggests tha t  anywhere from 3 - 10 $ o f  the a c t i v i t y  

may be l o s t  i n  this fluid.  

frozen t o  tared beakers t o  prevent such loss.  

For t h i s  reason, plankton samples were t ransferred 

3 - 2 . 4 .  Lh-ror analysis 

I n  reducing a l l  o f  the radiometric count r a t e  data, account has been taken 

of the propagation of e r ro r s  according t o  standard statistical techniques. The 

v a r i a b i l i t y  i n  the data reported here are  o f  two lunds. 

sample has been analyzed which was comprised of one o r  many individuals. 

I n  many cases, a s ingle  

In 

these cases, the e r rors  which a re  shown f o r  the radiometric data are  those 

derived from a propagation o f  the e r rors  associated with the count r a t e s  o f  the 

210Po and 208Po radionuclides i n  each measurement which was made. 

of the e r r o r  was based on the stanclard e r ro r  (1 6 ) associated with each 

radiometric measurement. I n  othar cases we have used number weighted averages 

o f  tha radiometric measurements which were made by separate analysis  on a 

number of inilividuzls collected a t  the same time. I n  these cases, the e r ro r  

associated with tho data i s  the standard deviation from the mean radiometric 

value. he have chosen t o  underline, i n  our  t ab l e s ,  thoss dzta which were derived 

by averagilng a nmnber of individlual analyseso 

the measurements reported i n  Table I1 under Trophic Level I1 Pelc.,gic invertebrates 

represents the mean a c t i v i t y  leve l  calculated by averaging the individual 

measurcmants of the number of hauls tzkcn. Tine e r ror  associated with s ingle  

Pb analyses was derived from a propagation cf e r rors  associatcd with the 

measurements of the *12Pb y ie ld  determinant, and the e r r o r  associated with the 

Thc propagation 

For example, a l l  but three o f  

measurement o f  a number of samplos t o  which known emounts o f  Tb had been added. 

In OUT experience, the detect ion of 0.4 p.p.m. Pb i n  OUT f i m l  solution WE?S 

d i f f i c u l t .  This reqpired tha t  our  or iginal  sample contain 10 pg o f  ?bP which 

i n  many instances was not the case. Consequently, both the *l0Pb and Pb data 

have large e r rors  associated with t h e i r  measurement due t o  biological va r i ab i l i t y  

E - 11 



and the faot  that we were working very near thu doteotion l i m i t  f o r  both of 

these en t i t i e s .  

Tho radiometrio data have boon oorreoted f o r  deoay t o  time o f  oatoh, and 

oorreotion has been made for  ingrowth of 210Po from 210Pb i n  tho samples botween 

oatoh data and analysis data. 

samples t o  oomplote dissolut ion i n  hot, oonoentrated perohlorio aoid, specimens 

Despite our e f for t s  t o  suooessfully wet ash the 

were l o s t  due t o  tho rapid and explosive reaction of the organio mattor with 

t h i s  strong oxidant. We have chosen t o  include a t  leas% 8 dasoription of these 

lo s t  samples i n  our tables  f o r  oompleteness. I n  other oases, the ao t iv i ty  level 

o f  one o r  the other o f  the radionuclides was below our deteotion l i m i t ,  as was 

the Pb. Thoso samples tha t  were l o s t  i n  analyses appoar BO l inos i n  the tables  

whoreas those measurements which were below our detootion limit are shown as 

N.D. 

4, RESULTS AND DISCUSSIONS 

4.1, General findin@ 

Tables 11-VI1 oontain the resu l t s  of our  measurements which began i n  1969, 

We have chosen t o  order the organiems i n  trophic levels f o l l o w i n g  the example 

of Osterberg, Pearoy and Curl [24) since many of the organisms analyeed were 

ident ical  t o  those used by the above authore t o  study trophic h v e l  relation- 

ships o f  a r t i f i c i a l l y  produced radionuclidas. 

"ha data of Table I1 show that  the var iab i l i ty  within the microeooplankton 

does not permit a def ini t ivo statement about seasonal trends i n  210PoB 210Pb or 

Pb ooncentrations within t h i s  group. Polonium-210 and Pb concentrations appear 

t o  be higher during winter months, deorensing t o  lowor values during summer and 

fa l l ,  ywt the same trend is  not observed fo r  210Pb. 

the levels  of 210Pb and Pb appear t o  show an inorease i n  ooncentration during 

winter months (presumably dua t o  increased input from r a i n f a l l  (12)) but again 

the confidence l i m i t s  assooiated with tho avoraged r e su l t s  are  large, 

I n  the oaee of euphausiids, 

By oontraslt, 

p. - E2 
- ._ - _  - - _ _  -- - -- - - 



Table TI. Lead-210, polonium-210 2nd s tab le  Pb i n  marine organisms. 

[ac t iv i t ies  a re  recorded as d.p.m./g dry weight i stable  Pb a s  pg 2b/g dry weight] 

Date Location Organ No. of 
hauls 

210Po 210Pb Pb *l0Pb/?b 

Trophic Level I1 
Pelagic Invertebrztes  

MicrozoopladLtgr- 
T;sa.cXa, Spa 

Calanus finmarchicus 
amphipods zoeE ) 

JDF en t i r e  

JDF en t i r e  
JDF en t i r e  

12.5 i 0.6 

6 f 3  
1.5 f 0.9 
0.9 f 0.2 

0.6W 0.06 

1.5 f 0.7 
1.2 f 0.1 

0.6 f 0.2 

0.3 0.1 

0.04 f 0.01 

0.10 f 0.07 
0.3 t 0.2 

0.04 f 0.01 

January 70 
April 70 

July 70 
October 70 

October 69 
January 70 

March 70 

April 70 

July 70 

15.0 f 1.1 

3.8 * 0.8 
6.9 f 0.6 
2.7 f 0.8 

0.5 f 0.1 

0.5 f 0.1 
0104i 0.01 

0.7 f 0.3 

JDF ent i re  

JDF 

JDF 

"-25 
JDF 

JDF 

en t i r e  

en t i r e  

en t i r e  
en t i r e  

en t i r e  

2.5 * 0.3 

8.8 f 0.6 
3.2 f 0.2 

jOO f 0.6 

2.0 f 0.1 

0.2 f 0.1 

0.9 0.3 
0.80f 0.06 

0.5 f 0.3 
0.2 * 3.1 

Euphausiids 
rSi$iai.isZa- 
pacifica) 

k-4 

I 

t-! 
W 

0.3 f 0.2 

0.70 f 0008 
0.8 f 0.5 

0.6 f Oe3 

0.7 f 0.4 

October 69 
January 70 

April 70 
October 70 

JDF 

JDF 
JilF 

JDF 

en t i r e  

en t i r e  
en t i r e  

en t i r e  

3.9 f 0.9 
21.1 f 3 .3  
24.8 f 3.9 
3 . 9  * 0.3 

0.7 f 0.3 
0.3 i 0.2 

0.2 f 0.1 

0.10* 0.02 

1.7 f 1.0 
1.4 f 1.0 
0.6 f 0.2 

0.- 0.02 

0.4 f O e 3  
0.2 f 0.2 

0.3 i 0.2 

0.5 f 0.1 

s culpus ) 

JDF = S t r a i t s  of Juan de E'uca 

NEI 5 h i p c r t  Hydrographic Line. A ser ies  of s ta t ions  seaward from Keer.rport, Oregono 

Numerical citations: rsprescnt nautical miles offshore. 



Table 111. 

Trophio Level 111 
Pelagic Invertebrates 

Shrimp 
rSG’rSEtes sirnilis) 

(Pandalus jordani) 

3 not ,r3corded 

Lead-210, polonium-210 and stable Pb i n  marine organisms. 
[ac t iv i t ies  a re  recorded as  d.p.rn./g dry weight; stable Pb a s  pg Pb/g dry weight] 

Date Locat ion  

o f f  Oregon 
BIaY 69 
October 69 
January 70 
Biarch 70 

A p r i l  70 

July 70 
Gctober 70 

January 70 

A p r i l  70 

July 70 
October 69 
November 69 

January 70 
Apri l  70 

July 70 

Coast 
JllF 

JIlF 

“-25 
JDF 

JDF 

JDF 

JDF 

JDF 

JDF 

JDF 

IJH-25 

JDF 
JDF 

JDF 

Organs No. of 
individuals 

en t i re  

en t i r e  

en t i re  

en t i re  

en t i re  

en t i re  

en t i re  

en t i r e  

en t i r e  

en t i re  

en t i re  

ent ire-eggs 
eggs 

en t i re  

en t i re  

en t i r e  

en t i re  

G.I. contents 
muscle 

remains 

hepatopancreas 

Size 
(..I 

10 

10 
8-11 
8-1 1 
5-16 
15 

5- 9 
16-21 

10-16 

14-24 
* 

5-22 

21-23 

6-10 

8-30 

8-18 

20-40 
20-40 
2040 
20-40 

11-25 

210Po 

25.4 f 1.9 
12.2 f 2.5 
49.5 f 7.6 

27.0 f 2.0 

16.7 f 1.2 

18.8 f 1.3 
5.3 f 1.1 
4.2 f 0.01 

5.9 f 0.5 
2.3 f 0.2 

23.0 5.0 

40.4 f 2.9 

17.3 f 1.1 
1.1 f 0.1 

3605 f 2.0 

38.4 * 4.0 

20.9 * 385 
13.1 f 0.9 

201 f12  
ld.8 f 2.3 

2.0 f 0.2 
606 f 0.4 

210n 

0.XH: 0.02 

1.0 f 0.6 
0.5 f 0.3 

0.4 f 0.5 
0.6 f 0.1 

0.8 f 0.1 
0 . a  0.02 

O.O3f 0.01 

0.6 f 0.1 

.- 

NOD, 
0.4 f 0.2 
0.ga  0.04 
004m 0.06 
2.2 f 0.1 

0.7 * 0.4 
0.3 f 001 

0.5 f 0.1 
3.4 f 0.6 
8.9 f 0.5 

o . 4 ~  0.05 
N.D. 

Pb 

0.5at 0,05 

0.3w 0008 
1.2 f 0.5 

5.0 f 0.1 

0.5a  0.05 
0.gat 0.09 

2.2 f 1.7 

0.70* 0.07 

N.Dc 

N.D. 

o.m* 0.04 

1.6 i 1.0 

2.2 f 0.1 
O.l& 0.01 
7.6 f 0.2 
2.2 f O e 8  
0.5 f 0.2 
0.9 f 0,1 
2.2& 0.03 
20.7 * 0.4 
0.1Of 0.02 
0.9 0.01 



!Table IVe Lead-210, polonium-210 and stable Pb i n  marine organisms. 
[activit ies are recorded as d.p.m/g dry weight; stable Pb as pg Pb/g dry weight] 

Trophic Level I11 
Pelagic Vertebratee 

Smelt 
[Tide icht hys 
paci f i  cus ) 

Organ Size 210P0 21On 
No* Of (fork ler$h- Date Location 

m d  individuals 

October 69 JDF 

November 49 "-25 

January 70 JDF 

A p r i l  70 JDF 

May 70 4600-23.8 8 

124 -154' 

July 70 JDF 

October 70 JDF 

ent i re  (86) 
viscera (86) 

e vis cerate d (1 
viscera (1) 

viscera (102) 
entire (Iz) 

ent i re  (9) 
eviscerated ( 9 )  

viscsra ( 9 )  
ent i re  (2.2) 

eviscerated (21) 
viscera (22) 
entire (9) 

viscera (16) 

eviscerated (86) 

9 
ent i re  (E{ 

83 

entire 

eviscerated (I&? 

eviscerated 
viscera 

eviscerated (16) 

50-145 
50-145 
50-145 
152 

3 5-110 
3 5-110 
3 5-110 

48 -70 
48- 70 

48- 70 
86-110 
86-110 
86-110 
70-152 
70-152 
70-152 
42- 55 
6 5-14 5 
65-145 

1.3 f 0.2 
1.0 f 0.2 
4.9 f 1.8 
1.1 f 0.1 
0.3- 0.04 
10.9 * 0.7 
1.4 j~ 0.8 
103 f 0.4 
4.8 * 1.8 
1.4 f 0.2 
0.9 f 3.1 
3*4  0.5 
4.7 f: 0.3 
3.4 f 0.3 

23.3 f 2.3 
1.5 t 0.1 
0.60f 0.06 

1.6 rt 0.1 
0.5 rt 001 

3.7ok 0.02 

ooi3rt 0.07 
o.ogrt 0.05 
1.1 * 0.7 
0.1& 0002 
0008f 0.02 
104 f 0.1 

o0m 0.05 
0.06f 0.03 
0.9 f 0.1 

0,3 i 0.1 
1.0 f 0.7 

0.40-+- OeO4 

0 . m  0.05 
0.lW 0.01 
0,lOlt 0.01 

0.m 0.07 
O O O B  0.008 

0.4 f 0.2 
0.4 f Oe1 
3m0 f 1.0 
0.6* 0.04 

2e8 0.1 

1.0 * oe3 

0.4Oi 0.04 

004 f 002 
501 f 280 
1.0 f 0.3 
0.8 f 0.4 
1.0 * 0.3 
l.3& 0.03 
103& 0.03 
Oe4 f 001 
002of 0002 
0.2Qt 0002 
0.2- 0.02 
1.2 f O e l  
O A O f  0004 - 



?ab10 V. Lead-210, polonium-210 and s table  Pb i n  marine organisms. 

[ ac t iv i t i e s  are recorded a s  d.p.m./g dry weight; stable Pb as pg fi/g drg weight] 

Date 

TTD@b Lmel  m-0 
Pelagic Vert ebr a t  er; 

October 69 

January 70 

A p r i l  7;P 

July 70 

Salmon October 69 
TOncorhynchu 3 
t shawyt s cha ) 

Location Grgan NO. of 
individuals 

JDF en t i r e  
eviscerated 

viscera 

JDF muscle 
l i v e r  

viscera 
bone 

JDF en t i r e  
eviscerated 

viscera 

JDF muscle 
l i v e r  

viscera 
stomach contents 

bone 

JDF en t i r e  
evi s cerate d 

v i s  cera 

JIJF muscle 
l i v a -  
bone 

<JUF muscle 
bone 

U, of  \lash. muscle 
l i v e r  

muscle 
l i v e r  
kidney 
bone 

Size 

87-115 
87-115 
87-115 

266 
266 
266 
266 
135 
13 5 
13 5 

225-350 
22 5-3 50 
225-350 
22 5-3 50 
225-3 50 
275-300 
275-3m 
275-300 
283-340 
283-340 
283 -340 

350-4013 
350-400 

66- 864 cm] 
66- 86:( CXI) 

88"o \q 
80 c m  
80 (cm) 

3,4 f D02 .t),D7* 0.01 004m D.92 
1 . 8 ~  D,OZ! 0.0% oom 0 . m  o,m 

o,ak 0-04 0.09 o,oi a 7 o ~  0-01 
4.3 f &3 - - 
8-5 * 0-5 0*0% 0.Q LD. 
0.5 f 0.1 0.3 f 0.1 N.D. 
4.1 f 0.2 Oe4m 0.04 OegOk 0.02 
i.4ok 0.09 0.08t 0.02 0.90f 0.03 

19.5 f 1.4 2.4 f 0.2 0.60k 0.08 

0.2of 0.02 N.D. 0.30~ 0.03 
1.1 f 0.1 0.2& 0.02 1.a 0.02 
4.3 f 0.2 N.D. 0.30f 0.01 

22.1 f 1.1 oo2ort 0.02 0.70k 0.05- 
o.l& 0.02 0,lOf 0.02 0.80i 0-08 

151 A 1.1 0,2W 0.04 2.9 f 0,l 

2-3 3 0.2 Da2Dk 0.05 0-6Qt 4-05 
L O  i 9.1 D*lOf 0.02 0,5 f 0-2 

a,g f a0 0.9m 0.05 0,8 i 0.~3 
0 . 5 ~  0.~5 0.02 0.01 0 . m  o a  
9.2 * 0-6 0.20rt 0.02 0.3olt D,m 
O,3B 9.02 0.1& 0.04 0-09 $&El. 

0 . 3 ~  0.03 0.3& 0.03 4.2ot 0.05 



Vnble V l .  Lead-210, polonium-210 and s table  Pb i n  marine organismso 

[act ivi t ies  are record-ed a s  d.p.m./g dry weight; s t ab le  Pb as  pg Pb/g dry weight] 

Trophic Level 11-V 

H I  
210P0 21On Date Location Organ NO. of Sizie 

individuals (mm) 

Demersal Fishes October 69 
nzuzde r s  - - 
k-1 Liere st he s s t omia s i s ) 
lopset ta  jordani) 
Slyptocephalus zachirus ) 
Lyopsetta e x i l i s )  January 70 

(Parophrys vertulus ) 
(Lepidopsetta b i l i nea t a )  

March 70 

i 
A p r i l  70 

Jury 70 

Hake 
[I&Tuccius prodr ctus ) Way 69 

JDF muscle 
1 iver 

v i s  cera 
bone 
skin 

l i v e r  
bone 
mu6 ole 
l i v e r  

viscera 
bow 

JDF muscle 
l i v e r  

v i  s cera 
bone 

JDF muscle 
l i v e r  
bone 

JDF muscle 

M-25 

46:21 2' muscle 

viscera 
bone 
gonads 
spleen 
heart 
g i l l s  
sk in  
eyes 
kidney 

124 14.0' Liver 
3 50-560 
3 50-560 
3 50-560 
3 50-560 

3 50-560 
3 50-560 

3 50-560 
3 50-560 
3 50-560 

3 50-560 

3 50-560 

0.3 f 0.1 
8.0 f 0.8 

14.8 i 3.0 
0.m 0.05 
1.2 f 0.1 

0 ; 2 ~  0.07 

0.1Of 0.05 
0.5 f 0.2 
7.0 f 0.4 

13.8 f 2.0 
0.3 f 0.1 

9.3 f 0.1 
2.9 f 0.8 

20.8 f 7.0 
O.E* 0.07 

- 

0.4 f O e 2  
19.3 f 8.0 
0.5 f 0.1 

O o 6 B  0.04 
4. j  f 0.3 

10.1 * 0.5 
0.m 0.04 
2.8 f 0.3 
7.1 f c.8 
5.6 f 0.4 

o.ii7rt 0.01 
2.2 f 0.4 

0.1Oi 0.06 
13.1 f 1.0 

0.03k 0.01 
0.m 0005 
0 . 2 ~  0.05 
0.10f 0.05 
0.1B Ob02 

0003i 0.01 

0.1B 0.04 
- 

o.iof 0.05 
0 . 3 ~  0.03 
LOB 0.07 
o . 4 ~  0.07 

1.7 f 1.0 
2.5 f loo 

0.02 0.005 

0.045 0.01 

0.4 f 0.1 

- 
0.7 f 0.1 

0 0 oowo ,001 

0.m 0.01 
0.m 0.02 
0,ow 0.02 
0.4B 0.07 
0.1Of 0002 
0.20k 0.04 
0.07k 0.01 
0.Oa O.W7 
0.1Of 0.04 

- 

O . D ~  0.05 
1.0 f 0.2 
200 f 0.1 

10.0 f 2.0 
o . p f  0,07 
om3 f 0.1 

1.6 f 1.0 

o.iok 0.03 
0.X)f 0002 
1.0 f 0.3 
0.5 f 0.1 
O.I.W 0.03 

1.5 f 0.7 
0.7 f 0.2 

10.1 f 5.0 

- 

0.5 f 0.2 

004 f 0.1 

4.0 f 1.0 

PeDm - 
N.D. 

2050f 0.02 
0.1o;t oe02 - - 
0,X)k 0.01 

NOD. 
N e D o  

0.301t 0.01 



t 0 '
8

 
5 0 ? 0 

In 
N

 
0
 

9 
cu 

0
 

9 4 0
 

0
 

0
.

 
,-, -. 

. . . . 
e

o
 

.
.

.
e

 
O

d
 

0
0

0
0

 
2

6
.4

 
d

d
 0' 

0
 
0
.
0
0
 

v
) 

P
- 

0
 

N
O

 

O
A

 
t
-
 

?
 

9 
+8+1+1 

0
 

ddo' 
I 

d 
t-d 
Q

 

m 
f
)
 

r: 
m 

m 
-w

 

H. 0 + 
d
 

+
 m 

Ch 
W

 

k
 

14 
4
 

n
 

a
 

f
)
 
0
 

0
 

W
 

e P) 

n
 

rj 
.rl 
h
 
P
 

e 
.I4 
tc 



Ratfish 
[H&Goiagw ooij i e i )  

fable b. (ctd.) 
NO‘ of 

Date Location Organ individuals 

Sablefish (ctd.) April 70 JBF muscle (2) (z) 
bone (2) 

July 70 JDF mus cle (21 
l iver  (21 
bone (2) 

October 69 JDF mus cl0 (2) 

notochord ( L )  
skin (2) 

January 70 JDF musclo (1) 
l iver  (2) 
viscera (2) 

notochord (2) 

(1) 

April 70 JDF rnus c1e (1) 
l iver  (2) 
bone (2) 

JW 70 JSF mus cla (29 
l iver  (2) 
bone (2) 

- - - -  TQnoplopoma f i m l  r ia)  l iver  

8; 1 iver 
viscara 

G.I .  contents (L) 
March 70 JDF eviscerated 

f i s h  

Size 
(mm> 

4 10-4 20 
410-420 
41’0-420 

465-490 
465-490 
465-490 

430-550 
430-550 
430-550 
430-550 
430-550 

570 
570 
570 
570 
570 

280 

420-540 
4 20-540 
420-540 

3 50-500 
3 50-500 
3 50-500 

0.8 f 0.3 
36.0 f 3.0 
0.5 f 0.1 

0.7 f 0.1 

26.1 f 1.8 

O.l& 0.01 
40.0 f 2.5 

. O.l& 0.01 
1.4 f. 0.3 

0.5 f 0.2 
0.50k 0.06 

3.6& 0.06 

0.8 f 0.1 

0.4& 0.04 

20.4 f 6.0 

30.6 f 6.0 

0.4& 0001 

0.4 f 0.1 
4.3 f 1.1 
0.7 f o,i 

O o j o r t  0.03 
Oe80Lt 0.06 
l..oof 0.09 

210* 

0.0% 0.03- 
0.7 f 0.1 
0 . a  0.05 

N.D. - 
0.3 f 0.1 

o.io* 0.03 
0.06f. 0.03 
0.30rt 0.03 
0.50rt 0.05 
0.2& 0.04 

o.oaf 0.02 
O.O& 0.02 
0.6 f 0.1 
0.7a 0.05 
i.mk 0.05 

Q 

002& 0.02 
0.4of 0.04 
0.6 f 0.1 - - 
0.9 f 0*1 

F% 
0 . 2 a  0.02 
0.4ot 0.04 
1.oot 0.08 

ll?.B. 
1.4Qt 0.04 
0.4& 0.04 

0.3ot 0.03 
0.1- 0.01 

N.D. 
N.D. 

0.4Qt 0.01 
0.2Qt 0.04 

0.6 f 0.3 
2.2 f 0.1 
3.8 i 1.0 

- 

O.B* 0.0jr 

0.2 f 0.1 
0.4 f 0.1 
1.3 f 0.1 

- 
l.7Of 0.02 
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Table 111. Lead-210, polonium-210 and stable Pb in  marine organisms. 
[activities are recorded as d.p.m./g dry weight; stable Pb as pg Pb/g dry weight] 

Date 

Benthic Organic 
~, Sea V_rohim- November 69 

CSTronzlocentrot us 

(Allocentrotus fxagilis) 
drabachciisis ) 

Brisaster , sp. ) 
Sfrongylocentrotus 
palidus ) 

H 

I 
IU 
0 

Polyzhaote 5 
rQ&elt txvisic) 
(Aphrodite eculoc ta)  
@@&s- 
(%is, sy., 
( h i t r i t o n )  

January 70 

March 70 

Apri l  70 

Juls 70 

November 69 

E ~ C ~ I  70 
November 69 

A p r i l  70 

NO, of 
Location Organ individuals 

"-25 test  
vis cera 
gonad 
test  

viscera 
JDF test  

viscera 
test  

viscera 
"-25 tes t  

viscera 
JilF tes t  

JDF tes t  
viscera 

viscera 
NH-25 eviscerated 
"-65 eviscerated 

"-25 eviscerated 

"-25 entire 

viscera 

JDF shell 
soft parts 

Size 

60 
60 
60 

20 
20 

43 
43 
60 
60 
* 
* 

70- 80 
70- 80 

* * 
360 
* 
* 
* 

24- 35 

* 
* 

210Po 

2.0 f 0.1 
15.0 f 1.1 
8,2 f 0.7 
3.5 f 0*3 

48.2 f 3.3 
1.9 f 0.1 

21.0 f 1.5 
1.1 f 0.1 

28.2 1.8 
1.5 f 0.2 

36.2 f 2.8 
0.6 f 0.3 

0.9 f 0.1 
4.1 f 0.3 
3.5 f 0.2 
5.0 f 2.8 

47.7 f 4.4 
3.7 f 0.2 

41.3 f 4.0 

42.2 f 2.5 

2.5 f 0.2 
8.8 f 0.6 

210Pb 

1.5 i 0.1 
3.5 f 0.2 
0.8 f 6.2 
00s f 0.1 

12.7 f 3.3 
0.8~ 0.05 
6.9 f 0.5 
0.6& 0.06 
9.4 f 002 
0.8 f 0.3 

22.3 f 2.0 
0.5 f 0.1 - - - 
0.m 0.01 

3.2 f l o 0  
5-7 f 0.5 
0.6 f 0.1 

5.3 f 100 

- - 

Pb 210Pb/Pb 

1.2 f 0.1 
15.0 i 0.6 

0.9 f 0.1 
14.6 f 0.4 
0.9 f 0.1 
5.2 f 0.1 
0-7 f 0.1 
8.4 f 0.1 

- 

1.4 f 0.1 
15.1 f 0.4 - - - - 
1.4 f 0.2 

1.1 f 001 
5-0 f 1.0 
0.9 f 0.1 
15.7 f 2.0 

1.3 f 0.1 
0.m 0.01 

1.0 f 0.2 
009 f 0.2 

0.9 f 0.1 
1.3 f 0.1 
0.9 f 0.2 
1.1% 0.03 
0.6 f 0.2 
1.5 f 0.1 - - - - 
0.1w 0.02 
2.9 f 0.9 
1.1 f 002 

0.7 f 0.1 
o . 3 ~  0.07 

0.m 0.05 - 
0.- 0.m - 
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. 
the 210Po data  for the euphausiids from within F'uget Sound seem reasonably 

constant. 

winter and ear ly  spring. 

*l0Pb and Pb data f o r  mysids again due t o  var iab i l i ty .  

of Table I11 do show pronounced seasonal changes i n  *loPo and Pb f o r  both 

Sergestes similis and Pandalus jordani ,  yet  the *l0Pb data does not follow 

these trends. 

e i the r  the 210Po, 210Pb o r  Pb concantrations i n  Pasiphea pacifica.  

the seasonal var ia t ions of *loPo i n  the mysida account i n  par t  f o r  the seasonal 

The mysids, however, show decidedly higher 210Po concentrationsin 

L i t t l e  can be deduced about seasonal trends i n  the 

The polagic shrimp data 

Noreowr, there seems t o  be no detectable seasonal trends i n  

Assuming tha t  

increases of t h i s  radionuclide i n  2. similis and P. jordani ,  we conclude t h a t  

mysids did not comprise a large portion of the food web o f  zo pacif ica  i n  our  

collections.  It is in t e re s t ing  t o  note the in te rna l  d i s t r ibu t ion  o f  these 

e n t i t i e s  within the various t i s sues  and organs of 2. Jordani collected i n  July, 

1970. The hepatopancreas shows unusual concentrations of 210Po which exceed 

30,000 pCi/kg wet weight which is twice as high a s  tha t  reporteJ  by Cherry, Shay 

and Shannon f o r  the hupatopancreas of a rock lobster talcen i n  South African 

waters [24]. 

A surpr is ing finding t o  us was the generally low levels  o f  210Po i n  the 

smelt specimens, Table I V .  

cea) and we had ant ic ipated tha t  the reasonably high levels  o f  210Po i n  the small 

crustacea would be amplified i n  f ishes  feeding a t  t h i s  trophic level. 

These fishes feed a t  trophic leve l  I1 (small crusta- 

This does 

not appear t o  be the case, and is i n  contrast  t o  data which we have observed f o r  

anchovy and saury [16]. These f ishes  also fGed a t  trophic leve l  I and 11, and 

they have been shown t o  have high l e w l s  of 210Po. The 210Po levels  are  

comparable t o  those observed by Beasley [12] f o r  PJyctophids taken from the north 

eas t  Pac i f ic ,  which a l so  feed a t  trophic leve l  11, We can of fer  no explanation 

f o r  t h i s  apparent contradiction. 

seasonal trends are  avident i n  the 210Po, *l0Pb o r  Pb concentrations fo r  those 

smelt specimens taken from within Pug& Sound. 

E q u a l l y  in te res t ing  is the f ac t  tha t  no 

There does appear t o  be a 
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differonco i n  the concentration of these product6 i n  tho sample of umelt taken 

offshore i n  Nay, but we cannot a t tach  a par t icu lar  significance t o  t h i s  f inding 

since lower trophio levo1 specimens colloctcd a t  the same time wore unavailablo 

for analysis. 

Tho data  i n  ?\able V and V I  deal with much l a rgm f i shes  and thereforc contaii- 

r e su l t s  of organ analyses. 

contain the highest concentrations of 210Po, 210?b and Pb and that i n  some 

It is clear  t ha t  the in te rna l  organs of these animals 

cases,  the levc ls  of *loPo can be very high. 

of these la rger  carnivores are shown t o  be sites of accumulation for 210Po and 

*l0Pb. 

In par t icu lar  the l i v e r  and viscera 

Stable Pb appiars elevated i n  these t i s sues  i n  addition t o  being high 

i n  the bone o f  the majority of the demersal f ishes  analyzed. !,!e rea l ize  tha t  

the moasurernents f o r  :viscera' a re  l o s s  descriptive than the:, might bc and tha t  

they include other organs of intcrost .  Howzver our purpose 14~2s t o  comparc: 

in te rna l  d i s t r ibu t ion  i n  a largo number of samples and conseqaently lilors 

def in i t ive  s i t e s  for  accumulation within 'viscara '  should now be so&t based 

on the high concentration of 210Po, 210Pb and s table  Pb that have been found 

there. 

Tablo VI contains o w  mcasuremcnts fo r  demarsal f i shes  which show essen t i a l ly  

the same trends PIC? have observed i n  pelagic fishes. rJe have chosen t o  group 

speciljs of flounders and rockfishes rathior than report  individual species data ,  

accepting tha fac t  tha t  diffdronces might ex is t .  Howaver, WI? d id  not 

consis tent ly  trawl any single  speciGs tha t  pcrmittcd US t o  discern any trend 

within mcrcbcrs of the family Pleuron3ctidce.. 

concsntrations and d is t r ibu t ions  of 210Po, 210Pb and Pb i n  a l l  o f  the l a rger  

f i s h  species appear comparable. 

Accepting t h i s  shortcoming, the 

Final ly ,  Tablo V I 1  lists our r a d i o m t r i c  and s tab le  element r e su l t s  fo r  

benthic organisms and some offshore sediments. While an attempt was inade t o  

remow sediments which was contained i n  the v iscera l  mass of these organisms, 

the organic digest  frequently contained small amounts of s i l i ceous  residue. 

1 - 23 



Thus, the values reported f o r  viscera should not be viewod as being en t i r e ly  

derived from systemically deposited 210Po, 210Pb and Pb. By contrast ,  the 

she l l s  and t e s t s  of the organisms w r e  f r ee  from sediment. 

grouped data ,  since thsro appear t o  be no s ignif icant  differences between 

species even though cer ta in  organisms l i v e  at  the sediment surface ( A l l  oc,entroti.s 

Again, we have 

f r a g i l i s )  while others l ive  i n  the sediments ( z s a s t e r ,  Sp-). 

appear t o  bo a large increase i n  the concentrations of any o f  the radionuclidso 

There does not 

o r  Pb over t ha t  observed fo r  sediment. Indeed, the eviscerated sea cucumbers 

show qui te  low values f o r  a l l  throe e n t i t i e s  a s  do the values f o r  snails. 

sediment values f o r  210Pb and 210Po f a l l  within the range of the averagc concen- 

Tho 

t r a t i o n  ranges reported f o r  226Ra [25], the precursor of 210Pb. \?e have not ,  

however, measured 226Ra i n  these samples and therefore we have no information 

as t o  whether o r  not the 210Po and 210Pb a c t i v i t i e s  reported here a re  i n  secular  

equilibrium with t h e i r  226Ra parent. Carey [26] has characterized the composition 

o f  the sediments off the Oregon coast ,  a t  tho s ta t ions  sampled, as grading from 

well-sorted f ine  sands on the inner shelf  t o  s i l t y  clays a t  depths of 

the Cascadia Abyssal Plain. 

of a Smith-NcIntyre bottom grab sampler f rom t h i s  general area and we analyzed 

only the top 1 cm of sediment. 

t r a t ions  o f  14 pg/g dry sediment for  sodimants whose composition approximate 

those measured here, and considering the va r i ab i l i t y  o f  Pb concentrations w i t h  

2800 m on 

The sediments reported here wers collected by means 

Chow and Patterson [ 2 7 ]  havc: reported Pb concen- 

sediment type which was observed by these investigators, our  averzge value fo r  

Pb i n  sediments of 12.6 f 0.4 pg/g dry sediment agrees favourably with t h e i r  

findings 

4.2. T r o e c  level  re la t ionships  of 210Po, 210Pb and Pb 

The relationships between 210Po, and 210Pb concentrations i n  organisms 

from d i f fe ren t  trophic levels  are  qui te  s imilar  t o  those observed by Shannon 

and Cherry [20)but some s igni f icant  differences are  noted. Table VI11 shows 

a comparison of tho data reportcd by these authors with tha t  measured heres 

E - 2 4  



We have converted our dry weight values t o  wet weight concentrations by dividing 

tho dry weight a c t i v i t y  values by the average wet/dry r a t i o s  observed during 

the preparation of the specimens. Since we did not analyze whole f i s h  o f  the 

larger  species ,  we have weighted the 210Po, and 210Pb values reported f o r  

individual t i s sue  analyses by thc! contribution each tissue makes t o  the t o t a l  

f i s h  weight. irelander [28] has tabulated the weight purcontagc of t i s sues  fro:,] 

carnivorous f i shs s ,  and has shown tha t ,  on average, the skin,  muscle, bone, l iv2r  

and viscera comprise 8 - 9 ,  66, 18, 2, and 5 - 7 percent of the t o t a l  body 

weight, respectively.  U s i n g  these data ,  we have calculated whole body concen- 

t r a t ions  o f  selected f i s h  from the organs w2 measured. While we find general 

agreement f o r  210F’b values, cer ta in  f i shes  measured here appear t o  have much 

lower concentrations of 210Po than those reported by Shannon and Cherry. Xither 

there a re  indeed concentration differences of approximately an order of mngnitudc 

between species ,  feeding a t  s imilar  t rophic  lavels  o r  other organs within the 

f i shes  we nnalyzod had high concentrations of 210Po which we have fa i led  t o  note 

(i.0. kidney, g i l l s ,  otc.). 

t r i bu t ing  t o  high levals  o f  whole body 210Po, 2nd t h i s  poss ib i l i t y  cannot be 

Stomach content can plcy an important par t  i n  con- 

discounted. 

The low levels  of 210Po i n  smaller f ishes from t rophic  level 111 (smolt) 

should be more thoroughly investigated since thcse f i shas  fo rm the basis of a 

large commercial f ishery which can serve as an important vector for  transporting 

210Po, 210Pb and’Pb t o  human populations. Data are needed fo r  concentrations of 

these e n t i t i e s  i n  several  such species taken from tno same waters, and where 

possible,  stomach contents need t o  be ident i f ied.  

