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LEOAL NOTICE 

T b l s  r e p o r t  was prepared as a n  account o f  O o v e r m n t  sponsored 1 
Neither t h e  United S t a t e s ,  nor the  C o d e s i o n ,  nor any person work. 

a c t i n g  on behalf  of the  Comnlsaionr 

A.  F.Iakes any warranty o r  representa t ion ,  express o r  implied, 
with respec t  to t h e  accuracy, completeness o r  usefb lness  of t h e  
i n f o r m t i o n  contained i n  this r e p o r t ,  o r  # a t  t h e  use of any  Information, 
apparatus ,  method, o r  process d isc losed  i n  t h i s  r e p o r t  nay not  i n f r i n g e  
p r i v a t e l y  owned r i g h t s ;  o r  

B. Assuws any l i a b i l i t i e s  with r e s p e c t  t o  t h e  use o f ,  o r  f o r  
damges  r e s u l t i n g  from t h e  use  of any  i n f o m a t i o n ,  apparatus ,  method, 
o r  process d isc losed  i n  t h i s  repor t .  

A s  used i n  the above, Ilperson a c t i n g  on behalf  of the Commission" 
inc ludes  any employee or a n t r a c t o r  o f  the Commission to t h e  e x t e n t  
t h a t  such employee or cont rac tor  prepares ,  hardlee o r  d i a t r l b u t e s ,  o r  
provides access  to ,  any i n f o r n a t i o n  p r s u a n t  to h i s  employment or 
c o n t r a c t  Kith t h e  C o d s s i o n .  

Reproduction of t h i s  i n f o r m t i o n  is encouraged by  the  U. S. 
Atonic Energy Commission. 
document i n  whole or  i n  p r t  should be m d e  with t h e  au thor  and t h e  
organiza t ion  he represents .  

Arrangements f o r  your r e p l b l i c a t i o n  of t h i s  
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ABSTRACT 

A i r  and f a l l - o u t  sampling s t a t i o n s  were establ ished a t  

ReddinR, Davis, Fresno, La5 Angeles, a d  San Diego, C a l i f o r n l a  

during t h e  nnnth o f  Apr i l ,  19.56 and operated through 

August 31, 1956. Dal ly  a i r  r a d i o a c t i v i t y  ccrncentrationa a d  

f a l l - o u t  l e v e l s ,  measured a p p r o x i m t e l y  t h r e e  d a p  a f t e r  each 

sample was completed, a r e  presented i n  t a b u l a r  and graphic  

form. Three major increases  i n  a i r  concentrat ions were noted 

i n  California dur ing  t h e  fol lowing t i m a  periods! June 8 - 13, 

J u l y  h - 1 2 ,  and J u l y  22 - 30. 

detected a t  each s t a t i o n  ranged from h.15 w c / $  a t  San Diego 

t o  11.63 s u c h ?  a t  Redding. 

s t a t i o n s  were h i g h l y  variable; t h e  mxima ranged from h57.27 

u u c / f t  

The maldrmm d a i l y  concent ra t ions  

Daily f a l l - o u t  l e v e l s  a t  i r d i v i d u a l  

2 a t  San Diego t o  1,033.17 uuc/ f t2  a t  Los Angeles. 

i 

1 
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THE EFFECT OF P A C ~ T C  VEAFTJFE m n m  ON RACKOROUND ACTIVITIES 
I N  THE S T A T E  OF C A K F O R N U  

I n  order  to determine t h e  e f f e c t  of f a l l - o u t  from weapons t O S t B  i n  

t h e  P a c i f i c  a r e a  during 1956, a nationwide network was es tab l i shed  a t  

t h e  reques t  of t h e  Div is ion  of Biology and Hedicine, Atomic Energy 

Commission. 

i n  t h i s  worldwide nvnl tor ing program, 

Atordc Energy Pro jec t  a t  UCIA WRB requested t o  sample t h e  f a l l - o u t  a t  

l o a  Angeles. 

l e d  i t s e l f  t o  a b e t t e r  eva lua t ion ,  a program of sampling was i n s t i t u t e d  

a t  f i v e  s t a t i o n s  loca ted  on a l i n e  opproximtely nor th  to south  through 

the S t a t e  of C a l i f o r n i a .  The sampling s t a t l o r n  were s t a r t e d  one to 

three weeks p r io r  t o  t h e  beginning of  the  r e c e n t  Test S e r i e s  e t  the 

Pecific Proving Orounds i n  order  to o b t a i n  a n  est lnmte of t h e  background 

r a d i a t i o n  a n d  i t s  v a r i a t i o n  a t  t h a t  t i m .  

