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ABSTRACT 

Technical papers are presented which review the various research projects, 
sponsored by the AEC, related to fallout from weapons tests. 
specific related programs by representatives from Canada and the United 
Kingdom are also included. The scope of the conference includes: (1) 
characteristics of fallout, (2) atmosphereic influences on deposition of 
local and global fallout, ( 3 )  distribution and cycling of radionuclides 
in the environment, and (4) fallout nuclides in the food chain and man. 
Discussion of each topic by authors and other participants is included. 

Reviews of 

ii 



FOREWORD 

From t i m e  t o  t i m e  conferences and symposia are held t o  review 

and discuss topics of major i n t e re s t  t o  the Comission. This con- 

ference on radioactive f a l lou t  deals with one of the important areas 

of research supported by the Division of Biology and Medicine. 

i s  hoped tha t  t h i s  conference and the report  of i t s  proceedings w i l l  

be informative and useful t o  the par t ic ipants  as well as t o  other 

in te res ted  groups not i n  attendance. It  i s  hoped also tha t  these 

proceedings together with those of other conferences re la ted  t o  the 

Division's prosram w i l l  assist i n  the overal l  evaluation of fa l lou t  

problems and w i l l  point o u t  areas requiring further research. 

I t  

I wich t o  express my appreciation t o  the speakers and t o  the 

other Participants for  giving of t he i r  t i m e  i n  order to  make t h i s  

conference possible. 

Charles L. Dunham, M.D.,  Director 
Division of Biology and Medicine 
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INTRODUCTORY REMARKS 

Joshua 2. Holland, Chief 
Fallout Studies Branch 

Division of Biology and Medicine 
U . S .  Atomic Energy Commission 

Washington, D. C. 

This conference continues a series of conferences of active workers 
in the U.S. AEC fallout research program" and its close associates. 
The last one was held at the AEC Health and Safety Laboratory in 
New York in September 1960 and was a relatively informal meeting with 
no proceedings issued. Earlier conferences were closely associated 
with the 1959 Fallout Hearings of the Joint Conunittee on Atomic Energy, 
the pre-and post-HARDTACK planning of sample collection and analysis, 
and, still earlier, the periodic "Sunshine meetings" called by 
Dr. Libby. 

When the planning of this conference was begun over 6 months ago we 
did not expect that fallout would be a "hot" subject. It was felt 
that this would be a good time to call together the people who had 
been working in the different laboratories, to take stock of the 
new knowledge and mderstanding that had been gained and to consider 
the specific questions which remain unanswered. We did plan a more 
formal and more comprehensive program than usual. 
major projects, particularly those involving nation-wide or global 
surveys of radioactivity in so i l s ,  diets, and human bone were coming 
to an end in the particular form in which they had been carried on 
up to that time, and considerable reorientation of the program was 
anticipated. 
are to promotc tdchnical discussion on an unclassified basis among 
the scientists working on various parts of the fallout problem, 
and to produce in the proceedings an organized compendium of the 
new information gained on this subject since the 1959 Fallout 
Hearings. 

* This program, including current research projects, is described 
in detail in U.S. AEC report TID-12616, Atmospheric Radioactivity 
and Fallout Research, April 1961. 72 pp. (Available from the 
Office of Technical Services, U . S .  Dept. of Commerce, Washington 25, 
D.C. $0 .75 ) .  

Several of the 

The two main purposes of the conference were and still 
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. 

The subject matter of the conference includes the his tory of nuclear 
weapons debris and i t s  nuclear radiat ions from the time of detona- 
t ion  t o  the t i m e  when people a re  exposed t o  the radiation i n  any way. 
Radiation e f fec ts  are not included nor are the basic biological 
mechanisms of metabolism and transport  of radionuclides. Survey 
resu l t s  a re  not t o  be presented as such but only i n  so f a r  as they 
a re  used t o  support s c i e n t i f i c  findings. 

Much of the work t o  be reported on has been supported under the 
program of the Fallout Studies Branch. 
work supported by other Branches of the Division of Biology and 
Medicine as well as some work conducted under the auspices of other 
AEC divisions are a l so  included for  completeness of coverage. 
Visi tors  from the United Kingdom and Canada have a l so  been invi ted 
t o  present summaries of research resu l t s .  However, of the United 
States  agencies conducting studies of f a l lou t ,  only the program 
supported by the AEC i s  being reviewed i n  t h i s  symposium. 

Suauuaries and reviews of 

I n  short ,  we f ee l  tha t  i n  addition t o  the scat tered journal a r t i c l e s  
and monographs i n  which the material t o  be presented a t  t h i s  
symposium would eventually appear, we have an obligation t o  co l lec t  
and make avai lable  the f r u i t s  of our,research program on t h i s  important 
subject i n  more concise summary form. We could not think of a be t t e r  
way t o  do t h i s  than t o  ask each of the principal research sc i en t i s t s  
t o  summarize h i s  own area of work. Review and discussion would 
c lear ly  add t o  the depth and breadth of treatment and par t icu lar ly  
t o  the ident i f ica t ion  of unsolved problems. And so, our present 
conference. 
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PHYSICAL, CHEMICAL, AND RADIOLOGICAL CHARA@IIERISTICS OF FALLOUT 

Session Chairman: Harold A. Knapp 
F’allout Studies Branch 
Division of Biology and Medicine 
U. S. Atomic Energy Commission 
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WADI TEST SITE F!XGLOUT: SOME CWLRAC'I'ERISTICS, ITS 
APPAR3NT ENVIRONMENTAL EQUILIBRIUM AND BIOLOGIC& AVAILABILITY 

Kermit H. Larson, Howard A. Hawthorne, and John H. Olafson 
Laboratory of Nuclear Medicine and Radiation Biology 

Department of Biophysics and Nuclear Medicine 
University of California at Zns Angeles 

Los Angeles, California 

Fallout from the  detonation of t e s t  devices a t  the Nevada Test S i t e  i s  
governed by many complex variables such as: 
device, wind s t ructure ,  support used f o r  the device, nature of the ground 
surface, how much contact the  f i r e b a l l  has with the ground surface, and 
mass of i n e r t  material  surrounding the  device. 
re la ted  t o  the  d is t r ibu t ion  and charac te r i s t ics  of f a l l o u t  from Nevada 
Test S i t e  operations a r e  summarized i n  the  following statements. 
r e s t r i c t  t h i s  swnmary t o  f a l lou t  from detonations of tower mounted devices 
and from balloon mounted o r  a i r  dropped devices a l l  having l e s s  than 75 
KT yield.  

energy y ie ld  and type of 

Some of our findings 

We w i l l  

Some Characterist ics of NTS Fallout Patterns 

The coordination of a e r i a l  radiat ion survey measurements of f a l lou t  
pat terns  with ground survey meter measurements increased the  d e t a i l  and 
accuracy of f a l lou t  pa t te rn  delineation as w e l l  as  the distances t o  which 
f a l lou t  pat terns  could be documented from the point of detonation, 

By use of a e r i a l  radiat ion survey equipment and techniques as developed 
by the  U. S. Geological Survey and Davis and Reinhart from the Oak Ridge 
National Laboratory, f a l lou t  radiat ion in t ens i t i e s  within an area of about 
10,000 When 
these data a re  properly reduced a e r i a l  measurements agree wi th ink  10% 
of measurements taken 3 ft. above the ground by conventional survey meters. 

were measured i n  l e s s  than 12 hours by one a i r c r a f t .  

These s tudies  were supported by Contract AT(04-1)GEN-12 between the 
Atomic Energy Commission and the  University of California. 
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During Operation PLUMBBOB (1957), we routinely measured f a l l o u t  pat terns  
t o  distances of 200 t o  300 m i .  from Ground Zero; however, one f a l lou t  
pa t te rn  from a tower-supported detonation was documented as  f a r  as TOO m i .  
from the  Nevada Test S i t e  with the radiat ion leve ls  readi ly  detectable a t  
t h a t  distance. (1) 

The detai led documentation of f a l lou t  pat terns  during Operation PLUMBBOB 
(1957) afforded the  opportunity t o  confirm the  existence of "hot spots" 
i n  most f a l l o u t  patterns.  "Hot Spots" were first ident i f ied  i n  1948 when 
the  f a l lou t  pa t te rn  of the Operation TRINITY detonation i n  New Mexico had 
been outlined i n  de t a i l .  (2) 

While the  occurrence of "hot spots" has been associated with prominent 
t e r r a i n  features  i n  many cases, suf f ic ien t  data a re  not available t o  
explain t h e i r  mechanism of formation o r  to 'permit  t h e i r  prediction. 

Fallout from a e r i a l  burs t s  has not been detectable by conventional ground 
survey methods(3) and i s  d i f f i cu l t  t o  document even with a e r i a l  survey 
methods within 200 m i .  of Ground Zero(1). 
balloons a t  1500 f t .  without the  f i r e b a l l  intersect ing the ground surface 
deposited less than 0.8 of the theore t ica l  f a l lou t  radioactivity.* 
area measured i s  defined i n  t h i s  case by the 0.1 m/h r  radiat ion in tens i ty  
contour (at H +  12 hrs.) between the  distance of 1 m i ,  from Ground Zero and 
t h i s  distance corresponding t o  a f a l lou t  time of H +  12 hrs .  To i l l u s t r a t e  
the  e f f ec t  of intersect ion of f i r e b a l l ,  a balloon-supported detonation in  
which the  f i r e b a l l  only touched the ground surface deposited 2.12% of the 
theo re t i ca l  f a l lou t  within the 1 m/hr contour t o  H +  12 hr.  f a l lou t  time, 
However, f a l l o u t  originating from t e s t  devices mounted on s t e e l  towers 
whose f i r e b a l l s  i n  some cases intersected the  ground surface t o  perhaps 
1/4 of t h e i r  apparent diameter, and i n  other cases only touched, deposited 
6.7 t o  24.5$ of the theore t ica l  f a l lou t  rad ioac t iv i ty  within the same area 
l i m i t s .  These data are  presented i n  Table 1. 

Two t e s t  devices detonated from 

The 

I 

. 

*The theo re t i ca l  f a l lou t  i s  calculated on the  basis  of 300 gamma Mc a t  
H + 1 hr.per  KT yield.  
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TABLE 1 

Per cent deposition of t o t a l  fa l lou t ,  ~ $ 9  and sr90 
within l i m i t s  of 1 m i .  from Ground Zero t o  H + 12 h r .  
f a l lou t  time, Gperation PLUMBBOB (1957) 

Shot Yield (KT*] 

Tower Mounted Shots 

- 

Fizeau 11.1 
Galileo -11.4 
Boltzmann 11.5 

Shas ta  16.5 
Diablo 17.0 
Whitney 18.5 

Smoky 44.0 

Balloon Mounted Shots 

Wilson 10.3 
Newton 12.0 
P r i s c i l l a  36.6 
Hood 74.3 

H + 12 hr. 
Distance 

( m i .  ) 

160 
83 

213 

15 1 
146 
87 

238 

92 
200 
260 
366 

Per cent deposited 
Total 
Fallout sr89 SrgO - 

6.67 0.45 1.59 
10.4 0.80 2.82 
24.5 1.80 6.33 

21.7 2.052 7.18 
16.6 1.22 4.27 
16.1 1.61 5.65 

19.6 1.70 5.97 

0.91 0.04 --- 
2.12 0.13 --- 
0.17 0.008 --- 
0.10 0.004 --- 

*Reference (4) 

Deposition of Radiostrontium i n  Areas Adjacent t o  NTS 

Table 1 also  gives the  various estimated percentages of Sr89 and Sr9O 
deposited within the  defined area of f a l lou t  f o r  several  shots of Operation 
PLTJMBBOB(1). Approximately 0.13% of the  t o t a l  amount of Sr89 produced by 
a balloon-supported detonation whose f i r e b a l l  j u s t  intersected the ground 
surface was deposited within the  f a l lou t  time of a r r i v a l  of,H + 12 hrs. 
On the  other hand, only 0.004 and 0.008$ of the t o t a l  Sr89 produced was 
deposited within H + 12 hrs.  f a l lou t  time by two balloon-supported deto- 
nations whose f i r e b a l l s  did not in te rsec t  the round. Tower-supported 

t o  7.2$ of the  t o t a l  Sr9O produced within H + 12 hrs .  f a l lou t  time. 
detonations deposited from 0.5 t o  2% of the  S r  8 9 produced and from 1.6 
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These calculations were based on the  resul ts 'of  ana1;yses of f a l lou t  debris 
samples f o r  sr89 and ~ r 9 O  and integrated f a l lou t  radiation in t ens i t i e s  
converted t o  cur ies  by r a t i o s  of pc/ft .2 and mr/hr. 

The percentage deposition of sr89 i n  f a l lou t  from tower-mounted devices 
was  less than tha t  of Sr9O out t o  distances corresponding t o  H + 12 hr.  
f a l lou t  a r r i v a l  time. This i s  a t t r ibu ted  t o  r e l a t ive ly  low percentages 
of Sr89 i n  la rger  f a l lou t  pa r t i c l e  s ize  f rac t ions  which generally 
represents most of t he  f a l lou t  radioact ivi ty  i n  areas close t o  Ground 
Zero. This fractionation of Sr89 and Sr9O with respect t o  p a r t i c l e  s ize  
may be predicted on the  basis  of the  different  half- l ives  of t h e i r  noble 
gas precursors, Kr89 and Kr90, respectively, and the  rate of pa r t i c l e  
format ion. 

D 

A summary of the  number of detonations a t  NTS from 1 9 5 1 t o  1959, t h e i r  
yield, and type of support during detonation i s  given i n  Table 2. 

TABLF, 2 

Surface and above surface nuclear detonations a t  NTS 

Tower A i r  Drops and Surface and 
Mounted Balloon Mounted Sub-surface Total 

Year No. KT Yield* No. KT Yield* - No. KT Yield* Detonations -- - 
1951 1 co.1 9 110.2 2 2.4 12 

1952 4 51.8 4 52.2 o 8 

1953 7 138.7 4 113.1 o 11 

1955 10 158.3 3 7.7 1 1.1 14 

1957 9 140.4 13 199.6 1 0.3 23 

1958 5 , 0.2 11 18.3 4 19.2 20 

Total 36 489.5 44 501.1 8 23.0 88 

The deposition of f a l lou t  from these devices has ranged from 
background leve ls  after aerial bursts  t o  25% of the  radioact ivi ty  created 
by a tower-supported weapon. 
Sr90/KT, our estimates of the  Sr89 and SrgO deposited from these NTS 
detonations between 1 m i .  from Ground Zero and H + 12 hrs.  a re  shown 
i n  Tables 3 and 4 respectively. 

almost 

Based on approximately l g  of Sr89 o r  
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TABLE 3 

Estimated distribution of Sr89 from surface 
and above surface detonations a t  T\pTS 

Estimated Total Curies of Sr89 Curies of Sr89 
Curies of sr89 Deposit e d Available fo r  

Produced by H + 12 hrs. Deposition Elsewhere 

Tower 
Mounted 13,5 70,000 271,500 13,298,000 

Balloon and 
A i r  Drops 13,780,000 13,800 13,766,200 

Total 27,350,000 285,300 ( 1% ) 27,064,200 

TABLE 4 

Estimated distribution of Sr90 from surface 
and above surface detonations a t  NTS 

Estimated Total Curies of Sr90 Curies of Sr9O 
Curies of ~ r 9 O  Deposited Available fo r  
Produced by H + 12 hrs. Deposition Elsewhere 

Tower 
Mounted 80,278 6,422 73,856 

Balloon and 
A i r  Drops 87,180 1,644 80,536 

Total 162,458 8,066 154,397 

Therefore, one can speculate tha t  i f  the Sr90 which i s  not deposited by 
H + 12 hrs. were uniformly deposited over the United States the average 
could be approximately 50 mc/mi.2. In comparison the average sr9O calcu- 
la ted  from 1959 s o i l  data(5) was 62 mc Sr90/inie2 on the U. S. mainland. 
The s imilar i ty  between these SrgO values suggests fa l lou t  from "I'S may be 
a substantial  contributor t o  s o i l  SrgO found at  distances beyond 12 hrs. 
cloud t r ave l  from NTS. 
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Par t ic le  Size Distribution i n  Fallout Patterns 

The s ize  of deposited f a l lou t  pa r t i c l e s  decreased with greater  distance 
from Ground Zero. Also, the s ize  of f a l l o u t  pa r t i c l e s  decreased with 
greater  l a t e r a l  distance from the  l i n e  of maximum rad 'a t ion in t ens i ty  
along a f a l lou t  pa t te rn  or ffmiiil-inetf of f a ~ o u t ( l , 3 , 6  . The r e l a t ive  
amount of f3 rad ioac t iv i ty  associated with the p a r t i c l e  s ize  f rac t ion  l e s s  
than 4$ i n  diameter was increased by reduction in  the mass of the device 
support and of cab materials; therefore,  the  amount of radioactive f a l l o u t  
deposited at  greater  distances from Ground Zero increased i n  t h i s  p a r t i c l e  
s ize  f ract ion.  

It was found tha t  leaf  material  from vegetation i n  the environs of the 
Nevada Test S i t e  during Operation TEAPOT (1955 etained predominantly 
the  l e s s  than 44 p diameter f a l lou t  pa r t i c l e s .  !7j Therefore, t h i s  s i ze  
range has been emphasized i n  our more recent studies.  

Within the l i m i t s  of 1 m i .  from Ground Zero out t o  a distance corresponding 
t o  H + 1 2  hrs .  f a l l o u t  time, radioactive f a l lou t  deposited from t e s t  
devices detonated on 500- and 700-ft. towers had approximately 3% of the 
rad ioac t iv i ty  i n  the l e s s  than 44p 
a t e s t  device of nearly comparable y ie ld  mounted on a 700-ft. balloon had 
7% of i t s  deposited radioact ivi ty  i n  the l e s s  than 44p 
range. 

diameter p a r t i c l e  s ize  range. However, 

p a r t i c l e  s ize  

Within the l e s s  than 44p 
from 38 t o  50% of the radioact ivi ty  associated with pa r t i c l e s  l e s s  than 
5p 
of the rad ioac t iv i ty  was associated with the less than 5p 
from balloon-supported detonations. 
of rad ioac t iv i ty  by pa r t i c l e s  less than 5p 
v i r tua l ly  a1 

diameter p a r t i c l e  s ize  range samples, there  was 

in  diameter i n  f a l lou t  from tower-supported detonations; from 5 1  t o  83% 
diameter pa r t i c l e s  

Significant percentage contributions 
i n  diameter were observed a t  

ampling locations f o r  both tower and balloon-s&pported 
detone :ions . tl7 

Other Radiochemical Properties of Fallout Debris 

Fallout p a r t i c l e s  l e s s  than 44 p i n  diameter had greater  percentages of 
Sr89, Sr90, and Ru103, Ru16 a t  30 days a f t e r  detonation than did the 
l a r  e r  s ized par t ic les .  
R u l k  .in f a l l o u t  debris from balloon-supported detonations were 2 t o  4 
times higher than i n  corresponding p a r t i c l e  s izes  from tower-supported 
detonations. 
Y 9 l  varied t o  a l e s se r  degree between f a l l o u t  from-towec and balloon- 
supported detonations. 
a t  D + 30 days i n  f a l lou t  from detonations supported by towers(l7 

The percentages of sr89, srgo and Ru103 and 

The reverse was observed f o r  Zr95. Ba140, Ce141, Ce144 and 

Sr9O averaged 2.7% of the  t o t a l  rad ios t r  ntium 

Solubi l i ty  of Fallout Debris 

Solubi l i ty  of f i s s ion  products from fa l lou t  debris is  one of the most 
important propert ies  t o  consider with respect t o  the  " in te rna l  emitter" 
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of biological  systems. The so lub i l i t y  of f i s s ion  products from fa l lou t  
debris i n  water and i n  0.1 N HClhas been used by th i s  laboratory 
a r b i t r a r i l y  as indices t o  biological  ava i l ab i l i t y .  

The radioact ivi ty  i n  f a l lou t  debris from tower-sup or ted detonations has 
been observed t o  be from 1 - t o  8 soluble i n  water.?8,1) Fallout debris 
from balloon-supported detonations was more soluble i n  both w t e r  and 
0.1 N HC1 than t h a t  produced by other types of detonations. (18 The 
so lub i l i t y  of f a l lou t  debris from tower-supported detonations increased 
with decreasing p a r t i c l e  size;  however, i n  the  case of balloon-supported 
detonations, the smaller sized pa r t i c l e s  were somewhat l e s s  soluble than 
la rger  pa r t i c l e s  (Table 5) .  

TABLE 5 

Solubi l i ty  i n  water and 0.1 N H C 1  of f a l lou t  debris 
from tower and balloon-supported detonations 

Par t ic le  Size Solubi l i ty  (Per cent of f3 Activi ty)  
Support Range ( p  ) Water 0.1 N H C 1  

Tower >44 <1 5 

<44 <2 14 t o  36 

Balloon . > 44 31 > 90 

< 44 14 > 60 

Radioactivity Ratios of Cs137 and Sr9O 

l’he percentages of SrgO recovered from s o i l  a f t e r  leaching with 6 N H C 1  
var ied from 13 t o  lo@ among samples taken t o  6 in .  depth from 7 f i e l d s  
of a l f a l f a  i n  the  NTS area. 
11.7 when calculated from these Sr9O determinations and gamma spectrometry 
Cs137. 
rad ioac t iv i ty  ra t ios ,  precluded acceptance of ac id  extraction f o r  assess- 
ing the  leve ls  of Sr9O i n  NTS so i l s .  
cussion of SrgO i n  s o i l s  a l l  the  values were determined by the Na2Coc~ 
fusion method of analysis.  

AII i n t e re s t  i n  rapid survey procedures f o r  sr90 l e d  t o  l imited investiga- 
t i on  of ~ s 1 3 7 / ~ r 9 0  r a t i o s  f o r  pretiicting ~ r 9 O  levels .  
i n  s o i l s  near NTS averaged 1.55 + 0.79 i n  1957 and 1.33 - + 0.13 i n  the 
McCook, Nebraska, area i n  1960. -(Table 6). 

Ratios of Cs137 t o  ~ r 9 O  ranged from 1.57 t o  

The range of SrgO so lub i l i t i e s ,  and the  corresponding range i n  

Therefore, i n  the  following dis- 

The r a t i o s  found 
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csX37/sr90 r a t i o s  i n  s o i l s  samples 
from the NTS and McCook, Nebraska, Areas 

- 

NTS Location C s137/Srgo* Mc Cook b cat  i on C s13 7 /Sr90* 
lA l fa l f a  Fields)  Oct. 1957 (Fence Lines) Sept. 1960 

Alamo, Nev. 

Beaver, Utah 

Caliente, Nev. 

Mesquite, Nev. 

Cedar City, U t a h  

Lund, Nev. 

S t .  George, Utah 

NTS mean (1957) 

2.68 

2.45 

1.69 

1.55 

0.92 

0.91 

0.66 

1.55 

- + 0.79** 

Haigler, Nev. 2.18 

Sharon Spgs, 1.24 

Atwood, Km. 1.24 

Oakley, Kan .  1.16 
(10 m i .  N )  

Oakley, Kan. 1.13 
(2.9 mi. N )  

Smoky H i l l  1.07 

K a n .  

McCook mean (1960 1.34 

- + 0.13** 

* Sr9O determined a f t e r  fusion of the s o i l  i n  Na2C03. 
+s+ Standard deviation 

The var ia t ion among the individual Cs137/Srg0 r a t i o s  of the  NTS s o i l s  
shows the predictions of s o i l  Srg0, from s o i l  Cs137, can d i f f e r  by a 
f ac to r  of 2 from what i s  present. 
appears t o  increase with distance from detonation s i t e s .  This i s  shown 
by the much smaller standard deviation of the  r a t i o s  f o r  the  midwestern 
s o i l s  and by t h a t  reported by Gustafson f o r  a much la rger  geographical 
area beyond 300 m i .  from NTS. ( 9 )  

Our empirical Cs137/Srg0 a c t i v i t y  r a t i o s  i n  s o i l  from the NT 

general, the  r a t i o  decreased as the  deposited f a l lou t  increased(Tab1e 7) .  

The precision i n  predicting ~1-90 

appreciably from point t o  point and from the  theo re t i ca l  1.8 



Sr9O i n  s o i l  nd sociated ~s137/~rgO rati 
near NTS i n  October, 1957 

Locat ion 
(Soi l  0-6 in. s o i l  SrgO 

deep 1 mc/mi .2 

~s137/~r90 
Activity 

Ratio 

Alamo, Nev 30.8 

Beaver, Utah 28.8 

Calient e, Nev. 22.9 

Mesquite, Nev. 39.1 
C e d a r  C i t y ,  U t a h  62.4 

2.68* 

2.45 

1.69 

1.55 
0.92 

Lund, Nev. 64.4 0.91 

S t .  George, Utah 111 

Tempiute, Utah 2 1 8 ~  

0.66 

0.31 

* Cs137 determinations made a t  Argonne National Laboratory by 
Dr. P. F. Gustafson 

** Virgin s o i l  0-2 in. deep 

The heaviest depositicns of l oca l  f a l lou t  i n  NTS areas came from devices 
detonated on towers. The radioact ivi ty  r a t i o s  of pa r t i c l e s  from one such 
device a re  shown i n  Table 8. 

Cs137/Srg0 r a t i o s  of Smoky fa l lou t  pa r t i c l e s  

Hour of Fallout Arrival 
Par t ic le  
Diameters (p 1 H + 1.15 H + 4.5 H + 5.6 H + 6.5 
0 - 44 
44 - 88 
149 - 250 

0.77 0.47 0.36 0.35 
0.37 0.36 0.42 0.30 

--- 0.27 0.20 --- 



These r a t i o s  a re  10 t o  40% of the theore t ica l  r a t io s  and show t h a t  the 
pa r t i c l e s  a re  Cs137-deficient r e l a t ive  t o  Sr9O. 
samples and NTS produced f a l lou t  p a r t i c l e s  indicate de endence upon 

be misleading i n  the case of "close-in" f a l lou t  from individual detonations. 

M i l k  samples were collected a t  various times i n  1957 f o r  Sr9O and Cs137 
determinations. The ranches o r  farms sampled were located between Milford, 
Utah and Bishop, Calif. The average Cs137/Sr90 r a t i o  f o r  m i l k  produced 
i n  l a t e  Apri l  (pre-PLUMBBOB) was 5.40 5 1.64 compared t o  6.15 2 2.77 i n  
October, a f t e r  the  t e s t  ser ies .  

Analyses of l o c a l  s o i l  

theore t ica l  nuclide r a t io s  f o r  predicting Sr9O from C s  5) 37 contents may 

M i l k  was col lected 8 t o  57 days a f t e r  deposition of f a l lou t  onto farms i n  
f a l lou t  pa t te rns  with > 2 mr/hr. at  H + 12 hrs. during Operation PLUMBBOB. 
The best  f i t t i n g  relat ionship between Sr9O and Cs137 i n  16 samples was an 
exponential curve derived by l e a s t  squares: 

The a c t i v i t y  r a t i o s  found i n  milk we e lower than those reported f o r  the 
continental  U. S. i n  1958 samples.(9?j The mean r a t i o  f o r  15 samples 
collected near NTS i n  August 1959 was 5.14 + 2.29. 
var ia t ion fo r  these groups of m i l k  samples Fanged from 3076 t o  45%. 
i s  higher than the  22$ reported by Gustafson. 
i n  a c t i v i t y  r a t i o s  of m i l k  samples was sustained nearly a year a f t e r  
d i rec t  contamination of feeds by "local" f a l lou t  ceased. 

The coeff ic ients  of 
This 

The large var ia t ion found 

Apparent Environmental Equilibrium 

In 1958 and 1959, jack rabbi ts  were col lected from Yucca F la t  i t s e l f  t o  
a distance of over 400 m i .  While most of these areas were contaminated 
during the Operation PLUMBBOB, most ( i f  not a f i )  w e r e  contaminated t o  
varying degrees during previous t e s t  ser ies .  

The Srgo s o i l  l eve ls  i n  1958 and the  SrgO rabbi t  bone leve ls  i n  1958 and 
1959 f o r  the various sampling sites are l i s t e d  i n  Table 9. 



TABU 9 

1958 Sr90 s o i l  levels and 1958-1959 jack rabbit bone 
levels at  various sampling s i t e s  i n  Nevada and Utah 

1958 s o i l  Bone 
Approx. m i .  SE90 ppc ~i90/g ca)* 
f r o m  NTS Sampling Area mc/miO2 195; 195 9 
0 

20 

74 

76 
80 

.82 

96 

132 

135 

136 

232 

235 

240 

270 

272 

300 

356 

432 

Smoky Tower 9014 

Area I, Nev. 513 

Moapa, Nev. 16 

Delamar, Nev. 23 

W a r m  Springs, Nev. 93 

Glen Rox, Nev. 142 

Overton, Nev. 21 

Belmont, Nev. 32 

St .  George, Utah 46 

Enterprise, Utah 41 

Clear Lake,Utah 26 

Antimony, Utah 29 

Cr. ,  Utah 44 

e 

Ant imony-Otter 

Fremont, Utah 26 

Reno-Sparks, Nev. 16 

Fountain Green, Utah 38 

Columbia, Utah 67 

Vernal, U t a h  14 

50.4 

19.0 

15.8 

14.6 

26.8 

21.8 

15.5 

23.8 

19.6 

13.7 

11.1 

16.2 

15 .o 

17.4 

27.3 

13.3 

20.6 

11.9 

43.2 

64.4 

18.0 

17.1 

30.0 

19.6 

13.9 
28.0 

25.3 

19.3 

18.5 

17.3 

15.4 

14.2 

19.0 

22.4 

20.7 

12.9 

*"Stront im Units" 
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The data suggest two observations: 
frequently associated with the higher s o i l  Sr9O leve ls  but the relat ion-  
ship between bone and s o i l  Sr90 leve ls  i s  not l inear .  
l eve ls  remained essent ia l ly  unchanged over the 1955-1959 period with the 
increases matched by the decreases. 

The persistence of Srgo i n  the  s o i l  environment was examined by detai led 
s tudies  conducted i n  the W I  area, 99 m i .  from Ground Zero, and i n  a 
second area, PVII, 136 m i .  from Ground Zero, 50th i n  the Smoky fa l lou t  
pattern.  The r e s u l t s  are summarized i n  Table 10, and indicate t h a t  
within the  limits of sampling accuracy, the Sr9O 
were unchanged over the  12-month period. 

first, the  highest bone leve ls  a r e  

Second, the  bone 

surface s o i l  l eve ls  

TABLl3 10 

Effect of time on Sr9O surface s o i l  (0-1") l eve ls  

Distance S o i l  Sr9O l eve l  of Saraples Collected a t  
Area from NTS D + 3 days D + 12 months - 

mc/mi.* a t  time of analysis (1959) 

WI 99 m i .  127 5 15 109 2 31 

WII  136 m i .  95 5 15  - 114 + 19 

Samples of the s o i l  p ro f i l e  were col lected i n  the  WI area 3 days, 12 
months, and 24 months a f t e r  the  Smoky shot. The analysis of these 
samples (Table ll) indicates  that the  SrgO i s  primarily r e s t r i c t e d  t o  
the  surface inch with r e l a t ive ly  small amounts i n - t h e  second inch, 
which i s  i n  agreement with similar s tudies  of gross i3 r a a o a c t i v i t y  
and Pu movements over. considerably longer periods of time i n  New 
Mexico s o i l s  contaminated by the Operation T R I N I T Y  shot of 1945. (11) 
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Effect of time on dis t r ibut ion of Srgo 
i n  s o i l  prof i le ,  Area W I  

Depth (in.  } 

Stake 1 0 - 1 
1 - 2  
2 - 3  
3 - 4  

Stake 13 0 - 1 
1 - 2  
2 - 3  

Stake 16 0 - 1 
1 - 2  
2 - 3  
3 - 4  

3 - 4  

s o i l  sr90 Level of Samples Collected a t  
D + 3 days D + 12 mo. D + 24 mo. 

mc/mie2 a t  time of analysis (1959) 

104 89.5 128 

Bkg Bkg 
Bkg Bkg 

19.2 13.7 9.20 -- -- 

These studies, as w e l l  as the r e l a t ive ly  unchanging Srgo leve ls  over 
t he  1956 t o  1960 period i n  Area I, supports the  concept of a pers i s ten t  
Sr9O s o i l  contamination. 

Biologic a 1 Ava i lab  i 1 it y of Fallout S ,go 

Studies involving kangaroo rats and jack rabbi ts  as native biological  
indicators were conducted i n  NTS f a l lou t  areas during Operation UPSHOT/ 
KNOTHOLE i 
i n  1957. 

1953(12), Operation TEAPOT i n  1955(7), and Operation PL-JMBBOB 

Differences i n  the  half- l ives  of the  precursors suggest t ha t  the  d i s t r i -  
bution of Sr89 should not be necessah ly  indicative of the  dis t r ibut ion 
of Srg0. 
along the  midline of a TEAPOT f a l lou t  pa t te rn  w a s  found highly variable 
a t  d i f fe ren t  distances from Ground Zero. (13) 

The proportion of Sr89/Sr90 i n  the  bone ash of jack rabbi ts  

Subsequent studies were specif ical ly  re la ted  t o  the dis t r ibut ion of Srgo 
i n  the  environment and i t s  accumulation by small native animals. 
of t he  chronic nature of SrgO contamination, the  t i m e  sequence of 

Because 
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accumulation has been emphasized. 

A study area, Area I, was established i n  1952 approximately 13 m i .  north 
of NTS following the f a l lou t  from Operation JANGLE i n  November 1951. 
A s  indicated i n  Table 12, s o i l  SrgO l eve ls  i n  t h i s  area were increased 
by approximately an order of magnitude with t h i s  event. 

TABU 12 

S o i l  and jack rabbi t  bone SrgO l eve ls  i n  
Area I, 13 mi.  from f\pTS 

Contaminat ion 
Event 

RANGER 
JaniFeb. 1951 

BUSTER/JANGLE 
Oct ./Novo 1951 

UPSHOT/KNOTHOLE 
Mar./June 1953 

Date of 
Collect ion 

Sept. 1951 

Nov. 1951 
Oct. 1952 

July 1953 
Apr. 1954 

Apr. 1955 
Oct. 1955 
Oct. 1956 

s o i l  sr90 Bone Sr90 
(mc/mi.2) ( W  c/g ca) 

9.4 --- 
11.85 6.3 

570 105 ii.02 0.85 

HARDTACK I1 
Sept . /Oct 1958 
KIWI A Aug. 1959 3% 87 64.4+ 33.8 

22.85 12.7 July 1, 1959 m y  1960 5642 95 - 
* 0.9 m i .  northwest of area 

Estimated on bas is  of contaminated soil f la ts  located pre-shot. (14) 

The biological  ava i l ab i l i t y  of t h i s  f a l l o u t  t o  p lan ts  i n  glasshouse 
studies was  considerably greater  than tha t  observed f o r  tower-shot f a l lou t  
of which su sequent f a l lou t s  consisted--at l e a s t  u n t i l  Operation P'LUMBBOB 
i n  1957. (157 %is material plus an increment of f a l lou t  from Operation 
TUMBL;ER/SNAPF!ER resul ted i n  a value of 3 3 ~ ~  c Sr90/g C a  i n  t he  bone of 
rabbi ts  collected i n  the f a l l  of 1952, the  highest value observed u n t i l  
1959. 



No apparent increase i n  SrgO of bone was recorded following Operation 
UPSHOT/KNOTHOLE i n  the spring of 1953 nor following an apparent 3% 
increase i n  s o i l  Srgo during TEAPOT i n  1955. An approximate doubling 
of the previous year's bone leve l  was detected during the PWTMBBOB in 
1957, although s o i l  levels  apparently were not increased. An increase 
was a l s o  observed immediately following the first nuclear propulsion 
experiment (Project ROVER, K i w i  A )  i n  1959. 

During Operation PLUMBBOB i n  1957, Area WI, was established 99 m i .  from 
Ground Zero on the midline of the Smoky shot fa l lout  pattern. The Smoky 
shot increased the Srgo contamination leve l  of Area WI  by an estimated 
65% t o  approximately 100 mc/mi.2. Kangaroo r a t s  and jack rabbits were 
collected 3, 5, 9, 13 and 20 days after fa l lou t  t o  determine the ear ly  
ra tes  of f i ss ion  product accumulation;.as shown in  Table 13, kangaroo 
rats and jack rabbits showed an ear ly  response t o  the additional SrgO 
increment, a t  l ea s t  as ear ly  as the f i f t h  day. 
a lso demonstrated between the animals and the environment since maxima 
were generally reached well before t h e  20-day sampling period was 
completed. 
were observed with r e  ect  t o  the shorter-lived bone-seeking fission 
products Sr89 and algg i n  rabbit  bone a f t e r  Smoky and other detonations 

A rapid equilibrium w a s  

Similar rapid response and equilibration with the environment 

during PLUMBBOB. (1 B 
TABU 13 

Sr9O levels  of kangaroo rat and jack rabbit 
bone i n  Area WI, 99 mi. from Ground Zero 

Date of 
Collection Kangaroo Rat Jack Rabbit 

w c Sr9O/g C a  in Bone 

Oct. 12/55 --- 
Sept. 3/57 5.34 
Aug. 31, 1957 Contaminating Event: 

Sept. 5/57 6.62 

Sept. 13/57 9.64 
Sept. 20/57 8.69 

Sept. 9/57 6.43 

July 3/58 8.33 
July 7/58 8.48 
AW. 12/59 --- 
May 1960 -00 

M Y  1961 --- 

20.6 
Smoky Shot 

20-72 9.93 
22.7 
26.82 13.6 
25.02 6.98 

---- 
19.4, 5.27 
33.42 12.7 
19.32 7.04 
10.02 6.32 
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Subsequent sampling of kangaroo rats showed tha t  the maximum leve ls  of 
Sr9O bone contamination reached during the  20-day i n i t i a l  sampling 
period tended t o  be maintained one year l a t e r .  
re f lec ted  an increase i n  1959, a return t o  the 1958 l e v e l  i n  1960, and 
an abrupt drop i n  1961. 

The r e l a t ive ly  poor correlat ion between s o i l  and bone SrgO levels ,  suggests 
that some f rac t ion  of the  Sr90 fa l lou t ,  ra ther  than the t o t a l ,  i s  of 
primary significance with respect t o  biological  uptake. For example, 
when 1958 s o i l  samples collected along the Smoky midline were leached 
with 6 N HC1, the  correlat ion between the Srgo s o i l  l eve ls  so  obtained 
and the corresponding bone leve ls  was much improved (Table 14). It i s  

Jack rabbi t  bone leve ls  

TABLZ 14 

Comparison of bone Sr9O leve ls  t o  soil Sr90 
leve ls  determined by fusion and 6 N H C 1  

extraction (1958 sample col lect ion)  

Jack Rabbit Total  HC1 Percent 
bone S o i l  Soluble Soluble 

Location M i .  from NTS (ppc SrgO/ga) Sr90* ~r9O** ~ r 9 O  

2 mc/mi. 

Smoky Area c1 50.4 9014 980 10.9 

Nye 1, Nev. 12 23.2 933 58 6.2 

Glen Rox, Nev. 80 21.5 142 18 13.0 

Enterprise, Utah 140 13.8 41 27 66.7 

Panguitch,Utah 205 12.9 32 16 50.3 

Columbia, Utah 350 20.9 67 48 71.8 

* Determined by Na2CO3 fusion method of analysis.  
we Determined by extract ing with 6 N HCL. 

noteworthy t h a t  the Srgo wh'ch i s  soluble i n  HC1 represents an increasing 

which, of course, agrees well  with the  increasing percentage contribution 
of small f a l l o u t  pa r t i c l e s  a t  greater  distanc*es from Ground Zero. 
important i s  the f a c t  t ha t  during PLUMBBOB fa l lou t  materials l e s s  than 

percentage of the t o t a l  Sr 96 as dist,ance from Ground Zero i s  increased. 

Equally 
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44p 
a l l  sampling locations h in  every f a l lou t  pat tern,  and as  close a s  
5 m i .  from Ground Zero. f i j  In addition t o  enhanced so lub i l i t y  propert ies  
over la rger  materials, such p a r t i c l e s  a re  somewhat enriched i n  ~ r 9 O  
content due t o  a ra re  gas precursor which limits the  incorporation of 
t h i s  pa r t i cu la r  nuclide chain a t  t he  e a r l i e r  time of formation of la rger  
par t ic les .  Consequently, it seems feas ib le  t o  consider the more soluble 
and ubiquitous small f a l l o u t  pa r t i c l e s  as the major source of Sr9O t o  the  
nat ive animals i n  the  f a l lou t  pattern.  

Despite what appears t o  be a ra ther  constant Srgo s o i l  environment, 
sharp drops i n  the jack rabbi t  bone leve ls  of SrgO were observed i n  
Area I i n  1955 and i n  Area WI i n  1961. If the  bone levels  of jack 
rabbi t s  collected i n  the  l a t t e r  area i n  1958 and 1961 are  p lo t ted  as a 
function of ~ o d y  weight, which may be used as a rough indication of 
animal age, the  values a re  d is t r ibu ted  as i l l u s t r a t e d  i n  Fig. 1. In 
1958, one year a f t e r  the  Smoky shot contamination, 41 of 43 animals had 
Sr9O bone leve ls  i n  excess of 10 pp c/g C a  regardless of weight (or age). 
In  contrast ,  i n  1961, 39 of 53 animals had bone leve ls  l e s s  than 
1Opp c S@/g Ca. 
older animals. 

i n  diameter were iden t i f i ed  i n  respectable quant i t ies  a t  v i r t u a l l y  

The higher leve ls  were r e s t r i c t e d  t o  the  heavier, o r  

The f a c t  t h a t  older animals of the  1961 population included individuals 
having both low and high Sr9O levels ,  coupled with an stimated average 
l i f e  span of 3.2 yrs. f o r  jack rabbi t s  i n  t h i s  area( l6  '5 strongly implies 
t h a t  the  higher leve ls  of Sr9O are associated with animals which were 
l i v ing  ea r ly  i n  the sequence of contamination--that is, the 1957 PLUMBBOB 
fal lout--rather  than with animals which were born l a t e r  and merely l i ved  
i n  a contaminated environment. 

There a re  a number of possible explanations f o r  a lower Sr9O bone l e v e l  
of animals born subsequent t o  contaminating events. For example, plant  
fo l iage  serving as food has a higher contaminakion l e v e l  immediately 
a f t e r  fa l lou t .  It was shown during TEAPOT i n  1955 t h a t  vegetation tends 
t o  be a select ive f a l l o u t  co l lec tor  f o r  f a l l o u t  pa r t i c l e s  which range 
predominantly f om < 1 t o  14 p i n  diameter i n  the  great  number of samples 
investigated. 
the  decay r a t e  of f a l lou t  i n  the environment t o  the  B rad ioac t iv i ty  l e v e l  
of serially-sampled plant  leaves, t h a t  the  entrapped pa r t i c l e s  were 
pe r s i s t en t  f o r  the  sampling period extending from 3 t o  20 days a f t e r  
fa l lou t .  
a very few p a r t i c l e s  of red is t r ibu ted  fa l lou t .  Gross B analysis and 
autoradiograms of WI plant  material collected i n  1961 did not reveal 
the  presence of pa r t i cu la t e  contamination. 
native vegetation i n  Nevada has not been shown t o  accumulate fall 'out- 
derived f i s s i o n  products v i a  the root system; autoradiograms of plant  
materials col lected during or immediately a f t e r  t e s t  s e r i e s  have invari-  
ably revealed point-source contamination indicat ive of par t icu la tes  
ra ther  than the  diff'use d is t r ibu t ion  pa t te rn  indicat ive of metabolized 
radionuclides . 

During PLUMBBOB it was addi t ional ly  shown by comparing 

However, t he  contamination of new growth appears t o  be due t o  

It should a l so  be noted that 
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Several observations among the  data presented lend support t o  the  con- 
cept of an available component t o  native animals of the  t o t a l  Srw con- 
taminating the respective areas short ly  a f t e r  fa l lou t .  In Area I 
(Table 12) the June 1957 increase of Srgo i n  bone was approximately 

~ twice the 1956 l e v e l  and had o,ccurred within a few days a f t e r  the first 
detonation of PLUMBBOB. 
i n  the same area immediately followed the  K i w i  A experiment adjacent 
Jackass Flats ,  where similar abrupt increases occurred. In Area WI  
(Table 13) the ruaxima i n  bone leve ls  reached rapidly during the  20-day 
s e r i a l  sampling period likewise suggest a readi ly  available component. 
Under such circumstances, inhalation as a mechanism m i g h t  be suspect; 
however, inhalation was shown t o  be r e l a t ive ly  unimportant as a method 
of par t icu la te  contamination by restrained domestic rabbits during 
TEAPOT i n  1955. (17) 

The July 1959 increase of SrgO leve ls  i n  bone 

The r e l a t ive  importance of the various pathways by which f a l l o u t  derived 
SrgO 
however, from the occurrence of reductions i n  the  Srgo bone leve ls  of 
the jack rabbit population several  years a f t e r  contaminating events t h a t  
the  biological  ava i l ab i l i t y  of SrgO i s  much greater  a t  some ea r ly  time 
a f t e r  fa l lou t ;  it i s  a l so  qui te  l i k e l y  tha t  mechanisms f o r  the reduction 
of po ten t ia l ly  available Sr9O ex i s t  i n  the environment, regardless of 
apparently pers i s ten t  Sr90 s o i l  levels .  

may enter  the animal i s  not readi ly  apparent. It i s  apparent, 
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FRACTIONATION I N  SURFACE BURSTS 

Edward C. Frei l ing 
U. S. Naval Radiological Defense Laboratory 

San Francisco, California 

Ab s t  rac t 

A description i s  presented of a combination of A. D. Anderson's Dynamic 
Fallout Model (NRDL-D Model) with C. F. Miller 's  thermodynamic model of 
f ract ionat ion which will be used t o  account f o r  f ract ionat ion i n  f a l lou t  
predictions. Weaknesses of the method a re  pointed out. Data required 
f o r  t e s t ing  the  model (both from laboratory experiments and nuclear 
detonations), and f o r  achieving more meaningful documentation of future  
nuclear bursts,  are discussed. 

. 
Introduction 

* 
A t  NRDL we are carrying out a project  suppo-rted by the  Atomic Energy 
Commission under the  general supervision of t he  Fallout Studies Branch 
of the  Division of Biology and Medicine en t i t l ed :  
Distr ibut ion and Characterist ics of Nuclear Gebris." The objective of 
t h i s  project  i s  t o  develop a generalized f a l lou t  model capable of quan- 
t i t a t i v e l y  predict ing the  formation and composition of nuclear bomb debris 
and i t s  pa r t i t i on  between stratospheric,  tropospheric and l o c a l  f a l lou t .  
We are  carrying out t h i s  project  i n  two concurrent phases. The f i rs t  
phase i s  designed t o  produce short-range r e su l t s  and the second phase 
i s  oriented towards long-term progress. 
with the short-range phase and the following paper (Page 47 ) on a i r  

"The Formation, 

The present paper i s  concerned 

* U. S. Naval Radiological Defense Laboratory, San Francisco, California. 
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burs t  f ract ionat ion is  concerned with the long-range phase. 
for tunate  i n  having the  opportunity t o  describe t h i s  work a t  such an 
ea r ly  stage of development 
comments, which we earnest ly  s o l i c i t .  

We are 

and the  concomitant advantage of conferees' 

I n  the  present paper I w i l l  describe our e f f o r t s  t o  es tabl ish a conputer 
program t o  calculate f a l lou t  pa t te rns  which account f o r  the  phenomena of 
fractionation. Fractionation i s  defined as any process which causes the  
radionuclide composition of a sample of nuclear debris t o  be unrepresen- 
t a t i v e  of t h e  debris taken as a whole, and t h e  subject has been t rea ted  
i n  d e t a i l  elsewhere. (1) The manner of accounting f o r  f ract ionat ion 
consis ts  ess n t i a l l y  of a union of the  NRDL dynamic f a l lou t  model of 
A n d e r ~ o n ( ~ ' 5 ~  with the thermodynamic model of f ract ionat ion devised by 
Miller. * 
This paper i s  divided in to  f i v e  par ts .  Part  1 describes the  fract ionat ion 
model, Par t  2 describes the  f a l lou t  model, Part  3 describes the adaptation 
of the  fract ionat ion model t o  the f a l l o u t  model, Par t  4 discusses means 
of t e s t i n g  the resu l t s ,  and Part 5 describes data re la t ing  t o  t h i s  part  
of the program which should be obtained i n  the  event that  future  land 
surface burs t s  occur. 

It i s  intended t o  devise the  computer program i n  a compartmented fashion 
i n  order tha t  t he  various p a r t s  can be revised as new developments i n  
theory and experimental data become available.  Revision i s  a continuing 
process and t h e  description given here may w e l l  be p a r t i a l l y  obsolete by 
the  time of publication. 

Par t  I. The Miller Thermodynamic Model of Fractionation 

The Miller thermodynamic model of f ract ionat ion can be outlined b r i e f l y  
as follows: F i r s t ,  there  i s  described an ideal ized ca r r i e r  material 
with thermodynamic and chemical propert ies  similar t o  the  s o i l  which i s  
t o  be drawn in to  the f i r e b a l l ,  but idealized t o  the  point where there 
i s  no chemical interact ion between the  ca r r i e r  material and any of the 
radioactive products of t he  detonation. Secondly, the  energy of the  
nuclear detonation i s  accounted f o r  i n  as reasonable a manner as possible 
and the  f rac t ion  of t h a t  energy which goes in to  vaporizing and melting 
the  ideal ized c a r r i e r  material i s  calculated. 
condenses, it and the  melted s o i l  are considered as one s ingle  phase i n  
equilibrium with a vapor phase. The vapor phase consists of a i r  and 
uncondensed radionuclides. - I t s  volume i s  taken as the  maximum volume 
of the  f i reba l l  and i t s  temperature as t h a t  of t he  idealized ca r r i e r  
mater ia l  a t  i t s  melting point. The time a t  which t h i s  temperature i s  

When the  vaporized s o i l  

* Additional work on t h i s  model, described i n  USNRDL-TR-425, i s  being 
car r ied  out by C. F. Miller. 
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reached i s  calculated from scaling l a w s ,  and the  elemental d i s t r ibu t ion  
of the mass chains of the  f i s s ion  fragments and the other product 
nuclides a t  t h i s  t i m e  i s  determined from known and estimated f i s s ion  
y ie ld  and decay relationships,  The dis t r ibut ion of each product element 
between the  l i qu id  and vapor phases i s  then calculated according t o  
Raoult's Law. The idealized ca r r i e r  than so l id i f ies ,  freezing i n  the 
trapped radionuclides. This point marks the  end of t he  f i rs t  period of' 
condensation. The second period of condensation treats the deposition 
of  those product nuclides s t i l l  i n  the  vapor phase upon the  frozen s o i l  
par t ic les .  Some suggestions were offered by Miller as t o  how such a 
deposition might be accounted for,  but t he  ac tua l  calculations were 
never carr ied out. According t o  t h i s  model the  fract ionat ion i s  now 
seen t o  r e su l t  from two sources. The f i rs t  source i s  the  separation 
of pa r t i c l e s  from the  cloud before the  second stage of condensation has 
occurred. These pa r t i c l e s  will contain normal quant i t ies  of refractory 
elements but will be depleted i n  vo la t i l e  elements. With regard t o  
those pa r t i c l e s  which remain i n  the cloud dxring the second stage of 
condensation, another type of f ract ionat ion occurs. Here those product 
elements which dissolved i n  the  pa r t i c l e s  up t o  the  time of so l id i f ica t ion  
will have been dis t r ibuted throughout t he  pa r t i c l e s  i n  proportion t o  the  
pa r t i c l e  volume, whereas those elements which condensed a f t e r  so l id i f i -  
cation w i l l  have dis t r ibuted themselves among the pa r t i c l e s  i n  accordance 
with the  available surface. In the  remainder of t h i s  section the afore- 
mentioned processes will be described i n  greater  d e t a i l  and the defects 
of t he  model will. be discussed i n  a later section. It should be s t a t ed  
t h a t  Miller was well aware of the inadequacies of t h i s  approach but f o r  
lack of time and sui table  experimental data was unable t o  carry h i s  
calculations t o  a higher degree of refinement. 

The properties chosen f o r  the  idealized ca r r i e r  material a re  as close 
as p rac t i ca l  t o  those of anorthoclase (Na2O.Al203.6SiO2). 
reactive towards the f i s s ion  product elements and t h e i r  oxides and 
dissolves the  elements as stable oxides. 
a t  which temgerature i t s  vapor pressure i s  negligible. 
weight i s  524 and the  entropy of fusion i s  29 cal./mole degrees. 
heat of fusion i s  48,000 cal./mole, the  dissociation energy i s  3,370,000 
cal./mole and the  heat capacity i s  such t h a t  200,000 cal../mole a re  
required t o  r a i se  the  temperature-of t h e ' s o i l  from 298% t o  i t s  melting 
point. 

The discussion of the  parti$ion-of..burst energy which follows i s  based 
upon the  considerations outlined. @y Miller. -* It .differs, however, t o  
the  extent to-which newathemnodynamic data-,and scal ing relat ionships  
have been incorporated into- the- treatment sj.nce- the. i n i 2 i a l  appearance 
of h i s  work. 
manner i n  which the  energy o f ' t h e  burst  has been dis t r ibuted a t  the  
time of the f i n a l  temperature maximum i s  calculated. The energy i s  
considered t o  be dis t r ibuted between nucleai- radiation, thermal 
radiation, b l a s t  and shock, and the  in t e rna l  energy of t he  f i r e b a l l .  
The d is t r ibu t ion  i s  shown schematically i n  Fig. 1. 

It i s  non- 

Its m e l t i n g  point  i s  14OO0C 
The molecular 

The 

. -  

The: calculat ions can be out l ined-as  follows': F i r s t  t he  



T H E R M A L  
RADIATION 

4% 

FIGURE 1. ESTmTED EBlWGY PARTITION AT TBE TIME OF SECOND MAXIMUM 
IN IUIUR'S MODEL. 

I n  these calculations the  energy equivalent of 1 KT of TNT has been taken 
as 1012 cal.  
heat' capacity and pressure--volume--temperatur.e re lat ionship of gases 
have been assumed t o  be ideal. 

The dissociation energy of a i r  i s  101,830 cal./mole. The 

Miller next defines "the model surface burst" as one i n  which one half  
of  t he  in t e rna l  energy i n  the  f i r e b a l l  a t  t he  second maximum was*util ized 
i n  dissociating and heating a i r  molecules and the  other half  f o r  the  
vaporization of s o i l  molecules. 
r e su l t  tha t ,  w e l l  within the  e r ror  of estimate, equal number of moles of 
air and s o i l  atoms are present i n  the  f i r e b a l l  a t  the  time of second 
maximum. 
perfect  gas l a w  and the  estimated s o i l  properties leads t o  1.6 x 10 
per  KT of y ie ld  f o r  each; o r  840 tons of s o i l  per KT of yield. 

Hillendahl(6) gives a number of useful  scaling re la t ions  f o r  surface 
bursts. In  h i s  nomenclature: 

Applying t h i s  pr inciple  leads t o  the  

the Relating these t o  the  t o t a l  energy available by means of 
moles 

W = t o t a l  wedpon 

PQ 
t* = 

i e l d  (kilotons) 
t. = t i m e  (seconds 5 - ambient air  density (g/l) 

t/tfmax - r a t i o  of t he  time t t o  t h a t  of the  f i n a l  maximum 
i n  observed temperature 
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power (kilotons per second) 
nA 

of power temperature) 
T = absolute temperature of the f i r e b a l l  

= (Stefan's constant x t o t a l  radiat ing area x fourth power 

1 Kiloton = 10l2 calor ies  
R1 = Radius of uniform brightness 
R2 = Main radiat ion f ront  radius 
R 3  = Absorption s h e l l  radiuF 
R 4  = Main shock f ront  radius 
R 5  I Precursor shock f ront  radius 

(The r a d i i  e re  shown i n  Fig. 2 and a re  fur ther  discussed i n  the follow- 
ing paper, page 47 . They are taken i n  meters). 

The scaling equations a re  

W = 0.65 Po (2Rl+)5 / t2  

tmin m 0.0030 W0*49 

R 4  min 

H I 3.75 $*5 l  t* e 

R2 min I 33 $ 0 3 9 ~  = the  values of the  r a d i i  a t  t he  minimum 
i n  observed temperature 

- 93 -3.2wt * -2.73t* -1.45e -9e 

And from h i s  f igures  one f inds 

*-0.34 T = 7000 w-0.07 t 

while, a t  t* I 1 

R1 - - 48 wO.39 

- 66 wO.39 R2 - 
R 3  = 75 w 0.39 

R 4  = 90 $*39 

From the  time of second maximum t o  the  time required t o  reach 14OO0C. 
the  in t e rna l  energy of t he  cloud w i l l  decrease. Dissociated a i r  and 
s o i l  will re lease energy by cooling and reassociating. 
released will be dis t r ibuted among radiation, expansion, heating 
addi t ional  air ,  and heating and melting addi t ional  so i l .  
of energy radiated up t o  any t i m e  i s  obtained by integrat ing Hillenaahl 's  
power function. 
volume of t he  1.6 x 106 moles per  KT of air  atoms due t o  cooling from 
60000 t o  1400OC. 
b a l l  calculated from Miller 's  scaling equation 

The energy 

The amount 

The work of expansion i s  calculated f romthe  change i n  

The difference between the  maximum volume of the  f i re -  

Rm z 922 x 103 WQ.314 



and the  volume of the or ig ina l  a i r  a t  14OO0C. i s  used t o  calculate the  
addi t ional  amount of heated a i r .  
turns  out t o  become available f o r  heating and melting so i l .  
assumed t h a t  only half  of t h i s  res idual  energy produces molten so i l .  
The additional s o i l  melted turns  out t o  equal about half  of the  con- 
densed so i l .  The t o t a l  amount of molten s o i l  i s  thus calculated t o  be 
2150 tons for a 1.7 KT shot, in'poor agreement with the  800 tons found 
i n  the  Rainier shot (Nevada Test S i t e ,  1957), where no radiation was 
los t ,  although much water was  present. (cf.  Part  I V ) .  

Some 3% of the  or ig ina l  device energy 
It i s  

With the  foregoing considerations the  stage i s  set f o r  the  application 
of Raoult's Law by def ini t ion of the  macroscopic state. !Phis state 
consists of the  calculated number of moles of molten s o i l  i n  equilibrium 
with a vapor phase. The previous discussion took the  temperature down 
t o  1400OC., but the  same pr inciples  could be used t o  reach def ini t ions 
of the  macroscopic state f o r  intermediate temperatures. 
temperatures, however, the  vapor pressure and p a r t i a l  dissociation of 
the  s o i l  w i l l  become increasingly important. 

A t  higher 

FIGURE 2. IUUSTRATION OF FIREBALL RADII (FROM (6)) 



According t o  Raoult's Law, t he  vapor pressure of each component of an 
ideal solution a t  thermodynamic equilibrium i s  equal t o  the vapor pressure 
of the pure substance multiplied by i t s  mole f rac t ion  i n  the  solution. 
Thus, i f  there  are n l  moles of component 1 and n2 moles of component 2 
i n  a two component solution the  mole f rac t ion  of component 1 i s  

n l  N1 = 9 

n l  + n 2  

I ts  vapor pressure above the  solution i s  

where plD i s  the  vapor pressure of the  pure component. 
i l l u s t r a t e d  graphically i n  Fig. 3. 
i dea l  behavior while t he  so l id  l i nes  indicate  two cases of real  behavior 
Posit ive deviations are  a t t r ibu ted  t o  mutual repulsion of t he  components, 
and negative deviations are  a t t r i bu ted  t o  mutu.al a t t rac t ion .  

The l a w  i s  
Here, the  dashed l i nes  i l l u s t r a t e  

I n  order t o  apply t h i s  t o  the  system a t  hand, one fur ther  concept must 
be mentioned, namely, t h a t  of the p a r t i a l  pressure. 
of gases, the  p a r t i a l  pressure of component 

In an idea l  mixture 
3 s  given by 

p 1  = ny RT/V 

where np i s  the  number of moles i n  the vapor phase, R i s  the  gas constant, 
T t he  absolute temperature and V the  volume. 
t h a t  nl- n1/n2 : 

Eliminating pl and noting 

On th i s  basis it therefore becomes a straightforward, 
problem t o  calculate t he  amount of 'each radionuclide present, as was 
done by Hunter and Ballou, and then d is t r ibu te  each one between.the 
vapor phase and the  condensed phase. 
are present i n  -such small concentrations t h a t  interact ion between them 
can be neglected. 
shown i n  Fig;- 4 

i f  complex, 

.The f i s s ion  product radionuclides 

The,values of p i  f o r  some important elements are 
> .  
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Miller re fers  t o  the  adsorption processes occurring'after the pa r t i c l e s  
so l id i fy  as the  second stage of condensation. He suggests e i the r  using 
Langmuir adsorption isotherms or sublimation pressures t o  estimate the  
dis t r ibut ions at t h i s  stage, but doesn't apply them i n  h i s  work. H i s  
r e su l t s  shob 
equal t o  0.4 t h a t  of unfractionated f i s s ion  products a t  one hour, while 
h i s  observed data show an "ionization rate"  of 0.3 tha t  of unfractionated 
f i s s ion  products. 

s t a t ed  i s  t h a t  of a single calculated composition with one of many 
possible observed compositions. Without radiochemical documentation the  
significance of the  comparison remains obscure. 

an "ionization ra te"  of f ract ionated f i ss ion  products 

From what has been said, it should be c lear  t h a t  
- there  i s  not one fract ionated composition, but many. The comparison -- ---- 

Part  11. The NRDL Dynamic Model for Fallout from Land 
Surface Nuclear Bursts 

The NRDL D-Model (Dynamic Model) w a s  develo ed by Anderson and i s  
described i n  d e t a i l  i n  several  reports.(2-57 This section will be 
primarixy a summary of Anderson's description. Enough detail will be 
given t o  allow the  reader t o  understand the  application of Mil ler ' s  
f ract ionat ion model t o  f a l lou t  predictions f o r  land surface bursts. 

In the  cooling f i r e b a l l  the  temperature will eventually reach a point 
where s o i l  pa r t i c l e s  entering the  f i r e b a l l  are no longer vaporized and 
where vaporized s o i l  present i n  the  f i r e b a l l  begins t o  condense. This 
temperature i s  estimated as the boi l ing 
boi l ing consti tuent of the so i l .  In the  case of Nevada T e s t  S i t e  s o i l  
t h i s  consti tuent would be quartz which bo i l s  a t  about 220OOC. 
case of cora l  surface bursts  t h i s  substance would be CaO which bo i l s  
a t  about 280OOC. 
t u r e  reaches t h i s  value i s  taken as the  t i m e  of the beginning of fa l lou t .  
This t i m e  i s  about 0.6 see. f o r  a 1KT burst ,  6.4 see. for a 100 KT 
burst ,  a i d  64.3 see. f o r  a 10 MT burst. 
approximated by a cylinder. 
have a uniform dis t r ibu t ion  of p a r t i c l e  s izes  contained i n  a volume 
coincident with t h i s  cylinder. The ac t iv i ty-par t ic le  s ize  d is t r ibu t ion  
i s  divided in to  100 classes.  
c lass  up t o  a 8700-10,000 CI diameter class.  Par t ic les  smaller than 
40 p are  considered beyond the  scope of l oca l  f a l lou t .  
therefore t o  think of t he  cloud a t  t h i s  time as consisting of 100 
ident ica l  coincident r igh t  c i rcu lar  cylinders each corresponding t o  one 
of t he  p a r t i c l e  s ize  classes. In addition, each cylinder i s  divided 
up in to  N equisized discs.  N may be as small as 7, as i n  the  case of 
a 0 . O l K T  burst  or as large as 231, as i n  the  case of a 100 MT burst .  
The t o t a l  number of discs  therefore var ies  from TOO t o  23,000. 
s i tua t ion  i s  i l l u s t r a t e d  i n  Fig. 5. 

point f o r  an abundant high 

In the  

In the  D-Model the  time a t  which the  f i r e b a l l  tempera- 

The cloud a t  t h i s  time i s  
The t o t a l  res idual  a c t i v i t y  i s  assumed t o  

'These classes range from a 40-60 p diameter 

It i s  convenient 

The 
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I n  contrast  t o  those f a l lou t  models which begin when the  cloud has 
reached i t s  maximum height, the  D-Model must account f o r  the  upward 
motion of the cloud i n  calculating the  v e r t i c a l  veloci ty  of the par t ic les .  
Thus, the  rate with respect t o  the  ground a t  which a pa r t i c l e  moves 
upward o r  downward i s  taken as equal t o  the  difference between the  
veloci ty  with which it i s  carr ied up by the  r i s ing  cloud and the  veloci ty  
due t o  gravi ta t ional  fa l l .  Vert ical  winds a re  not considered. Wind 
speed and direction during the  time of rise and f a l l  determine the 
pa r t i c l e s  horizontal  displacement. The t ra jec tory  of each disc i s  now 
taken as the  t ra jec tory  of a pa r t i c l e  whose s ize  i s  the midpoint of the  
s5ze c lass  of the  disc and whose location i s  the  center of the  disc. 
Cylinders corresponding t o  different  pa r t i c l e  s ize  classes are therefore 
seen t o  diverge gradually from one another. Cylinders representing 
large pa r t i c l e s  w i l l  not r i s e  very high and w i l l  f a l l  more rapidly. 
Cylinders representing small s ize  pa r t i c l e s  w i l l  r i s e  higher and l eve l  
off more slowly. The t ime-alt i tude h is tory  i s  approximated by a f i n i t e  
difference equation dividing the t i m e  in te rva ls  from the  start  of f a l lou t  
t o  the  time the  pa r t i c l e  reaches the  ground in to  N smaller intervals .  
The first in t e rva l  i s  1 see. and each in t e rva l  i s  1 see. longer than 
the preceding interval. 

In  t r ea t ing  the  stem, the D-Model ignores the  much higher ve loc i t ies  
present there  and treats the  motion i n  the  same manner as f o r  the  main 
pa r t  of the  cloud. 

Fig. 6 shows the  cumulative percent of res idual  a c t i v i t y  f o r  pa r t i c l e s  
of d i f fe ren t  s i ze  as determined from the  Operation JANGLE underground 
shot. It i s  seen t o  be log-normal. For most s i l iceous s o i l s  the sparse 
data available indicate  tha t  f o r  l oca l  f a l lou t  the  f rac t ion  of radio- 
a c t i v i t y  i n  a given s ize  range i s  roughly independent of yield.  However, 
t he  s ize-radioact ivi ty  dis t r ibut ion f o r  cora l  i s  markedly different  from 
t h a t  f o r  s i l iceous s o i l .  

If one of the  discs  representing a par t icu lar  s i ze  c lass  lands on the  
gmund before one- hour a f t e r  burst  and covers a point p on a rough plane, 
then the  deposited dose r a t e  R i n  r/hr. a t  1 hr.  and 3 f e e t  above t h i s  
location i s  given by R - 120 FA/NS. Here 120 i s  a constant t h a t  takes 
in to  acoount f i n a l  surface i r r egu la r i t i e s  and other factors .  The con- 
t r i bu t ion  of discs  arr iving after one hour t o  the  calculated one hour 
dose r a t e  i s  accounted for .  F i s  the  f rac t ion  of t o t a l  res idual  radio- 
a c t i v i t y  associated with the  pa r t i c l e  s ize  c lass  of the  disc. A i s  the  
t o t a l  res idual  radioact ivi ty  i n  curies remaining a t  one hour after burst ,  
and i s  taken as 5 x 10 8 W curies f o r  a weapon y ie ld  which i s  10% due 
t o  f iss ion.  S i s  the  area i n  square f e e t  on the  ground covered by the 
radioact ivi ty  contained i n  t h e  disc. The edge e f fec t  i s  ignored. The 
t o t a l  deposit dose r a t e  at  P i s  the sum of the  individual dose r a t e s  
contributed by t h e  discs t h a t  cover t h i s  location. The e f f ec t s  of 
induced a c t i v i t i e s  and fract ionat ion are not taken in to  account by 
Anderson. 
The method of finding the  radius of the  disc i s  based upon the 

S i s  assumed t o  be n r2 where r i s  the  radius of the disc. 
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following three assumptions. 

(1) The fa l lou t  i s  dispersed uniformly throughout t he  i n i t i a l  
v i s ib l e  cloud a t  t he  time of start of fa l lou t ,  

( 2 )  A s  the  cloud expands, t he  f a l lou t  expands l a t e r a l l y  a t  tne  
same r a t e  as the  cloud, and 

(3) The la teral  expansion of f a l lou t  stops a f t e r  the cloud has 
stopped expanding. 

The maximum disc  diameter f o r  a l l  yields  i s  taken as tha t  given f o r  360 
see. 

Because of the ear ly  t i m e  a t  which the  D-Model begins t o  consider the  
f a l lou t  processes it can be readi ly  seen t h a t  it i s  par t icu lar ly  sui table  
t o  being modified f o r  t he  e f f ec t s  of f ract ionat ion according t o  the 
methods of Part  I above. The de ta i l s  of t h i s  modification are described 
in the following section. 

Part  111. Modification of the  NRDL Dynamic Model f o r  Fractionation 

The modification of t he  NRDL dynamic model f o r  f ract ionat ion has been 
carr ied out by Lee, Kiley, and Johnson(7) according t o  a method outlined 
by Miller and i s  i n  the  process of being programmed f o r  an IBM 704 
computer. The modification proceeds as follows. F i r s t ,  it i s  necessary 
t o  change from the  ac t iv i ty-par t ic le  s ize  input of Anderson t o  a mass- 
pa r t i c l e  s ize  input. To do t h i s  we use Miller's crater ing equation 

M I 5.03 x lo9 $092 grams 

f o r  t h e  mass thrown out, and assume 7.5% of t h i s  comes i n  contact with 
radioactivity.  This 7.5% i s  assumed t o  have a log-normal mass d i s t r i -  
bution with 5% of the mass i n  pa r t i c l e s  of l e s s  than 1OOp diameter and 
0.4% of t h e  mass i n  pa r t i c l e s  la rger  than 1 0 , O O O p  . The f ract ion of a 
p a r t i c l e  melted w i l l  be, fo r  t he  present, considered independent of 
pa r t i c l e  size.  