4.3 Variabi l i ty  

One shortcoming o f  the present work i s  the uncertainty which r e su l t s  f rom 

averaging individual moasuremcnts. A s  discussed previously, thcse uncertaint ies  

a r i s e  both within the measurements themselws and because o f  biological varia- 

b i l i t y .  At the time we bagan OUT measurements, there was not a ls rge l i t e r a t u r s  

I: - 2 5  



Tablo VIII. Polonium-210 and lead-210 conccntrF.tions i n  marine organisms f l  

[pCi/kg wet wt. J 

Trophic Level Sample Shannon and Cherry Present work 
210P0 21Om *loPo aoPb 

1 

XI 
111 
I11 
111-v 

Sawater 0,020 0 038 0.038 
Phyt oplanlct on 76 27 
Zooplankton 380 31 237 
fishes (pelagic)  - - 140 

Large crustacea - - 2256 
Fishes (Po l a g i c  ) 1260 8 340 
Fishes (damersal) CI - 1063 

160 
157 
106 

- 

+ 210Po values of Folsom, P i l l a i  and &asley fll]; 210Pb vslucs  of Rma, Koide and Goldkrg [g;. 
* Averr.ge of a l l  smelt da ta  

ww kihiting, October, 69 
x-x* Sablef i sh ,  January, 69 
*45-)c Pc t f i sh ,  October 69 
*w** F l a t f i s h ,  October 69 

Avenge of a l l  3. similis and ze Jordani 

scJci:S+?-t+S+ H&e, rw, 69 



avai lable  conoerning contemporary levels  of Pb i n  marine b io ta ,  and consequently, 

the choice of sample s i ze  had t o  be 8 compromise between that amount o f  sample 

which would hopefully y ie ld  a reasonable concentration of *l0Pb and Pb, but which 

oould a l s o  be readi ly  digested by HNO 3 
that the levels of these t w o  e n t i t i e s  are very low a d  that l a r e  samples, 

especial ly  for muscle t i s sue ,  are  required for accurate analysis. 

t o  improve the measuroment o f  Pb by atomic absorption spectrometry using the newer 

flameloss technique, 'uut t h i s  does not obviate the serious problem of contamimtioh 

both of samples and blanks during sample preparation and analysis. 

and HC104 acids. Our experience has shown 

It is possible 

Such d i f f i -  

cu l t i e s  were encountered i n  some o f  our  analyses; blank values did. not l i e  within 

a population d is t r ibn t ion  which had been reasonably well defincd by rupeatad 

measurements on reagents used i n  the analysis ,  and ce r t a in  biological samples 

containod uncommonly high Pb concentrations which grect ly  exceeded valuas f o r  the 

same species talcen a t  the same time, 

specimens, where contamination by par t icu le te  Pb could most readi ly  ozcur. 

analyses of dissected specimens were much less troublesone i n  t h i s  respecte  

Navertheless, we conclude t h a t  a t  l e a s t  p a r t  o f  tho n r i a b i l i t y  i n  the Pb data 

must be a t t r i bu ted  t o  these problems. 

i s  low, -25 nCi/!cg [ 2 9 ] ,  so  th2.t radionutric cont,?min?.tion o€ *l0Pb resulting 

from s table  Pb contarnimtion is  believed t o  be negligible.  

This condition appliec?. generally t o  pladcton 

Our 

The spzc i f ic  c c t i v i t y  of contompornry Pb 

An equally d i f f i c u l t  problem exis ts  i n  t ry ing  t o  judge how biological 

vz r i ab i l i t y  i t s e l f  has contributed t o  t h  racge of  concontretion \zluzs re2orted 

here. 

on the reasons for  t h i s  va r i cb i l i t y  seems warranted, A s  such o m  i d w s  mast So 

considered highly speculative u n t i l  fur ther  evidence i s  accumulated froin which 

t o  draw firmer conclusions. i?irst, i f  we compare the Pb mosswcmnts of 

Tatsumoto and Pztterson [3l] with those of Langford [ lp ]  f o r  open ocLcm sur f ice  

Ne a re  unczrtain 2 s  t o  the mzgnitude of i t s  cfI"ect, yet  sone d.isc.-zssion 

water i n  the northeast Pac i f ic  the agreement i s  rcason?.bly good, 

from 0.2 - O,3 p&g of seawatero 

Values range 

Langford's value was derived by neasuring 
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the Pb retained by a 0.3 p millipore f i l t e r ,  while Tatswnoto and Patterson and 

Chow and Patterson measured Pb i n  unfil tored, ao id i f ied  seawater using isotope 

d i lu t ion  techniques. It would appear t ha t  Pb i n  seawater is present, therefore, 

i n  'particulate '  form. However, the 210Pb values reported by various i n w s t i -  

g a t o r s  suggest a pronounced par t i t ioning of 210Pb between 'soluble' and'parti- 

culnte, forms. 

s ize  of tho f i l t e r  unspecified) and reported concentrations of 0.1 d.p.m./liter 

i n  surface waters off California. 

dotactable. 

of maasurements i n  the Pacific i n  which t o t a l  *l0Pb analysos were performed on 

the water samples taken a t  different  la t i tudes.  

40 - 5O0N confirm the values mnsurod by Rama et al. 

reported by Langford f o r  'particula'te' 210Pb show average ooncantrations o f  only 

0.016 d.p.m./liter o r  approximately 116 tha t  reported f o r  t o t a l  210Pb by Rama a t  

01. and by Tsunogai and Noeaki. 

Rama, Koide and Cold.berg [ g ]  analyaed f i l t e r e d  seawater (pore 

Isad-210 activi-by on tho f i l t e r  i tself  was not 

Tsunogai and Nozaki [323 have reoently reported an uxtonsiva se r i e s  

The values fo r  samples between 

By contrast ,  the values 

loireover, Sohell, Jokela and iag lo  [33] i n  a 

continuation o f  the present work, hnve presented data i n  agreement with particulatL 

210Pb concentrations reported by Langford. Thus, while the data are  not abundant, 

the poss ib i l i ty  tha t  d i f f e ren t i a l  so lubi l i ty  ex is t s  i n  seawater fo r  210Pb and Pb 

cannot be en t i re ly  discounted. 

ava i l ab i l i t y  of the d i f fe ren t  chemical species could lead t o  marlccd concentration 

T ~ Q  kinet ics  of t h i s  speciation and the biological 

variations within marine organisms 

Once mGtabolized, individual t i s sues  of marine organisms might be' expected 

t o  show cignificant d i f fe renms i n  tho r a t e s  of turnover fo r  lead; when the 

spec i f ic  ac t iv i ty  o f  the water or food chaiig&, those t i s sues  whose lead 

turnover times are f a s t  w i l l  more nearly reflect the prevail ing specif io  

activities prcaunt i n  thz food on which tho orgmion fdods tr thu ??::'cor moss 

i n  which i t  resides. Without def ini t ive mcasuramenta on the magnitude of 

these turnover rates i n  marine organisms it is  d i f f i cu l t  t o  assess t h e i r  

contributions t o  va r i ab i l i t y ,  but it must be assurced tha t  they play some part ,  
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A l e s s  obvious, but important f a c t o r  i n  the v a r i a b i l i t y  of ow: d a t a ,  a t  

l e a s t  with respect  t o  210Po, is  the change observed i n  concontration with 

s i z e  of organism. 

taken i n  October, 1969 and f o r  E. j o r d a n i  tsrlcen i n  November, 1969. 

cases ,  the 210Po concentrat ion per u n i t  dry weight is higher  i n  -the smaller  

members of the species. This t rend does not seem t o  hold with higher carn ivores ,  

Table I11 c l e a r l y  shows t h i s  t o  be t he  case of p a c i f i c a  

I n  these  

however, where a comparison of ev iscera ted  smelt with ev iscera tad  whiting show 

comparable l e v e l s  of 210Po. 

concentrat ions i n  l a rge r  fish within species, but the  trend is not pronounced. 

Thus, i n  an  e f f o r t  t o  a s ses s  general  l eve l s  of these e n t i t i l x  Mithin organisms 

There does seem t o  be genera l ly  higher auscle  

the pooling of  d i f f e r e n t  s i zed  organisms must always be done judiciously,  

4.4. Competition 

O u r  r e s u l t s  suggest t h a t  Pb does not a c t  as a d i luen t  f o r  210.Pb i n  organismso 

21Op0 I n  t i s s u e s  where both e n t i t i e s  have been metabolized, e l e v a b d  l u v e l s  of 

are genera l ly  accompanied by elevated levels of  Pbe Schel l  e t  al. [ 3 3 ]  have 

reported da ta  which tend t o  confirm these findings,  with the notable exception 

o f  f i l t e r  feeding organisms such as barnacles 2nd oysters .  These ail thors repor te& 

p a r t i c u l a t e  210Pb, 210Po and Pb values from both f r e s h  and sa l ine  m t e r  systems 

which showed a pronounced increase i n  p a r t i c u l a t e  Pb i n  winter  and spr ing  months 

which w a s  not accompanied by a p z r a l l e l  treizh i n  e i t h e r  p a r t i c u l a t e  210Po 

o r  210F”o. The increased concentrat ion of  Pb i n  the water during these months 

xzs r e f l e c t e d  i n  increased concentrations o f  Pb i n  oys t e r s ,  but cgzin,  no p m a l l e l  

increase i n  e i t h e r  210Po o r  210Pb concentrat ions was observed. 

uncer ta in ty  as t o  t h s  concentrat ion of * s o l u b l e P  210Pbp 210Po and ?b i n  the 

Acmpting the  

water,  these  da ta  suggest no inf luence of  Pb on 210Pb uptake by oysters.  However, 

such an  i n t e r p r e t a t i o n  r e s t s  heavi ly  on the  assumption t h a t  the ‘l0Pb and Pb are  
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systemically deposited, which may lba far from the case when the whole oyster 

Pe analysede The shellfish concentrations mqy largely refleot gut contents 

of 210Pb and Pb whioh permit no interpretat ion about oompetition, 

4.5e Lead speoif ic  a o t i v i t i e s  _inmrine ormnisms 

We have included n limitud nwnbs of calculations o f  load speoif ic  aot ivi-  

t i es  i n  Tables I1 and VIIS t o  indioate the rengo of values we have onoountored 

i n  t h i s  researoh. Bemuse of the :largo deviations observed, wo oonnot accurately 

discuss any cloar  trophiu levo1 relationships that would suggest 210Pb and Pb 

are being motabolieed d i f fe ren t ly  at trophio level I1 or 111. Tho lead spooifio 

ao t iv i t i c s  of 2. similis and joirdani, whilo not shown, f a l l  within tho ran@ 

of ~ a l u 0 6  obsorwd f o r  oogepods, oiaphausiids, and mysids. Similarly, lead 

specif ic  a c t i v i t i e s  f o r  smelt do not show pronounced differoncoa from those 

observed f o r  crustacea i n  Lrophio :Level 11. 

Tho lead s p c i f i c  ao t iv i t i e s  of benthic organisms approximates the lead 

spec i f ic  a c t i v i t i e s  measured f o r  sediments with some notable exceptions. A 1 1  

o f  the tests o f  the sea urchins whioh ware analyead have lead speoifio a c t i v i t i e s  

which f a l l  within the 2 CT value (:Le7 f 0.6 dop.m. 210Pb/pg Pb) obsormd f o r  

sediments collected offshore, A l l  but one viscera snmple from those same 

organisms l i e  within the  sediment v ~ l u a ~  the notable exception boing the speoimen 

Collected i n  Novamber, 19690 

cucumbers and the one spzoimen of lpolyohaeto worms analyeed hava speoif ic  

By ocmtrast, two  specimens o f  evisoerated soa 

a c t i v i t i e s  which are  lower than those observed f o r  sediments a t  the 2 d l e v u l o  

Thus, while the sea urchin data woimld indicate no discrimination i n  metabol ia iq  

IJb and *l0Pb from sediments and de t r i t u s ,  tho sea cucwnbos and polychaete 

analyses suggest preferent ia l  uptake of Pb. 

contradictory finding, tho resolution of which must rest  on a f a r  morw extensive 

ser ies  o f  measurements than have been attempted homo 

We haw no explanation for t h i s  

4,6. Radiation dose r a t e  t o  m&n@ organisms from 210Po 

h b l e  IX contains the range of  dose r a t e s  experienced from the concentrat 
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E b l e  IX, Approximate dose r a t e s  (mrads/yr) t o  mr ine  organisms from 210Po and other sourcese 

Wophi c 
Level 

SI 

111 

XI1 

111-7 

Organism o r  t issue 

Invertebrates copepods, siX.11 crustacean 
Euphausiids 
Pusids 

Invertebrates Shrimp 
S. similis 
P. pacifica 
P. jordani 

Vertebrates 

VerteSrates Pelagic fishes 

Si;le It -. evis OB ra  t e d 
viscera 

m u s  ale 
liver 
viscera 
bone 

musole 
l i v e r  
vis  cera 
bone 

t e s t  
viscera 

Demersal f ishos 

D e t r i t a l  Feeders Sea tu.chinS 

Po 3;qchae t e s ( cct i r e  
Snzils 

she 11 
soft parts 

Sea cumber 
evi scerst e d 
viscera 

~ange for 210~o 

10 - 60 

3 -160 

100 -400 
20 -193 

120 -350 
3 - 34 

15 - 70 

- 40 -240 

1 -  5 
16 -140 
40 -210 
1 -  5 

1 -  9 
9 -1500 
46 -1m 

h - 17 

?O 
84 

14 - 20 
123 

A l l  external sources 
plus internal  4% + 

39 

64 

64 

64 

39 

4O - 620 
421 - 6s;; 
4O - 620 



of 210Po measuredc 

within the organism o r  t issuo analyzed, and a s  Buch is  highly conservativeo 

Eiierm deposition is  shown without the inolusion of the usual qual i ty  faotor 

Such a calculati.on assumes uniform dis t r ibu t ion  o f  the 210Po 

of 10 used i n  expressing alpha dose ra tesc  We have ohosen t o  do so i n  order 

that our data  w i l l  be oonsistent with previous reports 12, 121, and f o r  oaay 

oomparison with the recent summary of dose ra tes  t o  marine organisma presented 

by Woodhead [>] e 

In general, the dose r a tos  l i s t e d  i n  Table IX oompare favourably with those 

l i s t e d  by Woodhead. OF measured v0,lues fo r  whole crustacea (shrimp) tend 

t o  be higher and our rango of doso ra tes  .Go f i s h  l i ve r  shows a much larger  

value owing pr incipal ly  t o  unusual ‘!loPo concentrations i n  sablafish l iver.  

The data do support the contention that  *loPo contributes a m j o r  port ion of 

the ilrrtural radiat ion dose ra te  t o  marine organisms. Unfortunately, the 

concentrations of 210Po show marked va r i ab i l i t y  within trophic levels and within 

organisms from the same t rophic  level and speoiese 

t o  marine biota  from 40K can be reasonably well generalieed, based on the 

mmconstancy of t h i s  radionuclide i n  seawater, the same can not be said f o r  

Thus, whilo the dose ra tes  

210Po. I n  oases where doso ra tes  from a r t i f i o i a l l y  produced radionuclide are 

calculated from measured concentrations o f  radionuclide i n  mnrino organisms 

( for  example near nuclear power planits o r  fue l  reprocessing plants) ,  a separate 

analysis f o r  210Po (and other alpha radionuclides) should be pei*formod, i f  a 

comparison is t o  be made between natural and man-made sources of radiation. 

5. CONCLUSIONS 

We have attempted here t o  provide more data from which t o  assess the ro le  

played by 210Po i n  contributing t o  the natural  radiat ion dosimetry o f  mcrim 

organisms, Our resu l t s  show that  th.0 va r i ab i l i t y  betmen trophic levels can 

be pronounced, and that  organisma from within trophic l o v e l s  

lower t rophic  levels,  show seasonal changes i n  the i r  *loPo ocncentrations, 

especial ly  
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We haw oonfirmed that 210Po oonoentrationa are amplified through suooessive food 

ohaim, but that a t  highor trophic l o w l s ,  the 210130 i s  largely deposited i n  

internal organa suoh 3s liver and viscera r a thw than musole tissuo. 

the mdiogonio preoursor of 210Po does not show an increasing ooncontration 

through euooossivu food ohaim, nor does Pb. Again, of tho 210Pb and Pb found 

i n  highor trophio lovels, the highest oonoentrationa occur i n  internal organao 

had-210, 

The question of whether or not high alpha oxposures apply generally t o  

mine organisms appears less equivocal t o  w,  despite the range of ~ l u u s  we 

have observed for 210Po i n  marina biota. 

investigators w h i c h  pmweded UB, haw demonstrated thnt 210Po is present i n  

marine orgmisms talcen from every depth i n  the oooans and no sample ana ly~ed  

i n  the present work oontained undeteotable aotivit ios of 210Po. Since 210Po 

ocours naturally i n  the deoay of primordial radionuclides i n  the earth's crust, 

we oonolude that  210Po has h e n  a componont of the natural radiation environment 

of marine organisms over geological tima. As suoh, i t  should bo considered as 

one of the more important radionuolides present i n  tho ocean. 

Our measurements, and those of  other 

[Note added i n  preparationt It has oomo t o  our attention, that Yolsom, Wong and 
H o d g e  have reoently reported data for  210Po i n  a wide 
variety of marine organisms. (Tho Natural fbdiation 
Environment I1 Symposium, Houston, T Q X Q S ,  USA. 1972 - 
I n  press). 'lhoir results are i n  general agreement with 

findings presented here and contain f'urthor refinements 
a8 t o  t issue distribution of 210~o in internal  organs.] 
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Updatfnq S t r a t o s p h e r i c  Inventor ies  t o  March 1972 

by P h i l i p  W .  Krey, (HASL) 
Mindy Schonberg , (HASL) 
Lawrence Toonkel, (HASL) 

ABSTRACT 

The s t r a t o s p h e r i c  i nven to r i e s  of S r g O ,  Zrg5, 
C s 1 3 7  and SNAP-9A Pu238 a r e  repor ted  up t o  March 
1972. 
atmospheric tes ts  while SNAP-SA Pu238 decreases  
w i t h  a h a l f  res idence  t i m e  of about 14 months. 
Cs137/Sr90 inventory r a t i o s  a r e  c l o s e  t o  t h e  
t h e o r e t i c a l  production value of 1 .44 .  
French tes t  of August 14, 1971 i n j e c t e d  about 
130 kCi of  Sr90 i n t o  the  Southern Hemisphere 
s t r a t o s p h e r e .  

SrgO inven to r i e s  r e a c t  t o  recent l a r g e  

The 

T h i s  i s  t h e  seventh i n  a s e r i e s . o f  r e p o r t s  (1, 2 ,  3 ,  4 ,  5 ,  6 )  which 

updates  t h e  SrgO, Z r g 5 ,  Cs137 and SNAP-9A Pu 2 3 8  s t r a t o s p h e r i c  in- 

ven to r i e s  through March 1972. T h e  method of c a l c u l a t i n g  these i n -  

v e n t o r i e s  has  been described i n  reference ( 6 ) .  

CONCENTRATION CONTOURS AND INVENTORIES 

The s t r a t o s p h e r i c  concentrat ion contours  of SNAP-9A Pu238 from 

February 1971 and of S rgO,  ~ r 9 5  and C s  137 from October 1971  through 

March 1972 a r e  i l l u s t r a t e d  i n  Figures  1 through 1 5 .  The SNAP-9A 

Pu238 concent ra t ions  r ep resen t  on ly  t h e  Pu238 remaining from t h e  

re -en t ry  burn-up of the  SNAP-9A power’ genera tor  which occurred 

i n  1964. ( 7 )  These contours  a r e  cons t ruc ted  from d a t a  obtained. 
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by the  AEC's a i r c r a f t  and bal loon sampling programs i n  t he  

s t r a t o s p h e r e .  I f  t h e  bal loon launches d i d  no t  occur i n  t he  

same month a s  t h e  a i r c r a f t  m i s s i o n ,  t he  ba l loon  d a t a  w e r e  cor- 

r ec t ed  t o  t h e  a i r c r a f t  timing by t h e  appropr i a t e  nuc l ide  decay 

and by a s t r a t o s p h e r i c  ha l f  residence t i m e  of 10 months ( 8 )  

The inven to r i e s  of each nuc l ide  which a r e  ca l cu la t ed  from these  

contours  a r e  given i n  Table 1. Figures  16 and 1 7  i l l u s t r a t e  t he  

hemispheric and t o t a l  s t r a t o s p h e r i c  burdens of SrgO (from 1963 1 

and of SNAP-9A Pu238 (from 1964) t o  e a r l y  1972. The response 

o f  t h e  s t r a t o s p h e r i c  SrgO inventory i n  Figure 16 to  the  l a r g e  

atmospheric nuc lear  tes ts  s i n c e  1967 c o n t r a s t s  to  the  gene ra l ly  

smooth d e c l i n e  of t he  SNAP-9A Pu 238 s i n c e  1966. A s  ind ica ted  

e a r l i e r  ( 5 )  t h e  apparent  ha1:E res idence  t i m e  of SNAP-9A Pu238 

i n  t h e  s t r a t o s p h e r e  i s  about :L4 months which i s  somewhat longer  

than t h e  10 month h a l f  res idence t i m e  expected f o r  S r g O  (8)  

A t  t i m e s  t h e  maximum nucl ide  concent ra t ions  occur a t  o r  above 

the  a l t i t u d e  range of  t h e  a i r c r a f t  sampling program. Unfortu- 

n a t e l y  f o r  reasons of economy,, t h e  b a l l o m  sampling program was 

reduced i n  J u l y  1971 t o  e s s e n t i a l l y  one annual f l i g h t  series per  

Paunch s i t e  i n  the  Northern Hemisphere. As a r e s u l t s  d a t a  a r e  

sometimes unavai lab le  t o  o b j e c t i v e l y  descr ibe  t h e  concentrat ion 

n 
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grad ien t s  above 19.2 km. A l a r g e  measure of s u b j e c t i v i t y  i s  

then requi red  which makes t h e  u l t ima te  contours  and inven-  

t o r i e s  somewhat unce r t a in  

I n  t h e  Southern Hemisphere the  poleward t h r u s t  i n t o  Antarc t ica  

i s  r e s t r a i n e d  a t  51's l a t i t u d e  because Of the  opera t iona l  l i m i -  

t a t i o n s  of t h e  a i r c r a f t .  This allows a r e l a t i v e l y  l a r g e  region 

of t h e  Southern Hemispheric atmosphere t o  go unsampled. From 

these  cons ide ra t ions ,  we  e s t ima te  t h a t  t he  repor ted  inven to r i e s  

a r e  accu ra t e  t o  wi th in  + 2 5  t o  50%. 

~ s 1 3 7 / ~ r 9 0  INVENTQRY RATIO 

The Cs137/Sr90 r a t i o  i s  an important parameter of nuc lear  weapons 

d e b r i s  because i t  rep resen t s  an index of comparison among f a l h -  

o u t  research  programs i n  which only one of these  two nucl ides  i s  

measured, Table 2 g ives  t h e  s t r a t o s p h e r i c  inventory r a t i o s  of 

t h e s e  nuc l ides  f o r  1971. and 1972 and the  cumiilative r a t i o  since 

C s p 3 7  i nven to r i e s  w e r e  made beginning i n  May 1970. Although there 

i s  some s c a t t e r  i n  t h e  d a t a ,  t he  averages agree reasonably we16 

with t h e  t h e o r e t i c a l  production r a t i o  of 1 .44  (9 )  a 

The RepuSlic of Flrance conducted a l a r g e  atmospheric nuc lear  

weapon t 'est  a t  Mzanroa Atoll, 22  S l a t i t u d e  on August 14, P 3 ? P o  
0 
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The cloud from t h i s  event  pene t ra ted  the  Southern Hemisphere 

s t r a t o s p h e r e ,  and i t s  impact can b he concentrat ion 

contours  of t h e  f i s s i o n  products  beginning with the  October 

1971 sampling f l i g h t s  (Figure 4) e Debris from t h i s  t es t  can 

a l s o  be seen  t o  pene t r a t e  t he  Northern Hem e s t r a tosphe re  

i n  January and March 1972. (Figures  8 t h r  0 and 1 2  t h r u  14)  - 

To c a l c u l a t e  the  SrgO i n j e c t e d  i n t o  the  str  phere by t h i s  

t e s t ,  t h e  S rgO inventory of t h e  Southern H e  here  j u s t  p r i o r  

to t h e  t es t  ( J u l y  1971,144 k C i )  i s  c o r r e c t e  r s t r a t o s p h e r i c  

f a l l o u t  t o  subsequent sampling d a t e s  a f t e r  t h e  t e s t .  A s t r a t -  

ospher ic  h a l f  res idence  t i m e  of 10 months i s  used ( 8 ) .  These 

decay co r rec t ed  inven to r i e s  r ep resen t  the  SrgO remaining i n  t h e  

s t r a t o s p h e r e  a t  sampling t i m e  from e a r l i e r  de tona t ions  I The 

difference between the measured inventory and t h e  remnant from 

ea r l i e r  tests i s  the  con t r ibu t ion  from the  August 14,  1971 t e s t ,  

This d i fgerence  i s  t h e n  co r rec t ed  back t o  s h o t  d a t e  w i t h  a 10 

month h a l f  res idence  t i m e  t o  give the  S rgO i n j e c t e d  by t h e  t e s t .  

Table 3 shows the  r e s u l t s  of these  c a l c u l a t i o n s  f o r  t h e  October 

1971 and January 1972 mis s ions .  

S imi la r  c a l c u l a t i o n s  can be made w i t h  t he  Z r g 5  i n v e n t o r i e s .  

J u l y  19'71 inventory of 6160 kCi- Z r g 5  must a l s o  be co r rec t ed  for  

The 
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r a d i o a c t i v e  decay i n  add i t ion  t o  s t r a t o s p h e r i c  f a l l o u t .  

S rgO in jec ted  i n t o  the  s t r a tosphe re  by t h e  August 14, 

t e s t  can be est imated by d iv id ing  the  Z r g 5  i n j e c t e d  a t  s h o t  

t i m e  by t h e  t h e o r e t i c a l  production r a t i o  of 2 2 6  (9 )  

a l s o  shows t h e  r e s u l t s  of these c a l c u l a t i o n s . '  

The 

1971 

Table 3 

The e s t ima tes  der ived  from the SrgO analyses  i n  Table 3 show a 

f a i r l y  wide range w i t h  an average of about 130 k C i .  The Z r g 5  

analyses  g ive  a much more p r e c i s e  i n j e c t i o n  of only 70 k C i .  The 

c a l c u l a t i o n  us ing  t h e  Z r g 5  d a t a  assumes t h a t  the debris  e n t e r i n g  

the s t r a t o s p h e r e  from t h i s  t e s t  i s  r e p r e s e n t a t i v e  of a t h e o r e t i c a l  

f i s s i o n  product  mixturea i .e e a no f r a c t i o n a t i o n ,  and t h a t  t h e  

Z r g 5 / S r g 0  r a t i o  of 226 a p p l i e s .  

Samples from t h e  October 1971 mission w h i c h  contained t h e  high- 

e s t  concent ra t ions  of fresh f i s s i o n  products  w e r e  ad jus t ed  for  

remnants of e a r l i e r  nuclear  tes ts .  

r a t i o s  of t hese  samples co r rec t ed  t o  August 14 ,  1971 w e r e  about 

$ the  t h e o r e t i c a l  r a t i o  of 2 2 6 .  Consequently, it appears  t h a t  

the  d e b r i s  from t h i s  French test  w h i c h  entered t h e  s t r a t o s p h e r e  

was h igh ly  enriched i n  S rgO with r e s p e c t  t o  Z r  

The ad jus ted  Zrg5/Srg0 

95 
e 
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I f  t h i s  f r a c t i o n a t i o n  f a c t o r  (of 2 w e r e  accepted, t he  i n j e c -  

t i o n  e s t ima te  der ived  from t h s  Z r g 5  analyses  would agree 

reasonably w e l l  wi th  t h e  estiimate from the  S rgO ana lyses .  Our 

best  assignment i s  t h a t  t h e  August 14, 1971 t e s t  i n j e c t e d  130 

kCi of SrgO i n t o  the  Southern Hemisphere s t r a tosphe re  
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Table 1 

Stratospheric Inventories, kCi 

Date 

2/23/71 

5/2 5/7 1 

7/2 1/7 1 

10/6/71 

1/11/72 

3/27/72 

Northern Hemisphere 
SNAP-9A 

Sr-90 Zr-95 Cs-137 Pu-238 

84 

82 

82 

425 

206 

152 

141 

114 

139 

0.30 

0.22 

0.25 

0.19 

0.16 

0.18 

Southern Hemisphere 
SNAP-9A 

Sr-90 Zr-95 Cs-137 Pu-238 

258 10,400 363 

171 2,880 194 

99 901 144 

0.49 

0.38 

0.35 

0.37 

0.26 

0.18 



Table 2 

Cs-137/Sr-90 Stratospheric Inventory Ratios 

Date Northern Hemisphere Southern Hemisphere 

2/23/71 (a) 1.59 1.58 

5/25/71 (a) 1.39 1.33 

7/2 1/7 1 (a) 1.50 1.35 

10/6/7 1 1.68 1.41 

1971 mean 1.54*0.12 1.423~0.11 

1/11/72 1.40 

3/27/72 1.70 

Inclusive mean since 
5/8/70 (9 cases) 1,4910.14 

1.13 

1.45 

1.41M. 14 

Inclusive mean of total stratosphere since 
5/8/7 0 1.4510.14 

(a) Reported earlier in reference 5. 
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- Table 3 

Stratospheric Injection Sr-90 (kCi) from French Test 
of Auq. 14, 1 9 7 1  

Estimate Derived From 
Samplinq Mission Sr-90 Analyses Zr-95  Analyses 

10/6/7 1 1 5 5  72  

1/11/72 104 69 
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STRONTIUM-90 IN THE DIET 

RESULTS THROUGH 1972 

b y  B o  G. Bennett (HASL) 

ABSTRACT 

Elstirnates of Sr-90 in t ake  v i a  t h e  t o t a l  d i e t  i n  
New York C i t y  and San Francisco have been made 
since 31960 from q u a r t e r l y  food samplings and 
average consumption s t a t i s t i c s ,  The d i e t a r y  i n -  
t akes  of Sr-90 have decreased from t h e  maximum 
l e v e l s  a t t a i n e d  during 1963-64 b u t  t h e  dec l ines  
have become m c a e  gradual  i n  recent  yea r s  due t o  
t h e  cont inuing small  amounts of Sr-90 depos i t ion  
and t h e  l i t t l e  changing cumulative depos i t  of 
Sr-90 i n  s o i l ,  The annual i n t a k e  i n  1972  averaged 
18 ,7  pCi/day in New York and 3 , 6  p@i/day i n  San 
Franc isco9  s l i g h t  decreases  from t h e  previous year ,  
Further  gradual  reduct ions i n  Sr-90 i n t a k e  a r e  
a n t i c i p a t e d  during 1973. 

Q u a r t e r l y  samplings sf rep resen ta t ive  food i t e m s  i n  New 

York C i t y  and San Francisco have been conducted by t h e  Health 

ar.d Safe ty  Laboratory s ince  1960, R e s u l t s  of Sr-90 analyses  

and es t imates  of' average consumption of t h e s e  food i t e m s  

y i e l d  es t imates  of t h e  t o t a l  d i e t a r y  in t akes  of Sr-90 f o r  

r e s i d e n t s  of t h e s e  c i t i e s .  ( I )  This h f o r m a t i o n  has been used 

eo s tudy t h e  t r a n s f e r  mechanisms of  Sr-90 f a l l o u t  through. t h e  

food chain to man and ts r e l a t e  to observed v a r i a t i o n s  i n  

Sr-50 body burdens 
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Resul t s  fo r  t h e  t h i r d  and fou r th  q u a r t e r s  of 1 9 7 2  and a 

f i g u r e  i l l u s t r a t i n g  t h e  q u a r t e r l y  r e s u l t s  f o r  t h e  e n t i r e  

sampling per iod  a r e  presented on pages 11-4  t o  11-7  of t h i s  

r e p o r t .  The average Sr-90 concentrat ion i n  each d i e t  i t e m  and 

e s t ima tes  of Sr-90 and Ca in t akes  f o r  t h e  e n t i r e  year 1 9 7 2  a r e  

l i s t e d  i n  Table 1. I t  i s  noted t h a t  t h e  calcium in t ake  i s  

est imated t o  be 370 g per  year .  Thus, Sr -90  i n t akes  expressed 

a s  pCi/day o r  pCi/g C a  a r e  almost equiva len t .  

Resx l t s  f o r  1 9 7 2  

I n  New York C i ty  t h e  annual Sr-90 in t ake  during 1972 was 

estimated to be 3900 pCi, an average of 10,7 pCi/day. This 

i s  a decrease of 16% from the  Sr-90 in t ake  i n  t h e  previous 

year ,  though t h e  decrease over t h e  p a s t  two years  averages 6% 

pe r  year .  These changes r e f l e c t ,  t o  some exter, t ,  t h e  continuing 

dec l ines  i n  Sr-90 depos i t ion .  I n  New York the  annual Sr -90  

depos i t ion  was ~ 7 5  mCi/km" i n  1 9 7 2  compared t o  1 . 4 1  m C i / k m "  

i n  1971 .  The con t r ibu t ions  t o  Sr-90 i n t ake  decreased f o r  a l l  

food ca t egor i e s .  The l a r g e s t  percentage dec l ines  (30-50%) 

w e r e  f o r  p o u l t r y ,  s h e l l  f i s h ,  meat, dry beans,  r i c e  and f l o u r .  

Declines of 15-25% w e r e  recorded f o r  eggs, f r e s h  f i s h ,  whole 

g ra in  products ,  milk,  f r e s h  vegetab les ,  and f r u i t  j u i c e .  
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% of 

Table 1 
Strontium-90 i n  the  Diet Durinq 1972 

New York City 
% of 

San Francisco 
% of 

yea r l  y yea r l  y yea r ly  
in take  e in take  p C i  SrgO pCi  SrgO in t ake  

D i e t  Category kq/vr y r  of ~ r 9 0  --G------r---- r of ~ r 9 0  

Dairy Products 

Fresh Vegetables 
Canned Vegetables 
Root Vegetables 
Potatoes 
Dry Beans 

Fresh F r u i t  
Canned F r u i t  
F r u i t  Ju i ces  n 

B 
a Bakery Products 

Flour 0 

Whole Grain Products 
Macaroni 
R i c e  

Meat 
Poultry 
Eggs 
Fresh Fish 
She1 1 f i s h  

Yearly Intake 

200 

48 
2 2  
10 
38 
3 

59 
11 
28 

44 
34 
11 
3 
3 

79 
20 
15 
8 
1 

216 .O 

18.7 
4.4 
3 .8 
3 .8 
2 . 1  

9.4 
0.6 
2.5 

53.7 
6 .5  

10.3 
0.6 
1.1 

1 2  .6 
6 .O 
8.7 
7.6 
1.6 

370 .Og 

6 .9 
58 

14 .O 
7 . 2  
7.2 
6 .6 

12.4 
9 

10.1 
1 . 3  
3 .1  

3 

5.5 
6 .O 

10.9 
4.3 
1 .5  

20 

0.4 
0.5 
1.6 
0.3 
0.9 

10 

1370 
35 

671 
158 
72 

251 
37 

30 

594 
1 4  
87 

iB 

2 42 
2 03 
1 2 0  

13 
5 

15 

32 
10  
24 

3 
1 

2 

3907 pCi  

1 .5  

2.9 
3.3 
4.7 
2 . 1  

14.2 

2 . 7  
1 .o 
2.3 

3 .o 
3 .6 
5 .5 
3 .9  
1 .5  

0.4 
0.5 
1.3 
N.D. 
0 .2  

291 
2 2  

13 9 
73 
47 
81 
43 

29 

159 
12  
65 

18 

13 3 
123 
60 
1 2  

5 
25 

35 
10 
19 - - 

5 

1307 pCi 

3.5 pci/g ca Daily Intake 10.6 pCi/gCa 

10.7 pCi/day 3.6 pCi/day 

N.D.  = no t  de t ec t ab le  



S l i g h t  decreases  (5-15%) w e r e  noted f o r  canned f r u i t ,  bakery 

products ,  macaroni, f r e s h  f r u i t ,  and canned vegetables .  The 

sma l l e s t  changes ( "  5%) w e r e  f o r  po ta toes  and r o o t  vege tab le s ,  

r e f l e c t i n g  uptake from t h e  l i t t l e - c h a n g i n g  cumulative depos i t  

of Sr-90 i n  s o i l .  Milk and o the r  d a i r y  products  accounted 

f o r  35% of t h e  t o t a l  Sr-90 in t ake  i n  New York during 1 9 7 2 ,  

The con t r ibu t ion  from vegetables  remained a t  30%. F r u i t  

cont r ibu ted  18%, g r a i n  products  15%, and t h e  combined category 

of  meat, f i s h ,  and eggs 2%. 