Various government agencies and AEC cont rac tors  cooperated 

A s  a n  ad junc t  to t h i s  program, t h e  

Since da ta  co l lec ted  f r o m  mre t h a n  t h e  one s t a t i o n  would 

KETHODS 

Sampling e t a t i o n s  were s e t  up  a t  Redding, Davis, Fresno, Ins Angelee, 

and Sen Diego, Califamniaf t h e  relatAve loca t iona  of t h e s e  s t a t i o n a  and 

the  predondnant sur face  a i r  mvement during the s u m r  months a r e  

described i n  F i g .  1. 

Were i n s t r u c t e d  i n  t h e  o p e r a t i o n  of the equipnsnt a t  that  s t a t i o n .  The 

persons Uho were s e l e c t e d  had previous s c i e n t i f i c  t r a i n i n g  srd/or 

experience, and some were connected with Cal i forn ia  S t a t e  arxi Regional 

C i v i l  Defenae g r o u p .  All s t a t i o n s  were i n  opera t ion  a t  least  one week 

Each s t a t i o n  wa8 rmintained by two persons who 
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Fig. 1. l o c a t i o n s  o f  UCLA-AEP Sampling S t a t i o n s  i n  Cal i forn ia  and t h e  
Predominant Surface  Air Movemnt During Sununer b n t h s . +  

* Fersonal comrmnication, Trans-World A i r l i n e s  Meteorology Section, 
Internatioml A i r p o r t ,  Los Angeles, California. 
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p r i o r  to t h e  I n i t i a l  s h o t  I n  t h e  Ser ies .  With t h e  except ion of a 

small number of aamples, sample c o n t i n u i t y  waa m i n t a l n e d  f o r  t h e  

dura t ion  of t h e  c o l l e c t i o n  period. 

The equipment a t  each s t a t i o n  conaiated of a nudif ied Farsons 

a i r  sampler, gummed p p e r  f a l l - o u t  c o l l e c t o r ,  r a i n  c o l l e c t o r  and a 

background r a d i a t i o n  recorder. 

100 feet  from any bui ld ing  t o  minimize t h e  inf luenoe  of tu rbulence  

s e t  up by v e r t i c a l  wal l s .  The s t a t i o n s  a t  Los Angeles and San Diego 

were loca ted  i n  t h e  m s t  i d e a l  a r e a s ,  i . e . ,  i n  r e l a t i v e l y  open area8 

o n  knol l s  o r  h i l l s .  

Each e t a t l o n  was loca ted  a t  l e a s t  

The a i r  sampler cons is ted  of a pump capable of  sampling 0.5 cubic  

meters of a i r  per  m l m t e  through a n  M.S.A. 61106 B g l a s s  f i b e r  f i l t e r ,  

four  inches i n  diameter. 

approxlmately 2h hours. 

averaging t h e  i n i t i a l  and f i n a l  f low-rates  (determined by Bacharach 

"Flor i te"  v e l o c i t y  meter c a l i b r a t e d  a g a i n s t  a F iacher  a d  Por te r  

"Flowrator") and n u l t i p l y l n g  t h i s  a v e r a p  by t h e  dura t ion  of sample 

c o l l e c t i o n .  The f a l l - o u t  c o l l e c t o r  consiated of d u p l i o e t e  one ha l f  

square f o o t  wmed papers taped on h o r i z o n t a l  m e t a l  p l a t e s  mounted 

a p p r o x i m t e l y  t h r e e  f e e t  above t h e  gmund surface.  

were a l s o  expsed f o r  2h hours. The r a d i a t i o n  recorder ,  c o n s i s t i n g  of 

a metal (3-M tube (Nuclear Chicago &del 90 NB) munted  18 inches  above 

t h e  ground sur face ,  a rate-net-  (Nuclear Chicago &del  1619), and a n  

E s t e r l i n e  Angus tape  recorder ,  VBI set up a t  each s t a t i o n  to o b t a i n  a 

continuous Ph-hour record of t h e  r a d i a t i o n  i n t e n s i t y  i n  counts p e r  

Each sample was m l l e c t e d  f o r  a per iod of 

The volume o f  a i r  sampled was detemdned by 

The gummed papers 
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s e t  up a t  each s t a t i o n  t o  o b t a i n  2h-hour r a i n f a l l  samples whenever r a i n  

occurred. 