There i s  next established a 69th concentric figure,  a sphere, which i s  t o  
represent t h e  vapor phase of the  cloud. A t  the  end of the  Anderson's 
f i r s t  t i m e  i n t e rva l  (1 see.)  it i s  determined which discs have l e f t  the  
cloud. From the  yields  and half- l ives  of t he  primary f i s s ion  products 
the quant i t ies  of t he  various product r,uclides present a t  the  midpoint 
of t he  time in te rva l  (0.5 sees.) are  calculated. 
t h i s  t i m e  i s  a l so  determined. The temperature i s  used to ,calculate  the 
vapor pressure of each f i s s ion  product oxide at a 
oxygen of 0.2 atmospheres. This i s  used i n  conjunction with calculated 
cloud volume and number of moles of vaporized s o i l  material t o  determine 
the  d is t r ibu t ion  of each element between the  vapor and condensed states. 

The temperature a t  

p a r t i a l  pressure of 

. . - .. . . 



The quant i t ies  condensed which leave the  cloud can now be con idered t o  
be i n i t i a l  quant i t ies  f o r  a Hunter-Ballou type calculation.(87 The 
uncondensed radionuclides are  considered t o  be equally d is t r ibu ted  
throughout the f i r e b a l l .  Again, the Hunter-Ballou type calculation i s  
employed using these uncondensed quant i t ies  a s  s t a r t i ng  values i n  order 
t o  c o q u t e  the quant i t ies  present a t  the midpoint of the next time 
interval .  
nuclides i n  the  cloud i s  carr ied out u n t i l  the  temperature f a l l s  t o  1400Oc. 

This process of gradual depletion of pa r t i c l e s  and radio- 

The second phase of condensation now begins. 
nuclide present i n  the  condensed phase a re  now considered t o  be frozen 
in .  The nuclides i n  the vapor phase a re  considered t o  be e i the r  one of 
two kinds: v o l a t i l e  o r  invola t i le .  The choice depends upon whether or 
not t h e i r  concentration i n  the  cloud i s  greater  than the vapor pressure 
of the pure substance a t  the given temperature. A t  the  midpoint of the 
next time in t e rva l  the temperature and vapor pressures a r e  calculated a s  
before. 
d i s t r ibu ted  among the pa r t i c l e s  present according t o  the surface offered 
by the pa r t i c l e s .  
rad ioac t iv i ty  i n  proportion t o  t h e i r  area rat:her than t h e i r  volume and 
the quantity of each radi'onuclide remaining behind i s  equal t o  t h a t  
required t o  saturate  the cloud a t  the  given temperature. 
carr ied out u n t i l  a l l  discs have l e f t  the cloud. 

The portions of each radio- 

Those elemental forms which exceed t h e i r  vapor pressures a re  

Par t ic les  leaving the cloud therefore now scavenge 

The process i s  

It i s  now seen t h a t  tne r a t e  of a r r i v a l  of any given radionuclide a t  any 
point can be calculated as well  as the  radionuclide d is t r ibu t ion  a t  any 
point a t  any t i m e  a f t e r  burst .  
be used as the s t a r t i ng  point f o r  the calculation of dose r a t e  according 
t o  the decay schemes of the  radionuclides involved. 

This radionuclide d is t r ibu t ion  can now 

Problems of throwout, stem treatment, and environment induced a c t i v i t i e s  
are s t i l l  under consideration. 

The calculations described are very complex and the amount of computer 
time required to-make them has not yet been determined. 
the realm of poss ib i l i t y  t h a t  the time required f o r  a complete calculation 
would be prohibit ive were it not f o r  cer ta in .s implif icat ions that m i g h t  be 
made. 
an equal or greater  extent thau the  vaporized s o i l .  
which consist  en t i r e ly  of such elements w i l l  be completely condensed from 
the  outset .  
primarily as gaseous,materials throughou the  b e t t e r  part of the conden- 

of one such refractorily-behaving radionuclide and one such vola t i le ly-  
behaving ra&onuclide at  any point i n  the  fal lout .  pa t te rn  would deter- 
mine the  r e l a t ive  ab&Wces of the  other radionuclides t o  an extent 
which was qui te  adequate for the  purposes of estimating fract ionat ion 
and furthermore was grounded more so l id ly  i n  experimental observation 

It i s  not beyond 

F i r s t  of afi, there  are those substances which a r e  refractory t c  
Those mass chains 

A t  the  other extreme a re  mass chains which w i l l  be present 

'sation process, It has been pointed out F 1) t h a t  the  r e l a t ive  abundances 

than i s  the  preceding treatment. 
t o  predict  the abundance of two s u z  nuclides,, coupled -- with: knowledge 

In principle_, therefore, an a b i l i t y  
- - --- 



of the  fract ionat ion systematics obtained through observation, would 
v ie ld  a method of accounting f o r  f ract ionat ion i n  f a l lou t  which i s  a t  
-- 

- --- Y -  ~ -- 
once more s impleand more rgliabl-tzled --. calculations 
described. We w i l l  re turn t o  t h i s  subject i n  subsequent sections. 
-- 

Part  I V .  Means of Testing the  Miller-Anderson Fractionated-Fallout Model 

The model which we have described i s  a complex combination of mechanical, 
thermodynamical, physical-chemical and nuclear-physical considerations. 
The i n t r i c a t e  s t ructure  r e s t s  shakily on a large number of simplifying 
assumptions and approximations. The questions we now ask are,  "How 
much closer  a re  we now t o  r e a l i t y  than we were before i n  our a b i l i t y  t o  
predict  f a l lou t  patterns?",  
r ea l i t y?"  and "HOW much of t h i s  do we want t o  do?" 
w i l l  be discussed i n  these last  two pa r t s  of t h i s  paper. 

, 

"What can we do t o  improve t h i s  approach t o  
The f i r s t  two questions 

One thing we hope t o  do very soon i s  t o  apply the  considerations des- 
c r ibed  he re  t o  t h e  t rea tment  of data from Operation JANGLE shots .  When 
we do we may achieve b e t t e r  agreement between predicted and observed 
values than have been obtained before o r  we may not. Improved agreement 
would na tura l ly  be more encouraging. But how could we be sure t h a t  t h i s  
w a s  not obtained by a for tu i tous  concellation of e r ro r s  f o r  the par t icu-  
l a r  event studied? And how could we be sure t h a t  i n  some subsequent 
application these e r rors  would not cancel and we would not be so for tunate? 
Observational data i n  the  form of dose pa t te rns  and decay curves a re  
themselves complex r e su l t s  of the  radioactive propert ies  of the radionuclides 
present i n  the  f a l lou t  material. The calculation of these quant i t ies  from 
the  radionuclide composition I s  a f a i r l y  straightforward problem. The 
reverse calculat ion is ,  however, v i r t u a l l y  impossible, f o r  while a cer ta in  
radionuclide composition w i l l  r e s u l t  i n  only one dose and one decay curve, 
the  pa r t i cu la r  dose or decay curve can be described by a number of radio- 
chemical compositions. It i s  therefore  seen t h a t  the radiochemical 
composition of the  f a l l o u t  a t  par t icu lar  points  i s  the basic knowledge 
t h a t  i s  wanted. It i s  t h i s  knowledge which -- we expect - our f a l lou t  model 
t o  predict  and it i s  observatLon of t h i s  composition which const i tutes  
one of t he  most desirable types' of data f o r  determining - the  r e l i a b i l i t y  

'of the predictions.  The qua l i ty  of radiochemical data available f o r  
Operation JANGLE shots i s  'very poor by present day standards and s o  our 
uncertainty w i l l  be increased by having t o  r e l y  upon the  less desirable 
and more complex type of observation. 

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

Land surface shots i n  the  Eniwetok Proving Grounds a re  b e t t e r  sources of 
mater ia l  for t e s t ing  fract ionated f a l lou t  predictions,  
and Koa (1958) i n  par t icu lar ,  were the subjects of considerable useful  
documentation. However, the chemical and thermal propert ies  of cora l  
d i f f e r  so  grea t ly  from those of Nevada Test S i t e  s o i l  and other surfaces 
t o  be expected within the  continental  l i m i t s  of the  United S ta tes  t h a t  
success i n  these areas  would be no guarantee of success i n  the l a t t e r  
cases. Nevertheless, the  appl icat ion of our f a l lou t  model t o  these 

Shots Z u n i  (1956) 
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b u r s t s a p p i r s  t o b e  a worthwhile method of t e s t ing  and one which we 
intend t o  do. 

The assumptions involved i n  Miller 's  approach can be thought of as 
f a l l i n g  in to  two groups. 
the  d is t r ibu t ion  of radionuclides between vapor and condensed phase i n  
the  f irst  stage of condensation. These are, namely, thermodynamic 
equilibrium and appl icabi l i ty  of Raoult 's L a w .  The second group of 
assumptions are  those which a re  required t o  estimate the amount of 
molten s o i l  present i n  the f i r e b a l l  a t  the  time of condensation. 
view of t he  tenuous nature of both of these sets of assumptions and 
des i r ab i l i t y  of t e s t ing  each s e t  independently of the  other should be 
evident. To t e s t  the appl icabi l i ty  of Raoult's Law and thermodynamic 
equilibrium independently requires a r e l i ab le  knowledge of :  (1) the 
quantity of molten so i l ;  (2)  the  existence of a single vapor-liquid 
phase separation; (3)  the time of separation; (4)  the  temperature a t  
t h i s  time; (4)  the  volume of the  vapor phase a t  t h i s  time; and (6)  the 
resul t ing d is t r ibu t ion  of fractionated nuclid.es. This combination of 
requirements appears t o  be nearly f u l f i l l e d  i n  the case of the Rainier 
shot. The Rainier shot occurred a t  the  Nevada Test S i t e  on September 19, 
1957 about 800 fee t  underground with a y ie ld  of 1.7 KT. It appears t o  
have vaporized 1.5 tons of rhyol i te  and melted another 850 tons.  This 
molten s o i l  was in.contact  with the  vapor phase f o r  a period of about 
30 seconds t o  2 minutes a f t e r  the  time of burst .  A t  th i s  t i m e  there  
appears t o  have occurred a sudden drop i n  pressure due t o  the  venting 
of the vapor phase in to  some external  volumes. 
t i m e  w a s  not uniform throughout the  system bu.t there  i s  evidence tha t  
condensation had already occurred i n  the  vapor phase. The temperature 
i n  the  vapor pL.ase w a s  therefore l e s s  than 2200OC.  and the  temperature 
of the  lowest or coolest molten portion was greater than 14OO0C. The 
volume of t he  vapor phase a t  the  t i m e  of sepazation is  known from the  
measured dimensions of t he  cavity. 
i s  available f o r  a s ignif icant  number of radionuclides a t  several repre- 
sentative locations. It i s  from these data tha t  the  estimate of the  t i m e  
of separation has been made. 
the  uncertainty i n  independent yields  and half- l ives  of short-l ived 
f i s s ion  product will not s ign i f icant ly  influence the calculations. The 
quantity of moisture present i n  t h i s  burst  was  much greater  than would 
be expected i n  a Nevada surface burst .  The e f f ec t  of t h i s  may be 
neglected as the  f irst  approximation. 
t o  be the difference i n  subdivision of t he  molten material i n  t h i s  case 
compared t o  t h a t  i n  a surface burst .  The assumption of thermodynamic 
equilibrium includes an assumption t h a t  the  radionuclides i n  the  con- 
densed phase have had the  opportunity of d i s t r ibu t ing  themselves 
uniformly throaghout t he  molten volume. 
accomplished depends upon the  diffusion coeff ic ient  of t he  substance 
i n  the  molten material. The diffusion constants of substances i n  
s i l i c a t e s  can be 10 or  100 times lower than the diffusion constants of 
other high temperature materials such as, f o r  example, molten salts. 
Glass manufacturers are  poten t ia l  sources of addi t ional  information. 

F i r s t ,  there  are the assumptions bearing upon 

In 

The temperature a t  t h i s  

Fractiona,tion h t a  of good r e l i a b i l i t y  

This time i s  long enough so  tha t  much of 

The most' serious drawback appears 

The speed a t  which t h i s  i s  



If t h e  material under consideration is  i n  a f ine  state of subdivision 
t h i s  will be less important. In the  Rainier shot the material w a s  
essent ia l ly  undivided. In order t o  have a reasonable hope of success 
it therefore would appear t ha t  t h i s  should be accounted f o r  i n  the 
calculations involved i n  the  model before it i s  applied t o  Rainier data. 
Needless t o  say, such a refinement would materially improve the  realism 
o f  the  approach taken-in the i n i t i a l  model a lso.  Therefore t h i s  i s  
something which appears t o  be worth doing as par t  of the  model ref ine-  
ment process. 

Two kinds of experimental measurements which we a re  planning t o  carry 
out i n  the  laboratory will help t o  a l l ev ia t e  our ignorance i n  these 
matters. F i r s t ,  we will measure the  r a t e  a t  which various f i ss ion  
products diffuse through molten s i l i c a t e s  and determine i f  the  r a t e s  are 
fast  enough t o  permit equilibrium. Secondly, we w i l l  determine the 
idea l i t y  of behavior of various f i s s ion  product oxides over molten 
Nevada so i l .  Both these types of experiments w i l l  not only yield 
evidence of the va l id i ty  of the  assumptions involved but w i l l  a l so  
y ie ld  information by which the  assumptions can be corrected and more 
va l id  treatments incorporated. 

Part  V. Fallout Data Required f o r  Testing 

In  t h i s  section I want t o  out l ine the  kinds of observation which would 
be more or l e s s  i dea l  f o r  t e s t ing  the  type of model t h a t  we have described 
and obtaining addi t ional  data which we need. These thoughts are put for th  
with l i t t l e  regard f o r  the  economics involved. In some cases order of 
magnitude estimates of t he  costs  can be given. The decision as t o  whether 
a foundation f o r  f ract ionated f a l lou t  models of the  firmness t o  be obtained 
by basing it on the  data described i s  worth the  pr ice  of investigation i s  
beyond the  scope of these studies.  

The main areas of ignorance have been summarized by KnapF. (9) 
summary, whzch I now quote, forms the basis  of t h i s  pa r t  of my presentation. 

This 

"What we need t o  know, and what we generally do not know t o  within 
a f ac to r  of 2 t o  3, may be p a r t i a l l y  described i n  the following way. 

The d is t r ibu t ion  of the  radioact ivi ty  created i n  nuclear 
explosions between stratospheric,  tropospheric, and 
loca l  fa l lou t .  This d is t r ibu t ion  depends - strongly on 
the  location and conditions of burst ,  and on the y ie ld  of 
the weapon. 

The s i z e  dis t r ibut ion,  physical  and chemical form and 
properties of the  f a l lou t  par t ic les ,  and the  dis t r ibut ion 
of f i s s ion  products and induced a c t i v i t i e s  among them. . 
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(3) The degree and manner i n  which radioact ivi ty  from various 
types and conditions of bursts  i s  fractionated. 
r e l a t ive  concentrations of the  various nuclides may occur 
i n  stratospheric,  tropospheric, and loca l  f a l lou t  than i n  
the  t o t a l  debris, and even within the  region of l oca l  
f a l lou t  the  r e l a t ive  concentrations may vary s igni f icant ly  
with distance from the explosion. Radiological fractiona- 
t i o n  may a l so  be considered as occurring between pa r t i c l e s  
of different  sizes,  different  chemical form, and perhaps 
i n  other ways such as degree of so lubi l i ty .  Such fac tors  
need ident i f icat ion,  study as t o  cause, and evaluation as 
t o  r e l a t ive  importance. I' 

Different 

I can think of no b e t t e r  means of obtaining the answers f o r  t he  f i r s t  
ignorance than that used i n  Project 2.8 of Operation 
which I w i l l  not describe. 

The primary objective of t h i s  project  was t o  estimate the  pa r t i t i on  of 
Sr9O and Csl-37 between loca l  and long-range f a l lou t  i n  nuclear detona- 
t ions  over land and water surfaces. 
determine the  s p a t i a l  dis t r ibut ion of radioact ivi ty  and pa r t i c l e s  i n  
the  cloud a few minutes a f t e r  detonation. 
achieved by radiochemical analysis of the  following types of samples: 

A secondary objective w a s  t o  

These objectives were t o  be 

1. Aircraf t  samples of pa r t i c l e s  and radioactive gases present i n  
the  upper portion of the clouds. 

' 2. Rocket samples of the par t icu la te  matter i n  the  clouds t o  be 
collected along nearly v e r t i c a l  f l i g h t  paths, a t  several  distances 
from the  cloud axis.  

3. Fallout samples collected along height l i nes  a t  an a l t i t ude  of  
1,000 fee t  by aircraft .  

Portions of par t icu la te  samples-were separated .into coarse and f ine  
fract ions (greater  or less than 2 5 p ,  the  selected division between 
l o c a l  and worldwide f a l l o u t )  w i t h  a Bahco centrifuge and f a l l  r a t e  
dis t r ibut ions f o r  t he  two f rac t ions  determined with a micromerograph. 
These samples were analyzed separately. 

The observations were -carried out -on high:yield coral ,  water, and cora l  
plus wate surface .bursts. ion correlat ion .of t he  ~ 3 9 ,  
SrgO, CelE4=-data. i s  - shown 
determined i n  these sample was chosen- as the  refractor i ly-  
behaving standard, The s imi la r i ty  t o  previously correlated data, from 
which the  correlation l i n e  was.-taken, i s  obvious. 'In the  land surface 
burst ,  it appears t h a t  Sr89 and-SrgO-fractionate from each other i n  the  
coarse par t ic les ,  but not i n  the  fine.  

1. - .  . . -  
I - -  

Unfortunately, n-95 was not 

Unfortunately, the  rocket sampling par t  of the  program f a i l e d  and the 
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project  f e l l  short  of i t s  goal. However, much valuable information and 
experience w a s  obtained, and similar projects  i n  the future  would be 
highly desirable, with even more extensive and intensive documentation, 
par t icu lar ly  i n  the  study of small par t ic les .  

Regarding the  t h i r d  area of ignorance mentioned by Knapp, what we require 
a re  f a l lou t  pat terns  which are  bas ica l ly  different  from the  ones usually 
encountered. 
dose rates a t  1 hour after burst. This apparently represents the infor- 
mation most readi ly  interpreted by mi l i ta ry  and c iv i l i an  defense planners. 
It i s  far too unrevealing t o  allow adequate building and t e s t i n g  of a 
fract ionated f a l lou t  model. What we need i n  any given burst  i s  not one 
set of f a l lou t  contours, but two. The f i rs t  set of contours would show 
the  f rac t ion  of some refractorily-behaving radionuclides per  un i t  area. 
For example, one might show the  f rac t ion  of the t o t a l  amount of Zr95 
produced by the  device which can be found per square foot a t  the loca- 
t ions  indicated. The second s e t  of contours might represent t he  same 

of information f o r  some volatilely-behaving radionuclides such as :?' o r  Cs137. This would provide par t  of the required information but 
it would be more instruct ive t o  have f o r  the  second set of contours a 
chart  of the  r a t i o  of Zr95 t o  Sr89. 
r a t i o  the  "fractionation index." Fractionation index contours would 
c lear ly  show how the  degree of f ract ionat ion varied throughout t he  f a l lou t  
pa t  t e rn  . 

The familiar f a l lou t  pa t te rn  i s  a se r i e s  of contours of 

We have ca l led  the logarithm of t h i s  

We would now be i n  possession of information concerning an extensive 
parameter t o  indicate the  quantity of debris a t  a given location and an 
intensive parameter t o  indicate the departure from representat ivi ty  a t  
any location. 
d i s t r ibu t ion  of the  other f i s s ion  product radionuclides and important 
induced ac t iv i t i e s .  If we were t rying t o  predict  the  d is t r ibu t ion  of 
each nuclide with our model we would need these data i n  order t o  see i f  
we had predicted the d is t r ibu t ion  properly. O n  the other hand, i f  we 
were only using our model t o  predict  the  Zr95 contours and the  frac,- 
t ionat ion index contours, we would need these data t o  interpolate  
empirically the  fract ionat ion of t he  other radionuclides. 
these data would require an exhaustive radiochemical analysis of a 
l imited number of samples selected f o r  t h e i r  spread i n  f ract ionat ion 
index. 

We would s t i l l  need data t o  be able t o  f i l l  i n  the  

Presumably, 

Such data could a l so  be used t o  integrate  the f rac t ions  of various 
radionuclides which deposited. By mass balance considerations, t he  
amounts contributed t o  worldwide f a l lou t  could be calculated. Consis- 
tency with the  data described above would of fe r  valuable support t o  
t he  resu l t s .  Experience with f i e l d  operations has l e d  t o  the  conclusion 
t h a t  whatever can go wrong, w i l l  go wrong, and planned ovqr-documentation 
can turn  out t o  be inadequate documentation. 

One would of course want t o  obtain much other information a t  the same 
time such as dose rates ,  decay curves, gamma assays, and gamma spectra, 

45 



mass of fallout, of particle size data', individual particle analysis, 
etc., which are usually collected during a field test. 
information were backed up by the kind of documentation I have described 
it is easy to visualize how the correlation of this knowledge with basic 
radiochemical infornation would permit a more meaningful interpretation 
and applicability to prediction than has ever been realized in the past. 

If this kind of 
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PARTICU FORMATION AND FRACTIONATION I N  AIR BURSTS 

Edward C. Freil ing 

San Francisco, California 
U. S. N a v a l  Radiological Defense Laboratory 

ABSTRACT .. . 

\ 
The relat ion of fa l lou t  formation processes i n  air bursts t o  processes 
occurring i n  other types of bursts are discussed. Results obtained t o  
date on tes t ing  available particle formation theories and means of ex- 
tending these theories t o  include fractionation are described. 
brief summary of available results of fractionation cor reh t ions  on 
air burst debris i s  given and data requirements from fiture detonations 
are presented 

A 

- i 

Introduction 

I n  t h i s  paper I w i l l  describe the long-range portion of the fa l lou t  
model program at  NRDL. 
two-fold: 
scribed i n  the previous paper; and second, t o  extend model-making capa- 
b i l i t y  t o  other types of bursts i n  l i ne  with the general objective of 
the program. The applicabili ty of the study of air bursts t o  the 
lat ter objective is evident. 
t i ve  w i l l  be discussed i n  Par t  I below on the importance of air bursts. 
Par t  I1 w i l l  discuss gross phenomenonolgy and Part  I11 w i l l  discuss the 
macroscopic features of the formation of air burst  debris. Par t  IV 
w i l l  treat the interaction between the macroscopic debris and the prod- 
uct  radionuclides and-Part V w i l l  point out data required from future 

The object of t h i s  portion of the program i s  
first, t o  refine the treatment of land surface bursts de- 

The applicabili ty t o  the first objec- 

bursts 

In the remainder of t h i s  paper we w i l l  talk as much of plans as of 
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results. Nevertheless, even the preliminary state of accomplishment 
which we have reached has yielded information of interest  and value. 

Part  I. hportance of A i r  Bursts 

The knowledge obtained from the study of air bursts is applicable t o  
the study of land surface, water surface, and tower bursts. 
son fo r  t h i s  can be seen by considering the processes involved. 

The rea- 

Fig. 1 outlines the processes which occur i n  a land surface burst. It 
is a complex picture of simultaneously occurring nuclear, physical and 
chemical reactions. The nuclear processes are  shown at  the top of the 
figure, namely, the formation of the primary induced and f i ss ion  prod- 
uct ac t iv i t i e s  followed by their  decay into daughter ac t iv i t i e s  or  
into stable nuclides. 
esses, i.e., environment vaporization followed by nucleation i n  the 
cooling cloud, condensation, and scavenging by late-arriving particles. 
The chart i s  divided timewise on the horizontal scale in to  a blast 
phase, and a fa l lou t  phase. 
it serves t o  orient the reader t o  the interplay of the various features 
involved i n  the overall  picture of fa l lou t  formation. 

Below these are shown the physical-chemical proc- 

The chart i s  a gross simplification but 

With regard t o  the nuclear processes, although there is much missing 
data concerning independent f iss ion y i e l d s  and the half-l ives of short- 
l ived f iss ion products, the means of estimating the missing parameters 
have been the subject of considerable study. 
ing the unknown quantit ies are therefore re la t ively strai@;htforward, i f  
not completely satisfactory.  Certainly w e  are on much firmer ground i n  
t h i s  par t  of the picture than i n  the lower part. 
the interaction of the radionuclides with molten and sol id  par t ic les  i n  
various stages of t ransi t ion it is necessary t o  have some understanding 
of par t ic le  formation i tself .  
sider is that on nucleation. 
simultaneously, f irst  by condensation and then by agglomeration. 
cleation is the f irst  step i n  the t ransi t ion from a vapor t o  a condensed 
phase, whereby clusters  of condensing atoms or  molecules f i n a l l y  attain 
a thermodynamically stable condition of existence. While nucleation is  
occurring in one par t  of the cloud, nuclei already formed i n  another 
part w i l l  be condensing vaporized material on their  surface. As the 
number and size of the par t ic les  becomes suff ic ient ly  large the possi- 
b i l i t y  of par t ic les  coll iding and coalescing becomes greater, and at 
the same time, due t o  depletion of the car r ie r  material i n  the vapor 
phase, the nucleation rate bcomes less. 

The methods of estimat- 

Before considering 

Chronologically the first process t o  con- 
This i f  followed closely, and i n  par t  

Nu- 

The par t ic les  formed by these processes w i l l  be i n  the small s ize  range, 
probably of the order of 20p or less .  When the temperature of the cloud 
has f a l l en  t o  the point where incoming s o i l  par t ic les  are no longer 
vaporized, these new par t ic les  w i l l  scavenge the previous ones. The 
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FIGURE 1. Fallout Formation Processes in A i r  and Surface Bursts. 
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number remaining unscavenged, together with the small incoming par- 
t i c l e s ,  w i l l  constitute the portion of the debris contributed t o  tzapo- 
spheric and stratospheric fa l lou t  (cf.  Par ts  (1) and (2) of the re- 
quirements outlined by Knapp and quoted i n  the previous paper, page 

42 ) a  

Mow it can be seen that subsequent interaction of these primary par- 
t i c l e s  with engulfed but unvaporized s o i l  material w i l l  obscure the 
effects  of the primary processes tha t  one sees by examination of the 
debris. In order t o  t e s t  a theoret ical  treatment of nucleation and 
condensation by the properties of such debris, one would have great 
d i f f icu l ty  not only i n  sorting out tha t  portion of the observed data 
due t o  the processes of interest ,  but a l so  i n  dealing with large un- 
cer ta int ies  i n  the quantities of s o i l  involved. 
an air burst, such a theory could be tested with much greater hope of 
success fo r  two reasons: 
accurately known; and second, the processes are  not complicated by 
scavenging. 

There are other features of air bursts which make them important i n  
themselves. 
f ract ion of their  radioactivity t o  world-wide fal lout ,  air bursts con- 
t r ibu te  vir tual ly  100% of their ac t iv i ty  t o  world-wide fal lout .  
ondly, air  bursts are valuable sources of data for  the prediction of 
f resh water surface burst phenomena such as m i g h t  occur i n  the Great 
Lakes. 
similar t o  those occurring i n  an air burst, the presence ofvaporized 
water being neglected as a first approximation. Subsequent interaction 
between the i n i t i a l  par t ic les  and the condensed water could be eluci-  
dated by laboratory studies of the interaction of air burst debris with 
water a t  high temperatures. 
data t o  the prediction of fresh water surface burst data is  not as 
reliable as m i g h t  be thought a t  first sight, due t o  the presence of 
large quantit ies of salts from the vaporized ocean water and the f ac t  
tha t  most seawater surface bursts have been barge shots and have not 
covered a very wide yield range. "he extent t o  which the presence of 
barge material and salts has altered the fundamental fa l lou t  par t ic le  
formation processes is  not known. 

On the other hand, i n  

first, the quantity of material vaporized is  
- 

Firs t ,  whereas land surface bursts contribute only a 

Sec- 

Here the i n i t i a l  debris formation processes should be very 

The application of seawater surface burst 

Finally, as w i l l  be seen from $he subsequent par t  of t h i s  paper, there 
is a good possibi l i ty  of reaching a f a i r l y  complete understanding of 
the subject of air bursts at  an early date. Tower shots would then 
form a l ink  between an air burst model and a land surface burst model 
because the i n i t i a l  par t ic le  formation processes i n  a tower shot would 
be dominated by the presence of iron, as are  air bursts, but would*have 
the additional complication of so i l ,  as i n  the case of surface bursts. 
(See Fig. 4 of the preceding paper, page 33 ). 



P a r t  11. Phenomenonology 

An air burst  begins a t  a time called the zero time, to, with the re- 
lease of a large amount of energy W i n  a small space called the fire- 
ba l l .  The par t i t ion  of e n e r a  between thermal and mechanical e f fec ts  
i s  different for  "high al t i tude" bursts (defined as bursts a t  heights 
above 100,000 f t . )  than for  air bursts at moderate heights. 
l i m i t  our discussion t o  bursts a t  moderate heights. Then about 5% of 
the energy released is  i n  the form of i n i t i a l  nuclear radiation (gamma 
rays and neutrons) and 10% i n  residual radiation (alpha, beta and gamma 
rays). The remainder i s  rather evenly d iv id . ied  between mechanical en- 
ergy (blast) and thermal energy (heat and l i gh t ) .  
description of subsequent phenomena is  a blend of tho e found i n  "The 

We w i l l  

The following 

Effects of Nuclear Weapons" and i n  Hillendahl's work. 51) 

To quote The Effects of Nuclear Weapons: 
sure within the exploding bomb the residue, consisting of f i ss ion  prod- 
ucts and a l l  other bomb materials, moves outward from the center of the 
explosion a t  a very high velocity... Af'ter a few microseconds, nearly 
a l l  of the debris is contained i n  a relatively thin shell of high den- 
s i t y  called the 'hydrodynamic front ' :  
a million degrees and it is  traveling at  a speed of several hundred 
miles per secon8. 
and a blast f ront  i s  formed. 
front (the surface of the f i rebal l ) ,"  because the mean free path of the 
radiation i n  the hot gas is  so long tha t  the transfer of energy by 
radiation i s  more rapid than by mss motion." 
the transfer of energy by radiation becomes less rapid, the shock front 
begins t o  advance more rapidly and passes it at a time when the temper- 
ature has fa l len  t o  about 300,000°C. 
"hydrodynamic separation." 
radius of about 4w0.37 m. 
cen t r ic  regions. The inner one is  ca l led  the isothermal sphere and i s  
bounded by the radiation front.  ' I t s  radius is  Re. The outer region 
consists of luminous, shock front  heated air. 
shock front,  whose radious is  R4. . (See Fig. 2 of previous paper, Page 

"Because of the very high pres- 

i t s  i n i t i a l  temperature i s  about 

.... The mass energy i s  transferred t o  the medium" 
A t  f irst  t h i s  i s  preceded by a radiation 

A s  the temperature drops, 

This phenomenon is  cal led the 
It occurs at  about 10-4 @*42 sec. a t  a 

After t h i s  the f i r e b a l l  consists of two con- 

It is  bounded by the 

30 ). The radius then grows accoring t o  the law 

where R 4  is  i n  meters, t the time i n  milliseconds, and 
ambient air density i n  g/l. Th produced by the shock 
front obscures the vision of t h  isothermal sphere u n t i l  a-time of 
3.65 x 10'3$*42-sec. called the "breakaway." 
ent temperature is  a minimum.and$the isothermal sphere again becomes 
visible.  
8900 W-O*oFdegrees ,K a t  a t i m e  of.  0.045 $0'2 sec. This time is  called 
''the time of f i n a l  maximum" and given the symbol tf. The temperature 
drops t o  3300 W-Ooo3 degrees K a t  a t i m  
dropping rate i n  t h i s  period i s  (t/tf)Q40. A t  t h i s  time (15 tf) the 

the 

A t  * th i s  time the appar- 

e temperature then rises again t a maximum value of 

of 1-5 tf. Its logarithmic 



radius of the 
exceeding 63 W 6054 m. The radiated power equation i s  given by 

s hermal sphere has levelled off t o  a value somewhat 

according t o  which 0.5% eventually becomes radiated. Here t* = t/t,. 

The cloud during th i s  time has been r is ing.  For a 1 p bujst the rise 
i n  f ee t  is given approximately by 76,000 (1 - 
about 10 min. 

seco ) out t o  

Par t  111. Par t ic le  Formation 

Three theories of par t ic le  formation have been found which apply t o  
air bursts. These consider the basic processes previously mentioned 
i n  various detai l  and lead t o  par t ic le  s ize  distributions i n  terms o 
two basic parameters: 
i s t i c  par t ic le  s ize .  
depends upon the re la t ive  importance given t o  the processes treated.  
The character is t ic  s i ze  depends upon various measurable or  estimable 
parameters. 
is determined by the mass of the device and the demand of mass balance. 
It is  expected tha t  the details of par t ic le  formation mechanisms w i l l  
be most accurately revealed by the theory which best f i t s  the observa- 
tions, and therefore that theory would form the s t a r t i ng  point fo r  de- 
veloping additional applications. 

the t o t a l  number of par t ic les  and a character- 
The shape or  functional form of the dis t r ibut ion 

Once these have been fixed, the t o t a l  number of par t ic les  

The first theory, due t o  Woodcock (2), w i l l  be quickly dispensed with. 
F i r s t ,  because it is  described i n  a confidential report, and second, 
because it has not been found t o  f i t  the observed data. The treatment 
could concievably be more applicable t o  other burst conditions. 

The second is due t o  Magee. (3)  
and condensation processes and arr ives  a t  the exponential dis t r ibut ion 

H i s  treatment emphasizes the nucleation 

where y, i s  the t o t a l  number of par t ic les  and r is  the mean radius. In 
t h i s  theorty E is  the r a t i o  of @, the radial growth rate of a par t ic le ,  
t o  a, the logarithmic growth rate of the nucleation rate I. 

The third treatment was devised by Stewart (4) . 
ess of nucleation, condensation and coagulation occurring simultane- 
ously. 

It considers the proc- 

Stewart arr ives  at  the log normal dis t r ibut ion 
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Here, again, % i s  the t o t a l  number of particles. 

given by 

The modal radius i s  

where 

v = molecular volume i n  the l iquid phase 
B 

No = i n i t i a l  number of atoms per unit volume 

To = absolute temperature a t  the time of condensation 

K = 4 kT/gy  # 3 x T = absolute temperature, Y = air viscosity 

n = concentration of nuclei 

k = Boltzmann's constant 

m = molecular mass 

A = 7500°K. 

A s  mentioned above, the most fundamental property of the predicted 
distribution i s  the i r  functional form, o r  what is  equivalent, their  
shape. 
ous ways: 
paring either slopes, areas o r  individual values. 
were considered. 
determining the shape, but a lso fo r  evaluating the parameters, i s  based 
upon converting these equations t o  l inear  form. 

These predictions can be compared with observed data i n  vari- 

A l l  of these means 
by using either d i f fe ren t ia l  or  integral  curves and by corn- 

The method found t o  be most suitable, not only for  

Thus Magee's equation 

becomes 
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so t h a t  a p lo t  of In n ( r )  vs. r w i l l  have slope - 1/; and intercept  

similarly,  Stewart's equation 
"T 

I -n? ,  

so t h a t  a p lo t  of [2 In  r)2] vs. In  r w i l l  have a slope 

of 2 In  r and an - ( I n  z ) ~ ]  

This technique has been applied t o  p a r t i c l e  size data from a number of 
air bursts. 
favor of the  other  two, but  has not permitted a choice t o  be made between 
the  treatments of Stewart and Magee. 
the  lat ter two instances i s  shown i n  Figs. 2 and 3. 
large p a r t i c l e  end of the curve i s  not s t a t i s t i c a l l y  s ignif icant ,  due 
t o  the small number of p a r t i c l e s  involved. 
the lower l i m i t  of r e l i a b i l i t y  of the data. The values for the param- 

It has resu l ted  i n  discarding Woodcock's treatment i n  

An example of i t s  application i n  
The s c a t t e r  a t  the 

The value of 5p i s  taken as 

e t e r s  obtained are: 
r = 1.8311. 

9 = 1.86 x lo6 , -  r = 0.071811; Magee, ?+ = 2195, - 
From these results one can calculate  the  following properties of the 
sample: 

Stewart Magee 

Total  Surface 0.89 mm2 0.185 mm2 

Total  Volume 2.65 x 105113 3.38 x 1 0 5 ~ 3  

Total  weight (assuming density 2.5) 652 smidgins 845 smidgins 

From these data it is seen t h a t  p a r t i c l e  s i z e  separations would have t o  
be done i n  addition t o  chemical analysls  i n  order t o  obtain the infor- 

one were a l s o  able  t o  predict  the charac te r i s t ic  p a r t i c l e  s ize  with 
reasonable accuracy, one could proceed t o  apply the treatment with some 
degree of confidence t h a t  the processes involved were well understood 
and properly t rea ted .  

-mation required t o  eliminate one of these theories .  If the surviving 
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Part  1V. Radionuclide Incorporation 

A s  indicated previously, the fractionation result ing from the inter-  
action of radionuclides wi th  the nascent par t ic les  can a l so  be 
thought of i n  two regards: first, the fractionation index, o r  r a t io  
of two extremely different behaving product radionuclides; and second, 
the  interpolated behavior of the other products. The fractionation 
index i s  the resu l t  of such vastly different properties of the mass 
chains involved tha t  there i s  hope tha t  it can be treated by a very 
simple f irst  approximation. 
nuclide w i l l  b$ distributed among the par t ic les  according t o  their  
volume o r  the cube of the i r  radius while the volat i le  radionuclide w i l l  
be distributed according t o  the surface of the par t ic les  or the square 
of their  radius. This i s  a resul t  of the assumptions that (1) the 
par t ic les  are solidified before the volatilely-behaving radionuclide 
condenses and (2)  tha t  the par t ic les  remain i n  in t imate  contact with 
the vapor phase during the ent i re  condensation period. From the dis- 
tr ibution data f o r  the debris sample i n  the previous section one cal-  
culates t ha t  the fractionation index for a given par t ic le  s ize  would 
be log (0.18 r) according t o  Magee but log (1.1 r) according t o  
Stewart. The former relationships would require 100 p par t ic les  
t o  account fo r  the degree of fractionation observed, i f  the mechanism 
described above i s  r ea l i s t i c .  The behavior of some of the inter-  
mediately fractionating radionuclides may i d s o  be handled f a i r l y  well 
on such a slnrple basis, while others w i l l  require a more refined 
treatment. This is  visualized as involving considerations of co l l i -  
sions between nascent par t ic les  and vaporized f iss ion products which 
lead t o  incorporations of the products i n  the car r ie r  material with 
certain efficiencies (accommodation coefficients ) and probabili t ies 
of escape. Additional refinements, i f  necessary, m i g h t  include con- 
sideration of diffusion i n  the particle,  correlations of accommoda- 
t ion coefficient with compound formation, and the extension of conden- 
sation theory t o  account for depletion of source material and for the  
inhomogeneous development of the f i reba l l .  

This is, tha t  the refractorily-behaving 

An important par t  of the work on the development of an air burst  model 
is the accumulation and correlation of data with which t o  tes t  it. 
Data have been gathered from the  radiochemical analyses of fractionated 
samples from a large number of air bursts. The y i e l d s  of these bursts 
range over a factor  of several hundred. 
surface bur t correlations, the logarithm of the r a t i o  of the fraction 

was taken as the fractionation index. 
over a factor  of about 100. 
radionuclide fractions were plot ted against t h i s  index. 
computation these plots  have been ' f i t ted with s t ra ight  l ines ,  the inter-  
cepts adjusted t o  zero, and slopes of cumulative p lo ts  calculated. 
Analysis of the resu l t s  i s  s t i l l  i n  progress, but some qualitative 
statements can be made: 

A s  i n  the case of high yield 

of t o t a l  Sr 8 9 present i n  given sample t o  the fraction of t o t a l  2 8 5  
The values of t h i s  r a t i o  range 

Logarithms of various other r a t io s  of 
By machine 
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1. Many, but not al l ,  of the r a t i o s  chosen indicate a gra t i fy-  
ing constancy of behavior over the range of conditions involved. 

2.  The r e l a t ive  v o l a t i l i t y  of behavior observed bears both s i m i -  
larities t o  and differences from that exhibited in*high  y ie ld  surface 
bursts,  re f lec t ing  the ident i ty  of the nuclides and the difference i n  
ca r r i e r  materials involved. 

3. The order of increasingly refractory behavior is  as follows: 

Cs137, Sr89, Srgo, C S ~ ~ ~ ,  Cdl15, U and Ag  radionuclides, Ba140, Yg’, 

Ce141, ~099, Pu and r a re  ear th  radionuclides, Zr radionuclides. 

Par t  V. Data Required from Future A i r  Bursts 

A representative sample of debris i n  s ign i f icant  size i s  the sine E 
non f o r  meaningful p a r t i c l e  and fract ionat ion data from future  air  
bu r s t s .  
land surface bursts ,  but the smaller pa r t i c l e s  present and recent de- 
velopments i n  sampling apparatus make it qui te  reasonable i n  the case 
of air bursts. 
ent  s ize  f ract ions.  
y s i s  or  ac t iva t ion  a n a l y s i s  would reveal the amount of material  i n  
each p a r t i c l e  s i ze  Traction, and from t h i s  the p a r t i c l e  s i ze  frequency 
d is t r ibu t ion  could be calculated.  Radiochemical analysis of the par- 
t i c l e  s i z e  f rac t iqns  would t e s t  the hypothesis of volume d is t r ibu t ion  
f o r  refractorily-behaving radionuclides and surface d is t r ibu t ion  for 
gaseous-behaving radionuclides. Such an experiment appears feas ib le  
and would r e s u l t  i n  v i r tua l ly  complete documentation f o r  the pa r t i c l e  
formation process. 
radionuclides within the small par t i c l e s  as the f’unction of radius.  
For macroscopic substances t h i s  i s  on the borderline of present capa- 
b i l i t i e s  but f o r  radionuclies f t  i s  qui te  beyond what we are able  t o  
do a t  the moment. 

- 
- 

This demand has been d i f f i c u l t  t o  s a t i s f y  i n  the case of pas t  

F’urthermore, these samples can be col lected i n  d i f f e r -  
If such a sample were available,  chemical ana l -  

Information s t i l l  lacking would be d is t r ibu t ion  of 

Valuable data could be obtained from l e s s  intensive t e s t s .  The mini- 
mum amount of information which would be useful  would consis t  of (1) 
suf f i c i en t  p a r t i c l e  data t o  es tab l i sh  9 and r or F f o r  the respective 
theory, and (2)  the measurement of some c r i t i F a l  extensive property of 
the debris collected,  such as the  t o t a l  mass i ron content, number of 
f i ss ions ,  e tc . ,  which could be used t o  distinguish between the merits 
of the d is t r ibu t ions  proposed. 

Experiments such as these, car r ied  out on airbursts, balloon bursts,  
and the smaller p a r t i c l e  s i z e  fractions from tower shots where the 
f i r e b a l l  did not touch the ground, tower shots loaded with s o i l  
where the f i r e b a l l  did not touch the ground, and residual clouds from 
land surface bursts, would forge l inks  f o r  the theore t ica l  chain which. 



would bind fallout formation processes under these 6iverse burst 
conditions into a unified structure. 
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GAMMA-RAY DOSE FROM SHORT-LIVED FISSION PRODUCTS 

P h i l l i p  F. Gustafson and S. S. Brar 

Argonne, I l l i n o i s  
Argonne National Laboratory 

The external y-radiation dose due t o  the  deposition of short-l ived 
fission products from weapons tests w a s  l a rge ly  ignored until the spr ing 
of 1959, when several. observers noted increases i n  y-dose r a t e s  at tr i-  
butable t o  shor t  -lived a c t i v i t y  (1,2,3 ). !These r e l a t ive ly  high l eve l s  
of rad ioac t iv i ty  seen during ear ly  1959 were due t o  three  factors :  
the  la rge  number of tests conducted i n  1958, (2)  the  short  s t ra tospheric  
residence time of debris  from polar detonations, and (3 )  t he  spr ing 
maximum i n  f a l lou t  deposition. 
during the  spr ing had been noted i n  previous years, it was a t t r ibu ted  
primarily t o  the  t e s t i n g  sequence ra ther  than t o  any meteorological 
mechanism. As shown i n  Fig. 1, the  spring mimum i n  Cs137 concen- 
t r a t i o n  i n  surface air has been observed annually since 1954. 
occurrence i n  1960 and 1961 is strong proof of its meteorological origin.  
Because the spr ing maximum coincides i n  time with higher precipi ta t ion,  
on the  average, over a f a i r l y  wide l a t i t u d e  band centered around 40-450 
North, greater  deposition occurs at t h i s  time of year throughout the  
region i n  question. 
including that of short-l ived enrltters, a l s o  occurred each spring subse- 
quent t o  1954, and indeed such has been found t o  be the case at the  
Argonne National Laboratory s i te  s ince 1957. 

(1) 

Although a higher r a t e  of deposition 

Its 

It is  reasonable t o  suppose t h a t  increased deposition, 

To the  degree that measurements of surface air indicate  re lease of 
s t ra tospheric  debr i s  and hence ground deposition, it is evident from 
Fig. 1 that the rate of deposition is  not constant, even when t e s t i n g  
is not i n  progress. The var ia t ion i n  deposit ion rate does not imply, 
however, that there  is  not an annual rate of depletion of t h e  s t r a t o -  
spheric reservoir.  Thus one m y  think i n  terms of a mean residence 
time f o r  nuclear debris i n  the  stratosphere.  
t h a t  a yearly cycle consis ts  of a maximum i n  spring and a minimum i n  
autumn and winter. By comparing the  Cs137 concentration i d  air during 
successive mxima o r  minima it is possible t o  determine a man s t r a t o -  
spheric residence time, as i l l u s t r a t e d  i n  Fig. 2 fo r  t o t a l  Cs137 
(io€., Cs137 from all t e s t s  conducted up t o  the  t i m e  of observation). 

From Fig. 1 it is apparent 

60 

I.-_ ~ . - . . 



It has been of i n t e r e s t  t o  examine the var ia t ion i n  residence time as 
a function of geographic l a t i t u d e  and the  a l t i t u d e  of detonation or  
t h  a l t i t u d e  t o  which debris  was carr ied i n i t i a l l y .  The production of 

of the Operation " T A C K  I se r i e s  i n  1958 have made it possible t o  
assign debris  t o  these two equatorial  sources. Activity r a t i o s  between 
appropriate pairs of radionuclides were used t o  determine the  contr i -  
bution from the  Soviet October 1958 polar  ser ies .  The concentrations' 
of W181 and Rh102 i n  surface air a t  Argonne, corrected for  decay back 
t o  mid-June and mid-August 1958 respectively, are shown i n  Fig. 3. 
Using these concentration figures i n  conjunction w i t h  a c t i v i t y  ra t ios ,  
the  t o t a l  Cs137 i n  surface air was part i t ioned i n t o  t h a t  per ta ining 
t o  " D T A C K  I surface and high a l t i t u d e  s e r i e s  as well as Soviet October 
1958 s e r i e s  as shown i n  Fig. 4. The rap id i ty  w i t h  which debris  from the 
Soviet October 1958 se r i e s  was deposited, and the delay i n  deposition of 
high a l t i t u d e  debris,  materially influenced the  amount of short-l ived 
a c t i v i t y  reaching the  ground from these two sources. 

i n  some surface shots and i n  a high a l t i t ude  shot (Orange) 

The mean s t ra tospheric  residence time f o r  debris from WRDTACK I surface 
shots as derived from the  data i n  Fig. 4 ranged from 8 t o  10 months dur- 
ing  1958-59 t o  < The increase i n  mean residence 
time m y  be explained by the more rapid removal of the low altitude com- 
ponent of t h i s  source. 
deposited within one year. 
a r e  too  l imited t o  determine the  mean residence time with any precision, 
although the continued increase i n  debris  from th is  source implied t h a t  
t h i s  time must be < 5 years. 

1 5  months i n  1959-60. 

The bulk of Soviet October 1958 a c t i v i t y  was 
The observations of high a l t i t u d e  debris  

The var ia t ion i n  the  deposition of short-l ived f i s s ion  products as a 
f'unction of mean residence time has bean studied i n  some d e t a i l  by 
Dunning (4). A s milar rocedure has been allowed here ;tn r e l a t ing  
the dose from B a l i O  -Lal&, Zr95-Nb95, C s l 4 g  -Pr144, C e 1 4 1 ,  Rulo3 
and Fdo6 t o  that from Cs137. The r a t i o s  f o r  30-year (genetic d o k )  
md 70-year ( l i fe t ime dose) in te rva ls  following a tes t  s e r i e s  a r e  
shown i n  Fig. 5 as a function of mean residence time. 

By a combination of d i r e c t  measurement and calculated ground deposit ion 
using air and r a i n  concentration data, the  r a t i o  of the  dose from the  
aforementioned f i s s ion  products t o  that from Cs137 was determined at  
the Argonnebsite. This was done f o r  debris  coming from HARDTACK I sur- 
face shots, high a l t i t ude ,  and the  Soviet October 1958 series. 
ratios for these three sources over 30-and 70-year in te rva ls  a r e  ind i -  
cated i n  Table 1. 
taken from Fig. 5, is showp i n  parentheses. The agreement between the  
residence times interpolated from Fig. 5 and those computed from air 
concentration measurements is somarhat surprising, par t icu lar ly  when one 
considers t he  v a r i a b i l i t y  observed i n  the  deposition ra te ,  s ince a 
constant rate of deposition is implici t  i n  the r a t i o s  plot ted i n  

The 

The apparent mean residence time f o r  each case, as 

Fig. 5. 
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The information concerning deposition of debris from the Soviet October 
1958 ser ies  may be used t o  draw some conclusious regarding deposition 
and dose t o  be e ected from the currant Soviet tests. The t o t a l  
deposition of C s l  7 during 1959) from the Soviet October 1958 ser ies  

12.5 MT of fission, then 3.2 mc/miF/MT of Cs137 w a s  deposited within 
one year. The open-field dose r a t e  during the first year from t h i s  
concentration of Cs137 is approximately 0.1 mr/yr. The integrated 
3O-and 70-year dose from t h i s  leve l  of Cs137 deposition as w e l l  as 
that accruing from short-lived ac t iv i ty  are  sham i n  Table 2. I n  
order t o  estimate the open-field dose expected i n  1962 as well as 
the integral  dose over subsequent years it is  necessary t o  choose 
the proper scaling factor. The 1, 30, and 70-year integral  doses 
pertaining t o  an arb i t ra ry  choice of 25 MT a8 the t o t a l  f iss ion i n  
the current t e s t  se r ies  are also shown i n  Table 2. 
ar is ing from natural sources, including cosmic radiation, at  the 
Argonne s i t e  i s  indicated for  comparative purposes. Deposition of 
y-activity from 25 MT of fission, assuming the same deposition r a t e  
and pattern i n  1962 as observed i n  1959, w i l l  result i n  an open-field 
dose essent ia l ly  equal that from natural sources during the first 
year (i.e. 1962). The open-field dose from t h i s  deposition is com- 
puted t o  be 5 and 3% of background fo r  the 3Gand 70-year intervals,  
respectively. A shielding factor of 5 w i l l  reduce exposure over 1, 
30, and 70-yr. intervals t o  20, 1, and 0.55 of background, respectively. 

amounted t o  40 mc/mi. x131 at  Argonne. I f  we assume that this came from 

The averagc dose 

These calculations provide an approximate estimate of exposure due 
t o  the current Soviet t e s t s ,  and may be appraciably al tered by the 
a l t i tude  t o  which debris was carried i n i t i a l l y ,  precipitation, and 
other meteorological variables. They do, however, establish a pro- 
cedure f o r  the r e a l i s t i c  appraisal of future radiation dose from 
these tes t s .  

1. 

2. 

3. 

4. 
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Figure 5 .  Ratio of Dose from Short-Lived Fission Products t o  that from 
Cs137 as a function of Mean Residence Time 
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TABLE 1 

Ratio of Dose from Short-Lived Fiss ion Products t o  that from Cs137 

Test Series  

Time In te rva l  Soviet October 1958 HARDTACK Surface High Alti tude 

0 30 years 2.21 1 . 3  0.12 

0-70 years 1. ss 0.90 0.08 

( 8-10 Months ) ( 18 -20 Months ) ( 7 -1 5 years ) 

TABLE 2 

Integral D o s e  for 1, 30, and 70-Year Intervals 
(milliroentgens ) 

7-Dose/W of f i s s ion  7-Dose/25 MT of f i s s i o n  External Dose 
f o r  Soviet October f o r  current Soviet from na tura l  

Time In te rva l  1958 (observed) s e r i e s  (calculated) sources 

d 3 7  a c t i v i t y  05137 a c t i v i t y  
Short -lived Short -lived 

0.1 year 0.1 3.83 2.5 96 100 

0-30 years 2.08 4.80 52 120 3000 

0-70 years 3.22 4.80 81 120 7000 
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DISCUSSION* 

Dr. Harold A. Knapp, Chairman of the session, 
direct  the discussion of the papers of the session which follows. 

F R E E I N G :  p t i c e  that i n  one of your (LARSON's) slides, the r a t i o  of 
Cs137 t o  Sr 
a t  increased. 
as I reca l l  the slide, this r a t i o  decreased for  particules which were of 
the same s ize  as the time of arrival increased. 
t o  the reason fo r  this? 

LARSON: No, I have not. We have only recently in i t i a t ed  this particular 
study. 

FREILING: Another question I might ask is w h e t h e r  there are data on any 
other radionuclides in this debris which were not included i n  your talk? 

T O N :  have 
Rul 3, lo 
animals collected from the same location as the fa l lou t  debris was collected 
were assayed for  these samefission products. 

HOLbW'D: I would l ike t o  ask Kermit W N  w h e t h e r  in his opinion the bone 
levels (bone S r w  levels in wild animals in thefield, say) from exposure t o  
fa l lou t  i n  the past or  currently-occurring fa l lou t  is primarily due t o  
inhalation o r  ingestion, and w h a t  r e la t ive  par t  you think the inhalation 
might play? 

IARSON: 
dealing with in the native mammals indigenous t o  a fa l lou t  pattern is an 
ingestion problem. 
with vegetation, is by far the most important factor  i n  the environs of Nevada 
Test  S i t e  (NTS). * Only the last names of participants are shown after being Identified once 

i n  the proceedings. 
on page i v  

decreased as the s ize  of the par t ic les  tbat you were looking 
I think this is something that one would expect, but also, 

Have you given any thought 

The data presented here are  preliminary results. 

on the dist bution of Ba140-La140, Sr@, Ff CS'~' and C f 9 ,  Zr95 and Y i n  fa l lou t  debris. n s s u e s  from 

Our data indicates that inhalation is insignificant. What we are 

Our studies indicate that  the diet, the ac t iv i ty  associated 

Conference speakers are Fully ident i f ied i n  the agenda 
A l is t  of registered attendees is included 0x1 p g e  236. 
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Lester VAN MIDDLESWORTH (Univ. of Term. School of Med., Memphis): 
the speakers give an acceptable definit ion of fractionation? There are 
many different poss ib i l i t i es  here. 
nisms tha t  might account for  fractionatior,? 

Could 

Then, could they suggest a few mecha- 

FREILJNG: 
t ion  of radionucllde composition occurring between the of detonation 
and the time of radiochemical analysis which causes the debris sample t o  
be nonrepresentative of the detonation products taken as a whole. 

The definit ion that I use is  that fractionation is  any altera- 

KWAPP: 
nuclide l ike I1s1 o r  Cs1371 

Specifically, how do you measure it with respect t o  a particular 

FREILING: 
a lso calculate on theoretical  grounds w h a t  the  yield of this radionuclide 
should have been i n  the detonation. By combining the expected yield with 
the observed quantity one can then calculate back t o  the number of f iss ions 
which were responsible fo r  the sample tha t  one observes. If that sample is  
unfractionated, the answer is the same for  each radionuclide measured. 
happens very seldom, however, and usually one gets quite different answers 
for  the different radionuddes that one observes. 
with the definit ion before going on t o  the mechanisms. 

One can measure any radionuclide from a given detonation and 

This 

Maybe we should f i n i s h  

KNAPP: 
unfractionated by definition, such as -95 o r  something l i ke  that? 

FREILING: 
universal refractory type of behavior. 
associated with the refractory elements. Furthermore, i t s  f iss ion yield 
is  f a i r l y  constant, from one type ob formation process t o  another. 

LANGHAM: 
that it was not an inhalationp.oblem, but was associated with ingestion of 
contaminated vegetation. 
of this i s  direct  fa l lout  as compared t o  direct  s o i l  uptake from the inte- 
gral level  i n  the s o i l ?  

Is there any base nuclide that you f e e l  worth s e t t a g  on as being 

We have preferred Zr95 because it seems t o  show a f a i r l y  
By this I mean that it is usually 

Kermit (LARSON), you said, with respect t o  your rodent data, 

Would you hazard a guess as t o  w h a t  percentage 

W O N :  
of the species of plants tha t  we have been concerned with, we have not been 
able t o  demonstrate any root uptake. 
products i n  fa l lou t  material I s  retained on the leaf surface and i n  a parti- 
culate form. The observations we have made within the areas that we have 
studied indicate this true. 

As far as plant uptake of f i ss ion  products through the root systems 

Therefore, it is my opinion the f iss ion 

KNAPP: This is for  f a i r l y  large particles.  

IARSON: 
within the areas that we study. 
species we f ind the retained par t ic les  have a s i z e  range of 10 t o  14 p. 

Vegetation has been found t o  be a selective par t ic le  s i z e  collector 
Based on some 3,000 observations of various 



Sheldon K. FRIEDLANDER (JohrsHopkins Univ., Baltimore): 
directed t o  Dr .  FREILING. In the case of air  bursts, one can admit that 
there were probably three general methods fo r  cooling the cloud which is 
formed after the burst. 
and cooling by mixing of the hot vapor with the cool air. Do you have a 
preferred mechanism amdng these, or is  there another tha t  you believe that 
i s  controlling? 

My question is 

I can think of radiation and of adiabatic expansion 

FREILMG: Different cooling mechanisms, (or  energy escape processes) pre- 
dominate a t  different times. About half the i n i t i a l  device energy is  l o s t  
very quickly as blast energy. Between the breakaway and the time a t  which 
a temperature of about 2OOO% is  reached, the maJority of the remaining 
energy has been los t ,  and thermal radiation has been the principal cooling 
process. Its effectiveness decreases rapidly with temperature, however, 
and below xKx)OK the other processes you mention probably predominate. 

Irving J. RUSSETL (Air Force Special Weapons Command, Kirtland AFB, N. Mex.): 
I would l i k e  t o  direct  a 
source of your Srw and C s  

t ion t o  M r .  LARSON. How do you establish the 
a t  great distances from the Nevada T e s t  Site 

We have only determined SrW and Cs137 that does exist out there. 

939 
(IJTS)? 

LARSON: 
If a systematic program were set up t o  determine i f  this material might 
have originated from NTS, I th ink  then we could resolve the question of 
origin . 
KULP: I would l ike  t o  address aquastion t o  Dr. GUSTAFSON. Would you comment 
on your shielding factor of 5? 
the farmer, average ro l l ing  pasture of forest  or t o  c i t y  l i f e ?  

Does th i s  re la te  t o  the open f la t  f ie ld  of 

GUSTAFSON: Yes. The factor  of 5 is  taken t o  be tha t  reduction in dose due 
t o  one's being outside on a rather flat, even plane, and being inside of 
structures such as we f ind i n  this country that are rather substantial, 
e i ther  brick or  frame. 
uneven te r ra in  or  weathering o r  leaching in to  the so i l .  

KMAPP: 
average amounts to, but w h a t  the distribution about the average is. 
would hope we would learn more about that quickly, unglamourous as it is. 

GUSTAFSON: 
is, some people have frequently used a shieldingfactor of 10. I believe that 
this is  advocated by the United Nations Scient i f ic  Committee. -But as far as 
our s o i l s  go i n  the Argonne vicinity,  weathering does not seem t o  be occurring. 
That  is, i f  by weathering you mean the downward movement of these gamma 
emitters, indeed Weathering occurs fo r  strontium but perhap? strontium is  
somewhat unique as far us weathering goes. 
t o  weather, l ea s t  i n  this particular s o i l  which is quite high i n  clay content. 

It does not take in to  account any shielding due t o  

I would add that this factor I s  very much unknown, not only w h a t  the 
One 

I would not go along with a<fac to r  of two  for  weathering. That 

These other nuclides do not seem 

KALXSTEIN: 
graph? 
although a f e w  points were quite high compared t o  the rest. 

Mr. W O N ,  w h a t  is  the significance of the data on your last 
It seemed that  the bulk of the data would remain on a horizontal l ine ,  
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W O N :  
PLIMEBOB 

weight o r  age. In  contras 

t o  the heavier or  older animals. If one accepts the average l i f e  of 
about 3 years for  this species of rabbit l iving i n  this environment, 
the 1961 rabbit collection consisted, for  the most part, of animals 
who were not i n  the direct  fa l lou t  from this shot nor for  the remainder 
of that season. One suggestion apparent from these data is that an animal 
ha t o  l i ve  i n  fresh fal lout  i n  order t o  accumulate the higher amounts of 
S r b .  The environment has apparently a number of inherent safety factors 
or mechanisms which decrease the amount of biologically available Srw.  
This speculation is  further strengthened when one compares 1958 and 1961 
srw s o i l  levels; there is  no significant difference. 

In  1958, that is, one year a f t e r  the Smoky shot (Operation 
1957) contamination rimarily, 41 of the 43 animals had Sr90 

levels i n  excess of 10 ppc Sr 98 /g C a  (strontium units), regardless of 

levels- l e s s  than 10 ppc Sr 86 /g Ca. Tbe higher levels were res t r ic ted  
i n  1961, 39 of the 53 animals had bone 
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R A I N  SCAVENGING STUDIES* 

A. Nelson Dingle 
University of Michigan 
A m  Arbor, Michigan 

Introduction 
, 

The studies that we have been conducting under this title have as their 
Woad objective the investigation and, as far as possible, the determina- 
tion and quantification of the processes by which rain cleanses the 
atmosphere. 

To accomplish this objective we have engaged in (a) a program of instru- 
mentation designed to provide pertinent new types of observational data, 
(b) a collaborative program of controlled tracer scavenging experiments, 
(c) 
to model the physical processes of scavenging in quantitative terms. I n  
addition, during the year just past, we have moved our observing and 
sampling station to a new site at the W i l l o w  Run Laboratories, the 
University of Michigan. 
viewed in the present paper. 

a program of rain sampling, and (d) theoretical developments designed 

Except for (b) above, these activities are re- 

The Willow Run Meteorological Field Station 

Site description. 
Center of the University of Michigan, at the Willow Run Airport, about 

The new site is located at the Willow Run Research 

12 mi. east of Ann Arbor. The Willow Run site is an open e-mnse of 
flat land providing a long wind fetch over grass. The breadth of the 
meadow available makes it possible to establish instrument sites that 
are therefore quite free from building-induced turbulence. 

In the present setup tkree standard rain gases are placed, each at 100 
yds. from the raindrop sorter in the north, east, and south directions, 
respectively. 
sorter, and is conrfected to an Esterline-Angus recorder located in the 
housing adjacent to the sorter. 
distribution of instruments and facilities. 

A tipping bucket rain gage is located 50 yds. east of the 

Fig. 1 is a map showing%he location and 

* Publication No. 55 from The Meteorological Laboratories of the 
University of Michigan 
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BLDG 2 
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~ _ _  SERVICE DRIVE .- 

SCALE 

Figure 1. Schematic map showing relat ive locations of (a) the raindrop 
sorter,  (b) the large sampling pans, (c) the raindrop-size spectrometer 
station, (d) the  three standard rain gages, (e )  the tipping bucket gage, 
and ( f )  the adjacent buildings. 

Figure 2. 
ra in  gage, (b) tipping bucket ra in  gage, (c) recorder shelter,  (d) rain- 
drop sor te r  housing, note screening ins ta l led  on roof t o  reduce ra in  
splash, (e )  large ra in  pans (one pan removed showing support& (f) 
opening over sor ter  ra in  intake s l i t .  

V i e w  of raindrop sampling s ta t ion  looking east, (a) standard 
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Figure 3. Photographs of the aerodynamic raindrop sorter: (a) rain 
sampling slit, (b) air intake, (c) drop sorting section, (d) fan 
assembly. 



. . . . . . . . . . . . . . . 

Because of the nature of the raindrop sorter, it was necessary to construct 
a housing around it to prevent the natural wind field from distorting the 
flow of air through the sorter. 
rain pans are placed on the roof of the raZndrop sorter housing so that the 
rain flowing from these pans can be bottled and sealed by people working 
inside the sorter shelter for subsequent radiochemical analysis. 

This housing is shown in Fig. 2. The large 

The raindrop-size spectrometer station is located roughly 150 yds. from the 
sorter housing in a northeasterly direction. 
size spectrometer to our collaborative study wifh the Atmospheric Physics 
Research Group of the Hanford Atomic Products Operation has thus far made it 
impossible to station this instrument in its place at the Willow Run Field 
Site. As a result the data acquired during and since the summer of 1961 are 
not complemented by raindrop-size distributions. 

The commitment of th2 raindrop- 

Special instrumentation. 
%y Dingle (1). 
Run Field Site are shown in Fig. 3.  
tunnel the working section of which slopes upward at an angle of 45O.  
latter criterion was determined by design studies which have been presented by 
Mngle and Brock (2). 
working section, it is obviously necessary to isolate the air intake and ex- 
haust from the free air stream. 
constructed. 

The large rain sampling panst which together total 5.2 m 
beendescrlbed (2). 
housing so as to be as near its rain intake as possible, and to provide for 
reasonable convenience of the personnel attending the sampling units. 

The aerodynamic raindrop sorter has been described 
Photographs of the instrument as it was assembled at the Willow 

The design is essentially a low speed wind 
The 

To prevent random air flow fluctuations through the 

To do this the housing shown in Fig. 2 was 

2 in area, have also 
These are located on the roof of the raindrop sorter 

The tipping bucket rain gage has proved to be very usefkl in the documentation 
of amounts of rain and rainfall rates throughout rainstorms. 

The raindrop-size spectrometer bas, for the reasons explained above, not been 
in the field in compnay with the raindrop sorter and the rain collecting pans* 
as yet. The need for this instrument in conjunction ;Kith the raindrop sorter, 
in order to make adequate analyses of the distribution of radionuclides in re- 
lation to drop size in rain is clear. Whereas the raindrop sorter must sample 
all through a given rain to acquire adequate samples, and thus it cannot dis- 
tinguish samples according to time, the raindrop-size spectrometer gives the 
size distribution of drops throughout the storm (3 ,  4, 5 )  and thus provides 
data which allow for some interpretation of the time distribution of the water 
in the respective samples from the raindrop sorter. 

An additional specialized piece of equipment which is capable of providing 
basic data for the study of the scavenging process is the zenith pointing 
radar. 
MU-1 type marine radar to adapt it for use as a zenith pointing radar strttioned 
at the rain sampling site. 

Steps have been taken toward renovating and modifying the Westinghouse 

Accessory instmentation required to record the 
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radar data include an oecilloscope fo r  the presentation of the echoes and 
a scope camera su i tab le  f o r  the presentation of the echoes and a scope 
camera su i tab le  f o r  recoridng the scope images. The radar data thus ob- 
ta ined  w i l l  provide v e r t i c a l  cross sect ions through the rain-producing 
systems as they move over the r a i n  sampling s ta t ion .  Such cross sections 
will be related i n  a useful  way t o  the sequence of drop sizes obtained by 
use of the raindrop-size spectrometer. Interpretat ion of the coordinated 
observations of raindrop-size spectra a t  the ground and of radar echoes 
of the storms in v e r t i c a l  cross sect ion will be pursued on the basis of 
physical  theory, and should lead t o  a much more adequate understandim of 
the r a in  process and hence a l s o  of the r a i n  scavenging process. 

Rain S a p l i n g  Results 

During the month of September 1961, f ive  of the rainstorms which occurred a t  
the  Willow Run Fie ld  S ta t ion  yielded reasonably extensive sets of data. 

The storm of 1 September 1961. 

Examination of the  synoptic s i t ua t ion  shows that the  r a i n  which f e l l  a t  
Willow Run on this date was not associated with any f r o n t a l  system whatever. 
The r a i n  system originated as the  r e s u l t  of an in tens i f ica t ion  of an eas t e r ly  
wave that progressed along the Gulf Coast and coverged with an i so l a t ed  cold 
mass of superior a i r  moving northeastward from the  Texas arear T h i s  pecul iar  
combination resu l ted  i n  the development of a f a i r l y  extensive i so l a t ed  precipi-  
t a t i o n  area across northern A l a b a m a  and Mississippi, western Tennessee and 
eas te rn  Arkansas and Missouri on the afternoon of 31 August. 
trough associated with this r a i n  system progressed northeastward and formed 
a weak low pressure center  over Central  Ohio by the  morning of 1 September 
a t  which time the prec ip i ta t ion  area extended over most of the states of Ohio 
and Michigan and northward i n t o  Ontario. There is, therefore,  good evidence 
that no a i r  mass change whatever took place on this occasion. 