I n  San Francisco t h e  Sr-90 i n t ake  during 1 9 7 1  was estimated 

t o  be 1300 pCi, an average of 3 , 6  pCi/day, compared t o  4 , O  

pCi/day i n  1971, Decreases occurred i n  con t r ibu t ions  from 

g r a i n  products ,  meat, pou l t ry ,  eggs, f i s h ,  and milk, while  car:- 

t r i b u t i o n s  from f r e s h  vegetables  and pota toes  increased slightly, 

Unchanged w e r e  fruits, macaroni, rice, f l o u r ,  d ry  beans,  canned 

vegetables ,  and root vege%ables. The r e l a t i v e  contributions rc- 

t h e  t o t a l  Sr-90 i n t a k e  i n  San Francisco d u r i n g  1972 w e r e  d a i r y  

products  22%, g ra in  products  25%, vegetables  29%, f rL; i t  18%, 

and meat, f i s h ,  and eggs 5%, 

Table 2 shows how t h e  Sr-90 in t ake  va r i ed  dlrring each 

q u a r t e r  i n  1 9 7 2  i n  New York and San Francisco. T h e  n m b e r s  
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i n  parentheses  a r e  the r e s u l t s  f o r  1971. 

Table 2 

Sr-90 In take  i n  1972 (pCi/day) 

-- New York San Francisco Q u a r t e r  

1 
2 
3 
4 

Yearly Average 

12.0 (13.4) 4.4 (5.0) 

9.8 (11.7) 2.7 (3.5) 
9.6 (12.3) 3.8 (3.0) 
10.7 (12.8) 3.6 (4.0) 

11.4 (13.8) 3.5 (4.5) 

Sr-90 i n t a k e  dec l ined  t .roughout t h e  year i n  New - ~ r k ,  and i n  

a l l  b u t  the l a s t  q u a r t e r  i n  San Francisco. 

the 

S an 

S r -  

Sr-90 Intake,  1960-1972 

T h e  es t imates  of annual . intakes s i n c e  1960 of Sr-90 i n  

t o t a l  d i e t  and the major food catego.r ies  i n  New York and 

Francisco a r e  i l l u s t r a t e d  i n  Figure 1. The t o t a l  d i e t  

0 l e v e l s  i n  New York have been c o n s i s t e n t l y  h igher  than 

i n  San Francisco because of lless f a l l o u t  depos i t ion  i n  the  

San Francisco food-producing region. The dec l ines  i n  Sr-90 

i n t ake  i n  1960-61 followed t h e  nuclear  t e s t i n g  moratorium i n  

1959-60. Maximum l e v e l s  of Sr-90 i n  t he  d i e t  w e r e  recorded 

i n  1963-64 following the perilod of most a c t i v e  nuc lear  t e s t i n g  

from September 1961 u n t i l  l a t e  1962, following w h i c h  the T e s t  
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1 1 1 1 1 1 1 " 1 1 1 1 1 1 1 '  h ' r l l l l ' l  
60 61 61 63 64 65 66 67 68 69 70 71 72 60 61 62  61 64 65 66 67  68 69 70 71 72 

Figure  1. Strontium-90 in t ake  i n  New York C i t y  and San Francisco,  

Ban Trea ty  was signed. 

following t h e  peak va lues  i n  1963-64 became more gradual  a f t e r  

The r ap id  dec l ines  i n  Sr-90 i n t a k e  

1966-67 a s  uptake from t h e  l i t t l e  changing cumulative depos i t  

of Sr-90 i n  s o i l  became t h e  dominant f a c t o r  con t r ibu t ing  t o  

Sr-90 l e v e l s  i n  food. The resumption of atmospheric t e s t i n g  

by t h e  French and Chinese i n  1966, r e s u l t i n g  i n  a r e l a t i v e l y  

cons tan t  l o w  f a l l o u t  r a t e  of Sr-90, has  a l s o  been a f a c t o r  i n  

maintaining t h e  d i e t a r y  i n t a k e s  of Sr-90 a t  about cons tan t  

l e v e l s  s i n c e  1968. The decreased depos i t ion  during 1972 i s  
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Q r e f l e c t e d  by t h e  s l i g h t l y  lower d i e t a r y  in t akes  of Sr-90. 

The r e l a t i v e  importance of t h e  major food ca t egor i e s  t o  

t h e  t o t a l  Sr-90 i n t a k e  can be seen i n  Figure 1. Milk, including 

o the r  d a i r y  products ,  i s  t h e  most important con t r ibu to r  t o  

Sr-90 in take .  Grain products  a r e  t h e  second g r e a t e s t  c o n t r i -  

b u t o r s  during pe r iods  of heavy depos i t ion ,  b u t  vegetables  and, 

t o  a lesser e x t e n t ,  f r u i t  become more important i n  l a t e r  years .  

Meat, f i sh ,  and eggs a r e  minor c o n t r i b u t o r s ,  

The v a r i a t i o n s  i n  t h e  rel ta t ive con t r ibu t ions  of the major 

food ca tegor i e s  t o  t h e  t o t a l  Sr-90 i n t a k e  a r e  l i s t e d  i n  Table 3. 

I n  genera l ,  t h e  Contr ibut ions from d a i r y  products  t o  t h e  t o t a l  

i n  New York have been around 4O%, with  somewhat g r e a t e r  r e l a t i v e  

con t r ibu t ions  occurr ing  during per iods  of heavy depos i t ion ,  

Grain products  c o n t r i b u t e  from 30% i n  pe r iods  of heavy deposi-  

t i o n  t o  15% i n  l a t e r  years ,  For vegetables  t h e  range i s  s i m i l a r  

t o  g r a i n  products,  but t h e  g r e a t e s t  r e l a t i v e  con t r ibu t ion  

occurred i n  more recent years ,  due i n  p a r t  t o  more r ap id  dec l ines  

i n  t h e  o t h e r  food ca t egor i e s ,  I n  San Francisco, milk has  con- 

t r i b u t e d  closer to 30% of t h e  t o t a l  yea r ly  Sr-90 i n t a k e  with 

increased con t r ibu t ion  during per iods  of heavy depos i t ion .  

Grain products  have usua l ly  accounted f o r  20  t o  30% wi th  a 
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limmkmx 
1960 
61 
62 

1963 a 
65 

1966 
67 
6e 

1969 
70 
71 

1972 - 
1900 
61 
62 

1%3 a 
65 

1966 
67 
6e 

1963 
70 

1972 

n 

43 
47 
qe 

56 
46 
42 

42 
35 
37 

40 
39 
35 
35 

36 
31 
40 

47 
39 
46 

31 
28 
27 

29 
28 
29 

22 

22 24 
19 22 
19 20 

22 13 
28 16 
27 20 

24 21 
33 
26 

14 
13 

14 28 
15 27 
16 30 
15 P 

22 21 
27 22 
29 16 

30 11 
39 10 
25 15 

31 20 
26 23 
24 26 

27 23 
27 26 
n 2l 

25 29 

7 
11 
10 

7 
7 
7 

e 
14 
20 

15 
15 
17 
18 

11 
14 
9 

6 
6 
9 

8 
15 
15 

15 
13 
16 

le 

4 
3 
4 
2 
3 
5 

5 
3 
3 

3 
3 
2 
2 

10 
6 
6 

6 
6 
6 

9 
8 
7 

6 
6 
7 

5 

11.3 
9.6 
12.7 

29.6 
30.3 
22.9 

17.5 
16.4 
14.3 

12.4 
12.1 
12.8 
10.7 

4 *O 
3.5 
5.5 

13.3 
12.9 
10.0 

6.4 
5.7 
4.3 
4.2 
4.2 
4.0 

3.6 

m a x i m u m  con t r ibu t ion  of 3% i n  1964, one year  a f t e r  t h e  peak 

milk con t r ibu t ion .  Vegetables have increased t h e i r  cont r ibu-  

t i o n  from 10% i n  1964 t o  over 20% i n  r ecen t  years .  The 

con t r ibu t ions  from f r u i t  i n  both New York and San Francisco 

have behaved s i m i l a r l y  t o  vegetables  b u t  by a f a c t o r  of 2 

less. Meat, f i s h  and eggs have accounted f o r  5% o r  less of 

t h e  t o t a l  i n t a k e  i n  New York and s l i g h t l y  h igher  r e l a t i v e  

amounts i n  San Francisco. 
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Pred ic t ion  Methods 

A u se fu l  model f o r  cor re l -a t ing  Sr-90 depos i t ion  with 

n 

Sr-90 l e v e l s  . i n  milk and a procedure f o r  using milk concen- 

t r a t i o n s  t o  p r e d i c t  t o t a l  diet: Sr-90 in t ake  w e r e  discussed i n  

t h e  r e p o r t  HASL-246. ( 2 ,  The deposit ion-milk model i s  given 

by t h e  following formula 

m= 1 

M (pCi/g Ca) i s  t h e  average Sr-90/Ca r a t i o  i n  milk i n  t h e  year 

n, and F (mCi/km2) i s  t h e  Sr-90 f a l l o u t  depos i t ion  during t h e  

year  n o  

depos i t  e f f e c t s  of t h e  current: y e a r ' s  depos i t i on ;  p2 i s  t h e  

l a g  f a c t o r  f o r  t h e  previous y e a r ' s  depos i t ion ;  and p e 

t h e  depos i t  f a c t o r  wi th  exponent ia l  removal due t o  reduced 

uptake a v a i l a b i l i t y  of the depos i t ion  i n  each of t h e  preceding 

years ,  

Sr-90 concent ra t ions  i n  milk !in New York through 1970 and 1971 

w e r e  repor ted  previously.  ( 9 3  ' N o  parameter changes w e r e  

requi red  by t h e  addi t ion  of t h e  1 9 7 1  d a t a ,  

1972 f a l l o u t  and milk d a t a  (Fiigure 2 ) ,  r e s u l t s  i n  y e t  t h e  

i d e n t i c a l  parameter values ,  which a r e  p 

n 

n 

The p r o p o r t i o n a l i t y  cons tan t  p 1 includes t h e  r a t e  and 

-mh 
is 3 

The r e s u l t s  of l e a s t  squares f i t s  t o  t h e  average yea r ly  

Inc lus ion  of the 

= .69 p2 = .21 1 
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Figure  2 .  
York City. 

Average annual Sr-90 concentrat ion i n  milk i n  New 

= . 2 0  h = -14. Such s t a b i l i t y  of t h e  parameter va lues  

wi th  f i t s  t o  a d d i t i o n a l  d a t a  r e f l e c t s  t h e  appropr ia teness  of 

t h e  model formulation. 

s o i l  i n f e r r e d  from t h e  exponent ia l  removal t e r m  i s  7 . 1  yea r s  

a f t e r  t h e  i n i t i a l  depos i t ion  year., 

p3 

The mean res idence  t i m e  of Sr-90 i n  

This  corresponds t o  11% 

per  year  removal of Sr-90 i n  add i t ion  t o  t h e  2.4% r a d i o a c t i v e  

decay. A s i m i l a r  deposit ion-milk model has  been used pre-  

v ious ly  by B a r t l e t t  

U.K.  a r e  i n  genera l  

and Russe l l .  ( * )  Their  r e s u l t s  f o r  t h e  

agreement wi th  t h e  r e s u l t s  repor ted  here. 
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1954 

55 

96 

57 

58 

59 

60 

61 

62 

. 63 

a 
65 

66 

67 

6e 

69 

70 

71 

72 

2 -76 1.4 1.9 ‘ 0  

3- fl  2.8 3.5 13 

4.43 3.9 4*8 21 

4.44 4- 5 5.6 29 

6.16 7.6 30 

8.68 11.0 29 

1.58 8.0 58 

2-43 6.7 : 5*9 66 

12 33 12.1 29 

23.79 25.6 22 

m e 5  23.2 36 

5.53 19.1 17ib + 59 

2.43 12.1 76 

1.64 10.0 : 85 

1.32 9.0 cn 
1-43 9.0 . 85 

1.M ear, 8.0 84 

1 4  7.6 7.4 83 

0.75 6.2 6.3 81 

Q 

Table 4 shows the measured annual Sr-90 depos i t ion  and 

the Sr-90/Ca r a t i o  i n  milk i n  New York and t h e  milk Sr-90/Ca 

r a t i o  ca l cu la t ed  by the above model using t h e  given proport ion-  

a l i t y  f a c t o r s .  

r a t i o  a t t r i b u t a b l e  t o  uptake of  Sr-90 from s o i l .  Since 1965, 

contamination of milk has  been p r i m a r i l y  dpe t o  uptake of Sr-90 

from t h e  cumulative depos i t  i n  s o i l .  I n  1972 t h i s  source 

accounted f o r  87% of t h e  Sr-90 contamination of milk. 

/ 

Also shown i s  t h e  percentage of t h e  Sr-90/Ca 
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The procedure f o r  es t imat ing  t o t a l  d i e t  Sr-90 in t ake  from 

milk l e v e l s  during per iods  of low f a l l o u t  depos i t ion  i s  given 

by t h e  following formula. ( 2 )  

D = [ .8  M + 1 .4  (MI + M2 + M 3 ) + .6 M3] n 0 

Where Dn i s  t h e  average y e a r l y  Sr-90/Ca r a t i o  i n  t o t a l  d i e t ,  

M .  i s  t h e  Sr-90/Ca r a t i o  i n  milk during t h e  f i n a l  q u a r t e r  of 

the previous year  (i = 0) and the four  q u a r t e r s  of the  c u r r e n t  

year  (i = 1 , 2 , 3 , 4 ) .  

d i e t  i n  New York during 1971, somewhat l o w e r  than  t h e  measured 

1 

The formula g ives  8 . 7  pCi/g C a  i n  t o t a l  

r a t i o .  Somewhat h igher  va lues  f o r  the p r o p o r t i o n a l i t y  f a c t o r s  

would be appropr ia te  i n  t h e  most recent  years ,  however, as 

average f a c t o r s ,  they  apply q u i t e  w e l l  t o  t h e  milk d a t a  obtained 

s ince  1960, a s  i s  shown i n  Figure 3. The p r o p o r t i o n a l i t y  

f a c t o r s  w e r e  modified s l i g h t l y  i n  t h e  few q u a r t e r s  when Sr-90 

depos i t ion  was g r e a t e r  than  3 mCi/km2per q u a r t e r  (see ref.  2 ) .  

T h e  annual t o t a l  d i e t  Sr-90 in t akes  est imated from the q u a r t e r l y  

milk d a t a  a r e  usua l ly  wi th in  10% of the observed values .  

T h e  common procedure of mul t ip ly ing  t h e  average Sr-90/Ca 

r a t i o  i n  milk by 1 .4  y i e l d s  less appropr ia te  es t imates  of  the 

t o t a l  d i e t  Sr-90/Ca r a t i o s ~ o v e r  pe r iods  of varying Sr-90 

depos i t i on .  The measured diet-milk r a t i o  f o r  New York i n  1 9 7 2  
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i s  1 . 7 ,  r e f l e c t i n g  g r e a t e r  r e l a t i v e  con t r ibu t ion  t o  Sr-90 in-  
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t a k e  by non-dairy food i t e m s .  

Ant ic ipated Sr-90 In t ake  i n  11973 

Atmospheric nuclear  testl ing a c t i v i t y  i n  recent yea r s  i n  

t h e  Northern Hemisphere has  included one Chinese t es t  of 

es t imated t o t a l  y i e l d  of 3 MT i n  each of 1968, 1969, and 1970. 

Low y i e l d  t es t s  w e r e  conducted by t h e  Chinese i n  November 1971 

and i n  January 1972 and an in te rmedia te  t e s t  (20-200 kT) i n  

March 1972. There w e r e  5 French tes ts  of varying y i e l d s  i n  

t h e  South P a c i f i c  i n  1968, 8 i n  1970, and 3 of low y i e l d  i n  

1972. The absence of l a r g e  s c a l e  atmospheric tests i n  t h e  
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Northern Hemisphere f o r  t h e  p a s t  two yea r s  r e s u l t e d  i n  reduced 

Sr-90 depos i t ion  during 1972. The l a r g e  con t r ibu t ion  t o  d i e t  
w 

a t t r i b u t e d  t o  uptake from the r e l a t i v e l y  constant  cumulative 

depos i t  of Sr-90 i n  s o i l ,  however, precludes l a r g e  v a r i a t i o n s  

i n  Sr-90 i n t a k e  from one year t o  t h e  next .  

t e s t i n g  a c t i v i t y  remains a t  a low l e v e l  o r  ceases  i n  t h e  f u t u r e ,  

one would expect t h e  New York and San Francisco d i e t s  t o  show 

f u r t h e r  s l i g h t  reduct ions  i n  Sr-90 concent ra t ions  during 1973. 

Based on v a r i a t i o n s  i n  recent years ,  one would q u a l i t a t i v e l y  

e s t ima te  Sr-90 in t akes  i n  1973 t o  be 9.8 f .4 pCi/day i n  New 

York and 3.2 f .2 pCi/day i n  San Francisco. 

I f  atmospheric 
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The Tropospheric Basel ine Concentration f o r  Lead 

5 y  H. L .  Volchok, (HASL) 

ABSTRACT 

Much of the  published da ta  Qn lead concent ra t ions  
i n  a i r  from remote sampling s t a t i o n s  on the  e a r t h ' s  
su r f ace  suggest  t h a t  t he  b a s e l i n e  concent ra t ion  
may n o t  be much g r e a t e r  than the  value est imated 
from natural sources .  An average value of about 
1 & 0 . 5  ng/m3 a s  t h e  g loba l  t ropospheric  Pb base- 
l i n e  i s  ind ica t ed .  

INTRODUCTION 

The concept of b a s e l i n e  concentrat ion of any p a r t i c u l a r  substance,  

w h i l e  n o t  rhgorously def ined ,  appears t o  be gene ra l ly  accepted a s  

referring. t o  the "background", and implies i n s u l a t i o n  from l o c a l  

sources  of contamination. Both Chow e t  a 1  (1, 2 )  and Simpson ( 3 )  

recognized t h e  necess i ty  f o r  e s t a b l i s h i n g  t h e  base l ine  concentra- 

t i o n  of lead  (or any po l lu t ion  suspec t )  a s  a p r e r e q u i s i t e  t o  u n d e r -  

s tanding the  r eg iona l  and perhaps g loba l  a spec t s  of urban pollution. 

The a c t u a l  geographic e x t e n t  of a t ropospheric  b a s e l i n e  has  a l s o  

n o t  been de f ined .  Chow ( 2 )  r e f e r r e d  t o  t h e  "con t inen ta l  lead 

a e r o s o l  b a s e l i n e  concentrat ion ' ' ,  while Simpson ( 3 )  d i scuss ing  

"aged" ae roso l s ,  suggested t h e i r  use i n  eva lua t ing  urban po l lu t ion  

on a hemispheric s c a l e .  
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There i s  l i t t l e  doubt t h a t  through man's a c t i v i t i e s  even the  n 

most remote reg ions  of t he  e a r t h ' s  su r f ace  have been a f f e c t e d ;  

c a r r e n t  snow f a l l s  i n  Greenland a r e  a t  l e a s t  2 o rde r s  of magni- 

tude higher i n  Pb concentrat ion than those p r i o r  t o  extensive 

i n d u s t r i a l  Pb usage ( 4 ) .  Howevera with t h e  incceasing general  

awareness of t h e  impact of pollutiondon the  q u a l i t y  of l i f e ,  s ig -  

n i f i c a n t  programs have been i n i t i a t e d  t o  decrease the  contamina- 

t i o n .  For Pb, severe  l i m i t a t i o n s  i n  its use i n  p a i n t s  and o t h e r  

consumer products a s  w e l l  a s  i n  automobile f u e l s  has r e s u l t e d ,  

for example, i n  a measurable decrease i n  t h e  su r face  a i r  concen- 

t r a t i o n  i n  New York C i ty  (5 )  a I t  seems p e r t i n e n t  a t  t h i s  t i m e ,  

t he re fo re ,  t o  summarize the  a v a i l a b l e  low l e v e l  l ead  concentra- 

t i o n  d a t a  i n  t ropospher ic  a i r  and i f  poss ib l e  de f ine  t h e  b a s e l i n e  

l e v e l  

Has L- 

The Health and Safe ty  Laboratory (HWSL) has cont inuously meas- 

ured Pb concent ra t ions  i n  sur face  a i r ,  a& abou t  2 0  s t a t i o n s ,  s i n c e  

mid 196%. This programd o r i g i n a l l y  set  up by the  Naval Research 

Laboratory i n  1957, was designed $0 study sur face  a i r  csncentra-  

tions of r ad ioac t ive  d e b r i s  froin nuclear  weapons tests, The sam- 

p l ing  s i tes  w e r e  o r i e n t e d ,  f o r  the most p a r t ,  about the  80th 
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meridian ( W e s t ) ;  a long t h e  e a s t  c o a s t  of North America and the  

w e s t  c o a s t  of South America. The sampling and a n a l y t i c a l  pro- 

cedures  a s  w e l l  a s  complete d a t a  summaries a r e  published quar- 

t e r l y  ( 6 ) .  

s i v e l y  monitored and a l s o  r e g u l a r l y  reported ( 7 ) .  

T h e  q u a l i t y  of t he  d a t a  i n  t h i s  program i s  i n t e n -  

Obviously, t he  sampling s t a t i o n s  i n  t h i s  p r o j e c t  w e r e  se t  up t o  

s a t i s f y  c r i t e r i a  of g loba l  f a l l o u t  r e sea rch .  T h e  source was 

mainly s t r a t o s p h e r i c  and l o c a l  contamination was a n e g l i g i b l e  

problem. 

those which might be suggested f o r  s t u d i e s  of environmental l ead  - 

e s p e c i a l l y  b a s e l i n e  P b .  

su r f ace  a i r  d a t a ,  f o r  Pb,  may i n  f a c t  prove u s e f u l  i n  circum- 

s c r i b i n g  t h e  b a s e l i n e .  

I n  many r e spec t s  these  c r i t e r i a  a r e  q u i t e  opposed t o  

However, w e  have found t h a t  some of t h e  

I n  u n i t s  of nanograms per cubic  meter of a i r  sampled (ng/m3) t h e  

urban s i tes  i n  recent yea r s  range be-tween a few hundred and a 

f e w  thousand. Suburban su r face  a i r  gene ra l ly  contain lower mean 

monthly concent ra t ions  very much dependent upon the  proximity t o  

urban centers and p r e v a i l i n g  wind d i r e c t i o n s .  

There a r e  however, w i t h i n  the HASL network, f i v e  s t a t i o n s  w h i c h  

are q u i t e  remote from highways and power genera t ing  equipment, 
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loca ted  on a h i l l  about 4 m i l e s  r t h e a s t ' d f  %he a i r b a s e  

The p reva i l i ng  w i n d  i s  from th'e' southi, kn&ne'ec %he s t a t i o n  i s  

n o t  i d e a l l y  loca t ed  for baselj.ne* s t u d i e s  

_ ~ a u n a L o a o _ H a w a i f  - ( l a t i % u d e  19"28'NM) * -  T h i s  s t a t i o n ,  a s  

descr ibed by Simpson ( 3 )  a x d d  be perhaps. orid of t h e  best  . 

base l ine  s t a t i o n s  on the  eart11"s surface: The s i t e  a t  11,300 f t ;  

i s  normally above the t rade w h d  inversidn,* 3 0 0  km downwind of 

Honolulu and teris of kiEsmet&rs- from any of the  c o a s t a l  towns 

on the i s l a n d  of Hawaii, Unfortunatelqr, the  loca t ion  of our 

sampler wasa until r e c e n t l y  w i t h i i ?  2 5  feet. of a parking P o t  

which from t i m e  t o  t i m e ,  aeconunodated numerous automobiles of 

both  s t a f f  and s i g h t s e e r s  

-Montt,e ( l a t i t u d e  4P02%'Ss) Through 1969, the 

sampler a t  Puerto Montt was Ecacated about 20  km. ou t s ide  of  

t h e  town and severa l  hundred meters off  a spa r se ly  used road. 

For convenience, bu t  shorts igh%edly,  in J19%0 t h e  sampler was 

moved t o  the Local airports r e s u l t i n g  i n  markedly increased Pb 

concent ra t ions  

n 
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h t a r c t i c a  - (Chilean owned i s l a n d s  - l a t i t u d e  4 4 O S ) .  

The sampler here  has been moved a number of t i m e s  b u t  never 

has va r i ed  by more than 2 O  of l a t i t u d e  o r  longi tude .  W e  be- 

l i e v e  t h a t  the  sampler i s  powered by gasol ine  genera tors  which 

probablyake respons ib le  f o r  t he  v a r i a b i l i t y  of t he  concent ra t ions  

observed. 

South Pole (90OS). 

ted  f o r  u s  by NOAA personnel .  

The equipment a t  t h e  South Pole i s  opera- 

Here aga ino  w e  b e l i e v e  t h a t  t he  

v a r i a b i l i t y  r e f l e c t s  t h e  proximity t o  and the  wind d i r e c t i o n  

fromr p o l l u t i n g  sources .  

The r e s u l t s  of a l l  of t h e  Pb concent ra t ions  da t a  from these  

s t a t i o n s  a r e  summarized i n  Table: 1. 

Table 1 

Mean Monthly Pb A i r  Concentration Datd-.from 
HASL Remote Stations 

Pb-Monthly Concen t r a  t fons  (nq/m3 ) 
S t a t i o n  Lat i tude  Median Lowest Value 

Thule, Greenlahd 75O36 @ N 9 - 2  

Puerto Montt, Chi le  4lo27”S 5 .6 
Mauna L o a r  Hawaii 19O28I N ’ 5 d A )  

An ta rc t i ca ,  Chi le  4 40s 9 . 5  
South Pole 900s 4.3 

( B )  
0.9 
0 .7  
0 . 5  
1 . 4  
1 . 6  

(A) Simpson(3) sampled a t  Mauna Loa from Aug. t h m  D e c .  1970 
The median of h i s  da t a  is 2.5 and the  lowest was about 1. 

( B )  One extremely low value ( 0 . 0 7  ng/m3) was e l imina ted  a s  
being a n a l y t i c a l l y  suspec t .  
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OTHER PERTINENT DATA 

Chow, e t  a 1  ( 2 )  admirably summarized most of t h e  o t h e r  a v a i l -  

a b l e  low l e v e l  Pb a i r  concent ra t ions  s These a r e  l i s t e d  i n  

Table 2 .  Included a l s o  i n  Table 2 i s  t h e  White Mountain, C a l i f .  

Table 2 -- 
Pb Aerosol Concentrat.ions i n  Marine & A r c t i c  

Atmosphere E A f e r  Chow (3)j’l - 

Colncentra t i o n s  Or ig ina l  
S i t e  Sampled - i (1nq/m3) Reference 

N o r t h - C e n t r a l  P a c i f i c  Ocean 
Windward Oahu - Hawaii 
South I n d i a n  Ocean 
North Indian Ocean 
Novaya Zemlya 
Greenland 
White Mountain, Ca l i fo rn ia  

1 .o 
1 . 7  
1 .o 
4.5 
0.3 
0 . 5  
8 .O 

d a t a  from the  same a r t i c l e .  Note, f o r  comparison w i t h  some of 

t h e  o t h e r  r e s u l t s ,  t h a t  the lowest monthly average concentat ion 

a t  White Mountain was 1 . 2  ng/m3. 

Moyers e t  a 1  (10 )  reported t h e  average concent ra t ion  of Pb i n  

a i r  i n  111 samples on the  windward shore of Oahuo Hawaii ( ev i -  

d e n t l y  an update of re ference  ( 8 ) )  a s  3 .O S 2.8 ng/m3 
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4 I n  = cus l i g h t  Io of the  number of d i f f e r e n t  l a b o r a t o r i e s  and t h e  

lack of information concerning accuracy and p rec i s ion  of t h e  

reported r e s u l t s ,  t h e r e  appears t o  be a g r a t i f y i n g  degree of 

consis tency i n  t h e  sur face  a i r  Pb concent ra t ion  d a t a ,  sum- 

marized i n  t h e  preceding two s e c t i o n s .  

lowes t  month's concentrat ion f o r  the  HASL s i t e s ,  Oahu and 

White Mountain, except  f o r  the  North Indian Ocean d a t a ,  the  

11 sites vary by only about a f a c t o r  of 6 ;  from 0 .3  ng/m3 a t  

Novaya Zemlya t o  1 . 7  a t  Hawaii. I h e s i t a t e  t o  i n t e r p r e t  t h i s  

range a s  a l a t i t u d i n a l  e f f ec t  a s  suggested by Egorov e t  a 1  ( 9 )  

without  much more information o n  t h e  a n a l y t i c a l  s t anda rd iza t ion  

and q u a l i t y  c o n t r o l  of t h e  l a b o r a t o r i e s  involved.  However, i t  

does n o t  seem reasonable t o  expec t  complete homogeneity of t h e  

g loba l  troposphere when one cons iders  t h e  he te rogenei ty  of t h e  

Pb source .  

Considering only t h e  

Pa t te rson  (11) est imated t h a t  t he  n a t u r a l  sources of l ead  on 

t h e  e a r t h  would c o n t r i b u t e  about 0 , 5  ng/rn3 t o  t h e  atmosphere. 

T h i s  value i s  of course  a g loba l  mean, b u t  i t  i s ,  i n t e r e s t i n g  

t o  note  t h a t  a t  t h i s  p a r t i c u l a r  t i m e ,  probably a t  t h e  peak i n  
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t h e  e a r t h ' s  h i s t o r y  Of atmospheric Pb contamination, some 

of  %he remote s i tes  may actual . ly  be almost p o l l u t i o n  f r e e .  

To pursue t h i s  p a r t i c u l a r  s u b j e c t  f u r t h e r ,  a s tudy of the  Pb 

aerosol  a t  these  s i tes  by i s o t o p i c  means, would be extremely 

use fu l  

I n  summaryB I have attempted here t o  de f ine  a b a s e l i n e  range 

f o r  t he  Pb concentrat ion i n  the t roposphere,  The condi t ions  

a t  t he  sampling s t a t i o n s  w e r e  :Less than i d e a l  f o r  t h i s  purpose 

and the  q u a l i t y  of much of t he  reported d a t a  i s  unknown. 

Nevertheless,  represent ing  both hemispheres and a w i d e  range 

o f  l a t i t u d e s ,  over  land. and over ocean, t h e  da t a  s t rong ly  sug- 

g e s t  t h a t  t h e  base l ine  concentrat ion of Pb i n  most of t he  

troposphere i s  probably 1k0 .5 ng/m3 (. 

REFERENCES 

(1) Chow, T.J., E a r l ,  J . L  andl B e n n e t t ,  C , F .  
Lead Aerosols i n  Marine Atmosphere 
Environmental Sc ience  andl Technology, - 3 Augo 1969, 

pp. 737 - 740 

(2) Chow, T.J., E a r l ,  J . L .  and Snyder, C O B .  

and Laguna Mountain, Ca l i fo rn ia  
Lead Aerosol Basel ine : Concentration a t  White Mountain 

Sc iencea  178, October 2 7 ,  1 9 7 2 ,  pp 40% - 402 

I - 86 



Simpson, H . J .  
Aerosol and P r e c i p i t a t i o n  Chemistry a t  Mauna Loa 

Observatory 
N O M  Tech. Report, ERL 248-APCL-24, D e c .  E972 

M-urozumi, M . ,  Chow, T . J .  and Pa t te rson ,  C . C .  
Chemical Concentrations of P o l l u t a n t  Lead Aerosols ,  
T e r r e s t r i a l  Dusts and Sea S a l t s  i n  Greenland and 
A n t a r c t i c  Snow S t r a t a  
GeoshPm.Cosmschim A c t a ,  z, 1969, pp 1247-1294 

Volch.ok, H . L ,  and M.T, Kleinman 
Atmospheric Trace Metal S tudies  
Proc. Eastern Analy t ica l  Symposium, New York C i t y ,  
October 1971, ( I n  Press) 

Volchok, H .  L . #  Toonkel, L. and Schonberg, M .  
Radionuclides and PB i n  Surface Air 
USAEC Report HASL-273 (Appendix), pp C-1  t h r u  C - l l O  

A.pr.il (1973) 

Toonkel, L . E .  and Volchok, H .  L. 
HASL Surface A i r  Sampling Program: The Q u a l i t y  of 

USAEC Report HASL-268, January (1973)  pp 1-2 t h r u  1-16 
Ana1ys:fs - 1971 

Jernigan,  E . L O s  Ray, B . J .  and Duce, R.A. .  
Atmospheric Environment, L6 1971 ,  p .  881 

Egorovp V .V. Zhigalovskaya, T .N. and Malakhov, S . G .  
Microe lement  C o n t e n t  of Surface Air Above the  C o n t i n e n t  

J. Geophys. Researchr _. 75, 1970,  p .  3650 
and the  Ocean 

Moyers, J . L ,  D u C e p  R.A. and Hoffman, G . L ,  
A N o t e  on t h e  Contamination of Atmospheric P a r t i c u l a t e  

Samples Collected from Ships 
Wtmos. Env. 6 ,  pp 551-556, 1972 - 
Pat te rson ,  C.C 
Coniaminated and Natural '  Lead Envi ronments  of Man 
Arch. Environ.  Health,  11, pp 344-360, 1965 

I - 87 



PART I1 

HASL FALLOUT PROGRAM DATA 

I1 - 1 



n 1 e F a l l o u t  Deposit ion 

1.1 Monthly P r e c i p i t a t i o n  

1.11 S r g O  and Sr8' i n  Monthly Deposition a t  World 
Land S i t e s  

P r e c i p i t a t i o n  and d ry  f a l l o u t  a r e  c o l l e c t e d  over 
monthly per iods  a t  s t a t i o n s  i n  t h e  United S t a t e s  
and overseas .  The samples a r e  analyzed f o r  Sr-90 
and p r i o r  t o  1971 f o r  Sr-89 whenever p o s s i b l e .  A 
d e s c r i p t i o n  of t he  sampling network and a v a i l a b l e  
da t a  f o r  each s i t e  a r e  given i n  t h e  Appendix, Sect ion A .  

1 . 1 2  Other Isotopes a t  Se lec ted  S i t e s  

A t  a number of s t a t i o n s  i n  t he  United S t a t e s ,  
monthly depos i t ion  c o l l e c t i o n s  w e r e  analyzed for  
rad ios t ront ium and o t h e r  nuc l ides  of i n t e r e s t  t o  
the  Atomic Energy C:ommission. Mult inucl ide analyses  
w e r e  d iscont inued as of J u l y  1967 and the  complete 
d a t a  reported i n  HASL-193 8 p .  11-4 th ru  11-25. 

Plutonium analyses  of monthly depos i t ion  w e r e  ca r -  
r i e d  o u t  a t  New York- Ci ty ;  Melbourne, S e a t t l e ,  
Honolulu, Sa l i sbu ry ,  Durban, and Rio de  J a n e i r o .  
This program has ' b e e n  terminated .and t h e  complete 
d a t a  a r e  given i n  HASL-237 on pages 11-4 th ru  11-13. 

1 . 2  S r g O  and SrB9 Deposition a t  A t l a n t i c  Ocean Weather S t a t i o n s  

Measurements of radiostront ium i n  p r e c i p i t a t i o n  and 
dry  f a l l o u t  c o l l e c t i o n s  a t  four  U .  S .  Coast Guard 
S t a t i o n s  i n  t he  North A t l a n t i c  Ocean w e r e  c a r r i e d  o u t  
f o r  comparison w i t h  land s t a t i o n s  i n  t h e  same l a t i t u d e  
band. A d e s c r i p t i o n  of the s t a t i o n s  and a v a i l a b l e  
da t a  a r e  given i n  the  Appendix, Sect ion B .  

2 .  Surface A i r  Samplinq Proqram 

The Health and Safe ty  Laboratory has been c o l l e c t i n g  su r face  a i r  
p a r t i c u l a t e  samples a t  s t a t i o n s  i n  t h e  Western Hemisphere s i n c e  
January 1963. The f i l t e r s  a r e  analyzed f o r  a number of f i s s i o n  
and a c t i v a t i o n  product rad ionucl ides  a s  w e l l  a s  s t a b l e  l e a d .  A 
d e s c r i p t i o n  of t h e  program and a v a i l a b l e  da ta  a r e  given i n  t he  
Appendix Sect ion C a 
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3 ,  

4. 

5, 

6 ,  

7 .  