A polyethylene p l a s t i c  r a i n  c o l l e c t o r ,  7.5 inch diameter, was 

A f t e r  each Pb-hour sampling period,  t h e  a i r  sample was sea led  i n  a 

cellophane bag, and ind iv idua l  g u m d  papers were fo lded  to enclose t h e  

s t i c k y  sur face  and l ikewise  placed i n  a cellophane bag. 

of samples, plus  t h e  E s t e r l i n e  Angus recorder  tape and da ta  shee t ,  

descr ib ing  weather condi t ions and a i r  sample information, were mailed 

to t h e  Atomic Energy Pro jec t  a t  U C I A  f o r  ana lys i s .  

The two types 

A i r  samples (enclosed i n  cellophane baR) and gummed papers were 

counted approximately 72 hours a f t e r  sample terminat ion i n  gas  flow 

propor t iona l  counters  a s  developed for t h i s  labora tory  by Los Alamos 

S c i e n t i f i c  Iaboratory.  The d e t e c t o r  has a n  aluminized nnlylartl w i d o w  

equivalent  to 0.8 mgm/cti? ard a s e n s i t i v e  a r e a  of 3.5'' x 8". 

D+E s tandards were used t o  c o r r e c t  t h e  sample d a t a  f o r  geometry. 

Radium 

Rain water  samples were f i r s t  f i l t e r e d  through a membrane f i l t e r  

(Mil l ipore T y p e  HA) I n  order  t o  s e p a r a t e  the  i n s o l u b l e  a c t i v e  f r a c t i o n  

from t h e  so luble  a c t i v e  f r a c t i o n .  The so luble  f r a c t i o n  was evaporated 

to dryness. The two f r a c t i o n s  were then  counted i n  Halogen-filled 0-M 

systems. A strontiumFO-yttrium90 s tandard was used t o  c o r r e c t  t h e  

sample d a t a  f o r  geometry. 

I n  addi t ion ,  c e r t a i n  samples which ind ica ted  s i g n i f i c a n t  amount3 

of f a l l - o u t  were radioautographed i n  order  t o  deterndne the  d i s t r i b u t i o n  

of t h e  rad ioac t ive  p a r t i c u l a t e  mtter. O p t i c a l  ndcroscopic measurements 

of rad ioac t ive  p a r t i c l e s  thus loca ted  were m d e  on se lec ted  samples. 



DOeUYtNISOURCE 
Unlverslty of canronlia at Lot Anpries 

- .  - .. University ,Archives 
scnics vn6 

11 

DATA AND RESULTS 

The d a i l y  l e v e l s  o f  a i rborne  and f a l l - o u t  r a d i o a c t i v l  ty  de tec ted  

a t  t h e  f i v e  s t a t i o n s  throuqhout t h e  sampling period a r e  tabula ted  i n  

Appendix A f o r  Furposes of reference.  

Background Radioac t iv i ty  Levels: A study was made of t h e  decay 

c h a r a c t e r i s t i c s  of a i r  samples co l lec ted  p r i o r  to the  Test S e r i e s .  

purposes of i l l u s t r a t i o n ,  decay curves of pre-ser ies  a i r  samples 

co l lec ted  a t  t h e  Los Angeles s t a t i o n  a r e  presented i n  F i g .  2 .  

co l lec ted  a t  the remining s t a t i o m  denonstrated sirrdlar f l u c t u a t i o n  

with r e s p e c t  to l e v e l  of n a t u r a l  r a d i o a c t i v i t y  and decay curve s h a p .  

The l a t t e r  sugses ts  v a r i a t i o n s  i n  t h e  r e l a t i v e  cont r ibu t ion  of s h o r t -  

and lone-lived e m l t t e r s .  