The surface 

The rain began a t  lO:3O and continued u n t i l 1 3 : 1 3  EST. 
character accompanied by occasional thunder and l ightning and by highly 
variable winds. 
spect ively 1.99 in., 1.86 in., and 1.85 in .  as the t o t a l  mount of ra in .  
record of the  t ipping bucket r a i n  gage was used t o  obtain the de ta i led  informa- 
t i o n  of Fig. 4. 
9 samples were analyzed for their  radioact ivi ty ,  
of the  radiochemical analyses are presented i n  Fig. 5. 

The procedure i n  co l lec t ing  these samples, a l l  from the large pans, was t o  
f i l l  successive 1-gal. polyethylene bottles, noting carefu l ly  the  time of 
s t r a t i n g  and ending each sample col lect ion.  
independent r a i n f a l l  i n t e n s i t y  measurements through the time record. The 
samples submitted f o r  analysis  i n  the present storm represent ithe time periods 
inddcted by themarks above the r a in fa l l  curves of Fig. 4. 

It was of showery 

The three standard r a i n  gages a t  the s t a t ion  showed re- 
The 

X t o t a l  of 29 sequential  samples were collected,  and of these 
Graphs s b d i n g  the r e s u l t s  

The samples are related t o  the 
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Figure 4. 
record, 1 September 1961. 
f o r  analysas is shown above the precipi ta t ion curves. 

The radiochemical analysesu?re performed by the National Sanitation Foundation 
located a t  the University of Michigan. 
separate the f i l t e r a b l e  portions of the material brought down with the r a i n  
from the soluble portions and t o  analyze these separately.  
nique is s t i l l  i n  a stage of development and therefore is probably somewhat 
faul ty ,  t he  findings appear t o  be qui te  in te res t ing .  

Rainfal l  amount and in t ens i ty  from the tipping bucket r a i n  gage 
Note that the timing of the samples submitted 

An e f f o r t  was made i n  this case t o  

Although the tech- 

The f i l t e r i n g  procedure is  t o  use a series of graduated fi l ters of the membrane 
type as supplied by Ge**. 
used i n  this way are given i n  Table 1. The samples a r e  f i l t e r e d  under pressure 
of about 100 lb./in.2. As the  first f i l t e r  becomes clogged with material the 
pressure rises and the  operator is  warned that he must change the AM-1 f i l t e r .  
In  some samples as many as three AM-1 f i l ters have had t o  be used t o  complete 
the f i l t e r i n g  process. A s  the d a t a  show (see Table 2 and Figs. 5, 7, 10, 12) 
the AM-1 f i l ter  catches by far the la rges t  amounts of the f i l t e r a b l e  radioactive 
material. 
somewhat la rger  amount than the -3 and -4 do. 
the AM-3 and AM-4 fi l ters In the  sequence i s  t o  prevent the complete clogging of 
the  very f ine  AM-7 f i l t e r .  
allowed t o  stand f o r  7 t o  10 days before the  analysis is performed. 
* Gelman Instrument Company, Chelsea Michigan. 

The character is t ics .  of the four f i l ters  that are 

The AM-3 and AM-4 catch much-smaller amounts and the AM-7 catches a 

To eliminate short-l ived nuclides, the samples a re  

The principal  reason f o r  inser t ing  
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Characteristics of Gelman Membrane Filters 

Smallest particles 
retained with 

!2€5 Pore Size (p) 99$ efficiency (p) 

AM-1 5 -0 1 .o 
AM-3 2.0 0.5 
AM-4 0.8 0.1 
m-7 0 . 3  0.05 

SAMPLE NUMBER 

Figure 5. 
For the time distribution of the samples and their relation to rainfall 
intensity, see Fig. 4. 

Gross B-radioactivity in rain samples of 1 September 1961. 
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TABLE 2 

Radioactivity of Sequential Rain Samples from Large Pan Collectors at Willow Run, Michigan 

Gross Beta-Radioactivity pc/l 
1 

Sample Fraction 

Total 
Identif. Volume Bottle Total 

- Date # 1 AM- 1 AM-3 AM-4 AM- 7 Total Soluble Wash pc/l 

19 VIIT 1 
2 
3 

24 VI11 1B 

25 VI11 1 
2 

1 IX e 1 
2 
3 
5 
8 
12 
18 
23 
28 

3 IX 1 
2 

6 IX 1 
3 
5 

4.10 
4.24 
2 .,OS 

2.52 

4.29 
3.88 

3.86 
4.02 
3.85 
4.03 
4.08 
3.79 
4.03 
4.04 
4.14 

4.06 
4.18 

4.12 
4.00 
7.83 

9.8 
6.4 
5.7 

6.2 

3.2 
2.8 

14.5 
6.8 
2.7 
2.2 
0.16 
0.23 
0.29 
0.16 
0.08 

5.0 
7.4 

4.3 
2.1 
2.0 

1.2 0.8 2.2 
0.6 < 0.1 0.6 
0.6 0.6 0.4 

co.1 e 0.1 0.1 

0.3 0.1 0.3 
0.5 0.3 0.4 

0.55 0.2 0.38 
0.97 0.23 1.4 
0.53 0.44 0.47 
0.39 0.16 0.22 
0.19 < 0.08 < 0.08 

c 0.09 e 0.09 e 0.09 
0.11 0.11 0.14 

€ 0.08 0.08 0.3 
C 0.08 < 0.08 < 0.08 

0.39 0.08 1.0 
0.35 0.46 0.51 

0.35 0.35 0.3 
0.5 0.22 2.9 
0.20 0.21 0.59 

14.0 
7.6 
7.3 

6.3 

3.7 
3.9 

15.6 
9.3 
4.2 
3.0 
0.36 
0.23 
0.64 
0.46 
0.00 

6.4 
8.8 

5.3 
5.7 
3.0 

8.3 
5.6 
5.6 

9.0 

6.6 
7.6 

6.1 
8.3 
6.5 
5.9 
2.0 
0.5 
0.5 
0.7 
0.52 

12.0 
4.6 

6.2 
2.6 
2.2 

- 
1.8 
0.6 

0.8 

0.8 
1.0 

1.3 
0.9 
1.0 
1.0 
0.4 
0.2 
0.1 
1.2 
0.25 

0.9 
0.7 

0.53 
0.51 
0.65 

22.3 
15.0 
13.5 

16.1 

11.1 
12.5 

23.0 
18.5 
11.7 
9.9 
2.76 
0.93 
r.24 
2.36 
0.77 ' 

19.3 
14.1 

12.03 
8.81 
5.84 

(continued) 
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TABLe 2 (Continued) 

Gross Beta-Radioactivity pc/ l  
Sample Fraction 

~~ 

Ident i f .  Total Dissolved 
Volume Solids Bottle Total 

Date # 1 mg/ 1 AM- 1 AM- 3 AM-4 AM- 7 Total Soluble Wash PCI l  

12 IX 
1 1.00 50.0 3.9 < 0.34 0.68 < 0.34 4.6 - 18.0 7.9 30.5 
2 7.71 18.6 4.0 0.16 0.16 0.13 4.5 7.0 1.7 13.2 
3 7.67 8.3 0.77 0.15 0.06 0.13 1.1 1.5 1.0 3.6 
5 7.88 10.8 0.71 0.09 0,lO < 0.01 0.9 1.4 0.4 2.7 

14 IX 
1 4.34 21.6 4.4 0.29 0.45 0.76 5.9 5.2 1.1 12.2 

8 13 I X  
1 3.65 25.4 147. 3.3 0.7 1.4 152. 130. 21.0 303. 
3 3.81 18.9 61.6 1.0 1.2 1.3 65.1 60.0 17.0 142. 
5 
6 
8 

30 IX 
1 
2 
3 
4 
5 
6 
7 
8 
9 

4.24 
4.06 e 

7.84 

0.84 
0.90 
3.69 
3.79 
3.96 
4.14 
3.86 
3.92 
3.62 

5.8 
14.0 
5.5 

64.0 
67.0 
24.4 
18.6 
17.2 
26.6 
31.0 
8.5 

12.5 

52.2 
64.0 
18.0 

331. 
316. 
286. 
311. 
290. 
390. 
350. 
197. 
31.0 

1.0 1.2 
2.8 1.4 
0.6 0.5 

10.0 6.0 
13.4 3.5 
10.6 6.0 
5.3 2.6 
4.5 2.9 
2.4 4.4 
3.5 1.5 
5.0 0.9 
3.2 5.5 

1.6 
1.0 
1.4 

55.0 
4.8 
6.7 
4.2 
2.6 
3.3 
3.8 
2.3 

10.5 

56.0 
69.2 
20.5 

402. 
338. 
309. 
323. 
300. 
400. 
359. 
205. 
50.2 

46.0 

31.0 
111. 

384. 
310. 
330. 
330. 
420. 
420. 
400. 
170. 
64.0 

6.9 
10.0 
7.5 

97.0 

64.0 
76.0 
63.0 
65.0 
62.0 
13.0 
38.0 

130. 

109. 
190. 
59.0 

883. 
778. 
703. 
729. 
783. 
885. 
821. 
388. 
152. 



Returning t o  Fig. 5 ,  note that the  abscissa i s  the sample number on a 
l i nea r  scale  out t o  No. 12. 
p lo t ted  on a compressed scale  t o  reduce the width of the f igure.  
the sample number increases i n  t i m e ,  i t m u l d  be c lear  that it does not 
provide an accurate time scale.  The timing of' the  respective samples i n  
r e l a t ion  t o  real- time (EST) and t o  the r a i n f a l l  data is  shown i n  Fig. 4. 

The data f o r  the later samples a re  then 
Whereas 

The curves i n  Fig. 5 indicate  that the insoluble par t iculates  i n  the  
first sample of r a i n  car r ied  with them the majority of the  radioact ivi ty;  
however, by the time the second sample was col lected the radioactive content 
of the insoluble portion was reduced t o  near t h a t  of t h e  solubkport ion,  end 
i n  the t h i r d  and succeeding samples, the  soluble radioactive materials appear 
t o  have been qui te  predominant over the insoluble ones. The considerable 
departure of these data from a reasonably smooth decay curve suggests that 
fresh sources of contamin3tion were drawn i n t o  the  r a i n  system during the 
course of i t s  passage over the sampling s ta t ion .  It i s  clear ,  however, 
that by 10:56 when the 12th sample was taken, some 26 min. after the  onset 
of the ra in , the  atmosphere i n  and under this r a i n  system had been quite 
thoroughly cleansed of radioactive contamination. 
washout of accumulated debris thus appears t o  have been confined t o  t h e  
i n i t i a l  l i g h t  r a i n  and the  first major shower (Fig. 4), but the  12th and 
l a t e r  r a in  samples appear t o  have a uniformly low spec i f ic  rad ioac t iv i ty  
( t o t a l  gross f3 less than 2 pc/ l ) .  T h i s  includes the r a i n  from the second 
major shower, that from the succeeding leerser showers, and a l s o  the  steady 
gentle r a i n  of the diss ipat ing stage up t o  ll:55 EST when the  last sample 
was closed of f .  

The period of rap id  

The f a c t  tha5 no air  3188s change, i n  the usual sense, occurred i s  
especial ly  s ign i f icant .  As the r a i n  system progressed across the  map, 
it evidently entrained f r e sh  contaminated air  i n t o  the  leading rain-genera- 
t i n g  c e l l s .  Having processed t h i s  air  through the  leading shower mass, and 
thus having cleansed it, the system appa ren t ly  reprocessed the c l ean  air 
through the following shower masses adding contaimination t o  the later r a i n  
mainly by the entrainment of a i r  from a lo f t ,  and f i n a l l y  it discharged clean 
air  a t  i t s  rear. 
that proposed by Byers and Braham (6)  for thunderstorms i n  suggested. 

A complex system of ,'growing and decaying cells such as 

The storm of 6 September 1961; The synoptic character of this r a i n  i s  not 
c l ea r  from the  U. S. Weather Bureau da i ly  maps, but t he  descr ipt ion of the 
r a i n  as recorded i n  the project  l og  book suggests the  character of a squal l  
l i ne .  &spi te  a dark 
and turbulent  appearance of the sky. there  was very l i t t l e  l ightning and 
thunder with this rain,  and there were only r e l a t i v e l y  moderate winds. The 
to ta l  r a i n  recorded by the  rain gages was 0.37 in., O.32'in., hnd 0.33 in .  
respectively.  Again the detailed record of Fig. 6 was constructed from the 
t ipping bucket r a i n  gage record. A t o t a l  of 6 samples e r e  collected,  and 
of these 3 were submitted f o r  radiochemical analysis.  The results of these 

%e r a i n  began a t  15:27 EST and ended a t  16:18 EST. 
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Figure 6. 
gage record, 6 September 1961. 
is  shown a t  the top of the figure. 

Rainfal l  amount and in t ens i ty  from the t ipping bucket r a in  
The timing of the  sequential  samples 
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analyses are shown i n  the  l e f t  par t  of Fig. 7. 
so l ids  f i l t e r e d  from the r a i n  car r ied  with them the larger amount of radio- 
ac t ive  material i n  the later samples, whereas the soluble material  contained 
the la rger  amounts of rad ioac t iv i ty  i n  the f irst  sample. This is j u s t  the 
reverse of the relat ionship observed i n  the storm of 1 September. The f i f t h  
sample was taken about 1/2 hr. after the first one and i n  this time, the 
t o t a l  rad ioac t iv i ty  was reduced by a fac tor  of about two. 

In  this case the insoluble 

The storm of 12 September 1961. 
a s ta t ionary  f ron t  i n  the v i c i n i t y  of Willow Run with a strong flow of moist 
t rop ica l  a i r  moving ahead of the remains of  Hurricane Carla. 
of the r a i n  on this occasion indicates  that it was pr inc ipa l ly  of the warm 
fron type, a l ight  ra in ,  more o r  less continuous, with some var ia t ion i n  
in t ens i ty  but not extreme var ia t ions.  Winds were mainly from the east and 
southeast during the rain.  The r a i n  gages further bear out the uniformity 
of the r a i n  i n  t h e i r  readings which were 0.44 in., 0.42 in., and 0.43 in .  

Thesynoptic s i t ua t ion  f o r  t h i s  r a i n  shows 

The description 
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respectively. 
tics in more detail. The rain k3Sted from U:23 to 15:27 EST. Whereas 
the radioactivity associated with insoluble particles stayed about constant 
for the first two samples (Fig. 7), that of the soluble fraction started 
much higher and decreased very rapidly from the first to the second sample. 
After the second sample the specific radioactivity of the rain decreased in 
expected fashion to a minimum which prevailed for the third and fifth 
samples. 
that of the first sample. EEd. note: specific radioactivity" in this paper 
should read "concentration" ] 

The tipping bucket record (Fig. 8) shows these characteris- 

The final level of specific radioactivity was of the order of l/lOth 

A TOTAL INSOL 
0 TOTAL SOL. 
o BOTTLE WAS) 1 0 TOTAL 

-:\ , 

SAMPLE NUMBER 

Figure 7. Gross @-radioactivity in rain samples of 6 September 1961 
(left), and 12 September 1961 (right). 
samples and their relation to rainfall intensity, see Figs. 6 and 8, 
respectively. 

For the time distribution of the 
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Figure 8. 
gage record, 12 September 1961. 
is shown at the top of the figure. 

Rainfall amount and intensity from the tipping bucket rain 
The timing of the sequential samples 

The storm of 23 September 1961. The weather maps for the period of this 
storm show a cold front lying in a col which passed over sotheastern 
Michigan somewhat earlier than the recorded rain. 
oriented roughly northeast to southwest and the ridge line through the col 
&cross southeastern Michigan WEIS oriented at nearly right angles to the 
front. Rain sampling began at 20:39 an6 ended at 21:47 EST. Considerable 
lightning activity of the cloud-to-cloud type and general rumbling of 
thunder was observed during this storm. 
corded by the three rain gages was 0.76 in., 0.71 in., and 0.70 in. 
reapectively. 
gage. 
from about 23.41 to 20:46 EST. 
minutes after which light rain was observed increasing slightly in intensity 
with time. 
storm. 
radiochemical analysis. These results are shown in Fig. 10. 

The cold front was 

The total precipitation as re- 

Fig. 9 shows the detailed results from the tipping bucket 
Most of the rain fell in a short heavy thunderstorm which lastea 

The rain then stopped for a couple of 

A light and fairly steady rain persisted until the end of the 
A total of 8 samples were collected, of which 5 were submitted for 
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Figure 9. 
gage record, 23 September. 1961. 
i s  shown a t  the top of the f igire.  

Rainfall-mount and intensity from the tipping bucket ra in  
The’timing of the sequential samples 

i 
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Figure 10. Gross f3-radioactivity i n  rain samples of 23 September 1961. 
For the t'ime distribution of the samples and their relation to rainfall 
intensity, see Figure 9. 
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A 10-fold increase of specific radioactivity following the resumption of 
atmospheric tests is clearly shown for the first time by these data. The 
first, third and fifth samples show the expected trend within the storm 
toward reduction of the specific radioactivity of the rain, but the sixth 
shows an abrupt increase, 
ly, the period in which the major part of the rain fell (20r38 to 20:45) 
embraces the time during which samples 1 through 5 were taken. 
is therefore the first sample taken after the "couple of minutes" break 
in the rainstorm. 
place after the first heavy shower. 
with the storm of 1 September, and suggests that f'urther study of these 
two situations might prove rewarding. 

The eighth shows a sharp decrease. Interesting- 

Samples 6 

It appears that an indection of contaminated air took 
This provides an interesting contrast 

TIE storm of 30 September 1961. 
associatea mtn a cycionic storm which moved west and north of the area 
while a cold front extending southward swept from west to east across the 
area. The cold front was preceded by a squall line with which the m e t  
intense rainfall was associated. The-rain began at about 21:OO and con- 
tinued until about 23:OO EST. The rain amounts in this general area varied 
considerably in this case, one station in Ann Arbor reporting 1 in. of rain 
overnight while the Willow Run Station (12 mi. f r o m  Ann Arbor) accumulated 
only about 0.4 in. 

s he storm system of this a t e  was 

The amounts caught by the three rain gages were as 

I a 
TIME. EST. 30 SEPTEMBER 1961 W 

z P 
V 

z SAMPLE N.7 

TIME.EST.  30 SEPTEMBER 1961 

T iM.EST.  30 SEPTEWER 1961 

Figure 11. 
gage record, 30 September 1961. 
shown at the top of the figure. 

Rainfall amount and intensity from the tipping bucket rain 
The timing of. the sequential samples is 



follows: 0.46 in., 0.38 in., and 0.37 in. respectively. 
characterized by brief periods of no rain, of light rain, and of moderate 
rain. 

The storm was 

Details are shown in Fig. 11 derived from the tipping bucket record. 

A total of 9 samples were collected and all of these were analyzed for 
radioactivity (Fig. 12). 
a peculiar pattern. 
what less pronounced than expected. The next three samples show an in- 
creasing trend to a maximum equal to the specific activity of the first 
sample. The last three samples then show a rapidly decreasing trend to 
the close of the storm. Throughout the storm the soluble and insoluble 
portions show about equal concentrations of radioactivity. 

The changes of specific radioactivity again follow 
The first three samples show a decreasing trend some- 

I A TOTAL INSOL. 
0 TOTAL SOL. 
0 BOTTLE WASH I 0 TOTAL 

- \  ', P 

'li 

. I  
\ I  
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1 2 3 4 5 6 7 8 0  

SAMPLE NUMBER 

Figure 12. Gross @-radioactivity in rain samples of 30 September 1961. 
For the time distribution of the samples and their relation to rainfall 
intensity, see Fig. 11. 
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 he trends of the specif ic  a c t i v i t y  curves f o r  this a t o m  suggehts that 
the second band of showers, the r a in  from which is  shared between samples 
6 and 7, had access t o  fresh sources of nuclear tes t  debris. 
the limited r a i n f a l l  i n t ens i t i e s  observed, it does not seem l i k e l y  t h a t  
the shower tops approached the  tropopause. 
the contamination was entrained in to  the second 'band of showers with a i r  
from low levels .  The nature of the rain,  scmttered showers as pointed 
out above, i n  i tself  suggests a spot ty  d is t r ibu t ion  of the air  mass 
cleansing rather than a uniform cleaning of air  over a broad area as i n  
the storm of 1 September. 

In view of 

It is therefore probable that 

Further analysis  of the 30 September 1961 samples. 
sumption o f  nuclear tests in the atmosphere and the consequent elevation 

Because of the re-  

SAMPLE NUMBER SAMPLE NUMBER 

Figure 13. 
soluble and insoluble portions and among the respedtive filters. 
curve, spec i f ic  content of dissolved so l ids  i n  mg/l; four upper curves duplicate 
the informatlon of Fig. 12. Right: spec i f ic  r ad ioac t iv i t i e s  of insoluble 
f ract ions caught on the AM-4 f i l t e r  (lowest except fo r  sampcles 6 and 9), the 
AM-7 f i l t e r  (2nd lowest except f o r  samples 1, 7 and 9),  the AM-3 f i l t e r  (3rd 
lowest except f o r  samples 1, 6, 7 and 9), the sum of t h e  AM-3, AM-4 and AM-7 
fi l ters,  and the AM-1 f i l t e r  (upper curve). 

Details of the d is t r ibu t ion  of gross beta-radioactivity among the 
Left: lower 
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the radioactive contamination of the air, the specific radioactivity of 
samples taken on September 23rd and later was high enough to justify 
further study. In particular the samples taken on 30 September were 
studied in some detail as a pilot experiment. 
side an alternative from of the data contained in Fig. 12 and, in addition 
at the bottom of the figure, a curve showing the amount of dissolved 
solids in mg/l of rain. The interpretation of this curve is by no means 
clear but the upward trend of the dissolved solids observed in samples 6 
and 7 shows an interesting paralledl with that of the total p radioactivity. 

Fig. 13 shows on the left 

The right side of Fig. 13 shows a breakdown of the radioactivity found 
in the respective portions of the insoluble material. 
filter collects by far the large majority of the insoluble radioactive 
material. The next lower curve in this figure is the total of the radio- 
activity found on the 3 finer filter, the AM-7 shows higher radioactivity 
in the first and last samples than either the AM-3 or the AM-4. Although 
one might attempt to construct intricate interpretations of these observa- 
tions at this point, it 
processes involved in the filtration and in the separation of the radio- 
nuclides * 

Clearly the AM-1 

appears advisable to study in more detail the 

SAYPLE NUYOEER SAYPLE WUYBER 

Figure 14. Results of 
fraction. Upper 
third curye (for 
The soluble fraction. 
(except for sample 3), ~a 
2x95. 



The results of gamma-spectrometric analysis of the soluble and insoluble 
portions, respectively, are shown in Fig. 14. The relat onshi s of the 

and E?a lb-Ial& are very interesting within their respective fractions. 
The contrast between their concentrations in the soluble fraction as 
against the insoluble fraction are more so. Problems arise in the inter- 
pretation of these distributions because of the surface chemistry and 
physics and because of the ion exchange processes thst probably accompany 
the filtration. It is therefore not clear that these curves truly show 
the relative proportions of the isotopes contained by soluble and Insoluble 
materials. Further study of this kind of information would appear to be in 
order, and certainly more of this kind of data are needed before a firm 
interpretation can be presented. 
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Figure 15. 
collected at Ann Arbor and at Monroe, Michigan. 

Weekly averages of gross 0-radioactivity in airborne dusts 
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Air sampling data. The monitoring of airborne radioactive materials by 
the school of Public Health has provided additional data of value to our 
program. These data are taken from 2 stations i n  Ann Arbor and a third 
station at the Fermi Reactor Site at Monroe, Michigan. 
the weekly averages of the airborne radioactivity from these 3 stations 
since May 1961. 
University of Michigan are joined by a line in this diagram. The principal 
purpose of this diagram is to show the dramatic increase of airborne radio- 
activity in mid-September. 

Fig. 15 shows 

The observations taken on the Ann Arbor campus of The 

Since the resumption of testing in the atmosphere the air monitoring 
program has been intensified by adopting a daily sampling period. 
results of this program for the months of September and October are 
shown in Fig. 16. 
beta counts of airborne dust and the lower curve gives 24 hr. values of 
1131 radioactivity i n  Ann Arbor. 
for 24 hr. before beta-analysis is performed in order to prevent distortion 
of the data by extremely short-lived auclidesand by natural radiation. 
This contrasts with the decay time of 7 to 10 days allowed for the rain 
samples 

The 

Here the upper curve gives the values of 24 br. total 

The dsily samples are allowed to decay 

I o IO 16 eo a 30 6 IO IO 20 PJ 30 
SEPTEMBER OCTOBER 

DATE, 1961 

Figure 16. 
of airborne dust collected at Ann Arbor, Michigan. 

Total $-radioactivity and 1131 activity i n  24-hr. samples 
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It is of some interest to place these curve% in juxtaposition to the data 
from the rain samples. The air samples s h o w  that the airborne gross beta- 
count increased somewhat more than 10-fold about 7 or 8 September and that 
it took another l0-fold Jump on 15 September going an additional 10-fold 
higher still on 22 September, a total increase from the 7th to the 22nd 
of about 1000-fold. The airborne radioactive iodine, on the other hand, 
increased abruptly first on 14 September, and then by steps to a maximum 
100 times the amount present on 10 September by 22 September. In contrast 
to these results we have already noted that the rain of 12 September showed 
no appreciable increase of radioactivity over the rains of the 1st and the 
6th. 
no increase of radioactivity. 
rain-scavenged material was observed on 23 September and represented a 
10-fold increase. This corresponds to the time when the airborne dust 
had increased 1000-fold in its radioactivity and the airborne iodine had 
increased about 100 fold. It is clear that some of the differences noted 
are attributable to short-lived radioactive nuclides. The fact that the 
rains of the 32th and 14th failed to s h o w  the 10-fold increase revealed 
by the atmospheric dust suggests that this increase in the dust was primarily 
attxtbutablcr, to the short-lived nuclides. What is not clear is the mechanism 
whereby the short-lived nuclides reached Ann Arbor in the air nearly two 
weeks before the large increase of longer-lived nuclides occurred. 

In addition a light rain which occurred on 14 September also showed 
The first large increase observed in the 

Sunmunry. 
data and the submission of the present report has not been sufficient to 
make comprehensive analyses of the observations. 
study of these data serves only to indicate some of the principal points 
of interest. 
which is still being developed, and of course there are numberous facets 
of the data which deserve further exploration and study. Particularly in the 
realm of synoptic meteorology, more detailed investigation of the rains of 
1 September and of 23 andn3O September are planned. 
cooperation between o k  &CTT&- aS.d--th<-rat ional Sanitation Foundation group 
Will lead to more complete studies of the radioactive debris contained in 
airborne dusts and of the relittion of these data to the findings obtained 
from r a i n  samples. 

Unfortunately the time available between the collection of these 

The above superficial 

There remain possible questions as to analytical technique, 

It is anticipated that 

.The Relationship Between Scavenging and Rain Generation 

I 

It is perfectly clear that the scavenging processes are intimately associated 
with the processes of rain-generation. It is therefore only logical that one 
consider the role of each of these processes throughout the development of 
clouds and the generation of rain in rain-producing storms. If' one starts 
by considering what is a reasonable model of a rainstorm, it is possible 
that the scavenging processes might be brought into an improved perspective. 
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Any reasonable model of a rainstori must start with the growth of cloud 
droplets on a spectrum of condensation nuclei which, in turn, yields the 
spectrum of cloud droplets. There is in existence much useful information 
on these specific points in the cloud physics literature. Following the 
initial phase of condensation, one must think of the coalescence of cloud 
droplets by collision processes and/or the rapid growth of cloud particles 
by an ice process, in order to accomplish the production of rain from cloud 
particles. 
characteristics which are subject to some reasonable expression, and again 
the reference to precipitation physic8 studies is appropriate. 
produced a spectrum of raindrops, one must think in terms of the variable 
fall speeds of the drops through lower portions of the cloud, through the 
cloud base, and thence to the ground wlth an evaporation process occurring 
between the cloud base and the ground. 

Both the ice process and the collision processes have statistical 

Having 

In connection with each of these processes, the growth of the cloud droplets, 
the collection of cloud droplets into raindrops and the falling of raindrops 
through the air ,  tke accompanying scavenging processes should be considered. 
These may be thought of as the Brownian diffusion of very small particles a8 
suggested by Greenfield (7), the possible diffusion of intermediate size 
particles by microturbulence, and the collision and impaction collection 
suggested by the work of Langmuir (8) 

But over all of these processes and controlling t h e m  throughout any storm, 
the principle of continuity must be considered. 
3 basic categories of constituents, 3 interacting continuity equations must 
be invoked: 1) that for the air, 2) that for the water substance, and 3) that 
for the contaminant materials. 

Because the system involves 

In studying the generation of radar echoes, Keseler (9 ,  10) has found the 
continuity equation to be extremely useful and to give results that agree 
very well with the experience of radar observers. 
Michigan we have undertaken to model the rain process in somewhat more 
detail, extending Kessler's continuity approach by accounting for the size 
spectra of cloud droplets, of raindrops, and of contaminant particles in 
integrating the rain-generating and scavenging processes layer by layer 
through a hypothetical atmosphere. This effort appears to hold a great 
deal of promise, and we plan to present further details and results in a 
future report. . 

At the University of 
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THP: JcflTwAcTION BETWEEN RADIOACTIVE AND NON-RADIQACTIVE 
PARTICLES IM THE S"OSPRERE 

James E. Manson 
Air Force Cambridge Research Laboratories 

Bedford, Massachusetts 

Introduction 

The purpose of this paper is to discuss the relationship between the 
particles which carry nuclear debris and the non-radioactive particles 
occurring naturally in the stratosphere. 
exists wlll be demonstrated, and the importance of this relationship 
with respect to the history of nuclear debris in the stratosphere w i l l  
be examined. 

Tbat a positive correlation 

During the past year the Nuclear Studies Branch of the Air Force Cambridge 
Research Iaboratories has prepared, among other contributions, a series of 
papers describing the vertical profiles and horizontal extension of non- 
radioactive "natural" aerosols in the stratosphere. 
studied varied from 5 to 30 km. 
ranged from 0.01 to 5 p *  
theory of behavior of aerosols in the stratosphere and a description of' 
the various experimental techniques used in the balloon phase of these 
investigations are discussed by Junge, Chagnon and Manson (1). An ex- 
tension of this work, including a more detailed consideration of the 
techniques of measurement of the concentration of the very small particles 
between 0.01 and 0.1 p radius (Aitken Nuclei) was presented by Junge (2). 
A similar extension for the large particles between 0.1 and 1 p radius was 
presented by Chagnon and Junge ( 3 ) .  The result of these balloon studies 
was to indicate that a deep layer of particles existed with a maximum in 
number concentration between 16 and 24 km. 
of sulfate particles with radii between 0.03 and 1.0 p. 

The altitude range 

The purposes of this study, together with the 
The radius of the particles studied 

This layer was found to consist 

In order to determine the horizontal extent of this maximum in particle 
concentration, collectors were installed on two of the Lockheed U-2 



aircraft operated for the High altitude Sampling Program of the Defense 
Atomic Support Agency. "he results of analysis of sahples so collected 
were presented by Junge and Manson (4) 
that the predominant constituent of these particles was sulfate and proved 
that the concentration indicated at mid-north latitudes by the balloon worK 
did indeed extend over the large fraction of the stratosphere sampled by 
the High Altitude Sampling Program U-2 trajectories at 18 to 20 km altitude. 
A summary of this work and a discussion of the possible origin of these 
particles in gas reactions in the stratosphere was presented by Manson, 
Junge and Chagnon (5) 

T h i s  work confirmed the fact 

Through the use of the information included in all these studies, together 
with studies carried out by Friend and Sherwood ( 6 ) ,  one can develop a 
reasonably accurate model size and number distribution of non-radioactive 
sulfate particles at the 20 km level in the stratosphere. 

Junge, Chagnon and Manson (1) have presented a series of size distributions 
measured at various altitudes in the stratos?here, and Junge and Manson (4) 
have discussed the connection between the size distributions and the de- 
rived mass distributi'on at this level in the stratosphere. As pointed out 
in the latter paper, the disagreement noted between the computed mass 
concentration and that directly measured'by the chemical analysis could be 
resolved by assuming a uniform spreading factor of the-particles as collected 
on the glass slides and electron microscope screens. 
colrection preserved the form cf the distribution between 0.1 and 1 j~ radius, 
that is, the distribution in this radius range remained inverse to the square 
of the radius when presented as a function of the log radius. An alternative 
correction to bring& measured and computed mass concentrations into agree- 
ment would be to change the form of the distribution, allowing the distribu- 
tion to vary inversely as the cube of the radius. Independent of this work, 
Friend and Sherwood (6) had determined that the thickness of the particles 
as deposited on formvar-coated electron microscope screens remained constant 
independent of particle size and this thickness measured to be approximately 
0.2 p. 
bution converts it immediately to an inverse cube distribution, and in this 
way the measured and computed mass concentrations can be brought into agree- 
ment. Further, the results of measurement of number concentration at 0.1 p 
will be close to identical for these two distributions. Therefore for the 
present work'we will choose as the model.distribution for the ambient sulfate 
particles that shown in Fig. 1. 
this model distribution is simply a reasoiiable, current estimate, taking into 
consideration all of the presently known measures of this population. 
instance, the particles smaller than.0.l p between radius "a" and radius 
"b" in Fig. 1 bave"&en added to the distribution in order to bring the total 
number concentration up to a;valiie .within reasonable agreement with the 
Aitken Suclei measurements. An examination of the size distributions first 
reported by Junge, Chagnon and Manson (1) indicates that particles in this 
size range are present at 20 km. 

It was shown that this 

Insertion of this correction %nto the inverse square particle distri- 

It is clear fromthe above discussion that 

For 
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The density of the aerosol calculated from this model distribution is 
approximately 1.0 x 10-14 g/cm3, assuming a condensed phase density of 
2.0 g / d ,  whereas the measured aerosol density is 1.6 x 10-14 g/cm3. 
Considering the approximations involved in computing the collection 
efficiencies, detenning the sample volume and estimating the composition, 
this is reasonably close agreement, and f’urther refinement of the model 
is not necessary for our purposes at this time. 
computations in the present paper are based on the ambient number distri- 
bution shown in Fig. 1. 
the measurements of total beta flux (count rate/counting efficiency) and 
sulfate density from a restricted group of impactor and filter samples 
collected between 3OON and 65% between the dates of August 1960 and 
August 1961 . 

Therefore, all of the 

The results of calculation will be compared to 

It should be indicated here that the results obtained by Friend and 
S h e m o d  (6) are in no respect limited to the measurement of deposited 
particle thickness, but encompass size distribution measurement, limited 
chemical analysis by electron diffraction and correlation of particle 
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Figure 1. 
particle population. 
with the decay constant distribution as a Function of radius for the 
smallest particles. 
small particles, the decay constant distribution is actually a sink 
distribution. 

The coagulation of small particles into the ambient sulfare 
The progress of the coagulation is shown, toeether 

Considering the sulfate population as a sink for the 
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volume density (l; 7r r3 !& dJ') with filter S r w  analysis. I have used 
only their thickness measurement in order to maintain as strict an 
independence of study as possible, and the remarkably close agreement 
between the aerosol density measured by these two approaches constitutes 
a confirmation of the validity of both. 

Before proceeding to a discussion of the measurements it would be useful 
to review briefly the results of the theory of coagulation of small 
particles with the sulfate particles in the stratosphere. 

11. Coagulation Theory 

A brief treatment of the problem of coagulation of small particles into 
the ambient sulfate population has been presented by Junge, Chagnon and 
Manson (1). 
examine this question in slightly more detail. 
eauations and discussion of the concepts involved reference is made to 

 he equation governing the number of small particles as a 
function of time (t) is given below, where for convenience of computation 
the size distribution is expressed as a function of radius (r) rather 
than of log r. 

For the purposes of the present work, it is advisable to 
For derivation of 

(7) 

which yields: 

where : 
n1 = number concentration of small (radioactive) particles; 

"2 = number concentration of ambient sulfate particles; 

TI = viscosity of air; f3 = 1.5 (Junge, Chagnon and Manson (1)); 

A = mean free path; k = Boltanan's constant; 

T = absolute temperature. 

I 
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An examination of this equation indicates that the decay constant P 
is the natural function to consider in discussing the relationship 
between the rate of coagulation of small particles and certain 
features in the size distribution. In Table 1 we have presented the 
results of numberical calculations based on equation (1). 
shows the ambient number distribution made up of region I and rzgion 11, 
and four vertical bars representing the various indicated sizes of radio- 
active particles which have initial concentrations arbitrarily chosen 
equal to 10. 
latioa time of 10, 50, 100, 200 and 400 days is also indicated. The 
decay constant P is a measure of the rate of coagulation and thus the 
decay constant distribution given by dp/dr is a measure of the rate 
of attachment of the small particles with that part of the ambient 
number distribution lying betwenn r and r + dr. 
logarithmically in Fig. 1 for theanallest size fraction of radioactive 
particles and is seen to have a maximum at 0 . 1 ~  for the assumed ambient 
numberdistribution. 

Fig. 1 

The concentration levels for these 4 sizes after a coagu- 

T h i s  function is plotted 

'I!ABLE 1 

Coagulation decay constants and half-lives for various sized 
radioactive particles mixed with the ambient 

sulfate particle distribution 

Radioactive 
Decay Constants* 
Region I Region I1 

particle radius 
- 

'r I 
Half-lives* 

T1 
x 

0 0005 

0 001 

0 002 

0 e 0 5  

9.0 5.9 

2.3 2 00 

0 -73 O.)O 

0 .* 0.082 

17 

60 

220 

690 

*Calculated from equation (1) for 20 km altitude standard atmosphere 
and ambient distribution shown in Fig. 1. 
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111. Impactor and F i l t e r  Samples 

The impactor samples used i n  the  present study have been described previ- 
ously by Junge and Manson (4), where they were referred t o  as t i p  samples, 
Since the form of the t i p  sample plate is not that  of a simple ribbon, 
but is  closer  t o  a square prism, the impaction eff ic iency curves given by 
Ranz and Wong (8) cannot be applied simply. For this work we have chosen 
the average of the curves given by these authors fo r  the impaction eff ic iency 
of a cy l indr ica l  impactor and a ribbon impactor. 
the average impaction eff ic iency fo r  the real a i r c r a f t  d i r ec t  flow rod 
impactor p lo t ted  i n  Fig. 2. This curve is calculated f o r  a rod impactor 
0.32 cm wide, exposed a t  20 km a l t i t ude ,  flown a t  a speed of 770 lsm/hr., 
co l lec t ing  pa r t i c l e s  of 2 g/cm3 density. 
the ambient number d is t r ibu t ion  and ambient volume d i s t r ibu t ion  curves, 
and the product of these curves with the impaction efficiency. The curves 
have been divided i n t o  region I and region 11, and the in t eg ra l  of these 
curves is presented i n  Tsble 2. From this table we see that the impaction 
sample contains a small f rac t ion  of the number of pa r t i c l e s  i n  the ambient 
dis t r ibut ion,  and a Large f rac t ion  of the volume o r  mass of the ambient 
d i s t r ibu t ion .  
pa r t i c l e s  of this density smaller than 0.04 p radius. 

The f i l t e r  samples studied i n  this work were col lected on f l i g h t s  of the 
U-2 a i r c r a f t  which col lected the impaction samples mentioned above. 
f i l t e r  samples were col lected on IPG: 1478 paper described by Friend (9) 
Friend reported that, as applied i n  the U-2 sampling system, this paper 
.was a t  least 95$ e f f i c i e n t  f o r  the col lect ion of radioactive pa r t i c l e s  i n  
the stratosphere. 

By doing this, we obtained 

Also p lo t ted  on this figure a re  

Fig. 2 s h o w s  a l so  that  this col lector  w i l l  not impact 

These 

For t o t a l  beta counting a same11 disc  was cut out of the large f i l t e r ,  
from a posi t ion a t  about one half the radius from the center.  
a c i r cu la r  a rea  of 15/16 in.  diameter was exposed for  counting, covered 
with mil mylar, following the procedure used by Isotopes, Ins. (9) 
calculat ion of sample volumes thus follows a simple proportion t o  the t o t a l  
volume and t o t a l  area f o r  these f i l t e r  samples. 

The data pertinent t o  the col lect ion of the impactor and f i l t e r  samples 
used i n  this study are presented in Table 3. 

Of th i s  disc, 

The 



TABLE 2 

Comparison of ambient and col lected number concentration and volume concentration 
from integrat ion of curves i n  Fig. 2 

N u m b e r  Concentration Volume Concent rat ion 
R a t  i o  

Xr] A n  ~ A V X  1015 E V A  x 1015 X V  Av 
Collected* Ambient Collected* Ratio Anibient 

(cm 1 
z v 4 n  
cm-3) r- Region wj 

1 0.52 0.036 0.6 0.07 

I1 0.14 0 .Ob7 34$ 4.2 2.7 ,64$ 

I + I1 0.66 0.08 12$ 4.8 2.8 5% 

* For the stratosphere a t  20 km a l t i t u d e  and collection on a rod impactor 0.32 cm wide i n  an 
a i r  stream veloc i ty  of 2.14 x LO4 cm/sec (770 h / h r , ) ,  assuming spherical  pa r t i c l e s  of 
densi ty  2 g/cm3. 
e f f i c  Ienc y . I n  t h i s  tab le  and w h a t  follows we use V t o  indicate  the impaction 
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TABLE 3 

Impactor and f i l t e r  collection data 

Average Latitude Longitude Exposure Path Ambient Reduced 
Sample Date Altitude Range Range Time Length Volume Volume * 
Number. Collected (km) (ON) (ow) ( bS.1 ( w (m3) (S.C.F.) 

1 25 Aug 60 20.0 32-38 100-121 5.01 3865 169 430 
2 8 Sep 60 19.3 30-33 90-100 3.56 2741 120 340 
3 4 Oct 60 19.7 30 - 44 9-111 5.5 4235 115 310 

4 18 O c t  60 19.4 30-34 82-99 5.8 4466 201 570 
Oct 60 19.8 32-64 101-144 6 .o 4260 202 530 

6 18 Jan 61 19.5 32 101 6.0 4620 213 590 

13 Feb 61 13.7 41-45 93-101 3 -0 2172 97 670 
P 8 13 Feb 61 19.8 40-45 93-101 3 -0 e310 102 270 
vl 9 27 Apr 61 19.9 33-64 102-146 6 .O 4620 177 460 

100 5.3 4081 206 570 - - 118 - - 87 

111 0.95 - - 55 - 90 
104 1.8 - 137 105 

- - - - 93 

5 

7 
. 

0 

10 4 Aug 61 19.5 30 
1-57 27 O c t  60 19.3 37 103 

5Fl(a) 27 Oct 60 20.2 60 104 1.35 
5F (a) 

18 Jan 61 19.9 32 6F (a) 
8F (b) 12 Feb 61 20.5 38 
9F (b) 28 Apr 61 19.1 38 

10F (a) 4 Aug 61 19.5 30 

1.6 

e 

(a) 
(b) 

These f i l t e r  samples were collected on the same missions as the impactor samples of the same numerals. 
These f i l t e r  samples were collected on different  mcssions from the impactor samples of the same 
numeral. 

i t  S.C.F. standard cubh feet 

1 

I 
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Figure 2. The ambient sulfate particle number and volume distribution, 
the impaction efficiency ( q )  as a function of radius and the product 
of the ambient, distributions and the impaction efficiency to yield the 
collected number and volume distributions. 
product curves are identified by the impactor diameter, 0.32 cm, and 
refer to collection o 

The impaction efficiency acd 

spherical particles of 2 g/cm3 density in a stream 
velocity of 2.14 x 10 E cm/sec at 20 km altitude. 
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An arbitrary numbering system has been used to identify the impactor 
samples as an aid in interpreting the data presented later as scatter 
diagrams. The numbering of filter samples follows that of the impactor 
sample collected on the same or nearest date. A significant difference 
between the exposure of the tip impactor samples and the filter samples 
is that the impactor samples are exposed for as long as 6 1/2 hrs. whereas 
the filter sample maximum exposure in this series was 108 min. 

N. Analytical Procedures 

The techniques of non-radioactive chemical analysis of the aircraft 
impactor samples have beendescribed previously by Junge and Manson (4). 
As an indication of the reliability of the x-ray flourescence technique 
of microanalysis for sulfur in these samples we present Table 4, which 
contains the comparative measurements on a pair of samples collected on 
13 February 1961. These samples were collected on pieces of pure alu- 
minum. 
a sample of the substrate aluminum of the same size and composition, but 
which had not been flown. 

The background readings refer to the counts obtained by analyzing 

TABLE 4 

X-ray flourescence analysis of two impactor samples 
for sulfur 

0 Blank 2130 1 8 8 4  3.106 - 
Standard 800 372 2. 15  2. 0 4  1.5 
No. 7 400 2734 0.146 0. 04 0. 03 
Standard 430 184 2.17 2.05 1 . 5  
No. 8 400 1012 0.395 0.29 0.20 
Blank 200 1956 0.102 - .  

Standard 400 175 2.29 2.22 1.5 
Blank 200 233’3 0, 07 - -  
S t a nda r d* 430 188 2. 13 2. 06 1.5 
No. 8 400 1071 0.373 0.30 0.22 
Standard 400 2. 1-2 2.05 1.5 
No. 7 2’0 0 0.134- 0.06 0.05 

Standard 400 179 2. 23 2.16 1.5 
Standard 400 551 0.726 0% 65 0.5 
Blank 200 2547 0.079 - 0 
No. 7 400 3192 0.125 0. 0 5 0. 04 
Blank 88 1680 0,052 - 0 
No. 8 400 1043 0.384 0. 305 0.24 

0 

0 

, 



The standards were prepared by adding su l fur  i n  the form of ammonium sulfate 
t o  blank aluminum slides insuring that the sulfate was r e s t r i c t e d  t o  the 
area being analyzed by the x-ray beam. 

These data were taken with a vacuum spectrometer using an EDDT crys ta l ,  
tungsten primary radiat ion a t  50 kvp and a flow proportional counter 
detector with a nuclear type l inea r  smplifier and pulse height analyzer 
set with the window width 25% of the base l ine .  The quantity m, is the 
mass of su l fur  on a cen t r a l  area of the specimen 1.0 cm x 0.32 cm. 

The r e s u l t s  of analysis  of a l l  of the impactor samples are given i n  Table 
5. 
stratosphere,  P SO4, has been corrected f o r  the 58$ volume col lect ion 
eff ic iency of the impactor. For this reason the values given here are 
higher than those reported by Junge and Manson (4).  

It i s  noted that the values given f o r  t he  density of su l fa re  i n  the 

The procedures f o r  obtaining the t o t a l  beta a c t i v i t y  measurements were 
chosen t o  insure s implici ty  and reproducibil i ty.  
automatic sample changer and scaler was used with a Nucleonics Corpora- 
t i on  of  America IWAA end window counter. This counter had a background 
count rate of approximately 20 cpm. Comparison stan rd8 were prepared 
using a National Bureau of Standards calibrated Tlmpstandard. A l l  of 
the t i p  impactor samples were counted sequentially with standards and 
blanks inter leaved and a t  least 10,000 counts per sample were accumulated. 
I n  cycles of 2,000 counts per sample, the var ia t ion i n  rate from cycle t o  
cycle was generally within + e/t, where n is t he  counts per sample and 
t the counting time. The ;ompilation of  this counting data is  given i n  
Table 6 f o r  a l l  the impactor and f i l t e r  samples used i n  this work. 

The first two samples noted as Tl/Al and T l / G e  are standards prepared on 
the aluminum and germanium substrate .  
values f o r  these two standards are given i n  dpm and refer t o  the d is in te -  
grat ion rate corrected for decay t o  20 October 1961. 
f i f t h  column of this table that the standard prepared on the  germanium 
substrate  has a higher net  count rate than the other  standard. 
of our samples (No. 6) wab col lected on a germsnium substrate  it was 
necessary to  include th i s  standard i n  our counting sequence. The values 
l is ted under t o t a l  beta flux f o r  samples 1 t o  10F are the product of the 
net  counting rate and the dpn t o  cpm ra t io .  
the data f o r  the T l / U  standard f o r  a l l  the samples except No. 6. For 
No. 6 the dpm to cpm r a t i o  f o r  the Tl/Ge standard was used t o  form the 
t o t a l  beta flux product. Our counter was in te rca l ibra ted  with the system 
used by Isotopes, Inc. (9) by exchanging Impactor sample No. 9 and f i l t e r  
sample 10F. Isotopes, Inc. obtained net count rates f o r  these samples of 
14 and 24 cpm respectively, on 2 November and 26 October 1961. 

A Nuclear-Chicago 

As noted i n  the last colwzrn the 

It is  seen i n  the 

Since one 

This r a t i o  was formed from 
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TABLE 5 

Results of  sulfur analysis of impactor samples 
-- --- - - 

I 

U S  so4 

Sample (g/cm 2 x  10-61 ( g  x 10-6) 

1 l o l l  1, 83 

2 

3 

4 

5 
G 
v) 

0.62 

0.84 

0.50 

1.07 

1,02 

1.02 

0.85 

1.76 

6 1.70 3.. 00 

7 0.14 0, 2 3  

8 0.8’3 1.32 

9 1.36 1.95 

10  0.55 1.05 

1.5 

1.2 

1.0 

0.57 

1.2 

1.9 

0,35 

1.8 

105 

0.73 

P so4 P so4 
-7 

x 1 0  ) 
( S.C.F. (L-T Std. M 

5,9 2.1 

4 . 2  1.5 

349 

2.0 

1 * 3  

0.71 

4 . 5  1.6 

6.9 2.4 

0.18 0.51 

6.8 2.4 

5.8 2 . 0  

2,6 0.93 

Note: 0,  Is the surface density of sulfur on the center of the impactor sample plate. 

P SO4 is  the derived density of sulfate in  the air,  given in three comon units, 
i s  the total  mass of sulfate ion in  the entire impactor deposit. SO4 

calculated from as, the path length and the volume collection efficiency. 

I 
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V. Results 

In Fig. 3 we bave p lo t ted  the t o t a l  beta flux per sample against  the mss 
of SO4 per sample. 
by Junge and Manson (4) the mass of SO4 is  a good measure of the t o t a l  
mass of non-radioactive material i n  the s t ra tospheric  aerosol, and it is 
as a c h  a measure that we use it here. 

A pos i t ive  correlat ion is evident. As demonstrated 

The‘ t w o  pai rs  of points 3-4 and 7-8 require  spec ia l  note. 
flown with two 1/8 in.  diameter e lectron microscope grids attached in the 
center of the col lect ion area, thus reducing the geometrical area and there- 
fore  the volume of t h i s  sample, since these grids were removed pr ior  t o  the 
beta counting. 
stratosphere during co l lec t ion  of sample 3 was almost twlce that during 
co l lec t ion  of sample 4, and that t h i s  more than compensated fo r  the re-  
duction i n  area of sample 3. 
a smaller volume of air, but had a higher mss of su l f a t e  than sample 4. 
It is s igni f icant  that  the t o t a l  beta a c t i v i t y  followed the  sulfate i n  
this, so that a posi t ive correlat ion exists between these two  variables 
for this pair of samples. 

Sample 3 was 

From Table 5 we see that the density of su l f a t e  in the 

I n  other  words, sample 3 was col lected from 

As indicated in Table 3, sample 7 was col lected a t  low a l t i t u d e  and sample 
8 was col lected a t  high a l t i t ude .  It is in t e re s t ing  that these two points 
follow the average correlat ion,  since the  decrease of both var iables  wi th  
a l t i t u d e  probably is due t o  diffusion and washout t o  the troposphere. The 
Lndicated cor re la t ion  i s  exact ly  w h a t  one would expect i f  the p a r t i c l e s  
carrying the su l f a t e  and those carrying the a c t i v i t y  are iden t i ca l  a t  the 
sampled a l t i t udes .  

One might suggest that the correlat ion indicated fo r  the t o t a l  quantity 
variables i n  Fig. 3 could be caused by the common fac tor  of sample volume. 
This was discussed above i n  considering the p a i r 3 1 ,  which indicated the 
opposite e f fec t .  l?urther proof that t h i s  is not the  case is  contained in 
Fig. 4, which presents the  t o t a l  beta flux per sample p lo t ted  against  the 
reduced sample volume. A negative correlat ion is seen t o  exist between 
the two pa i r s  of spec ia l  samples 3-4 and 7-9 on this plot,  and there  seems 
t o  be no s igni f icant  cor re la t ion  f o r  the group as a whole. The same is 
indicated by a plot  of t o t a l  beta f l u x  versus anbient sample volume. 

The poss ib i l i t y  of a seasonal t rend  causing a spurious correlat ion is  
eliminated by a consideration of Fig. 5, i n  which the a c t i v i t y  density 
is plo t ted  against  the sampling date. It must be remembered that these 
t o t a l  beta counts were made on 20 October 1961 (Table 6). 

Up untilynow we have considered only the correlat ion of various measures 
of the impactor samples. As indicated in !bb3.e 3, we a l so  had available 
s i x  f i l t e r  samples from f i v e  f l i g h t s  during the same sampling period. 
Samples 5F,&and:5FP were col lected a t  the  beginning and end of the same 
t r a j ec to ry  over which impactor sample 5 was collected. Sample 6F was 



TABLE 6 

End window beta counting data for impactor and filter sample 

G r o s s  Net Total  
To tal Time rate rd te fj flux 

Sample counts (min) (cpm) ( c p d  cprn ( o r  dpm*) 

Tl /Al  

Tl/Ge 

1 

2 

3 

4 

5 

6 (Gel 

7 

8 

9 

10  

5 F  

5 F' 

6 F  

8 F  

9 F  

1 0 F  

16,000 

16 ,  000 

16,000 

16,000 

16,003 

16,000 

16,000 

16,000 

14,000 

14,000 

14,000 

14, oon  
1 6 , 0 0 0  

16,000 

16,000 

16,000 

16,000 

14 ,000  

47.4 

40.4 

339 

432 

377 

45 5 

355 

261 

559 

371 

369 

484 

213 

247 

343 

215 

21 8 

24 6 

337 

39 6 

47 , l  

37.1 

42.5 

35.2 

45.1 

61,2 

25,o 

37.8 

37,9 

28.9 

75 

65 

47 

65 

74 

57 

317 

376 

26.8 

16. 8 

22.2 

14.9 

24. 8 

40.9 

407 

17.5 

17.6 

8.6 

55 

45 

27 

46 

54 

37 

979* 

979* 

82. 8 

51.9 

68. 6 

46.0 

76. 6 

106,7 

14.5 

54.1 

54.4 

26. 6 

164 

134 

80 

135 

159 

110 

* These values, given as dpm are calculated f r o m  the known properties 

*Impactor samples counted 20 October 1961; filter semples counted 

of the standard solution. 

10 November 1961. 
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col lected on the same tra3ectory on which sample 6 was collected.  
Sample 10F was col lected on the same f l i g h t  a s  sample 10. 
and gF, as indicated by the  col lect ion date, were col lected on di f fe ren t  
flights from impactor samples 8 and 9. However, other than a difference 
in date of one day, these samples were col lected over very s imilar  t r a j -  
e c t o r i e s  8s the  corresponding impactor sample. 
k n o m t o  co l l ec t  a t  l e a s t  95$ of the  t r o t a l  radioactive f rac t ion  of 
pa r t i c l e s  i n  the stratosphere at  20 lan a l t i t ude .  
of the col lected total a c t i v i t y  density on the  impactor samples with the 
t o t a l  a c t i v i t y  density on the  corresponding f i l t e r  samples w i l l  indicate  
the f rac t ion  of the t o t a l  a c t i v i t y  col lected by the impactor samples. 
This f ract ion i s  indicated i n  the last column of Table 7 and i s  seen t o  
average 104 of the ac t iv i ty .  The fourth column of Table 7 contains the 
r a t i o  of the  t o t a l  a c t i v i t y  per un i t  volume t o  the mass of su l f a t e  per 
unit volume. 

Samples 8F 

The f i l t e r  samples a re  

Therefore, a comparison 
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Figure 5.  
date. 

Sca t te r  diagram of t o t a l  beta f lux  density versus col lect ion 
If there  i s  any correlat ion here, it i s  very weals compared t o  that 

shown by Fig.  3. 



I - 
Comparison of filter and impactor  samples  

(A) (€3) (a 
Sulfate 
density Tip impactor  Filter 

density P so4 .density 
Sample p a i r  total beta  A/  B total beta C/A 

9 

5 - (5F,  5F*) l e 5  

6 - 6F 1.4 

8 - 8 F  1.5 

9 - 9 F  1.2 

10 - 1 0 F  1.2 

0 , l O  4.5 0.33 0.15 

6.9 0.20 0.19 0,14 

6.8 0.22 0,20 0.13 

0,lO 5.8 0.21 

2.6 0,46 0.045 0 ,  04 

0.12 

Average - - 0. 28 L 0 , l O  

--. - 
\ 



Thus, the t o t a l  beta a c t i v i t y  of an impactor sample has been found t o  
be d i r e c t l y  r e l a t ed  t o  the t o t a l  mass of non-radioactive material 
col lected on the sample. 
number of non-radioactive pa r t i c l e s  and 58% of the volume of non-radio- 
ac t ive  material, has been found t o  contain an average of 10% of the total 
beta a c t i v i t y  present i n  the sampled air. 
November 1961, a spec i f ic  t o t a l  beta f l u x  per un i t  mass of non-radioactive 
m a  erial i n  the stratosphere can be calculated, and i s  found t o  be 2.8 x 

beta cpm, this is  i n  agreement with the value of 1.5 x lo7 dpm/g found by 
Friend and Sherwood (6) fo r  t he  r a t i o  of S r m  concentration t o  aerosol mass 
concentration. 

The impactor sample, which contains 1s of the 

Further, as analyzed i n  October- 

10 8 cpm/g. With an estimated conversion f ac to r  of 5$ fo r  S r w  dpm/total 

V I .  Conclusions 

It i s  evident that with such a r e s t r i c t e d  number of samples, we cannot 
hope t o  prove the correlat ions indicated i n  the previous section. 
can, however, examine the possible mechanisms of in te rac t ion  between 
radioactive and non-radioactive p a r t i c l e s  a t  20km a l t i t u d e  i n  the  l i gh t  
of these correlat ions . 

We 

It seems reasonable t o  assume from the data avai lable  a t  this time that 
the  s u l f a t e  aerosol  i s  a world-wide phenomena and that  it i s  formed a t  
approximately 20 km by photochemical oxidation of gaseous sulfur compounds 
coming up from the troposphere. 
the continuing presence of radioactive material at this a l t i t u d e  is due 
t o  the in f lux  o f f lne ly  divided radioactive pa r t i c l e s  from hig3er elevations. 
That this i s  the case by Drevinsky and Martell (10) who have shown that 
the upper l e v e l  deb& is mainly associated with a p a r t i c l e  radius less 
than 0.02p. The R h  analysis of Kalkstein (11) (1961) a l so  indicates  
the high a l t i t u d e  sources of debris. 

Further, it i s  reasonable t o  assume that 

Thus we can consider that the saaplesanalyzed i n  this study were obtained 
i n  a region where a dynamic balance exis ted between the inf lux  of radio- 
ac t ive  material, the f w a a t i o n  of the su l f a t e  aerosol  and the  removal of 
both t o  the  troposphere. If wc consider t ha t  t he  t o t a l  number of radio- 
ac t ive  pa r t i c l e s  entering the mixing zone u t  approximately 20 km i s  small 
conpared t o  the number of mbien t  su l f a t e  p a r t i c l e s  and fur ther  that the 
su l f a t e  material i s  growing i n  a zone of supersaturation of a chemical 
precursor t o  this condensed sulfate ,  then we could consider that the  radio- 
ac t ive  pa r t i c l e s  immediately become condensation nuclei  f o r  the su l f a t e  
material. This might cause a rapid growth t o  the 0.0l.p region, thus 
e f fec t ive ly  immobilizing the radioactive p a r t i c l e s  f o r  s i g a f i c a n t  coagu- 
l a t i v e  interact ion.  
throughout t he  sulfate population appro-ately i n  proportion t o  t he  
number of par t ic les .  
as shown i n  Tables 2 and 7 the  impactor sample co l l ec t s  approximately 
12$ of the number of ambient su l f a t e  pa r t i c l e s  and lo$ of the radfoact ivi ty .  

v d i o a a t i v i t y  would therefore  be d is t r ibu ted  

This would produce agreement with our data since 



I 

Further, the inclusion of the radloactive lnaterial as nuclei of the 
su l f a t e  pa r t i c l e s  would pro&we a strong correlat ion between the 
acBlvity of the sample and the mass of su l f a t e  i n  the sample. 
of the time delay between the radioactive pa r t i c l e  acting as a condensa- 
t i o n  nucleus and i ts  presence i n  a large su l f a t e  par t ic le ,  the a c t i v i t y  
collected i n  an Impactor sample would be biased toward pa r t i c l e s  which 
had entered the  20 km region sometime previously, 
i s  the  mechanism of interact ion,  one would expect fresh debris t o  be 
concentrated i n  the smallest pa r t i c l e s  of the sulfate dis t r ibut ion.  
i s  obviczus that  this question could be examined by several  w e l l  chosen 
isotopic r a t i o  studies on samples from di f fe ren t  stages of the cascade 
impactor, col lected f r o m  a region containing debris from a t e s t  conducted 
a few months before. A fur%herconsequence of this interact ion would be a 
s t r i c t  correspondence between the activity-versus-radius d is t r ibu t ion  and 
the number-versus-radius dis t r ibut ion.  

Because 

Therefore, i f  this 

It 

If, on the other hand, we assume that the  dominant mechanismof in te rac t ion  
i s  one of CoaguLation, then the  tendency of condensing su l f a t e  material t o  
grow onto the incoming radioactive particles must be weak, which would mean 
that e i t h e r  no supersaturation of the su l f a t e  existed o r  that the  radio- 
ac t ive  p a r t i c l e  surfaces are pa r t i cu la r ly  Inhospitable t o  the  condensing 
su l f a t e  material. 
follow the theory outlined i n  Section 11. 
the  a c t i v i t y  wuld be attached approximately i n  proportion t o  the first 
moment of the number d is t r ibu t ion  and that again we would expect t o  co l l ec t  
only a small f r ac t ion  of the a c t i v i t y  an our impactor samples. However, 
with this mode of interact ion,  there  w u l d  be no tendency for the f r e sh  
debris t o  be concentrated i n  the  very small par t i c l e s  but it would more 
l i k e l y  be dis t r ibu ted  throughout the  su l f a t e  d i s t r ibu t ion  with a maximum 
as indicated f o r  the coagulative decay constant d i s t r ibu t ion  a t  approldd 
mately 0.4 radius, 

As indicated by Junge, Chagnon and Manson ( l ) ,  the  residence time of the 
su l f a t e  material  is between six  months and a year, and therefore  i f  a large 
f rac t ion  of the radioactive material i s  t o  be attached t o  the su l f a t e  
population, the coagulation ha l f - l i f e  of the radioactive material must be 
considerably shorter  than this time. As seen from Table 1, pa r t i c l e s  of 
0,005 p In 
this case there would, of course, a l so  be a correlat ion between the a c t i v i t y  
col lected on the impactor samples and the  mass of sulfate collected.  

In  the  case of e i the r  of the two mechanisms discussed so far, the  exact 
d i s t r ibu t ion  of a c t i v i t y  throughout the sulfate population would depend 
int imately on conditions obtatning during the i n i t i a l  period of in f lux  of 
radioactive material in to  the 20 km l e v e l .  Since these conditions w i l l  
very l i k e l y  be more complicated than we have assumed, any calculations based 
on a uniform dis t r ibu t ion  of the debris and su l f a t e  pa r t i c l e s  throughout a 
zone of the stratosphere would be expected t o  agree with the observed r e su l t s  
only i n  rough outline. 

I n  any case, the  mechanics of the in te rac t ion  would 
We saw i n  this section that  

- 

radius and smaller would ce r t a in ly  s a t i s f y  this requirement. 

/ 
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A third explanation of our resu l t s  might be that a separate population 
of radioactive par t ic les  exists, with average radius approldmately 0.02 w .  
These par t ic les  would be assumed t o  a t tach themselves t o  the ambient 
sulfate population in such a way that the par t ic les  collected by the 
impactor would contain lo$ of the t o t a l  act ivi ty ,  w h i l e  the bulk of the 
ac t iv i ty  retained its individual and separate ident i ty .  The resu l t s  of 
Drevinsky and Martell ( lo) ,  described above, c lear ly  indicate that  this 
is  unlikely a t  20 km al t i tude.  

A ser ies  of experiments could be proposed t o  decide between the three 
interaction mechanisms described above. This would be a continuation of 
the simultaneous collection of f i l t e r  samples and impactor samples, 
t hough  the use of balloon-borne, jet  impactor and f i l t e r  systems similar 
t o  those used by Drevinsky and Martell, or a i r c ra f t  mounted f i l ter  and 
impactor systems such as those used in the current work. 
expected that the former would yield more def ini t ive resu l t s  on part ic le  
s ize  discrimination, as well as reaching higher alt i tudes.  However, the 
techniques f o r  the analysis of non-radioactive material on these samples 
have not yet been worked out. This fact ,  together wlth the greater cost 
in money and man-hours involved in the balloon flights might dictate  in 
fawp of the a i r c ra f t  system, provided that  a continuing a i r c r a f t  sampling 
program is planned. 

It would be 

The principle of this ser ies  of measurements would be t o  collect  both 
radioactive and non-active material in a region of the stratosphere where 
recently created nuclear debris was i n  the process of mixing with the 
sulfate  aerosol, presuming that such regions might be found. 
extended series of measurements, one would expect t o  find no correlation 
between the ac-civity present and the sulfate material present if the 
radioactive par t ic les  are  contained in an independent population, whichin 
the early stages of mixing would have i ts  concentration determined primarily 
by circulation patterns. 

During an 

If, on the other hand, the radioactive par t ic les  ac t  a s  condensation nuclei 
for  an existing supersaturated condensing sulfite material, then we would 
expect the incursion of fiesh radioactive debris in to  the 20 km level t o  
cause an increase i n  the density of condensed sulfate  material, and a 
correlation between the ac t iv i ty  and the mass of sulfate  might w e l l  be 
expected. 
in the very small particles.  

We would also expect that  the fresh debris m@d be segregate4 

If the interaction is through the coagulation mechanism, the fresh radio- 
active debris would be expected t o  be spread throughout the sulfate  aerosol 
population, and the proportion which would remain i n  a separate population 
a t  any particular time would depend on the  re la t ive  rate of influx of radio- 
active material and the coagulation t o  the sulfate distribution. 

The purpose of this paper is t o  point out that  there does exis t  an inter-  
action between the radioactive debris and a known naturally occurring 
hygroscopic material ( the sulfate aerosol), and that  the mechanisms of 



this interaction are amenable to 
techniques. It is obtrious that 

study by present experimental 
f a large fraction of the radioacti re 

debris -becomes attached to a hygroscopic population, the interaction 
of this debris with the water condensation processes taking place in 
the troposphere would be strongly affected. 
the sulfur condensation cycle which apparently takes place in the lower 
stratosphere is effective in long range cleaning of the stratosphere of 
any nuclear or other debkis. 
stratosphere as similar to the mter condensation cycle in the troposphere, 
in so far as its effect on cleaning or removing otherwise long lived small 
particulates from this region of the atmosphere is concerned. 

It seems likely also that 

One might consider the sulf’ur cycle in the 

Our interpretation of the interaction of the radioactive debris with the 
ambient sulfate population has as its foundation the interpretation of 
th& origin of these sulfate particles presented by Manson, Junge and 
Chagnon (5) and also by Juge and Manson (4). 
theoretical foun&tion is valid, the correlation between the activity 
and the sulfate mass presented in this paper indicates that further study 
of the interaction between the radioactive and non-radioactive particles 
in the stratosphere is required, 

Whether or not t N s  
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DISCUSSION 

HOLLAND: This result i s  certainly interesting. 
make the radioactivity masurements or the chemical measurements 
more useful i f  one can rely on relationships of t h i s  kind. 
think that the var iab i l i ty  of each of the components is almost 
as interest ing as the fact t ha t  the  ra t io  i s  constant, and this 
needs t o  be explained also. 

It looks l i k e  it might 

I 

We will postpone the discussion of these two papers u n t i l  a f t e r  
the next two, combining the discussions because of time 
limitations. (See page - 145 )e 
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A CWmISON OF FALLOUT MODEL PREDICTIONS W I T H  
A CONSIDERATION OF WIND EFFECTS 

Gilbert  J. Ferber and Jerome L.  Heffter 
U.S. Weather Bureau 

Washington, D. C .  

Over the pas t  decade, a grea t  many f a l lou t  prediction models have been 
developed by many d i f fe ren t  organizations f o r  a var ie ty  of uses. Most 
of us i n  the f a l lou t  "model-making" business are aware that  w e  deal with 
many uncertaint ies  which are ref lected i n  the discrepancies between the 
various model predictions.  
c lear ly  define and explain these uncertainties t o  the users of our pro- 
duct. One reason fo r  t h i s  i s  t h a t  the extent of the discrepancies and 
the reasons for them have not always been c lear  t o  us.  Obviously, t h i s  
i s  an unsatisfactory state of affairs and e f fo r t s  are being made t o  c la r -  
i fy  the s i tua t ion .  
t o  lead  t o  a b e t t e r  understanding of the problem than t o  an improvement 
i n  f a l lou t  predictions.  

However, we have not always been able t o  

The task i s  not a simple one and it i s  more l i k e l y  

_ - -  It may w e l l  be t h a t  the l imitat ions imposed on us by the available f a l lou t  
data make it unlikely t h a t  demonstrably b e t t e r  model can be devised. If 
this i s  so, perhaps our e f fo r t s  should be directed, not toward the develop- 
ment of s t i l l  more models, but  ra ther  toward a quantitative statement of 
the uncertaint ies  and a study of t h e i r  significance i n  nuclear a t tack 
casualty assessment problems. 