P r o j e c t  Airstream 
The Health and Sa fe ty  Laboratory measures r a d i o a c t i v i t y  
i n  t h e  lower s t r a t o s p h e r e  employing t h e  RB-57F a i r c r a f t  
a s  a sampling platform.  The a i r c r a f t  a r e  flown by t h e  
58th Weather Reconnaissance Squadron under t h e  d i r e c t i o n  
o f  t h e  9 th  Weather Wing of t h e  A i r  Weather Service.  The 
missions are scheduled q u a r t e r l y  and t h e  coverage extends 
from 75'" t o  51"s l a t i t u d e  i n  t h e  Western Hemisphere. A i r  
f i l t e r  samples a r e  c o l l e c t e d  from 1 2  t o  19 km a l t i t u d e  
and analyzed f o r  a number of  rad ionucl ides ,  A more com- 
p l e t e  d e s c r i p t i o n  of  t h e  program and a v a i l a b l e  d a t a  a r e  
given on pages 11-8 t o  11-90 of t h i s  report. 

Hiqh A l t i t u d e  Balloon Samplinq Proqram 
Balloon borne f i l t e r i n g  devices  a r e  u s e d  t o  c o l l e c t  nuc lear  
d e b r i s  a t  a l t i t u d e s  from 21-32 km. Balloon launchings a r e  
conducted annual ly  a t  Fairbanks,  Alaska, 65 'N:  Sioux Ci ty ,  
Iowa, 42'N; Alamagordo, N.M., 33'N; and Panama C . Z . ,  9'N 
and q u a r t e r l y  a t  Mildura, Aus t r a l i a ,  34'S, F i l te rs  a r e  
analyzed * f o r  a number of rad ionucl ides ,  A more complete 
d e s c r i p t i o n  of t h e  program and a v a i l a b l e  d a t a  a r e  given 
on pages 11-161 t o  11-200 of HASL-259. 

Radiostrontium i n  Milk and Tap Water 
Strontium-90 l e v e l s  i n  both powdered and f r e s h  milk d i s t r i b -  
u ted  i n  New York C i t y  and t a p  water sampled a t  t h e  Health 
and Sa fe ty  Laboratory, have been measured on a monthly 
basis s i n c e  1954. These data are  s1Jmarized in t a b u l a r  
and g raph ica l  f o r m  i n  t h e  Appends,  _-I- Sect ion - D ,  

Strontium-90 i n  D i e t s  
Q u a r t e r l y  e s t ima tes  of t h e  annual d i eca ry  i n t a k e  a f  Sr-90 
of  New York C i t y  and San Francisco r e s i d e n t s  have been 
made based on analyses  of foods purchased a t  t h e s e  c i t i e s  
every t h r e e  months s i n c e  1960. Sampling i n  Chicago was 
discont inued i n  1967. 
a b l e  d-ata r epor t ed  on p. 11-4 t o  11-7 of t h i s  r e p o r t .  

The program i s  descr ibed  and a v a i l -  

Strsntium-90 i n  Human Bone - 
Specimens of human ve r t eb rae  from New York C i t y  and San 
Francisco have been made a v a i l a b l e  for Sr-90 a n a l y s i s  s i n c e  
1961, The r e s u l t s  for 1971 w e r e  evaluated beginning on 
page 1 -51  of HASL-257. 
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6 HASL D i e t  S tud ie s :  Third and Fourth Quarters 1972 

Resul t s  of t h e  measurements of  the SrqO con ten t  of foods 

purchased i n  New York C i ty  and San Francisco I n  t h e  t h i r d  and 

f o u r t h  q u a r t e r s  of 1972 a r e  gi-ven I n  t h e  following t a b l e s .  

Estimates of t h e  d a i l y  in t ake  of S r g O  based on these  measurements 

and on the rev ised  consumption s t a t i s t i c s  given i n  the most re- 

cen t ly  a v z i l a b l e  U o S a Department of Agr icu l ture  R e p o r t ( l )  @ a r e  

a l s o  l i s t ed .  

The es t imates  of d a i l y  Sy.90 i n t ake  a r e  a cont inua t ion  of 

the HIbSL Tri-City d i e t  s t u d i e s  w h i c h  w e r e  s t a r t e d  i n  March of 

1960. Resul t s  of the  e a r l i e r  measurements along w i t h  those made 

dur ing  1972 a r e  shown g raph ica l ly  i n  t h e  f i g u r e  on page 11-7. A 

complete d e s c r i p t i o n  of t h e  sampling methods and pfiilosophy of 

the  HASL d i e t  s t u d i e s  was given i n  HASL-147(2) e 

t h e  reasons f o r  changes i n  t h e  Tri-City d i e t  s t u d i e s  made i n  1968 

A d i scuss ion  of 

was given. i n  HASL-200 ( 3 )  

References 

(1) Food Consumption of Households i n  t h e  U n i t e d  S t a t e s  - 

A Preliminary Report, U . S . D . A .  ARS 62-16, August 1967 
Spring 1965 

( 2 )  Rivera,  J. and Harley, J . H .  
HASL Contr ibut ions t o  the  Study of F a l l o u t  i n  Food Chains 
USAEC Report HASL-147, J u l y  (1964) 

( 3 )  USAEC Report HASL-200, October (19681, p .  11-6 
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STRONTIUM-90 I N  NEW YORK CIm AND S A N  FRANL3ISCO DIETS 

- Third Quarter 1972 - 
San Francisco - September New York Ci ty  - August 

% of % of % of 
year ly  year ly  Yearly 
in take  p C i  90Sr pCi 90Sr in take  pCi 90Sr p C i  90Sr in t ake  

D i e t  Category kg/yr gCa/yr of Ca of 9 0 ~ r  4 of 9 0 ~ r  

Dairy Products 2 00 

Fresh Vegetables 48 
Canned Vegetables 22 
Root Vegetables 10 

Dry B e a n s  3 
Potatoes 38 

Fresh Fru i t  59 
Canned F r u i t  11 
Fru i t  Juices  28 

Bakery Products 44 
Flour 34 
Whole Grain Products 11 
Macaroni 3 
R i c e  3 

Meat 
Poul t ry  
Eggs 
Fresh Fish 
S h e l l  Fish 

7 9  
20 
15 
8 
1 

216.0 

18.7 
4.4 
3.8 
3.8 
2 . 1  

9.4 
0.6 
2.5 

53.7 
6.5 

10.3 
0.6 
1.1 

12.6 
6.0 
8.7 
7.6 
1.6 

5.9 
58 

13.0 
5.6 
6.0 
7.4 

14.5 

20 

10 

Yearly Intake 370 

7.0 
1.5 
3.5 

6.6 
6.8 

11.6 
4.7 
1.7 

0.5 
0.5 
2 .8  
0.4 
0.2 

1173 

62 3 
122 
60 

2 8 1  
44 

413 
16 
98 

2 92 
232 
128 

14 
5 

40 
10 
41  

3 - 

3595 

1 . 2  
33 

1.1 
2.2 
3.8 
1.3 
4.4 

31 

2 . 1  
0.8 
2 . 1  

15 

2.5 
3.4 
4.3 
4.1 
1.8 

19 

0.5 
0.4. 
1.4 
N. D. 
N.D. 

3 

240 
24 

53 
49 
38 
48 
13 

2 0  

12 1 
9 

59 
19 

111 
115 
48 
1 2  

6 
30 

36 
8 

22 

- 
7 

988 

Daily Intake - PCi per g C a  9-7 2.7 

N.D. = not detectable  
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STRONTIUM-90 I N  NEW YORK CITY AND SAN FRANCISCO DIETS 

- FOURTH QUARTER 1972 - 
New York C i t y  - November S a n  Francisco - December 

% of % of % of 
y e a r l y  y e a r l y  y e a r l y  

i n t a k e  pCi pCi S r  i n t a k e  pCi i n t a k e  
'3G 

D i e t  Cateqory kq/yr qCa/yr of Ca 4 of "Sr 4 of 9 0 ~ r  

Dairy Products 

Fresh Vegetables 
Canned Vegetables 
Root Vegetables 
Potatoes  
D r y  B e a n s  

Fresh F r u i t  
Canned F r u i t  
rl-..: .L T..; --- 
I' J. U A  L U U ILG3 

Bakery Products 
Flour  
Whole Grain Products 
Macaroni 
R i c e  

M e a t  
Poul t ry  
Eggs 
Fresh F i s h  
S h e l l  Fish 

200 

48 
22 
10 
38 

3 

59 
11 
7 9  
G" 

44 
34 
11 

3 
3 

79 
20 
15 
8 
1 

Yearly In take  370 

216.0 

18.7 
4.4 
3.8 
3.8 
2 . 1  

9.4 
0.6 
2.5 

53.7 
6.5 

10.3 
0.6 
1.1 

12.6 
6.0 
8 . 7  
7.6 
1.6 

Daily In take  - pCi p e r  gCa 

N.D. = not  d e t e c t a b l e  
* = estimated 

58 

9 

3 

20 

10 

6.7 

14.1 
7.6 
6.3 
4 . 1  

10.4 

8.0 
1.2 
3 Q  -.- 

3.4 
6.4 
9.8 
4.2 
1.3 

N.D. 
0.6 
0.3 
N. D. 
1 .0  

1331 

678 
166 

63 
155 

3 1  

47 5 
13 
80 

150 
216 
108 

13 
4 

- 
11 
4 

1 
- 

3499 

9.5 

38 

31 

16 

14 

1 

1.5 2 90 
2 1  

2.4 113 
3.1 69 
5.7 57 
3.8 14 3 

29.9 90 

2.3 137 
1.2 13 
2.1 60 

3.2 141 
3.5* 118 
5.0 55 
4.4 13 
1.3 4 

0.5 40 
0.8 16 
1.1 16 
N. D. - 
N. D. - 

1375 

3.7 

34 

15 

24 

5 
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3 PROJECT AIRSTREAY 

by P h i l i p  W. Krey (HASL) 
Lawrence E .  Toonkel (HASL) 
Mindy Schonberg (HASL) 

P r o j e c t  Airstream i s  HASL's  study of  r a d i o a c t i v i t y  i n  t he  lower 

s t r a t o s p h e r e  employing the  RB-57F a i r c r a f t  a s  a sampling p la t form.  

The a i r c r a f t  a r e  flown by t h e  58th Weather Reconnaissance Squadron 

under the  d i r e c t i o n  of  t h e  9 t h  Weather Wing of the  A i r  Weather 

Se rv ice .  

Support Agency's P r o j e c t  S t a r d u s t  except  t h a t  A i r s t r eam ' s  sampling 

This p r o j e c t  i s  a cont inua t ion  of  t he  Defense Atomic 

missions a r e  l imi t ed  t o  only  one per  season.  

This r e p o r t  conta ins  the  radioch,emicaP d a t a  from the  missions flown 

i n  March, J u l y  and October 1 9 7 2 .  Previous r e p o r t s  conta in ing  re- 

s u l t s  from t h i s  program a r e  given i n  r e fe rences  h through 1 6 .  

FLIGHT SCHEDULE 

Airstream missions a r e  now sched.uled for January,  A p r i l ,  J u l y  and 

October with a 4 one month s l ippage .  However, each mission must be 

completed wi th in  a n i n e  day i n t e r v a l .  

was flown i n  August 1967. The f l i g h t .  t r a j e c t o r y  and a l t i t u d e  

The f i r s t  Airstream mission 

coverage of  an Airstream mission a r e  shown i n  Figures 3a and 3b, 

r e s p e c t i v e l y .  Because of ope ra t iona l  d i f f i c u l t i e s ,  some of t he  

a l t i t u d e s  i n  t he  Ju ly  1972 missi.on varied from the  pro jec ted  p ~ o -  

f i l e  shown i n  Figure 3b. 
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@e coverage i n  Figure 3b extends almost cont inuously a t  the  

ind ica ted  a l t i t u d e s  from 75ON t o  51°S l a t i t u d e  except  f o r  a 

I 

s l i g h t  d i s c o n t i n u i t y  be tween  10°S t o  16OS. 

p l i shed  by conducting r e t u r n  f l i g h t s  northward and southward from 

each of t h e  four  A i r  Force Bases of  opera t ion :  

Each mission i s  accom- 

Eielson AFB 64O40'N 147O06 'W 
Kir t land  AFB 35'03 ' N  106O36 ' W  

Mendoza AFB 32O49'S 68O47 'W 
Albrook AFB 0€I057'N 79034'W 

AIR FILTER SAMPLES 

A i r  f i l t e r  samples a r e  c o l l e c t e d  along the  f l i g h t  t r a c t  a t  l a t i -  

tude i n c r e m e n t s  of approximately 3 t o  4 O  a t  each of t he  pre- 

s c r ibed  a l t i t u d e s  us ing  the  U-1 f o i l  system. This system permits  

t h e  sequen t i a l  i n s e r t i o n  of  up t o  13 I P C  N o .  1478 f i l t e r  papers 

(diameter  16-3/8") i n t o  the  sampling duc t  near  t he  bomb bay on the  

r i g h t  s i d e  of t h e  a i r c r a f t .  The volume of a i r  sampled by each 

f i l t e r  is c a l c u l a t e d  by t h e  methods developed under Project Sta r -  

dust and updated by Krajewski (17)# and a r e  repor ted  a s  s t a n d x d  

cubic meters (SCM) under the  PCAO s tandard atmosphere (760 mm Hg 

and. 1 5 O C )  

Beginning with the  J u l y  1972 mission, a cooperat ive program was 

i n i t i a t e d  with t h e  National C e n t e r  f o r  Atmospheric Research (NCAR) 

in which t h e  f i l t e r s  from the  Airstream missions w i l l  be shared. 
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NCAR i s  inves t iga t ing  the  concentrat ions of s t a b l e  t r ace r s  i n  

the  s t r a tosphe re  with emphasis on water so luble  s t a b l e  t r ace r s  
0 

To minimize the  background contamination of these  t r a c e r s  i n  the  

f i l t e r  ma te r i a l ,  NCAR washes each f i l t e r  p r i o r  t o  exposure i n  t he  

a i r c r a f t  and spec ia l  precaut ions a r e  then taken i n  t h e i r  i n s t a l -  

l a t i o n  and recovery. 

demonstrable d i f f e rence  i n  coll.ection e f f i c i ency  between washed 

T e s t s  conducted by NCAR and HASL show no 

and unwashed f i l ters  ( 1 6 ) .  

TOTAL GAMMA AND GAMMA SPECTRUM MEASUREMENTS 

Pr io r  t o  Ju ly  1 9 7 2  the  f i l t e r s  w e r e  s e n t  d i r e c t l y  t o  HASL w h e r e  

they w e r e  coded, logged and quar te red .  The  e n t i r e  sample (o r  a 

r ep resen ta t ive  f r a c t i o n  i f  t he  a c t i v i t y  i s  too high) was folded 

and placed i n  a p l a s t i c  box, 8 c m  x 6 . 5  c m  x 3 . 1  c m  deep, f o r  a 

gross  gamma measurement on an 8'' x 4" NaI ( T I )  c r y s t a l .  T h e  t o t a l  

gamma a c t i v i t y  was in t eg ra t ed  be tween 100 Kev and 2 . 0  Mev, and t h e  

gamma concentrat ion was reported a s  counts per minute (epm) per 

100 SCM on the counting d a t e .  

Af te r  J u l y  1972 t h e  f i l t e rs  a r e  s e n t  t o  NCAR where they a re  cu t  

i n t o  t h i r d s  under "clean room" condi t ions .  One t h i r d  i s  analyzed 

by NCAR; one t h i r d  i s  analyzed by HASL; and one t h i r d  i s  reserved 

f o r  the  HASL l i b r a r y  of s t r a tosphe r i c  samples. To minimize the 
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mpact of any he terogenei ty  of debris on t h e  f i l t e r ,  each one 

t h i r d  i s  a composite of o p p o s i t e ’ s i x t h s ‘ o f  t h e  o r i g i n a l  filter 

Based upon the  gamma measurements, oppos i te  quadrants  o r  t h e  one- 

t h i r d  s e c t i o n s  of each f i l t e r  a r e  u s u a l l y  combined i n t o  appro- 

p r i a t e  composite samples which a r e  submitted t o  gamma spectral  

a n a l y s i s  a t  HASL by l i t h ium d r i f t e d  germanium diode d e t e c t o r s ,  

has  been  shown t h a t  oppos i te  quadrants of t h e  f i l t e r  a re  repre- 

s e n t a t i v e  of t he  e n t i r e  f i l t e r .  The composite samples a r e  c o m -  

p ressed  i n t o  a 6 c m  diameter by 3 .5 c m  depth aluminum can .  The 

T t  

d e t e c t o r s  a r e  closed-end coaxia l  diodes of  approximately 50 cm’ 

volume w i t h  t h e  following c h a r a c t e r i s t i c s  f o r  the 1.33 Mev phatsr 

O f  (20-60: 

Poin t  Source e f f i c i e n c y  a t  diode f ace :  1 . 2  - 1.7% 

Resolution: 2 .I - 2 .6 Kev 

Peak-to-Compton: about 30 t o  1 

The diode responses are stored i n  3000 channels of a comput-er 

based pulse  he igh t  ana lyze r .  A computer program resolves and 

reduces these  s p e c t r a  d a t a  by l e a s t  squares  f i t t i n g  and has a 

sub r o u t i n e  w h i c h  a d j u s t s  f o r  t h e  d e n s i t y  of  t h e  sample. Pre-  

s e n t l y  the  nuc l ides  of  i n t e r e s t  from t h e  diode spectrome%sy are  
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Be-7 ,  Zr-95, C s - 1 3 7  and Ce-144. The germanium diode systems 

have been c a l i b r a t e d  with standard s o l u t i o n s  prepared a t  HASL 

An e f f i c i e n c y  versus  energy curve has been prepared (shown i n  

Fig 

and which lends g r e a t e r  r e l i a b i l i t y  t o  the  ind iv idua l  photon 

3c) which i l l u s t r a t e s  the  i n t e r r e l a t i o n  between s tandards 

energy e f f i c i e n c i e s  

RADIOCHEMICAL ANALYSIS 

Af te r  t h e  gamma measurements a r e  completed, t h e  composite 

samples a r e  s e n t  t o  con t r ac to r  l a b o r a t o r i e s  fo r  d e t a i l e d  radio-  

chemical analyses  including soine of t h e  following nuc l ides :  

Sr-89 Pb-210 Pu-238 
Sr-90 PO-2 10 Pu-2398240 

A t  t h e  p re sen t  t i m e ,  Laboratory f o r  E lec t ron ic s  Environmental 

Analysis Laboratory formerly Trapelo Dfvision/West, Richmond, 

Ca l i fo rn ia  i s  performing these  ana lyses ,  

from radiochemical analyses  arle repor ted  a s  p f c o c u r i e s p 1 0 0  stand- 

Nuclide concent ra t ions  

a rd  cubic  meters of a i r  (pCi/lQQ SCM) a t  c o l l e c t i o n  t i m e .  To 

conver t  pCi/lOO SCM t o  d i s i n t e g r a t i o n s  per  minute per  10’ stand- 

a r d  cubic  f e e t  mul t ip ly  by 0.629. 

One s tandard dev ia t ion  of t he  counting e r r o r  f o r  a l l  d a t a  i n  t h i s  

r e p o r t  i s  less than *20% and u s u a l l y  less than 210% u n l e s s  anno- 

t a t e d  with t h e  symbols: 

n 



A .  One s tandard dev ia t ion  of t he  counting e r r o r  is 
between a20 - 50%. 

B . One s tandard dev ia t ion  of t he  counting e r r o r  i s  
be tween  +51 - 100%. 

*: A c t i v i t y  i s  n o t  d e t e c t a b l e .  This des igna t ion  i s  
appl ied  t o  d a t a  when one s tandard dev ia t ion  
o f  t h e  counting e r r o r  i s  g r e a t e r  than +100%. 

?: The nucl ide  concentrat ion of a s p e c i f i c  sample i s  
considered suspec t  because it i s  i n c o n s i s t e n t  
with t h e  concentrat ion of t h e  same nucl ide  i n  
ad jacen t  samples i n  space and t i m e  o r  because 
it i s  i n c o n s i s t e n t  with o the r  nuc l ides  i n  t he  
same sample. 

The nuc l ide  a c t i v i t y  f o r  each sample i s  co r rec t ed  for t he  normal 

radiochemical parameters such a s  chemical y i e l d  and d e t e c t i o n  

e f f i c i e n c y  . 

Po-210 i s  analyzed a s  r ap id ly  a s  poss ib l e  a f t e r  t he  samples a r e  

received i n  t h e  l abo ra to ry .  The Po-210 d a t a  a r e  repor ted  a s  con- 

which grew i n  from Pb-210 during the  i n t e r v a l  be tween c o l l e c t i o n  

and a n a l y s i s  of t h e  f i l t e r ,  I f  t he  Po-210 a t  t he  t i m e  of ana l -  

y s i s  exceeds the  Pb-210, t he  .excess i s  co r rec t ed  with a 138 day 

h a l f  l i f e  t o  c o l l e c t i o n  and added t o  t h e  equi l ibr ium value of the 

Pb-210. This  r a r e l y  happens, and the  d a t a  i s  l i k e l y  t o  be con- 

s ide red  suspec t  when it does.  
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Beginning w i t h  t he  August 1970 mission8 Pb-210 i s  analyzed by 

measuring the  Po-210 ingrowth during a four month i n t e r v a l  from 

a p u r i f i e d  lead  f r a c t i o n  t o  prolvide a g r e a t e r  s e n s i t i v i t y  of 

a n a l y s i s .  Because of  t h i s  ingrowth i n t e r v a l ,  t he  Pb-210 and 

Po-210 r e s u l t s  a r e  repor ted  a t  a l a t e r  t i m e  than the  o t h e r  radio-  

nuc l ides  @ 

QUALITY CONTROL 

To eva lua te  HASL's gamma r a y  spectrometry and the c o n t r a c t o r ' s  

radiochemistry,  b l i n d  b lanks ,  s tandards  and d u p l i c a t e s  a r e  rou- 

t i n e l y  submitted f o r  a n a l y s i s ,  P r io r  t o  J u l y  1972, t h e  blanks 

w e r e  unexposed f i l t e r s  of IPC-1478 paper s e l e c t e d  from t h e  A i r  

Force supply i n  c u r r e n t  u s e .  When sample sha r ing  wi th  NCAR began 

i n  J u l y  1972, t h e  blanks represented  pre-washed f i l t e r s  exposed 

a t  a l t i t u d e s  f o r  5 seconds in f i l t e r  pos i t i on  number 4 or 7 of the  

U-1 f o i l  system, 

For the  March 1972 missiono the  d u p l i c a t e s  w e r e  i d e n t i c a l  compo- 

s i tes  of quadrants ,  n o t  halves  a s  was the  p r a c t i c e  e a r l i e r d  w i t h  

d i f f e r e n t  code numbers, This reduct ion i n  t h e  a l i q u o t  was i n i t i -  

a t e d  t o  preserve some f r a c t i o n  of each f i l t e r  for poss ib l e  f u t u r e  

s t u d i e s .  Beginning with t h e  J u l y  1972 mission, t he  d u p l i c a t e s  w e r e  

i d e n t i c a l  composites of one s i x t h  of each f i l t e r ,  To reduce the  



1 

e f f e c t  of he te rogenei ty  of debris on t h e  f i l t e r  and thereby 

improve t h e  q u a l i t y  of t h e  d u p l i c a t e ,  each one s i x t h  was made 
w 

up of oppos i te  one twe l f th s  of t he  o r i g i n a l  f i l t e r .  

Standards f o r  radiochemistry a r e  unwashed and unexposed f i l t e r s  

of IPC-1478 paper on t o  which c a l i b r a t e d  s o l u t i o n s  of var ious  

nuc l ides  have been evaporated 

a v a i l a b l e  from a number of sources (i .e Radiochemistry C e n t e r d  

IAEA, Nuclear Chicago) and a r e  r e c a l i b r a t e d  a t  HASL. Generally,  

t h e  agreement between HASL's value and t h e  repor ted  value i s  very 

good. 

These c a l i b r a t e d  s o l u t i o n s  a r e  

For gamma r a y  spectrometry s p e c i a l l y  prepared stand-ards w e r e  

made by mixing c a l i b r a t e d  s o l u t i o n s  of gamma emi t t i ng  rad ionucl ides  

w i t h  a 1% s o l u t i o n  of Agar-Agar. These w e r e  found t o  be a r e l i a b l e  

index of q u a l i t y  c o n t r o l  f o r  spectrometry because of the uniform 

d i s t r i b u t i o n  of r a d i o a c t i v i t y  w i t h i n  t he  sample can (15) ., S t a r t -  

i n g  w i t h  t he  J u l y  1972 mission Agar s tandards  a r e  used exc lus ive ly  

t o  eva lua te  the q u a l i t y  of the  gamma ray  spec t romet r ic  ana lyses .  

The sample numbers of the  standards a r e  changed a f t e r  each ana l -  

y s i s  so t h a t  they can be re-used many t i m e s .  

11 - 15 



R E S U L T S  , 

The t o t a l  gamma concent ra t ions  f r o m  the October 197% mission are  

given i n  Table 3 a .  The gamma s p e c t r a l  and radiochemical analyses  

of  the March 1972 composite samples a r e  repor ted  i n  Table 3b.  The 

gamma s p e c t r a l  a n a l y s i s  of the  J u l y  and October composite samples 

a r e  repor ted  i n  Tables 3c and 3d .  The samples i n  these t a b l e s  a r e  

grouped according t o  a l t i t u d e  of c o l l e c t i o n  beginning w i t h  1 9 . 2  km. 

W i t h i n  each a l t i t u d e  groupo t h e  samples a r e  then l i s t e d  w i t h  de- 

c reas ing  l a t i t u d e  * 

up t h e  composites are l i s t e d  immediately below t h e  composite Sam- 

p l e  number. The c o l l e c t i o n  parameters of the  composite sample 

and t h e  c o n t r a c t o r  l abora to ry  performing t h e  a n a l y s i s  a r e  given 

p r i o r  t o  the nuc l ide  concent ra t ions .  

The f r a c t i o n s  of each ind iv idua l  f i l t e r  making 

S t a r t i n g  i n  J u l y  a972 w h e r e  t h e  composites are  made up of t h e  one 

t h i r d  s e c t i o n s  reserved f o r  radiochemistry,  no f r a c t i o n  i s  r epor t ed ,  

I n  the  case  of d u p l i c a t e s ,  the  % f r a c t i o n  repor ted  i n  t h e  t a b l e s  

i s  one ha l f  of the reserved 1/3 sec t ion  and i n  r e a l i t y  i s  1/6 of 

t he  exposed f i l t e r .  

The r e s u l t s  of  t h e  q u a l i t y  con t ro l  program a r e  given i n  Tables 3e 

and 3 f ,  The analysks of the blank samples i n  Table 3e i n d i c a t e  

t h a t  t h e  contamination i n h e r e n t  i n  t he  f i l t e r  o r  introduced during 

n 

I1 - 16 
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t he  J u l y  and October 1972 missions i s  less than 210% except  

for Zr-95 which i n d i c a t e s  an apparent bias of about -15 t o  -26%. 

The percent  dev ia t ion  between the analyses  of d u p l i c a t e  samples 

i s  a l s o  shown i n  Table 3e and r ep resen t s  t he  range between dup- 

l i c a t e s  divided by t h e  mean. For  most nuc l ides  t h i s  dev ia t ion  

averages less than 215% f o r  each mission except  f o r  Be-7 and Sr-89 

which can be a s  high a s  t w i c e  t h a t  amount. T h i s  g r e a t e r  impre- 

c i s i o n  of Be-7  and Sr-89 d a t a  FE; probably due t o  a n a l y t i c a l  

problems r a t h e r  than t h e  r e s u l t  of heterogeneous a l i q u o t i n g  of 

t h e  f i l t e r  because t h e  o t h e r  nuc l ides  show lesser dev ia t ions  be- 

tween d u p l i c a t e s  e 

r 

9:1: - E 8  
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TABLE 3A 
TOTAL G A M M A  CONCENTRATIONS I N  OC TOBER 1972 

ALTITUOE 19-2 KM 
6 4 3 9  6440 SAMPLE NO, 

FLIGHT NO- 
DATE 

T IME 
LAT-  
LONG. 

V O t s  OF A I R  
4100 S G M )  
GROSS G A M M A /  
N/100 SCM 
COUNT O A T €  

6441 6477 
289 298 

10/24/?2 bC/26/72 
0 708-07 36 1923- 2 02 2 

40N-37M 34N-31N 
llOW-108W 106M-lOOtrJ 

0.79 1-80 

1760 159- 119, 114. 

121 12 /72 12/12/72 12/12/72 12/12/72 

156; 

12/12/72 

SAMPLE NO, 
FLIGHT NO, 
DATE 

TIME 

6476 6484 6486 
298 

f0126k72 
1836-1923 

1oow- 95w 
l o 4 2  

3iN-iBN 

* 169, _,. / 

H 
H 

I 
N 
bP 



ShMPtE NO- 
FLIGHT NO, 
DATE 

TIME 
L A T d  
C O N G ~  

VOL- O F ’ A I R  
1100 SCM) 
GROSS :GAHMA/ 
M/100 SCM 
COUNT DATE 

SAMPLE: NO- 
FkIGHT. NO, 
DATE 

TIME 
CAT- 
LONG, 

YOLo OF A I R  
(1.00 SCM) 
GROSS GAMMA/ 
M Y 1 0 0  SCM 
COUNT DATE 

6689 
298 

10/18/72 
2 11 5-21 38 

11N- 9N 
80W- 79W 
0073 

TABLE 38 
YOTAC GAPMA CONCENTRATIONS PN OCTOBER 1972 

ALTITUDE 1902 Kt4 
6357 

290 
10/  24/7 2 

2006-2039 
8N- 5 N  

79H- 79w 
1-08  

6356 
290 

10/24/72 
1931-2006 

5N- 1N 
79w- 79w 

101s 

6355 
290 

10/24/72 
18 59- 19 3 1 

1N- 3s 
79w- 79w 

1006  

6354 
290 

18 10/24/72 25- 1859 
3s- 7 s  

79w- 79u 
1-13 

1370 1390 1300 142, 1420 

12/06/72 12/06/72 12/06/72 12/06/72 12 / 12/72 

6352 
290 

10/24/72 
1747-1825 

7S-l, lS-’  
79W-‘ 7813 

l a 2 2  

6448 
298 

10/21/72 
16 11-1640 

1SS-18s 
77W- 76W 

0092 

6450 
298 

10/21/72 
1640- 1708 

18s-21s 
76W- 75W 

Om87 

645 1 
298 

10/21/72 
1708-1743 

215-25s 
75w- 73w 
1-09 

6452 
298 

P0/2 f /72  
1743- 1821 

2ss-29s 
73W- 72W 

10 17 
131.- 272 o 1490 9, ? 9, ;3 

12/12/72 12/12/72 12/12/72 12/12/72 12/06/72 



TA3CE 3 A  
TOTAL GAMMA CONCENTRATIONS I N  OCTOBER 1972 

ALTITUDE 19e2 KM 

SAWPLE NO, 
FLIGHT NO, 
DATE 

TPME 

A I R  
1 )  
MWA 
M 
TE 

6501 
298 298 

10/22872 10/22/72 
1827-1920 1801-182'8 

32s-365 36s-395 
68W- 65W 66U- 6SW 

1-59 0-76 

195, 
12/13/72 

303, 
12113172 

H 
H 

I 
h) 
0 
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SAMPLE NO- 
FLIGHT NO- 
DATE 

TIHE 1 

/ 

T A B L E  3 A  
T O T A L  GAPHA CONCENTRATIONS I N  OCTOBER 1972 C 

ALTITUDE 18-9 KN 

1220 
12/12/72 

148- 
12/ 13/72 

. .  . .  . .  . ,  
.. . 

, ,. . .. . ,  . ' , I  .. . .. . . . ,  
, .. . a  , ". . !I_ , ., 

I .  . '  . . .  . .  . 



SAMPLE NO, 
FLIGHT NO, 
DATE 

T I M E  

SAMPLE NO, 
FLIGHT NO, 
DATF 

T ~ M E  

H 
H 

I 
IV 
m 

T 
T O V A L  GAKMA CO 

AtbPT 

6405 6480 
294 298 

10fl.9872 10%13879 
19% 5-2002 1703-1748 

35N-32N 32N-29M 
106 W-10 B W 102W- 96W 

% * ? 9  l o 7 0  

1230 147, 

1 2 / 0 8 / 7 2  1 2 / 1 2 / 7 2  

6 4 7 1  6469  
298 29 8 

1 0 / 2 6 / 7 2  1 0 / 2 6 / 7 2  
1555-1622 

86W- 83W 83ki- 82W 
1-20 1007 

iiW-i4& 162 3-1654 zoi\i-iT& 

170 9, 

1 2 / 1 2 / 7 2  1 2 f  1 2 / 7 2  

rBLE 3A 
JCENVRAT IONS IN OCTOBER 1972 
]DE 1 8 - 3  KW 

64811 6 4 8 3  
298 29 8 

PO/I8/72 10618,R72 
1817-1846 

29N-27N 27N-25N 
96W- 93W 93W- 90W 

l-P48-18 17  

l e 0 7  1 0 0 7  

1680 1120 
12/  1 2 / 7 2  1 2 / 1 2 / 7 2  

6460 6392 
298 

1 0 / 2 6 / 7 2  
1536-1555 i4N- .2N 

82W- 81W 
0076 

298 
1 O f  2 4 / 7 2  

18  13-1 843 

81W- 79W 
9N 

1 0 1 7  

40 o 777, 

1 2 / 1 2 / 7 2  1 2 / 0 7 / 7 2  

6472 
298 

1€?/26 /72  
16 54- 1’823 
2 3N- 2 ON 
87W- 86W 

1 - 1 3  

180 
12/12872 

6513 
298 

18 /23 /72  
1854- I 9 0 8  

IN- SN 
79w- 79M 

Oe95 
84, 

1 2 / 1 3 / 7 2  



SAMPLE NO, 
FLIGHT NO, 
DATE 

T I M E  
LA r, 
LONGo 

V O t o  OF AIR 
( 1 0 0  S C M )  
GROSS G A M M A /  
M / l C O  SCM 
COUNT DATE 

SAMPLE NO, 
FLIGHT NO, 
DATE 

T I M E  
LATe 
LCNG, 

VOLo OF A I R  
( 1 0 0  SCM) 
GROSS G A M M A /  
M I l C O  SCH 
COUNT DATE 

6512 
298 

10 /23 /72  
1810-1844 

5N- 1 M  
79w- 79w 

1 -38  

73, 

12 /13 /72  

6378 
298 

10/19872 
1749-18 16 

19S-22s 
75w- 74w 

1.07 
2 34Q 

12k07/72 

TABLE 3 A  
TOTAL GAPPA CClvCEMTRAT IONS IN OCTOBER 1972 

ALTITUCE 1803 K M  

6 5 1  1 
298 

10 /23 /72  
1736-18 10 

]IN- 3s 
79w- 79w 

l o 4 1  

43 e 

12 /13 /72  

6379 
298 

10819/72 
1886-1843 

22S-25s 
74w- 73w 

1 -05  

23a, 

12 /07 /72  

65 10 6508 
298 298 

110/23/72 10 /23 /72  
16 16- P 70 1 

35- 7s 7S-12S 
79w- 74w 78W- 74W 

1701-1735 

1081  1d38 

730 

12 /13 /72  

133, 

12 /13 /72  

6380 6381  
298 298 

POJ19/72 1 0 / 1 9 / 7 2  
1843-1920 1920-2009 

25s-29s 29S-33s 
73W-- 71W 71W- 68W 

l o 4 0  1 - 8 1  

1790 2210 

12 /07 /72  12/07/72 

6376 
298 

110/19/72 
1703-1748 

14S-19S 
77kr- 75kl 

l o 7 7  

1130 

12 /07 /72  



SAMPLE NOo 
D R T E  
FLIGHT NO, 

TPME 
L a % ,  
LONGO 

VQL- OF A I R  
4100 SCM9 
GROSS G A M M A I  
M1100 SCM 
COUNT DATE 

T n w E  
I n T  
L Y  t I. 
LONG, 

Y O t o  OF A I R  
( I O C  SCP3 
GROSS GAMWAJ 
M/100 SCM 
COUNT DATE 

6425 
289 

10/23872 
2068---2116 

75N-72N 
143w- 143 w 

l o 3 2  

1740 

12 /12 /72  

6434 
289 

10/24$72 
0344-0417 

133W-127W 
L n i i - r z  - W A #  
O W I V  J I IY 

l o 5 8  

1710 

12 /12 /92  

TABLE 3A 
TOTAL GAWK8 CONCERTRATIONS I N  OCTOBER 1972 

ALTETUDE l6,8 KM 

6424 
289 

PO#23/72 
2023-2048 

32N-69N 
lh44W-143W 

P o 1 8  

6422 
289 

%0.824/32 
1 9 57-- 20 2 3 

69N-66N 
145W-144W 

1022 

642 1 
289 

Poi23172 
19 19- I957 
66N-63N 

845W-14lW 
l e 2 7  

2120 1390 175, 

12/08 /72  12/08/72 12/08/72 

6436 
289 

10/24d?2 
0417-0500 

127tj-127W 
C-VLS r- -%.* 
3 I I N - 3  2 l \  

2 - 0 6  

6329 
289 

10/19/72 
1903- 1933 

112w-11OW 
I ?L,-. C I . 8  

* 3 I Y  L t U l Y  

lo44 1 - 3 4  
2140 18 l o  1490 

12/12 /72  r 2 / 0 1 / 7 2  12/01/72 

139, 

12/12/72 

96, 

12/01 /72  
H 
I-i 

I 
w 
0 

3 



T I M E  
L 4 T *  
tCNGe 

VOL. OF A I R  
( L O O  SCMI 
GROSS GAMMA/  
M/100 SCM 
COUNT DATE 

SAMPLE NO. 
F L I G H T  NO0 
D A T E  

T I M E  

6332 

1600 

1 2 / 0 1 / 7 2  

6364  
290 

1 0 / 1 8 / 7 2  
192 9-2009 

23N-20N 
88W- 86W 

2 - 0 9  

3 4 ,  

12/07/72 

TABLE 3 A  
TOTAL G6P”MA CCNCEMTRATIONS I N  OCTOBER 1972 

ALTITUDE 16-8  KM 
6404  

2 9 4  
10/’919/72 

1804-1  824  
37N-3SN 

1 0 13 W -- LO6 W 
l o 0 1  

6366  
290 

10/118/72 
2 0 1 0-2 043 
19h-16N 
85k- 83W 

Le74 

2 9 -  

1 2 / 0 7 / 7 2  

6 3 4 5  
290 

10/25/72 
0 1 13-0 2 15 

3 5 N - 3 h N  
106W-LOOW 

3e15  

100 

1 2 / 1 5 / 7 2  

6367  
290 

1 0 / 1 8 / 7 2  
2046-21 I 3  

16Ri-14N 
83W- 82W 

lP47 

34 0 

1 2 / 0 7 / 7 2  

6344  
290 

1 0 / 2 5 / 7 2  
002 1-0 113 

31M-28N 
LOOW- 95w 

2-72  
70 o 

1 2 / 1 5 / 7 2  

6368 
290 

1 0 / 1 8 / 7 2  
2 1 13-2 142 
14N-LON 
82W- 80W 

1.59 
2 5 0  

1 2 / 0 7 / 7 2  

6343 
2 9 0  

1 0 / 2 5 / 7 2  
2333-002 1 

28N-25N 
9SH- 90W 

2eS5 

90-  

1 2 / 1 5 / 7 2  

6 3 6 9  
290  

1 0 / 1 8 / 7 2  
2 142- 2202 

1GN- 9N 
€!OW- 79W 

1 -10  
27, 

1 2 / 0 7 / 7 2  



A I R  
Ip 
MMA E 
M 
TE 

SAMPLE NO, 
FLIGHT NO, 
DATE 

TIME 
LA-!-, 
LOMEe 

V O t m  O f  A I R  
( 1 Q C  SCM) 
GROSS GAMMA/ 
F S / l O O  SCH 
COUNT D A T E  

6391 
298 

10/24/72 
1718-f734 

9N- 7 N  
79w- 79w 
0- 89 

23, 

12/07/72 

6351 
290 

P0/24/72 
1651-1729 

7S-115 
79W- 70W 

2-05 

340 

12/15/72 

TABLE 3 A  
T O T A L  GARMA CONCENTRATIONS I N  OCTOBER 1972 

ALT I 
6388 
298 

10 i24/ 72 
1657-171k6 

4N- 5 N  
79%- 79w 

1 0 0 5  

29 e 

12/07f 72 

U D E  l6,8 KM 

634% 
290 

110/24/72 
h 507- 1545 

5N- OS 
79w- 79w 

20 l a  

1120 

12/15/72 

6447 6646 
298 298 

lOP21i72 10P21172 
1524'1555 1447-1524 

tss-195 195-235 7?w- 75w 75M- 74w 
1-68 le 9 3  

30 o 03; 
12/12/72 12/12/72 

6349 6350 
290 290 

10/24/72 l0/24/72 
i 6  i6- 165 1 os- 3s 3s- 7s 

79w- 79w 79w- 79w 
1 0 6 8  lo93 

1545-1616 

180 

12/15/72 

6445 
-298 

54w- 72bJ 

10/21/72 
1400-1444 
37$--285 

2048 

810 

12/ 12/72 

210 

12/15/72 

93, 

12/12/72 

C 



. .  