For 

Sample8 

The comparison of backsrnund decay curves of a i r  samples c o l l e c t e d  

a t  the  s e v e r a l  s t a t i o n s  (Fip.  3 )  18 based upon the averaae o f  from 10 

to 20 ind iv idua l  CUNW of samples c o l l e c t e d  between A p r i l  9 and 

A p r i l  30, 1956 a t  each s t a t i o n .  

same family,  t h e  lower values a t  Los Argeles and San Mego suRgest the  

inf luence  of rredondnant "marine a i r"  mvement , with lower radon-thoron 

decay product concent ra t ion ,  cont ras ted  to "cont inenta l  a i r "  a t  t h e  

northern,  i n t e r i o r  s t a t i o n s .  

While t h e  curves appear t o  be o f  the 

To avoid f l u c t u a t i o n s  i n  t h e  cont r ibu t ion  of t h e  shor te r - l ived  

e m i t t e r s ,  a l l  subsequent emmed paper and a i r  samples were r o u t i n e l y  

radioassayed a t  l e a s t  72 hours (and genera l ly  not  more t h a n  96 hours 

a f t e r  terminat ion of  sampling. 

a c t i v i t i e s  of a i r  and f a l l - o u t  samples assayed t h r e e  days a f t e r  

terminat ion of sampling a t  t h e  f i v e  s ta t i lom.  

TABLE I eunumrizes t h e  backgmurd rau,o- 
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During t h e  f i v e  m n t h  sampling per lod t h e r e  were a l arge  mnber o f  

zero f a l l - o u t  values  (31.9 per cent  of the samples c o l l e c t e d  a t  Redding, 

3h.2 per  c e n t  a t  Davis, 37.1 per c e n t  a t  Fresno, h . 9  Fer cent  a t  

Los Angeles, and 35.8 per cent, a t  San Diego). 

t h a t  gummed paper contamination, when de tec ted ,  o r i g i n a t e s  from f a l l - o u t  

fmm t h e  s t r a t o s p h e r i c  r e s e r v o i r  of f i s s i o n  product  res idues  a s  c i t e d  by 

o ther  inves t iga tors+ ,  

decay products. 

s t a t i o n s  during the m n t h  of A p r i l ,  1956 was a p p r o x i m t e l y  30 vuc/ f t2 .  

A i r  Radioac t iv i ty  Concentrat ions:  The d a i l y  a i rborne  a c t i v i t y  

These r e s u l t s  supgest  

r a t h e r  t h a n  from loca l ly-occurr ing  radon-thoron 

The average d a i l y  f a l l - o u t  a t  the  f i v e  C a l i f o r n i a  

detected a t  each s t a t i o n  during t h e  sampling period a r e  p l o t t e d  i n  Fig.b. 

Three mjor peaks i n  a c t i v i t y  occurred during t h e  fol lowing time per iods:  

June 8 - 13, J u l y  h - 12, and $July  22 - 30. 

i n c r e a s e  by one t o  s e v e r a l  days from north t o  south,  a s  i s  c o n s i s t e n t  

with t h e  predominant a i r  mvement (Fig. 1). The a c t i v i t y  l e v e l s  were 

genera l ly  lower a t  t h e  Los Angeles and Sen Diego s t a t i o n s ,  presunablg 

r e f l e c t i n g  t h e  eastward flow of a i r  a t  t h e  southern  end of t h e  San Joaquin 

Valley loca ted  to t h e  north.  The m x i m m  a i r  concentrat ions detected a t  

each s t a t i o n  a r e  a s  follows: Redding, 12:03; Davis, 6.Lo; Fresno, 11.63; 

Los Aneeles, 7.90; and San Diego, L.l.5 wc/M3. 

The a r r i v a l  times tended to 

The b i o l o g i c a l  s i g n i f i c a n c e  of t h e  r a d i o a c t i v i t y  l eve l s  detec ted  

t h r e e  days a f t e r  te rmina t ion  of sampling depends upon a c t u a l  f i s s i o n  

product concentrat ions dur ing  t h e  samplirg period. E s t l m t e s  of  t h e  

averaEe f i s s i o n  product concentrat ion during the  day of June 8, 1956 a t  

Libby, W. F., Radioact ive Stront ium F a l l o u t .  Proceedings of t h e  
National Academy of Sciences,  1 &:6, pp.365-390, June,1956. 
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F i a .  5.  E s t i m t i o n  of  Sample Age on t h e  Basis  of Decay Slope. 