Our knowledge of f a l lou t  i s  based primarily on the data collected during 
nuclear tests a t  the Nevada Test S i t e  and the Eniwetok Proving Ground. 
Nuclear bursts  i n  Nevada have been confined t o  y ie lds  below 75 KT. Most 
of these shots were detonated on towers ranging i n  height from 100 t o  TOO 
f t .  o r  from balloons a t  heights from about 400 t o  1,500 f t .  
out prediction methods have been developed f o r  these yield$ and burs t  
conditions. There have a l so  been a f e w  surface bursts  i n  Nevada with 
y ie lds  of about 1 KT o r  less. 
included thermonuclear devices with yields  ranging up t o  about 15 MT. 

Adequate fa l l -  

Tests a t  the Eniwetok Proving Ground have 



Most detonations took place on barges i n  the Eniwetok and Bikini lagoons 
or  on the coral  reefs .  A f e w  were f i r e d  on a t o l l  islands.  

I n  a t rue  land surface burs t  over a large c i ty ,  the nature of the f a l lou t  
pa r t i c l e s  may be quite d i f fe ren t  from those produced i n  a detonation on 
a coral  a t o l l  or atop a steel tower. Hence, conclusions drawn from nu- 
c lear  t es t  data must be applied with caution t o  the rather  d i f fe ren t  
burst  conditions l i k e l y  t o  be encountered i n  a nuclear a t tack s i tuat ion.  
There are a l so  many d i f f i c u l t i e s  i n  the analysis and interpretat ion of 
the f a l lou t  data.  This i s  gar t icu lar ly  t rue for t e s t s  a t  Eniwetok since 
the f a l lou t  descends over vast  s t re tches  of the Pacif ic  Ocean. 

Therefore, it i s  not surprising t h a t  the many f a l lou t  models which have 
been developed f o r  nuclear a t tack damage assessment applications show 
considerable differences i n  the predicted f a l l o u t  pat tern.  

Fig. 1 i l l u s t r a t e s  some fa l lou t  predictions derived from several models 
currently i n  use. The predictions are for a 1 MI?, all f i ss ion ,  land sur- 
face burs t  with a constant 25 mph wind speed from the ground t o  the top 
of the cloud. 
spread of the f a l lou t  sector, i s  taken t o  be 0.2 knots per 1,000 f t .  
contours show the hypothetical H+1 dose-rates a t  3 f t .  above an i n f i n i t e  
plane. Dose rates above average t e r r a in  would be about 7 6  of the i n f i -  
n i t e  plane dose rates. 

The ver t ica l  wind shear*, which determines the angular 
The 

The WSEG-RM-10 prediction i s  taken from the  Weapons Sy t m Evaluation 
Group, Research Memorandum No. 10 by Pugh and Galiano.?lY This model has 
been used by the National Resources Evaluation Center f o r  nuclear a t tack 
casualty assessment. 

The pat tern labeled WSEG-NAS i s  a revision of the WSEG model i n  accord- 
ance with the as ye t  unoff ic ia l  and unpublished recommendations of the 
National Academy of Science Working Group on F82lout Models for Attack 
Damage Assessment. The working group w a s  forme$ a t  the request of the 
Office of Civi l  and Defense Mobilization (now Office of Emergency Plan- 
ning) t o  recomnend a model f o r  t h e i r  use. This model represents a rea- 
sonable compromise but  i s ' c e r t a in ly  not intended t o  be the f i n a l  word i n  
f a l lou t  prediction . . 
The next pat tern represents the Weather Bureau model (2 )which was developed 
p r i q r i l y  f o r  f a l lou t  prediction i n  connection with nuclear t e s t s .  
model has been revised s l igh t ly  for-appl icat ion t o  surface burs t s  i n  the 
megaton range and has a s 0  been used i n  a t tack damage,assessment exercises.  

The 

, - 
- +  

. _  _ .  
I 

* The ve r t i ca l  wind shear 
ponent of the ve r t i ca l  wind shear, measured perpendicular t o  the mean 
wind vector. !The mean wind i s  defined as the vector average of all the 
winds from the ground t o  some chosen l eve l  i n  the mushroom top of the 
nuclear cloud. 

as used i n  t h i s  paper , - i s  actual ly  the com- 
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The AFCIN model(3) w a s  developed by the A i r  Force Intell igence Center 
primarily f o r  the assessment of the e f f ec t s  of a nuclear counterblow on 
enemy t e r r i t o r y .  
ed i t ion  of The Effects of Nuclear Weapons. ?if It is  based on the Wea- 
t h e r  Bureau model w i t h  simplified scaling laws which enable the user t o  
adjust  f o r  weapon s ize  or wind speed. 

The last pa t te rn  i s  one w h will appear i n  the new 

A t  first glance, the most striking feature  i s  the d ispar i ty  between the 
A F C I N  prediction and a l l  the others. 
of a war game i n  which the AFCIN model is used t o  determine the f a l l o u t  
s i t ua t ion  over eneqy t e r r i t o r y  while OUT own f a l l o u t  problem is  evalua- 
ted  with one of the other  models. 
leading i n  that the greatest  differences among the models appear i n  the 
lower dose-rate contours, well below the casualty-producing range. 

One may wonder about the outcome 

Actually t h i s  picture  i s  somewhat mis- 

In  Fig. 2, we have p lo t ted  the hypothetical H+1 dose r a t e  as a function 
of the distance.from ground zero f o r  some of the pat terns  shown i n  Fig. 1. 
Note that the extent of the 1 r/hr. contour var ies  f r o m  200 t o  800 m i .  
with d i f fe ren t  models but  the uncertainty i n  the prediction decreases f o r  
the higher dose ra tes .  
dose rates than the other  models i n  the first 50 m i .  
curve predicted by the Rand Corporation model(5) i s  a l so  shown. 
mdel i s  in te res t ing  i n  tha t  it predicts  a lower peak dose and the peak 
occurs a t  some distance from the burs t  point. 

Also notice that the AFCIN model predicts  higher 
A portion of the 

The Rand 

I n  Fig. 3 we are st i l l  looking at the sane predictions.  
p lo t ted  curves of H+1 dose rate versus area covered, f o r  several  of the 
models. The areas under the curves represent the t o t a l  a c t i v i t y  i n  the 
f a l l o u t  pat terns  within the 1 r/hr. contour. 
2,500 r/hr. miO2/KT i n  the WSEG-RM-IO pattern,  2,400 r/hr. miO2/KT i n  the 
WSEG-NAS pattern,  about 2, OOO r/hr. m i  .2/K!T i n  the Weather Bureau pat- 
t e r n  and about 800 r/hr. mi.2/KT i n  the AFCIN pat tern,  Thus, there is  
approximately a factor of 3 difference in t o t a l  act iv i ty  within the 
1 r/hr. contour as predicted by AFCIN and WSEG-NAS. The a c t i v i t y  t o t a l  
i n  the WSEG-NAS mdel is that recommended by the Academy of Science Work- 
ing Group on Fallout  Models as a best estimate. However, the number i s  
s t i l l  open t o  question and there is  no c lea r  proof that the AFCIN t o t a l  
i s  incorrect.  

Note that the-models differ not only i n  the t o t a l  amount of a c t i v i t y  which 
appears within the 1 r/hr.- contour but  a l so  i n  the d is t r ibu t ion  of the 
ac t iv i ty .  
rate contours than do the other  mdels. 
v i t y  by a fac to r  of 3 would not bring AFCIN into line with WSEG-NAS, if  
the assumed a c t i v i t y  d is t r ibu t ions  remain unchanged; 

Fig. 4 shows the predicted dose ra t e  versus bwnknd distance f o r  a 10 MT, 
all f i ss ion ,  surface burs t  with the same wind conditions as before. 
this yield, the extent of the predicted 1 r/hr. contour var ies  f r o m  550 
t o  over 1,200 mi. downwind. The 1,OOO r/hr. predictions vary from 100 t o  
about 230 m i .  

Here we have 

The t o t a l  a c t i v i t y  is  

The AFCIN model puts even more a c t i v i t y  i n  the very high dose- 
Thus-multiplying the t o t a l  acti- 

For 

It is  a l so  in te res t ing  t o  look at the various dose-rate 



predictions at  a given distance. A t  100 m i . ,  f o r  example, the predicted 
H + l  dose r a t e s  vary f r o m  1,OOO r/hr. to 3,500 r/hr. 
i s  f r o m  80 t o  500 r/hr.; and a t  500 mi. ,  f r o m  3 t o  80 r/hr. 

Notice that the A F C I N  curve now falls e n t i r e l y  below the other curves, 
except f o r  the Rand prediction i n  the first 50 m i .  Thus, we see that the 
re lat ionship between model predictions i s  not constant, but var ies  with 
the s ize  of the detonation. 
possible t o  reconcile the various models without delving in to  the details 
t h a t  went i n to  t h e i r  development. 

A t  300 mi. the range 

It is  t h i s  s o r t  of thing which makes it im- 

So far, we have compared idealized, cigar-shaped pat terns  under uniform 
wind conditions. In Fig. 5, we have used an actual  wind sounding w i t h  
about 90° of angular shear t o  compare the WSEG-NAS idealized pat tern with 
resu l t ing  f r o m  a detai led computation w i t h  the Weather Bureau model. The 
WSEG pat terns  are  superior t o  most idealized pat terns  i n  that they incor- 
porate v e r t i c a l  wind shear as a variable i n  addition t o  wind speed. Due 
t o  the large angular shear and somewhat lower wind speed, the pat terns  
are shorter  and wider than those i n  Fig. 1. However, the ideal ized pat- 
tern is synaetrical about an ax is  which l i es  along the direct ion of the 
mean wind f r o m  the ground t o  the lower portion of the mushroom head of 
the nuclear cloud. The deta i led  computation, which takes in to  account 
the winds a t  all levels,  r e su l t s  i n  an asymetrical pattern.  The "hot- 
line" is  i n  the same direct ion but there  is  no f a l l o u t  t o  the e a s t  of 
this l i n e  and a considerable bulge t o  the west. It is  evident that  the 
ideal ized pattern,  based on a single  wan wind, does not always present 
an accurate picture  of the f a l l o u t  area. 

In Fig. 6 we tu rn  f o r  a moment t o  f a l l o u t  prediction f o r  the c r i t i c a l  
area immediately upwind of the ground zero. Since the mushroom cloud 
f rom a 10 MI detonation has a radius of about 27 m i .  ( a t  10 minutes after 
burst) ,  f a l l o u t  might be expected t o  occur at  a considerable distance 
upwind of the ground zero. The upwind f a l l o u t  e s t i  ~6 f r o m  the "Capa- 
b i l i t i es  of Atomic Weapons", Technical Manual 23-200 , which i s  shown 
here, i s  typ ica l  of the e a r l i e r  estimates of upwind f a l l o u t  based on 
Pacif ic  t e s t  data. The curve i s  labe l led  "Old TM 23-200'' since a re- 
vision of t h i s  manual i s  i n  preparation. With a 25 mph man wind the 
10 r/hr. l i n e  w a s  predicted t o  extend about 26 

tions,  indicate  that the upwind f a l l o u t  problem w i l l  probably be l e s s  
severe than was fomer ly  believed. The reason f o r  t h i s  is t h a t  the Pacif ic  
tests w e r e  conducted under conditions of very l igh t  mean winds, generally 
less than 10 mph. The mean winds i n  the United S ta tes  are much stronger, 
generally over 25 mph and, i n  winter of ten exceeding 60 mph. Fallout 
pa r t i c l e s  f r o m  the upwind portion of the nuclear cloud would be carr ied 
back toward ground zero by these winds, thus decreasing the upwind extent 
ef the f a l l o u t  pattern.  
the 100 r/hr. contour w i l l  extend 4 t o  7 m i .  upwind rather than 11 mi. 
The 10 r/hr. l i n e  i s  predicted at  7 t o  10 m i .  rather than 26 mi. and v i r -  
t u a l l y  no f a l l o u t  i s  expectedbeyond about 12 m i .  upwind. 

t 

e s  upwind. *re recent 
studies, here represented by the Weather Bureau ?Y 7 and WSEG-NAS predic- 

The Weather Bureau and WXEG models predict  that 

This i s  f o r  a 
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25 mph man wind from the ground t o  about 40,OOO f t .  
there would be even l e s s  upwind fal lout .  
high dose rates have not changed s igni f icant lybut  these are rather aca- 
demic since they are within the area of nearly total destruction f r o m  
b l a s t  and fire. 

W i t h  higher winds 
The predictions f o r  the very 

Next we w i l l  take a look at the effects  of wind speed on the downwind 
fa l lou t  pattern. 
tance are shown f o r  the WSEG-NAS 10 MT patterns f o r  10, 20 and 40 knot 
mean winds w i t h  the same angular wind shear in all cases. 
increasing the wind speed lowers the dose rates close to ground zero and 
increases the dose rates at  greater distances. The dose rate at  a given 
distance may vary by more than a factor  of 10 due t o  wind speed alone. 
A t  600 mi. ,  f o r  exemple, the dose ra te  varies f r o m  5 r/hr. with a 10 knot 
wind to  45 r/hr. at  20 knots and 90 r/hr. at 4 0  knots. 

In Fig. 7 curves of H + l  dose rate versus downwind dis- 

Note that 

The ef fec t  of wind speed can be described by a very simple scaling l a w .  
If the angular spread is  kept constant, doubling the wind speed w i l l  
result i n  + the dose ra te  at  twice the distance. 
wind we have 4 r/hr. at about 625 mi. 
dose rate, o r  1 r/hr. at twice the distance, o r  1,250 mi. 

~ h u s ,  w i t h  a 10 knot 
With a 20 knot wind we have the 

Fig. 8 shows the ef fec t  of varying the ver t ica l  wind shear w h i c h  governs 
the angular spread of the fa l lou t  sector. 
ra te  versus downwind distance f o r  a 10 Mp burst w i t h  20 knot mean winds. 
In  going f r o m  0.1 to 0.2 knots/l,000 f t .  we are doubling the angular spread, 
and doubling again i n  going from 0.2 t o  0.4 knots/l,000 It. 
the dose rate at any distance is  inversely proportional to the angular 
spread. 
a shear of 0.1 kaots/l,000 ft. 
rate, 200 r/hr.; doubling again, we obtain 100 r/hr. 
zero the change is much s a e r  since the diameter of the nuclear cloud 
is large camped to the spread due t o  directional wind shear. 
the angular wind shear decreases w i t h  increasing wind speed, so that 
strong winds w i l l  tend to deposit the fa l lou t  in long n a r r o w  patterns, 
w i t h  high dose rates extending out to great distances. 

Again we have curves of dose 

In general 

A t  380 mi., f o r  example, the dose rate is  400 r/hr. at H + l  with 
Doubling the shear, we obtain 3 the dose 

V e r y  close to ground 

In general, 

W e  w i l l  now focus on predictions i n  the c r i t i c a l  area where the radiation 
dose is  i n  the lethal. range. 
d a t i v e  4-day dose t o  a completely unsheltered population. 
terns are f o r  a 10 MT fission yleld w i t h  a 25 mph mean wind. 
of 0.7 was used f o r  te r ra in  shielding but no other shielding o r  biologi- 
cal  repair  factor  was included in the calculation of the 4-day dose. 

It is estimated(4) that no fatalities wi l l  occur with an exposure of l e s s  
than 200 r, 450 r w i l l  result in about 50$ fatalities and exposure to  
about 700 r or  more over a period of a f e w  days w i l l  result i n  close t o  100s fa ta l i t y .  

In Fig. 9 we have drawn contours of the 
The pat- 

A factor  
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Both the WSEG-1pAs and Rand models predict 1- f a t a l i t i e s  f o r  an unsheltered 
population i n  an area about 40 miles wide extending about 200 m i .  down- 
wind. In the AFCIN prediction, this area extends only 1 %  mi. downwind. 
A t  a distance of 260 mi., where WSEG-NAS and Rand predict 450 r o r  50% 
fa ta l i ty ,  AFCIN predicts l20 r, or  no fatalities. 

Wow i f  we assume a sheltered population, w i t h  an arbi t rary shielding 
factor  of 10, an outside dose of 4,500 r is required t o  produce 50$ fatal- 
i t ies.  A shielding factor  of 10, o r  better,  i s  provided by the basement 
of a frame house . 
and AFCIN are now i n  agreement w i t h  only 2,500 r at t h i s  distance. 
area i n  which WSEG and AFCIEJ would predict 1ooq& f a t a l i t i e s  (7,000 r o r  
greater), even w i t h  a shielding factor  of 10, i s  about 10 t o  20 m i .  wide 
and, at most 60 mi. long. However, according t o  the Rand model, an out- 
side dose of greater than 7,000 r may not occur anywhere i n  the fa l lou t  
pattern f o r  this yield and wind speed. 

The WSEG model predicts 4,500 r at 75 m i .  while Rand 
The 

Fig. 10 shows the e f fec t  of Kind speed on casualty estimates based on the 
WSEG-PBAS prediction f o r  a 10 MT f i ss ion  yield. 
for  wind speeds of 10, 20, 40, and 60 knots, the percentage of deaths due 
t o  fa l lou t  which is  expected along the axis of the f a l lou t  pattern as a 
function of distance from ground zero. 
various wind speeds it w a s  assumed that the angular wind shear i s  inversely 
proportional t o  the wind speed. 
the uncertainty i n  the relationship between dose and biological effect .  

"he hatched areas indicate, 

In computing the doses for the 

The widths of the hatched areas ref lec t  

F i r s t ,  consider the case where the population has no shielding whatso- 
ever. With 10 knot winds, we may expect loo$ f a t a l i t i e s  out t o  about 
140 m i .  w i t h  110 fatalities beyond about 200 mi. With a 60 knot wind, 
100s f a t a l i t y  i s  expected out t o  about 400 mi. w i t h  no deaths due t o  
fa l lou t  beyond 700 m i .  
However, when we apply a shielding factor  of 10 t o  the same dose predic- 
tions, the results are very different.  The area of loo$ f a t a l i t y  extends 
about 50 mi .  regardless of the winds. W i t h  a 10 knot wind, no deaths are 
expected beyond 90 m i .  and even with a 60 knot wind there should be no 
f a t a l i t i e s  beyond 220 m i .  

Wind speed is  evidently a c r i t i c a l  factor  here. 

The ef fec t  of shielding is quite striking. . 

If we are interested i n  the ent i re  f a l lou t  pattern produced by a single 
nuclear burst, we find that the various models can give very different 
results. Also, wind conditions can drast ical ly  e f fec t  the dose-distance 
relationship as well as the orientation and shape of the pattern. If 
our in te res t  i s  confined t o  doses i n  the l e tha l  w e ,  and especially 
i f  a shielding factor  i s  added, we f ind that the discrepancies among the 
various model  predictions are smaller and the effect  of wind speed on 
these high doses is also much smaller. Nevertheless, these differences 
are st i l l  quite important in the c r i t i c a l  range from about 200 t o  TOO r 
where relat ively small changes i n  dose result i n  large changes i n  the 
f a t a l i t y  estimates. 
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Finally, when we consider nuclear attack damage assessment on a nat ional  
scale, with the additive effects  of hundreds of nuclear bursts, the sig- 
nificance of the fa l lou t  model  uncertainties and wind conditions fo r  the 
over-all casualty estimate is not at a l l  clear. 
fa l lou t  patterns frommany bursts, the lower dose-rate contours, for  which 
predictions are l e a s t  consistent may become important. 
quite interesting and enlightening t o  run a darnage assessment problem 
several times f o r  a selected attack situation, using a different fa l lou t  
model each time. 
evaluated and compared, f o r  example, with the uncertainty i n  the shield- 
ing asmnrptions. 
f s l l ou t  models f o r  attack damage assessment can be determined i n  a realis- 
t i c  manner. 

With the over-lapping of 

It might prove 

Then the uncertainty due to the fa l lou t  model may be 

I n  this way, the accuracy and precision required of 

Similarly, the e f fec t  of wind forecast errors  can be evaluated by running 
problems with both forecast  and actual winds. The resul ts  of past damage 
assessment exercises seem to suggest that wind conditions do not greatly 
a f fec t  the t o t a l  number of casualties. However, the winds w i l l  determine 
where the fa l lou t  casualties w i l l  occur. 

We must learn t o  l i ve  w i t h  the f a c t  that large uncertainties are inherent 
i n  all fa l lou t  model predictions. 
hope f o r  significant improvements i n  the absence of a ser ies  of nuclear 
tests designed primarily for  the sc ien t i f ic  study of fa l lou t  phenomena. 
Hence, e r ror  analyses and the development of s t a t i s t i c a l  techniques t o  
handle the uncertainties are at least as important as continued ef for t s  

- 
Further, there i s  l i t t l e  reason t o  

t o  

1. 

2. 

3. 

4. 

5 .  

. -  

improve the fa l lou t  models f o r  mc lea r  attack damage assessment. 
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THE EARLY TRANSPORT OF NUCLEAR DEBRIS 

P h i l l i p  W. Allen, Frank D. Cluff and Isaac van der Hoven 
Research Stat ion 

U. S. Weather Bureau 
Las Vegas, Nevada 

Introduction 

The annoFced purpose of t h i s  conference was t o  provide a review of new 
information and developments i n  f a l l o u t  research, and t o  discuss fu ture  
needs of the program. 
ments i n  our a b i l i t y  t o  predict close-in f a l lou t ,  and some of the needs 
of the purely meteorological end of f a l l o u t  prediction. 
these needs comes from my observation and study of the a c t i v i t i e s  of 
United States weather and f a l l o u t  prediction un i t s  since Operation 
SANDSTONE i n  the Pac i f ic  i n  1948, and more par t icu lar ly  from the work 
of the Weather Bureau Research Stat ion a t  the Nevada T e s t  Site since 
1956. This s t a t i o n  has served as the Weather Prediction Unit f o r  a l l  
continental  United States nuclear tests since Operation PLUMBBOB i n  
1957 and i s  continuing i n  t h i s  capacity f o r  the tests of nuclew rocket 
and ramjet engines, which produce very low levels of atmospheric con- 
tamination. If, i n  my remarks, I use the term nuclear debris it i s  
because the word "fal lout"  implies pa r t i c l e s ,  and t h i s  i s  only part of 
the problem. The gaseous components of nuclear debris a l s o  present an 
environmental problem, par t icu lar ly  i n  reactor  tests.  

I w i l l  discuss a few re l a t ive ly  minor improve- 

My concept of 

Variabi l i ty  

Outside of that posed by the mere existence of debris or  f a l lou t ,  the 
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one problem tha t  i s  the most d i f f i c u l t  t o  solve, the one which gives 
operations people grea tes t  concern, and which results i n  the otherwise 
needless cost  of many thousands of do l l a r s  f o r  some nuclear events, i s  
wind var iab i l i ty .  This charac te r i s t ic  of air  motion has defied pre- 
dict ion,  and i n  most meteorological considerations has been taken as 
one of the f a c t s  of l i f e ,  something we j u s t  l i v e  with and accept. How- 
ever, i n  t h i s  f i e l d  where the 'transport of radioactive debris i s  in-  
volved, perhaps closer  investigation i s  worthwhile. 

A schematic of the spectrum of atmospheric motions i s  shown i n  Fig. 1. 
The s izes  of eddies or  the lengths of wave motions range a l l  the way 
from Brownian motion on the small end t o  hemispheric on the large end. 
All scales  e x i s t  every day, but the frequency of occurrence of a given 
scale  may change from day t o  day or from place t o  place depending on 
the existence or  suppression of the appropriate driving mechanism. 
a l l  scales  of eddies are driven i n  exactly the same way but most of them 
a re  influenced by the d is t r ibu t ion  of pressure and heat i n  the atmos- 
phere, and t h i s  changes with season, cloudiness, surface slope, e t c .  

+ 

Not 

The s i ze  range of nuclear clouds, at time of s t ab i l i za t ton  following 
explosions, falls roughly midway i n  t h i s  spectrum, being la rger  than 
whirlwinds but smaller than such mesoscale c i rculat ions as thunderstorm 
high pressure c e l l s .  They cover about the same horizontal  areas  as 
drainage winds i n  a mountainous area but have must greater  v e r t i c a l  
extent .  

On the other side of Fig. 1 are shown the  scales  of measurement of winds. 
A t  the  low end the average wind vane and anemometer respond t o  c i rcula-  
t ions  of the order of a meter or  more across.  A r i s i n g  sounding balloon, 
on which posit ions a r e  p lo t ted  every minute, w i l l  indicate motions of 
the order of tens  or  hundreds of meters across, and has the advantage of 
measuring a t  high a l t i t u d e .  
complete job of recording motions larger  than th i s ,  although rocket- 
sondes with chaff clouds and smoke puffs a r e  used e f fec t ive ly  at very 
high a l t i t udes ,  and constant l eve l  balloons a re  useful  a t  individual 
a l t i t udes .  

No s ingle  instrument or  device does a very 

To describe completely the motion of an eddy i n  a q  scale  it is  necessary 
t o  sample frequently or  continuously a t  several  points i n  the eddy. 
spacing of the Weather Bureau's upper air sounding s ta t ions  is between 
lo5 and lo6 meters (60 t o  300 miles). 
and anticyclones, upper l e v e l  ridges and troughs of pressure systems 
t h a t  carry major changes of weather. However, mesoscale c i rculat ions 
are frequently not detected o r  if detected are poorly defined by t h i s  
network. 

The 

This i s  adequate t o  define cyclones 

For t h i s  reason, with the t e s t ing  of nuclear weapons it became necessary 
t o  have upper air soundings closer  together. The usual Nevada Test S i t e  
(NTS) sounding network f o r  large atmospheric tests has had a s t a t ion  
spacing of about 50 miles. In recent years with nuclear rocket engine 
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FIGURE 3. DISTANCE FROM GROUND ZERO-MILES. 

LINES OF MAXIMUM SURFACE DEPOSITION (HOT LINES)  

FROM NUCLEAR DETONATIONS, OPEEATION PLUMBBOB. 

FIGURE 4. 
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t e s t s  it has become necessary t o  reduce the spacing t o  something l i k e  
15 miles between s ta t ions .  
possible t o  detect  most waves o r  perturbations of a s ize  t h a t  would 
carry a small radioactive cloud astray.  
located i n  an even denser grid t o  detect  smaller surface eddies and 
slope-induced winds. Much of the meteorological study i n  progress at 
the NTS during recent years has been directed toward a full understand- 
ing of slope winds and mesoscale c i rculat ions peculiar t o  the  area of 
southern Nevada. Other work has the objective of handling predictions 
s t a t i s t i c a l l y ,  i n  which the probabili ty of occurrence of a given wind 
i s  made avai lable .  These s tudies  have resu l ted  i n  a de f in i t e  improve- 
ment i n  the weather service provided f o r  the Nevada Test Organization. 

With three o r  four such s ta t ions  it i s  

Anemometers on towers a re  

Why a r e  we so concerned about these r e l a t ive ly  small scale wind per tur-  
bations? 
dividual wind soundings non-representative, thereby possibly influencing 
the forecaster  t o  make a wrong decision, and the other because the pres- 
ence of a perturbation a t  zero time may wel l  r e s u l t  i n  a nuclear cloud 
being car r ied  i n  an unpredicted and undesirable direct ion.  

For two reasons, one being that small perturbations make in- 

The f a l l o u t  pa t te rn  from the Smoky event i n  Operation PUTMBBOB, shown 
i n  Fig. 2, i l l u s t r a t e s  how the bes t  f a l l o u t  prediction i n  the world can 
be of l i t t l e  value unless the wind direct ions and wind changes a re  pre- 
dicted correct ly .  
l i t t l e  of the predicted area i f  the wind direct ion forecast  were off by 
as much as loo. 

Long narrow pat terns  like this would fa l l  on very 

Fig. 3 shows how far from a predicted location f a l lou t  p a r t i c l e s  w i l l  
s t r i k e  the ground f o r  each 10' i n t e rva l  of wind direct ion e r ro r .  The 
prediction group f o r  Operation HARM'ACK I1 has a median e r ro r  of 15' 
i n  6-hour predictel: wind direct ions between 15,000 and 25,000 f t .  A t  
a distance from the S i t e  of 40 miles t h i s  represents an e r ro r  of 10 
miles in cloud location. 
o r  40°. 
t i on  f i e l d s  with respect t o  people. 
c idental  because i n  these cases it w a s  known i n  adknce  that the direc- 
t ions  might vary  greatly,  and speeds were low enough t h a t  heavy f a l l o u t  
would not reach inhabited areas.  These factors  were considered i n  
decisions t o  proceed with the tests. 

Several direct ion errors were as high as 30' 
Fortunately, none of these e r ro r s  involved s igni f icant  radia- 

This safety feature  w a s  not ac- 

Fig. 4 shows the "hot-lines'' or  center-l ines of maximum f a l l o u t  f o r  the 
Operation PUIMBBOB events. 
t ions  and loca l  c i rculat ions on f a l l o u t  pat terns .  
these perturbations' are from roughly twenty miles 60- values la rger  than 
the area shown, over 150 miles across. 
escaped detection i n  the analysis .  

We have no very good information on the l i f e  expectancy o r  period of 
persistence of individual mesoscale waves but several  have been obser- 
ved t o  p e r s i s t  f o r  periods of half  an hour or  more whereas only a few 

This i l l u s t r a t e s  the effects of perturba- 
The wave lengths of 

Smller perturbations undoubtedly 
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of the la rger  ones have been traced through a 6-hour period i n  Nevada. 
It is completely impossible, with networks, sounding procedures, and 
data handling f a c i l i t i e s  now i n  use, t o  detect ,  neaswe and predict  or 
extrapolate perturbations of t h i s  scale .  We can detect  them and some- 
times can indicate  roughly t h e i r  maximum e f f ec t  on a cloud t ra jec tory .  
Sounding balloons take from several  minutes t o  an hour t o  r i s e  through 
the layers  i n  question and several  more minutes a re  required t o  process 
the data. By the time t h i s  has occurred and the forecaster  can evalu- 
ate the meaning of the data and compute future  motion the wave w i l l  
have moved through the area or w i l l  have disappeared. A good example 
of t h i s  occurred with the t e s t  of the reactor  K i w i  A i n  1959 (Fig. 5) 
when a perturbation of a t  l e a s t  an hour duration caused the motion of 
the cloud of the exhaust t o  depart from the predicted 190° wind direc- 
t i on  by 15' on one s ide  then return t o  10' on the other side.  The ac- 
t i v i t y  l eve l  f o r  t h i s  event was very low and t h i s  departure is only of 
i n t e r e s t  as an i l l u s t r a t i o n  of w h a t  can happen. 

Many of the eddy motions i n  the atmosphere must now be considered t o  be 
random i n  the sense t h a t  t h e i r  cause, source, his tory and dimensions 
are obscure. The speed and accuracy of the NTS radar wind p l o t t e r  and 
surface weather network have contributed much t o  operational f a l l o u t  
safety.  However, w e  believe t h a t  it w i l l  eventually be within our 
capabi l i ty  t o  handle in te l l igent ly ,  operationally, and on a dynamic 
ra ther  than s t a t i s t i c a l  basis, smaller scales of motion than w e  now do, 
and w e  suggest t ha t  more of our l imited meteorological t a l e n t  m i g h t  well 
be applied i n  t h i s  direct ion.  

Future Needs 

The obvious goal i n  a l l  air pol lut ing a c t i v i t i e s  should be, and is, t o  
eliminate sources of pollution. However, the sitnple f a c t  remains t h a t  
the number of sources of radioactive and toxic  pol lutants  i s  growing 
s teadi ly .  Instead of wishing them t o  hurry up and go away, meteoro- 
l o g i s t s  should be preparing t o  l i v e  with some of them f o r  a long time. 

The ultimate goal i n  meteorological support of projects  involving toxic  
air pollution, whether from A-bomb fa l lou t ,  nuclear engine exhaust 
gases, toxic  chemical rocket exhausts, or i ndus t r i a l  waste, should be, 
i n  my opinion, t o  develop a high speed weather data handling and com- 
puting system f o r  mesoscale application, t o  go along with the develop- 
ment of a large-scale forecasting system of the National Meteorological 
Center's Numerical Unit. This mesoscale un i t  should include: 

1. A close network of s t a t ions  around each source, reporting upper air 
data frequently o r  even continuously. 
zontally and ve r t i ca l ly  should be designed t o  detect  wind pressure 
and temperature changes which r e s u l t  i n  changes of wind and 

Network grid spacing hori-  
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2. 

3. 

4. 

s t a b i l i t y ,  j u s t  t o  determine the appropriate gr id  spacing requires 
knowledge not now avai lable .  
made of means f o r  continuously reporting upper air data. 

Sone development i s  already being 

Instantaneous telemetering of information t o  cen t r a l  analysis  and 
computing faci l i t ies .  
expensive. 

This i s  now physically possible, but very 

Computing stream functions and temperature f ie ld  over the grid, 
then extrapolating these perhaps as much as 6 hours in to  the  fu%ure. 
The real obstacle t o  t h i s  system is the development on mathemati- 
c a l  models of mesoscale processes, and th i s  is  where addi t ional  re- 
search should be concentrated. 

Distribution of forecasts  t o  users.  Such a high speed system would 
be of l i t t l e  value operationally unless i t s  r e s u l t s  were avai lable  
and useful  immediately. Specific applications should include fore-  
ca s t  in te rpre ta t ion  t o  the extent t h a t  acceptable forecasts  would 
be so labeled and those presenting weather unacceptable f o r  the 
pa r t i cu la r  operation would be clearly marked t o  eliminate loss  of 
time for  forecast  in te rpre ta t ion  on the p a r t  of the operations 
people 

Whether the large amount of e f f o r t  necessary t o  r ea l i ze  such a complete 
mesoscale prediction system would be worth the cost  i n  value t o  weapons 
tes t  f a l l o u t  predict ion alone i s  d i f f i c u l t  t o  determine. It would re- 
quire investing e f f o r t  i n  research un i t s  t h a t  are better equipped f o r  
t h i s  kind of work than our small tes t  support group i n  Nevada. We are 
i n  the posi t ion t h a t  many close-in f a l l o u t  pat terns  have been l a id  down 
without obvious change i n  the  environment of the Nevada Test Si te ,  and 
without excessive exposure of the  of f - s i te  population t o  f a l l o u t  radia- 
t ion .  
pa t te rns  of motion occurred i n  which it was possible t o  assure f a l l o u t  
safety.  But these delays are cos t ly  and it might be possible t o  reduce 
them somewhat with more e f fec t ive  and confident use of marginal weather 
s i tua t ions .  The primary ju s t i f i ca t ion  f o r  t h i s  system i n  Atomic Energy 
Commission operations would probably be i n  i t s  contribution t o  safety 
through establ ishing rapid and accurate indications of wind both 
current ly  and f o r  a short tlme i n t o  the  fu ture .  

This has been accomplished simply by waiting u n t i l  atmospheric 
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D I SCU S S I O N  

M r .  Joshua Z .  Holland, Chairman of t hese  two s e s s i o n s ,  
d i r e c t e d  the  d iscuss ions  of the  papers of  the  se s s ions  which fol lows.  

HOLLAND: Thank you very  much. 
i t  w a s  t o  g e t  P h i l  (ALLEN) t o  come o r  f o r  P h i l  t o  a r range  t o  come t o  t h i s  
conference under the  circumstances t h a t  e x i s t  i n  Nevada these  days.  We 
are very g r a t e f u l  f o r  the  e f f o r t s  t h a t  you have made i n  prepar ing  t h i s  
paper .  

I d o n ' t  know whether you r e a l i z e  how hard 

Next, we w i l l  have a d i scuss ion  of  M r .  FERBER'S paper ,  Mr. ALLEN'S paper 
and Mr. MANSON'S paper.  

MACHTA: May I ask  whether t he  r a d i o a c t i v i t y  which you (MANSON) found i n  
t h e  s t r a t o s p h e r e ,  t he  gross  b e t a  a c t i v i t y  w a s  n e c e s s a r i l y  f i s s i o n  pro- 
d u c t s ,  o r  could i t  have been cosmic ray-produced, o r  o t h e r  n a t u r a l  r ad io -  
a c t i v i t y  ? 

MANSON: This  w a s  very  probably due to f i s s i o n  products  since the samples 
were counted a week ago and c o l l e c t e d  between a year  and several months 
prev ious ly .  The measured apparent  h a l f - l i f e  and absorp t ion  curve of 
t h i s  a c t i v i t y  i s  a l s o  c o n s i s t e n t  w i t h  f i s s i o n  products ,  which a r e  known 
t o  make up the  major p a r t  of the  a c t i v i t y  a t  20 km a l t i t u d e .  

Walter C .  CONOVER (U.S.Army S igna l  Research and Development Laboratory,  
F t .  Mommouth, N . J . ) :  I have a ques t ion  t o  d i r e c t  t o  M r .  ALLEN. He i s  
concerned w i t h  the  lack  of measurement of mesoscale winds. I would l i k e  
t o  know i f  a test  produces a pe r tuba t ion  i n  t h e  mesoscale wind f i e l d ,  
thus  i n v a l i d a t i n g  the  p r i o r  wind measurements t h a t  are made? Does he 
have any knowledge on t h i s  s u b j e c t ?  

ALLEN: We have reason  t o  b e l i e v e  t h a t  almost microscale  changes i n  the  
c i r c u l a t i o n  p a t t e r n  do occur ,  
w i t h i n  f r a c t i o n s  of a m i l e  of the  t e s t  o r  t he  sho t .  But w e  be l i eve  t h a t  
beyond the  d i s t a n c e  of about a m i l e  i n  t he  case of low-yield e v e n t s ,  o r  a 
ve ry  few m i l e s  i n  t he  case of l a rge -y ie ld  events  t h e r e  i s  no change i n  the  
meteoro logica l  system of  any measurable s i g n i f i c a n c e .  

By this I mean very  near  the  su r face  and 
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FRIEDLANDER: My ques t ion  i s  d i r e c t e d  t o  MANSON. We have been very in -  
t e r e s t e d  i n  the  r e g u l a r i t i e s  t h a t  you found i n  the  s i z e  spec t r a  of the  
s t r a t o s p h e r i c  ae roso l  which would t i e  i n  wi th  the  i r r e g u l a r i t i e s  observed 
i n  the  troposphere.  Would you ca re  t o  comment on the  r e l a t i o n s h i p s ?  You 
mentioned before  t h a t  you f e l t  t h a t  your l a t e r  da t a  i n d i c a t e  thachthere  
has  been some change wi th  r e s p e c t  t o  the  shape of t he  spectrum i n  the  
s t r a tosphe re .  Is  it now c l o s e r  t o  the  d i s t r i b u t i o n  t h a t  has been observed 
i n  the  t roposphere? 

MANSON: I n  the  troposphere dv i s  cons tan t  between about a t e n t h  of 

a micron and l a r g e r ,  one micron, I b e l i e v e .  The concent ra t ion  o r  the  
number d i s t r i b u t i o n  i n  the  s t r a t o s p h e r e ,  I be l i eve ,  has the  same v a r i a t i o n  
wi th  r ad ius  as i n  the  roposphere i n  t h i s  s i z e  range,  bu t  the  concentra-  
t i o n  i s  a f a c t o r  of 10 lower. 

The impl ica t ion ,  of course ,  i s  t h a t  poss ib ly  t h i s  i s  m a t e r i a l  j u s t  mixed 
from the  t roposphere,  and we  have a layer  of t ropospheric  ae roso l  e x i s t -  
i n g  j u s t  above the  tropopause.  But t he  chemical and phys ica l  c h a r a c t e r i s -  
t i c s  of t he  p a r t i c l e s  i n  t h i s  layer  a r e  extremely uniform, and we s t i l l  
f e e l  t h a t  t he  s t r a t o s p h e r i c  material i s  n o t  of d i r e c t  t ropospher ic  o r i g i n ,  
as a condensed phase,  bu t  i s  converted i n  the  s t r a t o s p h e r e  t o  the  con- 
densed phase by oxida t ion  of SOz. 
t h e  two s i z e  d i s t r i b u t i o n s  should be the  same. This i s ,  inve r se  wi th  the  

d ( h 3  r )  

& 
- 

I r e a l l y  have no explana t ion  f o r  why 

cube of t he  r a d i u s ,  ( dn = cr-3)  
(d(1og r )  1 -  

Edwin F. DANIEISEN (Univers i ty  of Washington, S e a t t l e ) :  I d i r e c t  my ques- 
t i o n  t o  MANSON. What w a s  t he  count ing da te  of t he  th ree  samples f o r  which 
you gave the  r a t i o  of be t a  a c t i v i t y  t o  mass? 

MANSON: The t i p  samples were counted i n  October 1961 and the  f i l t e r  
samples were counted i n  November 1961, separa ted  by approximately a week. 
But t he  t i p  samples had been counted previous ly  during August and the  
only  one I could r e a l l y  g e t  a reasonable  decay curve from w a s  t he  h o t t e s t  
sample c o l l e c t e d  on 19 January 1961, and t h i s  decayed wi th  an apparent  
h a l f - l i f e  of about 1% year s .  

H O W :  I have a ques t ion  I would l i k e  t o  ask M r .  FERBER on the  f a l l o u t  
models. This  i s  wi th  regard  t o  the  o the r  v a r i a b l e s  i n  the  model. I n  
p a r t i c u l a r ,  i s  the re  good agreement on the  v e r t i c a l  d i s t r i b u t i o n  of r ad io -  
a c t i v i t y  and 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  wi th  p a r t i c l e  s i z e ;  you seem t o  
have focused on the  o the r  v a r i a b l e s ?  I would assume t h a t  a l l  t he  models 
make e s s e n t i a l l y  the  same assumptions on these  two. 

FERBER: I would no t  say t h a t  we focused on o the r  v a r i a b l e s ,  bu t  r a t h e r  
on the  d i f f e rences  i n  the  f i n a l  dose p red ic t ions  which r e s u l t  from the  
d i f f e r e n t  assumptions as t o  the  ver t ical  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 ,  
t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  and so on. 
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HOLLAND: It i s  no t  a ques t ion  of one model having provis ion  f o r  t he  shear  
and the  o the r  no t .  
regard  t o  the  v e r t i c a l  d i s t r i b u t i o n  and p a r t i c l e  s i z e  d i s t r i b u t i o n .  

Actua l ly ,  these  d i f f e r e n c e s  are i n  the  assumptions wi th  

FERBER: Y e s ,  the  b a s i c  d i f f e rences  among the  models 1i.e i n  the  assumed 
t o t a l  amount of r a d i o a c t i v i t y ,  i t s  d i s t r i b u t i o n  w i t h i n  the  nuc lear  cloud 
and i t s  d i s t r i b u t i o n  wi th  r e s p e c t  t o  p a r t i c l e  s i z e .  I n  t h i s  paper we have 
compared t h e  f i n a l  r e s u l t s  r a t h e r  than the  i n d i v i d u a l  assumptions.  
t r i e d  t o  i n d i c a t e  the  magnitude of t he  e f f e c t  of t he  me,teorological para-  
meters (wind speed and shea r )  on the  f a l l o u t  p red ic t ions .  

We a l s o  

Russel  A.  MARTIN (Hq.  U .  S. A i r  Force (AFCIN-3K2), Washington): I not iced  
you used p r imar i ly  the  10 y i e l d  f o r  t hese  comparisons. 

FERBER: We used 1 MC and 10 MT. 

MARTIN: Did you use anything i n  the  in te rmedia te  range? I f  so,  d id  you 
see any wide d i sc repanc ie s?  

FERBER: We have looked a t  p red ic t ions  ranging from 1 KT up t o  20 MT. 
While the  r e l a t i o n s h i p  between the  va r ious  model p r e d i c t i o n s  changes wi th  
weapon y i e l d ,  t h e  examples w e  have shown are t y p i c a l .  The p red ic t ions  
are no t  i n  good agreement a t  any y i e l d .  
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AN INTERPRETATION OF GLOBAL FALLOUT 

L. Machta, R. J. L i s t  and K. Telegadas 
U. S. Weather Bureau* 

Washington, D. C. 

Introduction 

This  paper w i l l  cover the following subjects: 
prior t o  the U.S.S.R. 1961 nuclear t e s t s ;  the goegraphical and temporal 
distribution of stratospheric fa l lou t  during the period 1959 t o  1961 when 
very l i t t l e  of the f iss ion product radioactivity was of tropospheric origin 
and f ina l ly  a prediction of the S r w  fal lout  from the U.S.S.R. 1961 tes t s .  

An inventory of Srw 

The Inventory of S r w  Prior  t o  September 1961 

There are t w o  parts t o  the determination of the  Srw inventory. 
the residual atmospheric content must be measured by f i l t r a t i o n  of the 
air a t  many 

deal first with the atmospheric content. 

F i r s t ,  

laces and a l t i tudes  in the atmosphere and second, the 
deposited Sr Bo must be obtained by one of several techniques. We shall 

In M y  1960 the High Altitude Sampling Program of the Defense Atomic 
Support Agency was succeeded by a semi-annual program of  monitoring i n  
time and a l t i t u  e a t  4 latitudes. 
displays the Srh concentrations i n  the  atmosphere i n  November 1960. 
The data on this figure emphasize the broad governmental contributions 
largely instigated and supported by the Fallout Studies Branch of the 
U. S. Atomic Energy Commission (AEC) in measuring atmospherig radio- 
activity.  
of dally f i l t e r  collections made by the weather services along the &th  
meridian (West) and analyzed by the U. S. Naval Research Laboratory. 

* Research conducted under the auspices of the  Fallout Studies Branch, 
Dividion of biology and Medicine, U. S. Atomic Energy Commission. 

These are shown i n  Fig. 1 which 

%round level  observations are obtained on a monthly composite 
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1 

B-57 a i r c r a f t  were employed up t o  about 50,000 fee t  and U-2 a i r c r a f t  
above t h i s  a l t i t ude .  The AEC balloon program resu l t s  i n  Texas, Minneapolis, 
and Australia reach t o  90,000 f t .  

The heavy l i n e  (dashed i n  the temperate zones due t o  i t s  t r ans i to ry  nature) 
represents the mean posit ion of the tropopause, the  imaginary boundary 
between the  troposphere below and the stratosphere above. 
troposphere i s  deeper over the equator ia l  region and shallower over the 
polar areas.  
i n  t h e  spring and falls  i n  autumn and var ies  i n  height with the  weather 
s i tuat ion.  The l i n e s  shown i n  the f igure a r e  grossly idealized; actual ,  
r e a l  da i ly  pictures  vary great ly  from the average and frequently show more 
than ti single  gap i n  each hemisphere. In  some instances, as may be inferred 
from the diagram, a s t a t ion  may have two (o r  more) tropopause surfaces above 
it. 

The figure c l ea r ly  shows that the main concentrations of Sr9' l i e  i n  the 
stratosphere. 
l e s s  i n  the troposphere t o  almost 200 i n  the stratosphere. There is a l so  
a large gradient i n  concentration j u s t  above the average tropopause with 
values a t  40,000 and 50,OOO f t .  intermediate between t rue  tropospheric 
values and t rue  s t ra tospheric  values. 

Note that the 

The tropopause i n  the temperate and polar regions a l s o  r i s e s  

There is a change of concentrations from values of 1 or  

The p i c tu re  a l s o  reveals smaller equator ia l  s t ra tospheric  concentrations 
than f a r the r  t o  the north o r  south. The concentrations i n  the Southern 
Hemisphere stratosphere appear t o  be about the same as i n  the Northern 
Hemisphere. Finally, there  i s  only a minor suggestion of any decrease 
i n  concentration with a l t i t u d e  a t  the  balloon s ta t ions .  

Fig. 2 shows a similar S r w  air  concentration pa t te rn  about 6 months 
l a t e r ,  the last survey which was made before the resumption of atmospheric 
tests by the U.S.S.R. i n  September 1961. 
ahove f o r  the November 1960 picture  apply t o  the May 1961 pat tern as well. 
A f e w  differences can be noted. F i r s t ,  concentrations i n  the Northern 
Hemisphere have decreased, including perhaps even those a t  65,000 f t .  over 
equator ia l  s ta t ions .  But up t o  70,000 f t .  i n  the Southern Hemisphere, the 
s t ra tospheric  concentrations have generally remained a s  high as before o r  
have even increased. 
fbuthern than Northern Hemisphere s t ra tospheric  c 
f a c t  that e f fec t ive ly  a l l  of the s t ra tospheric  SrB inject ions have taken 
place i n  the  Northern Hemisphere. Second, the north polar tropospheric 
concentrations (as well as the en t i r e  Ibrthern Hemisphere tropospheric 
content) have r i s en  since November. This r e s u l t  is i n  accord with our 
previous experience as w i l l  be reported below. It i s  unfortunate that the 
changes i n  s t ra tospheric  concentration0 cannot be examined f o r  possible 
seasonal e f fec ts  since it is presumed that the Northern Hemisphere s t r a to -  
sphere is  thoroughly contamined by the 1961 U.S.S.R tests. 

Most of the features described 

Th i s  leads t o  the surpr is ing pa t te rn  of greater  
centrations despi te  the 



BALLOON DATA - 59 XTexas- (Apr i l -  June 1961) - 

/ 
0 0.6 0 0.2 

0.2 

0.04 
00.04 
0.03 

\ 

0.8 
00.08 
0.2 

20,000t i 

IO 

90° 60° 30° 0" 30° 60' 90° 

NORTH SOUTH 

SR-90  d/m/1000 SCF 

MAY - JUNE 1961 

Figure 2. Global Atmospheric Distribution of Srm in May - June 1961. 
, 



It is  a r e l a t i v e l y  simple mechanical procedure t o  compute the atmos- 
pheric burden of Srw from Figs. 1 and 2 o r  similar charts. The re- 
sults are listed i n  h b l e  1 f o r  3 dates. 
is  subdivided by a l t i t u d e  and hemisphere. 
100,OOO ft, is not based on d i rec t  observation. 
that the Rh102 ( t o  be discussed later) is a t r a c e r  f o r  the 0.4 Mc of 
SI? which are presumed t o  have been inser ted  in to  the mesosphere by 
the U. S. Johnston Island roc tests (during Operation HARMNCK I, 
1958) . &om the amount of Rh'@ below 100,OOO f t ,  one may deduce the 
amount of Srw st i l l  left  above the sampling a l t i t ude .  The inventory 
calculation between 70,000 and 100,000 f t .  one may deduce the amount 
of Srw s t i l l  left  above the  sampling a l t i t ude .  
t i o n  between 70,000 and 100,OOO f t .  i s  ser iously hampered by the  lack 
of equator ia l  observations. 
t r a t i o n  continues t o  increase above 70,000 f t .  as suggested by the  
ascendant between the tropopause and 70 OOO f t .  Finally, it can be 
noted that the surpr is ing excess of Sr* a t  the Southern Hemisphere 
a i r c r a f t  sampling s t a t ion  over i t s  Northern Hemisphere counterpart 
ac tua l ly  reverses the r a t i o  of Southern t o  Northern Hemisphere content 
i n  this layer between May-June 1960 and May 1961. 

The deposited SrW can be obtained from s o i l  and r a i n f a l l  analyses. 
is i l l u s t r a t e d  i n  Fig. 3 i n  which the Srw deposition is  p lo t ted  against  
l a t i tude ,  on an equal area scale.  The dashed curve i s  derived from 
Alexander -- e t  al. (1) t o  mid-1959. T h i s  is  supplemented by data from the 
AEC pot and ion exchange col lect ion of r a in fa l l .  
the increment from mid-1959 t o  May 1961. Th i s  f igure can be integrated 
and the r e s u l t s  appear i n  the l i n e  of Table I e n t i t l e d  "Deposited." 

The sum of the SrW i n  the 
the earth's surface represents the  accountable S rw.  As of May 1961, 
this equals about 5.7 Mc. The totals have not changed s ign i f i can t ly  
since May 1960 which is consistent with the small (%$) yearly decay. 

The s t ra tospheric  inventory 
The Srw content above 

Rather, it i s  assumed 

The inventory calcula- 

It has been assumed tha t  the Srgo concen- 

This 

The shaded area portrays 

"Total Atmosphere" and that "Deposited" on 

This inventory calculat ion m y  be compared with one obtained independently. 
The AEC has a n n o y e d  that approximately 9.2 Mc of S r w  ( 

created by nuclear tests before November 1958. It is estimated, but wlth 
considerable uncertainty, that  about 3.0 Mc f e l l  l o c a l l y  on o r  about test  
sites. 
p r i a t e  dates and l is ted along the last  l i n e  of Table I fo r  comparison with 
the observed inventories, The agreement is very good. 
perhaps, s ince there is  evidence that the oceanic f a l l o u t  may exceed that 
over land by as much as a factor'  of three (2). 
atmospheric and deposited inventory, the number and d is t r ibu t ion  of 
observations leaves much t o  be desired. 

sed on the 
assumption that 10 M!P of f i s s ion  energy equals 1 Mc of Sr  58 ) have been 

The re1~1ining6.2 Mu have been correceed f o r  decay t o  the appro- 

This is  for tu i t ious ,  

Further, In both the 

Geographical Distribution of Stratospheric Fallout 

It is  evident i n  Fig. 3 that the t o t a l  Srgo f a l l o u t  is  non-uniformly 
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TABU 1 

sr90 Inventories (MC) 
(Decayed t o  Indicated Date) 

my 1960 November 1960 
Northern Southern Northern Southern 

Hemisphere Hemisphere Hemisphere Hemisphere 

b y  1961 
Northern Southern 

Hemisphere Hemisphere 

Above lOO,OOOf-b,(est). 0.14 0.14 0.13 0.13 0.12 0.12 
I 70-100,000 f t .  0.23 0.23 0.20 0.20 0.14 0.14 

Tropopause-70,000 0.25 0.19 0.24 0.24 0.19 0.26 
Stratosphere 0.62 0.56 0.57 0.57 0.45 0.52 

I 
I 

- - - - - - I 
I 

I , 

j Troposphere..................... 0.03 ...................... 0.02 ..................... 0.03 
r 
VI 

1 Total Atmosphere................ 1.21 ...................... 1.16 ..................... 1.00 - - - 
Deposited ....................... 4.50 ...................... 4.61 ..................... 4.73 

~ Total........................... 5.7 ...................... 5.8 ..................... 5.7 
I 

World-wide debris* 5 -5 5 *4 
* Based on 9.2 Mc less  3.0 Mc of local fa l lout .  

5 -3  
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distributed over the earth's surface. Actually, the graph fails  t o  
reveal  a second type of i r regular i ty .  
var ia t ions.  
of averaging around c i r c l e s  of l a t i t ude  and addi t ional  smoothing. 

This  r e s u l t s  from prec ip i ta t ion  
The smoothness of the p ro f i l e  i n  Fig. 3 is  a consequence 

The most obvious feature  i s  the peak i n  the North Temperate Zone and 
the secondary m a x i m u m  i n  the South $emperate Zone. These maxima are  
not the consequence of grea tes t  p rec ip i ta t ion  i n  these regions, al- 
though the decrease towards the poles may r e f l e c t  the lesser precipi ta-  
t i o n  i n  the Arctic and Antarctic regions. 
heavy r a i n f a l l  i n  the equator ia l  belt which has less observed f a l l o u t  
than that t o  the  north o r  south. 

Thus, fo r  example, there i s  

Fig. 3 r e f l e c t s  the t o t a l  Srw fa l lou t  from a l l  sources t o  date. 
of this fa l lou t  is  of tropospheric orJgh (never having entered the  
stratosphere),  par t  from U. S. and United Kingdom t e s t s  near the equator 
and pa r t  from U.S.S.R. tests closer  t o  the north pole. In the next two  
figures, it will be shown that the main features  evident from the  t o t a l  
fa l lout  appear in the fallout pat te rn  f r o m  in jec t ions  in either the 
equator ia l  o r  polar stratosphere.  T N s  is  of considerable significance 
both t o  the health physicis t  and the meteorologist. 

Fig. 4 shows a north-south p ro f i l e  of Srw deposition i n  periods of 
a most exclusively s t ra tospheric  f a l lou t .  
the so l id  l ine,  is seen, i n  the Northern Hemisphere, t o  be mostly composed 
of October 1958 U.S.S.R. debris, the  dashed l ine .  
marked North Temperate Zone oeak. 
residual deposition, that is, the  f a l l o u t  from sources other  than October 
1958, would a l s o  peak i n  the North Temperate Zone. The dotted l i n e  shows 
the t o t a l  f a l l o u t  i n  the first half of 1960 when it is estimated tbat only 
a very small portion of the  f a l l o u t  could be a t t r ibu ted  t o  the October 
1958 U.S.S.R ser ies .  Again a peak i n  the Yorth Temperate Zone i s  apparent. 

Par t  

The ea r ly  1959 total fa l lou t ,  

Both curves show a very 
It is  further noted that a curve of the 

It can be infer red  from Fig. 4 that the d is t r ibu t ion  of f a l l o u t  from 
stratospheric  sources i s  not uniform. 
Temperate Zone i n  ea r ly  1959 is  mainly but not e n t i r e l y  due t o  the U.S.S.R. 
October 1958 t e s t  series. But even when the October 1959 f a l l o u t  contr i -  
bution is  r e l a t i v e l y  small, as i n  ea r ly  1960, there is  s t i l l  a maximum i n  
the North Temperate Zone. 

In  Fig. 5, one f inds the geographical d i s t r ibu t ion  of W185. 
100 Mc, corrected f o r  decay t o  1 June 1958, were inJected i n t o  the lower 
equator ia l  stratosphere by the HARDTACK tes t  series. 
most of this t r a c  
f rac t ion  of the 

tests due t o  the s t ra tospheric  component is  obtained by select ing the 
f a l l o u t  i n  the AEC pots and ion exchange columrrssubsequent t o  January 1959. 
By this date it is that e s sen t i a l ly  a l l  of the tropospheric 

The marked peaking i n  the North 

Approximately 

I n  all l ikelihood 
material was inser ted  below 80,OOO f t .  However, a 

was l e f t  behind i n  the t phere during the  conduct 
of the tests. Consequently, the pattern of W fQ5 f a l l o u t  from the  HARIEACK 

component of the Wl r 5 would have been washed out of the atmosphere. 
lieved 
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Fig. 5 shows once again the marked peak i n  the North Temperate Zone. 
In  this case, the peak i n  the South Temperate Zone is  a l s o  evident, 
although there i s  p rac t i ca l ly  no information t o  show that a decrease 
occurs southward t o  the South Pole from the South Temperate Zone peak. 
Thus, despite the f a c t  that  the source of the W185  or iginated a t  ll%, 
the s t ra tospheric  f a l lou t  shows the same geographical d i s t r ibu t ion  found 
i n  Figs. 3 and 4 from a l l  sources and from the ArcUc source. 

I n  summary, it i s  concluded that i r respec t ive  of the source of t he  
s t ra tospheric  radioactive aerosols, the d is t r ibu t ion  of f a l l o u t  and 
ground l e v e l  air  concentration is characterized by a peak i n  the Temper- 
a t e  Zones. Certain reservations shmld  be noted. F i r s t ,  there have 
been numerous instances of ground l eve l  air  concentrations remaining as 
high or  increasing t o m r d  the Arct ic  from the  North Temperate Zone. 
Second, there  i s  no unequivocal tracer f o r  radioactive f a l l o u t  or iginat-  
ing a t  about the 100,OOO-ft. level.  Such inject ions occurred i n  the rVY 
(1952) o r  CASTLE (1954) t e s t s .  
data that this, too, peaks i n  the Temperate Zones. 

It has been estimated from pre-1956 f a l lou t  

Seasonal Distribution of Stratospheric Fallout 

Fig. 6 is  a p lo t  of the Srso f a l l o u t  and air concentrations fo r  each 
hemisphere based, i n  the upper par t  of the figure,  on the AEC pot and 
ion exchange col lect ions and, i n  the lower pa r t  of the figure, on the 
Naval Research Laboratory's 80th meridian network air concentration 
measurements. 
peaks i n  the spring and troughs 
curves, on the other hand, do not show the same systematic seasolzal 
trends. 
of 1961, one does f ind  a reasonable suggestion of a p a r a l l e l  t o  the 
Northern Hemisphere history.  It should also be noted that it i s  only 
during this in t e rva l  that the a i r  concentrations i n  both hemis heres are 
about equal; during a l l  earlier Periodsthe concentration of Sr% was 
appreciably higher i n  the Northern Hemisphere than i n  the Southern Hemi-  
sphere. 
absence of a seasonal var ia t ion  i n  the Southern Hemisphere t o  be given 
below. 

The SrW reported i n  Figure 6 includes f a l l o u t  from a l l  nuclear tests. 

It is  apparent that  the Northern Hemisphere curves reveal 
i n  the fall. The Southern Hemisphere 

However, i n  the Southern Hemisphere spring of 1960 and autumn 

This difference k i l l  have a bearing on an explanation of the 

A breakdown i n t o  indent i f iable  geographical sources of s t ra tospheric  
f a l l o u t  i s  given i n  the next table and two figures. 

Table 2 
subsequent t o  the October 1958 U.S.S.R. tests i n  the indicated regions 
of the globe as deduced fram the AEC pot and ion exchange observations. 
The lower l i n e  i n  each set of data i s  the f a l l o u t  a t t r i bu ted  t o  the 

.S.R. October 1958 tests determined from an assumed a c t i v i t y  

l ists  the number of Blc of Srm deposited i n  3-moarthly in te rva ls  

u*& Sr /SrW r a t i o  of 170 at  time of formation, a date of formation of 
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TABLE 2 

World-wide SrgO Deposition from November 195 to cember 1959 
and U.S.S.R. Contribution (Based @A Sr89/Sr@ Data) 

erg* Deposition (MC) 
( N )  
90-0 

(SI 
90-0 

( N )  
30-0 

( N )  
90-30 

BC. 1958 Total Deposition 0.15 o .06 0.21 0.07 
Feb. 1959 U.S.S.R. 1 

0.11 0.03 0.14 0.01 

Mar. - T o t a l  Deposition 0.34 0.12 0.46 0 -05 
M Y  1959 U e S  .S .Re 0 a27 0.07 0.34 0.01 

June - T o t a l  Deposition 0.16 0.04 0.20 0.03 
AuSst 1959 U .S .S .R 0.10 0.02 0.12 0.01 

Nov. 1959 U.S.S.R. 0.02 0.01 0.03 0.01 
P cn Sept. - ’ T o t a l  Deposition 0.06 0.03 0.09 0 e 0 3  t-‘ 

Total.. 

0.28 
o .15 
0.51 
0 035 

0.23 
0.13 

0.12 
0.04 

Dee. 1958 Total Deposition 0.71 o .25 0.96 0.18 1.14 
Nov. 1959 U .S .S .R . 0.50 0.13 0.63 0.04 0.67 

L- 
1 



October 20, 1958, and the assumption that a l l  of the Sr@ i s  derived 
from these U.S.S.R.tests. Errors i n  these assumptions can alter the 
absolute amounts of S r w  at t r ibuted t o  the U.S.S.R. t e s t  series but i s '  
unlikely t o  modify the seasonal trend. 

The table shows tha t  period March-May 1959 contained the largest amount 
of fa l lou t  both i n  terms of t o t a l  fa l lou t  and that ascribed t o  the U..S.S.R. 
test  series i n  the Northern Hemisphere. The decrease during the summer 
and fa l l  of 1959 is marked. Most of the seasonal trends appears i n  
temperate and polar bands (north of 3OON). 
i n  the Southern Hemisphere. An analysis by Gustafson (3) suggests a 
similar seasonal trend i n  the spring of 1960 fo r  the U.S.S.R. 1958 contri- 
bution with the a i r  concentration a t  Argonne National Laboratory being 
about two orders of magnitude less i n  the spring of 1960 than i n  the 
spring of 1959. 

Fig. 7 displays the time history of air  concentrations of &85 derived 
from the Naval Research Laboratory's 80th meri 

stratosphere i n  the summer of 1958. A peak value i n  the spring of 1959 
is  followed by a minimum i n  the autumn of 1959 and a second peak i n  the 
spring of 1960 i n  the Northern Hemisphere. 
shows a generally downward trend with a suggested bump i n  the l a t e  wlnter 
of 1959. 
t i on  is  s ignif icant ly  greater than the Southern Hemisphere concentration, 
as was the case during the greater part of the period included i n  the Fig. 6. 

Fig. 8 shows the time history of Rh102 a t  the only 2 s ta t ions a t  which 
measurements of this nuclide are  available. 
through the courtesy of Dr. P. F. Gustafson of Argonne National Laboratory. 
However, the 1959 resu l t s  are i n  doubt and must be considered subject t o  
correction upon reanalysis by Dr. Gustafson. 
that while an estimated 3.0 Mc of Rh102 were produced by the high a l t i tude  
Orange test a t  Johnston Island on August E?, 1958, there were a l so  about 
0.3 Mc created by the HARIYPACK tests i n  the summer of 1958 which l e f t  their  
debris i n  the lower equatorial stratosphere. For this reason, there can be 
ambiguity concerning the source of any RhU2 observed i n  small amounts i n  
1959. It WEIS not u n t i l  September 1959 (4) that the Rh102 could be clear ly  
identified as having originated a t  high al t i tudes,  both from the amounts 
involved and from i ts  stratospheric distribution. The resu l t s  i n  1960 and 
1961 appear t o  be beyond question at the w a n t .  

There is  no seasonal trend 

an network i n  both 
hemispheres. Recall that the sources of the W1 3 5 is  the lower equatorial 

The Southern Hemisphere simply 

Again, it should be noted that the Northern Hemisphere concentra- 

This figure is  made available 

It should be pointed out 

Fig. 8 reveals a seasonal trend i n  the Southern Hemisphere with a spring 
maximum and autumn minirmrm. 
it may still be that the Santiago peak i n  Hovember 1959 may be r e a l  and due 
t o  the high a l t i tude  source. 
source, the presence of a peak i n  November i s  relevant) 
near Argonne National Laboratory show the expected seasonal variation as 
found i n  other types of observations. Thus, a h o s t  fo r  the first time, 
there appears t o  be good agreement between the seasonal trends i n  both 
hemispheres 

( In  sp i t e  of the remarks of the above paragraph, 

Even i f  due t o  the lower a l t i tude  equatorial 
The measurements 
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It can be noted that L e  leve ls  of Rh102 concentration a r e  equal i n  
both hemispheres. 
i n  1960-1961 i n  the Sr9O fa l lou t  and a i r  concentration measurements 
when a suggestion of a seasonal trend was likewise found. 

An equal i ty  between hemispheres was previously noted 

It i s  here proposed that removal from the stratosphere i n  both hemi- 
spheres takes place seasonally with a maximum i n  late winter o r  possibly 
ear ly  spring. However, there i s  a l so  cross-equatorial mixing occurring 
i n  the upper troposphere from the hemisphere of higher concentrations 
(the Northern) t o  the hemisphere of lower concentration ( the  Southern) 
This cross-equatorial tropospheric exchange forms a second source of 
t r a c e r  material f o r  the Southern Hemisphere such that the "expected" 
seasonal var ia t ion  i n  ground level. a i r  o r  f a l l o u t  i n  the Southern 
Hemisphere may be confused. 
equal concentration exists i n  each hemisphere that the seasonal trend 
i n  the surface concentrations can be detected. Thus, had not the U.S.S.R. 
1961 tests again produced large amounts of long-lived f i s s ion  products 
f o r  entry i n t o  the Northern Hemisphere troposphere one might have expected 
t o  have found a regular Southern Hemisphere seasonal var ia t ion i n  years 
subsequent t o  1961. 
the  Southern Hemisphere was about as great i n  the Southern as Northern 
Hemisphere j u s t  before September 1961. 

It is  only when a t r ace r  of approximately 

Fig. 2 showed that the s t ra tospheric  content of 

It should be recognized that the above simple explanation f o r  the absence 
a f a  seasonal var ia t ion  of f a l l o u t  i n  the Southern Eemisphere i n  most data 
i s  a matter of speculation. There are a number of real differences i n  
i n  the s t ruc ture  and behavior of the atmosphere i n  the two hemispheres 
which could a l s o  explain the differences i n  fa l lou t .  For example, the 
unexpected excess of Srw in the  Southern Hemisphere lower stratosphere 
over t ha t  i n  the Northern Hemisphere lower stratosphere i n  1961 undoubtedly 
is indicat ive of such differences. The possible difference in radioactive 
f a l l o u t  behavior between hemispheres due t o  meteorological processes must 
be studied more extensively before the explanation given i n  the  previous 
paragraph can be accepted. 

Predictions of Future Fallout From the U.S.S.R. Autumn 1961 Tests 

The AEC has announced that the t o t a l  f i s s ion  yield of the  U.S.S.R. test 
series i n  the  autumn of 1961 equalled 25 MT of equivalent energy. This 
is  about twice the f i s s ion  yield of the U.S.S.R. October 1958 test series. 
On this basis, one might double the f a l l o u t  a t t r i bu ted  t o  the October 
U.S.S.R. 1958 tests as has been done i n  Fig. 9. 
in Fig. 4, f o r  the time period ("spring" 1959) which i s  argued t o  have 
included most of the U.S.S.R. October 1958 fa l lou t ,  appears t o  be s ign i f i -  
cant ly  less than half the average concentrat imat  about the 40-4594 peak i n  

The peak f a l lou t  of S r p  



Fig. 9. The reason f o r  t h i s  differencesl ies  i n  methods of analysis of 
the data. In  Fig. 4, the  observed pot and ion exchange results from 
land-based s ta t ions  were processed object ively ( including taking in to  
account r a i n f a l l  over the  ocean) with the resu l t ing  f a l lou t  of about 
0.7 Mc of U.S.S.R. October 1958 debris instead of almost 1.25 Mc. In  
Fig. 9 the f a l lou t  over land s t a t ions  from which so i l ,  pot and ion ex- 
change col lect ions were avai lable  s t r i c t l y  scaled by a fac tor  of 2. 076 the  oceans where r a i n f a l l  and f a l lou t  observations are poor, the 
S 
Sugihsra (2) such that the  t o t a l  deposited S r w  i n  Fig. 9 was forced t o  
equal approximately 2.5 Mc. 