6465 
290 

10/21/72 
1044-1046 
31s-33s 
68W- 66W 

0.10 
2000 

12/12/72 

TABLE 3A 
TOTAL GAbrWA CONCENTRATIONS I N  OCTOBER 1972 

ALTITUUE 1608 KM 
6464 

290 
10/21/72 

i757-L 84 1 
315-36s 
66W- 65W 

2012 

1420 
12/12/72 

6463 6462 
. 290 290 
10 /21 /72  10 /21 /72  

171 2- 1757 1620- L 7 12  
365-41s 41s-46s 
66bl- 65W 67W- 66W 

2.02 2-00  
1730 

12/12/72 
2100 

12 /12 /72  

H 
H 

I 

W 
W 



VOL-  OF A I R  
1100 SCM) 
GROSS GAHMAI 
COUNT DATE 
r m a o  SCM 

H 
H 

I 
w 
IP 

TABLE 3A 
TOTAL GAMMA CONCENTRATIONS I N  OCTOBER 1972 

ALTITUDE 1605 KM 
6460 

290 
10/21/72 
46s-5LS 
69W- 67W 
1547-162a 

1-95 
323, 

12/12/72 



SAMPLE NO, 
FtIGHf NO, 

TZME 
L A T ,  
LDNGo 

VOLo OF A I  
d l 0 0  SCM) 
GROSS GAMN 
M I 1 0 0  SCM 
COUNT D A T E  

SAMPLE NO, 
FLIGHT NO, 
DATE 

TIME 

R 

A /  

Laro 
LONG0 

V O t o  OF A I R  
(10G S C M )  
GROSS G A M M A 1  
M / l O O  sc 
COUNT [)A 

M 
V E  

6413  
289 

1 0 / 2 2 / 7 2  
2 305-2343 

75N-7LN 
143  W- 143  W 

2 - 3 0  

2000 
12 /08 /72  

6301 
289 

1 0 / 2 1 / 7 2  
221 0-2248 

60N-57N 
133 hi- 12 7 W 

2o40 

171, 
1 1 / 3 0 / 7 2  

TABLE 3A 

ALTITUCE 1 5 - 2  K M  

T O T A L  G A V W B  C O R C E K T R A T I O N S  I N  OCTOBER 1972 

6416 
239 

1 0 i 2 2 8 7 2  
2 343-00 10 
71N-68N 

144 W -1 4 3 W 
1 - 6 7  

162 o 

1 2 / 0 8 / 7 2  

6299 
289 

10/21672 
2129-2210 

57N-54hi 
127W-122W 

2060 

173, 

1 1 / 3 0 / 7 2  

6417 
289 

10622/72  
0010-0036 

68N-65N 
146W- 144W 

l e 6 1  

990 

1 2 / 0 8 / 7 2  

6298 
289 

10 /21 /72  
21  13-2 I29 

54N-52N 
122w-120w 

1001 
277, 

b1/30/?2 

6418 
289 

1 0 / 2 2 /  72 
0036-0054 

65N-63N 
147W-, 146W 

1-11 
117,  

1 2 / 0 8 / 7 2  

6396 
294 

10 /18872  
1726- 1 8 11 

51N-47N 
119W-1115W 

3004 

2 3 0  

1 2 / 0 8 / 7 2  

63C2 
289 

10/21/72 
2248-2336 

03N-60N 
l42k-  133W 

2-94 

238, 
11/30/ '72 

6395  
2 9 4  

i 0 / 1 8 8 7 2  
1643- 1726 

4 7N- 4 3N 
11sw-1121n' 

2090 

389 

12/07/72 



SAMPLE NO, 
FLIGHT NO, 
DATE 

TIME 

H 
H 

I 

SAMPCE NO, 
FLIGHT NO, 
DATE 

T I N E  
LATo 
LONG, 

VOLp O f  A I R  
l10C SCM)  
GROSS G A M M A /  
MILO0 SCM 
COUNT DATE 

6517 
2 94 

10/18/72 
1613-1643 
43N-40N 
112H-110bi 

Le98 

101, 

12/08/72 

6361 
290 

10/18/?2 
1756-1841 
30N-27N 
n n i r  n - 4 ~  
Y O W "  7 3 w  

3 - 0 4  

15, 
12 / O ? /  72 

TABLE 3A 
T O T A L  GAKMA CONCENTRATIONS IN OCTOBER 1972 

A L T I T U G E  1502 KM 

6516 6402 
294 294 

10/18/72 10/19/72 
1553-1613 1729- 135 L 
40N-38N 37N-35N 
110W-109W 108W-106W 

L e 3 1  1051  
115, 200 

121'08 /72 12/08/72 

6363 
290 

10/18/72 
1848-192 1 
26N-24K 
e-*, _ . - . I .  

Y 3 W -  OYW 
2-32 

6340 
290 

10/25/72 
2236-2306 
23N-20N 87W- g5.W' 

2-3 17 

9, 55, 

12/07/72 12/15/72 

6401 
2 9 4  

10/19/72 
1057-f?29 
35N-33N 
106W-103W 

2 0 2 2  

6360 
290 

10/l.8872 
1709- 1?56 
33N-30N 

104W- 98W 
2 - 3 2  

18, 3 5 ,  
12/08/72 12/07 /72  

6339 
290 

10/25/?2 
2203-2236 
20N-17N 65.d- g3.w 

2-34 

6337 
290 

10/25/72 
2 132-2203 
17N-14N 83#-  82W 
2-14 

6 8 ,  4 2 ,  
12/01/72 12 /01 /72  

w 
rn 



SAMPLE N O *  
FLIGHT NO- 
DATE - 

T I M E  
L A T -  
LOqGo 

V O L -  OF 
( 1 0 0  SCM 
G R O S S  GA # / l o o  sc 
C O U N T  0 4  

A I R  
1 
M M A  t? 
M 
TE 

SAMPLE NO. 
FLIGHT NO* 
DATE 

T I M E  
L A T O .  .. 
LONG- 

VOL- OF ' A I R  
t 1 O Q  SCMl 
GROSS GAMMA/ 
MI100 SCM 
C O U N T  DATE 

6336 
290 

10J25 172 
2 11 1-2132 

14N-12N 
82W- 81W 

1 0 5 2  

TABLE 3 0  
T O T A L  GAPMA CORCEhTRATIGNS IN O C B C B E R  1972 

ALTITUCE 1'5-2 KFA 

6384 
2', 8 

10/24 /72  
1537-1 609  

12R:- 9h 
81k- 79k 

2e29 

6385 
298 

10 /24 /72  
1609-1629 

9 N -  7N 
79w- 79w 

l e 4 4  

6387 
2 9 8  

10/  24/ 72  
16 3 0- I649 

7N- 5pf 
79w- 79w 

1 0 3 9  

6372 
10 /19 /72  2 9 8  

1411-1446 
5N- I N  

79k- 79w 
2-60 

40,  9 ,  7 ,  'I, 80 
12 /01 /72  12 /07 /72  12 /07 /72  12107172 12 /07 /72  

6373 
298 

10119 /72 
1446- 1530 

1N- 4 s  
79M- 79w 

3e27 

6374 
298 

10 /19 /72  
1530-1557 

4s- 7s  
79H- 79w 

1099 

6375 
298 

10 /19 /72  
1557-1638 

7s-11s 
79W- 78W 

2 0 9 9  

6506 6507 
298 298 

10 /23 /72  10/2 3 /72  
15 10- 1547 1431-1510 

15s-19s 19s-23s 
77w- 75w 75w- 74w 

2 - 6 4  2 0 7 9  

9, 100 7 0  4 0  7 ,  
12/07 /72  12 /07 /72  12 /07 /72  12 /13 /72  12 /13 /72  

H 
H 

I 
w 
4 



I 

TABLE 3A 
TOTAL GAFMA CONCENTRATPONS I N  OCTOBER 1972  

ALTITUDE 1 5 - 2  KM 
SAMPLE NO, 
FLIGHT NO, 
DATE 

T ~ M E  
LATe 
LONG, 

WOL, OF A I R  
1100 SCMI 
GROSS GAMMA/ 
M1100 SCH 
COUNT DATE 

SAMPLE NO, 
FLIGHT NO, 
DATE 

H 
H 

I 
W 
a 

6505 6504 6492 6493 6494 
298 298 298 298 298 

310/23/72 10 /23 /72  B0/22/72 B0/22/92 10/22/72 
1351-1431 1303-1 351 1350-1427 14 27- 1 453 1453-1529 

23s-275 27S-31s 33s-37s 375-40s 405-445 
74M- 92w 72W- 69W 65W- 65W 66W- 65W 67W- 66W 

2 o ? 6  3-42 2.50 l e 7 4  2e32 
4, 50, 40 o 91, 

12/13/72 12 /13 /72  , 12/13 /72  12 /13 /72  12/13/72 

6495 6496 
10/22/72 10 /22 /32  

1548-1624 
67W- 67W 68k- 67W 

1,15 2 *17  

298 298 

I I  r-cnp I I e-# d F 
-13 -03 -03 3u3 

1 529- 1548 

113, 

12/13/12 
166, 

12/13/72 



,c  
6293 

289 
10 /21 /?2  

1810-1920 
64N-61N 

L48W-13SW 
5 - 3 0  

76, 

11 /29 /72  

6321 
291 

10 /19 /72  
1725-1759 

47N-44N 
115W-1 P2W 

2-62  

4, 

12 /01 /72  

T L E L E  3A 

ALTITUDE 13-7  KM 

TOTAL GAPPA CONCENTRATIONS IN OCTOBER 1972 

6294 
289 

10/21872 
1920-2001 

6lN-58N 
135h-129N 

3 0 0 8  

2110 

11 /2O/72 

6 320 
29 1 

10/19/72 
1656-1725 
44 R-=4 1 N 

112k’-1 l o w  
2 -29  

40 

12/01 /72  

6295 
2 89 

10821/72  
200 1-2033 

58N-5SN 
129W-124W 

2040 

1830 

11 /29 /72  

6318 
29 1 

P0/19872 
1620-1654 
4lN-38N 

llOW-109W 
2,69 

4, 

11 /30 /72  

6296 
289 

IO/ 2 1 /72  
2033-2110 

55N-52N 
124W-120W 

2083 

78 0 

11/30 /72  

6317 
2 9 1  

10 /19 /?2  
15 5 7- 1620 

38N-35N 
109W- 107W 

l o 8 4  

l l c  

11 /30 /72  

6397  
294 

1 0 i 1 8 1 7 2  
1816-1900 

51N-47N 
119k- 1 B51.r 

3 0 4 9  

12, 
12/C8872 

6 4 5 6  
2 9 0  

10 /21 /72  
1256-1338 

3 4 S - 3 8 s  
66W- 65W 

3-36  

45, 

12 /12  /72 
H 
H 

I 
w 
a 



SAMPLE NO, 
FLIGHT NO, 
DATE 

T I M E  

6457 
290 

10/21872 
1338-1417 

385-425 
66W- 66W 

3-12 

?ABLE 3A 
TOTAL G A F V A  C O N C E N T R A T I O N S  I N  OCTGBER 1972 

ALTITUCE 1307 K N  

6450 
290 

10/21/72 
1417-1455 

42s-46s 
67W- 66W 

2 -92  

6459 
290 

10/21/72 
1455-1543 
46s-51s 
69W- 67W 

3 0 6 3  

800 82, 80- 

12/12 /72  12/12/72 12/12/72 

l-i 
H 

i 

?p 
0 



SAMPLE NO, 
FLIGHT NO, 
DATE 

T I M E  
LILT- 
LONG m 

VOL, OF A I R  

6412 

10/22/72 
221 5-2255 
75N-71N 
143W-143W 

3,53 

2 8 9  

T A B L E  3 A  
TOTAL G A P M A  C O N C E B T R B V I O N S  I N  OCTOBER 1972 

ALiITUDE 1202 K M  
6410 
289 

10/22/72 
2 143-2 2 15 
71M-68N 

144W-143W 
2-82 

6409 
289 

10/22P72 
2 100-2143 
6 8 N- 65N 
146W-144W 

3-09 

1000 
(LOG S C M I -  

MIlGO SCN 
COUNT DATE 12/08/72 12108/72 12/08/72 

GROSS G A M M A /  88,  71, 



SAMPLE NO, 5948 

CGMPOSED OF:1/2=5929 

M I D P O I N T  OF 
C O L L f C T 1 [ O N  

DATE 
CAT, 
LONG- 

flO0 SCM)  
YOCm OF A I R  

Lb3:: 
BE-7 
SR-89 
ZR-95 
CS-137 
CE-144 
PU-238 
PU-239 

cn nn 
3n-7U 

3/27/72 
95W71N 

143W- f43W 
1-420 

TABLE 38 
RADIOCHEMICAL ANALYSIS OF MARCH 

L F E  
1340oOOO 

13m9008 
42,400 

40 1878 
58,400 

302oOOO 
00069A 
0,665 

5949 

1/2:5930 
5931 

3 /27 /32  
71N-65N 

L46bJ-143W 
2 0 5 5 0  

LFE 
1200e000 
25 0 000 

38 o 900 
2GOeOOO 

0,079 
0 ,505  

3: 

b0624A 

AZCOUNTING ERROR I S  20-50 PERCENT 
8:COUNTING ERROR I S  51-100 PERCENT 
?:DATA SUSPECT w 

w 

1 9 - 2  KM 
5950 

l / 2 :  5945 
5944 
5943 
5942 

3 /29 /72  
64N-53N 

147 W- 1 29M 

P C / l O O  SCM 

LFE 

5,440 

10500 000 
22-9008 
?n qnn 3903vv 
27,200A 
69,800 

339 ,000  
0,125 
00 8 3 3  

*:NOT OETECTA3LE 

L972 C O M P O S I T E S  

59Sl 

1 /22  5660 
5661 
5662 
5663 
5644 

3 /27 /72  
50N-39N 

125W- 108W 
50880 

L F E  
1230eOOO 

28, B O O A  
24,600 
2184GO 
62o300 
3360000 

80 101 
0,744 

5952 

1/2:5665 
5714 

3 /27 /72  
39N-3 1N 

108W- 98W 
30210 

LFE 

I 



SAMPLE NO- 5953 

TABLE 38 

RADIOCHEMICAL ANALYSIS OF MARCH 1972 COMPOSITES 

5954 

1 9 * 2  KW 

5955 5956 5957 

1/2: 5765 1/ 2 Z 5727 1/2:5724 1/4:5809 
5 8 1 0  
5 8 1 1  
5836 

5809 
5808 

COMPOSED OF:l/2:5713 
5766 5712 

5 7 1 1  5767 
5763 
5764 

5726 
5725 

MIDPOINT OF 
COLLECT1 ON 3 /29 /72  3 /27 /72  3 /27 /72  3/27/72 

235-375 18N- 9 N  
78W- 68W 

75-235  
3 /2 8 /72 DATE 

L A T e  31N-18N 
98W- 84W 84W- 79W 81W- 80W 80W- 74W 

5N- 7s 
3-200 LONG, v m ,  OF AIR 7,680 4,140 4,640 50280 

PC/lOO SCM 
i i O o  SCM)  

LAB: LFE LFE LFE LFE LFE 

BE-7 
SR-90 
Z R - 9 S  
cs-I37 
CE-144 
PU-238 
PU-239 

~ ~ - 8 9  
584oOOO 

24o2OOA 
300 100 
800900 
540200 

340aOOO 
00071 
0-618 0,586 

6770000 
309oOOO 
61e100 

652oOOO 
108oOOO 
1200,000 

0,128 
l e 1 5 1  

AZCOUNTING ERROR IS 20-50 PERCENT *:NOT DETECTABLE 
B=COUNTING ERROR I S  51-100 PERCENT E ?:DATA SUSPECT 

717,000 9 0 2 o O O O  
360oOOO 392-000 

610900 600300 
804eOOO 7833oOOO 
103oOOO 1050000 

1240oOOO 1170-000  
0- 150 0,118 

10042 100711 



SAMPLE NO, 6001 
COMPOSED OF=1/4:5809 

5810 
s8ii 
5836 

TABLE 38 
RADIOCHEMICAL ANALYSIS OF MARCH 1972 COMPOSITES 

5958 

1 / 2 : 5835 
5834 
5833 

MIDPOINT OF caLLEcTr ON 
DATE 3/27/72 3/27/72 
LA?, 23s-375 375-465 
LONGo 78kl- 68W 68W- 67bl 

VOL, OF A I R  3,200 3,380 
I100 SCM) 

LA32 
BE-7 
SR-89 
S R - 9 0  
LR-95 

Cf-144 
PU-238 
PU-239 

P C _ t  3 7  
t 3 - l a I  

LFE 
968,000 
288oOOO 
58,700 

874,000 
9 f O i i C O  

12PO~OOO 
OQP22 
10063 

LFE 
1360-000 
183-000 
40 e 600 

565 o 000 
7 8  0 200 

801eOOO 

A:CUUMTING E R R O R  IS 20-SO PERCENT 
BZCOUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPEC? 

19e2 KM 
5959 

1/2:5832 
5831 

3/27/72 
465-515 
67W- 67W 
le820 

PC/lOO SCM 
LFE 
1650-000 
204-000 

55,900 
522,000 

864-000 
00 158 
00978 

PI) ann 
VUQ 7uu 

*:NOT DETECTABLE 

H 
H 

I 

P 
A 



TABLE 38 

RADIOCHEMICAL ANALYSIS OF MARCH 1972 COMPOSITES 

1803 KM 

SAMPLE NE, 5960 5 9 6 1  5962 5963  5 9 6 4  

COMPOSED CF:1/2:5671 1/2:5746 1/2:5750 1/2:5721 1/2:5723 
5707 5747 5 7 5 5  5722 
5708 5748 5 7 2 0  
5709 5 749 
5710 

MIDPOINT OF 
CQLCECTION 3 / 2 6 / 7 2  3 / 2 7 / 7 2  3 / 2 7 / 7 2  

7s-11s 
3 / 2 3 / 7 2  1s- 7s  

DATE 3 / 2 7 / 7 2  
L A T e  35N-24N 24N-12N 12N- 1s 80W- 79W 

106W- 89W 88W- ULW 81W- 79W 81W- 8OW 
2 0 0 5 0  LONGo 

V O L D  OF A I R  80420  6,830 5,810 4 , 1 4 0  
( L O O  SCM9 

PC/LOO SCM 
LAB: LFE LFE LFE LFE LFE 

BE-7 
SR-89 
SR-90 
Z R - 9 5  
CS-137 
CE-144 
PU-238 
PU-239 00617 0 0 466 

A:COUNTING E R R O R  I S  20-50 PERCENT *:NO% DETECTABLE 
8:COUNTING ERROR IS 51-100 PERCENT 

+-I ?:DATA SUSPECT 
H 

I 

341e000A 
128eOOO 

3 1 0 5 0 0  
3OOoOOO 

45,300 
4980000  

0,073 
Om534 

1220000 
620 300 
12m 700 

1338000 
238100  

20700co 
0,0188 
00204 



TABLE 38 
RADIOCHEMICAL ANALYSIS OF MARCH 1972 COMPOSITES 

1803 K M  

SAMPLE NO, 5965 5966 

COMP!lSfD OF:LE2:5806 1 i 2 : 5 865 
5805 
5804 
5 8 0 3  

MIDPOlNT O F  
COLLEC T I  ON 

DATE 
LAT- 
L O N G ,  

( L O O  S C M I  
VOL- OF A I R  

LABE 
BE-? 
SR-e9 
SR-90 
ZR-95 cr-1,37 
CE-144 
PU-238 
PU-239 

3/27/72 
165-29s 
76W- 71W 

60 940 

3/28/72 
29s-33s 
69W- 68W 
10840 

CFE 
746,000 
2110000 
420600 

6240000 
85,?00 

9540000 
0,076 
0,595 

AZCUUNTIING E R R O R  IS 20-50 PERCENT 
B=COUNYING E R R O R  I S  51-100 P E R C E N T  
?:DATA SUSPECT 

PCi100 SCM 
LFE 

12 100000 
408 o 000 
78,800 

862mOOO 
9,10;;00!! 

I330 o 000 
0 u 156 
lo098 



c 

H 
H 

I 

P 
4 

TABLE 36 

RADIOCHEMICAL ANALYSIS OF MARCH 1972 COMPOSITES 

SAMPLf NO, 5967 5960 

COMPOSED OF:1/2:5928 
5927 
5926 
5925 

1 / 2  :5937 
5938 
5939 
5940 

MIDPOINT OF 
COLLECTION 

DATE 3/27 /72  3/29/72 
LA?. 75N-61N 61N-50N 
LONG 146W-139W 13 8W- 12 5W 

W O t o  OF A I R  9,420 7,820 
I 1 0 0  SCM) 

LaB: 

su-a9 
BE-7 

SR-90 
ZR-95 
cs-137 
CE-144 
PU-238 
PU-239 

LFE LFE 
145OoOOO 1240-000 

4: I t '  
39,400 
41-200 
72-600 

399,000 
00116 
0,789 

8:COUNTKNG ERROR IS 20-50 PERCENT 
6:COUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

16-8 K M  

5969 

1/2:5891 
5890 

5888 
5887 

5889 

3/25/72 
50N-39N 

125W-108W 
10~OSO 

P C / l O O  SCM 

LFE 
1540-000 * 

40,200 
610900 
78 D 900 

4 8 9 ~ 0 0 0  
0,106 
0-832 

*:MOT DETECTABLE 

5970 

1/2:5670 
5689 
5688 
5687 

3/28/72 
39N-29N 

108W- 94H 
11-170 

LFE 

5971 
1/225686 

5685 
5774 

3/27/72 
29N-21N 
94H- 86W 

80310 

LFE 
484,000 140 400A 

570  500 
17-200 

1160 000 
01022 
0-  1'7 1 

8a039 



SAMPLE NO- 5972 
COMPOSED Of:1/2:5775 

5776 
5 7-7 7 
5778 

ESPDPOINT OF 
COLLECTION 

DATE 
LAT. 
LUNGe 

VOLo O f  A I R  
1100 SCfl )  

t A 0 :  
BE-7 
SR-89 
SR-90 
FR-95 
CS-137 
CE-144 
PU-238 
PU-239 

3/26/72 
2 l N -  9N 
86W- 7936 
10-210 

LFE 

TABLE 38  
RADIOCHEMICAL A N A L Y S I S  OF MARCH 1972 COMPOSITES 

* 
0-035 

6006 
‘1/2:5738 

5737 
5736 
5816 

3/27/72 
5N- 7s 

81W- 80W 
11a510 

LFE 
314-000 

16o8OOA 
8.766 

~3 cnn 
14,600 

144*000 
0-026 
00148 

U L O U U W  

A:COUNTING ERROR fS 20-SO PERCENT 
8:COUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

1608 K M  

5974 
1/2:5817 

5818 
5819 

3/25/72 
IS-20s 

80W- 7% 
10-850 

PC/ 100 ” SCH 
LFE 

H 
H 

I 

P 
03 

2220000 
23-000 

40484 
53.  136 

7-680 
79-300 

0,009A 
0-068 

*:NOT DETECTABLE 

5975 5976 
1/225820 

5821 
5822 

3/25/72 
205-29s 
7595- 71U 

6,770 

LFE 
310 

24 
5 e= 
9 

108 
0 
0 

0 000 
o 700 
,413 cnn 
0 J V U  
5.81 

0 000 
e013A 
,095 

1/4:5860 
5864 
5826 

3/28/72 
2 9 5-40 S 
71W- 68W 

40250 

LFE 
L220.000 
246,000 *41o400 
~ n - n  nrrn 

63 -  200 
744,000 

” 0-077 
00638 

-7 f 0 UUU 

,/: . 



H 
H 

I 

IP 
Lo 

SAMPLE NO, 6002 
COMPOSED 06:1 /4 :5860  

5064 
5026 

H I D P O I N T  OF 
COLLECTION 

DATE 
LAT- 
LONG. 

VOb., O E ( A I R  
(100 SCM) 

TABLE 38 
RAD1 UCHEHICAL ANALYSIS OF MARCH 1972 COMPOSITES 

l6,8 K M  

e 
59’77 

112: 5827 
5020 
5029 
5830 

3/27/72 
40s-fils 
68W- 67W 
6,650 

PC/lOO scn 

A:COUNTIN6.’ERROR; IS 20-50 PERCENT *:NOT DETECTABLE 
B:COUNTING-~ERRORI .IS 51-100 PERCENT 
?:OATA””SUSPECT I .  

H 
H 

I 

IP 
Lo 



I 

1 

TABLE 38 
RADIOCHEMICAL ANALYSIS OF MARCH 1972 COMPOSITES 

15.2 K f l  

SAMPLE NO, 5978  s979 5980  5 9 8 1  5982 
COHQOSED OF:1/2:5916 1/2:5917 112:  5918 1/2:5908 2 : 5698 

5883 5907 5 6 9 7  
5906 5696 
5905 5695 

MIDPOINT OF 
COLLECTION 

DATE 3 / 2 7 / 7 2  3 / 2 7 / 7 2  3/ 29/ 72 3 / 2 5 / 7 2  3 / 2 8 / 7 2  
LBT, 75N-7184 7 1 N-68N 68N-61N 61N-50N SON-4lN 
LONG. 143  U-143bd 144W-l43W 14761- 13  8W 135W- 118W 125w-11 1 w 

VOL,  OF A I R  3,110 2,510 8 0 0 6 0  12e190  11 0530 f l O O  S C M I  
PC/lOO scpt 

t A % :  LFE LFE LFE LFE LFE 
BE-7 
SR-89 
SR-90 
ZR-95 
G s- r37 
CE-144 

PU-239 
~ i f - 2 3 8  

. .. . . I .  

.~ 

10 10*000 * 
39,400 
4?*800 
58oE00 

3690 000 
0,679 
oooa9 

. *  
9: 

0,567 
B I. snr\ n 
20710A 
4a343A 

& T O L V V W  

* 
'O,OL@A 

AZCOUNTING ERROR SO PERCENT 
8:GOUNTING ERROR 100 PERCENT 
?:DATA SUSPECT 

H 
H 

I 

UI 
0 

?43oOOO * 
2 9 0 2 0 0 '  
47,600 
41-500  

2?3oOOO 
0,084 
0,533 

DETECTABLE 

1 3 O O e O O O  
33,3008 
330700 
09 +nn 
03s & V U  
62, €00 

3880000 
00079 
00661 

1 



s a w u   NO^ 5983 

COMPOSED OF:l/2:5901 

MlDPOIMT OF 
COLLECTION 

DATE 
t A T .  
LONG- 

VOL. OF A I R  
(100 SCM)  

3/25/92 
43N-41N 

112td-111W 
2,040 

LAB: LFE 

8E-7 
SR-89 
SR-90 
ZR-95 
CS-137 
CE-144 
PU-238 
PU-239 

11200000 
690600 
31,000 

175e.000 
430 1'00 

0-086 
0.565 

287.000 

TABLE 38 

RADHOCHEMTCAL A N R L Y S I S  O f  M A R C H  1972 C O M P O S I T E S  
15-2  KM 

5984 5985 

P/2:5900 1/2:5669 
5668 
5681 

3 /25 /72  3/ 29/ 72 
41N-39M 39N-3 1N 

11 LW-109W 108W- 98W 
20000 12mOlO 

P C / l O O  SCM 

LFE LFE 

768,000 
978 o 000 

30 o 000 
9350000 

48 ,000 
4140000 

OoO47A 
0,698 

1010.000 

25,400 
37,500 
44,500 

260oOOO 
0 0 0 7 2  
0,538 

14.7OOA 

5986 

1/2:5682 
5683 

3 /28 /72  
31N-26N 
98W- 91W 

7 m 000 

LFE 

24Lo000 
50645 
30456 

190600 
6e.017 

47,300 

0,079 
0,0076 

5987 

1/2:5795 
5796 
5797 
5798 

c 

3 /25 /72  
26N-15N 
9 1 W -  82W 
12-400  

LFE 

132-000 
5-489 
1 - 1 0 4  

18-500 
20 336 

19,700 * 
0,0~2 1 

A:COUNTING ERROR I S  20-SO PERCENT *:NO? DETECTABLE 
BZCOUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 



I 

TABLE 38 
RADIOCHEMICAL A N A L Y S I S  OF MARCH 11972 COMPOSITES 

SAMPLE NO0 5988 5 9 8 9  

COMPOSED OF : 1 1 2  : 5753 
5754  

112 :573% 
5332 
5733 

1502 KM 

5990 6000 
1 / 2 : 5 7 3 4  

5655 
5854 

5 9 9 1  
16225849 

5 8 4 0  
5847 

S 8 6 3  3846 
MIDPOINT OF 
COLLECTPOM 

DATE 3 /29 /72  3 / 2 7 / 7 2  
LATo l2N- SN 5N- 7 s  
LONG, 81W- 79W aiw- 8ow 

VOCo OF A I R  7,520 10,930 
ti00 SCM) 

LASZ LFE tFE 
BE-7 
93-89  
SR-90 

680900  122',000 
0,87211 3,497 
0o"Osfr Od855 

4 f -  row 7 8,036 
1 3 8 4 ~  2,279 

14-700 15a000 * * 
AZCOUMTING ERROR f S  20-50 PERCENT 
3:COUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

0,012 0 - 0 2 0  

H 
H 

I 

UI 
h) 

3 / 2 6 / 7 2  3 / 2 8 / 7 2  3 / 2 9 / 7 2  
75-235 235-33s 33S-46S 

60W- 74W 74W- 4866 48W- 67W 
120300 13,770 LBo450 

PCi'POO SCM 
LFE LFE 

94,100 
20679A 
0 -906  
iOO60O 

l e 4 7 2  
16eOOO 
8 

0,013 
*:NUT DETECTABLE 

204oOOO 
%008UQ 

10876  
2 6 0 5 0 0  

3 0 7 6 2  
410200 

O e 0 0 7 A  
0,040 

LFE 



TABLE 38 

RADIOCHEMICAL A N A L Y S I S  OF MARCH I972 COMPOSITES 

15-2  KM 
SAMPLE NO- 5992 

M I D P O I N T  OF 
C O L t E C T I O N  

D A T E  3/29/72 
LA?, 46S-51S 
LONG. 67W- 67W 

Y O t a  OF A I R  4 - 0 9 0  
4100 SCM) 

P C / l O O  SCM 
LAB: 
BE-7 
SK-89. 
SR-90 
ZR-95 
CS-137 
C E - L 4 4  
P U - 2 3 8  
PU-239 

LFE 
769,000 
P60,QOO 

338,000 
21-900 

39,300 
492,000 

O m  046 
0,410 

AZCOUNTING ERROR I S  20-50 PERCENT 
BZCOUNTIMG ERROR IS 51-100 PERCENT 
?:DATA 'SUSPECT 

*:NOT OETECTABLE 

H 
H 

II 



SAMPLE NO- 5993 

COMPOSED OF:L/2:5874 
5875 
5876 

MIDPOINT OF 
COLLECT€ ON 

DATE 3/30/72 
LBT. 63N-56N 
LONG- 142W-132W 

VOC, OF A I R  8 -  960 
(100 SCM)  

LAB: L F E  
BE-7 
SK-89 
SR-40 
FR-95 
65-13? 
CE- 144 
PU-238 
PU-239 

583,000 
12 o 700A 
i20800 
410300 
26,000 

17 lo000  
0-039 
0,311 

TABLE 36 
RADIOCHEMICAL ANALYSIS OF MARCH 1972 COMPOSITES 

5994 

1309 KM 

5995 

1112 2 5877 f /  2: 5700 
5878 57011 
5699 5702 

5703 
5704 

3/29/92 3/28/72 
5 6 M-47 N 47N-35M 

f 32W-12 1 W 121W-108W 

P C / l O O  SCM 
11e1160 1 7 0 0 4 0  

LFE L F E  
626-000 

lEa900A 
Y-719  

30,600 
19,600 

132oOOO 
0,035 
O o 260 

1120*000 
19 200A 
i8pOi30 
39,100 
45 500 

267,000 
0,063 
0,535 

8:COUNTIMG ERROR IS 20-50 PERCENT *:NOT DEVECTABLE 
BZCOUNTIMG ERROR I S  51-100 PERCEMJ 
?=DATA SUSPECT 

5996 5997 

1/2:5839 
5 8 4 0  

3/29/72 
375-435 
68W- 67W 

7.090 

L F E  

4490000 
30- 100 
97,200 
130500 

153-000 
0'3022 
0,128 

7,618 

: / 2 : 5 9 4 1  
5842 
5043 

3/29/72 
43s-51s 
67W- 67W 
101220 

LFE 
621-000 
63-800 

163oOOO 
200 700 

246,000 
00022 
0,183 

10,700 



SAMPLE NO* 5998 

COMPOSED OF:1/2:5915 
5914 

WIDPOINT OF 
COLLECTION 

DATE 3/27/72 
LAT, 75N-68N 
LONG, 144W-143W 

YOLO OF A I R  8-  090 
(100 SCM) 

LAB: 
BE-7 
SR-89 
SR-90 
ZR-95 
CS-137 
CE-144 
PU-238 
PU-239 

LFE 
646,000 

33o100A 
15-900 
37.900 
29,800 

185 000 
0,047 
0,354 

TABLE 38 

RADIOCHEMICAL A N A L Y S I S  OF MARCH 1972 COMPOSITES 
1292 KM 

5999 

1/2:5913 

3 / 2 7 / 7 2  
6 8 M-65 N 

146W-144W 
30370 

P C / l O O  SCM 

LFE 
1230 

21  
28 
80 
50 

314 
0 

,000 
-500A 
,000 
0 200 
-400 
-000 
,077 

0-620 
A:COUNTING ERROR I S  20-50 PERCENT *:NOT DETECTABLE 

?:DATA SUSPECT 
B:COUNTING ERROR IS 51-100 PERCENT 

H 
H 

I 

ul 
ul 



SAMPLE. NO, 
COMPOSED OF: 

M I D P O I N T  OF 
COLLECTION 

DATE 
LAT, tor% 

V O t -  OF A I R  
(100 SCM) 

LAB: 
BE-7 
Z R - 9 5  
CE-144 
t s - 1 3 7  

6224 

7/27/72 
39N-21 N 
108W- 86W 
3.800 

LFE 
132OoO00 
348900 
49,300 
2180000 _ _  

GAMMA SPECTRAL 

6225 

6197 
6 198 
6 199 
6200 

7125172 
21N- 9 N  
86W- 8OW 

3.680 

LFE 
673eOOO 
73,800 
52 o 800 
2910000 

AZCOUNTING ERROR I S  20-50 PERCENT 
8:COUNTIMG ERROR ‘IS 51-100 PERCENT 
?:DATA SUSPECT 

H 
H 

TA8LE 3C 
ANALYSES OF JULY 1972 COMPOSITES 

19-2 KM 
6226 6227 

6156 6094 
6095 6093 

6092 

7/29/72 7128f  72 
9N- 1s is-10s 

80W- 79w 79w- 79w 
2-270 30130 

Pf/100 SCM 
LFE LFE 
431oOOO 5050000 
720000 1000000 

51-800 46,600 
2680000 3970000 

6228 

6173 
617s 
6176 
6877 

7/27f 145-29 72 S 
76W- 72W 
3,840 

CFE 
502- 000 
167- 000 
860 800 

736- 000 
*:MOT DETECTABLE 

I 



SAMPLE NO, 
COWPOSED OF: 

MIOPOlNY OF 
COLLECTION 

DATE. 
LATo 
LONG o 

VOLo OF A I R  
[LOO SCM) 

LAB: 
BE-7 
LR-95 
C S - 1 3 1 '  
CE-144 t 

TABLE 3 C  

G A M M A  SPECTRAL ANALYSES OF JULY 11972 C O M P O S I T E S  ,. 