TABLE I1 
Comparison of T o t a l  Airborne Concentrations Detected A p p r o d m t e l y  3 Days 
A f t e r  Terndnation of Sampling and E s t i m t e d  Fission Product Concentrations 

on Dag of Sample Col lec t ion  (June 8, 1956 A i r  Samples) 

Radioassay Date, E s t .  F i s s i o n  Product 
Days a f t e r  Sample Tota l  C nc. Conc. Day o f  Sample 

S t a t i o n  Termination Lluc/M? W/M3 

Redding 3 
Davis L 
Fresno 3 

12.03 
5.9h 

11.63 

16.3 
8.5 

111.9 
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LO 15 20 25 30 h0 50 Eo 70 

Estirmted Days a f t e r  Shot 

Fig. 6 .  Decay Curves of June 8 ,  1956, Air Sample8 Collected a t  Redding, 
Davis, and Fresno based upon Estimated Age of lh Days a t  Day 
of  Arrlval. 
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F a l l - o u t  Concentrations - 
paper samples demonstrated wide v a r i a b i l i t y ,  ranging from 0 to 860.25 

a t  ReddinK, 0 t o  b72.72 a t  Davis, from 0 to $89.08 a t  Fresno, f r o m  0 :.I 
to 1,033.17 a t  Los AnReles, and from 0 to 457.27 uuc/f t2  a t  San Diego4  

?I 

approximately t h r e e  days a f t e r  t e r n d m t i o n  of MLmpling. 
'V 

The increase  i n  f a l l - o u t  contamination from Wy to August, 1956 $ 
a t  t h e  s e v e r a l  CaUforn ia  l o c a t i o n s  due to t h e  1956 P a c i f i c  tes t ing  

operat ions m y  be est imated if the  averape f a l l - o u t  values determined 

during t h e  m n t h  of A p r i l  before  t e s t i n g  u a s  i n i t i a t e d  a r e  coneidard  

v a l i d  for t h e  succeeding four months. 

increases  ranging f r o m  28 per c e n t  i n  San Diego to 168 per c e n t  in 

liedding occurred for t h e  f o u r  m n t h  period. 

c 

, 

TABIE 111 i n d i c a t e s  t h a t  

TABLE III 

Estimated Increase  i n  F a l l - a u t  a t  Five Cel i forn ia  Locat ions 
f r o m  Hay 1 t o  August 31, 1956 

Increase in No. Days Total  Bkg Fal l -  
Sampled , F a l l -  out f o r  S i d -  F a l l - o u t  
5/1/56 - out LPT Pe iod+ Contamination 

S t a t i o n  8 13 1/56 U C / f t 2  W C / f t  h u c / f  t 2  % 

Redding 123 7 J9bh 2 , 967 4,977 168 

Davis 122 5,500 3 , 118 2,382 76 

Fresno 122 7,019 3SBo3 3,216 85 

San Diego 123 4 # 935 3,863 1,072 28 

Ios Angeles 122 7,526 Ir ,385 3,&1 72 

+ Calcula t ions  based upon pre-series, April, 1956, average f a l l - o u t  
l e v e l s  (See TABLE I). 

I I l l O O b  
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I n  a n  e f f o r t  to c o r r e l a t e  f a l l - o u t  and a i r b o r n e  r a d i o a c t i v i t y  

l e v e l s ,  values  o f  each type c f  sample which were equal  t o  or Rreater  

than  twice t h e  mximum a c t i v i t y  observed during t h e  backgmurd per iod 

a r e  tnbulated i n  TABLE I V .  I t  i s  to be noted tbt of 51 cases  uhere 

e i t h e r  a i r  concentrat ions o r  f a l l - o u t  a c t i v i t i e s  were twice the back- 

grourd mxlmm, t h e r e  a r e  only s i x  cases  where both t y p a  of  sample 

were correspondingly high. 

independent mvement and occurrence of t h e  two t y p s  of wntanr lmt ion  

which m y  be a t t r i b u t e d  pr imar i ly  to d i f f e r e n c e s  i n  p r t i c l e  s i z e .  