But 

f a l l o u t  was increased i n  accordance with recent work by Bowen and 

A s  noted i n  the section on the  seasonal d i s t r ibu t ion  of fa l lou t ,  almost 
all of the f a l l o u t  from tests conducted by the U . S . S . R .  i n  the Arctic i s  
deposited during the  f i r s t  spring following the explosions. T h i s  would 
again be expected of the U . S . S . R  1961 t e s t s  i f  the a l t i t u d e  of in jec t ion  
were the same. Fig'. 10 shows a p lo t  of the  tops of nuclear clouds versus 
the  t o t a l  yield of the explosion ( f i s s i o n  plus f'usion). 
from tests near the ground whose yield is several MT might be confined to 
the  atmosphere below 80,000 t o  90,000 f t .  
2 tests were conducted which had yields i n  excess of several  MT; a 25 and 
a 55-60 MT explosion. 
extrapolated t o  these yields, it is  c l ea r  t ha t  there  should be a sizeable 
amount of the  dewis between 100,000 and l50,OOO f t .  It is  believed that 
t h i s  i s  considerably greater than the height of s t ab i l i za t ion  of the debris 
from the 1958 tests. This grea te r  height would possibly have the  e f f ec t  of 
delaying the  time of fa l lou t .  Thus, contrary t o  the  rapid f a l lou t  i n  1959 
from the October 1958 tests, it could take several  years f o r  the same 
f rac t ion  of s t ra tospheric  f i s s i o n  products t o  be deposited. However, it 
is s t i l l  expected t h a t  w e l l  over 50% of the U . S . S . R .  st ratospheric  debris 
w i l l  be deposited i n  the first spring (1962) 
the  AEC statement that "Of spec ia l  i n t e r e s t  i s  the small f i s s ion  yield of 
the 50-60 megaton tes t  conducted on October 30" which indicates  that the 
f i s s ion  products from this t e s t  may not have contributed s igni f icant ly  
to  the 25 MT of f i s s ion  yield. 

Thus, clouds 

During the  1961 test  ser ies ,  

If t h e  mean (heavy) curve i n  FQ. 10 i s  

This i s  based i n  par t  on 
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PRELIMINARY RESULTS ON THE SIZE AND VERTICAL DISTRIBUTIOIVS OF 
RESIDUAL N U C W  DEBRIS IN TRE STRATOSPHERE 

Peter J. Drevinsky and Edward A.  Martell 
Air Force Cambridge Research Laboratories 

Cambridge, Massachusetts 

Introduction 

The study of the distribution of stratospheric 'contamination and the 
mechanisms of transport involved have been hampered by the paucity of 
good stratospheric data. On the one hand, there has been no adequate 
evaluation of physical properties of radioactive aerosols in the strato- 
sphere without which the role of sedimentation cannot be elucidated. 
In addition, data on the stratospheric radioactivity distribution above 
U-2 aircraft ceilings of about 20 km are both sparse and of uncertain 
quality. The need for data over the high equatorial tropopause where 
U-2 aircraft can at best mke only shallow penetrations is of special 
importance in connection with the evaluation of the role of orga,nized 
meridional circulation in debris transport. 

In an attempt to satisfy these requirements, we have initiated an 
investigation of the physical properties of stratospheric aerosols as 
a function of altitude using a balloon-borne impactor-filter sampling 
system. In addition, measurements of fission products and natural 
radioactivities were carried out at Hyderabad, India, 
Joint United States-India Balloon Program, during :he period February 

and of the Indiaballoon profile radioactivity measurements are pre- 
s ented below. 

as part of a 

through April 1961.. Preliminary results of these particle size studies - 



Techniques 

The p a r t i c l e  s i z e  s tud ies  were carried out w i t h  the  la rge  volume impactcr 
un i t ,  which w a s  o r ig ina l ly  designed and cal ibrated i n  cooperation with 
General Mills, Inc., under Contract No. AF lg(604) -4943. This col lect ion 
device, having a capacity of 1000 ambient cu. f t .  of air per sample, is  
essent ia l ly  a scaled-up version of the ilnpactor air sampler used by 
Chagnon and Junge (1, 2)  i n  t h e i r  p a r t i c l e  s i z e  s tudies  of natural  aero- 
sols. 
pumping system and individually programmed during the  ascent t o  provide 
a four-point ve r t i ca l  p ro f i l e  on a s ingle  balloon f l i gh t .  The a l t i t u d e  
ranges a r e  30 t o  50, 50 t o  70, 70 t o  90, and 90 to 100 thousand feet. 
Each ba r re l  has a two-stage impactor, and a third-s tage polystyrene micro- 
f i b e r  f i l t e r  as a back-up col lector  f o r  the very small par t ic les .  
impactor j e t s  were individually designed and calibrated with homogeneous 
aerosols a t  the mid-point of the par t icu lar  a l t i t u d e  range, so that the  
first stages have a 5 6  col lect ion eff ic iency of 0.15 p ' rad ius ,  and the 
second stages 0.02 p radius, assuming a reasonable value f o r  the  p a r t i c l e  
densi ty  of 2 g/cm3. These cutoffs were kept f a i r l y  uniform regardless of 
a l t i t u d e  by increasing the  j e t  dimensions w i t h  altitude t o  compensate f o r  
the decrease i n  air density,  according t o  theore t ica l  considerations. In 
addition, a similar impactor-fi l ter  device, constructed f o r  the  U. S. 
Atomic Energy Commission by General Mills, Inc., was employed f o r  some , 
single-level col lect ians  i n  the lower stratosphere. This instrument, with 
only one bar re l ,  has jets calibrated at  0.18 c\ and 0.008 1.1 radius, but t he  
volume capacity of 25 CU. ft,/min. and other design features  are the  same. 

I n  the  la rge  uni t ,  four separate ba r re l s  a r e  manifolded t o  the  one 

The 

The la rger  balloon-borne air f i l t e r  samples collected i n  the Hyderabad, 
India f l i g h t s  were obtained using the  Air Force Cambridge Research Labor- 
a t o r i e s  Sub-Micron Aerosol Collector (SMAC). 
10 ft. of polystyrene microfiber f i l t e r  material i n  a cyl indrical  con- 
f igurat ion similar t o  t h a t  of the  or ig ina l  Ash C a n  sampler. The design 
and operational charac te r i s t ics  of this sampler have been described i n  a 
recent General Mills, Inc., report  (3). The polystyrene f i l t e r  material 
used was produced by Stanford Research I n s t i t u t e  (SRI) under Contract No. 
AF' 19(604)-2644. 
of the  f i l t e r  material  are reported elsewhere (4) .  

This air f i l t e r  un i t  employs 

The method of fiber production and other charac te r i s t ics  

The f i l t e r  fibers of the  SRI paper range from about 0 . 1 t o  1.0 p diameter. 
T e s t s  on th i s  paper indicate  essent ia l ly  100% efficiency f o r  col lect ion 
of sub-micron aerosols over a wide range of p a r t i c l e  s i zes  and flow rates 

Preliminary treatment of t h e  10 ft.2 polystyrene f i l t e r  samples included 
the  pe l l e t i z ing  of 1 f t . 2  f ract ions i n  a press, addition of p e l l e t s  and 
appropriate ca r r i e r s  t o  a 500 nil, d i s t i l l a t i o n  f lask,  and destruct ive d i s -  
t i l l a t i o n  of the  polystyrene materid.. The small residues containing the  
natural  and a r t i f i c a l  rad ioac t iv i t ies  of i n t e r e s t  were wet-ashed with a 

(4, 5).  



a su l fu r i c  and n i t r i c  acid mixture and analyzed by standard radio- 
chemical separation procedures. 

. The t o t a l  beta a c t i v i t y  results f o r  impactor-fi l ter  samples collected 
over Minneapolis, Minnesota (450N, 939) ,  and Hyderabad, India  (17%, 
79%), are summarized i n  Table 1. The beta a c t i v i t y  measurements f o r  
each s e t  of data were carr ied out i n  a reproducible manner, with a 
geometry fac tor  of about 3.1, and a r e  reported i n  counts per minute 
(cpm) per thousand cubic f ee t ,  ambient. The percentage of a c t i v i t y  
i n  each s i z e  f rac t ion  and i n  each a l t i t u d e  in t e rva l  i s  presented i n  
Fig. 1 f o r  two prof i les  over Minneapolis, Minnesota, and i n  Fig. 2 f o r  
two p ro f i l e s  over Hyderabad, India. The samples were collected about 
two years o r  more after the  last nuclear t e s t  and sample volumes were 
qui te  small. The a c t i v i t y  of only a f e w  sampl w a s  ade uate for  i n -  
dividual nuclide measurements. 
measurements f o r  these samples are summarized i n  Table ,2. 

Figures 1 and 2 show t h a t  most of the a c t i v i t y  i n  the  lower s t r a t o -  
sphere i s  on the  second-stage of the impactor, indicat ing the predomi- 
nance of a c t i v i t y  i n  the 0.02 t o  0.15 11 radius p a r t i c l e  s i z e  range. 
Perhaps the  most s t r i k i n g  fea ture  is  the  marked a l t i t u d e  trend f o r  
pa r t i c l e s  of the smallest f ract ions.  
a t  a l t idues  of 90,000 t o  100,000 f t .  is  d is t r ibu ted  i n  pa r t i c l e s  of 
s i zes  less than 0.02 p radius. The anomaly indicated by one low dti- 
tude sample over Minneapolis and another over Hyderabad, showing more 
a c t i v i t y  on the first stage, i s  unexplained. It may be due e i the r  t o  
a small s h i f t  i n  t h e  e f fec t ive  cutoff of the impactor first stage o r  
t o  an ac tua l  s h i f t  i n  radioactivity-aerosol s i ze  d is t r ibu t ion .  
d i t i ona l  data on the  s i z e  d is t r ibu t ion  of radioactive pa r t i c l e s  between 
1 5  and 21 km a l t i t u d e  over Minneapolis a r e  shown i n  Fig. 3. 
most of t he  a c t i v i t y  is on the  second stage, with the  exception of one 
f l i g h t  f o r  which the  first stage impactor cutoff w a s  adjusted downward 
t o  0.05 )r radius. For the  l a t t e r ,  the  concentration of a c t i v i t y  on 
the first stage indicates  that most of the  a c t i v i t y  must be i n  the  
narrow range of approxiwtely 0.05 t o  0.15 1.1 radius, the  lower end of 
the natural su l f a t e  aerosol s i z e  d i s t r ibu t ion  at  t h i s  l eve l  (6). 

Results of ,e1'' and Sr9 8 a c t i v i t y  

Some 60 t o  80$ of the  a c t i v i t y  

Ad- 

Again, 

Impactor-Filter Results 

I 

The limited individualnuclide data, Table 2, were obtained t o  check 
on the  possible physical and chemical f ract ionat ion of individual 
r ad io i tpppes  w i  h p a r t i c l e  s ize .  The accuracy of the analyses of 
the  Ce and Srho a c t i v i t i e s  w a s  l imited by the  small sample s ize .  
Within experimental uncertaint ies ,  there  is  no indication of a var ia-  
t i o n  of f i s s i o n  product composition with a l t i t u d e  o r  with p a r t i c l e  
s ize .  
moderate var ia t ions of t h i s  nature. 

However, the  data a r e  inadequate t o  assess the poss ib i l i t y  of 



TAm 1 

Radioactivity of AFCRL impac tor-filter corlec tions (a> 

Total Beta cpm /103&3, Ambient 
Altitude 

Stage Stage db )  F i l te r  Co l l e  c tion Counting 
date date ( l o 3  ft.) 

Minneapolis, Minnesota: 

7 Jun. 60 18 Aug. 60 30-50 6.40 f 0.12 0.105 f 0.025 0.586 f 0.084 
50-70 1.38 f 0.05 36.0 f 0.2 4.47 f 0.12 
70-90 0.288 f 0.058 13.7 f 0.2 7.54 f 0.14 
90-100 0.096 f 0.063 2.78 f 0.16 3.74 f 0.24 

11 Oct. 60 ! 20 Nov. 60 30-50 0.655 f 0.067 3. 10 f 0.09 LO. 45 
50-70 3.84 f 0.10 31.6 f 0.4 1.86 f 0.16 
70-90 1.25 f 0.09 17.8 f 0.2 6.03 f 0.23 
90-100 0.823 f 0.089 1.60 f 0.12 4.07 f 0.25 

15 Feb. 61 17 Mar. 61 67 5.96 f 0.08 11.5 f 0.1 2.72 f 0.04 

16 Jun. 61 6 Jul. 61 65 38.6 f 0.3 5.78 f 0.09 0.485 f 0.035 

Hyderabad, India: 

13 Apr. 61 12 May 61 50-70 0,951 f 0.079 4.94 f 0.12 GO. 65 
70-90 2.56 f 0.08 5 0 -  20 1.99 f 0.11 
90-92.7 L O ,  16 L O .  16 40 .72  

20 Apr. 61 25 May 61 50-70 1.45 f 0.15 7.98 f 0.24 5 1 . 6  
70-90 1.50 f 0.15 10.4 f 0.2 5.72 f 0.35 
90-97.9 6 0.71 2.45 f 0.20 11.5 f 0.5 

a. The sampling system consis ts  of a 2-stage impactor with backup f i l ter ,  designed in  cooperation 
with General  Mills, Inc., under Contract No. A F  191604)-4943. 
of that used by Chagnon and Junge (1,2). 
Impactor cutoffs were 0.15 and 0 .02  p radius  fo r  ver t ical  profiles, 0.18 and 0.0075 p radius  for  
15  Februa ry  1961 flight, and 0 . 0 5 ~  and 0.025 )z r a d i u s  for  16 June 1961 flight. 

This system is a n  enlarged vers ion 

b. 

I 



TABLE 2 

I 
Ce144 and S r 9 0  a c t i v i t y  o f  i m p a c t o r - f i l t e r  samples 

Concentrat ion on  Sampling Date  C e  Gel4 (dpm) 
Altitude (dpm/103ft3, ambient) Total beta(a) (dpm/ 103ft3, Total  beta Fl ight  

c ,144 ~ r 9 '  ~ e l ~ / ~ r ' O  (cam) ambient)  ( C P d  Da te  (103ft Fraction 

7 J u n . 6 0  50-70 S t a g e 2 .  -5  f 1 . 3  5.70 f 0 . 7 1  7 . 8 1 f 0 . 9 9  36.0 a 0 . 2  37.9 f l . 1  1.05 f 0 . 0 3  
Filter 4.72 f O. 38 -L- --- 4.47 * 0.12 3.97 f 0.32 0.887 f 0.075 

70-90 S t a g e 2  2 2 . 7 f 0 . 5  2 . 0 7 f 0 . 6 6  1 1 . O f 3 . 5  1 3 . 7 * 0 . 2  19.3 f 0.5 1.41 f 0.04 
Filter 8.10 f 0.70 --- --- 7 .54*0 .14  6.76-10.59 0 . 8 9 7 f 0 . 0 9 4  

90-100 Filter 7.05 f 0.77 I-.. --- 3 . 7 4 f 0 . 2 4  5 . 8 5 f 0 . 6 0  1.56 f O . 1 9  

l l O c t . 6 0  50-70 S t a g e 2  36.2 1 1 . 4  5.98 f 0 . 6 6  6 . 0 5 f 0 . 7 0  31.6 f O . 4  32.6 f l . 3  1.03 f 0 . 0 4  
F i l t e r  2.73 f 0.50 e..- --- 1.86 f 0.16 2.50 f 0.46 1.34 f 0.27 

70-90 S t a g e 2  21.7 * 1 . 6  2.60 f 0 . 5 2  8 . 3 4 k 1 . 7 7  17.8 f 0 . 2  19.2 f l . 5  1.08 f O . 0 8  
Filter 5.69 f 0.83 --" W".. 6.03 f 0.23 5.15 f 0.75 0.854 f 0.127 

90-100 Filter 4.91 * 0.72 I-- --- 4.07 f 0.25 4.39 f 0.64 1.08 f 0.16 

15 Feb. 6 1  67 Stage 1 3.00 f 0.12 0.924 f 0.252 3.25 f 0.89 5.96 f 0.08 3.93 k 0.16 0.660 f 0.028 
S t a g e 2  8 . 0 4 f 0 . 2 4  2.12 f O . 1 0  3 . 7 9 f 0 . 2 1  11.5 f 0 . 1  10.5 f 0.3 0.913 f 0.027 
F i l t e r  2 . 6 8 f 0 . 1 0  0 . 6 0 8 f 0 . 0 8 2  4 . 4 0 * 0 . 6 2  2 . 7 2 k 0 . 0 4  3 . 5 0 f 0 . 1 4  1.29 f 0 . 0 6  

a. 

b. 

Total beta c p m  value on  counting date ( see  Table  1). 

G e l 4  value c o r r e c t e d  f o r  decay to total beta counting date. 
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Stratospheric Radioactivity Over Hyderabad, India 

F l igh t  information and radioact ivi ty  data f o r  the  submicron aerosol 
col lector  samples obtained over Hyderabad, India, a r e  presented i n  
Tables 3 and 4. 
(GMI), were based on both PR-2 flowmeter and blower rpm data. 
tunately,  the  r e s u l t s  a r e  inconsistent and unreliable. Flowmeter 
f a i lu re s  a r e  indicated at  least i n  the  case of flights 2522, 2525, and 
2535. For the other f l i g h t s ,  the  flawmeter a l so  leads t o  an underesti-  
mation of the  ac tua l  volume sampled. 
data at bes t  provide only an upper l i m i t  of the  air sample volume. In  
t h i s  case, any obstruction t o  a f r ee  flow of air (twisted duct, obstructed 
entrance, o r  other such malfunctions) would r e s u l t  i n  a reduced air-flow 
which would not be ref lected by the  rpm data. 

  he measurements of ,e144, srw > m102 > 
were carried out with care. The r a t i o s  Z49Sr9' are approximately 
the  values t o  be expected f o r  f i s s ion  products produced during 1958, 
with small variat ions outside of counting s t a t i s t i c s .  The var ia t ions 
may be due t o  somewhat incomplete mixing of sources of d i f f e ren t  age or  
of d i f f e ren t  fission-product production r a t io ,  or  both. The Rhlo2/Sry 
r a t i o s  show a f a i r l y  systematic trend w i t h  a l t i t ude ,  w i t h  an increase 
by a fac tor  of about 4 over the  altitude range between the lower s t r a t o -  
sphere and 97,000 f t .  
based on rprn volume data, show unexpected la rge  var ia t ions i n  concentra- 
t i o n  a t  a given a l t i t ude .  
s i s t e n t  w i t h  the  expected d i s t r ibu t ion  of f i s s ion  products i n  the  equa- 
t o r i a l  stratosphere 2.5 years a f t e r  production, they are a t t r i bu ted  
mainly t o  volume uncertaint ies .  

Volume data, Table 3, provided by General Mills, Inc. 
Unfor- 

On the  other hand, blower rpm 

210 presented i n  Table 4 

The a c t i v i t y  concentrations given i n  Table 4, 

Because var ia t ions of t h i s  sor t  a r e  incon- 

To es tab l i sh  a ve r t i ca l  d i s t r ibu t ion  of f i s s ion  products and over 
Hyderabad, the  t o t a l  be ta  a c t i v i t y  p ro f i l e  fo r  the  20 April 1961 impactor- 
f i l t e r  f l ight affords  the only reasonable poss ib i l i ty .  
f i l t e r  u n i t  employs a constant volume displacement pump which allows 
accurate assessr;ent of volumes on the  basis of pumping speed, pump tem- 
perature, and pressure-alt i tude data. The reproducibi l i ty  of t h i s  
method is shown by the  two p ro f i l e s  over Minneapolis, Minnesota, Table 
5 and Fig. 4, as well as by the  su l fa te  aerosol p ro f i l e  data of Junge, 
Chagnon, and Maason (6). 
Hyderabad, India, i s  a l s o  shown i n  Table 5 and Fig. 4. Unfortunately, 
t h i s  w a s  the  only impactor-fi l ter  f l i g h t  over India f o r  w h i c h  reliable 
volume data exists. 

The a c t i v i t y  prof i les ,  Fig. 4, -are necessarily d is tor ted  because samples 
were taken over extended a l t i t u d e  intervals .  The multiple impactor- 
f i l t e r  un i t s  were nei ther  designed nor intended f o r  ve r t i ca l  p ro f i l e  
measurements. The prof i les  i n  Fig. 4 were drawn with the  assumption 
t h a t  all of t he  a c t i v i t y  for  t he  lowest a l t i t u d e  in t e rva l  was collected 

The impactor- 

The 20 Apri l1961 a c t i v i t y  p ro f i l e  over 



TABLE 3 

GMI volume data fo r  SMAC flights over Hyderabad, India. 

Sampling Sampling Sampling Ambient Volume 
vo Turn e S.T.P. Method Fl ight  alt i tude t ime  rate 

No. (ft.1 (minb) (ft. 3 /min.) (ft?) (ft?) 

93  542 50,380 1,980 Flowmeter  2521 76,500 
543 50,500 1, 980 r Pm 

Flowm e te r 2522 97,000 153 13- a- -- 
3 17 49,100 693 rpm 

777 93,300 1,890 r Pm 

F 
--J a, 

Flowmeter  2525‘”’ 89,470 120 136 16,350 ,330 

68,530 79 354 27,900 1,650 Flowmeter  

,2535(a) 77,360 139 27.9 3,880 147 Flowmeter  

2534 
6 18 48,800 2,890 rPm 

530 73,600 2,790 rPm 

48 2 57,900 1,330 rPm 
86,800 120 627 75,200 1,730 Flowmeter  2536 

2537 97,300 101 730 FEo wm e te r 48 0 48,600 
372 37,600 560 rPm 

a. High blOwer exhaust  t empera tu res  noted. 
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Radioactivity of SMAC samples, Hyderaked, India, 
March-April 1961, based on r p m  volume data 

Activity (dpm/lO3ft.3, S.T.P.) Volume 
S.T.P. (a> 1 44(b) ~ r 9 '  Rh102(c) pb210 

Fl ight  Altitude 
No. 1961 Date ( ft) (ft.3) C e  

.. --- 
252 1 13 March  76,500 1,983 440 f 4 100 f 8 71.4 LO. 6 

2525 22 March  89,470 1,886 39.2 f 1.3 9.17 f 0.80 C17.5 6 0 . 3 5  
r 
\o 2522 14 March 97,000 693 384f 4 59.7 f 5.9 169 1 0 . 7  
-a 

2 534 5 Apr i l  68,530 2,890 103 f 2 32.2 f 1.7 514 " I  

2535 6 Apr i l  77,360 2 J  790 102 f 2 16.9 f 1.1 ~ 9 . 6  I -  

2536 7 Apr i l  86,800 1,330 553 f 4 161 f 6 -156 -- 
2537 8 Apr i l  97,300 560 362 f 8 111 * 5 -168 -" 

~ _ _  ~ 

a. Volumes, based on rpm data, a r e  in doubt and on the high side. 

b. 

c. 

Ce  144 data co r rec t ed  to 26 March 1961. 

Rhlo2 data co r rec t ed  to 12 August 1958. 



TABLE 5 

Total beta a c t i v i t y  vs. altitude for impactor-fi l ter  profiles 
I 

A .  Minneapolis, Minnesota (45ON, 93OW) - ~ -  

(1) Flight 2468, 7 June 1960, tropopause height 39,600 ft. 

ltitude 

03ft.) -- 

Volume,  
ambient 

(ft3) 

30-50 1132 
39.6-50 58 9 

50-70 1314 
70-90 1110 
90-100 616 

262 
98 

119 
36 

9.2 

Total Beta 
( G  x cpm/l03 f t . 3  S.T.P.) 

____ I.--- 

96 * 3 

1430 f 10 
2050 f 32 
1370 f 65 

254 f 

(2) Flight 2488, 11 October 1960, tropopause height 47,000 ft. 

30-50 833 
47 -50 125 
50-70 743 
70-90 624 
90-100 523 

196 
17.6 
70 
22 

7.2 

53 f 4 

1220 f 20 
2200 f 30 
1460 f 70 

590 f 64(a) 

B. Hyderabad, India (17ON, 79OE) - 
Flight 2542, 20 Apri l  1961, tropopause height 53,000 ft. 

50-70 374 35.4 
53-70 318 27.7 
70-90 313 11.1 
90-97.9 240 3.0 

334 f 28 
427 f 37.(”) 

1540 f 37 
3550 f 150 

(a) Assumes  activity collected above tropopause. 
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above the tropopause. 
more appropriate to connect points of mid-altitude rather than mean 
pressure altitude in view of the indicated exponential increase of ac- 
tivity vs. altitude. 

The Ce144, Srw and Rh102 acitivity distributions over Hyderabad, India, 
based on the 20 April 1961 beta activity profile shown in Fig. 4 and the 
nuclide ratio data from the SMAC flight 
Table 6 and Fig. 5. The c ve for Ce14& VS. altitude, Fig. 5, is con- 
stq ted by assuming a Cel& to total betaactivity ratio of 0.34. The 
Ce1 values, Table 6, were obt ined from the intercept of the altitude 
of each SMAC flight on the eel4‘ curve, 
Table 6 and Fig. 5, are based on the Cel‘tT&h and Cel /Rhlo2 ratios 
for the SMC flights, based o the data given in Table 4. 

approximately uniform composition of fission products vs. altitude which 
is Ccassuring with respect to the assumption used in constructing the 
Cel 
apparent. 
Fig. 5, are comparable to those obtained from U - 2  aircraft samples at 
these It is also of interest to note that 
the Rh”/Sr9° ratios at the upper levels over Hyderabad, India, are 
about the same as their ratios for Direct-Flow unit samples from upper 
sampling levels at 32% and 459 latitude during the last half of 1960. 

For the India profile, Fig. 4, it appeared to be 

- 

(Table 4), are presented in 

Srgo ay$ data, 

The similarity 
. in altitude trend for the Celb and SrgO data of Fig. 5 indicate the 

curve. The increase in Rh102/Srg0 ratios vs. altitude is clearly 
These Srw and Rh102 concentrations aT60,OOO to 70,000 ft., 

itudes over the equator. 

Discussion 

The particle size measurements show that residual contamination at levels 
of 90,000 to 100,OOO ft. and above resides in particles below 0.02 p 
radius. This very low size range for radioactive aerosols has important 
implications with respect to methods of balloon and rocket sampling. 
efficiency of IPC paper for particles of such small size is in doubt and 
probably is low, even for the design face-velocity of the Direct-Flow 
sampler currently employed by U.S. Atomic Energy Commission contractors 
in the upper-atmosphere monitoring program. At lower face velocities, 
which w i l l  result in the event of any obstruction to flow, the efficiency 
of fine particle collection on IPC paper w i l l  be further reduced. A fil- 
ter pad of very fine fiber material, which provides for the efficient col- 
lection of particles in the mu range, is clearly required. Polystyrene 
microfiber material like the SRI filter used in the India flights or the 
commercially available Delbag-Microsorban 99/97, a filter of similar 
characteristics and manufactured by Delbag-Luftfiler (7), not only provide 
the requisite high efficiency, but have the additional advantage of low 
chemical and radiochemical impurity. The need for a larger area of filter 
material because of the higher resistance of these filters compared to 
IPC paper imposes no serious processing difficulties in view of the ease 
of destructive distillation of the polystyrene material. 

The 
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TABLE 6 

Radioactivity over Hyderabad, India, based on 20 April 1961 impactor-filter 
profile and SMAC sample nuclide ratio data 

2521 76.5 1210 410 93.2 66.5 

2525 . ,  89.5 

p 2522 97.0 

2534 68.5 
03 
v1 

, '  
2800 9 45 210 4 418 

4500 

700 

1520 260 

236 73.5 

2535 77.4 1290 43 5 75.4 

2536 86.8 

2537 97.3 

2330 

4590 

787 226 

1550 468 

735 

31.8 

42. 5 - 219 - 720 

a. 

b. 

c. Rh102 co r rec t ed  to 12 August 1958. 

Based  on impactor-f i l ter  profile of Flight 2542. 

C e  144 taken as 0.34 x total beta. 

L 

I 



The size distribution of radioactivity in the lower stratosphere appears 
to correspond with the peak in the number distribution and the lower end 
of the w s s  distribution of the natural sulfate aerosol. ThPse results 
are consistent with those of Manson ( 8 )  who gives other evidence on the 
association of stratospheric radioactivity and.the natural sulfate aero- 
sol  layer. It is indicated that the finely-divided radioactive aerosol 
mixes down from higher levels of the stratosphere and either seeds the 
formation of or becomes attached to sulfate aerosol particles. The na- 
ture and details of the mechanisms are not known. The experimental re- 
sults clearly indicate that sedimentation must play a relatively minor 
role in the vertical transport of residual contamination, both within 
the lower stratosphere and across the tropopause. 

I 

The vertical distribution of radioactivity in the equatorial strato- 
sphere shown in Fig. 6, must be taken as a tentative result because it 
is based on a single ve cal profile of measurements. The increase in 
the concentration of Rh” relative to fission products is clear on the 
point that the equatorial stratosphere is not well mixed but shows an 
increase in the relative contribution of high altitude sources with alti- 
tude over the range of observations. The marked increase in fission 
product concentration vs. altitude in this region and the uncertain ef- 
ficiency of Direct-Florunit data at upper levels indicate the need for 
more measurements of better quality over the balloon altitude range, with 
special attention to the equatorial region. Without such data, inven- 
tories of residual stratospheric contamination cannot be established. 
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ATMOSPHERIC FUD1OACI"ITY P A T " S  ALONG TIIE 
80th MERIDIAN (WEST) 1959-1961 

Luther B. Lockhart, Jr., Robert L. Patterson, Jr. 
Allen W. Saunders, Jr., and Robert W. Black 

U. S.  Naval Research Laboratory 
Washington, D. C. 

Abstract 

Some tenta e conclusions based on the study of fission products and 
natural F%'" in the air at ground level along the 80th meridian dur- 
ing the period 1959-1961 are presented. 
quantities of fallout materials in the air of both hemispheres are 
documented. Changes in the relative concentrations of Ce144 and SrgO 
during the past year indicate the apparent influx of younger debris 
into the lower atmosphere. 
of these nuclides makes it difficult to accept this result as due to the 
increase contribution of Teak-Orangg debris. 

Pbao concentrations in the air along the 80th meridian show a lati- 
tudinal distribution similar to that of fission products 
systematic increase with altitude. 
altitude sites is attributed to the vertical mixing of air masses con- 
taining Pbuo and/or Rn rather than 
material 

Seasonal variations in the 

A lack of seasonal variations in the ratio 

but with no 
The presence of Pb216 at the higher 

gaseous diffusion of the latter 

- - - - _ - - - - - - - - - - - - - - - _ _ _ _ _ _ _ L _ _ _ _ _ _ _ _  

Introduction 

The U. S. Naval Research Laboratory, (NRL) 80th meridian air-monitoring 
program, which is a cooperative endeavor financed by U. S. Naval Research 
and U. S. Atomic Energy Commission funds and supported by the U. S. 
Weather Bureau and various organizations outside the United States, has 

* Very high altitude shots, Johnston Island, Operation HAFU)TACK I, 1958. 

188 



been i n  continuous operation s ince May 1956. 
during t h i s  period has given some insight  i n t o  t h  
air concentrations of f i s s ion  product rad ioac t iv i ty  at  ground l e v e l  a r e  
re la ted  t o  the in t ens i ty  and geographical area of tes t ing .  Measurements 
made during the  nearly 3-years moratorium on nuclear t e s t i n g  have enabled 
some conclusions t o  be drawn regarding thewbehavior of the various 
s t ra tospheric  sourcks of radioactive debris.  It is  f e l t  t h a t  there  i s  
su f f i c i en t  information avai lable  from present and past records fo r  a 
r e l i a b l e  estimate t o  be made of the  fu ture  d i s t r ibu t ion  of debris  from 
the current s e r i e s  of t e s t s  i n  the  U. S. S. R. 

The information obtained 
matter i n  which the  

Procedure 

As most of you are aware, t h i s  network consis ts  of a se r i e s  of 12 
s t a t ions  along the  80th meridian (west) which continuously sample the  
air a t  ground l e v e l  using e s sen t i a l ly  constant volume blowers (pos i t ive  
displacement blowers) t o  draw about 1200 m3/day of air through extremely 
e f f i c i e n t  cellulose/asbestos f i l ters  (Army Chemical Corps type 6). 
F i l t e r s  are current ly  changed a t  weekly in te rva ls  and returned t o  EJRL 
f o r  assay and radiochemical analysis.  The individual samples are ashed, 
compress& t o  a p e l l e t  i n  a hydraulic press, and assayed f o r  gross beta 
a c t i v i t y  using stand- techniques. 
formed on composite s 

a c t i v i t y  w a s  avai lable  for  measurement, it was subst i tuted i n  the analysis  
scheme f o r  A l l  of the  nuclides considered a re  beta  emitters;  the  
rad ioac t iv i ty  is  measured by use of low-level beta-counting techniques 
on counters which have been standardized against  similar mounted samples 
of known d is in tegra t ion  rates .  

Radiochemical analyses are p r- 
rom each s t a t ion  fo r  the  nuclides S r  9,  8 les 

~r90, ~ 9 1 ,  ~ ~ 1 3 7 ,  ~e , P d  e 7, and Pbao. During the period when I?l85 

Results 

The rad ioac t iv i ty  p ro f i l e s  along the  80th meridian fo r  1 60 are shown 

latitude. 
of other  years) are the  maxima i n  the  midlatitudes of each hemisphere 
and a minimum near the equator. 
Zone, during 1960 are due t o  the  French t e s t  of 13 February 1960 i n  
the  Sahara Desert. (a) the  
Northern Hemisphere s t a t ions  show a d e f i n i t e  seasonal change with a 
maximum i n  the  spring (independent of the peak associated with the 
French debr i s ) ;  (b) the  t rop ica l  minimum s h i f t s  north of the  equator 
during the  period of t he  Northern Hemisphere fa l l  minimm; (3 )  seasonal 
e f f ec t s  are not very apparent i n  the  midlatitudes of the  Southern 
Hemisphere; and (a) there  i s  a sharper cut-off a t  the higher l a t i t udes  
t o  the  south as compared t o  the  north, probably because of the lack of 

*A l is t  of recent publications are given at  the end of this paper. 

i n  Fig. 1 as semilog p lo t s  of gross be ta  a c t i v i t y  (dpm/m 3 of a i r )  vs 
The common fea tures  of all these monthly p ro f i l e s  (and those 

The peaks at  Mraflores;  Panama C a n a l  

Several progressive changes are evident : 



an appreciable burden of a c t i v i t y  over the  Antarctic stratosphere. 
During 1961 the  gross a c t i v i t y  l eve l s  have been about 50% lower i n  
both hemispheres than i n  1960. 

The trends i n  the gross a c t i v i t y  concentrations at  Washington, Miami 
and Antofagasta a r e  shown i n  Fig. 2. A d e f i n i t e  per iodici ty  is  pre- 
sent  at  the Northern Hemisphere sites but not at  Antofagasta, though 
a general upturn did take place during the Southern Hemisphere spring 
i n  1960. The i n i t i a l  e f f ec t  of the current U. S. S. R. s e r i e s  is 
apparent with an increase i n  f i s s ion  product concentrations of nearly 
2 orders of magnitude at  Washington and M i a m i .  None of this a c t i v i t y  

' has yet  been detected below the  equator. 

The e f f ec t  of the  French tests of February and April 1960 on the  gross 
a c t i v i t y  l eve l s  at four sites is  shown i n  Fig. 3. Radiochemical analyses 
indicated that only t r ace  quant i t ies  of f r e sh  a c t i v  t y  wdre collected a t  
other 80th meridian s i t e s .  The contribution of Sr9' from the  13 February 
t e s t  t o  t h e  t o t a l  SrgO i n  the air a t  the  various sites during March 1960 
is shown i n  Table 1. 
two sites and fo r  t h i s  one month only. 
detected a t  a few s i t e s  during May 1960 but  nowhere during July. This 
fast disappearance of the newer a c t i v i t y  would indicate  the absence of 
any measurable s t ra tospheric  component from t h i s  French t e s t .  

This tes t  w a s  a major contributor of Srgo a t  only 
Traces of f r e sh  a c t i v i t y  were 

The French t e s t  of 1 April 1960 could not be distinguished above the 
general background of a c t i v i t y  resu l t ing  both from the February t e s t  
and from the  normal spring r i s e  i n  s t ra tospheric  deposition. 
small test  of 27 December 1960 w a s  detected f o r  a very short  period 
and only a t  two s i t e s ,  Miraflores, P.C.Z., and San Juan, P.R.; the test  
of 25 April 1961 was not detected e i t h e r  by gross beta  measurements o r  
by radiochemistry. 

The 

The same pronounced seasonal var ia t ion as was shown before i n  the a i r  
concentration of gross beta a c t i v i t y  i n  the  Northern Hemisphere i s  
exhibited by the  SrgO i n  the  air  (Fig. 4). Actually the 1961 Srgo 
spring peak is  about 75-80$ of t h a t  i n  1960 while the gross be ta  pe 
of 1961 re l a t ive  t o  1960 was only 50%. By comparing the average Sr  
spr ing peaks i n  1960 and 1961 r e l a t i v e  t o  1959, r a t i o s  of 0.148 and 0.126 
are obtained, leading t o  apparent half-residence times f o r  the  average 
s t ra tospheric  source contributing t o  the troposphere of about 5 and 50 
months, respectively, f o r  the years 1959-1960 and 1960-1961. These e 

values are s igni f icant  i n  that they, perhaps, indicate  a much shorter  
residence time f o r  debris introduced i n t o  the  Arctic than f o r  t h a t  
presently i n  the t rop ica l  stratosphere. However, i f  appreciable Teak 
and Orange debr i s  were entering the troposphere during t h i s  period the 
e f f ec t  would be the same as that observed. Corrections f o r  an assumed 
25% contribution from these high a l t i t u d e  shots would give a ha l f -  
residence time of about 18 months fo r  the older debris.  It is unlikely 
that the Teak-Orange debris  is  t h i s  important; i f  so, i ts  e f f ec t  on the  
Southerh'Herpphere should be r e l a t ive ly  much greater. 
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Curiously, i n  both 1960 and 1961 the maxi111~u11 SrgO concentratio6 w a s  
reached sooner at  Miami and Thule than at  Moosonee and WashingLon. 

In the Southern Hemisphere there i s  a def in i te  spring peak i n  the air 
concentration of Sr9O for  the first time, clearly shown at  Antofagasta 
and Santiago during 1960 (Fig. 5). No def ini te  spring rise was noted 
at Puerto Montt o r  Punta Arenas. Gross beta measurements made at  the 
South Pole during 1959-1961 do indicate seasonal variations there with 
maxima i n  t h e i r  summer season (January-February) . 
Profiles of Srgo along the 80th meridian during the periods of seasonal 
maxima and minima are shown i n  Fig.6. 
January 1960 is shown t o  indicate the dis t r ibut ion during an intermediate 
period. It should be noted that the data for  no one month will depic% 
accurately the prof i les  during periods of maxim and iminma because of 
the different  tirnes of occurrence at  the various sites. 
however, t ha t  decided seasonal changes do occur which are  roughly 6 
months out of phase. 

The rat ios  of the t o  Sr9O ac t iv i t i e s  i n  the air during the period 
1959-1961 at the various s i t e s  outside the tropics are shown i n  Fig. 7. 
Following the spring peak of 1959, when the bulk of the Northern 
Hemisphere radioactivity came from the U. S. S. R. October ser ies  of 
1958, the Ce144/Srw ac t iv i ty  r a t i o  s teadi ly  decreased as the relat ive 
contribution of older debris increased. The top slanted l i n e  indicates 
the  decay rate of Ce144/SrW from a single source and extrapolates back 
t o  a zero time of 15 October 1959. The lower l i n e  serves t o  separate 
the ra t ios  i n  e two hemispheres; it extrapolates t o  October 1957 fo r  
an i n i t i a l  Celt? SrgO r a t i o  of 44. During the spring of 1960 there w a s  
no ident i f iable  influx of younger debris as might be expected i f  any 
quantity of the more recent U. S. S. R. debris remained i n  the atmosphere. 
In  t e Southern Hemisphere from mid-1959 through the end of 1960 the 

constant rate (T1 = 293 days, approx.), though there is  slight evidence 
of an influx of 2older debris i n  September-November 1959. The average 
age d i f fe ren t ia l  between hemispheres decreased from about 12 months t o  
2 months during an 18 month period. 
by a transequatorial mixing process since there i s  no corresponding 
decrease i n  the age of debris i n  the Southern Hemisphere. 
mid-1960 i n  both hemisph 
r a t e  of decay- of the Ge1gt/Sr90 r a t i o  as might be occasioned by the 
increasing influence of a source of debris younger than the prevailing 
average. 
expected from an influx of Teak and Orange debris i n to  the lower polar 
stratospheres. It may be due t o  another f a i r l y  young t ropical  source 
whose presence is j u s t  beginning t o  be fe l t ;  f o r  example, debris from 
the United Kingdom tes t  of September 1958 may have been introduced at a 
considerably higher a l t i tude  than the Operation HARDTACK debris and may 
just now have migrated t o  a position of influence on the tropospheric 
air. This is  pure speculation, however. 

For comparison the prof i le  fo r  

It is evident, 

Ce14 f: /Sr90 ratio indicated wch older debris and decayed at a fa i r ly  

This effect  cannot be explained 

Starting i n  
es there has been a gradual decrease i n  the 

This does not appear t o  be a seasonal effect  as would be 

i 

i 



The des i r ab i l i t y  of exploit ing long-lived natural  radioactive products 
as t racers  f o r  atmospheric processes has been long recognized, parti- 
cu la r ly ' a s  the  f i s s ion  product concentrations have become lower and more 
d i f f i c u l t  t o  measure. Furthermore, such products have a d i f fe ren t  source 
than do f i s s ion  products and a knowledge of t h e i r  behavior w i l l  supplement 
the information obtained from the more routine f i s s ion  product measure- 
ments. Consequently, par t  of the radiochemical e f fo r t  has been expended 
in,&@ermining the  contribution of the  long-lived natural  radioisoto e 
Pb 
f o r  the  past year has been a major contributor t o  the measured gross beta  
a c t i v i t y  at  ground level ,  generally contributing between 10% and k$ of 
the to t a l .  

. r e s u l t s  of gross beta measurements. 

t o  the  t o t a l  a c t i v i t y  of the  air. It has been found that Pb 219 , 

This has great ly  increased the d i f f i c u l t y  i n  in te rpre t ing  

The data obtained during the  past year indicate  that a t  ground l eve l  
the  Pba0 concentration a t  a given s i te  can vary widely f r o m  month t o  
month. There is as yet insuf f ic ien t  data t o  document seasonal changes 
i n  the  Pb2l0 concentrations; however, as indicated i n  F i  . 8, there  i s  

resembling those of Sr9O along the 80th meridian. The unsymmetrical 
shape is  due i n  pa r t  t o  the f a c t  that Pb2l0 is  derived from Rn which, 
l i k e  SrgO, has i t s  major source i n  the Northern Hemisphere. 
minimum is perhaps related t o  the  r a i n f a l l  pat terns  there. The high 
e l t i t u d e  sites of Matma Loa (3394 m),  Chacaltaya (5220 m )  and t e 
Amndsen-Scott s t a t i o n  at the  South Pole (2800 m)  a l l  have F%'lB con- 
centrations ( ac t iv i ty  per un i t  mss of a i r )  not great ly  d i f f e ren t  from 
those of sea-level sites a t  similar la t i tudes .  This would indicate t h a t  
the Pb2l0 encountered a t  high a l t i t udes  i s  t h e  r e s u l t  of v e r t i c a l  mixing 
of air masses from below, ra ther  than of gaseous diffusion of the Rn 
parent and a l s o  that no ac t ive  removal processes a r e  operating a t  high 
a l t i tudes .  A study of the gradient of Pb2l0 across t a e  tropopause and 
i n  the stratosphere should give an indication of the  porosity of t h i s  
"barrier" and indicate  where the  holes are located. Such a study m i g h t  
give evidence as t o  whether air msses are exchanged loca l ly  or whether 
there  is a preferen t ia l  place of in f lux  i n t o  the stratosphere qui te  
d i s t an t  from the  areas where SrgO leakage occurs. 

a de f in i t e  latitude dependence, with the  pat tern of Pb 218 concentrations 

The t ropica l  

The information presented here covers some of the  h i g h l i a t s  of the 
work during the  past year. k c h  detail has of necessity been omitted. 
Among the  more important conclusions derived from this and similar work 
elsewhere is that seasonal maxima i n  s t ra tospheric  deposition do occur 
i n  both the  Northern and Southern Hemispheres ond are e s sen t i a l ly  6 
months out of phase; consequently, similar meteorological processes 
involving the  seasonal var ia t ion i n  the  mixing of s t ra tospheric  and 
tropospheric air are operating i n  both hemispheres. 



The s ize  of theavai lable  stratospheric source, as es t imted  from ground 
level  measurements, apparently has not changed considerably during the 
past year. It i s  yet not certain whether t h i s  is  ent i re ly  due t o  the 
recognized much longer residence time of debris i n  the t ropical  s t ra to-  
sphere re la t ive  t o  the emperate or polar stratosphere, or whether it 
is due i n  par t  t o  an influx of material from high altitude shots whose 
influence is j u s t  beginning t o  be f e l t  a t  ground level. 
tha t  t h i s  f a c t  must be determined from measurements of the Rhlo2nuclide 
introduced with high-altitude HARDTACK debris, since variations 
i n  f i ss ion  product ra t ios  are subject t o  a variety of interpretations. 
it is indeed t rue  that the Teak and Orange or  other high a l t i tude  shots 
have as yet made no great contribution t o  the ac t iv i ty  at  ground level, 
then it is evident tha t  transequatorial migration of debris i n  the s t ra to-  
sphere must have taken place suff ic ient ly  t o  override the loss due t o  
deposition i n  the  Southern Hemisphere. It may be concluded, i n  any case, 
that the rate of transequatorial mixing i n  the stratosphere is  slow. 

It is considered 

I f  

The interpretation of results of future measurements i n  the Northern 
Hemisphere w i l l  be extremely complicated fo r  a w h i l e  as the resu l t  of 
the current U. S. S. R. t es t s .  However, the great quantity of young 
debris i n  the Northern Hemisphere provides some extremely sensit ive 
t racers  f o r  detecting the transequatorial mixing or migration of air 
masses. The f e w  reported indications of U. S. S. R. debris appearing 
i n  the Southern Hemisphere have been inconclusive because of the 
re la t ive ly  l i t t l e  difference i n  the composition of the background 
ac t iv i ty  i n  the two hemispheres. A t  the present t i m e  t h i s  will not 
be a limitation. 
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TABU 1 

Contribution of the French T e s t  of 13 February 1960 t o  the Total 
SrgO in the A i r  at Various Sites  During March 1960 

Contribution - 
Site  - Activity (dpm/lOO Std. m3) 

srU9 * Sr90  SrW 
of French Test 

$ 
equivalent- TOW 

Thule 0.26 0.0016 0. go8 0.18 

Moosonee 0.56 0.0034 0.856 0.40 

Washington 0.65 0 0039 0.940 0.41 

Miami 7.3 0.044 1.51 

Mauna Loa u . 6  0.130 1.39 

2.9 

9.3 

Mlraflores 78.0 0 . 470 0.858 55. 

0.095 0.170 Guayaquil 15-7 

Lima 0.34 0.0023. 0,115 

56. 

1.8 

Chacaltaya 0.26 0.0016 0.131 1.2 

Antof agasta 0.30 0.0018 0.303 

Santiago 0.0 0.000 0.360 

Puerto Montt 0.0 0.000 00 w 

0.6 

0.0 

0.0 

Punts Arenas 0.0 0.000 0.163 0.0 

* Corrected f r decay t o  13 February 1960 
Based on S&/Sr% ratio of 166 at time of f iss ion 
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GENERAL CIRCULATION OF TRE STRATOSPHERE 

Arnaz-d A. Barnes, Jr. 

Cambridge, Massachusetts 
Massachusetts Institute of Technology 

- Abstract 
Using data from 212 stations over the Northern Hemisphere, the meridonal 
circulation at 50 mb for the period July through December 1957 was ob- 
tained. 
adiabatic assumption. 
same magnitures but generally oppose each other. 

The mean meridional circulation was .also computed from the 
The mean adiabatic and diabatic motions have the 

Both the mean circulation and the eddies must be considered in any model 
of long term stratospheric transport of radioactive material. 

Since the atmosphere is its own best model we have used the actual 
observations to obtain the mean south to north velocities at 50 mb for 
the period &July 1961 through 31 December 1961. Fig. 1 shows the 212 
stations covering the Northern Hemisphere which were used in our study. 
Observations at times OOZ and 122 at the 100 mb, 50 mb, 30 mb and 10 mb 
levels were used. The adiabatic vertical motions were computed for the 
layer 100 to 50 mb and 50 to 30 mb. 24-hour time differences were used 
to reduce the errors due to the sun shining on the instruments. 

Three-month time means of these vertical motions, ‘p 
each of the stations and plotted on maps. 
grid point values were taken at each loo of longitude and every 50 of 
latitude from 80’ N to the equator. Fig. 2 is a typical map of the 
adiabatic vertical motion. 

were computed for 
These maps were analyzed and ?E’ 

Maximum values correspond to about 1/2 cm/sec. 

Using the continuity equation, it was possible to obtain the adiabatic 
holizontal motions along the pressure surface. Fig. 3 shows the mean 
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adiabatic meridional circulation for the period Ju ly  through September 
1958. Notice the close agreement between the 002 and 122 circulations. 

The first column of Table 1 lists the latitudinal means of the 6-month 
time averages of the southerly components of the actual winds at 50 mb. 
Six-month averages were necessary to separate the signal from the noise. 
The second column lists the average 50 mb southerly components computed 
from the adiabatic vertical motions. Values south of 20° M are i n  doubt 
because of the small number of stations in the eqatorial region and be- 
cause of the errors introduced at low latitudes by using the thermal wind 
relation in computing the adiabatic vertical motion. The third column is 
obtained by subtracting the second from the first. 
interpreted as the mean horizontal motions due to diabatic effects in the 
lower stratosphere. 
are in the samedirection as those obtained by Murgatroyd and Singleton (l), 
bv.t are much smaller in magnitude. 

These values may be 

Notice that these mean horizontal diabatic motions 

The adiabatic and diabatic motions are of comparable size bu usually have 
opposite directions. 

Jensen's work (2) indicates that there is a change in the meridional 
circulation from Massachusetts Institute of Technology for the complete 
year 1958 using the 212 stations shown above. 

Concluding we would say that for the lower stratosphere: 

1. The diabtic heating is very important and cannot be disregarded. 

2. Using our method, over 3 months of actual wind data must be used 
to separate the mean vertical components from the noise. 

Newell has used these actual mean winds in computing transports in the 
stratosphere, and, as he shows in.;the following paper (page 
the mean meridional motions cannot be disregard in computing stratospheric 
transports. 

) 
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TABU 1 

Six-month horizontal meridional winds a t  50 mb 
(m/sec. Positive values indicate northmrd motion) 

Actual 

2 
-26 
-5 
6 
6 
1 

-ll 
-15 
-17 
-14 

-2 
5 
12 
10 
6 
2 

-a 

Adiabt i c 

-7 
-9 

-7 
-7 

I -12 
-15 
-17 
-18 
-17 
-15 
-13 
-9 
-4 
0 
3 
4 

-a 

Diabatic 

9 
-17 
3 
13 
13 
13 
4 
3 
1 
3 
7 
11 
14 
16 
10 
3 
-2 

Latitude 

80' N 
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70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
x) 
15 
10 
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Figure 2. Stations, by International index number, 
used ae source for stratospheric data. 
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THE TRANSPORT OF OZONE AND RADIOACTIVITY IN THE ATMOSPHEREi 
IMPLI%ATIONS OF RECENT STRATOSPHERIC CIRCULATION FINDINGS. 

Reginald E. Newell 
Departlaent of Meteorology 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 

Background Note 

The Planetary Circulations Project, directed by V.P. Starr, is pre- 
sently investigating the circulation of the stratosphere using. the 
method of attack that has already been extensively applied to the 
troposphere (see for example Starr (1, 2)). From the actual wind 
and temperature observations at 100, SO, 30 and 10 ab calculations 
are being made of the average3 wind and temperature field and the ver- 
tical and horizontal transports of angular momentum, kinetic energy, 
potential energy and heat. One of the goals is an understanding of 
the mechanisms of transfer within the stratosphere and this will be 
a prerequisite to any actual "explanation" of the observed behaviour 
comparable to that which now exists for the troposphere. 

In the present paper we shall treat one particular aspect of the work 
that seems pertinent to the conference theme, rather than attempting 
to make a comprehensive survey of all the work being performed. 

Introduction 

Two problems of meteorological concern that have been raised in con- 
nection with the high-yield nuclear weapons' tests are: 
that the maximum tropospheric,concentrations of fission products are 
found in middle latitudes whereas the debris is introduced into the' 
stratosphere at low and high latitudes? Why are these tropospheric 
concentrations greatest in the spring season? 

* This work is supported jointly by the Atomic Energy Coaunission 
(Contract AT-(30-1)2241) and the Geophysics Research Directorate, 
Air Force Cambridge Research Center (Contract AF 19(604)5223). 

Why is it 
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Let us assume for present purposes that a large fraction of the 
tropospheric-stratospheric mass exchange occurs in the vicinity of 
the tropopause gap or the baroclinic zone of middle latitudes. 
transfer has been suggested by several authors and there is some 
support from observations (see for example Ramanathan ( 3 ) ,  Machta (4), 
Brewer ( 5 ) ,  Newel1 (6,7),  Staley (8) and Roach (9)). 
sented some actual ozone soundings made with his chemical sonde which 
showed layers of relatively ozone-free air in the lower stratosphere 
of middle latitudes; he interpreted these as possibly due to isentropic 
transfer from the tropical troposphere. Roach's measurements, also 
with Brewer's apparatus, show an association in the region of the 
tropopause gap and jet stream between ozone rich layers and water- 
vapour poor layers. 
air in the troposphere in this vicinity has entered via the gap). 
With this assumption the original questions could be modified to read: 
How is transport accomplished within the stratosphere from low and 
high latitudes to middle latitudes? Are the spring maxima due to 
larger transports within the stratosphere in late winter or to 
increased stratospheric-tropospheric exchange or to both causes? 

Such 

Brewer pre- 

Again the data suggest that the ozone rich 

Similar questions have long puzzled meteorologists interested in 
atmospheric ozone. 
dicts maximum amounts in the summer and at lor latitudes yet observa- 
tions of total ozone show that maximum amounts occur in the late winter 
and spring at high latitudes. Below about 25 km ozone is not in photo- 
chemical equilibrium; in fact it can be treated as a conservative 
tracer as it is effectively shielded from ultra violet radiation by 
the ozone and oxygen above, The theory and observations can be 
reconciled if one postulates a northward transport of ozone in the 
lower stratosphere by a process that is more efficient-in the winter. 
Brewer (10)and Dobson (11) suggested that the transport mechanism was 
a mean meridional motion. Martin (12) presented some calculations 
of the ozone flux which showed the importance of quasi-horizontal 
eddy mixing in the lower stratosphere. 
further transport calculations in which both eddy diffusion and the 
mean motions discussed in the preceeding paper (page 204 ) by A. A. 
Barnes, Jr., are taken into2account. 

We shoild emphasize here that the ozone is not of purely academic 
interest at-this meeting; it has-a stratospheric source, is subject 
to stratospheric-tropospheric exchange, and has a maximum concentra- 

in late winter or spring (for the latter fact I am indebted to 
C. E. Junge) 

The photochemical equilibrium theory of ozone pre- 

Herein we shall present some 

tion in both-the middle latitude tratosphere and the lower 
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* Computations of Ozone Transport 

Suppose that the ozone concentration at a particular point at a 
given time is 0 ; we can write - 

0 = 0 +O' 

where the bar represents the time mean and the prime the departure 
from the mean. 

Likewise the northward component of the wind V may be written - 
v = v + v '  

The instantaneous northward transport of ozone will be given by - -  - - 
ov = 0 v + o'v' + o'v + 0 v' 

and the time averaged transport is - -  - - 
ov = 0 v + o'v' 

The equation is an expression of the fact that the northward transport 
of ozone is due to transport by mean meridional motions ( '7i 
and transport by transient eddy processes, 
effective in the present problem it is necessary that northward 
moving parcels of air contain more ozone than southward moving parcels. 

) 
For the latter term to be 

In addition to the transporting agencies of transient eddies and 
mean motions there are the standing eddies, If there is a systematic 
variation of amount of ozone with longitude which is related to 
large-scale semi-permanent troughs and ridges then there may be a 
northward transport on this account. 

Measurements of the concentration of ozone in the stratosphere are 
not available on a synoptic basis but there is a good correlation 
between the ozone concentration in the lower stratosphere (12-24.b 
in middle latitudes) and the total ozone amount in a vertical 
column (3, 13). Total ozone amounts are available on a synoptic 
basis; we used those taken at 25 stations in the northern hemisphere 
during the International Geophysical Year ( I G Y ) .  The stations are 
listed in Table I; where the wind site was not at the ozone station 
the wind site is listed in parentheses. Calculations were made of 
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0 , V, O'V' ; the stadard derivations a(o)  and a(V); and 
the correlation coefficient r (0 ,V)  . Both 50 mb and 100 mb 
winds were used at the times 0001 and 1200 GMT. Many stations 
report a series of ozone measurements throughout the day; in these 
cases the ozone amount closest to the wind time was selected. 
Otherwise the single ozone value reported was used with both winds. 
(Similar computations have been made for the westerly component of 
the wind but will not be discussed in this paper). 

A sumnary of the transient eddy flux data is shown in Table 2. 
The Japanese stations have been placed in a separate group because 
of their vicinity to the very strong jet stream in that area as 
shown by Barnes' wind data. The few stations at high latitudes are 
also shown separately. The middle latitude stations, separated 
into three latitude belts, show in general a northward flux of ozone 
with the largest values occurring in the January-March period. 
The implication is of course that the stratospheric quasi-horizontal 
eddy mixing processes are more vigourous in this period. By the fall 
the eddy mixing is less by a factor of three or four and the region 
of maximum transport has moved towards the north. The eddy transfers 
calculated are from the northward component of the dnd. In order 
for there to be a transfer away from the photochemical equilibrium 
region and therefore down the ozone concentration gradient, northward 
moving parcels should be descending and southward moving parcels 
should be rising. 
hypothesis in the observations of a counter-gradient heat flux by 
transient eddies at 200 and 100 mb in middle latitudes reported 
by White (14). 
moving parcels subsiding and warming adiabatically. 

There is some indirect evidence in favour of this 

They could be interpreted as due to northward 

Some ozone budget calculations are shown in Table 3. 
to the importance of the various terms the ac&uaL obsgrved change 
in ozone content of the polar cap north of 40 and 50 N has been 
calculated. 
flux is sufficient to account for the observed increase. The 
standing eddy term cannot be determined properly until data from 
many more ozone stations are used. 
of the mean meridional circulation in the spring. 
which are an average for the period July-December 1957 have been 
included to give a representation of the flux in the July-September 
periods. 
mean meridional motions in this period, We hope that the mean 
motions from the next 6 months of the IGY data will be available in 
the next few months. One valueis available for the downward flux 
in the troposphere (15); it has been converted into an equivalent 
flux over one quarter of the globe and is shown in Table 3. Notice 
that the content change in the fall could be due entirely to loss 

As a guide 

In the spring indtcations are that the transient eddy 

Thus far there are no measurements 
Barnes' measurements 

Transient eddy effects are subordinate to the effects of 



to the troposphere. Many more values of the tropospheric flux would 
be needed to establish this point. 
establishment of a meridional network of stations which would report 
surface ozone concentrations (similar to that employed by 
Lockhart (see page 18Eq). 

Junge has recently urged the 

Comparison with Other Evidence 

a) W185 measurements, reported by Feely and Spar (16) and kindly 
provided to the author by A. K. Stebbins, 111 (Defense Atomic Support 
Agency), indicate a northward flux by eddy processes down the con- 
centration gradient and to a certain extent along the isentropic 
surfaces (Figs. 1 and 2). The apparent cross-isentropic flow 
may be partly due to diabatic effects and partly to the fact that 
mean isentropes are used, 
are on the same isentrope and that the dhaxima remain in its vicinity 
from one period to the next (although the periods shown here are not 
strictly comparable). 
work of Taylor (17) and refer to 170' E. 
from our own work results from the southern hemisphere. The isentropes 
from Barnes work for 80' W have been used in a similar superposition 
that we reported earlier (7); the same general features are shown 
by both sets. In fact, in detail too there is some agreement as the 
secondary maxima appear to move downwards by about 12 degrees in 
potential temperature. 
could have been due to gravitational settling. 

Note that the maxima in the two hemispheres 

The isentropes used here are taken from the 
We do not yet have available 

Some of the change in the Northern Hemisphere 

b) The configuration ob the isentropes and tungsten isolines suggests 
that 'northward moving parcels are sinking and southward moving 
parcels are rising in the stratosphere of 10 - 50° N at these 
longitudes. 
already discussed. 

This is just the motion required by the ozone flux as 

c) The concept of northward moving parcels descending and therefore 
warming adiabatically provides an explanation for the counter-gradient 
flux of heat by eddy processes at 100 ab reported by White (14). 

d) 
Planetary Circulations Project, have shown (18) that the covariance 
V' W' is negative in the lower stratosphere south of 5Qo N and 
positive to the north. (W represents the vertical component of the 
wind). Again the interpretation is that northward moving parcels 
are sinking. 

Loisel and Molla, until recently two of my colleagues on.the 

- 
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e) 
budget of the region by Barnes. Indications are that transient eddy 
effects transport angular momentum northward in winter at 50 mb in 
the region south of 60' N, and transport it southward north of this 
latitude. Again the shuffling process is mare important in winter. 

Some preliminary studies have been made of the angular momentum 

f) Martin and Brewer (19) showed from a study of trajectories that 
particles which had moved from the south over Europe contained more 
ozone and had higher temperatures than those which moved from the 
north at 100 mb. 

Concluding Remarks 

Both quasi-horizontal eddy mixing and mean meridional motions must 
be taken into account in attempts to explain the movement of trace 
substances in the stratosphere. The ozone data indicate more quasi- 
horizontal eddy mixing in the winter and this provides a possible 
explanation for the increased concentration of ozone in the middle 
and high latitude lower stratosphere (which is followed incidentally 
by increases in the tropospheric concentrations of both ozone and 
fission products). 
order of magnitude to account for the increase. In the fall both 
types of transfer are effective; the observed decrease in ozone con- 
tent could be due either to southward transport by the mean motion 
or to loss into the troposphere. 
required before the role of the standing eddies can-be determined. 

The quasi-horizontal eddy flux is of the right 

Many more calculations will be 

If we had asked the two opening questions with reference to  ozone i t  
would seem reasonable to answer that transfer within the stratosphere 
is accomplished principally by quasi-horizontal eddy motions in the 
winter and that the spring maximum was a result of these processes 
introducing more ozone in winter than in summer into the lower middle 
and high latitude stratosphere. 
escape occurs into the troposphere and regardless of the actual 
stratosphere-tropospheric exchange process there will be a maximum 
exchange in late winter if the transfer occurs down the concentration 
gradient. 

From this region it appears that 

The case of fission products is not exactly analogous to that of 
ozone as there are two sources of fission products, at high and low 
latitudes in the stratosphere. It is of interest, however, that 
Barnes' angular momentum flux data show a greater eddy transfer in 
the winter than in the summer between high and middle latitudes. 
Presumably this transport would result in the high latitude debris 
reaching regions of the middle latitude baroclinic zone favourable 
to stratospheric-tropospheric exchange. 



The ozone flux data suggest that the pattern of events /is not 
exactly the same from year to year. For example the Icelandic 
station shows a southward flux in October-December 1958 almost 
equal to that in January-March 1958. 
considerable caution in any attempts to forecast the middle-high 
latitude exchange intensity. 
type of study over a period of years. 

One must therefore exercise 

Steps are being taken to extend thi 
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TABLE I 

Ozone Stations 

Station 

Marcus Island, Pacific 

Tori s hima, Japan 
Tateno, Japan 

Sapporo, Japan 

Washington, D.C., U . S . A .  

Abastumani, U. S S . R. 
(Tbilisi, U. S . S . R.  ) 

Rome, Italy 

Vladivos tok, U. S . S . R. 

Alma Ata, U . S . S . R .  

Green Bay, Wisconsin, U.S.A. 

Bismarck, N. Dakota, U.S.A. 

Arosa, Switzerland 

(Milano, Italy) 

Caribou, Maine, U . S . A .  

Cambourne, England 

Moosonee, Canada 

Oxford, England 

(Crawley, England) 

Edmonton, Canada 

Eskdalemuir, Scotland 

(Leuchars, Scotland) 

Aarhus, Denmark 

(Copenhagen, Denmark) 

Uppsala, Sweden 

(Stockholm, Sweden) 

Leningrad, U. S . S . R. 

Lerwick, Scotland 

Reykjavik, Iceland 

(Keflavik, Iceland) 

Resolute, Canada 

Alert, Canada 

International 
Index No. 

91-131 

47-963 

47- 646 

47-412 

72-405 

37-506 

37-549 

16-239 

31-960 
36-870 

72-645 

72-764 
- -- 
16-080 

72-712 

03-808 

72-836 
--- 
03-774 

72-879 

03-162 

03-171 

06-070 

06-180 

02-076 

02- 077 

26-063 

03-005 

04-030 

04-018 

72-924 

74-082 

Location 
-- 

24'17" 

30°2gPN 

36O03 ?N 

43°03PN 

38O51 'N 

41°43 'N 

41°41 'N 

41°48?N 

43O07 ¶N 
43O15 PN 

44O29 ¶N 

4G046¶N 

46O47 ?N 

45°28PN 

46'5OVN 

50°139N 

51°16*N 

51°46?N 

51°05 IN 

53O34 ' N 
55O19'N 

56°23qN 

56O18'N 

55O38 tN 

59O52 N 
59O21 qN 

59O57 qN 

60°08 *N 

64O08*N 

63O57 *N 
74°43PN 

82'30 qN 

153'58¶E 

140'18 %E 

140°08 ¶E 

141'20 E 

77O02 * W 
42"50qE 

44O57*E 

12O36?E 

131'54 'E 
76O5 6 'E 

88O08 W 

100°45 'W 

09O41 E 

09°17qE 

68OOO W 

05O19 gW 
8Oo39*W 

01O16'W 

OOol  3 W 
113O31 ¶W 
03O12'W 

02O53*W 

10°37 ¶E 

1 2040PE 

17O37 'E 
17O57 q E  

30'42 E 
olollqw 

21'54 OW 

23O37 *W 

94O599W 

62O2OPW 



TABLE 2 

Horizonta l  Flux of Ozone by Trans ien t  Eddies 
( c m  of ozone at STP x m sec.'l; no. of cases i n  parentheses)  

100 mb -- 
Latitude belt Jul-Sep 
or station 1957 

Marcus Island -0.0664 
and Japan (172) 
(4 stations) 

35O-45O N +O. 0099 
(6 stations) (16 1) 

45O-55O N M.0518 
(7 stations) (568) 

55O-6Oo N +O. 0382 
(5 stations) (310) 

Ke 51 av i k 
64 N 

Regolu t e 
75 N 
Alert 
82.5' N 

+O. 0381 
(140) 

+O. 0647 

+O. 0064 
(29) 

(120) 

Oct-Dec 
1957 -- 

-0.0050 
(228) 

+O. 0005 
(184) 

+O. 0510 
(529) 

+O. 0819 
(261) 

+O .0240 
(125) 

+0,1022 
(18) 

+O .0049 
(13) 

Jan-MAr 
1958 

-0.0532 
(400) 

+O. 0820 
(232) 

+O. 0725 
(499 1 

+0.0781 
(380) 

(136) 

(6) 

(6) 

-0.1779 

-0.0421 

-0.9798 

Apr- Jun 
1958 --- 

+O. 0040 
(474) 

+O. 0156 
(419) 

4.0043 
(738) 

(548) 

+O. 0736 
(167) 

+Q. 0383 
(99) 

+0.0183 
(124) 

-0.0096 

Jul-Sep 
1958 -- 

-0.0418 
(661 1 

+O ~ 0048 
(398) 

+O. 0339 
(749) 

+O. 0488 
(546) 

-0.0081 
(166) 

+O. 0442 
(128) 

+o. 0220 
(128) 

Oct-Dec 
1958 

-0.0555 
(531) 

-0.0008 
(332) 

+O. 0461 
(606) 

+O. 0464 
(345 1 

(105) 

+o. 1111 
(10) 

+O. 0752 
(10) 

-0.1968 

50 mb 

Marcus Island -0.0075 -0.0030 -0.0389 CO.0213 -0.012'7 +0.0128 
and Japan (148) (211) (324) (373) (536) (453) 
(4 stations) 

(6 stations) (79) (92) (166) (321) (300) (218) 

45O-55O N +0.0319 +0.0097 +0.1152 +0.0081 +0.0222 +0.0346 
(7 stations) (409) (388) (372) (568) (592) (518) 

55O-6Oo N +0.0188 +O.0683 +0.0783 +0.0103 +0.0319 +0.0970 
(5 stations) (180) (151) (192) (359) (335 1 (207 1 

35O-45O N +0.0039 +0.0282 +0.1175 i-0.0083 +0.0049 -0.0210 

Kef lavik 
64O N 

Resolute 4.0406 +0.1011 -0.0578 +0.0077 +0.0341 +0.2015 
75O' N (25) (13) (4) (87) (110) (14) 

Alert 
82.5' N 

M.0022 -1-0.0675 -0.4754 -0.0186 +0.0087 +0.0833 
(1.13) . (5) (7) (126) (121) (9) 



TABLE 3 

Ozone Budget 
(cm 3 of ozone at STP ~ e c ’ ~  when multiplied by lo9) 

July-Sept Jan-Mar. July-Sept ~ 

1957 1958 1958 

0 Transport of ozone across 50 N 

a) by transient eddies 

b) by standing eddies 

c) by mean meridional motions 

Transport from content change 

north of 50° N 

Transport of ozone across 40° N 

a) by transient eddies 

b) by standing eddies 

c) by mean meridional motions 

Transport from content change 

north of 40° N 

Tropospheric downward flux 

+2.7 

+0.1 

-2.9 

-5.2 

+O. 3 

+0.1 

-4.3 

-7.4 

4 6  

+9.9 

+3.7 

? 