19-2 KW 

6231 6229 6230 6 2 7 8  

6178 
6117 

1/2".116 
6115 

1 /2=6116 
6115 

6114 
6112 

7/28/72 7 /28 /72  7/28/72 
375-435 375-43s 43s-51s 

7/28/72 
29s-375 72H- 68W 69W- 69W 69W- 69W 69W- 69W 

20560 0 0 7 8 0  0 0 7 8 0  20120 
PC/lOO SCM 

LFE LFE LFE 
2190,000 

970700 
40e200 

2970000 

LFE 
167OoOOOA 112QoOOO 948.000 

1 1 9 e O O O  166e000A 146 o 000 
830200 84 ,300  67-000 

507eOOO 687,000 641oOOO . _.. .. 
A:COUNTING 'ERROR1 IS 20-50 PERCENT *:NOT OETECYABLE 

?:DATA "SUSPECT 
B:COUNTING ERROR. IS S1:-100 PERCENT 



SAMPLE NO, 
COMPOSED OF: 

MIDPOINT OF 
C O L L E C T I O N  

DATE 
LAT- 
LUNG, 

V O t o  OF A I R  
4100 SCM) 
r‘ 

LA0 
BE-7 
F R - 9 5  
c s - € 3 7  
CE-144 

6232 

6023 
6139 

GAMMA SPECTRAL 

6233 

6138 
6137 

TABLE 3C 
ANALYSES OF JULY 1972 COMPOSITES 

18-9 KM 

7/28/72 7/26/72 
71N-61N 61M-53M 
147W-13466 134W-12 1 W  
2,340 2-540 

PC/lOO SCFS 
LFE 

194OoOOO * 
34,300 

131oOOO 

LFE 
1700s 000 * 

36 - 700 
1340 000 

H 
H 

I 
UI 
co 



SAMPLE NO, 

COMPOSED OF: 

MIDPOINT OF 
CUlLECT I ON 

DAVE 
LATe  
LOMCP 

\IDLO OF A I R  
(LOO SCM)  

LAB: 
6E-7 
ZR-95 
C S - 1 3 7  
C E - 1 4 4  

TBBhE 36 

GAMMA SPECTRAL A N A L Y S E S  O f  JULY 11972 COMPOSITES 
18-6 KM 

6234 6235 

6022 6136 

7/30/72 7/26/72 
73N-71N 53N-TON 
143W-143W 1 2 1 W - 1 1 8 W  
0; 520 lo100 

PC/lOO SCM 

LF E 
2160eOOO * 

CFE 
138OoOOO * 

3 8 - 5 0 0  48 700 
1200000 192oOOO 

1 .  

A:COUNTING ERROR I S  20-50 P E R C E ~ ~ T  *:NOT DETECTABLE 
B:CUUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 



SAMPLE NO. 

COMPOSED OF: 

NfDPOINT O f  
COLLECTION 

DATE 
LATo 
1ONG- 

VOLo OF A I R  
1100 SCMI  

t A 8 :  
OE-7 
65-13? 
CE-144 

7 n - n ~  
4.- 72 

6236 

602 1 

7/30172 
75N-73N 

143W-143W 
0,550 

LF E 
24300000 

TABLE 3 C  
GAMMA SPECTRAL ANALYSES OF JULY 1972 COMPOSITES 

6237 

6210 
6222 
6221 
6220 
6219 

18-3 KM 

6238 

6125 
6126 
6127 
6128 

7130172 7/24/72 
35N-24N 24N-12N 

106W- 92kl 80H- 81W 
6,460 4.830 

P C / l O O  scn 
LFE L F E  
1390 000 

si 56.800 
52,900A 50 o 200 350 300 

159,000 Z48oOOO 187*0?0 
A:COIJIYTiNG ERROR I S  20-50 PERCENT *:NOT DETECTABLE BZCOUNTING ERROR I S  51-100 PERCENT 
?:DATA SUSPECT 

H 
H 

I 

0 
0 

6239 

6154 
6035 
6155 

6240 

6034 
6033 

7/29/72 7/29/72 
1N- 7 5  12N- I N  

81W- f9tJ 79w- 7% 
2-740 3,770 

LFE LFE 
459eOOO 42 90.0 0 0 

58,300 55-400 
310500 27- 900 

1890000 181-000 



T A B L E  3C 

ANALYSES OF JULY 1972 COMPOSITES 
1 8 - 3  K M  
6279 

GAMMA S P E C T R A 1  

SAMPLE NO,  6241 6242 
COMPOSED OF: 6032 

6 l 8 6  
6187 

MfDPOINT OF 
COLLECT1 OM 

DA TE 
LAT,  LONG. 

VOL, O F  A I R  
( 1 0 0  SCM) 

LAB: 
B E - 7  
ZR-95 
CS-137 
CE-144 

7/27/72 
7S-21s 

79w- 75w 
3-410 

1 1 2 ~ 6 1 8 8  
6189 
6013 

7 /27/72  
21s-33s 
75W- 68W 
le850 

LFE LFE 
645,000 1110,000 
117oOOO 175,000 

62.600 92 0 5 0 0  
5430 000 7890000 

A:COUNTING 'ERROR'  IS 20-50 PERCENT 
B:COUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

1/2:6188 
6 1 8 9  
6013 

7 /27/72  
2LS-33S 
75w- 60W 
1-850 

PC/100 SCM 
c FE 

1030- 000 
182-000 

88,900 
75OoOOO 

*:NOT OETECTABLE 



GAMMA SPECTRAL 

SAMPLE NO0 
COMPOSED OF: 

6243 

6073 

M I D P O I N T  OF 
CQL LEC T I ON 

DATE 7130172 
i A T ,  4 0 N - 3 7 N  
LONG o 1 LOW-108W 

YOLe OF A I R  lo180 
(100 SCMI 

LAB: 
E%€-7 
L R - 9 5  
CS-137 
C E - 1 4 4  

LFE 
1230*000 

430900 
209-000 

49,200A 

H 
H 

TABLE 3C 
ANALYSES OF JULY 1972 C O M P O S I T E S  

18-0 KM 

P C l l O O  SCM 



TABLE 3C 

GAMMA SPECTRAL ANALYSES O F  JULY 1972 COMPOSITES 
17-7 K M  

SAMPLE NO- 6244 
COMPOSED O f :  6072 

MIDPOINT OF 
COLCEC T I  ON 

DATE 7/30/72 
LATo 43N-40M 
LONG- 112 w- 11 ow 

VOL- OF A I R  1-230 
(100 SCM) 

PC/lOO SCM 
LAB: 
B E - 7  
Z R - 9 5  
CS-137  
CE-144 

L F E  
13OOoOOO 
630700 
37,400 

196-000 
AZCOUNTING ERROR IS 20-50 PERCENT 
B=COUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

*:NOT DETECTABLE 

H 
H 

I 
0 
W 



H 
H 

I 

m 
.@ 

SAMPLE MOO 
COMPOSED OF: 

MIDPOINT OF 
COLLECT1 ON 

LAT, 
LflNGo 

VOL, OF A I R  
(100 SCM) 

n a r E  

LAB: 
BE-7  
L W - 9 5  c s- 137 
CE- 144 

TABLE 3 C  
GAMMA SPECTRAL ANALYSES OF JULY 1972 COMPOSITES 

1 7 0 4  KM 

6265 
6071 

7 / 3 0 / 7 2  
4 6 N - 4 3 N  

114W-112W 
1-280 

P C I 1 0 0  SCM 
LF E 

1150-000 
65,500 
39 ,200  

194,000 
AZCOUNTfNG ERROR IS 20-50 PERCENT 
B:CBUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

*:NOT OETECTABLE 



SAMPLE NO- 
COMPOSED OF: 

M I D P O I N T  OF 
COLLECTION 

DATE 
LATo 
LONGO 

VQLo OF A I R  
1100 SCM)  

LAB 2 

RE-7 
Z R - 9 s  
CS-137 
CE-144 ~. 

6246 

6019 
601  8 
6016 

7 /30 /72  
75N-61N 

14616- 14216 
7,710 

LF E 

T A B L E  3C 
GAMMA SPECTRAL AMbLYSES QF J U L Y  I 9 7 2  COMPOSITES 

6247 

6141 
6146 

7 /28 /72  
61N-53N 

13%-12 1 W 
20640 

LFE 
16400000 

24,200 
520 7.00- 
238.000 

A : C O U N T I N G  ERROR IS 20-50 PERCENT 
B : C O U N T I N G  ERROR I S  51-100 PERCENT 
?:DATA SUSPECT 

14100 000 

51-400 
234 o 000 

56,600 

l6,8 KM 

6284 

6145 
6 134 
6133 

7 /27 /72  
53N-44N 

121w-112w 
4-360 

PC/lOO SCM 

LFE 

114OaOOO 

36,600 
172-000 

37,900 

*:NOT DETECTABLE 

6249 6240 

6 1 3 1  
6206 
6205 

6191 
6192 6194 

7 / 2 7 / 7 2  7 /25 /72  
44M-33N 33N-24M 

112H-102W 104W- 89W 
5,220 7,250 

L F E  LFE 

103OoOOO 10300 000 
6 8 0 9 0 0  880200 
310200 29,800 

1740000 1750000 



TABLE 3C 
GAMMA SPECTRAL ANALYSES OF JULY 1972 COMPOSITES 

1608 K M  
6250 6251 6252 6253 SAMPLE NO, 

COMPOSED OF:: 

MIDPOiNT OF 
COLLECT1 ON 

DATE 
LATe 
LONG0 

YOLo O f  A I R  
4100 SCM) 

6079 
6 0 7 8  
6076 
6075 

6152 
6 1 5 1  
6880 

6 1 8 1  
6 1 8 3  
63184 

6030 
6029 
6027 

7/29/72 71281 72 7/26f 72 7/29/72 
23Pd-12M 12N- 1 M  LN-12s 315s-25s 
88W- 8lW 81W- 79W 79W- 78kl 76W- 73W 

5 ,970  5,480 6 o 140 40860 

P C f l O O  SCEa 
CFE LFE LFE CFE 

428,000 268 o 000 270eOOO 361,000 
40,900 22,900 16,400 25,300 
A 2 B J V V  X E  cnn e - 3 8 4  6 s  358 9=259 
89,800 49 o 400 47,800 680500 

6 2 5 4  
6012 
6026 

7/29/72 
255-33s 
73W- 68W 
3,640 

CFE 
540- 000 

50-900 
36, hng 

2i4; ooo 
A:COUNTING ERROR rs 20-50 PERCENT 
BZCOUNTING ERROR IS 5F-100 PERCENT 
?:DATA SUSPECT 

*:NOT DETECTABLE 

H 
H 

I 

0 
0 

1 



T A B L E  3C 

GAMPA S P E C T R A L  ANALYSES Qf JULY 1972 COMPOSITES 
16-8  K M  

SAMPLE NO- 6255 6256 

COMPOSED OF: 6010 
6108 

6109 
6110 
6111 

MIDPOINT OF 
C O L L E C T I O N  

DATE 7/29/12 7/28/72 
LBT, 335-40s 40  S-5 1 S 
LONG- 70W- 68W 69W- 69W 

VOLo OF A I R  30670 5,890 
( L O O  SCM) 

PC/100 SCM 

LAB: 
BE-7 
Z R - 9 5  
C S - 1 3 7  
Cf- 144 

L F E  L F E  
1130eOOO 1 2 0 0 , 0 0 0  
125,000 1 0 4 , 0 0 0  
73,300 57,700 

592*000 48OmOOO 

AZCOUNTING ERROR IS 20-50 P E R C E N T  *:NOT CETECTABLE 
B:COUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 



TABLE 3 C  
GAMMA SPECTRAL ANALYSES OF JULY 1972 COMPOSITES 

SAIvlPLE NO, 6257 

COPIPOSED OF: 6048 
6049 

I 

6 2 5 8  

6050 
605 1 

15e2 #M 

6260 6259 

6097 
6098 

6100 
6x01 

MIDPOINT OF 
COLLECTION 

DATE 
LAT, 
CQNGo 

VOCo OF A I R  { l o o  SCM) 

7/29/12 ?/29/ 7 2  a/  1 / 7 2  81  1/72 
7SM-71N 71N-65M 65N-57N 57PS-50N 

143 W- 143 W 147H-143 W 1148W-127H 12 7W- 11 Skl 
2,160 3,560 7,290 3 o 940 

PCIIOO SCM 
CA8: LF E LFE LFE LfE 
BE-7 
ZR-95 
ts-137 
G E - I 4 4  

1850m000 11 70eOOO 16 10 o 000 418,000 

13,900 
26i 000 i800000 247,000 720800 

58e400A 500000 77,200 * 
49,800 360800 488700 

A:COUNTING ERROR IS 20-50 PERCENT 
BZCOZINTING ERROR I S  5L-I00 PERCENT 
?:DATA SUSPECT 

*:=NOT DETECTABLE 

6261 

6103 
6104 
6105 

a /  1 /72 
50N-41N 

L P 8Y- II 10 W 
5,810 

LFE 
703-000  
60,000 
2 t 9 4 a 0  
1220 000 

! I 
I I 

H 

I 
0 
a, 

I 
I H 
I 



c 
GAM?& SPECTRAL 

LAB: 
BE-? 
LR-95 
CS-137 
CE-144 

62b2 
4106 
6202 
6119 
6203 

6263 

6120 
6123 . 
6217 
6122 

7127f72  7 / 2 6 / 7 2  
41N-31N 31H-21N 
11ow-Poon 1OOW- 85W 

9.380 110340 

LFE LFE 
543.000 

37.900 
11-400 
68 -3 0 0 

3 0 7 o O O O  
23.900 

5 .879 
38.500 

A:COUNTfMG ERROR IS 20-50 ,PERCEKT 
B:COUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

TABLE 3C 
ANALYSES OF JULY 1972 COMPOSITES 

15.2 KM 
6264 6265 

6216 61443 
6213 6086 
6214 6149 

7/31 /72  7 / 2 9 / 7 2  
21 - 1 2 M  12N- 1N 

81W- 73W. 
80290 

85 9 - 81W 
6-700 

PC/100 SCH 
LFE LFE 
286.000 

2'0.800 
50486 

33.000 
*:NOT DETECTABLE 

* 8S.300 
2.087 
8.isoa 

43266 
6087 
6089 
6 0 9 0 .  

7 / 2 8 / 9 2  
1N-1OS 

79w- 7a1w 
7,850 

~ 1 0 . 0 0 0 ~  
2. 1128 
0-494A 
5-446 . 



SAMPLE NO. 

COMPOSED OF: 

TABLE 3C 

GAMMA SPECTRAL ANALYSES OF JULY 1972 C O M P O S I T E S  
15-2  K f l  

6267 6268 

6172 6 169 
6171 6009 
6 1 7 0  

MIDPOINT OF 
GULLECTION 

DATE 7827172 7 /28 /42  
L A T o  1 5  S-25 S 255-335 
LOMGe 77N- 73w 73w- 6aw 

VOL0 OF A I R  6,880 5,930 
(100 SCM) 

LAB: 
BE-7 
Z R - 9 5  
CS-137  
CE-144 

L f E  LFE 
7 4 o O O O A  302 e 000 
4,3540 12 o 300 
1-3238 5 , 5 2 2  
6,272A 48a600 

AZCOUNTING ERROR f S  20-50 PERCENT 
0:COUNTIMG ERROR IS 51-PO0 PERCENT 
?:DATA SUSPECT 

6269 6270 

6062 6060 
6059  
6059  

7/28 /72  7 /28 /72  
335-37s 405-515 
69W- 68W 69W- 67W 

6,160 20310  

PCllOO SCM 
L F E  C F E  
926aOOO 1210,000 

68,100 118eOUO 
34,700 boo600 

287,000 522oOOO 
+:NOT DETECTABLE 

H 
H 

I 

4 
0 



c 
SAMPLE %I340 5271 

5066 
6067 

7130/72  
64N-52N 
1 4 5 ~ 1 2  OW 
' 12-030 

LAB: 
BE-7 
Z R - 9 5  
CS-137 
C E - L 4 4  ' 

W E  

TABLE 3C 
GAMMA SPECTRAL ANALYSES O f  JULY 1972 COHPOSITES 

6272 

6068 

7 / 3 0 / 7 2  
52N-43N 

120iJ-I 17w 
1,020 

LFE 

13-7 KH 
6 2 7 3  

6164 
6165 
6 166 

7 f 2 5 / 7 2  
47N-39N 

121W-108W 
80910 

PC/lOO SCH 

6274 6275 
6147 

7 / 2 5 / 7 2  
39N-3% 

3,450 
10aw-io6m 

LFE 
9 7 0 e O O O  1560.000A 3 0 8 , 0 0 0  

730000 162.000 33.700 
2 5 0 5 0 0  31o600 6,774 

190.~000 261-000 43,900 
- I  

6053 
6054 
6055 

7 / 2 8 / 7 2  
375-47s 
69H- b7# 

7L698 

LFE LFE 
77,600 685b000 

6 ~ 8 0 0 .  * 
00790 33-000 
5.601 292-000 

A='COUNlTNG ERROR' IS '20-50 PERCENT *:NOT DETECTABLE 
BZCOUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 
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SdMPtE NO, 
COMPOSED OF: 

MIDPOINT OF 
COLLEC T I  ON 

DATE 
LAT- 
LONG- 

V O L p  OF A I R  
(100 SCM) 

LAB: 
BE-7 
ZR-95 
CS-137 
C E - 2 4 4  

T A B L E  3 C  
GAMMA SPECTRAL ANALYSES OF J U L Y  1972 COMPOSIVES 

1262 Klvl 

6277 
6046 
6045 
6043 
6042 

7/29/72 
75N-65M 

146W-143W 
90 3 9 0  

PC/lOO SCM 

L F E  
907eOOO 

900 700 
26- 300 

1 5 9 e O O O  
A Z C O U N T I N G  ERROR I S  20-50  P E R C E N T  
B:COtJNTING ERROR I S  51-100 PERCENT 
?:DATA SUSPECT 

*:NOT DETECTABLE 

e 

H 
H 

i 

-4 
w 



T A B L E  313 
GAMNA S P E C T R A L  ANALYSES OF O C T O B E R  

1 3 - 2  KM 

SAMPLE NUe 6518 6519 6520 

CflMPOSfD OF'. 6427 
6428 

6429 
6 4 3 0  

6312 
6311 
6 309 

MIDPOINT O f  
CULLfCTION 

DATE 10/23/72 10 /23 /72  10 /20 /72  
LAT, 75N-69N 69M-65N 65N-56N 
LONG 0 144 W - 143W 146W-144 W 147W- 125W 

VOL. OF A I R  1,540 1ol50 3 , 4 9 0  
( L O O  SCMf 

PC/100 SCM 
LAB: L F E  LFE LFE 
BE-7 
Z R - 9 5  
CS-137 
C E - 1 4 4  

2430aOOO 19 10*000 1820 b 000 * 
47,500 

146 o 000 

1972 COMPOSITES 

6521 

6308 
6306 
6305 

6522 

6439  
6440  
6 4 4 1  
6477 

10/ 20/ 72 1 C  /2S/72 
56N-46N 46N-31N 

f25W- 114W 1 1 4 b l - l O O W  
3.110 40250 

LFE LFE 
2290*000 1520*000 

54,000 40,400 
1930000 1 7 4 - 0 0 0  

4: 2 0 ~ 3 0 0 ~  

AZCUUNTING ERROR IS 20-50 P E R C E N T  *:NOT DETECTABLE 
8:COUNTIYG E'RROR I S  51-100 PERCENT 
?:DATA SUSPECT 



T A B L E  3 0  

GAMMA SPECTRAL ANBLYSES OF OCTOBER 1972 COMPOSITES 
19-2 K M  

SAMPLE NO. 6 5 2 3  6524  6 5 2 5  6 5 2 6  6527 

COMPOSED OF: 6 4 7 6  
6 4 8 4  

MIOPOINT OF 
CGLLECTIUN 

DATF 
LATo 
LONG0 

V o t e  OF A I R  
( L O O  S C M )  

1 0 B 2 2 / 7 2  
31N-20N 

1OOW- 86W 
2,330 

6 4 8 6  
6487 

1 0 4 1 8 / 7 2  
20N-14M 
86h- 82W 
lo870 

6 4 0 0  

6 3 5 7  
6356  

6489 

1 0 / 2 1 / 7 2  
114N- 1N 
82W- 79W 
3,900 

PCi100 SCM 
LA8: LFE LFE LFE 

3€-7 
ZR-9s 
CS-137 
CE-144 

1 1 8 0 , 0 0 0  
1 6 , 1 0 0  
4 0 0 6 0 0  

177eOOO 

3 3 5 0 0 0 0  417,000 
15,100A 24-400 
3 7 , 8 0 0  4 4 , 0 0 0  

178oOOO 225,000 

6355 
6 3 5 4  
6352 

6 4 4 8  
6 4 5 0  

10/24/72 10821/72 
1N-11S 15S-21S 

79w- 78W 77w- 75w 
30410 1,790 

LFE LFE 
4 5 3 , 0 0 0  6 9 2 9 0 0 0  
25,500 4 1 o O O O  
3 7 , 6 0 0  6 1 0 9 0 0  

ZO9oOOO 393- 000  

AZCnUNTING E R R O R  IS 20-50 PERCENT *:NOY DEYECTABtE 
B'oCOUNTlNG ERROR IS 51-100 P E R C E N T  
?:DATA S U S P E C T  



SAMPLE NO- 

COMPOSED OF: 
6528 

6451 
6452 

TABLE 3 0  

GAMMA SPECTRAL ANAtYSES OF OCTOBER 1972 COMPOSITES 
19-2 KF1 

6529 

650 1 
6500 

MIOPOfNT OF 
COLLEC T I  ON 

DATE 
LATO 
LONGo 

VOLo OF A I R  
1100 SCM) 

10/21/72 10/22/72 
21s-29s 3 2 s - 3 9 s  
75W- 72W 68W- 65W 

20 260 20350 
PC/lOO SCM 

LAB: 
BE-? 
ZR-95 
CS-137 
65-144 

LFE 3 LFE 
* ?  11 10*000 

36,200A 
54,800 * ?  8 

. # ?  335,000 
8:GOUNifNG ERKUK I S  20-SU PERfENT *:NOT DEfECfABL€ 
8:COUNTIMG ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 



SAMPlE NO- 
COMPOSED OF: 
MIDPOINT OF 
COLLECTION 

DATE 
CAT, 
LONGe 

Y O L ,  OF A I R  
l L O 0  SCM) 

L m :  
BE-7 
Z R - 9 s  
CS-137 
CE-144 

TABLE 3D 

GAMKA SPECTRAL ANALYSES OF OCTOBER 1972 COMPOSITES 
1 8 e 9  KM 

6530  6 5 3 1  

6475 6499 

10/26/72 LO / 22 / 7 2  
28N-25N 3 9 5 - 4 3 s  
95W- 89W 67W- 66W 

1-480 1-080 
PC/LOO SCM 

LF E LFE 
874,000 1140 e000 

18,600 1 5 a 6 0 0 8  
82 o 500 
17.100 50,900 

302 o 000 

c 

AZCOUNTING ERROR IS 20-50 PERCENT *:NOT DETECTABLE 
8:COUNTING ERROR- IS 51-100 PERCENT 
?:DATA SUSPECT 



TABLE 3 0  

GAMMA SPECTRAL ANALYSES OF OCTOBER 1972 COMPOSITES 

SAMPLE NO- 
COMPOSED OF: 

MgDPOPNT OF 
COLLECTION 

DATE 
LAV, 
LONG, 

VOLe OF AIR 
t 100 SCM9) 

ilk%: 

0E-7 
ER-9s 
t S - 1 3 7  
CE-144 

1 8 - 3  KM 

6532  6533 6534 6535 6536 

6405 
6 4 8 0  
6483 
6481 

6472 
647  L 
6469 

6460 
6392  

6513 
6512 

10 /18 /72  10/26/72 10 /25 /72  LOP23P72 
35N-25N 23N-f4M 14N- 9 M  7N- I N  

106W- 90W 87W- 82W 82W- 79W 79w- 79w 
5,630 3,400 Lo930 2,330 

PC/100 SCM 
LFE CFE LFE LFE 

S25,OOO 404eOOO 
5,298A 17,900 
9,873 ILS, io0 

68,600 920600 

6511 - 
6510 

10/23/72 
IN- 7 s  

79w- 74w 
2,790 

LFE 
1570,000 162 o 000 
f9,200 4o049A 
470 700 2 0 9 2 8 6  

1800000 3,961A 

A:COCINTING ERROR I S  20-50 PERCENT *:NOT' OETECTABLE 
B=COUNTIMG ERROR I S  51-100 PERCENT 
?:DATA SUSPECT 



TABLE 30 

GAMMA SPECTRAL ANALYSES OF OCTOBER 1972 COMPOSITES 
1803 KM 

SAMPLE NO* 

COMPOSED OF: 

LAB: 
BE-7 
ZR-95 
CS-137 
CE-144 

6537 6538 6574 

6508 112 :6378 1/2:6378 
6376 6379 6379 

6380 6380 
6 3 8 1  6381 

10/21/72 10/19/72 LO/ 19/72 
7s-19s 195-335 19s-33s 

78W- 74W 75W- 68W 75W- 68W 
3 - 5 8 0  2,660 2,660 

PC/lOO SC# 
LFE LFE L F E  
569mOOO 11 10,000 921oOOO 
220500 4 5 , 6 0 0 A  420500 
3 7 , 5 0 0  73 o 800 58-400 
232eOOO 450,000 373eOOO 

AZCOUNTING ERROR I S  20-50 PERCENT 
B:COUMTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

*:NOT DETECTABLE 



SAMPLE NO, 

COMPOSED OF: 

I9IDPOINT OF 
COLLECTEON 

DATE 
LAB, 
LONG 0 

WOt=. OF A I R  
{loo SCMt  

LAB: 
3 5 - 7  
FR-95  
CS-137 
CE-144 

TABLE 30 
GAMMA SPECTRAL ANALYSES OF OCTOBER 

16*8 KM 

6539 6541 6542 

6425 633 1 6345 
6424 6332 6344 
6422 6404 6343 
642 1 

10/23872 10119/72 10/25/72 
75N-63N 43N-35N 35N-25N 

145W- 14 1 id 112W-106W 106W- 90W 
5,490 30970 a-420 

tFE 
PC/lOO SCM 

L f f  LFE 
1700eOOO I240 e000 

51,900 32 o 000 
176-000 130,000 

10,200A 12,600 

A:COUMTING E R R O R  IS 20-50 PERCENT *:NOT DETECTABLE 
BZCOUNTING ERROR IS 51-100 P E R C E N T  
?:DATA SUSPECT 

610eOOO * 
23,500 
92,600 

H 
H 

I 

a3 
0 

1972 CONPOSIY'ES 

6543 

6364 
6366 
6367 

6544 

6368 
6369 
63911 
6308 

101 18/72 10/21/72 
2 3N- 14N 14N- 5ff 
88W- 82W 82W- 79W 
5,300 4,630 

LFE LFE 
2890000 543,000 

7,445 
7,692 3,230 

41-900 120600 

4: 



T A B L E  3 D  

G A M M A  S P E C T R A L  PMALYSES OF OCTOBER 1972 COMPOSITES 
1 6 m 8  K M  

SAMPLF NO, 6 5 4 5  6546 6 5 4 7  6 5 4 8  

COMPOSED OF: 6 3 4 8  
6 3 4 9  
6.350 

6 3 5  1 
6 4 4  7 

6 4 4 6  
6445  
6 4 4 4  

6 4 0 4  
6 4 6 3  
6462 

MIDPOINT OF 
C O t t E C  T I  ON 

DATE 1 0 / 2 4 / 7 2  1 0 8 2 3 / 7 2  L0/21872 1 0 / 2 1 / 7 2  
L A T ,  5N- 7 s  7s-19s 19s-31s 3 1 S- 46s  
L f l N G -  79w- 79w 79w- 75w 75W- 69W 67W- 65W 

V O L o  OF A I R  5,720 3 - 7 3 0  6 ,230  6,140 
1100 S C M )  

PC/LOO SCM 

L A R :  
BE-7 
Z R - 9 5  
cs-137 
C E - 1 4 4  

C f  E LFE LFE CFE 
1 7 9 - 0 0 0  252oOOO 569,000 9 9 8 0 0 0 0  * I 1 5 0  l O O A  3 8 , 5 0 0  

2 - 3 7 8  4,734 21.3000 52 500 
9,765 3 4  o 200 140,000 335,000 

A:COUNTING ERROR I S  20-50 PERCENT *:NOT DETECTABLE 
BZCOUNTING ERROR I S  51-100 PERCENT 
?:DATA S U S P E C T  



SAMPLE NO0 
COMPOSED OF: 

M I D P O I N T  OF 
COLLECTION 

D A T E  
L A T ,  
LONG, 

W O t -  O F  A I R  
I100 SCM)  

TABLE 30 

GAMMA S P E C T R A L  ANALYSES OF OCTOBER 1972 C O M P O S I T E S  
16-5 K M  

6549 

6460 

10/21/72 
46s-515 
6916- 67W 
1-950 

LAB: 
BE-7 
L R - 3 5  
CS-137 
CE-144 

A:COUNTIMG ERROR I S  2 0 - S O  PERCENT 
B:COUMTING E R R O R  I S  51-100 PfRCENT 
?:DATA S U S P E C T  

*:NOT D E T E C T A B L E  

PC/lOO SCM 

tF E 
1 3 8 0 m O O O  
52.000 
79,900 

487,000 



TABLE 3D 

G A M M A  S P E C T R A L  BNALYSES OF OCTOBER 1972 COMPOSITES 
2 5 - 2  KM 

SAMPLE NO, 6 5 5 0  6551 6 5 5 2  6 5 7 5  6553 

COMPOSED OF: 6413 
6416 

6417 1 P  2 :  6 3 0 2  1 / 2 : 6 3 0 2  
6 4 1 8  6301 6 3 0 %  

6 2 9 9  6299 
6 2 9 8  6298 

6396  
6395  

MIDPOJNT OF 
COLLECTION 10/18/72 

D4TE 1 0  / 2 2  / 7 2  10/22/72 10/21/72 1 0 1  2 1! 7 2  
L A T ,  75N-68M 6 8 N-63N 63N-52N 63M-52N 51N-43N 
L O N G .  144W- P 43 W 147W-1441 142 w- 120  w 142W-~120W 119W-112M 

V O L ,  OF A I R  3 9 9 7 0  2.2720 4,470 4,470 50940  
( L O O  S C M )  

1 4 R :  LF E LFE LFE LFE CFE 
P C B L O O  SCM 

B E - 7  
Z K - 9 5  
C S - 1 3 7  
LE-144 

1510 ,000  
15 ,400 
420700 
167-000 

853 ,000  1580oOOO 147OmOOO 
21-400 18 e 600 15,300 
26 ,300 4 0 0 4 0 0  38,100 

157e000 113eOOO L58oOOO 

312oOOO 
S e  263A 
5,035 

220 1 0 0  

A:COI INTING ERROR IS 20-50 PERCENT *:NOT D E T E C T A B L E  
B:COUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

H 
H 

3 

co w 



SAMPLE N O o  
COMPOSED OF: 

MfDPOfNT O F  
COLLECTION 

DATE 
LATe 
LONG, 

(100 SCM) 
V O t o  OF A I R  

4-40: 

BE-7 
LR-95 
C E - 1 4 4  
e.*-.-.- 
t S  i>t 

T A B L E  30 

GAMMA SPECTRAL ANALYSES OF OCTOBER 

6554 6555 

6517 
65316 

6402 
640 1 
6360 

1502 K M  
6556 

6361 
6363 

10818/72 10/19872 lOP18/72 
43N-38N 37N-30M 30N-24N 

1 12 W- 109W 108W- 98W 98W- 89W 
3,290 6,050 50380 

L F E  t f E  
993,000 255i ,OCO 
i90900 i-794 
900 100 120700 
8,4753 4,9148 

AICOUMTING ERROR TS 20-50 PERCENT 
6:COUNTING ERROR IS 51-100 PERCENT 
?:DATA SUSPECT 

H 
H 

I 

a3 
IP 

PCILOO SCM 

L F E  
1 4 0 o O O O  

20 143A 
io264 
6,372 

+:NOT OETECTABtE 

1972 COMPOSITES 

6557 6558 

6340 
6339 
6337 
6336 

6384 
6385 
6387 
6372 

10/25/72 1 0 / 2 3 / 7 2  
23N-12N IZN-  1N 
87W- 81W 81W- 79W 

8,170 7 -  720 

L F E  LFE 
3 130 000 
10,900 
i6,OOO 
65,600 

74,100 
4,4758 

l o 5 8 1 A  
8 



SAMPLE: NO, 

COMPOSED OF: 