The da ta  emphasize the  r e l a t i v e l y  

Nature of Airborne and F a l l - o u t  Contamination! A n u d e r  o f  r a i n  

water samples were c o l l e c t e d ,  a r d  t h e  a c t i v i t y  i n  each sample was 

separa ted  i n t o  s o l u b l e  and p a r t i c u l a t e  f r a c t i o m  (TABLE V). 

35 per c e n t  of t h e  a c t i v i t y  was soluble i n  r a i n  water. 

from t h e  Redding d a t a  i n  TABLE V t h a t  increased anwunts o f  a c t i v i t y  uere  

present  i n  r a i n  samples c o l l e c t e d  after the Teat S e r i e s  had s t a r t e d .  

Twenty to 

It can be noted 

Selec ted  a i r  and gummed paper samples were radioautographed t o  

determlne t h e  d l s t r i b u t i o n  of a c t i v i t y  on t h e  sample c o l l e c t o r .  

a c t i v e  mater ia l  was determined t o  be p a r t i c u l a t e  i n  n a t u r e  and r a r d o d y  

d i s t r i b u t e d  on both types of samples (Fig. 7).  

p a r t i c l e  s i z e  and/or a c t i v i t y  per p a r t i c l e  o f  f a l l - o u t  i s  denunstrated 

by TABLE V I  which presents  t h e  numbers of c o n t r i b u t i w  p a r t i c l e s  on 

severa l  gummed papers as determined by radioautogrphic  methode. Single  

p a r t i c l e s  a s  l a r g e  as 100 ndcrons i n  s i z e  were de tec ted  which contained 

811 t h e  a c t i v i t y  on t h a t  paper, ufiile o ther  gummed papers had a a  m n y  a s  

177 a c t i v e  p a r t i c l e s  of s m l l e r  s i z e .  

i n  diameter were observed. 

The 

The v a r i a b i l i t y  of 

P a r t i c l e s  aa small as 0.5 micmn 

The p a r t i c l e s  were black,  f r a g i l e  spheres. 

I 1 1 1 0 0 1  
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TABLE V 

S u m r y  o f  Rain Water A c t i v i t i e s  
2 Date VOILlm? To tal ,% Soluble  Calc. wrc/ft 

RaJn, rJ A c t i v i t y  A c t i v i t y  Dep. in Rain S t a t i o n  1956 - 
S a n  Diego 5/22 20 h .O - 5.9 

DRVi s h 'I1 so1 20.0 19.9 27 .h 
L/26 275 27.5 27.9 40 .h 

Frr s 119 L '111 1 2  1 19.h 2h .2 28 s 
Lns Anpeles  h/'5 191 19.1 29 .O 23 .O 

5 / 9  560 50 .h 32.1 74.0 

Reddirli: h / ? S  160 30 .b 2L.7 h4.6 
5/29 135 283 .S 35.8 h16.0 
6 Illl 2 04 340. 8 26.3 500.0 
h h  9 226 542 84 21.8 796.0 
7 /l 33.5 93.8 20.7 137.6 

TABLE VI 

Nunher o f  F a r t i  c l e s  Contr ibut lng t o  Measured Rad ioac t iv i ty  
of F a l l - o u t  Samples from Several Locations 

- 
F a l l  Qu t Average 

Date A c t i v i t y  Nunber W . C /  
5 t,:it i on 1956 uuc/ft2 P a r t i c l e s  P a r t i c l e  

Rcddl 11 6/18 392.a  1* 392 .& 
7/25 860.25 42 20.b9 
7/26 366.28 l-4 26.1'1 
7/20 16.36 1 0  1.d 

7 / 6  
Fresno 6 /9 331.81 177 1.87 

1/9 392.72 2 196.36 
7/11 49lr.P( 2 2h7.77 

Los Awelps 7/10 770.0 19  h0.52 
, 1,033.17 4 258.29 

A / L R  921.81 8 115.01 

238.18 6 39.7 

7 /Ilr 

Sirrele 100 LL diameter p a r t i c l e .  

I 1 1 1 0 1 0  
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