+9.0 

+lo. 1 

+3.7 

? 

+11 6 

+1.9 

-0.7 

-2.9 

-5.2 

+0.4 

-0.7 

-4.3 

-7.4 
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GEOCHEMICAL STUDIES ON THE STRAT0SPHE:KIC FALLOUT 

P.K. Kuroda, H.L. Hodges, M.P. Menon, Tin Mo, Joe Nix, L.M. Fry and 
H.E. Moore* 

Department of Chemistry 
University of Arkansas 
I'ayettville, Arkansas 

Introduction 

This report gives a brief summary of the work being carried out in 
this laboratory on the radioactive fallout since the fall of 1958. 
The topics under investigation include: (a) nuclear fission in the 
early history of the earth, (b) spring peak of SrgO fallout, (c) 
fallout from nuclear detonations of February arid April 1960, (d) 
stratospheric residence time of SrgO, and (e) stratospheric 
fallout of ~e144. 

Nuclear Fission in the Early History of the Earth 

It has been pointed out by Kuroda(1) , in 1958, that the SrgO is 
produced in nature by the spontaneous fission of uranium and thorium 
and that the total amount of SrgO produced by the spontaneous fission 
of U238 alone in the ear h's crust is comparable to the amount of 
artificially produced Sr'O in the stratosphere. 

After the mass spectrum of meteoritic xenon became known in 1960(2), 
Kuroda(3) pointed out that the differences between meteoritic and 
terrestrial xenon s emed t ndicate a excess of the heavy isotopes 
of xenon (XeI3', Xef32, Xeq3' and XeI3$ in the earth's atmosphere, 
and reported that the difference is much greater than that expected 
from the U238 spontaneous fission alone, but can be-explained as due 
to the spontaneous fission of some of 'the extinct transuranium 

*On leave from the Department of Chemistry, Arkansas State College, 
State College, Arkansas, during the summers of 1960 and 1961. 
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elements and/or the induced fission of U235 in the early history 
of the earth It has been suggested that spontaneous fission of 

Xe131-136 in the earth's atmosphere. 
extinct Pu244 (7.6 x 10 7 years) might have produced the excess 

Kuroda(4) attempted to calculate the time interval between the 
cessation of the nucleosynthesis and formation of the earth, assuming 
that the extinct Pu244 was mainly responsible for the production of 
excess xenoq isotopes in the earth's atmosphere and obtained a value 
of 5.2 x 10 years for the time interval. 

.-- 

Kuroda(5) has recently revised the calculation, and showed that the 

and formation of the earth based on the Pu244 model to be most likely 
approximately 10 years. 

-calculated time interval between the cessation of nucleosynthesis 

8 

Another important source of contribution to the atmospheric inventory 
of xenon is the neutron-induced fission of U235 in nature. 
of reports have been published on this subject (6)(7)(8), but the 
exact contribution from this source can not be evaluated at the 
present time. 

According to Kuroda(3), at least 10% of the total amount of Xe136 
in the earth's atmosphere is "fissiogenic". It is interesting to 
note that the contribution from the recent artificial nuclear 
explosions is estimated to be less than only of the contri- 
butions from the natural fission processes. 

A number 

Spring Peak of SrgO Fallout 

To explain the vertical distributions of water vapor and ozone in 
the atmosphere, Brewer(9), in 1949, and Dobson(lO), in 1956, proposed 
a model of global movement of the air masses. 
model, there is a cold pool of air in the stratosphere over the 
winter pole during the late winter months, and it carries ozone-rich 
air to the lower levels in early spring. It was further suggested 
by Dobson that, if there is stlch a slow sinking of air in the middle 
latitudes from the stratosphere to the troposphere, it must be 
balanced elsewhere by a reserve current from the troposphere to the 
stratosphere. This upward flow of air is expected to occur in 
tropical regions. 

According to this 

Experimental results obtained in this laboratory seemed to support 
the Brewer-Dobson model of global circulation of air masses quite 
well. A pronounced peak of fallout rate occurred at Fayetteville, 
Arkansas, during the spring months of 1959(11). We concluded that 
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the spring peak was primarily due to an increase in the rate of 
material transfer from the stratosphere to the troposphere, caused 
by the sinking of every cold air masses which formed above the 
winter pole during the late winter months, and we predicted, in 
1959, that there would be another peak in the SrgO fallout rate 
during the spring months of 1960, regardless of whether or not there 
was a thermonuclear bomb explosion during the fall months of 1959. 

The 1960 spring peak, clearly shown in Fig. 2 ,  demonstrated that 
the seasonal and global movements of stratospheric air masses, such 
as described by Brewer and Dobson, an extremely important role 
in causing the spring peaks of the s"$ fallout. 

Our data seem to be explained quite well by the assumption that 
whereas the transfer from the stratosphere occurred at a maximum 
rate in the spring months and at a minimum rate in the fall months, 
the overall rate of the SrgO transfer from the stratosphere during 
the period 1959- 1960 was roughly equivalent to an "apparent" 
stratospheric mean storage time of approximately 1 year or even less. 

Fallout from Nuclear Detonations of February and April 1960 

A sharp increase in the Sr89/Srg0 ratio in rain was observed at 
Fayetteville, Arkansas, after the French nuclear detonations of 
February and April 1960, as shown in Fig. l(12). 

We have interpreted the strontium isotope ratio data and concluded 
that (a) the SrgO inventory of the Northern Hemisphere has increased 
due to the French nuclear explosions by approximately 0.1 to 0.2% 
and (b) this is due to the fact that there is an upward flow of 
air in the tropical region and hence a material transfer from the 
troposphere to the stratosphere is expected to occur, according 
to the global circulation model of air masses, proposed by Brewer(9) 
and by Dobson( 10). 

It has been generally accepted that relatively low yield nuclear 
bombs such as those detonated at*Reggan in the Sahara Desert on 
February 13 and on April 1, 1960, inject their debris solely into 
the troposphere, whereas debris from high yield thermonuclear 
bombs enter the stratosphere and cause the worldwide stratospheric 
fallout. 

Although the French nuclear detonations caused seeningly small 
transient increases in fallout and the fresh debris most likely 
added no more than a few tenths percent to the total worldwide 
fallout of long-lived fission products, the radionuclide injection 
into the atmosphere by the French nuclear detonations was of unique 
scientific interest in that the nuclear explosions occurred in the 
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Figure 1. Variation of the Sr@/Sr90 ratio in individual samples of ra in  and 
snow collected at myettevi l le ,  Arkansas, since November 1958 
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tropical region after a longer nuclear test suspension period. 

90 Stratospheric Residence Time of Sr 

Widely different values have been reported in the past for the 
stratospheric residence time of SrgO. Libby (13) first pointed 
out the long hold-up of SrgO in the stratosphere and estimated the 
mean stratospheric residence time to be 5 to 10 years. Machta and 
List (14) estimated the mean removal rate to be about 20% per year, 
but later pointed out the possibility that the actual rate might be 
much greater. 

Kulp -- et al. (15) proposed a value of 3 years for the residence time, 
and Storebb (16) reported that the residence time in the stratosphere 
should not be much more than 1 year, while Feely (17), in 1960, 
estimated the residence half-time to be less than 1 year, equivalent 
to a mean residence time of less than 18 months. 

A number of investigators (18)(19), on the other hand, have recently 
pointed out that the concept of a well-mixed stratosphere and a mean 
stratospheric residence time appear largely inapplicable to the 
interpretation of stratospheric fallout. Martell and Drevinsky 
(18)(19) proposed three str,atospheric residence times instead of one: 
(a) a few months or more for Soviet test debris in t:he polar stra- 
tosphere; (b) 1 to 3 years for debris in the lower equatorial 
stratosphere; (c) 5 to 10 years for the debris at higher levels near 
the equator. Libby (20 has also expressed a similar view). 

A l l  these estimates were made on the basis of the experimental data 
obkained during the period when the nuclear test explosions were 
frequently conducted at various localities of the world. The magni- 
tude and the types of weapons exploded were usually unannounced, and 
a certain amount of uess work was involved in the calculations as 
to the amounts of Sr" injected by these bombs at different times. 

We have attempted to calculate the stratospheric mean residence time 
- from the SrgO concentration data in rain obtained in this laboratory 
during the nearly three year test "suspension" period. 

Monthly average SrgOconcentrations in rain (E) were calculated from 
the equation, 

- 
C =  F/ P . . . . . . . . . . . .(I) 

I 2 where F is the total amount of SrgO (in ppc/m ') transported by rain 



TABLE 1 

Monthly Average Srg3 Concentrations in Rain at Fayetteville, Arkansas 
( clcr c /1) 

_- ~- 

Month 

November 1958 

De ce mher 1958 

J,muary 1959 

February 1959 

March 1959 

A p r i l  1959 

play 1959 

June 1959 

July 1959 

August 1959 

September 1959 

October 1959 

November 1959 

December 19.59 

January 1960 

February 1960 

March 1960 

-~ 
- 
C 

2 090 

6.97 

u.4 

10.7 

13.8 

24.1 

18.7 

5.63 

4.82 

2.02 

0.80 

3.35 

0.3 

2 e 3 6  

1.04 

3.79 

2.98 

Month 

Apri l  1960 

Play 1960 

June 1960 

July 1960 

August 1960 

September 1960 

October 1960 

fu’ovenbe r 19 60 

December 1960 

Januaqj 1961 

February 1961 

Narch 1961 

April  1961 

May 1961 

June 1961 

July 1961 

August 1961 

0.30 

0.44 

1 143 

2 011 

2, IS4 

3.51 

1.86 

1 . 73. 
Oe86 

0.65 
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during a period of a month andZ R is the total rainfall (in rmn) 
during the same period. The values of C are shown in Table 1. 

90 The data show that there is a marked seasonal variation of the Sr 
concentration in rain which follows a cyclic pattern with a maximum 
in the spring and a minimum in the fall. 

The values of monthly average concentration of SrgO in rain are not 
too accurate since the amounts and frequencies of rainfalls vary 
from month to month. For example, the value of C for the month of 
November 1959 is based on the measurement of a single rainfall. An 
exceptionally dry month may often be followed by an unusually wet 
month. For this reason, it has been decided to calculate the bi- 
monthly average concentrations by simple taking the arithemtic 
average of the values of E for two consecutive months. 
The values of bi-monthly-average SrgO concentrations for the first 
Year (c1) 

These values are plotted in Fig. 2. Values observed by Kuroda (1) 
in 1958 at Lemont, Illinois, are shown for comparison. 

The percentage increase of the stratospheric SrgO inventory in the 
Northern Hemisphere due to the French nuclear detonations of 
February and April 1960 was calculated to be approximately 0.1 to 
0.2 % (12). Thuf, we may neglect the contributions from a number 
of small French nuclear detonations, which occurred during the 
nuclear test "suspension" period, in the following calculation. 

second Year (c2) and third year(E3) are shown in Table 2. 

Contributions from the tropospheric fallout of the French t e s t s  and 
the fall 1958 Soviet tests appear to have been less than a few per- 
cent and hence should not affect the following calculation 
cons i der ab 1 y . 
Let us now compare the by-monthly SrgO concentration during a two- 
month period with that during the same two-month period of the 
following year. 

The average SrgO concentrations in rain will certainly depend upon 
various factors, such as the types, total amounts and frequencies 
of rainfalls. However, let us by way of experiment write that 

- - 
CH1/ cn = SWl/S, . . . . . . . . . . . . . . ( 2 ) ,  



\ 

TABLE 2 

B i  -Monthly Average SrgO Concentrations i n  Rain at Fayetteville, Arkansas 
( CIPC/l) 

Period Period Period 

November and 
December 1958 

January and 
February 1959 

March and 
April 1959 

May and 
June 1959 

July and 
August 1959 

September and 
Octgber 1959 

' November and November and 
4 095 December 1959 1-33 December 1960 0.37 

January and January and 
11.1 February 1960 2.42 February 1961 1-77 

March and March and 
19 .o April 1960 3.11 April 1961 2.98 

May and Way and 
12.2 June 1960 2.64 June 1961 1.79 

3.42 August 1960 0.94 August. 1961 0 075 

i 

July and July and 

September and 
2.08 October 1960 0.58 





where Sn is the SrgO inventory in the stratosphere during a two- 
month period in the nth year, SHl is that in the corresponding 
period in the (rttl) th year, and n=l or 2. 

The value of S 
because SrgO i p h e  stratosphere will be removed by the fallout and 
by the radioactive decay. Hence, we may write that 

will ordinarily be smaller than the value of Sn, 

, 

= S  . e  
srptl n . . . . . . . . . .  (3) 

whereh is the decay constant of SrgO and a is a value which 
depends upon the annual average rate of stratospheric fallout. 

It has to be noted that nothing has been said here about whether or 
not the stratosphere contains radioactivity which is uniformly mixed. 
In other words, we are by no means trying to give here what might 
ordinarily be described as an explanation for the mechanism of 
radioactive fallout. 

The value of a may or may not be a constant depending upon the 
mechanism of radio tive fallout and also the "homogeneity" of the 
distribution of Sr" in the stratosphere. It is entirely possible 
that even a negative value of a might be obtained if the strato- 
sphere is not well mixed, 
values of a from the values of C1, c2 and C 

From equations (2) and ( 3 ) ,  we have 

Our next - step is then to calculate the 
3' 

- - - (Z +A 90) 
C w 1  = Cn . e . . . . . . . .  (4). 

The values of < are calculated from the data given in Table 2 and 
are shown in Table 3. 

It is interesting to note that the value of a remained fairly con- 
stant for almost two years, and then a sudden change to a new set of 
values took place after January 1961. The constancy of the value of 
a was as good as could be expected, however, during the first two- 
year period considering the many uncertainties involved in the 
treatment of the experimental data. For this reason, we have 
recently proposed (21) to define (l/z ) as the mean residence time 
and ln(2/a) as the residence half-time of SrgO in the stratosphere. 
A value of 0.7 f 0.1 years was obtained from the data available at 
that time for the mean residence time of SrgO. 
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TABLE 3 

Mean Residence Time and Residence Half-time of Srw in the Stratosphere 
(years 1 

- -  ~ 

Mean residence Residence 
half-time - Period a tine, 1& - 

November and 
De ce mber 195 84959 1.28 

J u l y  and 
August 1959-1960 

1.49 0.46 

September and 
0 c tober 19 59-19 50 1025 0080 oe55 

0.53 
November and 
December 1959-1960 1.30 04,74 

January and 

N a r c h  and 

February 1960-1961 0.29 - 34A 2*b 

April 1960-1961 I oao2 #w 50 -35 

O e 3 7  2*5 1.9 

3.2 
July and 
August v60-1961 022 406 
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Excluding the  March-April 1960-1961 va lue  f o r  l/i, we now have an 
z.i!ditional se t  of va lues  roughly corresponding t o  3.6 + 
which is q u i t e  i n  l i n e  wi th  t h e  va lues  o f t e n  mentioned-by e a r l y  
i n v e s t i g a t o r s .  

0.9 y e a r s ,  

Perhaps a few words may hhve t o  be added he re  concerning t h e  anan- 
a l o u s  va lue  from t h e  March and A p r i l  1960-1961 da ta .  We no te  i n  
Table  3 t h a t  t h e  va lue  of 11: c a l c u l a t e d  from t h e  March and A p r i l  
1959-1960 d a t a  i s  a l s o  somewhat ou t  of l i n e  and d e f i n i t e l y  lower 
than  t h e  average va lue  of 11: f o r  t he  f i r s t  two-year per iod .  

Suppose t h e  va lue  of c = 3.11 ppc/l f o r  March and A p r i l  1960 w a s  
t o o  low f o r  some reason. I f  i t  should have been 4 Vpcl l ,  i n s t e a d ,  
t hen  w e  have the fo l lowing  new va lues  which can be b e a u t i f u l l y  
inco rpora t ed  i n  Table 3 as s u b s t i t u t e s .  

- 
a 1 /a ( year) - 

March and A p r i l  
1959- 1960 1.53 0.65 

March and A p r i l  
1960- 1961 0.27 3.7 

- 
Such a n  e r r o r  i n  o b t a i n i n g  t h e  va lue  of C can ar ise  from va r ious  
sources .  
are now r e p e a t i n g  t h e  measurements of S r g O  i n  some of t h e  March and 
A p r i l  1960 and 1961 r a i n  samples. It i s  i n t e r e s t i n g  t o  c a l c u l a t e  
a n  "ove ra l l  apparent" mean r e s idence  t i m e  during t h e  nuc lea r  tes t  
suspension pe r iod  by simply cons ide r ing  t h e  r a t i o  CW2 and Cn 

To make s u r e  that  i t  i s  n o t  due t o  a n a l y t i c a l  e r r o r s ,  w e  

i . e . ,  
3 

-(a + A 90) (n +- 2-n) - - 
= , C  . e . . . . (5). 

'rrt.2 n - - 
The va lues  of a 
Table  4 .  

The constancy of t h e  va lues  of a thus  obta ined  is aga in  as good 
as could  be expected. A va lue  of 1.1 + 0 .3  yea r s  i s  thus obta ined  
f o r  t h e  o v e r - a l l  apparent  mean r e s idence  t i m e .  
t o  t h e  estimates made earlier by Kuroda, Hodges and Moore (12) ,  
Storobd (16) and Fee ly  (17). 

are c a l c u l a t e d  from Cl and Cg, and are shown i n  

- 

This  va lue  i s  s imilar  

. 
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TABLE 4 

Over-all Apparent Mean Residence Time and Res:Ldence Half - t i m e  of Srw 
i n  the Stratosphere during the Nuclear Test Suspension Period 1958-1961 

(years) 

Mean residence Residence 
half-time 

- Period a time, 

- 
November and 
December 1958-1960 1.27 0.79 0.55 

January and 
February 1959-1961 

March and 
A p r i l  1959-1961 

May and 
June 1959-1961 

July and 
AU~US t 1959 -1961 

0.89 

0 *93 

0.73 

1.12 

1.11 

1.08 

1.37 

0.78 

0.77 

0 *75 

0 *95 
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144 Stratospheric Fallout of Ce / 

In connection with the observations on the SrgO spring pftp, it was 
felt worthwhile to investigate the fallout pattern of Ce in SOT% 
detail and we have recently undertaken the measurements of the Ce 
concentrations in individual samples of rain. 

A new radiochemical procedure for cerium, which has recently been 
developed in this laboratory (22), was used for the determination of 
Ce144 in rain water. The new method depends entirely on the 
oxidation-reduction and liquid-liquid extraction cycle, ahd was 
.originally intended for the fissJon producp from the U238 spon- 
taneous fission. Val es of 7.0 - 1.4% were secured by this method 
for the yields of CelX3 and C e 1 u  , respectively, in good agreement 
with the values obtained by Russell for the yields of Pr143 and Ce14 
from the spontaneous fission of U238 (23). 

Yields of cerium and strontium isotopes from fast neutron-induced 
fission of uranium were determi$$$ by irradiatin a sample of de- 
pleted uranium oxide (99.989% U and 0.011% U2'5) with 14.5 + 0 . 4  
Mev neutrons produced by the T(d,n) He4 reactions in the Univeysity 
of Arkansas 400 KV Cockcroft-Walton positive 
and the following results were obtained: Ce14', 5.2 + 0.4%; SrgO, 
3.4 + 0.39,. 
fissTon yields for fast neutron-induced fission of U238 reported by 
Katcoff (26) ; Ce144, 4.9%; SrgO, 3.2%. 

Although our value for the Ce144 yield is considerably higher than 
the value of 2.68 + 0.16% reported by Cuninghame (27), and hence 
the experiments may have to be re ated it is of some interest to 
use our data to calculate the Ce le2/Srg6 production ratio in the 
instantaneous fission of U238 caused by fast neutrons; 

on accelerator (24)(25) 

These results are in agreement with the-values of 

- 5.2 
3.4 285 

x 28 x 365 = 54.8 (dpm/dpm) 

The monthly average Ce144 concentrations in rain were computed from 
the formula 

2 where Z: F is the total amount of Ce144 (in vpc/m ) transported by 
rain during a one-month period a n d 2  R is the total rainfall (in mm) 
during the same period. 

-The existence of a pronounced spring peak in the Ce144 fallout rate 
is obvious in Fib. 3. Considering the decay of Ce144 the 1961 
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S ' O ' N ' D  

Figure 3. Seasonal Variation of the CelU Concentration in 
Rain at Feyetteville, Ar:kansas 
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spring peak was j u s t  as high as the 1960 peak. 
the depletion of the CeLLt4 inventory by the fa l lou t  did not take 
place. 
have been entering the lower s t ra tosph re during t h i s  period a t  a 
rate similar t o  tha t  of removal of CelZ4 by the fa l lou t  process. 

Thus, i t  looks as i f  

A possible explanation for t h i s  may be tha t  new debris may 

of 

1. 

2.  

3. 

4. 

5. 

6. 

7. 

Fig. 4 shows the seasonal var ia t ion  of the average monthly Ce144/Sr90 
r a t i o  follows a cyc l ic  pat tern with a minimum i n  the spring and a 
maximum i n  the f a l l .  
s t ra tospheric  a i r  masses; one containing Ce144 -r ich and the other 
Ce144-de le ted  debris. 

EPZ)l-depleted debris a t  a very high a l t i tude .  As a cold a i r  mass 
produced i n  the high stratosphere i n  the ear ly  spring slowly descends 
t o  l o w e r  levels  t o  cause the spring peak of fa l lou t ,  the Ce144-de- 
pleted debris may show up i n  the lower stratosphere since the bulk 
of debris from the f a l l  1958 Soviet test  s e r i e s  must have been 
largely removed from the lower stratosphere during the latter half  

It thus appears as i f  we are dealing with two 

The cause of the spring minimum of the 
Ce144/Sr 8 r a t i o  may be explained according t o  the Brewer-Dobson 

(9)(10), a t  least qua l i ta t ive ly ,  as due to  the presence of 

the nuclear test suspension period. 

L 
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METEOROLOGICAL IlKGUENaS ON SRg0 
FAILOUT CON(;IENTRATIONS IN PRECIPITATION 

Part 1. LARGE--SCALZ UPLIFT 

Paul Kruger,** Leonard P. Salter,**and Charlec: L. Hosler *** 
Nuclear Science and Engineering Corporation 

Pittsburgh, Pennsylvania 

Introduction and Summary 

A program* is underway to study the dependence of fallout concentration 
in ground-level precipitation upon the meteorological conditions involved. 
Three types of precipitation-produciq3 systems are being examined under 
this program: 
orographic systems. Precipitation is collected continuously during 
storms resulting from these systems and analyzed for SrgO concentration. 
Meteorological data are collected for each storm studied. Correlations 
of the fallout concentration in the precipitation with the meteorological 
data are made as a function of time. 

(1) large scale uplift, (2) convective storms, and (3) 

A preliminary investigation (1) has been completed for the first of the 
three weather systems. Analysis of three winter rainstorms resulting from 
large-scale uplift of air in which the generating level and the precipi- 
tation mechanism were essentially constant shows that the ground-level 
SrgO concentration in the precipitation is determined by the descent 

* 
** Hazleton-Nuclear Science Corporation, Palo Alto, California. Senior 

*** Present address: Health and Safety Laboratory, U. S. AEC, New York. 
++E++++ State College, Pennsylvania. Consultant to Nuclear Science and 

Work performed at Nuclear Science and Engineering Corporation 
under Contract No. AT(30-1)-2588 with the U. S. Atomic Energy Commission. 

investigator under subcontract. 

Engineering, Corporation. 



experience of t h e  precipit;&ion in f i l l ing  from the generating cloud 
t o  t he  ground. 
height of t he  ceil ing,  which i s  an index of the  humidity p ro f i l e  and 
depth of t he  lower layers of air. 
evaporation or growth of t he  precipi ta t ion element:;, and thus, the  
f i n a l  concentration of Sr90 reaching the  ground. 

Work i s  present ly  i n  progress t o  study the  influence of convective 
showers on the  Sr9' f a l lou t  concentration. 
scale u p l i f t  of air  i n  f ron ta l  systems, convective showers present a 
rapidly changing generating l eve l  with v e r t i c a l  ail- motions of the  same 
magnitude as the  horizontal  motions. Further, since the  drop s izes  of 
r a in  f a l l i n g  from convecti.ve showers are much la rger  than those from 
stable  air, t he  e f fec t  of evaporation during the  descent w i l l  not be as 
important. 

The descent experience can be expressea i n  terms of the  

These parameters a f fec t  t he  r a t e  of 

In  contrast  t o  the  large- 

Study of orographic systems w i l l  be made t h i s  winter during the rainy 
season i n  California t o  examine the  downwind change i n  ground-level SrgO 
concentrations resul t ing from steady-state s table  precipi ta t ing cloud 
systems. An investigation may a l so  be made of the  hypothesis of Storebo(2) 
t h a t  select ive adherence of different  nucl ides- to  different  s ize  par t ic les ,  
act ing as nucleating agents within the  clouds, may r e su l t  i n  measurable 
differences of such radi@UCli* r a t i o s  i n  the r a in  collected a t  the  low 
and high locations along the  orographic t ra jectory.  

This paper discusses the  overal l  program and the  r e su l t s  obtained f o r  
the  f i rs t  of t he  three weather systems, the large-scale u p l i f t  of a i r  
associated with f ron ta l  systems. Preliminary data are a l so  given f o r  
the  convective storms studied t o  date. 

Techiques and Data Sought 

The study of the meterological influences on f a l lou t  concentrations i n  
precipi ta t ion i s  performed by correlat ion of Sr9O concentration with 
t h e  measured and computed meteorological data available f o r  eacn storm. 

Rainfal l  col lect ion systems of several  types a re  used for'-obtaining the 
prec ip i ta t ion  samples. The col lect ion system f o r  the  large-,scale u p l i f t  
studies has been described previously. (394) The samples a re  analyzed 
by standard radiochemical procedures f o r  low leve ls  of SrgO and other 
radioisotopes. 
been shown t o  be about 10 t o  15$(3). 
quate f o r  t he  current program since there  are greater  v a r i a b i l i t i e s  i n  
the  meteorological data. 

Rainfal l  r a t e  data are col lected a t  the. col lect ion s i t e ;  and the  average 
prec ip i ta t ion  rate f o r  each sample in t e rva l  i s  calculated from the  
sample volume, the col lect ion area, and the  t i m e  in te rva l  of precipi ta t ion.  

Other meteorological information i s  collected a t  the  collectfon s i t e ,  
and a meteorological analysis i s  performed of these and' data obtained 

The average spread between duplicate assays of Sr9O has 
This precision i s  considered ade- 

I .  
I 

- i  
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from the  U. S. Weather Bureau and the Federal Aviation Agency. F'ukure 
s tudies  w i l l  include radar observations made a t  the collection sites, 
where possible. 

For the  completed studies of t he  large-scale u p l i f t  systems, t'lme 
sections f o r  the  hourly weather s i tua t ion  were produced. 
and 12-hour surface-and upper-air analyses w e r e  obtained from the 
facsimile c i r cu i t  of the  U.S. Weather Bureau Analysis Center. In addi- 
t ion,  hourly 1-mb surface analyses were made covering a l l  periods of 
data collection. From these analyses t r a j ec to r i e s  were computed t o  
determine the  precipi ta t ion h is tory  of a i r  near the  surface and a t  the 
generating level.  T ime  cross-sections of the  v e r t i c a l  dis t r ibut ion of 
cloudiness over Pittsburgh, Pennsylvania, were made. The height of the  
ce i l ing  and the  thickness of the  low clouds were a l so  tabulated during 
the  data collection periods. The types of data obtained f o r  each storm 
are l i s t e d  i n  T b l e  1. Fig. 1 and Tables 2 and 3 show as examples the  
data obtained(1 7 f o r  Storm No. 1. 

Regular 6- 

TABU 1 

Data obtained f o r  storms from 
large-scale u p l i f t  of s table  a i r  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9.  

10. 

11. 

Description of storm system 

Surface and 500-mb charts  near start of precipi ta t ion 

Sample col lect ion periods 

Type and periods of precipi ta t ion 

Quantity of prec ip i ta t ion  

Precipi ta t ion r a t e  

Amount of sr90 i n  sample 

sr90 concentration 

Hourly ce i l ing  measurements 

Hourly previous precipi ta t ion experience a t  low leve ls  

Hourly previous prec ip i ta t ion  experience a t  the  generating 
leve 1 

244 



_-  

Fig. L Surface Map 7 am Jan. 12, 1960 
(500 mb flow indicated by dashed l ines )  
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TABLE 2 

Prec ip i ta t ion  Collection and Srw Concentration Data - Storm No. 1 - 12 January 1960 

Collection Period Precipi ta t ion Prec. Rate 
From To t* ( ra in )  ( inche s/hour ) ~ r 9 O  ~ r 9 O  

Day Time Day Time (hrs.) ( l i t e r s )  (inches) Ave. M a x .  Min. (dpm/sample ) (dmp/ l i t e r )  

10 Jan 1500 12 Jan 0 9 5  

10 Jan 1500 12 Jan 0925 

12 Jan 0925 12 Jan 1201 

12 Jan 0925 12 Jan 1211 

12 Jan 1201 12 Jan 1330 

12 Jan 1211 12 Jan 1336 

12 Jan 1330 12 Jan 1418 

12 Jan 1336 12 Jan 1423 

12 Jan 1423 12 Jan 1509 

12 Jan 1418 12 Jan 1634 

12 Jan 1509 I 2  Jan 3509 

1.4 

1.4 

2.60 

2 -77 

1.48 

1.42 

0.80 

0.78 

0 077 

2 -77 

1.60 

0.15 

0.15 

0.85 

1.09 

3 -7 

4 .O 

6.6 

6.8 

2 .o 

3 97 

1.4 

0.008 

0.008 

0.047 

0.061 

0.21 

0.22 

0 =37 

0.38 

0.114 

0.21 

0 .on 

0.006 0.009 

0.006 0.009 

0.018 0.059 

0.022 0.083 

0.142 0.26 

0.155 0.26 

0.462 0.87 

0.487 0.87 

0.135 0.22 

0.093 0.25 

0.048 0.14 

0 

0 

0.007 

0.007 

0.046 

0 -075 

0.20 

0.20 

o .083 

0 

0 

3.34.6 - 
3 . b . 8  - 
5 . 0 4  - .9 

9.4+1.0 - 
5.64.8 - 
8.7+1.7 - 
2.951.8 

1.4a.6 - 

5 551 9 5 

9 .75I -9 

3.1+1.3 - 

22+4 - 

24+6 - 

5.9+1.1 

8 . b . 9  - 
1.54.2 - 
2.24.4 - 

0.444.12 - 
0.214.09 - 
2.74.7 - 

2.6+0.2 - 

2.2+0.9 - 



Collections f o r  the  convective shower studies w i l l  be made a t  S ta te  
College, Pennsylvania. In addition t o  the meteorological data taken 
during the  large-scale u p l i f t  studies radar observations are being 
made a t  t h i s  s i t e  t o  locate the  height of the  generating l eve l  and 
the  horizontal  extent of t he  storms during the  precipi ta t ion periods. 

For the  orographic studies, i n i t i a l  collections w i l l  be made t h i s  winter 
with the  onset of the  rainy season. 
obtain meteorological coverage of the  orographic storms which occur on 
the lower coas ta l  ranges near Santa Barbara, California. Collections 
are scheduled t o  be made a t  three locations along the  t ra jec tory  of 
the  system: a t  the  coast near sea level,  a t  the  top of the  Santa Ynez 
Mountains (4000-feet elevation) and a t  a s i t e  midway up the  mountain. 
Special p l a s t i c  col lectors  with an area of 400 square f e e t  will be used 
t o  obtain the  precipi ta t ion samples a t  these three s i t e s .  R a d a r  
coverage of these storms a l so  i s  desired. 

Arrangements have been made t o  

TABLE 3 

Ceiling and previous precipi ta t ion experience 
Storm No. 1 - 12 January 1960 

Previous precipi ta t ion experience 
Ceiling (hours ) 

Time ( fee t  ) 
Surface Generating l eve l  

12 Jan 60 

0700 >20,000 0 6 

080c >20,000 1 6 

0900 3,600 2 7 

1000 I 3,000 3 7 

1100 6,000 4 7 

1200 4,000 5 7 

1300 2,500 6 10 

1400 200 7 s 10 

15 00 400 
1600 5 00 
1700 2,000 

8 
4 - ’  

3 

8 
6 
3 



Large-Scale Uplift  of A i r  

In  general, t he  f a l lou t  radioact ivi ty  concentration i n  precipi ta t ion , 
which reaches the ground i s  l i k e l y  t o  be dependent upon the parameters(’) 
l i s t e d  i n  Taljle 4. 

For storms resul t ing from large-scale u p l i f t  of air ,  the f i rs t  two 
variables may be considered t o  be constant. 
t h i s  program(l), the  prec ip i ta t ion  i s  formed i n  the  ice  phase a t  
approximately the  same a l t i tudes .  Further, by l imiting observations t o  
precipi ta t ion involving one air  mass, and since short pericd changes 
i n  water content within a i r  masses are small, the f a l lou t  and water 
concentrations would not be expected t o  change s ignif icant ly .  

For the storms studied i n  

Therefore, 
. a t ten t ion  was focused upon the  two remaining variables.  

The possible dependence of t h e  Sr9O concentration upon the  previous 
precipi ta t ion h is tory  a t  the  gene a t ing  and lower levels  and the  descent 
experience have been described. 
large-scale u p l i f t  of air, the  Sr9O concentration i n  the  collection 
samples was compared with the  hours of previous precipi ta t ion experience 
a t  the  generating l eve l  above the  col lect ion s i t e ,  as computed from the  
synoptic data, f o r  studying the  f i f t h  

For the  three storms resul t ing from 

, variable  l i s t ed  i n  Table 4; and 

I TABU 4 

Parameters l i k e l y  t o  influence f a l lou t  
concentrations i n  prec ip i ta t ion  

1. Th.e height of the  precipi ta t ion generating l eve l  

2. The prec ip i ta t ion  generation and growth mechanisms i n  the  
cloud 

3. The amount of radioact ivi ty  i n i t i a l l y  i n  the a i r  masses pa r t i c i -  
pating i n  the Precipi ta t ion process 

The specif ic  humidity a t  t h e  generating l eve l  

The previous prec ip i ta t ion  experience of the  air  a t  the 
generating l eve l  

The descent experience of the  precipi ta t ion from the  cloud i n  
which the  prec ip i ta t ion  originates t o  the  ground. 

4. 

5. 

6 .  
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. . . . . . . . . . - 

with the  ce i l ing  height, r a i n f a l l  intensi ty ,  and previous prec ip i ta t ion  
experience of t he  a i r  i n  the  low leve ls  above the ground f o r  studying 
the  descent experience, l i s t e d  as var iable  s i x  i n  Table 4. 

Figs. 2, 3, and 4 show the  data f o r  the  three winter storms meeting the  
large-scale u p l i f t  conditions. The individual e f f ec t s  have already 
been discussed. (1) 

In  summary, the data show tha t  i n  each case the ground-level Srgo concen- 
t r a t i o n  follows closely the  trends i n  the  height of t he  cei l ing.  A 
poorer correlat ion i s  noted f o r  t he  average precipi ta t ion rate, and very 
l i t t l e  correlat ion i s  noted for the  influence of previous prec ip i ta t ion  
experience at  the  generating level .  

Many observers (576, 7) note t h a t  the  Srgo concent,ration decreases during 
the  progress of a storm. 
with a gradual lowering of the cei l ing.  In  the  two cases where precipi-  
t a t i o n  continued with a rise of the  ceil ing,  a corresponding increase i n  
the  SrgO concentration w a s  observed. 
humidity p ro f i l e  and depth of the  layer  of a i r  i n  which most of the  
evaporation occurs. Thus, the  descent experience of f a l l i n g  precipi ta-  
t i on  i s  considered t o  be an important parameter i n  determining the  
var ia t ions i n  Sr90 concentrations i n  ground-level precipi ta t ion from 
layer  clouds formed by large-scale u p l i f t  of s table  a i r .  
experience may be conveniently expressed by cei l ing height measurements. 

We observed tha t  the  Srgo concentration decreased 

The ce i l ing  i s  an index of the 

The descent 

Preliminary data f o r  convective s torms  

Collections of precipita,tion f rom convective storms have been made since 
March 1961. Although the  meteorological and radiochemical analyses are  
not yet completed, the  data indicate t h a t  the proximity of the  cloud tops 
t o  the j e t  s t r e a m ,  where mixing between the  stratosphere and the  tropo- 
sphere occurs, and the  extent of the  v e r t i c a l  development of the  clouds 
determine the  SrgO concentration i n  .rain reaching the ground. ( 8 )  For 
the  7 showers collected during t h i s  period, analysis i s  being made of 
the  peak SrgO concentration (dpm/l) during precipi ta t ion as a function 
of the  m a x i m u m  height of the  cloud tops during the  storm and the  distance 
of these clouds from the  e t  axis. Variations are seen i n  the  individual 

a f t e r  the  cloud has achieved i t s  greatest  v e r t i c a l  development. Showers 
which occur fur ther  from the  j e t  show lower concentrations but s t i l l  with 
var ia t ions due t o  the  changing height of the  prec ip i ta t ion  generating 
leve 1. 

showers. The la rges t  Srg d concentrations are i n  the  ra in  which fa l l s  

The preliminary data a re  given i n  Table 5. Fig. 5 shows ese data super- 
imposed on a contour plot ,  taken from Giles (g) ,  cf the  Sr” concentrations 
(dpm/lO3 S*C.F*) i n  the  atmosphere with respect t o  the- tropopauses and the  
j e t  axis. 
j e t  stream model. Two observations are apparent. The peak a c t i v i t y  

This p lo t  has been normalized t o  correspond t o  an idealized 
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Volume 
( l i t e r s )  

27 e 3  

15.1 

45 03 

44,2 

78.1 

85.5 

51.8 

TABLF: 5 
Preliminary Data for Convective Storm Studies 

T o t a l  Sr9' 
( d P d  

240 

5 99 

278 

248 

43 01 

30.2 

10.8 

8.8 

0.39 

6.1 

5.6 

0.55 

0.35 

0.21 

51.0 

0.4 

6.7 

3 . 3  

1.1 

0.8 

1.6 

Height of Cloud 
Tops R e l a t i v e  
t o  Tropopause 
+) f e e t  above 

t - 1  f e e t  below 

+5,500 

-21,000 

-1,000 

-1,000 

-4,500 

-4,000 

-11,500 
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concentration i n  each Convective shower appears t o  be strongly a function 
of the  two assumed variables; and, although no correlat ion i s  inferred 
between airborne concentat;ion i n  dpm/l03 S. C.F. and precipi ta t ion i n  
dpm/l, a good over-all  f i t ;  i s  observed. 
p i t a t ion  concentration with respect t o  the Srgo l lreservoirl l  available 
for nucleation both below and above the tropopause i s  suggested. Our 
highest observed concentration value of 5 1  dpm/l, which occurred i n  the  
March 8, 1961 rain,  i s  accompanied by our observation t h a t  the  cloud 
system i tself  penetrated through the  tropopause break i n  the  v i c in i ty  
of the  j e t .  
convective systems may be a s ignif icant  a l te rna te  method of transport  
of s t ra tospheric  debris in to  the troposphere i s  now being examined. 
Penetration of convective storms in to  the  stratosphere i s  most probable 
during the  spring months and may be coincident with a larger-scale 
downward flow through the break i n  the tropopause i n  the  v i c in i ty  of the  
j e t .  

A possible dependence on preci-  

The poss ib i l i t y  t h a t  penetration in to  the  stratosphere by 
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RADIONUCLIDES I N  PRECIPITATION 

Phi l ip  W .  Krey and Alan Walton 
Isotopes, Incorporated 
Wes twood, New Jersey 

A great deal of a t ten t ion  has been focused on the monitoring of SrgO i n  
world-wide fa l lou t .  This i n t e re s t  i s  wholly ju s t i f i ed  because of the 
hazards which would be attendant t o  the widespread dissemination of large 
quant i t ies  of t h i s  radionuclide. However, there a re  other radionuclides 
produced i n  nuclear detonations which have been the subject of a great  
deal less study but which may ult imately reveal the basic principles 
governing the transport  of material i n  the upper atmosphere and the 
deposition of world-wide fa l lou t .  Once these principles a re  c lear ly  
understood and a concise mechanism describing world-wide fa l lou t  de- 
veloped, then the hazards associated with large and small nuclear deto- 
nations can be be t te r  evaluated. 

Isotopes, Inc. has maintained a precipi ta t ion monitoring s t a t ion  a t  i t s  
laboratories i n  Westwoga, N . J .  fo r  the U.S. since February 1958 In ad- 
d i  n t o  the usual Sr 
Ba"*determinations have a l so  been performed u n t i l  the levels f e l l  below 
our detectable limits i n  1959. With the resumption of the U . S . S . R .  a t -  
mospheric tes t ing ,  however, our monitoring program for  these and other 
short-l ived nuclides has been reactivated.  
the barium data i n  t e r m s  of i t s  ac t iv i ty  r a t i o  t o  tha t  of SrgO.  

assay of each precipi ta t ion sample, SrS9 and 

Fig. 1 presents a summary of 

has a 12.8 day ha l f - l i f e  which makes i t  an excellent indicator of 
debris rom a recent nuclear detonation. For most large yield bursts ,  
the B a  lfo/Sr 
from the 14 Mev neutron f i ss ion  of U238 . There would be l i t t l e  frac- 
t ionat ion expected between SrgO and Bal")because of the s imi l a r i t i e s  i n  
the half- l ives  of t he i r  rare gaseous precursors and a l so  because of the 
chemical s imilar i t ies  of the 90 and 140 mass chains. 

r a t i o  a t  shot time i s  approximately 1200 derived primarily 

... . 



The d a t a  i n  F ig .  1 show the  a r r iva l  and behavior o f  d e b r i s  from a t  least  
3 and poss ib ly  4 weapons test  series from 1958 through e a r l y  1959. The 
dashed 1 es r e p r e s e n t  t he  t h e o r e t i c a l  r a d i o a c t i v e  decay of the  r a t i o  
Ba14'/Srb8 drawn through the  experimental  p o i n t s .  When ex t r apo la t ed  t o  
t h e  product ion va lue  of 1200, t h i s  r a t i o  should i d e n t i f y  the  major source 
of t h e  r a d i o a c t i v e  d e b r i s .  Therefore ,  i n  A p r i l  and May 1958, f a l l o u t  from 
t h e  U.S.S.R. series i n  February i s  ev iden t .  From ,July through September 
o f  t h a t  same y e a r ,  d e b r i s  from the  combined United Kingdom and the  U .  S .  
HARDTACK series can be i d e n t i f i e d .  From October 1958 through February 
1959, much of t h e  r a d i o a c t i v e  f a l l o u t  can be ass igned  t o  the  U.S.S.R. 
series i n  October 1958 and poss ib ly  a small amount t o  the  United Kingdom 
tests i n  September 1958. 

I n  e s s e n t i a l l y  a l l  of t hese  t es t  series, a number of  l a r g e  y i e l d  detona- 
t i o n s  took p l ace .  I n  r e a l i t y  then ,  a s i n g l e  product ion da te  of r ad io -  
active d e b r i s  from any one series i s  u n r e a l i s t i c .  However, a hypo the t i ca l  
mean s h o t  d a t e  can be es t imated  which i s  intended t o  r ep resen t  t he  weighted 
average d a t e  of  a l l  t he  h igh  y i e l d  s h o t s  i n  any one series.  These mean 
s h o t  da t e s  are ind ica t ed  i n  F ig .  1 by s m a l l  arrows a t  each of  t he  tes t  
series. I n  a l l  cases the  ex t r apo la t ed  l i n e  reaches the  1200 r a t i o  ear l ie r  
i n  t i m e  than the  es t imated  mean sho t  da t e .  This  i s  the  r e s u l t  of r e s i d u a l  
SrgO remainin i n  the  atmosphere from previous nuc lea r  tests which reduces - 
t h e  Ba140/Sr9 8 r a t i o  and g ives  r ise t o  the  apparent  earlier sho t  da t e .  

It  i s  poss ib l e  t o  estimate the  c o n t r i b u t i o n  of  each of these  t es t  series 
t o  t h e  t o t a l  SrgO f a l l o u t  dur ing  the  months immediately 
tes ts  from t h e  mean s h o t  d a t e s  and the  observed Ba-140/Sr 
t h e  s p r i n g  of 1 8, the  U.S.S.R. tes ts  i n  February con t r ibu ted  about 25% 
o f  the  t o t a l  Sr" f a l l o u t  i n  p r e c i p i t a t i o n  samples a t  Westwood, N . J .  I n  
t h e  summer and e a r l y  f a l l  o f  1958, t he  combination of the  United Kingdom 
A p r i l  tests and the  HARDTACK series con t r ibu ted  about  75% of the  t o t a l  
SrgO being  depos i ted .  
t h e  same times and i n  t h e  same gene ra l  l a t i t u d e s ,  a mean s h o t  d a t e  of 
June 7 w a s  used f o r  t he  combined United Kingdom and S. HARDTACK s e r i e s . )  
I f  t h e  reasonable  assumption i s  made t h a t  a l l  t he  *ay4' i n  p r e c i p i t a t i o n  a t  
Westwood dur ing  the  e a r l y  months of  1959 w a s  der ived  from the  S.S.R. 
series i n  October 1958, then approximately 60% of the  t o t a l  SrSb f a l l o u t  
a t  t h i s  t i m e  w a s  du t o  these  U.S.S.R. tests. By and l a r g e ,  a s i m i l a r  
p a t t e r n  i n  Ba140/Srg0 r a t i o s  w a s  observed by Martell a t  Bedford, Mass. ( 2 ) .  

A similar and cor robora tory  p a t t e r n  is  shown i n  Fig.  2 f o r  t h e  Sr89/Sr90 
r a t i o s  i n  p r e c i p i t a t i o n  samples c o l l e c t e d  dur ing  the  same per iod .  The 
dashed l i n e s  r ep resen t  t h e  t h e o r e t i c a l  r a d i o a c t i v e  decay of  t he  r a t i o  
normalized to' t he  experimental  po in t s .  The i d e n t i f i c a t i o n  of f a l l o u t  
w i t h  3 nuclear  test  series i s  aga in  ev ident .  
is much g r e a t e r  i n  e a r l y  1958 than i n  later per iods  probably because the  
U.S.S.R. tests i n  February d i d  no t  a l low suf f ic ien t :  t i m e  t o  permit  adequate 
mixing of  t he  U.S.S.R. d e b r i s  w i th  earlier debr l s .  

l lowing the  58 r a t i o s .  During 

(Since both of these  test  series took p lace  near  

The scatter of  t he  point's 



The e f f  c t  o the United Kingdom series i n  September 1958 was evident i n  
t h  Ba1"/Sr6' r a t i o s ,  but appears t o  be more c lear ly  presented i n  the 
Srgg/Srg0 r a t io s .  However, addi t  na l  discussion w i l l  be brought t o  bear 
on t h i s  subject when the Bal4O/Srb8 r a t i o s  are considered, The U.S.S.R. 
debris becomes dominant i n  mid-F6bruary and prevafls u n t i l  September 1959. 
By assuming a zero t i m e  Sr8'/Sr r a t i o  of 160 and the same mean shot date 
f o r  each test  s e r i e s  as w a s  assumed earlier,  one can again calculate the 
percentage of the t o t a l  SrgO fa l lou t  contributed by each ser ies  during the 
months immediately following the s ries. These calculations agree with 
the estimates derived from the Ba120/Sr90 r a t i o ,  namely 25% from the U.S.S.R. 
February tes t  i n  the spring of 1958 and 75% from the combined United King- 
dom spring and U.S. HARDTACK tests i n  the summer of tha t  year. 

89 90 The Sr /Sr r a t i o s  a l so  permit a l i t ' t le more f ine  s t ructure  o be re- 
solved during the latter months of 1958 than did the Ba140/Srg' r a t i o s .  
From the th i rd  week of October t o  the end of December, the Sr89/Sr90 r a t i o s  
indicate  tha t  about 30% of the SrgO fa l lou t  w a s  contributed by the U.S.S.R. 
October 1958 tests. 
t r ibu t ion  from these tests increased t o  about 60%. From the middle  of 
February through August of 1959, the U.S.S.R. October 1958 ser ies  con- 
t r ibuted about 75% of the SrgO being deposited. 

The Ba14'/Sr8' r a t i o s  are presented i n  Fig. 3 where the dashed l i n e  once 
again represents the theoret ical  radioactive decay of the r a t io .  Working 
backwards i n  t i m e ,  one can discern tha t  the major Ba140 and Sr89 a c t i v i t i e s  
i n  l a t e  October 1958 and subsequent months were derived pr incipal ly  from 
the U.S.S.R. tests i n  October and l i t t l e  or none from the ni ted Kingdom 
tests i n  September. Therefore, the indications of the BalZ0/Srgo and 
Sr8'/Srg0 r a t i o s  t o  t contrary, the United Kingdom tests i n  September 
contributed l i t t l e  Sr" t o  the f a l lou t  t Westwood during la te  f a l l  and 
ear ly  winter of 1958 and 1959. Th Sr8' and Ba140 from the U.S.S.R. 
October shots were d l u t  d with Sr 80 
TACK) making theSr8'/Srg0 and Ba150/sf:88 r a t i o s  appear t o  be of United 
Kingdom origin.  

From January through mid-February 1959, the SrgO con- 

previous tests (probably HARD- 

Another i t e m  of i n t e re s t  i s  tha t  the 9 darkened points i n  Fig. 3 tha t  
appear t o  be too high a l l  represent dry samples or  ra ins  of very small 
magnitude ( .02 in . ) .  A theory which could explain t h i s  phenomenon i s  
t h a t  the Sr8' with a 2.3-min. Kr8' rare gaseous precursor would tend to  
coyggntrate on small par t ic les  more so than the Bal4' with a 16 sec. 
X e  rare gaseous precursor. I n  dry o r  periods of very l i gh t  r a in ,  i t  
would be reasonable t o  expect the larger par t ic les  t o  deposit i n  the 
precipi ta t ion col lectors  more readi ly  than the smaller par t ic les  which 
could give rise t o  the observed ef fec t .  In  deference t o  some of the 
previous papers a t  t h i s  symposium which assigned the bulk of the residual  
radioact ivi ty  i n  the stratosphere to  submicron pa r t i c l e s ,  i t  i s  important 
t o  r e c a l l  tha t  the periods under consideration i n  t h i s  report  are a few 
months a f t e r  nuclear weapons t e s t ing  when larger par t ic les  s t i l l  remain 
suspended. 



The very e a r l y  a r r i v a l  of the October debris strongly suggests tha t  i t  
was of tropospheric or igin.  
the r a t i o  for 34 months i s  equally a strong indication tha t  the debris 
f a l l i n g  out through the en t i r e  period w a s  of stratospheric origin.  A 
compromise may be struck such tha t  the tropospheric debris of recent 
vintage w a s  from the same shot or shots producing the major f ract ion of 
the s t ra tospheric  f a l lou t  of BaI4O and Sr89 i n  subsequent months, there- 
by producing no change i n  the Ba140/Sr90 r a t i o .  
about the winds i n  the upper troposphere would have been very helpful i n  
t e s t ing  these thoughts. It is unfortunate tha t  the B a I 4 O  a c t i v i t i e s  be- 
came undetectable i n  mid-February of 1959 because the l a s t  5 points i n t i -  
mate tha t  s t i l l  another change w a s  taking place. 

Referring again t o  Fig. 2 ,  i t  can be seen tha t  a t  mid-February the Sr8'/ 
S r g O  r a t i o  f i r s t  reached the decay tha t  i t  subsequently followed for  the 
next 5 months. This w a s  the beginning of the spring I1peakt1 i n  f a l lou t  
which has been observed annually for the last  8 years. It i s  recognized 
by many tha t  t h i s  "peakv1 i s  due to  a ne t  downward mixing of stratospheric 
a i r  and i t s  inject ion in to  the troposphere during l a t e  winter and ear ly  
spring. ( 2 , 3 , 4 )  One might conclude then-that  the f a l lou t  from the th i rd  
week i n  October 1958 through January 1959 w a s  derived primarily from the 
upper reaches of the troposphere and the lower extremeties of the s t r a to -  
sphere. From February to  October 1959 the downward mixing of the s t r a to -  
sphere yielded a homogenized source o f ,  f a l lou t  from greater heights. 

The extrapolated Ba14'/Sr8' r a t i o  i n  the summer of 1958 intercepts  the 
production value of 7.5 on June 20. There were a number of HARDTACK 
shots i n  t h i s  v i c in i ty  so tha t  the Ba140 and Sr89 a c t i v i t i e s  i n  the 
debris might be derived primarily from these few shots. 
the case, then the contrigBtion of the combined United Kingdom and U.S. 
HARDTACK series t o  the S r  fa l lou t  during the summer a s  estimated e a r l i e r  
is in error. This should be substituted by a sole HARDTACK contribution 
of about 50%. Moreover, i f  the f a l lou t  w a s  from the few shots,  then the 
rapid a r r i v a l  intimates tropospheric debris.  Here again the value of 
met orolo i c a l  data during sample col lect ion times i s  apparent. 
B a  1z0/Sr86 r a t fos  for the spring of 1958 and for  the f a l l  and winter of 
1958-1959 give'excellent correlat ion with theamean,shot dates of the two 
U.S.S.R. series intercepting the production value a t  February 26 and 
October 17 ,  respec tivecly . ' 
The behavior ofb'these nucl idewatios  of fe r  an opportunity forrsome addi- 
t i ona l  speculation.' During periods in:  which the. r a t i o s ,  exhibi t  a+ f a i r l y  
smooth 'decay, it foklows tha t  . the  atmospheric souicei givin'g r ise  t o  t h i s  ., 
f a l lou t  must! have a relative,ly. uniform .composition::, Fir.st,of. al4,  y i t h  . . 
the exceptiont of the U.S;S;R. October 1958 tests,  Ithere% was-  an. in te rva l  . + 

of 'on the.;order of ,one month. o r  more:bekween :the ibeginning of a nucdear 
t e s t  s e r i e s  and the a r r iva l  of- the peak i n ]  the , ra t iosv a t  Westwood. This 
time delay suggests tha t  the debris was of stratospheric or igin.  Sec- 
ondly, the duration and consistency of the periods of decay are greater 

On the other hand, the smooth behavior of 

Meteorological data 

I f  t h i s  were 

The 
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than one might expect from a tropospheric source. Thirdly, as w a s  de- 
scribed e a r l i e r ,  the spring "peakt1 i n  f a l lou t  i s  due to  a net  downward 
mixing of stratospheric a i r  and i t s  inject ion in to  the troposphere during 
l a t e  winter and ear ly  spring. 
form composition giving r i s e  to  the f a l lou t  i n  the springs of 1958 and 
1959 w a s  probably the lower stratosphere.  The or igin of the fa l lou t  
during the end of 1958 and the beginning of 1959 has already been sug- 
gested a s  the lower stratosphere i n  which the r e l a t ive  composition changed 
s l igh t ly  with the advent of spring. This i s  not t o  say tha t  the s t ra to-  
sphere i s  homogeneous; but tha t  there i s  a re la t ive ly  rapid movement of 
debris i n i t i a l l y  a f t e r  a t e s t  series to  yield a metastable dis t r ibut ion 
within the stratosphere.  
the Defense Atomic Support Agency) has shown tha t  the dis t r ibut ion of 
debris i n  the stratosphere can have very steep gradients (4). 
f a l l  data suggests tha t  a f t e r  the i n i t i a l  formation of these d is t r ibu t ions ,  
subsequent variations i n  them occur a t  a much slower r a t e  producing an ap- 
parent f a l lou t  source of r e l a t ive ly  uniform composition. 

Therefore, the source of re la t ive ly  uni- 

Project HASP (High Altitude Sampling Program of 

The rain-  

Such concepts are admittedly broad generalizations of the t rue  s i tua t ion .  
The experimental points from which these thoughts were developed show 
enough sca t t e r  t o  i l l u s t r a t e  tha t  there a re  short-term variat ions i n  the 
parameters governing radioactive f a l lou t  i n  ra in .  The W185 analyses i n  
precipi ta t ion shown i n  F i g .  4 offer  additional evidence of t h i s  nature. 

Several tungsten isotopes were generated i n  a number of shots from the 
U . S .  HARDTACK series. The t racers  a re  unique for  t h i s  se r ies  since they 
w e r e  never generated t o  any s igni f icant  level  by any other nuclear tests. 
The plot  i n  Fig. 4 w a s  constructed by adding the a c t i v i t i e s  i n  each r a in  
within overlapping 30-day intervals  and dividing by the s u m t i o n  of r a in  
i n  the in te rva l .  The in te rva l  was  then advanced i n  10-day increments and 
the process repeated. or radioactive 
decay to  the a rb i t r a ry  date of August 15, 1958. The S r g 6  data computed 
i n  the same way are presented for  com rison. We believe tha t  the f i r s t  
two pulses i n  the concentrations of WPQ5 i n  precipi ta t ion samples from 
mid-1958 to  the end of October 1958 r e f l e c t  the shot schedule of the 

generating the tungsten. From mid-November through June 1959, 
~ ~ % ' a 5  concentrations mirror the SrgO concentrations, once again a t tes t -  
ing to  the stratospheric or igin of the fa l lou t .  In  Fig. 5 ,  the Ba140/W185 
r a t i o  i s  plot ted as a function of t i m e .  The r a t i o  f luctuates  somewhat i n  
May and June 1958 but then reaches a maximum i n  ear ly  July. Subsequently 
the r a t i o  f a l l s  off  a t  a steeper r a t e  than the theoret ical  deca dashed 
l ine)  indicat  the incursion of stratospheric a i r  r icher  i n  W 184 . The 
behavior of W f @  i n  r a in  samples collected i n  the middle la t i tudes u n t i l  

September 1958 does not represent the behavior of the t o t a l  HARDTACK 

A l l  the W185 data were corrected 

tha t  w a s  generated i n  the HARDTACK se r i e s ,  Consequently, any radio- 
ac t ive  material balance calculations made i n  the summer of 1958 using the 
t o t a l  W185 HARDTACK production value a re  necessarily i n  e r ror .  
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I n  ear ly  October, the Bal4' levels from the U.S.S.R. shots begin to  build 
up even greater than the W185 levels from HARDTACK shots such tha t  the 
over-al l  r a t i o  increases, By la te  October a curious s i tua t ion  develops 
i n  which the r a t i o  apparently decays a t  the theoret ical  r a t e  but concur- 
ren t ly  along two parallel  l ines .  This would suggest tha t  there a re  two 

,d i f fe ren t  sources of f a l lou t  with re la t ive ly  uniform composition tha t  
intermit tent ly  release debris for  incorporation in to  the ra ins  West- 
wood. Martell (3) has observed a similar phenomenon i n  the Bal"/SrgO 
r a t i o  a t  Bedford, Mass. i n  July through September 1958. This he ex- 
plained on the basis of polar tropospheric a i r  poorer i n  p 1 4 0  concen- 
t ra t ions  being the source of ra ins  yie1fi.g the lower B a l  '/Srg0 r a t io s .  
Whatever the actual  case may be, the B a  
while the source of the falI.out during the periods under consideration i n  
t h i s  report  exhibi ts  a general character of s t a b i l i t y ,  there a re  discreet  
deviations. 

/W185 r a t i o s  demonstrate tha t  

It has been of ten repeated tha t  the f a t e  of the radioactive debris in-  
jected in to  the stratosphere. i s  great ly  influenced by when and where the 
in jec t ion  takes place. A point i n  case is the high a l t i t ude  rocket shot,  
Orange a t  Operation HARDTACK. Rh102 w a s  produced i n  t h i s  shot and serves 
t o  ident i fy  Orange debris as uniquely as did the W185 fo r  previous HARD- 
TACK shots. The f i r s t  appearance of Rh102 i n  monthly precipi ta t ion samples 
a t  Westwood was i n  October 1960, two years a f t e r  the detonation took place. 
I n  Fig. 6 the behavior of the Rh102 concentration i n  r a i n  samples can be 
seen, demonstrating tha t  the debris from the Orange shot is f ina l ly  de- 
scending from i t s  lof ty  residence i n  the stratosphere and mixing with 
tropospheric a i r  a t  increasing rates. 
t i on  of t h i s  radionuclide, both i n  the stratosphere and precipi ta t ion 
samples , offers  great promise for  investigation of pa r t i c l e  transport  
problems a t  very high a l t i tudes .  

During the current U.S.S.R. tes t ing,  an a i r  sampling program has been 
in s t i t u t ed  a t  Westwood using the same a i r  f i l t e r i n g  system employed by 
Lockhart a t  NRL. Twenty four hour samples are col lected on Chemical 
Corps type 6 paper representing a f i l t e r e d  volume of about 42,000 S.C.F. 
of a i r .  
they are counted on a 3 i n .  x 3 in .  NaI(T1) c r  s ta l  of a multi-channel 
gamma ray spectrometer. By t h i s  t i m e ;  the RaZq2 daughters have decayed 
away t o  small levels and the Rn220 (thoron) daughter products can be 
subtracted by normalizing the i r  standard spectra against  the T1208 2.6 
MeV gamma ray. This approach eliminates contributions of the natural  
radioactive products i n  a i r  and minute influxes of f i ss ion  debris can be 
rapidly ident i f ied.  Fig. 7 gives a record of these a i r  concentrations 
since the f i r s t  ident i f ica t ion  of recent debris on September 16, 1961. 

A continuing study of the dis t r ibu-  

These samples are allowed t o  decay for  two hours a f t e r  which 

Many of these samplesare further assayed by gamma ray spectrometry 
during the weeks 
spectra in to  Ba14', Zr", Ru102, and 1131 a c t i v i t i e s .  The r a t i o s  of 
some of these nuclides w i l l  permit the ident i f ica t ion  and possibly the 

0110 ng col lect ion t o  permit resolution of the 
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approximate contribution of the shots producing the fa l lou t .  In addi- 
t i on ,  a small disk i s  punched out of some of the samples for  beta decay 
measurements which w i l l  a l so  serve to  ident i fy  the shots giving r i s e  t o  
t h i s  airborne ac t iv i ty .  Specific a t ten t ion  w i l l  be given to  the a i r  
f i l t e r  samples before, during and a f t e r  a r a in  i n  an e f f o r t  t o  correlate  
the concentrations of some of the nuclides, par t icu lar ly  II3l, i n  a i r  
and i n  the rain.  
t i on  a t  t h i s  time. However, a few general observations can be made. 

Unfortunately, the data are not available for  presenta- 

1. 

2. 

3 .  

4. 

99 Based on preliminary Mo 
f i r s t  few peaks i n  a i r  concentrations have been made. 
liminary shot dates which a re  indicated i n  Fig. 7 next t o  the 
samples from which ident i f ica t ion  w a s  derived are probably ac- 
curate t o  within 2 days. The data show the a r r iva l  of the f i r s t  
debris i n  about 6 days a f t e r  the shot. Although a l l  the shots are 
conducted a t  t h i s  t i m e  were a i r  bursts t o  the best  of our knowledge, 
the rapid transport  t i m e  of the debris strongly indicates the debris 
t o  be of tropospheric or igin.  Furthermore, the weather pattern i n  
the upper troposphere depicted by the U.S. Weather Bureau supports 
t h i s  rapid a r r i v a l  of debris along the east coast  of the United 
States from the shots around September 10. 

/Ba14' r a t i o s ,  shot ident i f icat ion of the 
The pre- 

The t o t a l  beta decay measurements a l so  show the a r r i v a l  of f resh 
debris from recent shots as indicated i n  Fig. 7.  

Preliminary data suggest t ha t  the concentrations i n  the a i r  
f i l t e r s  are s l igh t ly  low indicating a t  there is  e i the r  some 
fractionation between the MO" and 1'" or  tha t  the f i l t e r  paper 
i s  preferent ia l ly  permitting some of the Il3I to  pass through, 
as I2 perhaps, 

For the f u l l  interpretat ion of the experimental data being collected,  
the local  meteorology a t  the col lect ion s t a t ion  should be known. 
Consideration should be given t o  what meteorological measurements 
are prac t ica l  and meaningful and a common measurement plan adopted 
by a l l  the individual r a in  monitoring s ta t ions  of the AEC. 

I n  summary, nuclide r a t i o s  i n  precipi ta t ion can be used to . ident i fy  the 
source of radioactive f a l l o u t  and t 
cer ta in  tes t  s e r i e s  t o  the t o t a l  Sr80 f a l lou t  a t  specif ic  times. The 
r a i n f a l l  data suggest t ha t  the debris from nuclear detonations i n i t i a l l y  
has a r e l a t ive ly  rapid movement within the stratosphere t o  yield a meta- 
s tab le  d is t r ibu t ion  which subsequently changes a t  a much slower r a t e .  
More meteorological data should be gathered a t  the f a l lou t  col lect ion 
s i tes  to  ass is t  i n  the interpretat ion of the f a l lou t  measurements. 

approximate the contribution of 
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MEASURED AND PREDICTED CONTRIBUTIONS FROM FAWOUT 
TO ENVIRONMENTAL RADIATION LEVELS 

W i l l i a m  R.  Collins, Jr . 
Health and Safety Laboratory 

U. S. Atomic Energy Commission 
New York, New York 

Concentrations of Sr89 and Srgo have been measured i n  f a l l o u t  col lec-  
t ions  i n  New York C i t y  since the middle of 1954. In  addition, during 
the period of intense nuclear weapons t e s t ing  tha t  occurred i n  1958 and 
the morat rium of t e s t i  g tha  

ble a t  the same s i t e .  These data have been previously reported (1,2,3, 
4) and have proven useful  first, as a means of estimating the contribu- 
t ions  made by f a l l o u t  t o  environmental radiat ion leve ls  and second, as 
a means of t rac ing  the atmospheric his tory of f(a1lout i n  New York from 
di f fe ren t  or igins .  Currently they of fer  a bas is  f o r  predict ing what 
e f f ec t s  the 1961 U.S.S.,R. t e s t  series w i l l  have on future  f a l l o u t  lev- 
e ls .  

Calculated i n f i  t pla gamma dos rates resu l t ing  from cumulative lev- 
els of Zr95,) Rue', Csfg7, and Ce lh 
during 1958 and 1959 have been reported. that47 Considering only the 2-year 
f a l l o u t  increment, it was found that the dose r a t e s  from f a l l o u t  reached 
as high as 50$ of t o t a l  natural  terrestrial and cosmic rad ia t ion  dose 
rates. Even with maximum corrections f o r  weathering, sca t te r ing ,  and 
shielding, t o t a l  open f i e l d  dose rates from f a l l o u t  appeared t o  be at  
least 0.2 prad/hr. through most of the observation peribd with from 65 
t o  95% of the t o t a l  a f f e c t  a t t r i bu tab le  t o  Zr95 and Cs137 a c t i v i t i e s .  

Although d i r ec t  
York City p i o r  t o  1 8 are  not avai lable  the  similarities i n  the half- 

l i e r  radiostrontium measurements(lj2) for  the estimation of depositions 

followed i n  1959, determinations of Csl-37, d 5 ,  Zr95, Rulog, C e l  t 4, and Y9’ were performed whenever possi- 

e re  deposited i n  New York 

urements of the ganrma emitters i n * f a l l o u t  i n  New 

l i v e s  of Sr 8 9 and Zr88 ,  and SrgO and Cs133 suggest the use of the ear- 
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of the two major contributors t o  f a l l o u t  gamma radiat ion doses p r io r  
t o  1958. 
duction r a t i o s  fo r  the m nuclear weapons have been estimated t o  be3.1 

would not be expected t o  change appreciably, while the l a t t e r  could 
range from 3.1 t o  1 .5  i n  mixtures of debris up t o  14 months old.  
1958 and 1959 data yielded average monthly Cs137 SrgO and Zr95 Sr89 
r a t io s  of 1.5 + 0.49 and 2.5 + 1.3, respectively.  
sumption tha t  Fallout Iconditizns from 1955 through 1957 were not radi- 
ca l ly  different from those during 1958 and 1959, multiplication of the 
ear ly  Sr89 concentration by 2.5 and the Sr9O concentration by 1.5 
should give reasonable estimates of the Zr95 and Cs137 depositions. 

In f in i t e  plane gamma radiat ion doses calculated from cumulative Zr95 
and Cs137 leve ls  obtained from these conversions are i l l u s t r a t e d  i n  
Fig. 1. 
ing. Zr95 and Nb95 are assumed t o  be i n  t rans ien t  e q u i l i b r i  
r a t i o  of 1.0 t o  2.4. 
s i t i o n s  were below the limits of detection, a r e  obtained by correct ing 
the cumulative Zr95 l eve l  a t  t h a t  time f o r  monthly decay. 

The theore t ica l  Cs137 SrgO and Zr95 Sr89 radioact ivi ty  pro- 

and1.54, respectively.  $59 Over the two year period the former r a t i o  

The 

Thus, v i th  the as- 

No corrections are made f o r  weathering, shielding, or sca t t e r -  

73 at a Values p lo t ted  a f t e r  June 1959, when Sr 9 depo- 

The New York dose r a t e  curves are i n  fair agreement with gamma radio- 
a c t i v i t y  assays of s o i l s  and ionization chamber measurements of dose 
rates a t  several  s i t e s  of similar la t i tudes . (5)  Assuming an average 
per cent contribution t o  the Cs137 and Zr95 t o t a l  of 20% f o r  other 
gamma r ad ioac t iv i t i e s  and an overa l l  physical reduction fac tor  of 1/10, 
it is seen t h a t  t o t a l  open f i e l d  gamma radiat ion dose rates from fall-  
out reached as high as 0.3 and 0.6 prad/hr . i n  1955 and 1959, respec- 
t i ve ly  and remained a t  values i n  excess of 0.1 prad/hr f o r  most of the 
1955 - 1960 period. 