MlDPOINf OF 
COLLECTION 

DATE 
L A f ,  
LONGo 

V O t o  O F  A I R  
(100 S C M I  

L A B :  
BE-7  
ZK-95 
CS-137 
CE-144 

TABLE 30 

GAMMA SPECTRAL ANALYSES OF OCTOBER 
15-2 KM 

6559 6560 6561 

6 3 7 3  6507 6504 
6374 6596 6492 
6375 6505 

10/P9/72 10/23/72 10 /23 /72  
1N-11S 15s-27s 27s-37s 

79w- n ' r l  77W- 72W 72W- 65W 
8 0 2 5 0  8,190 5,920 

PC/ZOO SCM 

LFE L F E  LFE 
97,700 124*000 3970000 
9 1 , 6 3 4 A  9,359 
0 ~ 4 9 4 ~  le2P6A 10-900 
20730A 60435 7 0  o 300 

1972 COMPOSITES 

6562 

6 4 9 3  
6494 

6563 

6495 
6496 

1 0 / 2 2 / 7 2  10bf22 /72  
375-44s 44s-50s 
67W- 65W 68W- 67W 
4,060 3-320 

LFE LFE 

5 3 9 , 0 0 0  
1 5 0 4 0 0  
220 100 
141oOOO 

756-000  
390300 

2 6 3 o O O O  

26, l O O A  

AZCOUNTING ERROR I S  20-50 PERCENT *:NOT DETECTABLE 

?:DATA SUSPECT 
B:COUNTING E R R O R  I S  51-100 PERCENT 

H 
H 

I 
03 
UI 



\ TABLE 30 
GAMMA SPECTRAL ANALYSES OF OCTOBER 1972 COMPOSITES 

SAMPLE NO- 6564 6565 
, 

COMPOSED OF: 6293 6294 
6295 

13-7 KM 

6566 6567 
6296 

MIDPOINT OF 
COt lECTION 

DATE 10/21/72 
LnT- 64N-61M 
LONG 0 148W-135W 

VOLo O f  AIR 5- 300 
4100 SCM) 

10/21/72 
6LN-55N 

135W-124W 
5 - 4 8 0  

BE-7 
Z R - 9 5  
cs-137 
CE-144 

LFE LFE 
749,000 1490 000 

L00600A .21 e 100 
170 000 32-100 
70,600 129=aOOO 

101 21/72 
55N-52N 

124W- 120W 

P C P l O O  SCM 
CFE 

2,830 

6720000 * 

8:GOUNTING ERROR I S  20-50 PERCENT *:NOT DETECTABLE 
BZCOUNTING ERROR I S  51-100 PERCENT 
?:DATA SUSPECT 

6560 
6456 
6457 
6450 
6459 

101 19/?2 10/21172 
5lN-35N 34s-51s 

119W-lO7H 69W- 6SN 
120930 130030 

LFE LFE 
64,400 650-000 

15,600 
00595A 19,900 
3 ~ 7 0 ~  132m000 

* 

H 
H 

I 



SAMPLE NO- 6569 

COMPOSED OF: 6412 
6410 
6409 

MfDPOINT OF 
COLLEC T I  ON 

D A T E  1 0 / 2 2 / 7 2  
L A T l  75N-65N 
L O N G -  L46W-143 W 

V ~ L *  OF A I R  9.440 
(100 S C M I  

LAB: 
BE-7 
LR-95 
CS-137 
CE-144 

LEE 
835-000 
llPl00 
13-600 
59.600 

T A B L E  30 

GAMPA SPECTRAL A N A L Y S E S  O f  OCTOBER 1972 COMPOSITES 
1202 K M  

A:COUNTING ERROR I S  20-50 P E R C E N T  
R:COUNTING E R R O R  1 S 51-100 PERCENT 
?:DATA SUSPECT 

PC/lOO SCM 

* : : N O T  D E T E C T A B L E  



~ 

Table 3e 

Q u a l i t y  Control Resul ts  

dpm f % Standard Deviation 

Sample No, Reference Date Be-7 Sr-89 Sr-90 Zr-95 Cs-137 Ce-144 Pu-238 Pu-239 

Blanks 

6003 3/28/72 
6004 3/27/72 
6005 3/26/72 

6280 7/14/72 
6281 7/14/72 

6570 10/22/7 2 
6571 10/2 2/7 2 

* * 
* * 
* 
* 
* 

411130 * 

Standards 

6007 3/26/72 added 1147 
found 738f4 

% dev ia t ion  -36 

6008 3/2 6/72 added 8 10 

76 dev ia t ion  -22 

Avg. dev. for March 1972 mission -29 

found 633f7 

Duplicates 

5957 
6001 

5976 
6002 

Avg. dev. 
mission 

6230 
6278 

6242 
6279 

Avg. dev. 
m i s s  ion 

6538 
6574 

6552 
6575 

Avg. dev. 
m i s s  ion 

3/2 7/72 
3/27/72 

% dev ia t ion  

3/28/72 
3/28/72 

% dev ia t ion  

for March 1972 

7/28/72 
7/28/72 

% dev ia t ion  

7/27/72 
7/27/72 

% dev ia t ion  

f o r  J u l y  1972 

10/19/72 
10/19/7 2 

% dev ia t ion  

10/2 1/ 72 
10/21/72 

% dev ia t ion  

€or October 1972 

0.8f73 ' * 7 1 2  

6f2 * 
* 4 * 

* 9f33 
* 14f21 

54f40 4f50 
16f67 5f40 

17 2 
121f2 
-30 

132 
105f3 
-2 0 

-2 5 

pci/lOO SCM f % Standard Deviation 

902f6 392f6 
968f10 288f13 
f 7 . 0  f31  

1220f7 246f7 
844j~5 167f5 

f36 f40 

f 2 2  136 

1670f21 
1120f4 
f 4 1  

1110f7 
1030f4 
f7 .  5 

f24 

1110f3 
921+2 

f 1 9  

1580f2 
1470f1 
f 7 . 2  

f13 

60.3f.1 783f4 105f7 
58.7f6 874f2 96.4f5 
12.7 f11 18. 5 

41.44~3 497f4 63.2f5 
31.7f2 460f3 55.7rt3 
f 2  7 f7 .7  f13 

f15  19.4 fll 

166125 83.2f13 
146f8 84.3f2 
f13 fl. 3 

17516 92.5f2 
182f5 88.9f3 
f3 .9  f4.0 

f8 .4 f2 .6 

45.6121 73.8f2 
42.512 58.41-1 
f7.0 f24 

18.6f11 40.4f4 
15.3116 38 . l f4  
f20 f5.8 

f 14 I f15 

I1 - 88 

* 0.06*98 
* * 
* 

39f15 
32f45 

66178 * 

8.37 
8 . 0 l f 4  
-4.3 

6.40 
6.55f4 
i 2 . 4  

-1.4 

1170f1 0.150f9 
1210f2 0.122f9 
f3.4 f 2  1 

744f1 0.077f10 
677fl  0.071ftll 
f9 .4  f8 .0  

16.4 *14 

687f3 
641f1 
f6 .9  

789f1 
750f2 
f 5 . 1  

f6.0 

450f2 
373-12 
f19  

158f3 
157f3 
*to. 6 

*lo 

0.04rt45 * 

15.5 
15.7f4 
+1.4 

11.1 
ll .Of3 
-1.1 

-0.2 

1.07f4 
1.0613 
fO. 7 

0.638f3 
0.555f4 
i 14 

1 7 . 4  



Table 3f  

Gamma Spectroscopy, Qu a l i t y  Control Results 

Sample Reference 
NO. Date Be-7 

J u l v  Mission 
6289 7/14/72 added 0 

found 483rt 2 8 
% dev ia t ion  

% dev.  from 4 e a r l i e r  meas. 

6290 7/14/72 added 0 
found * 

% dev ia t ion  

% dev.  from 4 e a r l i e r  meas. 

6291 7/14/72 added 0 
found * 

% dev ia t ion  

% dev. from 4 e a r l i e r  meas. 

6285 7/2 7/72 added 249,000 
found 242 000_+1 

% dev ia t ion  -2 .6 

6286 7/2 7/72 added 204,000 
found 199 t 000-1 1 

% dev ia t ion  -2 -7 

6287 7/2 7/72 Zidded 237,000 
found 229,00-11 

% dev ia t ion  -3.7 

6288 7/2 7/72 added 238,000 
found 232, O O O r t l  

% dev ia t ion  -2.9 

Average dev.  for  J u l y  1972 -3.0 
mission 

October Mission 
6285 10/22/72 added 80,700 

found 79,10W2 
% dev ia t ion  -2 .o 

% dev.  f r o m  1 e a r l i e r  meas. -2.6 

6286 10/22/72 added 66 ,300 
found 62 , 70Wl 

% dev ia t ion  -5.4 

% dev.  from 1 e a r l i e r  meas. -2.7 

6287 10/22/72 added 77,100 
found 74,500-11 

% dev ia t ion  -3.4 

% dev.  from 1 e a r l i e r  meas. -3.7 

Zr-95 

53 9 
488*6 
-9.4 

-6 .O 

484 
336rt10 
-3 1 

-12 

513 
416211 
-19 

-11 

30,700 
26,90&1 
-12  

32 000 
28,300-12 
-12 

30 , 500 
26 , 7 0 h 1  
-12 

30,700 
26 70W2 
-13 

-1 5 

12,100 
10, 50012 
-13 

-12 

1 2  700 
10,50011 
-1 7 

-12 

12,100 
10,600-11 
-12 

-12 

CS-13 7 

126 
1 2  72 5 
+O .7 

-2 .2 

166 
164rt4 
-0.9 

-5 .6 

155 
16 7rt 7 
+8 .O 

+4.2 

345 
291+8 - 16 

3 78 
3-11 
-5 .8 

413 
3 5728 
-14 

4 53 
424k11 
-6 .3 

-4.9 

3 43 
34625 

J i o . 9  

-16 

3 76 
36723 
-2 .3 

-5 .8 

411 
398k2 
-3 .o 

-14 

Ce-144 

2560 
2820-12 
+10 

+7.9 

2490 
266W2 
+6.8 

+7.1 

2920 
3070-12 
+5.1 

+8 .O 

6680 
758&3 
+13 

7090 
775&2 
+9.3 

6480 
7170-12 
+11 

6440 
704W1 
+9.3 

+9.2 

5410 
582012 
+7.5 

913 

5 74a 
620Ck1 
+8 .O 

+11 

5240 
5770-11 
+10 

+11 

I1 - 89 



Sample R e f e r e n c e  
N o .  Date .  - Be-7 

6288 10/22/72 added  77,400 
found 72 , O O O k 1  

% d e v i a t i o n  -7 .o 

% d e v .  f rom 1 e a r l i e r  meas. 

6289 10/22/72 added 
found 

% d e v i a t i o n  

% d e v ,  from 5 e a r l i e r  meas. 

6290 10/22/72 added  

% d e v i a t i o n  
foma 

% d e v ,  from 5 e a r l i e r  meas* 

6 2 9.1 10/22/72 added  
found 

% d e v i a t i o n  

% d e v .  f.rom 5 e a r l i e r  meas. 

Average  d e v .  f o r  October 
1972 m i s s i o n  

-2 .9 

0 * 

0 * 

0 * 

-4 .4  

Zr-95 

12 ,200  
10,400-+1 
-14 

-13 

185 

-17 
154-1- 13 

-6 .7 

16 7 
81232 
-51 

- 16 
177 
195rt17 
+10.2 

-13 

-23 

%I - 90 

cs-13 7 

450 

-6 .I. 

-6 .3 

1 2  5 
13 0&3 
+3 .5  

-1.6 

16 5 
172+4 
+4.5  

-4.7 

154 
14626 
-5.3 

+5 .O 

423-1-3 

-1.1 

Ce-144 

52 10 
5 6 1 0 ~ 1  
+7.6 

+9.3 

2010 
2150-1-2 
+6 - 9  

+8.3 

1950 
2020+2 
+3 .8 

+7 .O 

2290 
2460-1-2 
+7.3 

+ 7 . 4  

+7 .5  
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Global Atmospheric Plutonium-239 
and Plutonium Isotopic Ratios 

for' 1959-1970 

Introduction: 

A program of atmospheric salmpling and radiochemical analysis was 

undertaken from 1959 through 1970 tQ determine the distribution of 

nuclear debris by means of filter collection of airborne radioactive 

particulate matter on IPC-1478 paper carried by aircraft (1). 

analytical results of fission products derived from the analysis of 

samples associated with this program have been published in the Health 

and Safety Laboratory Quarterly Summary Reports (2-10). 

exclusively with the isotopic concentrations of plutonium-239 and the 

plutonium isotopic ratios Pu-24O/Pu-239, Pu-241/Pu-239 and Pu-242/Pu-239 

obtained from these samples. 

The 

This report deals 

These data have not been reported previ- 

ously. 

Aircraft sampling was normally conducted in the vicinity of four 

latitudes: 70°N, 35ON, 10°N and 40's. Altitudes sampled varied from 

approximately 15,000 to 70,000 feet. 

by Government laboratories. 

The analysis of these samples-.was 

These data were collected a:s part of a cooperative effort by the 

U. S. Department of Defense, Atomic Energy Commission and National Oceanic 

and Atmospheric Administration. 

Description of Tables: 

'Date 

A1 t i tude 

Date (GCT) 0x1 which the filter was extracted from 
the aircraft,, immediately after landing. 

Pressure altitude (in thousands of feet) at which 
.sumpling was performed. 

I11 - 2 



Tropopause Height of tropopause (in thousands of feet) as 
reported by a nearby radiosonde station. 

The plutonium-239 concentrations are reported in 
units of picocuries per 100 standard cubic meters 
of air. 
half-life used in correcting the data to the date 
of collect ion. 

Isotopic Data 

The following table lists the isotopic 

Isotope 

Pu-239 
Pu-240 
Pu-241 
PU-242 

Hal f - li f e 
(years ) 

24,300 
6,760 

13 
39 7,000 

Unless otherwise indicated, the precision of the 
analysis is within 10%. 
analysis greater than 10% are indicated by a 
letter following the value in accordance with 
the following code: 

Standard errors in the 

A 11-20% 
B 21-40% 
C 41-100% 
D > 100% 

;NR indicates the isotope was not detected in 
resolvable amounts, 

References: 

1. The Znstituke ;oE Paper Chemistry, A Study OE the Filtration and 
Permeability Cheacteristics .of XPC-1478 Filter Paper, DASA 3168, 
February 13, 1960. 

2. Fallout Program, Quarterly S9lmrmary Report, Health and Safeey 
Laboratory New York Operations c0!fif%ce, 8, S, & 8, C** WL-115, 
October 1, 1962, pp. 177-183. 

3. , USL-117, December 30, 1961, pp. 225-229. 

;6. , HASL-142, January I, 196'4, pp. 272-226'. 

5. ' , HASL-165, January 1, 1966, pp. 301-311. 
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10. 
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HASL-224, October 1, 1969, pp. 11112-11143. 

HASL-227, July 1, 1970, pp. 11112-11121. 
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P L U T O N I U M - 2 3 9  C O N C E N T R A T I O N S  AND P L U T O N I U M  R A T I O S  

T A B L E  1 1959 

DATE A L T  TROP 
HT 

MO-DAY K F T  K F T  

R E G I O N  

10-9  
10-14 

8 - 2 4  
9-3 

10-3 
1 0 - 2  
1 1 - 5  
11-19 
1 2 - 9  
1 2 - 2 8  

2 - 2 7  
3-4 

10-2  
10-9 
1 0 - 1 4  

2-26  
3-5 

5-14 
5 -14  
5 - 1  4 
5 - 1 4  

1 - 2 1  
1 -27  
2 - 1 8  
3 -6  

4 -3  
5-7 
5-14 
6 - 3 0  
7 - 2 2  
8 - 1 2  
8 - 2 6  

3 -18  

- 7 0 N  - 1 5 5 W  

1 5  
1 5  

18 
1 8  
1 8  
1 8  
1 8  
1 8  
7 8  
1 8  

2 0  
2 0  

2 5  
25 
25 

15 
’35 

1.17 
3 8  

3 9  

40 
40  
4 0 
4 0  
4 9  
40  
40  
40  
4 0  
40 
4 0  
4 0  

? a  

32 
32  

38 
32  
3 4  
3 3  
3 3  
3 0  
2 5  
2 3  

3 3  
2 9  

3 4  
32  
3 2  

39 
2 5  

2 3  
3 0  

2 6  

3 5  
36 
3 3  
2 4  
29 
2 9  
3 1  
2 2  
3 5  
3 5  
3 8  
3 8  

28 

PU-239 

PCI 
100 SCM 

0.0104 
0.0114 

0.0394 
0.0158 
0,0112 
0.0131 

0.0108 
0.0203 
0.0094 

0 .0088  

0.0771. 
0 .201  

0.0181 
0.0174 
0 0 0 6 0 6  

5.76 
5026 

5062 
4.10 
4 0 9 3  
4 . 2 7  

3 0 5 2  
6 0 5 2  
7 .89  
5.44 
6077  
4 0 1 0  
203’3 
3.75 
1.63 
1.26 
0.886 
0 0 6 9 0  

PU-240 
PU-239 

-1 
x 1 0  

2a34B 
1.41 

1.45 
1 . 5 2 A  
1.70A 
1 e 5 7 A  
1 0 5 2  
1.58 
1.69A 
1.62 

2.09 
1040 

1.888 
1.44A 
1 0 7 3 A  

1054 
1.69 

1 0 7 2  
1071 
1.69 
1 . 7 3  

1 0 5 5  
1 .66  
1 0 7 1  
1 0 8 2  
1.84  
1.69 
1.65 
1.72 
1.68 
1.69 
1 .66A 
1.46 

PU-241 
PU-239 

-2 
x10 

N R  
0.9068 

.: 1.01 
< 1.14 

N R  
I .82C 
1.178 
0a905A 

NR 
1 e 2 8 A  

NR 
0 . 6 9 4 A  

r\iR 
NR 

1.538 

C o g 5 7 8  
0 0 9 6 9  

0 0 9 2 7  
00963  
0 0 9 7 9  
0 , 9 6 8 ~  

0 . 8 4 4 A  
0 0 8 9 1  
l o 1 7 A  
P o 0 3  
1 o 2 0 A  
0 0 9 9 4  
1 . O 7 A  
1.208 
1 0 0 1 A  
1 - 0 4  

NR 
0 . 7 2 9 A  

P U - 2 4 2  
PU-233 

-3 
x10 

NR 
NR 

N R  
N R  
N R  

N R 

NR 

S o 2 2  

4096C 

3.578 

NR 
N R  

NR 
NR 

C 5.24 

i’! R 
2 0 8 5 8  

2085B 
2 0 2 5  
1 0 9 4  

(1.61 

3. -728 
1 . a7  

2 . 4 8 ~  
3 o 94.4 

2 o 53A 
2 0 1 3 A  
2 39p. < 2 . 7 4  
2 5 8 8  
2 34A 

N R  
2 . 1 9 A  



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM R A T I O S  

TABLE 1 1959  

DATF ALT TROP 
HT 

MO-DAY KFT K F T  

REGION 

9-3 
9-22  

10-2 
10 -10  
10-15 
10-2 1 
1 1 - 5  
11-18  
12 -31  

2 -4  
2-27 
3-1 2 
5 - 2 0  
6 -17  
7-8 

4-10 
4-17  

10-2 
10 -10  
10-14 

4-10  
4-17 

10-3 
10 -10  
10 -14  

10-3 
4-14 

10-10 
10-15 

REG ION 

10-2 
10-8 
10-2 
i 0-9 

-70N -155W 

4 0  32 
40  30  
40 34  
40  32 
40  30  
40 3’3 
4 0  33 
40  30 
40  20  

45 30 
45 3 3  
45 2 5  
4 5 3 1  
45  * 3 3  
45 3 2  

50 28 
50 27 
5 0  34  
5 0  37 
5 0  32 

6 0  28 
6 0  27 
6 0  34  
60  37 
60  32 

6 4  34 
65  33 
65  37 
65 30 

k 3 5 N  - 1 l O W  

60  4 4  
6 0  4 4  
64  4 4  
6 7  44  

PtJ - 2 3 9 

PC I 
1710 S?M 

0 o 829 
0 0  598 
0 0  543 
0 0  540 
04,630 
04,416 
0 0  574  
C o 929 
O a  574 

6a03 
7 o 9 2  
3.94 
lap14 
1 o 35 
1 ‘I 7 0  

2,137 
2 o 36 
1.22 
Io 20 
1 o 7 2  

20 12 
2 o 24 
2.56 
2 ai 42 
2 o 40 

3 a 69 
2,171 
2.41 
1 ai 29 

1 50 
1 57 
2.108 
2.1 1 3  

IPI - 6 

PU-240 
PU-239 

-1 
x 1 0  

1.43 
1.31 
1.63 
1.58 
1.57 
1.57A 
1.62 
1.59 
1 e 78A 

1.74 
1.74 
l e 5 4  
1.99 
1.61A 
l e 4 8  

1 0 7 2  
1063 
1.54A 
1085A 
1 0 5 1  

1.59 
1.8’3 
1.65 
1.82 
2.02A 

1.75 
1.63 
1.78A 
2.06 

1.67 
1.67 

<1*62A 
1.65 

PU-241 
PU-239 

-2 
x 1 0  

1.12 
Oo581A 
0.823 

4 0 . 9 6 2  
1.158 
0.829A 
0 0 9 5 7  
0.871A 
1.09A 

0.999 
0.992 

NR 

1.02 
O O 8 O 1  

1 0 3 6 A  

1.12A 
1.06A 
0.842A 
009O8A 
lor34B 

1.15 
1002A 
1.04A 
1.18 

4 1 0 4 2  

1.05 
1.00A 

4 2 . 0 7  
NR 

l e 0 4  
0.958 
1002A 
0.939 

n w 
PU-242 
PU-239 

-3 
X l O  

4.488 

2 0 8 6 8  

4.260 
2.13 
2 0 4 9  
3026 
4026C 

NR 

44.57  

2 o 0 1 A  
N R  
NR 

4 ? 0 4 0  
3.37A 
2.16 

2 93A 
3 0 44A 
2.82A 
2.86 
3 o 328 

NR 
2.95 
6.078 
3.91 

bl R 

3 0 7 9  
2.51 

NR 
NR 

3 0 5 5 A  
2.76 
2 0 78A 
3 0 5 2 8  



PLUTONIUM-239 CONCENTRATIONS AND P L U T O N I U M  R A T I O S  

TABLE 1 1 9 5 9  

DATF ALT TROP 
H T  

MO-PAY K F T  K F T  

R E G I O N  

4-8 
5 -12  
6-16 
7-17 

REG I O N  

5-15  
6 - 2 2  
4-1 0 
8 -4 

4-3 
5 - 1 5  
6 -2  
7 - 1 0  
8 -4  

4 - 1 0  
5 - 8  
8 - 6  

5 -8  
4 -10  
7-16 
8 -6 

10 4 0  
10 4 2  
10 43 
10 46 

- 4 0 5  "!W 

40 3 2  
40 3 2  
40  '38 
4 0  3 6  

50  3 0  
5 0  3 2  
5 0  37  
5 0  3 8  
5 0  36 

6 0  3 4  
6 0  3 2  
6 0  3 4  

66  3 2  
6 8  3 4 
6 8  1 6  
7 0  34 

PU-239 

2 L L  
100 SCM 

0 . 0 2 6 4  
O . O 6 1 1  
0.0197 
O.CO36 

0 0 1 2 6  
0.1'01 
0.123 
0 0 8 9 9 8  

0.215 
0.243 
0.121 
0.180 
0.123 

0.315 
0 .388  
0 . 5 5 5  

G o 4 1 1  
O.L .21  
0 . 5 8 9  
0.744 

PU-240 
PU-239 

-1 
X I 0  

1 o 6 2 A  
1063A 
1 77A 

(1076 

1.62 
1 0 7 5 A  
1.78 
1 0 8 9  

1 .82  
1.91 
1 0 7 6 B  
1 0 7 5  
2 e 2 1 A  

l o 8 9 A  
1.86 
1 0 8 7  

1.91 
1.84 
1 0 7 3  
1 . 5 8 A  

PU-241 PU-242 
PU-239 PU-239 

-2 -3 
x10 x1c 

4 1 0 3 1  < 1.31 
0e932B 3050B 
1 o 3 5 A  6 0 90A 

I\] R NR 

41.LR NR 

1.688 NR 
1 0 2 6 n  4.78A 

1 0 " 7 A  4.14 
l o C ' 6 A  5 0 8 8  

111 - ? 



PLUTONIUM-239 CONCEMTRATIONS A N D  PLUTONIUM R A T I O S  

TABLE 2 1960  

D A T F  ALT TROP PU--239 
HT 

MO-DAY K F T  K F T  PC I 
l O C l  SCM 

R E G I O N  -70N ~ 1 5 5 W  

5-17 
5-24 

5-17 
5-24 

11-1 
1 1 - 1 5  

1 - 2 6  
2-16 
3-1 7 
4-19 
5-17 
5-17 
5-24 
6-20 
7-18  
8 - 1 6  
9 -20  

10-17 
11-1 
11-10  
11-16 
11-17 
12-19  

5-18 
5-20 
5-25 

11-10 
3.1-1 5 

5-18 
5 - 2 0  
5 - 2 5  

1.1-1 
1.1-10 
11-15 

15 
1 5  

2 5  
2 5  
2 5  
2 5  

40 
40 
40 
40 
40  
40 
40 
40 
40  
40 
40 
40 
40  
40 
40 
4 0 
40  

50 
50  
5 0  
50 
50 

6 0  
6 0  
6 0  
6 0  
6 0  
60  

34 
39 

34 
39  
34 
29 

34 
34 
30 
2 9  
3 3  
34 
39 
3 2  
3 5  
34  
34  
3 3  
34 
3 2  
29 
3 3  
3 1  

3 3  
3 3  
39 
3 2  
29 

3 3  
33 
39 
34 
3 2  
29 

0.0134 
0 CI 1 2 7 

0.0290 
0 0 12 5 
Oe01307 
0.0197 

0.9137 
1 . 4 1  
1.16 
1.5 ’1  
0.7’29 
0 0 869 
0 0 1 7 5  
0.798 
0 0 5 2 5  
0.1369 
0.467 
0.274 
0.432 
0.538 
0 0 2 9 2  
0.306 
0085’3 

l o 1 6  
1 . 3 5  
1.27 
2.98 
2065 

3.86 
4.15 
4.33 
3 0 0 2  
2.75 
3 0 5 2  

I P I  - 8 

PU-240 
PU-239 

-1 
X L O  

1.79 
1 0 5 4 8  

1.83 
1.82 
1.45A 
1.88 

1.67 
1.72 
1.73 
1075 
1.78 
1.898 
1.75 
1.80 
1.80 
1.79 
1.75 
1.82 
2.29A 
1 0 7 9  
1.86 
1.77 
1.76 

1.78 
1.79 
1.82 
1084A 
1.82 

1.76A 
1.81 
1 . 8 5  
1.80 
1.85A 
1.84 ’ 

PU-241 
PU-239 

-2  
x10 

1.168 
2 B 74C 

1.09A 
0.9798 
0.92414 

NR 

0.926 
1.02 
1.06 
1.05 
1.07 
1.02A 
1.03A 
1.06 
1 0 0 5  
1.05 
1.49A 
1.07 

NR 
1.04 
1.27A 
1.01 
1.02 

1 0 0 9  
1.18 
1.40A 
1.00A 
1.09 

l o 0 5 A  
1036A 
1000  
00983A 
1.04A 
1012 

-3  
x10 

N R  
3 0 8 5 c  

3.65 
2 0 1 7  
2 148 

NR 

2.95 
NR 

5.80A 
2.54A 

NR 

1.96A 
NR 

2.4341 
2.57A 
2 . 3 5 A  

NR 



PLUTONIUM-239 CONCENTRATIONS A N D  PLUTONIUM RATIOS 

/,,\ TARLF 2 1960 

DATE ALT TROF’ PU-239 PU-240 PU-241 PU-242 
HT pu-239 PU-239 PU-239 

PC I -1 -2 - 3  - MO-DAY KFT KF1’ 
100 SCM x 1 0  x 1 0  x10 

REGION *70N -155W 

5-18  
5 - 2 0  

11-10 
5 - 2 5  

11-1 
11-15 

6 3  33  
63 33 
h? 3 2  
6 4  3 9  
6 4  3 4  
64 2 9  

REGION 

5 - 2 0  
5 - 2 4  
6-1 

2032B 
NR 
NR 

1 5  3 9  
1 5  4 2  
15 3 0  

5-20  
5 - 2 4  
6-1 

2 5  3 9  
2 5  4 2  
25 3 9  

GoOO81 1 o ’57A NR 
0 0 0 0 5 7  1.66 NR 
Oa0206  1072 NR 

NR 
NR 
NR 

5 - 2 0  
5 - 2 4  
6 - ?L 

1 1 - 1 0  
11-15 

4 0  3 9  
40  4 2  
4 0  3 9  
4 0  37 
4 0  3 6  

0.0815 ? . o & 4 A  1 0 2 0 A  
0 0 2 4 3  1.071 l o 1 3 A  
0053’3 1 0 7 6  N? 
C a 0 5 0 1  1 0 6 1  0 . 9 8 6  
0 .0955  1-78 1 0 1 4  

30?8A 
’3.40 

NR 
2 0 1 8 A  

NR 

5 - 2 0  
5 - 2 4  
6-1 

11 -1 
1 1 - 1 0  
11-15 

5 0  3 9  
5 0  44 
5 0  41 
50  54  
5 0  3 9  
5 0  3 5  

002.55 1.82 1m11A 
2 . 2 4 4  1 0 7 7  Cm62CB 
1.01 1 . 8 0  l o 1 4  
0 0 1 4 6  0 0 9 6 5 A  NR 
00 1 3 8  i o a i  ? O C C  
0 0 5 3 8  1 0 8 7  l O O 8  

30378  
i\l I? 
NR 
11!2 

N R 
3 o O/;A 

5 - 2 0  
5 - 2 4  
6 - 1  

11-1 
1 1  -1.0 
11-16 

6 0  39  
6 0  4 4  
6 0  41 
6 0  5 4  
60  39 
6 0  4 4  

201’3 1.81 1 0 0 8  
1.88 1 0 3 5 A  Oo717A 
l e 9 3  1 0 7 3  l e 2 1 A  

3 0 4 7  1 0 8 8 A  1 0 0 8 A  
1 .97  1.72 0 0 9 8 7  

1.80 1 0 8 6  la13 

2 .58  
NR 

5 - 2 0  
6-1 

65 39 
6 5  41 

I11 - 9 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TABLE 2 1960 

DATE ALT TROP PU-239 
HT 

MO-DAY KFT KFT F'CI 
l o c l M  

5-24 6 6  44 4.03 
11-1 6 6  5 4  3.35 
11-10 6 6  3 9  2.71 
1 1 - 1 5  6 6  4 4  2.98 

R E G I O N  -10N N 5 5 W  

5-20 5 0  52  0.0071 
5-20  60 53 0.214 
5 -24  60  53  0.304 
6 - 1  6 4  53 1 . 2 1  
5 - 2 4  6 5  5 3  1.1'3 

REGION 10N -160W 

'11-19 60  53  0 . 7 3 5  
'11-21 60 5 5  0.59'5 
:11-18 66  '5 3 1.22 
11 -22  66 52  0.946 
1 1 - 2 4  6 7  55  1.47 

RFGION W 4 0 S  0 60W 

5-1 9 1 5  3 2  0 0 Cl096A 
5-23 1 5  32  0 e 0 1 4 5 

5-19 25  32  0.0225 

5-19 4 0  32 0 . 2 3'5 
5 -23  40 32  0*0459  
6-2  4 0  4 4  O p e  0 8 4 3 

5-19 50 3 2  0.336 
6 -2  50 4 4  0,588 

5-19 60  32  1.18 
5-23  60  32  0.831 
6-2  60 4 4  0 o 6'26 

PU-240 
PU-239 

-1 
x10 

1.76 
1.80 
2.03 
1.85 

1.558 
1.95 
1.918 
1.61 
1.69 

1.80 
1.22 
1.73 
1.82 
1.75 

1 0 8 2 8  
0.651A 

1.37A 

1m61A 
1.71A 
1.47 

1.62A 
1.78 

1e95A 
1.78 
1.77 

PU-241 
PU-239 

-2 
x10 

0.838 
0e990A 
1.09A 
1.17 

NR 
1.87C 
1.118 
1.16 
1.018 

1.08 
1.158 
1.12A 
1.07 

NR 

NR 
NR 

00802A 

1 0 0 5 A  
l e 0 4 C  
0.979 

0.880 
1.11 

1.02A 
1 . 1 1 A  
1.19 

PU-242 
PU-239 
- 

-3 
x10 

3.050 
2.80A 
2.488 

NR 

3.49 
2.01D 
3.11A 
3.50 

NR 

NR 
NR 

2.688 

1 0 1 7 8  
NR 
NR 

3 . 8 6 ~  
NR 

4.28C 
2e35A 

NR 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TARLE 2 1 9 6 0  

DATE ALT TROP 
HT 

MO-DAY K F T  K F T  

QEGION - 4 0 5  -6OW 

5-19  6 4  32 
5-23  65  32  
6-2 7 0  4 4  

RFGION - 4 0 5  ~ 1 . 4 5 E  

11-2  
11-10 
1 1 - 1 5  

1 1 - 2  
1 1 - 1 5  

11-2  
11-10 
1 1 - 1 5  

11 -2  
11 -8  

11 -2  
11-8 
11-15  

11-8 
11-2  
11-15 

15 
15 
1 5  

25 
25 

4 0  
4 0  
4 0  

50 
50 

6 0  
60 
6 0  

63  
6 4  
6 5  

3 4  
3 9  
3 3  

3 4  
3 3  

3 4  
3 9  
3 3  

3 4  
30  

3 4  
30 
3 3  

30 
3 4  
3 3  

PU-239 

L 
100 SCM 

2.59 
2.15 
3.27 

Om0144 
0.0049 
O m 0 0 9 1  

0.0137 
0 0 0 1 8 8  

0.0493 
Om160 
Om347 

0.332 
0.336 

2.44 
2m49A 
2.11 

2 0 3 7  
1.99 
2.28 

PU-240 
PU-239 

-1 
x10 

1m68A 
1078 
l e 7 6  

1.588 
1m50A 
1.73 

2.11c 
1.24 

1.85 
1m64A 
2 0 0 5 A  

2.09 
1077 

2 m 0 0 A  
1 0 7 8 8  
1.79 

1.75 
1.758 
1.82 

PU-241 
PU-239 

-2 
X I 0  

Om940A 
1.02 
1 e07 

2m16C 
1.188 

NR 

NR 
NR 

1m53A 
1m06A 

NR 

NR 
1.04 

1m08B 
l e 0 2 6  

NR 

1 0 0 3  
lo0OC 

NR 

P U - 2 4 2  
PU-239 

-3 

- 
x10 

2 190 
2.2214 

NR 

NR 

NR 

N R  
NR 

2.758 

6.928 
3m12A 

NR 

NR 
4m19A 

2 60A 
3m12A 

NR 

2m66A 
2e65A 

NR 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TABLE 3 1 9 6 1  

DATE A L T  TROP PU-239 
HT 

MO-DAY K F T  K F T  PC I 
i o o S C M  

QEGION - 7 0 N  -145W 

5-2 1 5  35  0.0556 
5-12  1 5  32 0.0250 
5-1 6 1 5  32  0 0 0'373 

5-2 25  35  0 0 6 7 9  
5-16 25  32 OeO294 

5-2 4 0  35  0.  a o a  
5 -13  4 0  32  0 9139 
5-16 4 0  32  100'7 

5-2  5 0  35  
5-3 3 5 0  32 
5-1  6 50 32  

5-2 6 0  3 5  
5-12 6 0  32 
5-16  6 0  32 

5 -16  6 2  32  
5-2 65  35 
5-12 6 5  32 

REGION -?5N b l I O W  

5-4  1 5  3 7  
5 - 1 1  1 5  4 4  
5-1 6 1 5  4 2  

103'3 
0.9133 
1 0  213 

2.16 
2.03 
2 o 3 8  

2 . 4 0  
2.35 
2.18 ' 