If it i s  assumed that the peaks i n  the Zr95 dose rate curve are a t t r ib-  
utable t o  the dispersion of debris from individual t e s t  s e r i e s  t o  New 
York, then more or less d iscre te  contributions from Operation TEAPOT i n  
1955, and the U.S.S.R. tes t  s e r i e s  and Operation FtEDWING i n  the first 
half  of 1956 a re  discernible .  However, quant i ta t ive resolutions of 
the mixed depositions t h a t  occurred during t h i s  period and through the 
middle of 1958 would be d i f f i c u l t  using e i t h e r  isotopic or nuclide 
r a t i o  data. 
Operation HARM'ACK I series and the preponderance of debris from the 
U.S.S.R 1958 autumn tests over e a r l i e r  debris during the first ha l f  of 
1959 permit reasonab?e calculat ion of the compositions of monthly fa l l -  
out depositions i n  New York after May 1958 through analysis of Sr89 t o  
~ r 9 O  ra t io s .  

The unique production of radio-tungsten i n  the U. S. 

This analysis  is  i l lustrated i n  Fig. 2. The r a t i o s  p lo t ted  e cor- 
re t ed  or  WIVACK I contributions using theo re t i ca l  SrgO/Wl "is 5 and 
Sr 8 5  9/W1 5 rad ioac t iv i ty  production r a t i o s  of 0.00380 and 0.436, respec- 
t ive ly ,  as of June 1, 1958. 
se r i e s  i n  late 1957, ear ly  1958 and l a t e  1958 a re  then calculated from 

The re l a t ive  contributions from the U.S.S.R. 
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FIGURE 1 Estimated Contributions from Cumulative Levels of Zr95  and Cs1j7 t o  In f in i t e  
Plane Gamma Dose Rates i n  New York City 
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the posi t ion of the points i n  respect t o  l i n e s  dra 

crease with t i m e .  

The r e s u l t s  of these calculat ions are l i s ted  i n  Table 1. Although it 
is  not possible t o  t r ace  HARDTACK I rad ioac t iv i t i e s  beyond July 1959, 
the abundance of U.S.S.R. debris  i n  New York f a l l o u t  pr ior  t o  that time 
is c lear .  Moreover, t he  rapid diss ipat ion of the  a r c t i c  debris as com- 
pared t o  the gradual decline i n  equator ia l  r ad ioac t iv i t i e s  i s  estab- 
l ished. 

from the midpoint 
of each series with the  theo re t i ca l  slope of the Sr  %I /Srw r a t i o  de- 

The s imi l a r i t y  of t he  timing and locat ions of the U.S.S.R. 1958 and 
1961 tes t  series leads t o  the  extension of these observations t o  late 
1961 and ea r ly  1962 f a l l o u t  predictions.  With the  assumptions that 
differences i n  the  spacing of the  tests wi th in  the se r i e s  and i n  the  
a l t i t u d e s  of the  detonations were not great ,  calculated spec i f ic  fis- 
sion f rac t ions  f o r  the  1958 series (mc SrW/mi.*/mo./in. rain/MT of 
f i s s i o n  equivalent) should obtain t o  the  1961 series. Then with the  
addi t ional  assumptions that 1962 r a i n f a l l  w i l l  conform t o  the U-yr. 
average monthly r a i n f a l l s  and that the  f i s s i o n  y ie ld  of the  1961 test  
series was 25 MT, estimates of monthly depositions in New York during 
1962 are obtained. 

These values a re  i l l u s t r a t e d  i n  Fig. 3. 
ti s should occur i n  the  spring months and may reach as high as 13 mc 

were s ign i f i can t ly  different the peak depositions may be delayed but 
between October 1961 and October 1962 thz  t o t a l  addi t ion t 

Zr95'df system alone w i l l  be about 9 prads/hr. a t  the  time of the peak 
Srw deposition and a 30-yr. dose of abo t 38 and 4 mads w i l l  be 

As i n  1958, the  peak deposi- 

S r  93 /mi.2/mo. by April.  If a l t i t ude ,  t e s t  schedules, o r  other fac tors  

If Zr95 and Cs n 3  dispersions 
a r e  con s t e n t  with those f o r  Sr ?o the  i n f i n i t e  plane dose r a t e  from the 

produced by the year 's  depositions of Zr 85 and Cs 135 , respectively. 

he present 
S r w  inventory should be about 4 mc/mi. 
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DISCUSSION 

Mr. Joshua Z. Holland, Chairman of the session, directed the 
discussion of the papers presented in the session which follows. 

NEWELL: 
rates at the time you were measuring the ceiling. 
of an inverse relationship? 

Dr. KRUGER, I should like to know the variation in rainfall 
Is there an indication 

KREER: 
S m  concentration as a f'unction of three variables, of which the inten- 
sity of rainfall was one. 
we hink the ceiling is so important is that in each case the changes in 
Srd concentration correlated we11 with changes in the ceiling. We did 
not observe a good correlation with the hours of experience at the gener- 
ating level of rainfall, or with the intensity of the rainfall itself. 
For the latter, in two cases we did get a nice correlation. However, in 
the third case we 

During the presentation of my paper last night, I showed the 

1 didn't get a chance to show that the reason 

ot one exactly opposite: the more intense the rainfall, 
the greater the Sr !h concentration. 
MACETA: 
in New York duri 

ration that takes place wifh the falling droplets. 

We intend to collect some rainfall on the top of the RCA building 
a period of very dry weather and see whether the con- 

centration of Sr 3 in water will actually increase because of the evaporo- 

DINGLE: I wanted to direct a question to Dr. NEWELL. T h i s  migration of 
ozone to the mid-latitude low point was quite interesting. 
if Dr. NEWELL would give us some comments on his views of how this gets 
into the troposphere. 

NEWELL: That is something I haven't dealt with in this particular paper, 
but after my reading on this matter, I would be in agreement with BREWER, 
STALEY, and others, who have argued that its exchange is along surfaces 
in which potential temperature is conserved. All the evidence that Dr. 
LOCKHART supplied yesterday argues in favor of this, because his peaks in 
the surface concentration move mrth and south with the season, and these 
peaks are to the south of the tropopause gap. 
in the lower temperature from this region. So we are in agreement on that 
point. 
spheric exchange in the spring, this is another question which I would not 
wish to answer at this time. 

I was wondering 

The fission products diverge 

But as to whether there is an increase in the tropospheric - strato- 
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H O U N D :  Dr. MARTELL and others  have expressed ideas oa this. 
i f  we couldn't have comenttj on this question. 
a way i n  which the f i s s ion  products can, and probably do, come out of the 
stratosphere. My question is: Is this by f a r  the predominant mechanism? 
Is it a dominant one? 
MACHTA o r  D r .  MARTEU. 

I wonder 
D r .  NEWELL has mentioned 

Is it one of many? I would l i ke  t o  hear f r o m  D r .  

MACEfIlA: 
mechanism. 
is  through the tropopause gap. 
1958 Russian debris never got f a r  enough south as t o  e x i t  through the gap 
and may have l e f t  through the tropopause i n  the polar regions. I hope we 
w i l l  have enough observations during the forthcoming months t o  demonstrate 
that this did o r  did not occur, and I think we have a golden opportunity 
t o  see whether o r  not polar a i r  must reach the gap i n  order t o  e x i t  in to  
the troposphere. 

MAR'I'ELL: 
data tha t  my associates  and I obtained i n  1958, give a very c lear  indication 
that mixing of s t ra tospheric  air in to  the troposphere takes place not j u s t  
a t  mid-latitudes i n  the  region of the tropo 

difference i n  nuclide r a t i o  of s t ra tospheric  material i n  the polar tropo- 
sphere and subtropical troposphere, which i s  maintained f o r  period of several  
months. 
o r  at least aerosol scavenging i n  f ron ta l  ra ins  seems t o  minimize mixing 
ef fec ts .  
tropopause break is  a general phenomenon o r  that mixing takes place through 
secondary breaks a t  higher la t i tudes .  

In  our of f ice  we haven't come t o  any conclusions as t o  the exact 
We cer ta in ly  believe.that one one of the methods of exchange 

There was a weak suggestion that the October 

I think that both the Paetzold ozone data and the Ba140/Sr90ratio 

use break but a t  higher l a t i t udes  
as well. We dis t inguish with the Balb/Sr 8 r a t i o  data, fo r  example, a 

"here is  apparently no mixing of aerosols between the two regions, 

T h i s  implies that downward mixing a t  l a t i t udes  north of the main 

HOLLAND: Prof. STALEY i s  here. I wonder is  he would care t o  comment on this 
question. Prof. STALEY of the University of Arizona. 

Dean 0. STALEY: I f e e l  that this t ransfer  o r  exchange can occur readi ly  a t  
a l l  l a t i t udes  north of something l i k e  300 N, o r  l a t i t udes  i n  which we have 
ex t ra t ropica l  disturbances, and tha t  the "breaks" can appear i n  aseociation 
with specif ic  disturbances. An exchange is  typica l ly  associated with each 
disturbance i n  which the  a i r  which enters  t he  troposphere does not immediately 
return t o  the stratosphere,  so that the debris can remain i n  the  troposphere 
long enough t o  experience scavenging. 
place i n  a preferred la t i tude ,  say 350 N, o r  i n  the region where on mean 
charts  the  tropopause gap i s  most readi ly  imposed. 
keep i n  mind that the tropopause is not a r i g i d  barrier with a hole i n  it 
a t  the gap region which allows mass exchange only a t  tha t  la t i tude .  The 
break may come o r  go a t  all l a t i tudes ,  and this does occur primarily at ,  say, 
35' N or  S; and so there  i s  a temptation t o  impose a "gap" on a mean meridi- 
onal cross section. I might add that th is  past spring we sampled with a 
small a i r c r a f t  for  t o t a l  beta a c t i v i t y  below, within, and above dry baroclinic 
zonesh  the  troposphere. 
the zone, which supports the concept of en t ry  i n t o  the troposphere within 
sloping dry baroclinic layers  whilch occur i n  association with ex t ra t ropica l  

Mow, most of this exchange w i l l  take 

But I think you have t o  

c 

Preliminary counting shows maximum a c t i v i t y  within 
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disturbances. I think there is a l o t  more uncertainty, a t  l e a s t  i n  my 
mind, concern,% the spring maximum of exchange. 
up and down of the tropopause throughout the year must be an important 
fac tor  here, but there are other viewpoints on this. 
months the tropopause is moving upward. The mount of mass i n  the 
stratosphere i s  decreasing i n  high l a t i t udes  a t  t h i s  time of year, so 
that  the region of exchange is  moving upward toward the l eve l  of high 
concentrations a d t h e  exchange involves higher concentrations i n  the 
lower stratosphere than it does i n  the f a l l  months, when the tropopause 
i s  moving downward. 
important here, such as the subsidence associated with the late winter 
explosive s t ra tospheric  warming as pi inted out by Libby and Palmer. I 
would not say tha t  I am convinced that upward movement of the  tropopause 
i s  the only explanation. I think this must be an important factor .  

I think that the moving 

In the spring 

I am sure that there are other fac tors  which are 

DINGLE: I would l i ke  t o  ask Dr. STALEY i f  in his studies  of the tropo- 
pause behavior he had indications of ac tua l  deter iorat ion of the tropo- 
pause as a barrier during this period of migration, so that it would not 
be such a barrier t o  stratosphere-troposphere exchange. 

STALEY: You ask about whether there would be deter iorat ion i n  the 
tropopause itself during the periods of upward and downward migration? 

IXNGLE: Yes, whether during the qrlng,  i n  upward migration, you ac tua l ly  
had a sort of deter iorat ion and then regeneration of the tropopause 
per iodical ly  as it progresses upward; this kind of thing. 

STALEY: No, I don't think so. I don't think there is any par t icu lar  
deter iorat ion of the tropopause a t  that  time. There appears t o  be a 
rather large number of sizeable exchanges that occur a t  this time of 
the year; as evidenced, I think, through a large number of intense 
baroclinic zones i n  the high troposphere, very dry zones, which is 
consistent with the Idea of their  having recent ly  subsided from high 
levels .  
and not 60 readi ly  In the summer. But, of course, in the summer months 
the number of intense extratropical  disturbances goes down, too. 
my answer would be that there is  no general deter iorat ion of the in t ens i ty  
of the tropopause during the spring or  the fall.  
there seems t o  be a greater number of these exchanges, fo r  reasons tha t  
I don't understand. 

There, of course, can be found i n  the f a l l  and in the winter, 

I think 

However, i n  the spring 

KULP: I would l i k e  t o  comment on the source of introduction of the-debris. 
I think that the d is t r ibu t ion  i n  terms of Srm i n  r a i n  and the d is t r ibu-  
t i o n  of S r w  on the ground is  such that the dominant mechanism has t o  be, 
introduction i n  the l a t i t ude  zone of 3O-5O0N. If the introduction was 
primarily i n  the polar regions d i r e c t l y  i n t  the troposphere, then we 
should see a sharp gradient of deposited Srh decreasing from TOON t o  
30%. We do not f ind  that. Rather, we f ind  that 30 t o  40% and 40 t o  
50% it is very similar, and even 50 t o  600N i n  the same r a i n f a l l  belts 
it is similar. I think a second evidence is  that the concentration of 
S r w  i n  r a i n  o r  i n  ground l e v e l  air decreased northward about 600N. 
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I a l s o  think I can r e c a l l  some tropospheric a i r c r a f t  sampling, including 
some by Sweden, which showed that going north ac tua l ly  showed a modest 
decrease ra ther  than an increase i n  the concentration of Srm i n  the air. 
The picture  is  s l i g h t l y  confused by the introduction of debris d i r ec t ly  
in to  the polar troposphere by Russian t e s t ing  but when this is  taken in to  
account it is  c l ea r  that  the dominant portion of the s t ra tospheric  debris 
is  t ransferred i n  the temperate ra ther  than the polar la t i tudes .  

LANGHAM: I am concerned about the reports  by Kirk Lid& of Sweden t h a t  
the Laplanders i n  Sweden and Norway a r e  now running cesium body burdens 
that are from 30 t o  50 times higher than we have ever found, even i n  the 
v i c in i ty  of 35 t o  b 0 N .  I am curious t o  know i f  there is  any meteoro- 
log ica l  explanation as to  why, i n  the Arctic Circle, we have this very 
percul iar  case where people are showing up wlth cesium burdens that a r e  
astronomically high compared t o  w h a t  i s  found elsewhere. 

HOLLAND: 
fair t o  ask you w h e t h e r  you f ind  it impossible t o  account f o r  this on 
biospheric or ecological gounds. 

Before I ask the panel to  comment on this, I think it is  only 

LANGHAM: 
s a t i s f i e d  that it is  enough. I n  orher words, it seems that it can not 
all be accounted f o r  by the f a c t  that they l i v e  on reindeer meatand goat 
cheese, even though these are both browsing type animsls. If, indeed, 
the rad ioac t iv i ty  always falls off  toward the poles as beaut i fu l ly  as 
the curves indicate,  it is hard t o  think tha t  concentrations i n  the 
northerly l a t i t udes  are high enough t o  make even goat cheese impalatable. 

We can make some explanation on that basis, but I am not 

HOLLAND: Do any of the speakers wish t o  speakb this? 

MARTELL: 
a c t i v i t y  of ra ins  versus la t i tude .  My associate,  Dr. P. J. DREVINSKY, 
has been looking a t  the concentrations of individual nuclides i n  ra ins  
and snowp including some from noN. 
snows averaged 5 t o  10 times the maximum concentrations observed i n  North 
Temperate la t i tudes .  
deposition versus l a t i t ude  is  due i n  large par t  t o  differences i n  precipi-  
t a t i o n  versus la t i tude ,  so that the air concentration of the polar troposphere 
i s  apparently similar t o  that of the mid-latitude troposphere, i f  not 
higher. 

I w i l d  l i k e  t o  make one coxuent with respect t o  the specif ic  

The concentrations of these Greenland 

I think that the marked difference i n  f a l l o u t  

KRUGER: I would l i k e  t o  point out that we have had some discussions i n  
our own group which stem from some indications from thundersotrms which 
have had tremendous v e r t i c a l  development and may have penetrated in to  the 
stratosphere.  In  our March col lect ion of this year I pointed out that we 
had a very short  period of r a i n f a l l  i n  which the S r w  concentration 
reached a value which we hadn't seen before. 
looked a t  by the usual methods of measuring the average Srgo concentration 
over the whole rain,  this high value would have gone undetected. 
fur ther  believe tha t  the cloud tops from which this precipi ta t ion f e l l  may 
have penetrated i n t o  the stratosphere.  

However, i f  t h i s  had been 

We 

We intend t o  continue this research 
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t o  see whether such penetration may be an important mechanism fo r  the 
observed spring peaks. 

KOLTAND: 
l e a s t  from w h a t  we think the seasonal pat tern of extremely tall thunder- 
storm systems is, so that we would question whether this i s  dominant? 

Doesn't the  seasonal pat tern of  the f a l l o u t  d i f f e r  enough, a t  

KRUGER: I don't know w h a t  percentage this can account for ,  but we have 
seen t h i s  par t icu lar  storm and obviously the posit ion of the clouds 
r e l a t ive  t o  the J e t  stream should a l s o  be related.  Nevertheless, some 
of these spring thunderstorms do penetrate qui te  hi h, and these may be 

do not achieve large v e r t i c a l  development. 
the ones which bring down a la rger  share of the Sr  98 than the ones which 

DANIELSEN: 
spheric-tropospheric exchange processes indicates  the outflow process 
from stratosphere t o  troposphere i s  strongly correlated with intense 
cyclogenesis. As a consequence, s t ra tospheric  outflow would be statists 
c a l l y  r e l a t ed  t o  the l a t i t ude  range i n  which intense vor t ices  are formed, 
which is  going t o  put in ,  between 35O and 60° N 1 Q t i t u b .  
rad ioac t iv i ty  flows out of the stratosphere i n  this l a t i t ude  range it may 
reach the ground a t  a wider range of la t i tudes .  
that i ts  descent o r  tradectory would be s t r a igh t  t o  the ground. The more 
probable flow is approximately isentropic,  that is, a gradual descent as 
the air moves southward with the lowestelevation reached some 20° t o  250 
south of i t s  exit from the stratosphere. A t  the  lower l a t i t ude  and lower 
elevation, mixingprocesses generated by heating a t  the ground may then 
bring the rad ioac t iv i ty  d l r ec t ly  down t o  the ground as so ca l led  "dry 
fallout".  The maximwn deposition of dry f a l l o u t  i s  expected, therefore, 
t o  the south of the point of exit from the Stratosphere. 

I would l ike t o  make several  comments. My work on s t r a to -  

Although the 

It is  qui te  improbable 

I would a l s o  l i k e  t o  comment on another aspect of the  s t ra tospheric  out- 
flow that is, I think, important t o  the  deposition of rad ioac t iv i ty  by 
r a i n f a l l .  A s  the formerly s t ra tospheric  air flows southward i n  the tropo- 
pause pa r t  of the mass t rave ls  a cyclonically curved path. It reaches i t s  
lowest elevation a t  approximately the  trough l i n e  of the pressure f ie ld  
turns  northward, and ascends on the east side of the trough. Now, the air 
which comes from the stratosphere has, i n  meteorological terms, pa r t i cu la r ly  
high s t a b i l i t y ,  that is, it a c t s  t o  inh ib i t  small scale  v e r t i c a l  mixing. On 
the east side of the  trough the  formerly s t ra tospheric  air may appear i n  the 
troposphere as a thip layer  of high s t a b i l i t y  capping an ascending mass of 
moist air. 
long as the  s t a b i l i t y  i s  present it w i l l  i nh ib i t  the  development of con- 
vective cells. With continuedascent of both the dry, layer  and the moist 
air  it cools less rapidly than the dry air. As a re su l t ,  the  s t a b i l i t y  
i n  the dry layer is decreased. 
stroyed. Convective c e l l s  w i l l  rapidly develop, penetrate i n t o  the  dry 
air  and mix it with the moist air. 
rad ioac t iv i ty  then there is a good poss ib i l i t y  that the rad ioac t iv i ty  may 
enter  i n t o  the  precipi ta t ion cycle and be brought t o  the ground. 

The moist air  may extend up t o  the  base of the layer,  but as 

A t  some point o r  points it will be de- 

If the dry l ayer  contains a l o t  of 



I think Dr. KRUGER is quite right in saying that the convective cells may 
penetrate the stratosphere. They may also penetrate the thin layers of 
formerly stratospheric air. Ithink, therefore, one has to be very careful 
in correlating radioactivity with height (or with the tropopause) Be- 
cause a major portion of the radioactivity may enter the precipitation 
cycle from a layer at 20,ooO ft. in a region where the tropopause is at 
40,ooo ft. 

Final&, if Dr. MANSON is right, that a substantial amount of radioactivity 
is attached to the sulphate particles in the stratosphere it is conceivable 
tht, during the mixing process just described, the sulphate particles act 
as nuclei. 
radioactivity content. 
activity in the drops will increase if there is a loss of mass by evapor- 
ation while the heavier radioactive molecules are retained. 
speaking, these conditions are more probable if the nucleation occurs 
at high elevations. 
therefore correlate with height parameters although height ger se is not 
physically significant. 

Drops formed from these nuclei would start out with a high 
During their descent the concentration of radio- 

Roughly 

The concentration of radioactivity in rainfall may 

HOSLER: 
ting, in our paper, with radioactivity. It was the proximity of the top 
of the radar echc to the area where we thought mixing was occurring in 
the stratosphere. 
for the spring maximum is the combination of high instability, maldmum 
instability, leading to very severe storms, with a low tropopause, in the 
spring which makes it very easy for this debris to come down to the ground. 
The amount of evaporation which occurs w i l l  of course determine how enriched 
this precipitation is. 

I would like to point out that it wasn't height we were correla- 

And it is my feeling at this point that one good reason 

H O U N D :  
of interest that Dr. KRUGER's chart didn8t simply show a tropopause in 
relation to this, but showed a model of the concentration distribution 
based on air sampling data, which we can call,say, a mean distribution, 
in relation to these clouds. And Dr. WNIELSEN's comment would be to the 
effect that it isn't necessarily the mean distribution that matters. 
is going to be the distribution at the time of the convection and precipita- 
tion, which could depart substantially from this mean distribution. So, a 
vertical development of precipitation which on the mean ckrt would not 
appear to reach the region of high radioactivity, might at that time actually 

KREY: We are looking at Be7/p32 ratios in rain with the hope that we 
might get some verification of this concept that Dr. KRUGER was talking 
about. If the cloud would get into the stratosphere, we might find a 
higher Be7/p32 ratio there than with a cloud that didn't get into the 
stratosphere. 
rate of these cosmic ray produced nuclides permitting a greater equilibrium 
build up of Be7 as compared to P32 in the stratosphere. 

If I might try to merge these last two comments, I think it is 

It 

do SO. 

T h i s  is the result of a more rapid tropospheric washout 

We haven't obeerved 
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any high ratios that would definitely indicate that such a situation 
took place, 
thing because of limited data. 

However, this doesn't necessarily prove or disprove any- 

MARTELL: First, I uld like to correct what is perhaps a misconception. 
The short-lived € 3 ~ ~ ~  activity which we were discussing was stated to be 
derived from the stratosphere. We distinguish a difference in €3B140/Srw 
ratio of that portion which was t nsported downward through the polar 

ported down at mid-latitudes, presumably through the main tropopause break. 
troposphere as compared to the Bal To /Srm ratio of that which was trans- 
We did have other nuclide data, 
are not nearly as sensitive as the 
believe that the difference for 
conclusions in view of the smaller ratio variations and the analytical un- 
certainties involved. 

but the ratios of other nuclides 
activity ratios. I don't 
allow you to draw similar 
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TElE RELATIONSHIP BETWEEN RAINTALL AND STRONTIUM-9 DEPOSITION 
IN Cuu;LAM COUPJTY, WASHINGTON 

E d w a r d  P. Hardy, Jr. 
U. S. Atomic Energy Commission 
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and 
Lyle T. Alexander 
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S o i l  Survey Laboratory 
Beltsville, Maryland 

It has been known f o r  some time that r a i n f a l l  is the  primary process by 
which f i s s i o n  products in the atmosphere are deposited on the  surfac 
the earth.  Studies in the U n i t e d  S t a t e s ( l , 2 )  and the Uni e Kin&om !3% 1 
using open vessel  co l lec tors  and results f s o i l  analyses t5? have shown 
excellent correlat ion between f a l l o u t  Sr  98 and the amount of r a in fa l l .  
Martell( 5) demonstrated an increasing l inea r  and proportional re la t ion-  
ship between Srw a c t i v i t y  i n  s o i l  i n  1955 and the amount of r a i n  fo r  
sites located i n  the Mediterranean area.  It w a s  pointed out that these 
sites are subject t o  the same seasonal d i s t r ibu t ion  of r a i n f a l l ( a  marked 
winter maximum and extremely dry  sumers )  and that rainfall over the 
whole area is  derived from air masses of similar mixing history.  
an extensive monthly r a in  l l e c t i o n  network in the United S ta t e s  i n  

From 

1956, Collins and Hallden(gT pointdd out that good co 
be a t ta ined  within limited geographical areas. 
same conclusion from a study of individual r a i n  col lect ions over a 
period of years at  Ue twood, New Jersey. 
indicated that the do concentration in ra in,  over a period of a month 
o r  more, w a s  independent of the amount of r a in fa l l .  

In  all tfiese studies, it was 

I n  the case of an individual r a i n  at a spec i f ic  site, the Sr9O concen- 
t r a t i o n  has been shown t o  decrease as the storm progressss(2) and t o  
vary with the  height of the generating cloud. (7) In  areas involving a 
number of d i f f e ren t  climatic regimes, it has been found that the Srw 
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concentrations are higher in regions of low precipitation than in areas 
of high precipitation within a given latitude.(2) 
rains are predicted to have higher SrgO concentrations than heavier rains 
at a given station. 

Although the inrportance of the contribution of dry deposition has been 
considered as a possible reason for calculated high SrgO concentrations 
in low precipitation areas, there has been little concrete evidence for 
this from studies conducted so far. (1,228) Recent information from 
Norway suggests that at the end of June 1959, as mu h as 30$ of the 
estimsted SrgO deposited may have been dry fallout.79) Data from rain- 
fall collections in the Unit 
the cumlative fallout of r@ at 6 sites was proportional to the total 
rainfall at these sites.(4? The amount of Sr9O per unit volume of rain 
was approximtely the same at each site and independent of the amount of 
rainfall over this prolonged period of time. 
dry deposition contributed insignificantly, if at all, at these United 
Kin@om sites and that a l l  of the fallout during this period was brought 
dam by precipitation. 

In this regard, light 

Kingdom for the period 1957-1959 show that 

The implication here is that 

As a supplement to the Atomic Ener 

ical area where the yearly amount of rainfall varies markedly from sits 
to site, was conducted. In 1957, four sites in Clallam County, Washington 
on the Olympic Peninsula were selected where the mean annual amount of 
rainfall varies from 15 in. to U O  in. (Figs. 1 and 2). Four of the 
sampling sites are near the coast of the Juan de FUca Strait and north 
of the Olympic National Park. A fifth site is further inland and just 
west of the National Park. The selection of these sites w a s  basal on 
two considerations: (1) the availability of an area suitable for soil 
sampling to obtain the total amount of Srg0 that had fallen out(l0,ll) 
and (2) the availability of reasonably accurate rainfall data from 
January 1953 to the date of sampling. 
starting period for the accumulation of rainfall data since only a very 

variation, proceaing westerly from Sequim to Forks, is extremely marked. 
The rainfall is lowest at Sequim, about 15 in. annually, and increases 
from one site to another in a westerly direction to Forks where it is 
about U O  in. annually. 
the addition of one more location, Clallam Bay. 
for this period at each site has been very consistent ambin fact, has 
varied only slightly from long-term average figures published in 1939.(12) 

Commission's world-wide soil 
5ampling program, a study of the Sr % deposition in a limited geograph- 

January 1953 was selected as a 

amount of Srgo had fallen out up to this time. The rainfall 

The sites were resampled in 1959 and 1960 with 
The annual rainfall 

The monthly rainfall pattern for the 5 sites is shown in Fig. 3. It is 
at once obvious that the seasonal trends are the same, with a low occurring 
in June, July and August and a high in December and January. It is 
interesting that the range is relatively small from site to site during 
the low rainfall period while the largest divergence in rainfall amount 
occurs during the months of highest precipitation. 
are, in all probability, subjected to rainfall from the same westerly air 
masses that pass over the peninsula from the ocean. 

These 5 sampling sites 
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The s o i l s  collected i n  C l a l l a m  County have been analyzed f o r  Srgo by the 
HC1 extract ion method(l3) and results f o r  the  samplings i n  1957 and 1959 
have been r e  orted previously(l0).  
t h a t  the  SrsB rainwater concentration decreased with increasing amounts 
of r a i n f a l l  up t o  about 62 in./year, after which there  seemed t o  be 
l i t t l e ,  i f  any, e f f e c t  of r a i n f a l l  amunt. T h i s  phenomenon was explained 
on the  bas i s  of cer ta in  meteorological hypotheses; b r ie f ly ,  t h a t p r e -  
c ip i t a t ion  t h a t  or iginates  from air with l e s s  moisture can produce higher 
concentrations than air with greater  aois ture  s ince more air is needed t o  
make the same depth of rainfall. 
regions obtain r a in  from the d r i e r  air and that ra indrops’ fa l l ing  i n  
a r id  regions undergo more evaporation t+ i n  humid areas, thus enrich- 
ing  the Sr9O i n  the remaining’liquid water. The contribution of dry 
f a l l o u t  w a s  not considered t o  be a primary reason f o r  the  decreasing S r w  
concentrations i n  rainwater with increasing r a i n f a l l  amounts. 

I n  Fig. 4, t he  measurements on 1960 samples of cumulative SrgO a c t i v i t y  
per un i t  area are plot ted against the amount of r a i n f a l l  from 1953 
through 1960. 
duplicate assays, re-analyses and blind fusions, are shown on the  graph. 
The s t r a igh t  l i n e  i s  drawn through the  averages f o r  each site. The 
standard deviations from the  means range between 8 and 14$. The l i n e a r  
re la t ionship  between SrgO deposition and r a i n f a l l  amount i n  the Clallam 
County a rea  is c l ea r ly  shown i n  Fig. 5 f o r  the  average r e s u l t s  obtained 
f o r  1957 and 1959 s o i l  col lect ions as w e l l  as f o r  the  most recent 
samples collected i n  1960. The dotted l i n e  portion of each graph is  an 
extrapolation t o  zero rainfall on t he  assumption that the  relat ionship 
between SrgO a c t i v i t y  and r a i n f a l l  continues t o  be l i n e a r  i n  t h i s  region. 
If t h i s  is  indeed the  case, then it would  appear that there  is a s i g n i f i -  
cant amount of S r m  that has deposited on the  so i l  i n  t h i s  area, which 
was not scavenged by r a in fa l l .  
as one would expect, increases from one year t o  the next as evidenced 
by the change i n  slope of the straight l i n e s :  0.04 mc Srw/mi.2/in. i n  
1957, 0.10 i n  1959, and 0.14 i n  1960. The y intercept ,  which is  assumed 
t o  represent the cumulative dry deposition, is 12 mc Sr90/mie2 i n  1957, 
1 5  i n  1959 and 16 i n  1960. Fig. 6 i s  a p lo t  of the  a c t i v i t y  of SrgO/in. 
of prec ip i ta t ion  (i.e., the SrgO concentration i n  r a i n f a l l )  as a function 
of the amount of precipi ta t ion.  For each sampling year there  is a 
d e f i n i t e  decrease i n  the  S r w  concentration with increasing r a i n f a l l .  
It na tura l ly  follows that t h i s  would be the  case i f  the  s t r a i g h t  l i n e s  
in te rcept  the y axis or , in  other words, i f  there  is a s igni f icant  contr i -  
bution of Sr9O which has f a l l e n  out during dry periods. If one makes 
the further assumption that the same amount of cumulative dry  deposit ion 
has occurred at  each s i t e  during each sampling year, (it w i l l  be recal led 
from Fig. 3 that during the coincident drier periods of the year, the  
rainfall difference from site t o  s i t e  i s  qui te  small) then by subtract ing 
t h i s  amount from the  t o t a l  deposition, one obtains the  contribution from 
rainfall alone. 
produces a s t r a igh t  l i n e  which passes through the or ig in  (,Fig. 7) and the  

It w a s  concluded from these data 

The assumption is inherent that ar id  

A 1 1  available data fo r  each sample, which include bl ind 

The cumulative f a l l o u t  per inch of ra in ,  

Then a p lo t  of the a c t i v i t y  of Srgo versus r a i n f a l l  



plot  of SrgO concentration i n  ra in  versus the quantity of ra in  rasu l t s  
i n  a horizontal straight l ine,  indicating no c x r e l a t i o n  (Fig. 8). It 
w o u l d  appear then, that Srgo concentration i n  ra in  is, i n  fact, inde- 
pendent of amount of rainfall  provided t h a t  one corrects fo r  the SrgO 
which  has fa l len  out i n  the dry state, by gravitational s e t t l i ng  or 
ver t ica l  impaction. 

The period from the fall  of 1957 through the fa l l  of 1960 is of par- 
t i cu l a r  interest .  Th i s  was the previous period of highest fa l lou t  ra tes  
due t o  intensive weapons tes t ing  over re la t ively short 

deposited as dry fa l lou t  during this t i m e  as compared t o  12 mc Srg0/mio2 
which f e l l  out i n  the dry state up'to 1957. A larger proportion of wea- 
pons detonated during the period 1957-60 were of high yield and high a l t i tude  
as collipared t o  those detonated pr ior  t o  1957. Debris originating from 
thermonuclear explosions will fo r  the most part enter  the stratosphere 
and then penetrate gradually in to  the higher troposphere where the 
probability is high that it will bk scavenged t o  the ear th 's  surface 
by rainfall. It is, therefore, expected that the r a t i o  of fa l lou t  i n  
precipitation t o  that collected i n  dry periods would be much hi@;her 
during the period 1957 through 1960 than prior  t o  t h i s  time. It is  
found,for the period 1957-60, that 0.29 IIIC SrgO/mi.B/in. of ra in  or  
4.4 ppc The 
er ror  associated with these figures is  of the order of 20%. 

The cumulative amount of SrgO contributed as dry fa l lou t  i n  C l a l l a m  
County is estimated t o  be 16 mc/mi.2 up t o  the fall  of 1960. 
assumption has been made that th i s  contribution is  the same a t  each 
of the 5 s i t e s  irrespective of the amount of rainfall. 
thought t o  be reasonable b€CaUS€, as w a s  previously pointed out and 
can be seen from Fig. 3, during the period of lowest r a i n f a l l  there 
is only a small difference i n  amount of monthly r a in fa l l  among the 
sites. It is possible that during this  period of time, coincident 
dry periods are not uncommon. If th i s  i s  indeed the case, it is  
interest ing t o  c d c u l a t e  the percent contribution from dry deposition 
of the cumulative measurements made i n  1960 at each of the sites. 

eriods of t i m e .  
In the C l a l l a m  County area it is e s t i m t e l  t ha t  4 mc Sr  50 /mi.2 w a s  

SrgO/l of ra in  f e l l  out on the C l a l l a m  County area. 

The 

T h i s  is 

TABU 1 

Contribution t o  Cumulative S r w  from D r y  Deposition i n  1960 

Si te  
Port C l U a m  

: Sequim Angeles Joyce Bay Forks 

47 35 21 15 12 90 $ Contribution from 
Dry Deposition of Sr  : 

I n  summary, the C l a l l a m  County study haa shown that there is a remark- 
ably good l inear  relationship between SrgO fa l lou t  and r a in fa l l  amount. 
If it is assumed that all of the Sr90 measured was brought down by rain, 



then the SrgO a c t i v i t y  per un i t  volume of r a in  decreases with increasing 
r a in fa l l .  Strong evidence is available,  however, t o  i n f e r  that a sub- 
s t a n t i a l  amount of the  SrgO deposited i n  C l a l l a m  County w a s  not associ-  
a ted with precipi ta t ion.  
alone is  calculated by subtracting the  dry f a l l o u t  contribution from the  
t o t a l  measured, then the  Sr9O concentration i n  r a i n  is seen t o  be inde- 
pendent of the amount of rainfall. 

When the amount of SrgO brought d a m  by r a i n f a l l  
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TABLE 2 

Rainfall  and SrgO Data for C a l l a m  County Soi l  S i tes  

In. of precipitation 
from 1-1-53 thru  2 

date of collection mc s P / m i .  

S i t e  1957 1959 1960 1957 1959 1960 - 
Sequim 87 119 135 13.3 29.7 34.1 

20.6 36.2 46.4 

I 21.5 46.9 740.9 

Port Angeles 134 187 21 5 

Joyce 288 404 459 

C l a l l a m  Bay -- 566 648 -- 71.2 105 

Forks 576 812 922 32.4 99.6 137 



WASHINGTON 

Figure 2 

C l a l l a m  Coyqty, Washington, Olympic Peninsula : 

So11 Sampling Sites for Measurement of Strontium-90 
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Finure 3 

Mean Monthly Precipitation 
Yearly 
Total 

I I 
Jan. ' Feb . Mar. ' Apr . ' May ' June July Aug. Sept Oct- I Dee. 

78.5 

5 4 . 2  

24.6 

16.4 

Site 

Forks 

- 

Clallam Bay 

Lake Sutherland 
(nearest weather 
station to Joyce) 

Port Ang e le s 

Sequim 



160 

150 

14 0 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Figure 4 

- 1960 Strontium-90 Deposition 
as a function of 

A 

v Amount of Precipitation 

/ 
I 

v Leach Method - HASL 
A Fusion Method - HASL 

0 Leach Method - BSL 

0 100 200 300 400 500 600 700 800 900 1000 

Inches of Precipitation 

(1-1-53 to sampling date) 

295 



14C 

13( 

* 
12( 

1.1' 

0)  10 
r( 
4 
R 

Figure 5 

Stront ium-90 Deposit ion 

as a Function of 

Amount of Precipitation 

1957, 1959 and 1960 

300 400 500 600 700 800 900 1000 100 200 
Inches of Precipitation 

(1-1-53 to sampling date) 



0
 

V
I 
0
 
0
 

0
 

V
I 8 c
 
0
 
0
 
0
 

L6
a 

cu
mu

la
ti

ve
 m
il

li
cu

ri
es

 o
f 

S
r
W
 
pe

r 
sq

ua
re

 m
il

e 

pe
r 

in
ch

 o
f 

pr
ec

ip
it

at
io

n 

?
 

h
) 

c
 

\o
 

V
I 

\o
 

c
 
a
 

O
I 

0
 

0
 

0
 

0
 

h
) 

E
. 

c
 

\o
 

V
I 

U
 

cu
mu

la
ti

ve
 m
il

li
cu

ri
es

 o
f 
S

P
 pe

r 
sq

ua
re

 m
il

e 

(m
in

us
 S

r
w

 
at

tr
ib

ut
ed

 t
o 
dr

y 
de

po
si

ti
on

) 
Y

 



*.I 
E 
0) 
k a 
3 

0 
k 0  a 4  a u  a 

U a z  
k - 4  
m o  

al 
W k  o a  
m w  
a 0  
.e4 
k C' 
3 0  o c  
4 - 4  
d 
r c k  
-4 e g  
9) 
3 
rl 
U 
w 

f o 

n 

g 
rl 
U 
rl 
VI 
0 a 
al 
-u 
h 
k a 
0 
U 

3 

2 
U 
3 

k 
U 
U 
cd 

8; 
VI 

m 
3 
C 

8 
rl 

v 

0.4 

.o. 2 

0 

0.2 

c 

Pinure 8 

1957 

0 
w 
0 

1959 - 0 

Sr 9' Concentration 
in Precipitation - 
to dry fallout) 

as a Function of 
hount of Precipitation 

1960 

0 5 00 0 5 00 

Inches of Precipitation 

(1-1-53 to sampling date) 

1000 



RUNOFF OF STRONTIUM-90 FROM AGRICULTURAL LAND SURFACES 

Maurice H. Were and Ronald G. Menzel 
U. S. Soi l s  Laboratory 

S o i l  and Water Conservation Research Division 
Agricultural  Research Service 

U. S. Department of Agriculture 
Bel tsvi l le ,  Maryland 

Srgo is deposited on soil surfaces chief ly  through rainfall (4).  
surface f f  and s o i l  erosion occurs, some movement of recently de- 
posited g8 would be expected. The extent of such movement has been 
studied by measurements on the s o i l  i n  sloping areas, on runoff from 
small plots ,  and on r ive r  waters. The number of measurements are qui te  
limited and serve only t o  out l ine the general features  of Srgo movement 
i n  runoff. 

When 

Runoff From Small Watersheds 

SrgO contents were determined i n  s o i l  samples taken i n  June 1960 from 
small watersheds near Coshocton, Ohio. The watersheds were on predomi- 
nantly Muskingum and Keene s i l t  loams with slopes averaging from 9 t o  
16s. 
watersheds are maintained by the U. S. Hydrological Research Station, 
and records of s o i l  erosion, water runoff, r a i n f a l l ,  and s o i l  management 
pract ices  have been kept since before the advent of nuclear weapons 
tes t ing .  

The area of the watersheds w a s  usually from 1 t o  2 acres.  The 

Two watersheds i n  permanent pasture with l i t t l e  water runoff were se-  
lected as reference points.  
depth of 6 1/2 in.  was 160 pc/kg. 
approximately 1.4 g/cm3 (2). 
proximately 90 mc/mi.2 This may be compared with an estimate of 

The SrgO content of the surface s o i l  t o  a 

Thus, the calculated Srgo content is  ap- 
The bulk density of t h i s  s o i l  is  
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75 mc/mi.2 obtained from the content i n  s o i l  as of l a t e  1959 (1) and in  
precipitation during the following winter and spring (3). It appears 
t ha t  l i t t l e  or no Srgo had been l o s t  from the watersheds in  permanent 
pasture. 

Six cult ivated watersheds (two each in  corn, wheat, or  meadow) were 
sampled along several contours and a t  the entrance t o  the spillway a t  
the base of the watershed. These watersheds had been maintained i n  a 
byeax rotat ion of corn-wheat-meadow-meadow since the beginning of Sr9O 
fa l lou t .  "he SrgO content of the surface s o i l  t o  a depth of 6 1/2 in., 
which included the en t i re  plow layer, averaged from 65 t o  100 pc/kg 
(Table 1). From other measurements (2), the bulk density of the cul t i -  
vated watersheds might be expected t o  range from 1.2 t o  1.35 /cm.3 
Thus, the low layer i n  cult ivated watersheds had l o s t  from 173 t o  2/3 
of the Sr9 on it. 8 

TABU 1 

Average SrgO content and water runoff on small watersheds a t  Coshocton, 
Ohio, as relatsd t o  cropping history and slope. 

1958 
-- 
-- 

Meadow 

Meadow 

Meadow 

Meadow 

Wheat 

Corn 

I 

Crop Ave ra &e SrYu Water Runoff (in.) 
Slope (PC/kg) Jan. -June 

1959 

Pasture 

Pasture 

Meadow 

Meadow 

Corn 

Corn 

Meadow 

Wheat 

1960 
-- 
-- 

Corn 

Corn 

Wheat 

Wheat 

Meadow 

Meadow 

0 
20 

20 

16 

15  

9 

11 

13 

16 

June, 1960 

153 

163 

64 

66 

73 

79 

100 

78 

- 1958 

0 

0 

1.32 

0.21 

1.22 

o .71 

0.18 

1.17 

1959 

0 

0 

1.88 

1.41 

3 -91 

2.02 

1.36 

3 -57 

1960 

0 

0 

1-77 

0.34 

0.58 

0.35 

0.31 

0.89 

Most of the Srgo l o s t  from these plots  was probably carried i n  surface 
runoff. On airs o f  plots  with similar cropping his tor ies ,  it appears 

during the last 2 1 During t h i s  period the 
major portion Of Sr4' fa l lou t  occurred ( 3 ) .  However, the differences 

tha t  more Sr 30 had been l o s t  from the p lo t  with greater water runoff 
yrs .  pr ior  t o  sampling. 



i n  Srgo content are  greater between p lo ts  with d i f fe ren t  cropping 
h is tor ies ,  and on these the relationship t o  water r u n o f f i s n o t  c lear .  
The concentration of Srgo i n  water runoff probablj- depends on crop 
cover, length and steepness of slope and s o i l  type i n  addition t o  the 
concentrations of Sr9O on the s o i l  surface and i n  the curren r a in fa l l .  

Other fac tors  which may have caused appreciable lo s s  of SrgO from the 
cult ivated watersheds 
The amount l o s t  by crop removal probably did not exceed 574 of the S r w  
fa l lou t .  That l o s t  by leaching probably did not exceed 15% of the ac- 
cumulated SrgO fa l lou t  a t  the time of sampling. 

Somewhat lower Srgo contents were found, on the average, i n  s o i l  samp- 
les from lower contours on the watersheds (Table 2).  
some e f f ec t  of length of slope on removal of Sr9O i n  water runoff. 
There was l i t t l e ,  i f  any, accumulation of Srgo i n  the area of s i l t  de- 
position at  the entrance t o  the spillway. 
carr ied completely off the watersheds. 

are crop removal and leaching in to  the s o i l .  

This indicates 

The Srgo l o s t  must have been 

TABLE 2 

Average Sr9O content on different  contours of s i x  small, cul t ivated 
watersheds, Coshocton, Ohio, June 1960. 

srw Watershed Contour Sample Depth 
( in . )  &c/kg of so i l ]  

TOP 0-6 112 77 

Middle 0-6 112 75 
Bottom 0-6 1/2 68 

Entrance t o  spillway 0-8 86 

Runoff From Small Plots  

In an earlier study ( 5 ) ,  the transport  of Srgo i n  runoff from small 
p lo ts  was shown t o  be affected by vegetative cover and t o  be re la ted  
t o  the amount of s o i l  eroded from the p lo ts .  One set of p lo ts  was 
located a t  La Crosse, Wisconsin, on Fayette s i l t  loam with a 16% slope. 
Another set was located a t  Tifton, Georgia, on Tifton loamy sand with 
a 3% slope. 
83 f t .  a t  Tifton. The losses of Srgo, so i l ,  and water i n  runoff from 
these p lo ts  are summarized i n  Tables 3 and 4. 

The length of the p lo ts  was 72.5 f t .  a t  La Crosse and 



TABLE 3 

Transport of Srw, so i l ,  and water in runoff from plo ts  i n  corn, oats, 
and clover a t  La Crosse, Wisconsin (March 13-August 18, 1957). 

Crop 

- (pc/f t  .2) ( tons/acre ) 

Amount i n  Runoff from Plot  
sr90* So i l  Water* 

( in . )  

Corn 11.5 1.11 0 *93 

Oats 10.5 1.22 I. .25 

Clover 0 -9 0.03 0.15 

* 
we 

Total f a l l o u t  of S r p  during th i s  period was 257 pc/ft'. 

Total prec ip i ta t ion  during this  period w a s  22.55 in .  

'TABLE 4 

Transport of SrS0, so i l ,  and water i n  runoff from p lo t s  i n  corn, oats, 
and peanuts at  Tifton, Georgia (March 11-December 2, 1957) 

Crop Amount i n  Runoff from Plot  
sr9W So i l  WaterSHC 

(pc/f t .2) ( tons/acre ) j in.)  - 
Corn 

Oats 

2.5 

0.8 

0.70 

0.34 

1.32 

0 e 3 7  
Peanuts 2.6 0.82 1.20 

* Total f a l l o u t  of SrYu during t h i s  period was 180 pc/ftz. 

Total prec ip i ta t ion  during t h i s  period was 40.91 in.  

The p lo t s  with the least exposure of bare s o i l  during the period of the 
study had the lowest losses  of SI?', s o i l ,  and water. 
the s o i l  w4.s bare a t  the t i m e  of seeding oats  or corn (In April  or May, 
respectively) and several  weeks were required t o  establish good ground 
cover. The crop on the clover p lo t  had been established the preceding 
year and it provided good ground cover during the en t i r e  period of the 

A t  La Crosse, 



study. 
peanuts (a lso i n  April  or  May, respectively).  However, oats  had been 
established the preceding f a l l  a t  Tifton, and t h i s  crop provided good 
ground cover from the beginning of the period of the study u n t i l  the 
stubble was disk harrowed i n  October. 

A t  Tifton, the s o i l  was bare at the time of seeding corn or 

Although the r e l a t ion  between transport  of Srgo and tha t  of s o i l  was 
previously note 

water runoff transported about 10 pc Srgo/ft.2 
amount of runoff transported about 2 pc S~?'/f t .~ 
have l i t t l e  e f f ec t  on the amount of Sr9O transported per inch of water 
runoff . 
It should a l so  be pointed out tha t  the concentration of Sr9O i n  the 
precipi ta t ion a t  ~a Crosse was 11 pc/f t  .'/in. of precipi ta t ion,  or 
nearly the same concentration that  was observed i n  the runoff.  A t  
Tifton, the concentration was 4 .kpc/ft?/in. of precipi ta t ion,  or about 
double the concentration that was observed i n  the runoff. The grea te r  
re tent ion of SrgO from precipi ta t ion a t  Tifton than a t  La Crosse is  
probably re la ted  t o  the lower slope or sandier type of s o i l .  

( 5 ) ,  there appears t o  be a closer cor re l la t ion  between 
transport  of Sr $0 and inches of water runoff. A t  La, Crosse, 1 in .  of 

A t  Tifton, the s a w  
Crop cover seemed t o  

The average runoff of SrgO at  L a  Cross amounted t o  about 3$ of the fa l l -  
out, and a t  Tifton it amounted t o  about 1%. 
runoff of Srgo was much higher, perhaps from 20 t o  40%. The average 
water runoff a t  Coshocton f o r  the period from 1954 t o  1960 was about 
5% f the precipi ta t ion.  Thus, it appears t ha t  the concentration of 

Tifton. 

A t  Coshocton, the average 

Sr 98 i n  runoff a t  Coshocton was higher than a t  e i the r  La Crosse or 

Runoff i n  Rivers 

If l i t t l e  of the Sr9O i n  runoff is desposted at the base of slopes, as 
a t  the Coshocton watersheds, then it must appear i n  streams and r ive r s .  
Some could be deposited i n  impounded waters, along stream beds or it 
could be carr ied in to  the oceans. Numerous analyses of r ive r  waters 
have been made, and calculations have indicated tha t ,  during the first 
quarter of 1959, from 4 t o  12% of the SrgO i n  prec ip i ta t ion  i n  the Ohio 
River basin appeared i n  the r ive r  water (6). 

Enough data are now available so tha t  s i m i l a r  calculations can be made 
for other r i v e r  basins and other time period. 
SrgO i n  the r i v e r  water has been determined quarterly on composites of 
weekly samples (7). This concentration may be multiplied by the t o t a l  

~ ? ~ ~ 9 s s  car r ied  by the r iver .  If t h i s  amount is divided by the drain- 
age area a t  the sampling point, one m a  

drainage? area may be derived from data f o r  U. S. AEC Health and Safety 

The concentration of 

l o w  during the quarter (8) to '  determine approximately the amount 

obtain a value f o r  runoff i n  
mc/mi? The estimated deposition of Sr $0 i n  precipi ta t ion within the 
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Laboratory collecgon stations within the area ( 3 ) .  
the amounts of Sr  
and 6. 

Examples comparing 
in precipitation and runoff are shown in Tables 5 

TABU 5 

Srw in precipitation and runoff in the Ohio River basin above 
Evansville, Indiana, from October 1, 1958 to September 30, 1959 

90 Precipitation- Runoff $ of Sr 
Quarter (mc/mi2.) (mc/mi2.) in Runoff 

sr90 Content 

1958 N 1.74 0.08 4.6 

1959 1 6.45 O.% 13.3 

1959 11 8.12 0.43 5.3 

1959 111 1.03 0.14 13.6 

*SrW deposited in precipitation at Pittsburgh, Pa., and Louisville 
Ky., were averaged to estimate the deposition fo r  the entire area. 

Srw in precipitation and runoff in the Missouri River basin above 
Yankton, South Dakota, from April 1, 1959 to September 30, 1960 

Quarter sr90 Content 
Prec i p i  ta t  ic>n* Runoff $ of ~r90 

( m c / m i  2 )  . ( mc/mi? ) i n  Runoff 

1959 I1 4.94 0.036 0 -7 

1959 111 0.96 0.009 0 09 

1959 FJ 

1960 I 

o .25 

0.39 

0.006 2 93 

0.013 3 -3 

1960 11 0.88 0.014 1.6 

1960 111 0.48 0.017 3.5 

* 
North Dakota, were averaged t o  estimate the  deposit ion f o r  t he  e n t i r e  
area. 

SrYu deposited i n  p r e c e i p i t a t i o n  a t  Helena, Montana, and Williston, 
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The percentages of SrgO appearing i n  the r ive r  waters are  consistent 
with the observed losses from watersheds and small plots .  
centages i n  r ive r  waters are  averages fo r  a variety of land surfaces. 
It is  t o  be expected tha t  within each drainage area some land surfaces 
w i l l  have essent ia l ly  no runoff of Srgo and others w i l l  have a percent- 
age of runoff several times higher than that observed i n  the r iver  water. 

Present data are  inadequate t o  show variations i n  the amount of SrgO 
runoff from various land surfaces. 
waters gives an estimate of the amount of Srgo removed from large areas, 
the mount of Srgo deposited i n  impounded waters or along stream beds 

The per- 

Although the analysis of r iver  

i s  

1. 

2. 

3. 

4. 

5 .  

6. 

7 -  

8. 

s t i l l  unknown. 
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TIIE POSSIBILITY OF GROUND WATER CONT-TION BY FALL0UT.n 

Alfred Clebsch, Jr. 
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Washington, D. C. 

and 

Joseph A. IiLebermanm 
Division of Reactor Development 

U. S. Atomic Energy Commission 
Washington, D. C. 

I n  considering water-supply problems that could arise from contamination 
of streams and reservoirs by bomb debris i n  the event of a nuclear 
attack, the idea has been generally accepted that water supplies 
derived f r o m  ground-water sources can be expected t o  be free of con- 
tamination. 
exceptions. 

It is  the purpose of these remarks t o  describe br ie f ly  the kinds of 
geohydrologic terranes that by reason of their  geologic structure and 
mineralogic characterist ics provide the highest degrees of safety f r o m  
fa l lou t  contamination, and also t o  indicate the type of ground-water 
reservoirs that are susceptible t o  contamination as a result of 
massive deposition of bomb debris. 

As with most generalizations, there are possible 

Research on the disposal of radioactive wastes in to  earth materials 
has made substantial  contributions t o  our understanding of the role of 
mineral reactions i n  the uptake of radionuclides f r o m  solution, but 
much more work i s  necessary before the knowledge gained by this 
research can be extended i n  a quantitative way t o  terranes other than 
those i n  which the major nuclear ac t iv i t i e s  are located. 

~~ 

*mblication authorized by Director, U. S. Geological Survey. 
*Assistant Director f o r  Nuclear Safety. 



With the notable exception of t r i t i um,  there appears t o  be almost no 
indication of the detection of fa l lou t  i n  ground water up to the 
present time. 
t ions of fallout-produced radioactivity of health significance in 
ground water. 
ground-water reservoirs wuld be relat ively free from contamination 
during and af'ter a nuclear attack. It m i g h t  also be reasoned that 
since so much fa l lou t  consists of particulate matter, i t s  apparent 
absence from ground water m i g h t  be explained solely on the basis of 
removal by sedimentation o r  natural  f i l t r a t ion .  These factors are 
extremely important, but a more complete explanation i s  provided by 
a consideration of the mechanisms of ground-water accumulation and 
movement. 

Certainly there has been no indication of concentra- 

This fact alone tends t o  bear out the idea that 

Virtually all ground water is  par t  of the hydrologic cycle; t ha t  is, 
it originates as precipitation which i n f i l t r a t e s  below the root zone 
of plants, and moves into subsurface reservoirs. Under the  influence 
of pressure gradients that develop as a consequence of gravity and 
differences i n  pemeabili ty of the s o i l  and rock, ground water moves 
l a t e ra l ly  f r o m  areas of replenishment, o r  recharge, toward springs 
o r  surface streams, f r o m  which it may flow over the  surface t o  the 
sea, o r  be discharged d i rec t ly  back in to  the atmosphere by evaporation 
o r  transpiration. 

Movement of water within a ground-water reservoir i s  extremely slow. 
Speaking of an average rate of ground-water movement i s  not very 
meaningful when one considers t ha t  veloci t ies  through core samples 
of rock and s o i l  have been measured i n  the laboratory over a range 
of 8 o r  9 orders of magnitude. 
of movement are on the order of feet per day. In highly permeable 
aquifers rates of several hundred feet per day have been measured. 
The rates of movement are infinitesimal when compared to f l o w  rates 
i n  surface streams. 
i n  most ground-water reservoirs during which decay of radionuclides 
can take place. Other physical and chemical processes, such as 
sorption and dispersion, tend t o  reduce the concentration of fallmt 
materials i n  solution, but not t o  the same degree f o r  a l l  ions nor i n  
all types of geologic materials. 

Fiydrologic and geologic characterist ics that favor rapid inf i l t ra t ion ,  
re la t ively rapid movement, and re la t ive ly  l i t t l e  contact with the  
rock skeleton of the aquifer indicate types of ground-water reservoirs 
which, i n  the event of heavy fallout,  could become contaminated. 

These conditions are approached i n  near-surface reservoirs composed of 
cavernous limestone, basalt (also cavernous i n  places), and highly 
permeable granular materials, such as water-laid deposits which 
consist dominantly of well-rounded, evenly-sized fragments. In even 
these highly permeable geohydrologic terranes ground water is  

However, i n  most aquifers the rates 

This factor  provides a considerable holdup time 
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replenished by the fract ion of precipitation o r  runoff that must seep 
through soi l ,  o r  the beds and banks of streams; thus ground-water 
recharge i s  nearly always subject t o  some filtering action. However, 
i n  limestone, basalt, and "permeable-alluvial" terranes, the f i l t e r i n g  
action i s  at  a minimum, and rates of movement are highest. 
limestone aquifers the f i l t e r i n g  action i s  so poor that well-water 
becomes turbid after heavy rains. 

I n  some 

In the  United States, limestone aquifers that are highly susceptible 
t o  fa l lout  are important i n  the  south and east, par t icular ly  in 
Florida, i n  the in t e r io r  lowlands of the Ohio and Mississippi Valleys, 
and on the Ozark plateau. 

These areas are predominantly i n  the humid par ts  of the country, where 
the water table is  seldom more than a f e w  feet o r  a f e w  tens of feet 
below the surface. Further, i n  limestone the pore space through which 
ground water moves is commonly of secondary origin; that is, the 
openings were formed after the rock was deposited and were subsequently 
enlarged by the solution action of circulating ground water. I n  
openings of this type, there i s  rapid flow and a minimum mount of 
contact between the ground water and i t s  enclosing rock. 

Basalt aquifers are of widespread importance only i n  the western 
United States. 
plain i n  southern Idaho, and the Columbia River basalts of Washington 
and Oregon. Elsewhere i n  the West basalt aquifers are rather limited 
i n  areal extent and are of only loca l  importance. 

The best known examples are those of the Snake Rfver 

Because the climate i n  so much of the West i s  semiarid t o  arid, the 
ground-water reservoirs i n  basa l t ic  terranes are commonly deep below 
the surface. 
tens of feet. 
material--sand, gravel, silt, o r  clay-occupies the space between the 
land surface and the water table and recharge t o  the ground-water body 
must move through these deposits before reaching the basalt aquifer. 
Thus, an opportunity i s  provided f o r  f i l t r a t i o n  of particulate matter 
and sorption of radioactive ions. 

The void spaces i n  a basal t  aquifer are highly varied in size, shape, 
and distribution. 
by the charactef is t ics  of the lava flows. Water flows through these 
openings j u s t  as through pipes. 
layers that are f i l l ed  with angular blocks, cinders, and volcanic ash. 
Obviously, these layers of fe r  much more resistance t o  flow and greater 
opportunity fo r  f i l t r a t i o n  and sorption than do the  open conduits. 

Depths t o  water are measured i n  hundreds of feet o r  many 
In many places a considerable thickness of granular 

On the one extreme they are cavernous tubes, formed 

On the  other extreme are interflow 

Permeable granular aquifer materials are w e l l  down the scale of 
suscept ibi l i ty  t o  contamination by fa l lou t  as a general rule, but i n  
certain geohydrologfc si tuations poss ib i l i t i es  of contamination should 



be considered. 
plain of a river, which is  .recharged by the river, i s  a typical 
example. 
also. 
quite commonly i n  many parts of the country. 

An aquifer i n  the a l luv ia l  deposits beneath the flood 

Shallow aquifers i n  areas of very sandy s o i l  are susceptible 
These situations are usually of l imi ted  areal extent, but occur 

Aquifers that could be expected t o  yield the most dependable contami- 
nant-free sources of water (after a nuclear attack) are characterized 
by great depth t o  water i n  the recharge area, granular nature, high 
sorptive capacity, and clay beds between the aquifer and the land 
surface i n  the areas of ground-water ut i l izat ion.  Deep bur ia l  
provides a thick section of earth materials through which surface 
water must i n f i l t r a t e  t o  reach the aquifer, and hence, a good 
opportunity f o r  uptake of contaminants i n  the zone of aeration above 
the aquifer. 
because of the lower ground-water veloci t ies  found i n  them, as w e l l  as 
much greater surface areas f o r  mineral reactions than i n  non-granular 
aquifers. Artesian aquifers, i n  which the water-bearing uni ts  are 
confined below rock uni ts  suff ic ient ly  impermeable t o  inh ib i t  upward 
flow and t o  maintain hydrostatic pressures are most favorable, because 
the confining layer--usually clay o r  shale--will also inh ib i t  o r  
effectively prevent the flow of contaminants downward in to  the aquifer. 
Sandstone aquifers of the Atlantic and G u l f  Coastal Plains are typical  
of this group, although artesian aquifers occur i n  many par ts  of the 
country. 

T r i t i u m  i s  of particular in te res t  i n  any discussion of ground water 
and fallout,  because of the occurrence of bomb-produced t r i t i u m  found 
i n  cer ta in  aquifers i n  recent years. Since the pioneering work of 
W. F. Libby and other investigators a t  the University of Chicago, 
there has been a growing in te res t  among hydrologists i n  the use of 
tritiated w a t e r  as a tracer.  
i n  1954 during the Operation CASTLE series of weapons tests has been 
used as a reference point i n  time f o r  a number of gmund-water 
investigations. The event has provided a basis f o r  estimates of the 
rates of ground-water movement, as w e l l  as f o r  studies of depths and 
rates of mixing and other hydrologic considerations, 

Investigations of this type are par t icular ly  important f o r  the 
knowledge they provide on holdup time and the amount of di lut ion t o  
be expected i n  an aquifer-factors that are of par t icular  i n t e re s t  i n  
assessment of possible contamination by radionuclides. Atmospheric 
tritium peaks that (presumably) have resulted f r o m  recent Russian 
tests wl l l  provide an additional time marker f o r  future hydrologic 
studies. 
that it is  traced as water, thus avoiding some of the d i f f i cu l t i e s  
tha t  arise i n  the use of other tracers, such as density differences 

Granular materials provide additional protection 

The atmospheric tritium peak produced 

, 

The unique value of t r i t i u m  as a t r ace r  stems f r o m  the  fact 
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The rates of movement of a l l  cationic solutes w i l l  lag behind that of 
t r i t i a t ed  water because of the sorptive effects of the aquifer material. 

T r i t i u m  monitoring of ground water can therefore provide advance 
notice of potential contamination from other, more hazardous nuclides. 
It i s  important t o  note here, however, that comprehensive studies of 
aquifers that are susceptible t o  contamination would be necessary t o  
develop quantitative relations between the travel time of t r i t i u m  
peaks and the probable breakthrough times for  unacceptable concentra- 
tions of other radionuclides. 

As par t  of c iv i l  defense planning, studies should be made of emergency 
sources of water, not only from the standpoint of treatment plants, 
pumping and distribution fac i l i t i es ,  and other u t i l i t i es ,  but also of 
the geologic and hydrologic aspects of the supply. 

An inventory of wells, including information on their  depth, yield, 
general condition, pwnping plants, geologic unit f r o m  which the water 
is obtained, and other important facts, should be part of any detailed 
c iv i l  defense plan. 

The fixation o r  retention of nuclides i n  so i l  and i n  aquifer 
materials i s  primantly a function of the interactions between ions i n  
water solt t ion and mineral particles. Mremely complex chemical and 
hydrodynamic systems are involved, and although a large body of 
knowledge has been accummulated i n  the fields of so i l  chemistry and 
physics, clay mineralogy, and crystal chemistry, m a n y  new problems have 
arisen, partly from the fac t  that the concentration of radioactive ions 
is  so s m a l l  i n  relation t o  the concentrations of other ions in 
solution. 
dynamics, particularly on the effects of inhomogeneities of earth 
materials on permeability and, hence, on the dispersion of dissolved 
ions. 
made by several workers i n  the f ie ld  of waste-disposal research. 
Basic studies of the role of clay minerals i n  removing radioactive 
ions f r o m  solution have been m a d e  by T. Tamura and D. G. Jacobs a t  
Oak Ridge, H. C. Thomas a t  the University of North Carolina, 
J. L. Nelson and others a t  Hanford, C. R. Naeser and others of the 
U. S. Geological Survey, and by W. R. Kaufhan at  the University of 
California. 

New knowledge has also been required i n  the f ie ld  of hydro- 

Contributions t o  the solution of the first problem have been 

Tamura and Jacobs have studied kaolinite, montmorillonite, i l l i t e ,  
and vermiculite f r o m  the standpoint of the mutual effects of crystal 
,structure and fixation of cesium and strontium. 
the kinetics of mineral reactions with radionuclides from the stand- 
point of chemical thermodynamics. 
equilibrium studies i n  which soil-water suspensions were investigated 
with reference t o  nuclide concentration, pH, equilibrium time, and 
species and concentration of complementary ions. 

Thomas has studied 

A t  Ranford the work has involved 

Later work has 
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included additional variables and the use of s o i l  columns. Wirer 
stttdiea a t  Hanford have included the role of carbonate and phosphate 
minerals as w e l l  as na tura l  zeoli tes i n  retention of radionuclides. 
The Geological Survey group has investigated variations i n  the  
sorptive capacity of vermiculite, glauconite, crandallite, and 
anbydrite with changes i n  pH. 
the University of California has included both the chemical kinetics 
and hydrodynamic aspects of the problem; it has been followed by f ie ld  
experiments using labelled water. Reference clay minerals and samples 
of a typical o i l  sand have been investigated, with particular 
reference t o  the effect of calcium concentration on cesium exchange. 
The studies of hydrodynamics have been aimed at  understanding princi- 
ples involved i n  the injection of liquid wastes into permeable 
formations, but valuable information on ground-water flow has resulted 
f r o m  the work. 

The laboratory work under K a u f h a n  a t  

Other work on hydrodynamics has been carried out a t  Idaho and a t  
Hanford and by C. V. Theis and H. E. Skibitzke of the Geological 
Survey. 
lava formations. Work at  Hanford has concentrated on unsaturated 
flow above the water table where computer solutions of the complex 
mathematical relationships have been necessary. 
effor ts  have been aimed at  explaining dispersion in terms of spatial 
variations i n  permeability that result from inhomogeneities i n  
aquifer materials. 

The Idaho work has been concerned with movement i n  complex 

The Geological Survey 

In general all of this work has provided a better insight in to  the 
physical and chemical interactions between radionuclides, earth 
materials, and water. 

In closing, passing mention should be made of investigations related 
t o  the behavior of radioactive materials i n  surface streams and flow 
of radioactive material in to  surface reservoirs. Notable among the 
former are studies i n  the Clinch River below Oak Ridge by Oak Ridge 
National Laboratory, U. S. Geological Survey, U. S. Public Health 
Service, Tennessee Valley Authority and several State agencies. For 
the latter, reference i s  made t o  the work of several years ago by 
Thomas and co-workers i n  the Framingham, Massachusetts, reservoir and 
by Kilcawley i n  the Troy, New York, reservoir. In both cases the 
"coefficient of radioactive runoff" w a s  qyite low, that is, concentra- 
t ion  i n  the reservoir could almost be accounted f o r  by d i rec t  fa l lou t  
on the water surface. 



DISCUSSION 

Mr. Alfred W. Klement, Jr., Chairman of the session, 
directed the discussion of the three review papers presented. 

KLEMENT:. Dr. ALEXANDER, you didn't take a l l  of your time. Did you 
have any other comment ;you wish t o  make now? I am not sure whether 
you had already finished or  were trying t o  save some time f o r  US. 

AIZXANDER: No, I had r ea l ly  finished. I m i g h t  remark, that after 
l is tening t o  a l l  of the talk about height of cloud and first par t  of 
the rain and last part of the rain, it seems that time and integration 
is  a wonderful smoother of points on a C u r v e .  

Lloyd Re SETTER" (U. S. Public Health Service, Cincinnati, Ohio): 
was j u s t  wondering w h a t  were the levels  of tritium with which ;you were 
concerned. 

I 

CLEZSCH: 
as the r a t i o  of tritium atoms t o  1018 protium (HI> atoms. 
f ie ld  on which I am far from expert, b u t t h e r e  i s  quite a b i t  of 
literature on the subject. Tritium I s  produced naturally by cosmic 
radiation, but the most eas i ly  traceable source is bomb tritium. I n  
ground water, numbers of the order of 50 t o  150 tritium units  are  not 
uncommon . 