0.0'416 
0.0100 
0.0125 

5-4 2 5  37  0.0338 

5-16  25  4 2  0.0068 
5-11  2 5  4 4  O e O 0 5 O  

5-4 4 0  3 7  0,256 
5-16  4 0  4 2  0.0703 

5 -4  5 0  3 9  0.459 
5-1  1 5 0  5 0  0.0388 

3'11 - E 2  

PU-240 
PU-239 

-1 
x10 

1.83 
1 0 9 2 A  
1 0 7 1 A  

1.80 
1.79 

1.90 
1.84 
l e 8 0  

1 0 8 9  
1.82 
1 0 8 1  

1.81 
1.68 
1.81 

1.82 
1.71 
1.80 

1.77 
1 0 5 3 A  
1.75 

1.82A 
l o 3 3 A  
1 0 6 1  

1 0 7 9  
1.82 

1 0 5 5 A  
1.84 

PU-241 
PU-239 

-2 
x10 

1.01 
1 0 2 6 A  

NR 

1.00 
1.31 

l o l l A  

1.06 
1.17 

1.05 
0.962 

NR 

0.984 
0.826 

NR 

1.04 
0.857 
1.00 

0.983 
0 0 9 4 0 A  
l o 0 1  

1.308 
0.8088 
0 0 9 9 1 A  

1.02 
1 0 0 4  

0 0 9 5 I A  
l e 0 6 A  

PU-242 
PU-239 

-3 
x10 

2.59 
3.958 

NR 

2.60 
NR 

2 0 8 0 A  
2.45 

NR 

2.40 
2.43 

NR 

2 - 3 8  
2.26 

NR 

NR 
2.33 
2.45 

2.44 
2.27 

NR 

2.988 
3 278 

NR 

2.60 
NR 

3 OOB 
4 90A 



PLUTONIUM-239 CONCENTRATIONS AND PLUTQNIUM R A T I O S  

TABLE 3 1961 

@ A T E  ALT TROP 
HT 

PU-239 PU-243 
PU-239 

MO-DAY K F T  KFT PC I 
100 SCM 
- -1 

x10 
-2  

x10 
-3 

x10 
REGION -35N .osllOW 

5 -4 60 39 
5-11 60 50 
5-16 60 42 

0.894 
1.30 
1.98 

1082 

1.80 
1.79 

0.940 
1.00 
1.08 

2063 
2063 
2 53A 

5-4 66 39 
5-1 1 6 7  50 
5-16 67 42 

2.84 
2.21 
3.06 

1.81 
1.82 
1.82 

0.982 
0.992 
0.983 

REGION -1ON ~ 1 6 0 W  

6 -6 50 49 0.0089 1e86A 1.218 5.95A 
6-1 5 50  51 Om390 1082 1.00 2.53 

6-6 
6-15 
6-20 

60 49 1.05 
60 51 0.527 
60 50 0.685 

1064 
1084 
le83 

0.782 
1012A 
1.01 

2.27 
3.13A 
NR 

1.00 
0e916A 
0.962 

2.69 
3e01A 
NR 

6 - 1 5  
6-6 
6-20 

64 5 I. 00877 
65 49 1.13 
66 50 1.035 

1080 
1.82 
le78 

REGION m 4 O S  - 1 4 5 E  

15 32 0.0050 
25 32 000154 

1.56A 
1.60 

0e905A 
NR 

5-8 
5 - 8  

1077 
1.56 
1.77 

1.01 
1.138 
1920 

2.77 
3.98C 
NR 

5-8 
5-15 
5-23 

40 32 0.133 
40 42 000150 
40 37 00208 

50 34 8.576 
50 42 0.628 
50 37 0.702 

1.87 
le81 
le81 

l e 0 4  
0.971 
00984 

2 e 73A 
2.68 
2e72C 

5-8 
5-15 
5-23 

00989 
0.890 
1.00A 

2043 
2.34 

NR 

5 -8 
5-15 
5-23 

60 34 2.39 
60 42 2050 
60 37 2.05 

1083 
1.90 
le83 

6 5  34 2.21 
6 5  42 2.49 
66 37 3 0 3 0  

1076 
1.64 
1079 

00996 ’ 
0.745 
1015 

2.41 
2.10 
NR 

5-9 
5 - 1 5  
5-23  



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

T A B L E  4 1963 

DATE A L T  TROP P U - , 2 3 9  
HT 

PC I 
100 SCM 
-- MO-DAY KFT KFT 

QECION -70N -145W 

8 - 2 8  15  32 0 0808A 
11-6  1 5  28 0.0411 

6-19  4 0  29 10.3 
8-28 40  32 4.34 

11-20 4 0  29 5.81 

8-27 5 0  3 1  11.3 
11-5  50  3 0  10.6 

8-28 6 0  3 1  15.7 
1 1 - 5  60 30  19.0 

8-27 
11-5 

REGION 

8-13 
11 -19  

REGION 

8-13 
1 1 - 5  

REGION 

63  
6 6  - 75N 

65 
6 7  

N I O N  

6 7  
6 9  

~ 4 0 5  

34 17.5 
30 117.4 

d l l 0 W  

25.4 
40  18.7 
-- 

- 80W 

52 5.50 
54  14.9 

-145E 

8-27  15  33 0a0972A 
11-19 15  34  0.0138 

8-27 6 4  3 4  2.12 
11-19 65  34 3.16 

PU-240 
PU-239 

-1 
x 1 0  

l o 8 2 8  
2.40 

2.45 
2.41 
2.24 

2.03 
2 0 1 3  

2.40 
1.88 

l e 7 7  
1 0 7 3  

l e 9 3  
1.82 

2.13 
2.07 

l e 7 9 A  
1.81 

1.86 
1.72 

PU-241 
PU-239 

-2 
x 1 0  

-- 
6023C 

1 a97 
1.94 
l a 6 8  

1 e48 
1.63 

1.84 
1.37 

1.15 
1.12 

1.37A 
1.38 

1 76A 
1.56 

1.328 
0 0 776A 

1.14 
1e05A 

-3 
x10 

6.33 
6.47 
5.16 

4025 
7.728 

5.89 
4.59A 

2.99 
3.29 

3.628 
4.828 

7.578 
4.73 

-- 
-- 

4.1714 
6.53C 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TABLE 5 

PATE 

MO-PAY 

REGION 

2-12 
5-18 

1 1 - 2  

2-25 

8-24 
5-18 

11-3 

2-11 
5-19 
8-24 

11-3 

2-25 
5-18 
A - 1 1  

11-2 

11-2 
5-5 
8-11 
2-25 

REGION 

2-25 
5-20 
8-25 

2-25 
5-19 
8-11 

11-30 

8-11 
5-19 
2-25 

1964 

ALT TROP PU-239 
HT 

KFT KFT PC I 
100 SCM 

~ 7 0 N  d145W 

0.245 
15 30 0.342 
3 5  30 0.0227 

-- 15 

40 32 11.4 
40 30 6.85 
40 33 2.64 
40 26 3.46 

50 28 10.1 
50 30 7.90 
50 33 4.33 
50 26 5046 

60 30 7.80 
60 30 9.80 
60 35 7.23 
60 30 2.26 

63 30 2.45 
64 25 4.65 
65 35 5.97 
67 30 5.92 

-35N ~ l l 0 W  

50 36 4.06 
50 44 1.96 
50 50 1.38 

60 36 10.6 
60 45 9.98 
60 53 6.92 
60 43 4.79 

66 53 15.5 
67 45 9.03 
69 36 10.9 

PU-240 
PU-239 

-1 
x 1 0  

2.23 
2.01 
2005A 

1.84 
1.94 
1.89 
l e 9 0  

1.87 
1.85 
1.94 
1.83 

1.77A 
1.73 
l e 7 6  
1047 

1.47 
1.57 
1064 
1.55 

1.87 
1.90 
1.91 

1.88 
1.86 
1.83 

' 1.75 

1.74 
1.69 
1.86 

PU-241 
PU-239 

-2 

- 
x 1 0  

1.68 
1.47 

-- 

1.30 
1.31 
1.26 
1.23 

1.26 
1.25 
1.24 
1.11A 

1.05A 
1.16 
1.15 
0.966 

0.893 
1.06 
1.07 
0.984 

1.28 
1.29 
1.46 

1.27 
1.31 
1.29 
1.23 

1.08 
0.9718 
1.26 

PU-242 
PU-239 

-3  
x10 

5.94 
6.38 -- 

3.84A 
4-03 
3.67 
3090 

3.69 
3.82 
3.63 
2.93  

2.658 
3.49 
3.40 
2 388 

2.86 
2.67 
3.02 
2.79 

3.87 
4.89 
4.73 

3.68 
4.40 
4 .15  
3.53A 

2.82 
4.74 
3.74 



PLUTONIUM-239 CONCENTRATIONS A N D  PLUTONIUM RATIOS 

TABLE 5 1964  

DATE ALT TROP PU-239 
HT 

MO-DAY KFT K F T  - P C J  
100 SCM 

REGION -ION ~ 8 0 W  

5-19 67 55 9.20 
8-25 68 49 8.00 
11-17 68 56 6.76 
2-25 69 55 8.13 

REGION -405 w 1 4 5 E  

2-25 15 -- 0,0133 
0.0122 -- 5 -6 15 

5-5 64 39 0.912 
8-25 6 5  3 4  1.36 

11-3 65 33 le36 
2-27 66 38 2.00 

11.1 - 

-1 -2 -3 
x10 x10 x10 

2.01 1 a48 5.25 
1.89 1026 3.82 
1.93 le38 4.20 
2.05 1.45 4056 

1e73A ND NO 
1092 2080 

le89 le53 7.78A 
1.83 1.20A 5,228 
1e80A 1 a24 4.00 
1082 1.18A 3.50 

-- 

E 6  



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TARLE 6 1965 

PU-241 PU-242 %% PU-239 PU-239 
D A T E  ALT TROP PU-239 

HT 

PC I -9. -2 -3  MO-DAY KFT KFJ 7 

100 SCM x10 x10 x10 
R E G I O N  - 7 0 N  d145W 

5-18 15 32 0.0292 1.78 1.03 3.89 

2-10 40 27 2.24 1.82 1.24 4.09 
5-19 40 34 2.78 1.82 1.10 3.19 
8-27 40 32 1.08 1.90 1.20 3.27A 

11-16 4 0  32 0 449 1.77 1.08B 2.85 

2 -9 
5-4 
8-27 
11-15 

50 25 
so 27 
5 0  32 
50 34 

4.63 1.80 
0.203 1.79A 
2.35 1.72A 
2.70 1.72 

1.17 
1.238 
1.38A 
1.05 

60 23 
60 30 

3.25 1.60 
4024 1.70 

1 o24A 
1.05A . 

7.058 
2.93 

2 -8 
5-3  

2 -8 
5-13 
0-27 

11-16 

62 34 
62 30 
6 4  32 
64 30 

4.20 1.75 
2.79 1.70 
1.66 1.65 
1.36 1 0 7 0  

1.35 
1.05A 
1.00 
1.04A 

7.68 
2.90A 
3 . 32c 
3.25A 

REGION -35N b 1 1 O W  

8-22 

5-3 
8 -9 
11-15 

40 47 0.01648 lo78C 

50 44 
50 53 
50 45 

2.17 1.68A 
0.322 1.78 
0.361 la78 

1.18 
1.418 
1.11 

3003A -- 
3.03A 

60 38 
60 41 
60 45 

4.02 1.80 
2.53 1.76 
2.63 1.74 

1.18 
1.10 
1.06 

4.24 
3 0 74A 
3 0 79A 

2-8 
5-18 

11-16 

5-18 
8-22 
11-29 
2-22 

63 41 
65 48 
65 40 
70 37 

2.70 1.68 
2.28 1.68 
1.37 1.70 
6.45 1085 

1.05 
1.00A 
1.01 
1026 

2 66A 
3.51C 
2.92 
4.06 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM R A T I O S  

TABLE 6 1965 

DATE A L T  TROP PU-239 
HT 

MO-DAY K F T  KFT PC I 
100  SCM 

REGION -1ON -8OW 

5-18 52 52 0 0 7 1 8  

5-22 6 0  57 1.81 
8-25 6 0  52 2.05 

11-15 6 4  56 1022 
2-9 65  54 12.0 
5-22 6 6  57 4.76 
8 -10  6 7  49  3.22 

R E G I O N  ~ 4 0 5  - 1 4 5 E  

2-10 4 0  39 0 0 4 7 0  
5 - i 9  40 32 0 0 6 6 1  

11-17 40 36 0 0 3 2 0  

8 - 2 4  60 37 1 0 3 4  
11-18 6 0  36 1 0 0 8  

8 - 2 4  613 37 1.28 
11-18 65 36 0.989 
5-4 66 40  0 o 9'09 
2 -9 67  38 0.9133 

PU-240 
PU-239 

-1 
x 1 0  

1 e 74A 

1.87 
l e 9 5  

1.80 
1084  
l e 8 8  
1 0 9 0  

1.94 
1.90 
1086 

1 .82  
1.75 

1.79 
1.77 
1 .82  
1070 

PU-241 
PU-239 

-2 
x 1 0  

1 0 1 3  

l e 1 7  
3e89B 

1.12 
1.32 
1.24 
1 e93A 

1 e45 
1.20 
1 e15A 

1.12 
1o5OA 

1 0 3 4  
1012 
1.14 
1o4OA 

-3 
x 1 0  

3.81 
3.53 

3.338 
40628 
3.78 
7.65C 

3.648 
6e76C 

3.98 
2.81 
3.77A 
4.49 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TABLE 7 1 9 6 6  

PATE ALT TROP 
HT 

PU-241 PU-242 
PU-239 PU-239 

PU-239 PU-240 
PU-239 

MO-DAY KFT KFT 

R E G I O N  e 70N -145W 

PC I -1 m x 1 0  
-2 -3 

x10  x10  

1.08 3.20 2 -24  40 2 9  1.72 1.11 

2 - 2 2  50  24  
2 - 2 4  5 0  2 9  

2-22 6 0  2 4  1.10 3.12 

2-22 6 4  24 1.45 1 0 7 5  

2 -8 
6 - 1 4  

40 
40 

37 
4 7  

1.14 1.73 
0 0 0 2 0 0  1 0 7 5  

2-20  
2-23 
6-28 
6-29 

50 
5 0  
50 
s o  

3 3  
37 
5 2  
50 

6 0  
6 0  
60  

37 
4 9  
51 

2 - 2 3  
6 - 1 4  
6-27  

6 - 1 4  
6-27  

6 4  
6 5  

45 
5 1  

REGION N 10N d 8 O W  

0.0025A. 1 e 5 3 A  
0.01598 1.898 

0 04408 

0.381' 1.78 
0.833 1.68 

1.13 1083 
1.29 1.76 

1 448 

-- 6-20  40 
6 -27  40 51 

Q-28 50 50 

2-1 1 60 56 
6-27 6'0 50 

6-27 62 50 
2-1 1 65 56 

2.018 1603C 

1.21 3.54 
1.00A 3.318 

1.10 3.56A 
1 0 1 2 A  -- 

PPI - $9 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM R A T I O S  

TABLE 7 1966 

DATF ALT 

MO-DAY KFT 

REGION & 4 0 S  

2-23 40  
7-2 4 0  

2-22 5 0  
2-24 50 
7-3 50 
7-3 5 0  

2-23 6 0  
7-2 6 0  
7-2 6 0  

7-2 63  
7-2 6 4  

TROP PU-239 
HT 

KFT PC I 
labTM - 70W 

37 0.353 
36 0.111 

37 0.526 
40 0.584 
38 0.586 
38 0.531 

39 0.912 
35 0.721 
35 0.6'05 

35 0.811 
3 5  0.6.28 

PU-240 
PU-239 

-1 
x10  

1.85 
1.79A 

1.82 
1.78 
1.77 
1.52 

1.76 
1.78 
1.81 

1.81 
l e 8 7  

- - .  
PU-239 PU-239 

-2 -3 
x10  x 1 0  

1.14 4 268 
1 e09A 6.718 

1.12 
1 e09 
1.05 
1.33 

1.298 
1.07 
1.11 

1.05A 
6.74B 

3.85 
3.41A 
2.67 
4.46 

9 64C 
2.81 
4.80C 

4.13A 
a . 1 4 ~  

9'19: - 20 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TABLE 8 396.7 

PATE ALT 

MO-DAY KFT 

R E G I O N  -70N 

1-19 40 
1-24 40 
7-18 40 
8-1 40 

1-10 5 0  
1-10 5 0  
7-1 8 50 

1-9 60  
1-23 60 
7-17 60 
7-24 60 

1-9 63  
1-9 6 3  
7-1 7 6 3  

1-17 , 40 
1-25 4 0 
7-19 40 
8-1 40 

1-10 5.0 
1-17 50 
8 - 8  50  

1-9 ’6’0 
2 - 1 6  6 0 
7-24 6 0  

1 - 1’6 :6 3 
7-24 (6 3 
7-3 1 ’69 
1-23 ‘6% 

TROP PU-239 
HT 

K F T  PCI. 
100 SCM 

-145w 

36 0.211 
-- 0.438 
31 0.242 
32 0.304 

27 1.22 
27 0.912 
3 1  0.598 

34 0.963 
34 0.618 
37 0.556 
34 0.445 

29 0.781 
28 0.325 
37 0,4?,7 

-11ow 

39  0.0764 
-- 0.210 
51 0.0040 
5 2 0,0086 

39 :0.556 
39 .Om320 
52 0.0187 

37 1- 08 
42 01’90 3 
’5 2 3:90 

PU-240 
PU-239 

-1 
x10 

1.69 
1073 
1.813 
1.77 

1.86 
1.78 
1.85 

1.72 
1.93 
1.74 
1.76 

1.80 
1.86 
1077 

1.67 
1065 
1.448 
1.848 

1.49 
1.7’13 
1 - 72A 
1.72 
1-76 
1-90 

1.72 
1 w ’ 9 . 2  
l w ’ 9 7  
1.75 

- PU-241 
PU-239 

- 2  
x10 

0.930 
0.926 
1.69A 
1008A 

1.07A 
1.04 
1.35 

1.07 
1.35 
0.953A 
1.02 

1.04 -- 
1.06 

1.10 
0.965 -- 
1.09C 

2 -  2 6 8  -- 
-- 

‘0-966 
1.01 
1.32 

1,. 0 4  
1.41 
1.33 
1-03 

PU-242 
PU-239 

-3 

- 
x10 

2.78 
2.60 -- 
-c 

2.99A 
3.81 
3.45A 

3.56 
4.65 

3.47 

3.00 

3.93 

-- 

-- 

-- 
3.08 -- 
-- 

6.90 -- 
-- 

2 - 4 6  
3.43 
2.60 

3.49 
2.83 
2.79 
3.. 45 

III - 21 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

DATE . A L T  

MO-DAY K F T  

R E G I O N  4 1 O N  

1-9 4 0  
1-23 4 0  
7-18 4 0  

1-16 5 0  
1-23 5 0  
7-18 5 0  
7-25 50  

1-10 60 
1-17  60 
7 -19  60 

1-17  63 
1 -17  63  
7-19  6 4  

TABLE 8 1 9 6 7  

REGION ~ 4 0 S  

1-7 4 0  
7-18 40 
7-24 40  

1-11 5 0  
1-17  5 0  
7-17 5 0  
7-17  5 0  

1-10 6 0 ,  
7-24  6 0  
7-24  60  

7-24  6 3  
1-10 6 4  
7-24  66 

TROP 
HT 

KFT 

ff 80W 

55 
53 
48 

5 4  
53 
4 6  
4 7  

55 
56  
5 2  

5 3  
56  
52  

7c)w 

35 
34  
36 

38  
38 
36 
3 6  

41 
35 
3 4  

3 4  
4 1 
3 4  

11%: - 22 

PU-239 

PCI. 
100  SCM 

Oe00948 
0.0154 
0 0 0 2 6 5  

0.0075A 
0.02318 
0 0 0 0 5 8  
00 140 

0.441 
0.599 
0.383 

1.14 
0,869 
0.989 

O Q  163 
00 309 
0.247 

00 140 
0 0 4 2 0  
0,308 
0.432 

0,615 
0 0 4 3 6  
0 0 4 9 0  

0.499 
0.654 
10-446 

PU-240 
PU-239 

-1 

- 
x10 

0.6738 
1 0 7 7  
1 0 6 8  

1 70A 
1.038 
1 64A 
00664A 

l e 7 4  
1.89 
1.76 

1 - 7 7  
1082  
1085  

1.41A 
1.74 
1 0 6 6  

l a 4 9  
1.55 
1.75 
1 0 6 9  

1.72 
1 0 7 8  
1-67 

10?2 
1071 
1.87 

PU-241 
PU-239 

-2 

- 
x10 

0 0 6 3 1 8  
1.15 
l e 6 1  

-- 
1.540 

00207c 

1.09 
7.258 
1.17 

-- 

1.03 
1 0 0 8  
1001 

1.568 
1007A 
0.948 

1085 
0.992 
5.40C 
1.08 

1.00A 
1.82C 
1.02 

1008A 
1.08A 
0a999A 

n 

FU-242 
PU-239 

-3  
x10 

-- -- -- 
-- 

7.268 -- 
-- 

3.41 
9.238 
3 50A 

3.26 
3e27 
3 60A 

5 0 6 6 8  
3 37A 
2.60 

5028 
2.82 
6.93 
3.18A 

3 29A 

2.62A 
-- 

-- 
3.18 
3 66A 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TABLE 9 3 9 6 8  

D A T E  ALT TROP PU-2'39 
HT 

PU-240 
PU-239 

-1 
x10  

1.78 
1.66 
1.88 
1 0 9 3  

1.86 
1 - 6 7  
1.99 

1.91 
1.92 
1.92 
1.82 

1.91 
1.89 
1 - 6 9  
1.92 

1.81 
1.79 

1.88 
1 6 8 3  

1;89 
1.91 

l i 9 3  
1190  

1.79 
1.20c 
1a95A 

PU-241 
PU-239 

-2 
x10 

1.15 
1.05A 
1.12 
1.35 

1 0 4 2 A  
1.12 
1.27 

1.30 
1.34 
1.32 
1 0 3 4  

1.27 
I a 3 0  
1.24 
1.39 

1.18 
1.11 

1.25 
l o 3 5 P  

1 2 9  

i .28  
1;34 

102R 

1.11 
1.48C -- 

PU-243 
PU-239 

-3 
x10 

2.66 -- 
1 a68 
2.98 

2.66 
2.80 
4.02 

2.78 
2.83 
3.35 -- 

2.71 
3.07 
3.27 
2.96 

3.20 
2 0 8 5  

3 0 0 3  
3 0 9 8  

2e76A 
'3.00 

3.64 
2 9 6 6  

2.85 
1 aS3C -- 

MO-DAY KFT K F T  P C I  
100 SCM 

R E G I O N  - 7 0 N  -145W 

1-11 
1 - 2 3  
6-2 
6 - 8  

40 2 9  
4 0  28  
40 3 5  
40 3 3  

5 0  
50 
50 3 0  

6 0  2 9  
6 0  3 3  
6 0  3 0  
60 3 3  

6 3  2 9  
6 3  3 0  
6 4  3 2  
6 4  3 3  

-- 
-- 

0.877 
0.0096 
1.17 
1.20 

2.46 
3.20 
1.05 

3.33 
1.53 
1.04 
0.458 

1.42 
0.508 
1.01 
1.31 

1 - 1 5  
1 - 1 5  
6 - 1  

1-10 
1-16 
6 - 1  
6 - 8  

1-10 
6-1  
1 - 2 2  
6 - 8  

QZEGION ll0W N 35N 

1 - 9  
1 - 1 6  

40  
4 0  

3 7  
3 6  

1.09 
0.0632 

1-9 
1 - 1 5  

50 
5 0  

3 7  -- 0.703 
OV0518 

1-8,. 
1-15 

tjp 
6 0  

38 -- i ;40 
k 3 1  

2;06 
2.89 jl 

6 2  
6 6  

1-15  
1-8 

REGION 

1 ~ - 1 6  
6 - 1  
6 - 8  

10N 

40 
4 0  
4 0  

,U 80W 

0.0632 ' 

0.0015C 
0.0121A 

-- 
52 
46 

111 - 23 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TABLE 9 1968 

D A T E  A L T  

MO-PAY KFT 

REGION e 1 0 N  

1 - 8  50 
1-15 5 0  
6-8 5 0  

1-22 60  
6 - 1  60 
6-8 6 0  

6 - 1  6 6  
6-8 6 6  
1 - 1 5  6 7  

r i E C I O h !  - 4 0 5  

1-9 40 
1-1.6 40  
6-2 40 
6-16 40  

1-9 50  
1 - 2 3  5 0  
6-1 5 0  
6 - 8  E O  

1-10 6 0  
1-16  6 0  
6-3 6 0  
6 - 5  6 0  

1-8 63 
1-22 63  
6-8  6’3 

TROP 
HT 

KFT 

a 80W 

-- 
5 2  
47 

5 1  
49 
47 

49 
47 
5 3  

-?OW 

37 
40  
39 
4 4  

37 
4 0  
3 9  
37 

36 
4 0  
3 8  
37 

37 
50  
37  

PU-239 

PC I 
100 SCM 
-- 
0.01246 
OoO024C 
0.0937 

0.507 
0.989 
1 0 0 3  

1.35 
0.963 
2.06 

0.105 
Oo0150 
0.0415 
Oe0705  

0.171 
0 o 1 2 2 A  
0.127; 
00143  

0 0 3 0 6  
0.249 
0.211 
0,180 

0.249 
0.417 
0,197 

PU-240 
PU-239 

-1 
x10 

1.778 
1.71C 
2 0 8 7  

1.79 
1.87 
1 0 9 1  

1.86 
1 0 9 5  
1.93 

1.46 
1.55 
1.71 
1 0 7 4  

1.63 
1 o 6 L A  
1.70 
1.77 

1.70 
1 . 7 2  
l o 6 9  
1.90 

1.72A 
1.72 
1 0 7 0  

PU-241 
PU-239 

-2 
x10 

1 0498 

1.20 

1.06 
l o 2 0  
1.33 

-- 

1.23 
1.24 
1.28 

0.825 
1.00A 
0.947 -- 

1 0 1 9  
0 e 9 5 9 A  
1.00 
0 0 9 9 1  

Oo961A 
0,975 
0.916 
1 0 0 9  

1 0 0 7 A  
00987 
1.06 

n 
PU-242 
PU-239 
- 

-3 
x10 



PLUTONIUM-239 C O N C E N T R A T I O N S  AND PLUTONIUM RATIOS 

TABLE 10 1969 

DATE A L T  TROP PU-239 PU-240 ,PU-241 PU-242 
HT PU-239 PU-239 PU-239 

MO-DAY K F T  K F T  PC I -1 -2 -3 
100 SCM x10 x10 x10 

PEGION - 7 0 N  ~ 1 4 5 W  

2 -4 40 27  0.529 1.80 1.20 2 . 8 5 ~  
2 -19  4 0  3 0  0.492 1.76 1.04 2.53 

2-3 5 0  27  4.19 1.74 ’ 1.12 2.05 
2 -17  50  3 0  2.68 1.72 1.03 1.55 

2-3 6 0  27 0.427 1.77 1.08 2 32A 
2-4  60 27 0.5Q9 1.74 1.03 2.66 

2-13 6 2  27 2.03 1.. 7 3  1.17 2.20 
2-4  62  27 0.639 1.77 1.02 2.83 

2-5 4 0  45 0 . 0 1.5 7 1.81 
2-12  4 0  35  0.05’10 1.80 

2-4  .. 5 0  3 7  0.242 1.81 
2-12 5 0  38  0 . 0 2 4 9 A  l O 7 1 A  

2-4 6 0  37  1. 38 1.76 
2-10  6 0  3 6  0.972 1.77 

2-4 6 8  3 7  1 0 0 5  1.75 
2 - 1  8 6 8  37  0 0 7 3 0  1.71 

1.20 
1 0 1 8  

1.09 
1.23A 

1.06 
1.00 

-- 
2.91 

2.19 
2.88A 

2.26 
2 0 3 7  

2 0 3 0  
1 - 8 8  

2 -1c  4 0  -- 0.0060D 1.570 3.22D 10.40 

2-4 5 0  53 0.0065C 0.873C Oe562C 1e41c 
2-17 50  52 0.0036A 1.78A -- -- 

2-3 60 4 9  0.0955A 1.65A 0.988A 2 e 40A 
2-10  60 52 0.384 1.72 1.07 -- 

2 --Lc 6 4  53  0,572 1.57 0.938 2.24 
2 -10  65  52 0.555 1.64 1.09 -- 



PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 

TARLE 10 1 9 6 9  

DATE A L T  

MO-DAY 

QECION 

2-3 
2-1  1 

2-3 
2-10 

2-18 

2-18 

KFT 

.U 405 
40 
4 0  

50 
5 0  

6 0  

6’3 

TROP 
HT 

KFT 

70W 

44 
3 6  

44 
3 7  

4 8  

4 8  

P u - ;! 3 9 

PC I 
100 SCM 
7- 

0 m 0 243A 
0 0 0 4 2 7 

Om0808 
Oa7?5 

2.77 

2.35 

PU-240 
PU-239 

-1 

- 
X I 0  

1a26A 
1019  

1.21 
l a 0 2  

0 0 9 5 7  

0.96’3 

n w 
PU-241 PU-242 
PU-239 PU-239 
- 

-2 -3 
x10 x10  

0a729A 3 0 0 8 8  
0.644 -- 
0.66311 1056C 
0 0 4 6 6  00751 

0.436 00501 

0 0 7 0 7  Om780 
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PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM RATIOS 1 
PC I -1 -2 -3 MO-DAY KFT KFT - 

100 SCM x10 x10 x10 
REGION ~ 7 0 N  145W 

1-2 40 27 0.704 1.53 0.835 1.84 
1-20 40 29 0.989 le80 0.988 2e50A 

1-13 50 33 2.56 1.92 1.14 1.86 
1-13 50 29 3.31 1.95 1.15 2.84A 

1-5 60 31 1.42 1.89 1.16 
1-12 60 33 1.72 1.91 1.12 

ND 
1.89 

2.02 
2.61 

1-12 62 33 0.972 1088 1.05 
1-19 62 31 0.848 l e 7 4  1.08 

QEGION - 1 5 N  & l l O W  

1-6 40 35 0.436 1.78 1.06 
1-20 40 40 0.0366 . 1.77 1.77 

1-5 50 37 00999 
1-19 50 37 0.970 - 

1.84 1.07 2.66 
1.85 1.08 1.92 

I 

1-5 60 
1-12 60 

37 1.72 1.86 
34 l e 4 9  1.88 

1.08 
1.19 

2.02 
1.84 

1-12 63 
1-19 63 

34 ZO6l 1094 
37 2002 1.80 

1.17 
1.05 

2.18 
1.46 

Al BOW REGION A) 10N 

1-20 40 53 0.142 ~ 1.58A Oi720A ND 

1-10 6 0  
1-19 60 

52 0.531 . 1.78 
53 0.941 1 a60 

1.20 
1.09 

2 568 
2.67 

52 0.765 1.73 
52 0.775 1.63 

1-13 64 
1-5 66 

'., 

1.03 
1.11 

1.70 
2.24 
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PLUTONIUM-239 CONCENTRATIONS AND PLUTONIUM R A T I O S  

TABLE 11 1970  

DATE A L T  TROP -pU-239 
HT 

MO-DAY KFT KFT PC I I 
100 SCM 

REGION LI 4 0 s  - 70W 

1-6  40 37 Om0'140 
1-19  40 5 2  0 0  129 

1-5 5 0  37 1m6:L 
1-13  5 0  36 Om288 

1-19  6 0  52 Om624 
1 -19  6 0  5 2  Oa5li3 

1-12 62 36 Om6:36 
1-12  63 36 006'70 

- PU-240 
PU-239 

-1 
X I 0  

1.03 
1.06 

1.74 
1.01 

1.11 
Om874 

l a 0 6  
1.13 

PU-241 
PU-239 

-2 
x10 

Om590 
0 0 5 4 1  

1 a 0 3  
0m682A 

Om698 
0.479 

Om514 
0.573 

w PU-242 
PU-239 

-3 
x10 

ND 
0 876A 

1.78 
1 m 10A 

2.89 
ND 

Om936 
ND 
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The Euratom Ispra Establishment i s  located in Northern Italy 
I 

58 Km E-'d from A/;ilan and 14 Km Gr from Varese. 

The activity levels shovm in this report represent world wide fal- 

l loat, and do not reflect any contamination from the site. 

S Ah 1P L E C 0 L L E CTIGN 
__---__---__-_----_-c______ 

A i r 

Air is drawn by pumps through paper fi l ters at the rate of, at  least, 

---..- a. 

I 3 503 m 1 day, measured by gas meter. 

The single daily filters are measured €or gross beta radioactivity 

and then pooled to give monthly samples, for gamma spectrometry and radioche- 

mical analyses. 

Wet and dry deposition 

These samples a re  collected monthly by means of four 1 in 

less steel funnels , with the bottom always covered with deionized water. Water 

in excess bf a pre-fixed Icvel drains through a filter and a double (cationic and 

_ _ - - - - -  - - - - - - - - - - - - - . -  b. 

2 stain- 

anionic) ion-exchange column. The eluate of the resins and the filters a re  sub- 

mitted to the analyses. This procedure is described in detail in the paper by 

hi. C. de Bortoli and P . Gaglione : "Sampling of radioactive deposition through 

ion-exchange rosins", Giornale di Fisica Sanitaria, 3, 219-224 (1969). 

iv1 i I k 

hiilk is collected twice a week in four small local dairies to give 

8 li ters /month. About six l i ters arc dried ax1 submitted to gamma sprxtro- 

metry and two li ters ashed for radiochemical determination of strontium-90. 

- - - - - - -  C. 

EU R/C-IS /394/70 
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Strontium-90 

and then purified through hydroxides and chromates precipitations. 

The activity of the final strontium carbonate and yttrium oxalate 

precipitates is measured in low level anticoincidence beta counters. 

is separated by the fuming nitric acid precipitation - _ - - - - - - - - - - -  a. 

Cesium- 137 

processed o r  dried samples and, whenever i t  is necessary,  by 

gamma spectrometry after chemical separation. 

by filtration of the solution, obtained dissolving the sample, through 

a thin AlviP (ammoniun molybdophosphate) laycr , 3y which cesium 

is retained. 

by 5.  Van der  Stricht issued on "Radiochimica 

(1S64). 

is measured by direct gamna spectrometry on the un- - - - - - - - _ - - -  b . 
This is performed 

Details of this procedure may he found in the paper 

f'Lcta" 3, 193-199 

c. Gamma emitting nuclides a r e  measured by direct  zamma spectro- . . . . . . . . . . . . . . . . . . . . . .  
metry, using, also the spectrum stripping technique. 

d. Plutorium isotopes a r e  separated by anior. exchangc,and electro- - _ - - - - _ - - - - - - - - - - -  
deposition ; details of the procedure may be i'ound in thc paper by. 

hi. C. de Eortoli : "Radiochemical determination of plutonium i n  

soil and other environmental samples", Anal. Chem. - 39, 375 
(March 1367). 

The activity is measured in a Frish grid ionisstion chamber con- 

nected to a multichannel analyser . 

ZXTRAPGLXTIGPi OF TFiE Ei'T'LL - - - _ - _ - - - - - - - _ _ - - - _ _ - - - - - - - - - - - - - -  
Except when othervrisc stated, thc data przsented in this repor: 

are cxtrapolatcd to the last day of the collccxng pcriod. 

EU R / C- I S /394/706. 
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I c 
FALLOUT DEPOSITION 

1 9 7 2  

SITE : I S P R A ' LAT. 45" 49I.N LONG. 8' 37'. E ALT. 250m 

c 

11 I I I 
I ; 238p, I ; Precipitation 

I t  i: G r o s s  beta (1) 
t ! mCi/Km2 i date (2) J:mCi/Krn2 mCi/Xm2 mCi/Km c ,uCi/Km I I <  uCi /Km : 

I I 

mm Month I I I b 2 1  2 t  i 2 t  
- H I t  II I I I t I 8 H 11 I I It I a 1 11 

II II 8 8 
8 8 

1 September  :: 4.0 i 12-10 :: 0.095 0.38 i 0.13 - I 1 315.8 
H .. 

II I I I t I II 

W October  w 

November 

8 

0 
11 I I t  I t I 8 8 

:: 0.82 : 16-11 [i 0.016 I 0.033 0.021 I 0.25 : 0.02 I log. 0 

:: 0.29 : 7-12 0.007 0.003 i 0,008 0.11 : 0.007 22.2 
I, ! II I I I I 1 
11 II 

December :: 0.49 i 17-1-73 :; 0.013 : 0,010 i 0.018 I 0.25 : 0.02 I 114.0 
I t  t I I t 1 I I t  

2 
(1) 

(2) 

P o t a s s i u m 4 0  equivalent (40 mg/cm ) . 
Day a n d  month of t h e  gross beta measurement.  - Sample lost. 
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