These levels  are expressed i n  tritium units, which I s  defined 
T M ~  is  a 

LIST: I think it should 
be pointed out tbt this is  a very homogeneous set of rainfall data. 
It i s  mainly orthographic ra infa l l .  
necessarily be valid f o r  o her t es of ra infa l l .  However, I do think 

finding and i f  this is true (and it is t rue  over most of the U. S.), 
then we can say that somewhere between 15 and 20$ of the fa l lou t  we 
observe i n  the eastern part of the United States is  dry fa l lout .  * It has been suggested that the question was asked by POLSTER. 

I have a comment on Dr. ALEXANDER'S paper. 

And the conclusions may not 

that his value of 15 mc Sr 40 /mi  .p of dry fa l lou t  i s  a very significant 



ALEXANDER: 
knows as much about this as I do. 
consistent with w h a t  we f ind fo r  dry fa l lou t  i n  the Imperial Valley, and 
a t  Antofagasta i n  Chile there was less then 1 mc ~rgO/mi.2 i n  1960.  he 
Southern Hemisphere, apparently, a t  least a t  the la t i tude  of Antofagasta, 
didn't get  much d r y  fallout.  

I don't think that requires any comment from me. Mr. LIST 
I agree with his statement. This is  

QUESTION: 
going t o  have any effect on the Inventory of the budgeted fallout,  t h a t  
would make the t o t a l  deposition higher o r  lower. 

I thiasthe question is  whether, i f  this dry deposition is  

LIST: 
deposition, i f  the fract ional  relationships remain constant, I imagine 
our estimates w i l l  remain constant. 
estimates particularly. 

QUESTION: 
way", w h a t  does that mean? 

LIST: 
test  series.  
think it would make any serious difference. 

Raymond R. EDWARDS (Nuclear Science and Engineering Corp., Pittsburgh, 
Pa.): Since the question of units bas been raised, it seems t o  me this 
m i g h t  be a good time t o  begin trying t o  c lear  up this problem which is  
confusing everybody i n  the field. 
has adopted standard units. 
t o  work with than the "picocurie" i n  writing things out, and this has been 
adopted In t h e i r  reports, and I don't know why it shouldn't be adopted 
throughout and applied t o  tritium as w e l l  as t o  natural radioactive 
elements and fa l lout  elements. The argument is that there i s  too much 
literature already i n  terms of other units. This is true, but this can 
be turned around and used as an argument fo r  standardizing as soon as 
possible, which has happened i n  other fields. 

Since any of these calculations are based essent ia l ly  on observed 

That is, they won't affect  the 

When Dr .  E(LACHIJA (? )  said, "Treated for  r a i n f a l l  i n  a proper 

It is based on observations that  were made following the  1958 
The s o i l  data also includes the dry fallout.  So I don't 

The International Atomic Energy Agency 
The "micromicrocurie" i s  much more d i f f i cu l t  

KLEMENT: I cer ta inly agree on the standardization of units. However, 
X suspect that unless we pass a l a w  where it i s  a criminal offenee not 
t o  use such units, we are not liable t o  have much standardization. 

EOLLAND: I feel impelled t o  elaborate a l i t t l e  on d t  Bob LIST said. 
Thls question of the curvilinear re la t ion between the concentraion of 
S r w  entering rain,  and the amount of rain, his interested me for some 
time. I think there are r ea l ly  three different kinds of cases. 
that Dr. ALEXANDEB treated is one in which you have essent ia l ly  a 
homogeneous climate except for  the amount of precipitation. 
another one which you get by looking a t  the variation over a wide range 
of climates, but, say, a simulated s i tuat ion i n  which the concentration 

The one 

There is 



of radioactivity i n  the air  averaged over a long t h e  might be con- 
sidered homogeneous. So, you have the effect of climate, that is, 
the type of air masses out of which the precipi ta tbn falls and the 
average humidity conditions of the area. 
curvilinear relation i s  one which might not disappear under the type 
of treatment that  Dr. ALEXANDER used. The third one is  w h a t  you might 
c a l l  the microscopic case where you can look a t  the concentration as a 
function of t o t a l  precipitation i n  individual rainstorms. You look a t  
s m a l l  rainstorms or small amounts of deposited precipitation, and 
large amounts, and you get a curvilinear relation there. This m i g h t  
also be a result  of different mecbanisms which occur during the actual 
precipitation formation process and evaporation on descent, and so on. 
I think whst Dr. ALEXANDER has done represents a considerable headway 
i n  solving this problem by isolating one of these types and getting 
r i d  of it. 

And I think that tha t  

I think there are s t i l l  the others t o  be investigated. 

Bentley GLASS (Johus Hopkins Univ., Baltimore; Advisory Committee for 
Blol. & Med., U. S. AEC): Two of the speakers have referred t o  the 
very slow removal of the radionuclides i n  the s o i l  by runoff, and the 
last comment that  was made was that i n  reservoirs one could account 
for  the contamination largely on the basis of w h a t  falls on the water 
surface. 
which the set t l ing out process would occur i n  standing reservoir 
waters, whether it r a i n s  f a i r ly  evenly distributed in  the water or 
settles t o  the bottom relatively rapidly, so that we could have some 
idea about the duration of the contamination of reservoir water. 

I would l ike t o  hear something more said about the rate  a t  

CIZBSCFI: I cannot answer that  question. Perhaps someone i n  the 
audience can. 

KLEMENT: Would someone l i k e  t o  comment on this? (None was offered). 

CLEBSCFI: Perhaps this indicates a f i e ld  that  needs more study. 

H O W :  I would l i ke  t o  see someone else  coIIppRnt, but I believe that 
certainly a contribution t o  the answer t o  this question would come from 
the studies of rain water and the solubili ty of the different nuclides 
i n  the collected water i n  fallout pots. 
have been measured, and this certainly would be a clue t o  how the 
fallout would at  least i n i t i a l l y  appear, as between the water and the 
sediment. Then, of course, there i s  a question of w h a t  happens over a 
period of time w h i l e  it i s  i n  the reservoir. 
have done quite a b i t  of work on this. 

Soluble and insoluble fractions 

Some of our radiochemists 

ALEXANDER: 
inversion of deposits i n  lakes, with tunover and mixing. 
goes down, it doesn't stay down. Therewould be a a f f e r e n t  situation 
at  different times of the year. 

You have another matter, too: that is the matter of 
Once it 



SETTER: 
m a t e r i a l a c h  is  brought down with the Zaim and is, therefore, a container 
of c i s te rn  water supplies, 
at the Public Health Service Robert A. !kf t  Sanitary Engineering Center 
in Cincinnati some years ago. F i r s t  of al l ,  the gross beta radioactivity 
i n  r a in  from fresh fa l lou t  i s  largely particulate material which sediments 
quite rapidly. A proportionate amount of Srw i n  m i x e d  f i s s ion  product is  
contained i n  this insoluble material . 
due t o  the smaller s i ze  of par t ic les  and greater surface area, appears t o  
be much more soluble, particularly with respect t o  the Sr and C s  fractions. 
Thus, instead of something l i k e  lo$ being soluble i n  fresh f i ss ion  products, 
up t o  504 of old radioactivity f a l l i ng  i n  new ra in  w i l l  pass through a 
membrane f i l t e r  . 

I have a comment t o  make re la t ive  t o  what hkppens t o  fa l lout  

The studies along these l ines  have been made 

Older fa l lou t  material, probably 

In our cistern water studies, the bulk of the fresh fa l lou t  w i l l  be i n  the 
sediments. The sediments, containing organic and microbial ac t iv i t ies ,  
resu l t  i n  a low oxidation-reduction potential  and an increased dissolved 
radfoactivity in the sediment water, as compared t o  the overlying clear  
c i s te rn  water. However, this dissolved radioactivity is quite small com- 
pared t o  the t o t a l  radioactivity i n  the sludge. 
solubilized fraction i n  sludge is  richer i n  some specific nuclides of 
mixed f iss ion products. 

It my be that the 

Norman E. POLSTER: I n  operations that involve dairy animals and a lso  
vegetable truck farming, has there been any study made of concentration 
of radioactivity by dairy animals through excreta and manure used t o  
fe r t i l i ze  vegetable gardens? 
relationship is  between the truck farm s o i l s  and the pasture area? 

Have any studies been made t o  show w h a t  the 

A-: 
matter of fact ,  there aren' t  very many of our truck soils that get manure 
any more. 

I know of no studies specif ical ly  with that in mind. As a 

POLSTER: T h a t  is  a small farmer problem, then. I was talking about the 
dairy farmer. 

AIJWU?DIB: 
own land. 

BOLSTER: That is  w h a t  I am talking about, the farmers who put it back on 
the vegetable farm. 

The diary farmer doesn't see his manure, it goes back on his 

ALEXANDER: O f  course, they would be putting some back on. I can give you 
a few figures about the manure. 
Unive 

We conducted an experiment a t  Cornell 
i t y  i n  which we controlled the intake and measured the retention 

of Sr@. Pigs fed on alfalfa containing S r g  retained of the Ca that 

I n  other words, there was discrimination by a factor of about 
went through their  gut. They only retained of the that went through 
their gut. 
5 .  
the hay they consumed. 

So i n  a way you can say the manure was enriched i n  Srw with respect t o  
The same thing was done with sheep, except that 
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these particular sheep u t i l i zed  a lower percentage of both Ca and Srw.  
If you have a discriminati n factor of 5 then, re la t ive  t o  Ca, the manure 
is  somewhat enriched i n  S r k  re la t ive  t o  the hay. But even if you took 
a l l  of the alfalfa produced m a given piece of land i n  a year, and then 
converted that to manure and put that on another piece of land, you s t i l l  
wouldn't be adding a great deal of Srw with respect t o  the amountthat is  
already there. 

POLSTER: 
about equal areas. 

ALEXANDER: It is a direct  proportion. 
that  by the British, par t icular ly  i n  one of the Rome conferences (Food and 
Agriculture Organization of the United Nations). I believe there was some 
discussion of the use of sludges and various things that had radiostrontium 
i n  them, where they were adding quite large quantities t o  areas close i n  t o  
waste disposal plants. 
radiostrontium on the ground, I suppose. 

You are talking about equal areas, but you usually don't t a lk  

W r e  has been some discussion of 

It is a way of possibly doubling or  t r ipl ing,  the 
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Stanley I. Auerbach 
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The radioecologist, like other radiobiologists, is concerned about the 
short  and long term impact of radioactivity on the biological or eco- 
logical systems which comprise the biosphere. His concern stems not 
merely from an academic interest in the impact of a powerful evolution- 
ary force such as ionizing radiation, but from his concern about the 
effect of radioactivity on these ecosystems in terms of their importance 
for man's well being and economy. 

In addition to the more indirect ecological and other biological 
problems there also is the immediate problem of ecological manipulation 
of radionuclides which may make radioactive contamination more access- 
ible to the food chains directly serving man. The initial distribution 
of radionuclides in the biosphere, their subsequent cycling and accumu- 
lation, and their ultimate fate, are dependent upon many ecological 
factors. 
terrestrial environment is dependent upon our knowledge of the biolog- 
ical and biogeochtmical mechanisms which serve to move and otherwise 
affect the distribution of chemical elements in the environment. 

Our ability to predict the behavior of radionuclides in the 

Cycling of nuclides in complicated ecological systems involves rate 
processes and transfer mechanisms. 
nuclides in such ecosystems requires that an understanding of these 
processes be achieved. 
* Dr. Auerbach was chairman of Section 1, Session I1 of the Radioecology 

-Operated by Union Carbide Corporation for the U. S. Atomic Energy 

Prediction of the behavior of radio- 

This situation is analogous to that which existed 

Symposium atwhich the papers reviewed here were presented. 

Commission . 



in physiology before radioisotopes made possible the significant progress 
in understanding the kinetics of material transfer between tissues and 
organs In various p a r t s  of the body. Formalized approaches involving 
mathematical models provide a theoretical basis for a systematic attack 
on ecosystem dynamics and the related problem of radionuclide distri- 
bution 

A formalized approach Involving the use of analog computers for pre- 
dict- movement of radioisotopes in ecosystems was described by J. s. 
Olson (1). 
ments whlch represent the functional organization of the system (Fig. 1). 
The arrowsshow the pathways of mvenent af materials between the different 
levels of the ecosystem. The wider arrows represent the major pathway of 
uptake from some exchsngeable pool of nutrient material in the soil, to 
roots, up into plant tops, and then into the photosynthetic p a r t s  of 
vegetation, to be returned to the soil by the pathways indicated. Using 
this scheme Olson described how analog computers can be used to aid in the 
interpretation of net changes in radioactivity in parts of an ecosystem. 

His model characterized an ecosystem 8s a series of compart- 

OUTS1 DE 
(RAIN AND DUST) 

VEGETATION 
(ABOVE GROUND) 

( HERBIVORES 
DDFnhTnDFC \ 

(DEAD ORGANIC MAT- 
TER AND HUMUS A- 
BOVE MINERAL SOIL) 

ORGANISMS 

1 SOIL $#,J ROOTS h 
I ' I '  - R u 

Figure 1. Diagram of a Forest  Ecosystem, with Arrows Showing Major Pathways 
of Transfer of Mineral Nutrients and Radioactive Isotopes Between Compartments. 
(From Olson (1)). 
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Figure 2. 
larger Compartments of a Model Ecosystem. 

Box Diagram Indicating Pathways of Movement of Carbon in the 
(From Olson (1)). 
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The basic operation of theanalog computer i s  t o  keep a running balance 
of the simultaneous gains and losses for  a l l  the major parts or  
"compartments" of an ecosystem. His paper diagrammkl50ally i l l u s t r a t ed  
how the running balance, or integration, of gains and losses is  accom- 
plished. 
i n  which the rate of loss of organic carbon was a-constant f ract ion of 
the organic carbon accumulated by photosynthetic vegetation; and i n  
which the standing crop of vegetation increased u n t i l  losses equalled 
input and a steady state was attained. 
the pathways of transfer.  For carbon, this diagram indicates how one 
fraction of carbon in the above-ground portion of vegetation i s  
delivered t o  the plant roots ( R ) ;  and the other fraction is  considered 
t o  be consumed by animals, which are not shown as separate boxes for  
the sake of simplicity of i l lus t ra t ion .  
l a t e s  as dead organic l i t t e r .  
inputs for the organic carbon or humus i n  the mineral so i l .  

U s i n g  carbon as an example, an idealized case was described 

A block diagram (Fig. 2) showed 

A t h i rd  fraction (D)  accumu- 
Both roots and l i t t e r  i n  turn serve as 

Instead of the rather unreal is t ic  assumptions, such as of constant r a t e  
of photosynthesis, various ebborat ions have been introduced t o  t h i s  
model one a t  a time. 
osc i l la tes  t o  simulate the change i n  production between summer end 
winter. Furthermore, the mean annual rate of photosynthesis is allowed 
t o  vary instead of being kept as a constant over a period of years. 
Sinusoidal terms are evident i n  the graph for the  vegetation compartment, 
though somewhat damped i n  amplitude compared with the osci l la t ions i n  
photosynthetic ra te .  Each additional stage of transfer,  such as that 
t o  roots o r  l i t t e r ,  further attenuates the amplitude of thecscil latory 
term, so t h a t  graphs for  these compartments are  v i r tua l ly  ident ical  with 
those that would be expected for  8 model with an input having no annual 
osc i l la t ion  of photosynthesis. 
for s o i l  organic carbon, the use of a compressed scale for  both axes ws 
ne ce s sary . 

For example, Fig. 3 i l l u s t r a t e s  and input which 

Because of the very slow turnover assumed 

Further methods for  simulating transfers of radioisotopes in more numerous 
compartments were indicated. 
$lowed how promptly a sudden increase of C1' in the atmosphere as a resu l t  

of thermonuclear bomb tests might ;mo&fy the C14 content of the other 
par ts  of the same model ecosystem o sidered above (Fig. 4). 
sumed that the "nokmal" amount 'of 
l y  been incorporated i n  the ecosystem i n  direct  proportion t o  the content 
of t o t a l  carbon, during the development of vegetation and l i t ter .  
s o i l  humus wa assumed t o  have had i ts .equilibrium content of organic 
carbon and C1& already. A t  the time indicated by, the arrow, the analog 
computer was switched t o  ,the "hold" poaitlon and the function generator 
was switched in to  the circui t :  The' f'unctio generator then fed in a 
somewhat higher rate of incorporation of C l f  (Fig. 4, top) which had 
previously been set up t o  correspond t o  the  increase projected by 
Broecker and Olson (3). 

A simple exam le, from Nee1 and Olson (2 ) ,  

It was as- 
produced by cosmic rays had previous- 

The 
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Figure 3. 
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Hypothetical Accumulation of Carbon i n  a System wi th  an Annual Cycle of Xigh and 
Gradually Rising t o  Average of 

(From Olson (1) ) .  
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Because of the r e l a t ive ly  fast time-constants assumed fo r  vegetation 
and l i t ter ,  these compartments responded f a i r l y  promptly i n  showing an 
increase i n  C14. 
turnover of humus incorporated i n  t 
slower response t o  the "pulse" of C3, and a markedly slower return 
t o  the "pre-bomb" levels  (assuming that atmospheric nuclear testing 
and nuclear warfare were not resumed fo r  centuries f llowing the 1958 
moratorium on tes t ing) .  The absolute quantity of Clg projected fo r  
each square meter of ground surface was somewhat higher for  s o i l  humus 
than for  vegetation and l i t t e r ,  but because of the larger storage of 
carbon, the percentage increase was much less. 

"he slow time constant which was assumed f o r  the 
mineral s o i l  resulted i n  a 

Olson pointed out examples of the kinds of ecological conclusions 
which might follow from more extended analyses of this type, f o r  
exmnple: 
pheric Clk from weapons t e s t s  w i l l  have a di luted influence on the 
specif ic  a c t i v i t y  of C14 with each t ransfer  through the ecosystem, but 
the amounts of di lut ion and promptness of response will vary markedly 
depending on the parameters of different  kinds of ecosystems. 
Much more widespread atmospheric contamination which might arise i n  
the event of nuclear war would s imilar ly  be less spectacular a t  first 
than that from f i s s ion  products, but the long half-life and the 
capacity for  storage of C14 i n  humus as w e l l  as 'n the oceans would 
mean that any environmental problem involving Clt might pe r s i s t  f o r  
many generations t o  follow. 
carbon already produced from bomb tests provides an unprecedented 
opportunity fo r  gathering information on the probably holdup of 
different  compartments of the biosphere and for  evaluating the conse- 
quences of further contamination of this type. 

Davis, Hanson, and Watson (4)  reported on their studies of the e f fec t  
of l oca l  environmental fac tors  upon accumulation of worldwide fa l lou t  
i n  natural populations. They emphasized the importance of loca l  rain- 
fa l l  conditions i n  conjunction with other ecological factors.  Fig. 5 
shows the  quantit ies of Cs137 i n  Douglas F i r  and Ponderosa Pine foliage 
plot ted against  annual precipi ta t ion f o r  different  r a i n f a l l  areas i n  
the s t a t e  of Washington during 1959, the year of maximum Cs137 fa l lout .  
Although the amount of radiocesium generally rises with increased rain- 
f a l l  there is a decrease i n  t h e  r a t i o  a t  areas having greatest r a in fa l l ,  
such as a t  the Quinalt s t a t ion  i n  the Olympic ra in  forest .  According 
t o  them, t h i s  decrease i s  probably caused i n  part, by the heavy rains  
washing radioactive materials from the surface of the vegetation. It 
would be interest ing t o  confirm this hypothesis by collecting crown 
entrained with trunk and ground collectors.  
f a l lou t  impacted on the crown could be determined as w e l l  as the 
portion t ransferred t o  the ground. 

1) the substant ia l  increase i n  specif ic  a c t i v i t y  of atmos- 

(2) 

(3)  The increase i n  specif ic  a c t i v i t y  of 

i n  

In  this way the t o t a l  

Davis, -- e t  al. reported another study i n  which the quantit ies of gamma 
emitting nuclides 
perennial grass clipped from lowland and upland habitats, both of which 

derived from fa l lou t  were compared for  samples of 
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TABLE 1 

Comparison of Ganrmrr Emitters i n  Grass From Lowland and Upland Habitats 
Collected a t  Sequim, IJashIngton, September 18, 1959* 

Radionuclide pc/g Standard Dry Weight P C  /m2 
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were exposed t o  l i k e  quantit ies of precipitationaand were geographically 
separed by a distance of only about 900 m. The lowland grass was salt 
grass (Dist ichl is  spicata L.). 
and s h o w  that the radionuclides were most abundant i n  s a l t  grass whether 
calculated on a weight basis or t o t a l  crop harvested per uni t  area. The 
reason fo r  the difference is  that the impeded drainage afforded a better 
opportunity fo r  the fa l lou t  t o  be sorbed by the lowland grass. The 
aerial parts of the plants from both habitats may be considered equally 
available t o  direct  f o l i a r  sorption of radionuclides. However, materials 
which are deposited i n  the shallow water or wet s o i l  of the salt grass 
habitat are more available t o  the water-exposed parts of plants or shal- 
low roots than those deposited on the s o i l  surface of the upland habitat. 

Thei r  data are summsrized i n  Table 1 

T h i s  relationship does not pers is t ,  however, as the amount of water of 
the environment continues t o  increase, as shown i n  Fig. 6 which compares 
the quantit ies of fa l lout  debris i n  p lan ts  from the wet tundra of a r c t i c  
Alaska with emergent aquatic plants from a shallow pond (max. depth 8 
dm) from the same region. 
aquatic p lan ts  are at t r ibuted t o  dilution of the fa l lout  by the pond 
water and removal by plankton organisms. Also  compared is  the radio- 
nuclide content t o  two species of birds, the ptarmigan which inhabits 
and feeds i n  the tundra and the duck which obtains i t s  food from the 
ponds. 
l eve l  of radioactivity i n  primary producers (plants)  upon levels  i n  
organisms high i n  the food chain. 

The lower levels of radionuclides i n  the 

The lower levels i n  the ducks demonstrate the importance of the 

These workers also evaluated the effect  of f i re  upon fa l lou t  accumulation 
i n  grass. Table 2 summarizes the quant i t ies  of radionuclides found i n  
t w o  p ra i r i e  areas, one of which had been burned in August, 1957, and 
harvested the following May; and a nearby unburned area. Although the 
burned area had a greater growth result ing from the release of nutrient 
elements of the soil with subsequent f e r t i l i z i n g  effect ,  the content of 
radionuclides was less both on a unit w e i g h t  and uni t  area basis than 
that  of the unburned plots. This would indicate that  although ap- 
parently enough nutrients liberated by the burning were available t o  
t h r  grass t o  stimulate vigorous growth, the radionuclides liberated t o  
the s o i l  by the f i re  were not similarly available. 
s i b i l i t y  which this work suggests is the.use of controlled burning i n  
heavily contamined areas as an economic means of’diisposing of badly 
contaminated crops. 
would decrease subsequent ava i lab i l i ty  of crops, such a technique might 
have merit. 

Another interest ing aspect of loha1 f a l l o  
Osburn ( 5 ) .  
nuclides and their  dispersion i n  
These snowbanks are found i n  the tundra above timberline a t  
approximately 11,OOO fie above sea leve l  (Fig. 7) . 
accumulation i n  snowbanks may seem somewhat esoteric u n t i l  it is  
realized that w h i l e  the alpine tundra region occupies only about 

An interest ing pos- 

In conJunction with soil treatments which a l so  

I 

s was reported by 

mountain snowbanks i n  Colorado. 
His work has been concerned with the  accumulation of fa l lou t  

The study of fa l lou t  

329 



330 



of the t o t a l  land area of Colorado, 5O$ or  more of the water u t i l i zed  
fo r  summer drinking and i r r iga t ion  purposes originates in this region. 

A t ' t h e  study site snow covers pa r t  of the ground for  approximately 
10-11 months of the year. 
the reservoirs serving the c i t y  of Boulder. 
cumlation, the snowbank accumulates fa l lou t  d i rec t ly  from snow, rain,  
and blow-in of fa l lout  contamlnatedsnow and l i t t e r  from wtndward areas. 
During short intervals, par t icular ly  during the spring, easter ly  upslope 
winds may occur and frequently they transport dust par t ic les  from the 
grassland plains t o  si tuations w h e r e  they may fa l l  onto o r  be blown in to  
the snow field. 
collection nuclei f o r  fa l lou t  isotopes while they were par t  of a shifting 
topsoi l  and w h i l e  they were being transported t o  the snowbank area. 

The water derived from this accumulation feeds 
During the time of snow ac- 

According t o  Osburn these par t ic les  have functioned as 

The snowbank with i t s  contained l i t t e r  and nuclide burden builds up 
u n t i l  about mid-May when the snow melting exceeds accumulation. 
of Osburn's numerous samples are s t i l l  i n  the process of being analyzed 
fo r  specific nuclides. 
Srw determined in samples taken from one of the snowbanks. 
t i cu l a r  snowfield had been i n  existence since 1954. The sample was ob- 
tained in October 1960, when the  snowfield was reduced t o  a minimum and 
had exposed the previous f ive years of accumulated debris. 
contained 600 ppc Srw/g of material. Since each l i t e r  of surface snow 
contains about 1.2 g of debris, each l i t e r  of snow-derived water con- 
t a i n s  approximately 600 ppc of Srw which is  considerably above present 
drinking water tolerances. Osburn showed that during the meltout period 
the water percolates down in to  the snow and f ina l ly  flows out a t  the 
base of the snowbank. 
radioact ivi ty  because' as it percolates through the snow, the radionuclides 
c l ing t o  dust, accumulated litter, and smallsnow organisms, par t icular ly  
algae and protozoa. 
more and more radioactive due t o  the increased concentration of debris. 

In those snowtanks Where the m e  
t i on  of radioactive debris Osburn showedthat t h i s  water flow through 
a sedge mat which grows.below the banks. 
associated peaty s o i l  functions as a chemical-mechanical sieve which 
f i l ters out debris and fa l lou t  nuclides almost completely. 
ac t iv i ty  of the snow water may be reduced from several hundred ppc/l 
t o  less than one. 
research is exemplified by these findings. 
fields serve as the largest  source of late summer water fo r  many towns 
and c i t i e s ,  nearly a l l  of these snowfields are separated from the 
collection reservoirs by sedge areas. 

The importance of vegetation cover i n  affect ing the impaction of 
fa l lou t  and consequently determining indirect ly  i t s  ava i l ab i l i t y  t o  
plant-feeding animals was also stressed by Rickard (6) i n  his studies 
of desert communities a t  the Nevada Test Site. The influence of l i f e  

Most 

But indicative of the resu l t s  is  some data on 
This par- 

The debris 

Wing this time the water has re la t ive ly  l i t t l e  

A s  the snowbank shrinks in mass, the surface becomes 

water does contain a high propor- 

This dense sedge mat and i ts  

The radio- 

The pract ical  implications o f i t h i s  type of ecological 
Whereas the alpine snow 
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form and leaf morphology upon the interception and retention of fallout 
is largely unknown. He suggested that when different plant communities 
are recognized over the landscape, the plants comprising these communities 
should be assayed with a representative set of canopy coverage estimates 
for each community. Such analyses and vegetation maps prepared in ad- 
vance of fallout events would be of use insestimating the amounts of veg- 
etatively retained fallout by desert shrub communities in the event of 
widespread fallout occurrences in the shrub dominated regions of the 
western United States. At Oak Ridge we have long pointed out that forest 
cover isamong the most effective of ground cover for Impaction of fallout 
because tree canopies consist of many layers of leaves, and trees are 
superimposed on additional layers of shrubs and herbaceous vegetation. 

TWD other approaches to the problem of radionuclide cycling in the 
terrestrial environment were presented at the Symposium. 
another type of case history approach and the second an experimental 
approach. For 5 years vegetation studies have been conducted on the 
radioactive White Oak Iake bed of the Oak Ridge National Laboratory. In 
this unique area the radionuclides in the soil are present in concentra- 
tions which are several orders of magnitude greater then those present 
elsewhere which are due to weapons fallout. For example Srw is present 
in concentrations which range up to 300 mc/acre and Cs137 up to 10 c/acre 
(7). 
vegetational succession on the lake bed which included a study of the 
accumulation and cycling of organic matter, macronutriet elements, and 
certain radionuclides. By means of various sampling techniques the annual 
production of dominant vegetation types was determined during this period. 
Using these data plus chemical and radioanalyses they h v e  compiled compre- 
hensive infonaation on the cycling of certain radionuclides and macro- 
nutrients through sone of the doaainant vegetation types. These types 
include woody vegetation represented by the Black Willow (Salix nigra 
Marsh. ) , herbaceous vegetation represented by sedge ( Carex 8pp . ) , rush 
(Juncus spp.), and Lespedeza. They f d that the willow has fgyved 
approximate , and 
0.21$19f Co8;4bThe herb eous vegetation removed 1.H of Srg, O.Oll$ 
of Cs 
stant soil burden and availability, they reported that Lespedeza would 
return to 76 mc/acre/year, Juncus-25 mc, and - Carex 40 mc. 

The first was 

DeSelm and ShRnks (8) reported on their 5 years of studies of the 

of t b  total soil s x  only 0.02% of the 

, and 0.035 of Co b . In terms of annual turnover, assuming con- 

The experimental approach to radionuclide cycling in forest ecosystems 
was presented in the uaper by Witherspoon (8) He described the first 
year's results of a study of the cyling of in white oaks growing 
on sites of contrasting soil type and moisture. Three white oak trees 
on each of four soil types were inoculated with 2 mc of C ~ l 3 ~ .  By a 
program of sampling and analysis Witherspoon followed the subsequent 
movement and cycling of this element both on an annual and subannual 
basis. 
until about 30 days after inoculation. 
creased until the em3 of the growing season when a mean reduction of 

Movement of radiocesium Into the leaves (Fig. 8) continued 
After this time leaf activity de- 
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Growing Season. (From Witherspoon (9) ) 

333 



63% from maximum was attained. 
out the grodng season Witherspoon showed that approximately l3$ of the 
reduction from leaf maximums was at t r ibutable  t o  leaching by rain. The 
remainder of the difference between leaf rnaxtmum and minimum represented 
radiocesium which had moved back in to  the woody t issues  where it is  
available f o r  reentry in to  the leafy portion of the crown the following 
year. 

By collecting r a in  under the crows through- 

Radiocesium leached from the crowns moved into the s o i l  profil?. 
Significant differ nces were found between w e t  and dry sites i n  the 
quantit ies of Cs13& a t  three s o i l  depths (Table 3). The wet s o i l s  had 
more ac t iv i ty  at  the 2 t o  4 in. level  than the dry soi ls .  Radiocesium 
mobility was greatest i n  the wet shale so i l .  The others held over 60% 
of the  a c t i v i t y  i n  the 0 t o  1 in. layer. 

The rapidi ty  with which a subannual cesium cycle can take place i n  a 
fores t  was a lso  shown by Witherspoo . 
saplings had Cs134 solution applied t o  the soi l .  Six days after the 
appl icat i  n of the tagged leaves and following 1.7 in. of rain, detect- 

cesium by these saplings is compared i n  Fig. 9. The rate of uptake and 
accumulation from l i t t e r  is almost as great as that from the applied 
solutions. 
2 in. of soi l ,  ll$ m s  found t o  be available f o r  plant use 140 days a f t e r  
application. Witherspoon’s work indicates that  i n  natural s o i l  prof i les  
with their in t r i ca t e  s t ructure  of roots, worm tubes, pore spaces, radio- 
isotopes are l ike ly  t o  be more mobile than i n  disturbed profiles.  

The s o i l  surrounding small white 
oak saplings were covered with Cs 13P tagged leaves. Another series of 

able C s  138 was measured i n  the saplings. The rate of uptake of radio- 

O f  the radiocesium that had moved from l i t ter  in to  the top 

There are re la t ive ly  l i t t l e  data on the accumulation of S r w  i n  bones of 
native mammals. 
are even more meagre. 
sumption of weapons t e s t ing  and the lowering of permissible concentrations 
as suggested by the Federal Radiation Council and the Public Health Ser- 
vice have given environmental monitoring a new importance. 
on accumulation of radionuclides by wild animals, which occupy various 
niches i n  our environments, may be extremely usef’ul i n  the interpretation 
of accumulation and dis t r ibut ion of radionuclide contamination i n  localized 
situations.  
environmental contamination has not been f u l l y  exploited. I n  par t  this 
deficiency has resulted from a primary emphasis on man and his aomestic 
animals and par t ly  fromaJack of understanding andappreciation f o r  the 
potent ia l  -value of such research. 

A valuable start i n  this direction was reported by Schultz and Longhurst 
(10) on accumulation of Srm i n  yearling Columbian black-tailed deer. 
This study was unusual among others of this kind f o r  both domestic and 
native maxmnals i n  that some control over variation due t o  time, individu- 
als, species, and regions was obtained by using only the jawbones of 

Skeletal  data representing a population or  populations 
This  deficiency is  unfortunate because the re- 

Information 

The use of organisms as indicators of trends or  patterns of 
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TABLE 3 

Movement of Cesium134 Into Soil  A f t e r  Leaching from White Oak Leaves 1960 Crowing Season* 

W 
W tn 

Parent Material Dolomite Shale - 

S o i l  Series Landisburg Fullerton Monongehe la Sequoia Grand Means ,- 
$ of Activity i n  0-1 dm Soi l  

0 t o  1 in.  65.3 0.43 - 68.7 - + 1.51 58.7 - + 10.71 72.4 + 7.01 28.5 2.77 

1 t o  2 in. 12.8 - + 1.00 20.6 5 7.33 37.7 2 2.48 26.1 2 2.82 24.3 - + 6.07 

2 t o  4 in.  21.9 - + 0.98 7.0 - + 0.36 33.8 2.53 5.2 2 1.23 17.0 - + 6.97 
* Fron; Witherspoon (9). 



yearling individuals from a head maintained i n  one county i n  California, 
representing the same subspecies and col lected m 1952 through 1960. 
Fig. 10 shows the pa t te rn  of accumulation of S,f$* over t h i s  period of 
time. The data nicely shows the trend of increased Srgo accumulation 
and suggest a plateau developing fo1:lowing cessation of tes t ing .  This 
species s h i f t s  i t s  food hab'its during the year but unfortunately there 
are no data on the radiostrontium content of the d i e t  t o  compare bone 
content. In view of the s t a t i s t i c a l  control which can be maintained i n  
sampling t h i s  mammal fur ther  work along these l i nes  seems warranted wi th  

" 0  20 40 60- . 80 100 120 140 
TIME AFTER APPLICATION (days) 

Figure 9. Uptake of 
and Solution Applied t o  Soi l .  

by White Oak Saplings from Tsgged Litter 
(From Witherspoon (9)) 
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A related study was that of Nee1 and Larson (11) on the biologi a1 
availability of S r w  to small native mammals. The source of Srb in 
this study was the more localized fallout resulting from devices fired 
at the Nevada Test Site. 
rats and Jack rabbits as native biological inucators. To test this 
possibility and in some cases, kangaroo rats were determined in land 
areas at varying distances from the Nevada Test Site. 
in the path of fallout from specific test shots performed during the 
period of testing. Detailed studies and analysis of the soil showed 
S r w  to be persistent in the surface soil over a period of one year 
or more. Despite a rather constant soil level of Srw, sharp drops 
in Jack rabbit bone concentrations were observed in one study area 
in 1955 and in another area in 1961. 
rabbits collected in the latter area in 1958 and 1961 are plotted as 
a function of body weight, which may be used as an approximate indica- 
tion of animal age, the values are distributed as shown in Fig. 11. 
I n  1958, one year after the eration PLUMBBOB "Smoky" shot contamina- 

regardless of weight (or age). In contrast, in 1961, 39 of 53 animals 
had bone levels less than 10 ppc S@/g Ca. 
restricted to the heavier, presumably older aniinals. These data suggest 
that the higher levels of S r w  are associated with animals which were 
living early inthe sequence of contamination, that is, the 1957 PLUMBBOB 
fallout; rather than with rabbits which were born later in an already con- 
taminated environment. There are at least two reasons for this differ- 
ence in levels. 
tends to have more contamination immediately after fallout from a shot. 
Two, wlth the passage of time biological available S r w  tends to be 
diluted in the soil mass, reducing both its chemical availability as 
well as its physical availability. The latter would be important in 
affecting uptake during dust baths and fur preening. 

Here an attempt was made to use kangaroo 

These areas were 

If the bone levels of jack 

tion, 41 of 43 animals had Sr $0 concentrations in excess of 10 ppc/g Ca 
The bigher levels were 

One, plant foilage which serves as food for the rabbits 

Reference to dust baths and preening serves as a logical introduction to 
the paper b French and Larson (12) on the environmental pathways for 

method by which significant quantities of radioiodine gain entrance to 
the animal body under field conditions, This conclusion was derived from 
several kinds of experiments in which jack rabbits and laboratory rabbits 
were tested for both inhalation and ingestion of radioiodine. 
conditions the time it takes for the thyroid to reach maldrmrm activity 
varies with the species of animal; for the jack rabbit it is the fifth 
day, the kangaroo rat the tenth day, and for the sheep the twelfth day 
after ingestion. 

uptake of I r 3l. These workers pointed out that ingestion is the only 

Under field 

By a series of ingenious experiments French and Iarson showed that 
kangaroo rats may obtain radioiodine not only directly from ingestion 
of contaminated food, but indirectly from their contaminated substrate 
through food which had been in contact with the substrate, and by 
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ingesting contaminated sand during the process of licking and cleaning 
their fur after a dust bath. 
ation these workers pointed out that fallout is not deposited in the 
environment on a specific weight basis, rather it deposits on surfaces 
so that relationships between feeder and substrate should be considered 
on an area basis. Using this basis they recalculated the respective 
contribution of each source to the thyroid burden and found that the 
sand accounted for l/3 of the body burden of kangaroo rats. 

In applylng the!.r data to a field situ- 

Another aspect of nuclide levels and cycling in relation to animals was 
provided by two studies dealing with animals on the heavily contaminated 
White Oak Lake bed. The paper by Crossley (13) on movement and accumu- 
lation of radiostrontium and radiocesium in insects in unique in that 
this radioactive waste disposal area is the only place in which the 
insect components have been investigated as to their position in the 
accumulation of radioisotopes in terrestrial ecological food chains. 
Terrestrial insects are no longer a significant part of a human food 
chain, but in natural comunities they are herbivores of major signif- 
icance. In aquatic systems, more information concerning the accumulation 
of radionuclides is avaAlable. However, the well known ability of many 
aquatic insects to concentrations 
surrounding medium makes an analysis of food relationships difficult, 
Consequently, these results of insect studies on White Oak Lake bed may 
be the only available basis for generalization to other areas which may 
receive heavy contaminations of Srwand Cs137. 

direct from or exchange them with the 

In an area such as the lake bed the herbivorous and predaceous insects, 
the plants, and the soil together constitute a system through which the 
radionuclides are transferred and in which various stead state e uilibria 

organisms at the different ecological levels and in soil. 
abundant in soil than was S r w  but was less available to plants, so that 
S r w  concentrations in plants were higher than Cs137 values. S r g  was 
concentrated above soil levels in plant leaves. The herbivorous insects 
contained about equal quantitites of the two radionuclides, since radio- 
strontium is eliminated more rapidly than radiocesium and equilibrium 
values thus were much lower than were concentrations in the host plants. 
The predaceous insects had approximately the same concentrations as did 
herbivorous insects, but were represented by only a few samples. 

may be expected, Fig. 12 shows the concentrations of SrG anf37s 9 37 in 
Cs was more 

When the actual biomasses of the ecological levels involved are included 
(Fig. 13) reduction in transfer of radionuclides from one level to 
another becomes the rule. The mass of soil overwhelms the masses of the 
organisms, so that the soil contained more than 99$ of the radionuclides 
in the system, Although this food chain system shows reductions at each 
major step, th3s does not necessarily apply to other chains. 
living on White Oak Lake bed hsd higher concentrations of S p  than was 
found i,n the insects upon which they feed, due to accumulation in bone. 
The concentration of radionuclides (specific w t .  basis) in the food 
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Figure 12. 
the White Oak Lake bed (upper value Srw, lower value Cs137, in wpc/g 
dry wt. ) (From Crossley (13)) . 

Concentrations of radionuclides in soil and organisms of 

chain will depend upon the average elimination constants or concentra- 
tion factors in each step involved. When the amounts of radionuclides 
in the ecological levels (area basis) are considered, vast deductions 
occurred during the transfer of radionuclides from one ecological level 
to another. 

Evidently the Insects have very little effect on the distribution of 
radionuclides on the lake bed or in-removal of nuclides from the system. 
In the extreme case, Crossley calculated that if all the insects on the 
lake bed at any one time were to eave, the loss or radionuclides would 
be about 3 pc each of S r w  and Cs $37 . 
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Figure 13. 
of the White Oak Lake bed (upper value Srw, lower value Cs137, in 
ppc/m2) . 

Distribution of radionuclides in soils and trophic levels 

(From Crossley (13)) . 
Kaye and Dunaway (14) have been conducting population studies of cotton 
rats which are one of the native field rats on White Oak Lake bed. 
have also been determining the body burdens of radionuclicles in these 
rats which are resident and feed on the contaminated vegetation of the 
bed. They demonstrated how the body burdens of two rats could be used 
as examples for calculating whole body dose rates in native animals from 
radionuclides deposited in tissues and in the gastrointestinal tract 
(Tkble 4). Using the data on these known age rats who were marked as young 
litter mates and released on the bed and applying modifications of standard 
equations they obtained the dose rates shown in Table 4. 
delivered by the internally deposited nuclides, Srw accounts for over 
&$. 
external exposure to the radiation field over the lake bed. 

They 

Of the dose 

The greatest portion of the integrated total dose is derived from 

342 



Burdens of radionuclides i n  two cotton rats from Whiite Oak Lake bed*. 

Burden of Radionuclides 
( 1IW 1 

60 Animal Age 
Number (days) Animal Fraction sr90 ,106 cs137 co 

156 170 Whole Body 12,800 1,300 1,090 616 
(Exclusive of G I  Trac-t Cont . ) 
Contents of G I  Tract 259 2,250 2,010 1,500 

158 170 Whole Body 9,420 1,210 998 598 
(Exclusive of G I  Tract Cont . ) 
Contents of G I  Tract 2813 587 1,790 1,140 

*From b y e  and Dunaway (14) .  

TABU 5 

Estimated dose rates f o r  two cotton rats from White Oak Lake be$. 

Whole-Body Dose Rates (rem/wk.) 

Source o:P Estimate 

I A B C D E 
0 

Animal Residual G I  Tract External 
Number Carcass with Contents A + B Sources C + D 

156 0.30 0.08 0 -37 2 05 2 -9 

0.27 0 .Ob 0.31 2-5  2.8 158 
. I s  

*From b y e  and Dunaway (14) .  * $ 4  
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Kaye and Dunaway also presented parallel data on radionuclide ac- 
cumulation in mus'krats whish occupy a radioactive waste settling basin 
at Oak Ridge National Laboratory. Using these data (Table 6) they il- 
lustrated how dose equations may be applied to these accumulations. 
The dose rates obtained are sumrmarized in Table 7. 
present in the gastrointestinal tract may add significantly to thgr 
whole body dose. 
dose rate is slight when the gastrointestinal tract contents are in- 
cluded, but for theother three specimens the increase is larger especially 
for specimen 204 which is increased seven-fold from 15.1 rem/wk. to 
112 rem/wk. The true dose rates probably lie between the two values 
calculated for each muskrat and would be high enough to suggest that 
radiation induced pathologies or premature aging might result from such 
dose rates if the animals were exposed continuously at this level. 
Gross pathological examinations of all four animals and diagnostic x-ray 
films of Nos. 279 and 280 did not reveal any unequivocalbsions. 
ever, it should be pointed out that the time of exposure to radiation 
was not known for these animals and may have been insufficient to cause 
effects. 

I 

The radionuclides 

For specimem 202 (Table 7) the relative increase in 

How- 

E. P. Odum (15) presented a paper that was a parallel to that of 
Witherspoon (9) in that it dealt with the use of radioactive tracers 
for de ving experimentally certain ecological relationships. In this 
work PSh was applied to three species of plants which comprise an important 
vegetation component of an old-field ecosystem. Subsequent to applica- 
tion the quantities and distribution of radiophosphorus were determined 
in nearby animal populations. When the concentration of the tracer per 
unit of biomass was plotted against time, a clear graphic separation of 
certain feeding levels and habitat groups was evident for all three plant 
species. 

The trophic position of ecological feeding level of two of the most comon 
animal species, whose emct food source in nature was previously unknown 
was rather clearly established by comparison of their uptake curves with 
those of species whose food was known. 
that the radioactive tagging of single species of producer organisms can 
aid in the isolation or "untangling" of food chaina, as well as aid in 
the determination of the energy sources being utilized by specific 
heterotrophic populations in nature. 

Odumss experiments demonstrated 
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TABLE 6 
* Body burdens of radionuclides f o r  inuskrats from ORNL s e t t l i n g  basin 

Burden f o r  Radionuclides (pc) 
Animal 
Number cs’37 co@ ~ ~ 1 0 6  Zn 65 &I44 Sr 90 

202 

204 

279 

280 

202 

204 

279 

280 

G I  Tract 

W/Cont 

Residual 

G r c a s s  

0.639 0.859 0.394 * 
0.976 67.600 * * 
0.122 0.089 0.014 0.560 

0.478 0.207 0.045 t race  

3.710 0.098 * 0 -053 

1.140 0.122 * 0 0193 

0.312 0.071 0.152 0.274 

2.040 0.094 0.450 0.029 

* 1.370 

* 12.400 

0.077 0.214 

0.285 0.174 

* 13.800 

* 8 0370 

0.116 8.790 

0.054 6.540 

* From Kaye and Dunaway (14). 

TABLE 7 

Estimated dose rate for four muskrats f’rorn a,sett l ing 
basin for radioactiye l i qu id  wastes 

Whole-Body Dose Rates (rem/wk. ) 
Source of E s t  a t e -  

A B C 

Animal Residual G I  T r a c t  
Number darcass with Contents’ A + B  

202 23 -7 4 .b 27.8 

204 15.1 96 09 112 

279 8 .o 21.2 

280 8 93 9.5 17.8 
* From Kaye and Dunaway (14). 
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Summary Comments 

Information on the ecological factors which affect the Initial dis- 
tribution of radioactive contamination in the biosphere, its subsequent 
circulation and accumulation, and its ultimate fate, is essential for 
judging whether radioactivity from fallout would affect natural ecosys- 
tems or would be transferred through food chains leading ultimately to 
man. Differences in vegetation cover and accumulation w i l l  affect the 
quantity and availability of fallout nuclides to plant feeding animals. 
There are relatively little systematic data on the accumulation of radio- 
nuclides by native animals. Information on accumulation of radionuclides 
by wild animals, which occupy various niches in our environments, may be 
extremely useful in the interpretation of accumulation and distribution 
of radionuclide contamination in localized situations. 

The understanding of the biogeochemistry of natural major and minor 
elements in ecosystems is closely related to the interpretation of the 
movement of radioactive contamination through these systems. The possi- 
bility of such contamination arising from radioactive waste disposal, 
weapons fallout, or perhaps from nuclear war, leads to the need for 
mathematical models of conditions which could predict the extent and 
time scale of such contamination. 
models must draw upon tracer experiments and other basic research on 
the processes taking place in ecosystems. 

The fonrmlation and testing of such 

Papers Cited 

1. 

2. 

3. 

4. 

5 .  

Olson, J. S. Analog computer models for movement of isotopes 
through ecosystems. 
Qxposium" Paper No. 17. 

Oak Ridge National laboratory report ORNL-3172. 

Neel, R. B., and J. S. Olson. 
simulating the movement of Isotopes in ecosystems. 
National Iaboratory. 

Use of analog computer models for 
Oak Ridge 

Rroecker, W. 8. ,  and E. A. Olson. 
I1 
Davis, J. J., W. C. Hanson, and D. G. Watson. 
environmental factors upon accumulation of worldwide fallout in 
natural populations. Symposium Paper No. 5. Hanford Atomic 
Products Operation. 

Radiocarbon from nuclear tests. 
Science 130 : 712-721( 1960) 

Some effects of 

Osburn, W. S. 
alpine tundra snow accumulation ecosystem. 
~ymposium Paper IVO. 8. 

The dynamics of fallout distribution In a Colorado 
University of Colorado. 

-346 



6. 

7. 

a. 

9. 

Rickard, W. H. 
and their radioecologic implications. 
Operation. symposium Paper NO. 6 .  

Vegetational ana:lyses in a creosote bush community 
Hanford Atomic Product6 

Auerbach, S. I., et al. Ecological research, Health Physics Annual 
Progress Report for period ending July 31, 1959. 
Laboratory report om-2€?06, 15~59 

-- 
Oak Ridge Nations1 

DeSelm, H. R., and R. E. Shanks. Accumulation and cycling of organic 
matter and chemical constituents during early vegetational succession 
on a radioactive waste disposal area. University of Tennessee. 
Symposium Paper No. 12. 

Witherspoon, J. P. 
sites of contrasting soil type arid moisture. 
O a k  Ridge National Laboratory. Symposium Paper No. 18. 

Cycling of cesium 134 in white oak trees on 
I. 1960 Growing season. 

10. Schultz, V., and W. M. Longhurst. Accumulation of strontium 90 in 
yearling Columbian back-tailed deer, 1950-1960. 
Commission, Washington; and University of California. Symposium 
Paper No. 9. 

U. S. Atomic Energy 

11. Meel, J. W., and K. H. Larson. :Biological availability of Srm to 
small native animals in fallout patterns from the Nevada test site. 
University of Calfornia at U s  Angeles. Slpmposlum Paper No. 7. 

12. French, N. R., and K. H. Larson. Environmental pathways of radio- 
active iodine from nuc7ear tests :Ln arid regions. University of 
California at Los Angeles. Symposium Paper No. 10. 

13. Crossley, D. A . ,  Jr. Movement and accumulation of radiostrontium 
and radiocesium in insects. Oak Ridge National Laboratory. Symposium 
Paper no. 14. 

14. Kaye, Stephen V., and P. B. Dunaway. Estimation of dose rate and 
equilibrium state from bioaccumullation of radionuclides by mammals. 
Oak Ridge Mational Laboratory. Qmposium Paper No. 15. 

food chains in an old-field ecosystem with the use of P 3? University 
of Georgia. 

15. Odum, E. P. and E. J. Kuenzler. 1961. Experimental Is0 tion of 

Sflposium Paper No. 16. 

*Papers presented in Session 11: Section 1, Cycling and Levels of Nuclides 

(Proceeding to be published, U. S. Government Printing Office. 

in the Terrestrial Environment. 
Colorado State University, Ft . Coll:Lns, Colorado, September 10-15, 1961. 
and A. W. Klement, Jr., eds., 1962). 

First National Symposium on Radioecology, 

V. Schultz 

34-7 



SUMMARY OF RJ3PORTS ON 
FALLOUT NUCLIDES I N  THE MARINE ENVIRONMENT 

PRESENTED AT THE 1961 RADIOECCaOGY SYMPOSIUM 

Allyn Seymoufi 
Laboratory of Radiation Biology 

University of Washington 

The reports summarized here were presented i n  Part  A:, "The Marine 
Environment," of Session 11: Section 2, "Cycling and Levels of Nuclides 
i n  the Marine and Freshwater Environments," of the F i r s t  Symposium on 
Radioecology. 
Colorado State  University, Fort  Collins, Colorado, under the auspices of 
the American Ins t i t u t e  of Biological Sciences and was sponsored by the 
Environmental Sciences Branch, Division of Biology and Medicine, U. S. 
Atomic Energy Commission, i n  cooperation with the Ins t i tu t ion  of 
Environmental Biology a t  Colorado State  University. Dr. T. R .  Rice 
acted as chairman of Par t  A, Session 11, Section 2, i n  the absence of 
D r .  W. A .  Chipman. The papers presented are  l i s t e d  a t  the end of this 
paper. 

The symposium w a s  convened September 10-15, 1961, a t  

I n  preparing the summary, note has been taken of the comment regarding 
the purpose of t h i s  conference, namely, ' I . .  . t ha t  the conference be of a 
technical nature with emphasis on research resul ts ,"  and a l so  of the 
comment i n  the guide f o r  preparation of the papers t ha t  the review papers, 
' I . .  . should be related t o  f a l lou t  generally.. ." For t h i s  reason, cer ta in  
papers w i l l  receive more at tent ion than others i n  the summary. 

The twelve papers t ha t  are  reviewed here report  the resu l t s  of both f ie ld  
observations and laboratory experiments t ha t  are  re la ted t o  the biological., 
physical and chemical aspects of f a l lou t  nuclides i n  the sea. 

* Presented by D r .  Edward E. Held, University of Washington, fo r  
D r .  Seymour. 



In  the l a t t e r  category i s  the paper by  Bowen and Sugihara (l), "Cycling 
and Levels of Strontium-90, Cerium-144, and Promethium-147 i n  the Atlantic 
Ocean." The authors discuss-the levels  of these three f a l lou t  nuclides 
i n  various par t s  of the Atlantic from 1956 t o  1960 as well as t h e i r  ideas 
about the processes tha t  move these nuclides through the marine hydrosphere. 

Bowen 'and Sugihara report  tha t  the dis t r ibut ion of Srgo i n  the surface 
waters i s  more patchy fo r  waters of the continental shelf area than fo r  
large areas of the open ocean. 
the continental shelf area ranged from 6 t o  30 dpm/lOO 1. 
the patches w a s  estimated t o  extend from 1 t o  5 kilometers horizontally 
and 30 t o  50 meters ver t ica l ly .  
range of values has decreased each year i n  sp i te  of an increase i n  deliv- 
ery of Srgo t o  the ocean i s  evidence of both horizontal and ver t ica l  
mixing. 

In 1956, SrgO values f o r  samples from 
The s ize  of 

However, the f a c t  t ha t  since 1956 the 

The ve r t i ca l  dis t r ibut ion of Srgo i n  waters beyond the continental shelf 
was a l s o  determined and i n  1958 Srgo wab found as deep as 2,000 meters. 
From these data the amount of f a l lou t  per u n i t  surface area of the ocean 
was determined by integration and was found t o  be s ignif icant ly  greater 
than t e r r e s t r i a l  f a l lou t  a t  comparable la t i tudes .  Two suggestions are  
offered t o  explain the difference: 
from the stratosphere t o  the tropospbere i s  greater over the ocean than 
over land due t o  the mechanics of oceanic high pressure ce l l s ,  o r  (2) the 
scavenging i n  the troposphere of SrgO by precipi ta t ion i s  more e f f i c i en t  
over land. The autho have a s l i gh t  preference fo r  (2) based upon the i r  
be l ie f  t ha t  l i t t l e  CS'?~ o r  SrgO i s  rlemoved from the water and the con- 
stancy of the observed r a t i o  of Cs137 t o  Srgo i n  sea water. Over large 
areas of the ocean the r a t i o  remains close t o  1 . 2  which i s  i n  contrast  
t o  a f i ss ion  y ie ld  r a t i o  of 1.5 t o  2.0 and a ra ther  consistent r a t i o  of 
2.5 t o  2.8 both i n  ra in  (over land) and i n  high a l t i t ude  a i r .  
differences i n  r a t io s  indicate tha t  the methods of removing f a l lou t  from 
the a i r  a re  different  over land than over sea. 

(1) e i the r  the t ransfer  r a t e  of f a l lou t  

These 

The two lanthanides, Ce144 and P,147, are  d is t r ibu ted  different ly  i n  the 
both i n  respect t o  each other and t o  SrgO. 
and d 4 7  occurred a t  different  depths and the r a t io s  of one t o  the 

other changed constantly. 
sea water by physical and For these reasons the 
integration of e i ther  Celle or  Fdf7  values obtained a t  various depths a t  
one s ta t ion  i n  order t o  estimate the f a l lou t  per un i t  area a t  t ha t  s t a t ion  
i s  meaningless. 

For reasons tha t  follow the authors are of the opinion tha t  Srgo moves 
8.5 a solute and its'movement -indicates the movement of water. 
i n  f a l lou t  i n  soluble form and upon reaching the sea surface it begins t o  
mix with large amounts of both s table  strontium (9 mg/l) and s table  calcium 
(400 mg/l) . 
re la t ive  t o  s table  strontium can take place only by isotopic exchange 
between the water and a sol id  and under cer ta in  conditions. The conditions 
a re  tha t  i n  a sol id  there must be a high re la t ive  concentration of another 

Maximum values fo r  

Unlike SrgO txese two nuclides are  removed from 
r biolo i c a l  processes! 

Srgo e x i s t s  

Once mixing has 'taken place a net l o s s  i n  the water of SrgO 
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nuclide Qf the element or a chemlcall similar element and i n  a mobile 
form so  tha t  the chances tha t  the Srg ion, once it has moved from the 
water t o  the solid,  w i l l  re turn t o  the water are  l e s s  than fo r  another 
Srgo ion i n  the water t o  move t o  the solid;  also, t o  be effective,  there 
must be a re la t ive ly  rapid cyclic exchange of ions between the water and 
the so l id .  If the ion-exchange process i s  a t  work i n  the ocean then the 
s i t e  of the c a l c i t i c  oo l i tes  of the-Great Bahamas Bank would be one place 
where a reduction of Sr9O i n  water would be sxpected, but there i s  no 
such evidence. Removal of Srgo from sea water by biological organisms 
cannot be great e i ther ,  because strontium i s  not strongly concentrated 
by any organisms but the Acantharia and cannot be thought t o  be held i n  
isotopic equilibrium with the environment by any organisms, including the 
Acantharia. The f i n a l  b i t  of evidence tha t  leads t o  the conclusion tha t  
Sr9O must be inv ved i n  the f u l l  circulatory cycle of the ocean i s  tha t  
the r a t i o  of C S ' ~ ~  t o  Sr9O i s  constant. A s  the two nuclides are chemically 
different ,  the removal of one could not be related t o  removal of the other; 
therefore, the f a c t  t ha t  t h e i r  r a t i o  remains constant suggests t ha t  both 
elements move by circulatory processes only. 

If Sr9' moves as the water moves eventually the Sr9' i n  deep w a t e r  will 
return t o  the surface. The authors believe the return has begun and tha t  
th i s  i s  the process, although the data are  s t i l l  scant, tha t  explains the 
sharp and s ignif icant  jump i n  surface SrgO values from the open sea i n  
l a t e  1959 and 1960. (For the Sargasso Sea and southwest North Atlantic 
the change was from about 11 t o  24 apm/lOO 1; fo r  the subequatorial 
Atlantic, 6 t o  26; and Caribbean, 7 t o  1 4 ) .  

6 

"It may well prove t o  be the f i rs t  indication tha t  maximum di lut ion by 
deeper water moving t o  the surface i s  no longer effective,  because the 
leve ls  from which return i s  most s ignif icant  have reached surface con- 
centration of strontium-90." 

Unlike SrgO, the movement of Ce144 and Fm147 i n  the ocean is  associated 
w i t h  sinking par t ic les ,  and of the two elements it has been shown tha t  
promethium i s  remov d prefer  n t i a l l y  and sinks f a s t e r .  
association of Ce" and d 7 with e i the r  organic or inorganic materials 
i n  the water i s  s t r i c t l y  a surface adsorption phenomenon, and i f  both are 
present they w i l l  compete fo r  cerium o r  promethium. 
authors s t a t e  t ha t  t e term ;Ij.qcle'' i s  not appropriate t o  describe the 
dis t r ibut ion of Ce14' and Pm i n  the ocean, because these two nuclides 
become associated with s m a l l ,  slowly sedimenting par t ic les  and pass 
s teadi ly  t o  the bottom sediments from which they do not return, with the 
possible exception of back-diffusing phosphate complexes. 

Furthermore, the t 
In conclusion, the 

Additional information about the role  of sediments i n  removing radio- 
nuclides from ocean waters i s  proved by Duke -- e t  a l . ( 2 )  i n  t h e i r  paper, 
"Availability of Sediment-Sorbed Materials t o  Marine Biota. I' 

recognize the commonly accepted viewpoint t ha t  the sorptive properties 
of clay minerals, diatom frustules  and other common suspensoids, potentially,  
provide a means by which radioisotopic ions can be transferred from ocean 

They 

'* 
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water t o  the bottom sediments and thereby decrease the biological avai l -  
ab i l i t y  of cer ta in  radioisotopes; however, they a l so  recognize the 
poss ib i l i ty  t ha t  t h i s  scavenging process may increase the biological 
ava i lab i l i ty  of cer ta in  radioisotopes. 
a method of concentration and of transforming dissolved material in to  
s o l i d  aggregates; thus when radioisotopes are attached t o  a so l id  they 
m a y  become available to ,  bacteria or t o  f i l ter-feeding organisms, whereas 
they may not be available i f  they remain i n  the ionic form. 

The argument i s  thabsorpt ion i s  

These were the thoughts tha t  motivated the laboratory experiment reported 
by Duke -- e t  al. 
associated materials were available t o  the biota  and i f  clay sediments 
could be expected t o  provide a retentive reservoir for  radioisotopes 
scavenged from water. 

Specifically, t he i r  objectives were t o  determine i f  clay 

There were three grou s of experiments: i n  one, the a b i l i t y  of marine 
bacter ia  t o  remove $-' f m montmorillonite, a clay that had been pre- 
viously labeled with f: $8 organic material, was measured. After seven 
days the amount of 6 
was one half,the value for  l o t s  without bacteria.  This observation w a s  
interpreted as meaning e i ther  t ha t  the bacter ia  sorbed material direct ly  
from the clay par t ic les  or, tha t  by using dissolved material from the 
water they changed the ionic equilibrium between the water and the clay 4 i n  such a way tha t  it favored the t ransfer  of 6 from c l  ' t o  water. 
In  e i ther  case the bacteria were effective i n  removing 6 
sediments and the authors conclude that one may expect a similar e f fec t  
w i t h  other radionuclides bound i n  organic materials. 

remaining on the clay i n  the l o t s  with the bacter ia  

f? from the 

In  the second gro p of experiments f ish,  sh r imp  and oysters were exposed 
t o  a s lurry of Clt-labeled algal material sorbed on montmorillonite. The 
slurry w a s  merely added t o  the aquaria i n  which the shrimp and the oysters 
were t iv ing  but w a s  force-fed t o  the fish. There w a s  a significant uptake 
of 6- only by ~e shrimp. 

In  the th i rd  group of experiments the e f fec t  of montmorillonite upon the 
biological uptake of radioisotopes i n  solution w a s  measured. Th test  
animal were fish, s imp and oysters and the nuclldeo we e Cs13?, Ca45 
and 6 ; Cs137 and C!ss were i n  the chloride form, and 6 as labeled 
algal material. In  these experiments the accumulation of radioisotopes 
by the tes t  animals w a s  unaffected by the presence of montmorillonite. 

As a result of these experiments the importance of clay sediments i n  
scavenging radioisotopes from ocean waters may be somewhat less than 
cumnonly believed. F i r s t ,  the sorption of radioisotopes on clqy par t ic les  
may make some nuclides more available t o  cer ta in  organiams. 
the supposed scavenging properties of suspended par t ic les  w a s  not demon- 
s t ra ted  despite the use of a highly sorptive precleaned clay in proportional 
quantit ies far exceeding those usually found i n  nature. 

E f ;  

Secondly,' 

The horizontal movement of radioisotopes i n  the ocean is  dependent prin- 
c ipal ly  upon ocean currents, especially fo r  radioisotopes that are present 
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as solutes or sorped by plankton. 
of radioactive water from the Bikini - Eniwetok area was reported i n  the 
paper by Seymour ( 3 ) ,  "Radioactivity of Marine Organisms from Guam, Palau 
and the G u l f  of Siam, 1958-1959." The r a t e  of advance (o r  transport)  of 
f a l lou t  by the North Equatorial Current from the Bikini - Eniwetok area 
t o  Guam and Palau (which a re  1,200 and 1,950 miles, respectively, from 
Bikini-Eniwetok) w a s  calculated t o  be eight miles per day. Rates of 
transport of.radioactive water from the Bikini-Eniwetok area based upon 
other data ranged from seven t o  ten miles per day. 
determining the a r r iva l  of radioactive water a t  Guam and Palau was a 
s ignif icant  increase i n  the gross beta  counts of cer ta in  marine organisms. 
The samples with the highest gross beta  counts were Guam samples of clam 
kidney and spider sna i l  l i ve r ,  fo r  which the values were 204 and 56 
ppc/g (wet), respectively. In addition t o  naturally occurring the 
gamma-emitti nuclides pr  the Guam s les, i n  order of abundance, 
were Co57, C3', M d 4 ,  Ce 16ynkg, , Zrg5 and 3 3 7 .  The presence of 
Cs137 i n  a marine organism i n  detectable quantit ies was unexpected; 
however, on another occasion a l so  w a s  detected i n  the muscle of 
spiny lobster  . 

An estimate of the westward movement 

The cr i te r ion  fo r  

The papers remaining t o  be reviewed are  reports about environme8ta.l factors  
affecting the uptake and biological cycling of radioisotopes. The paper 
by Townsley -- e t  al. (4),  "The Effect  of Environmental Ions on the Concentration 
of Radiocalcium and Radiostrontium by Euryhaline Teleosts," i s  i n  the 
former category. 
poration and excretion of ions by marine organisms leaves the authors 
with the impression tha t  the r e su l t s  of research a t  the present time a re  
conflicting, i f  not contradictory. 

A review of the l i t e r a t u r e  on the absorption, incor- 

The first par t  of the experiment w a s  designed t o  determine whether absorp- 
t ion  of radiostrontium i s  a function of only the s table  strontium, o r  the 
calcium plus strontium, or the t o t a l  ion content of the water. The t e s t  
animal used i n  all experiments w a s  Tilapia mossambica, a f i s h  tha t  l i v e s  

er fresh, brackish or sea water. After 16 days the accumulation 2 E:@ w a s  24 times greater fo r  f i s h  l iv ing  i n  tap water than fo r  f i s h  
l iv ing  i n  sea water or i n  tap water t o  which calcium had been added t o  
equal the calcium i n  sea water (400 mg/l) . as  no Sr++ and only 

sea water and i n  tap water with added C a + + w a s  not s ignif icant ly  different .  
For all three l o t s  uptake continued t o  increase during the length of the 
experiment. 

added. 
fold decrease i n  the amount of S r  9 accumulated by Tilapia. 

There 
8 mg/l of Caw i n  the tap water. The uptake of Sr 89 by f i s h  l iv ing  i n  

of Ca++ reduced the uptake of S r  8 9 but not i n  proportion t o  the amount 
From these observat ons it was concluded tha t  the addition 

A f i f ty - fo ld  increase i n  a + + i n  water resulted i n  a twenty-four- 8 
The objective of the second pa r t  of the 
d i sc r i  'nation function fo r  SrgO re la t ive  t o  
Srg0/C35 r a t io s  i n  water and i n  f i sh .  (DF = 
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experiment w a s  designed t o  rear Tilapia i n  fresh water, natural  sea water 
and a r t i f i c i a l  sea water i n  whi the SI++ t o  Ca++ r a t i o  varied from l o t  

This means that re la t ive ly  less Srg6 than Ca wa@ accumulated from the 
water or, i n  other words, there was a discrimination against strontium. 
By l o t s  the DF values ranged from 0.88 t o  0.48. 

t o  l o t  but i w h i  h the Srgo/Ca 65 r a t i o  remained constant. A f t e r  three 
weeks the Sr 90 / C a  E5 r a t i o  was less n f i s h  t an i n  water fo r  all l o t s .  

k 5  

For the three l o t s ,  i.e., fresh-water, natural  sea gater  and a r t i f i c i a l  
sea water i n  which the Ca* and SI?* concentration w a s  the same-- 400 m g / l ,  
and 8m@;/i,--the DF values were 0.88, 0.60 and 0.48, respectively. 
other words, f o r  the en t i r e  experiment the discrimination against strontium 
w a s  l e a s t  i n  f resh water t o  which had been added 400 mg of SI++ and 
8 mg of Ca++ per l i t e r  and greatest  i n  a r t i f i c i a l  sea water w i t h  the same 
Sr++ and Ca++ concentration. Therefore, it would appear t ha t  the author's 
conclusions should be accepted w i t h  reservation; they conclude that the 
accumulation and retention of radiocalcium and radiostrontium are  controlled 
by the t o t a l  calcium present, as w e l l  a s  other salts i n  the environment, 
and tha t  increased concentrations of S1"+ i n  the environment have l i t t l e  
e f f ec t  upon the t o t a l  radioactive calcium and strontium absorbed, as well 
as t h e i r  r a t i o  t o  each other, except i n  the absence of calcium and possibly 
other divalent ions. The authors a lso conclude that fo r  decontamination 
of aquatic environments the addition of calcium salts and other sea water 
ions would be more effect ive against absorption of radiocalcium and radio- 
strontium than the addition of s~?+. 

In  

The f i n a l  experiment w a s  designed t o  locate  within the f i s h  the s i t e  a t  
which discrimination against strontium takes place. To do t h i s  the f i s h  
were placed one a t  a time i n  a non-mobile posit ion w i t h  a dam separating 
the anter ior  from the posterior portion of the f i sh .  Ligation of the 
esophagus t o  prevent swallowing a l so  was used i n  par t  of the experiment. 
Although there w a s  no dir c t  evidence as t o  the par t icular  region where 
discr mination against Sr85 takes place, it was found tha t  the amount 
of Sr 5 \moving through the f ish is  nearly equivalent i n  both the anter ior  
and posterior portions of the f ish and that l iga t ion  of the esophagus 
does not produce any marked ef fec t  upon uptake. Although Tilapia i n  
f resh water pass about ten times as much water through t h e i r  epithelium 
as they do i n  salt water there i s  no s ignif icant  e f fec t  upon uptake. 
authors conclude tha t  t h i s  i s  of par t icular  importance t o  the study of 
radioactive contamination, because it means that ions which follow water 
movement w i l l  most l i ke ly  become sources of important contamination i n  
the t issues .  

8 

The 

Lowman (5) i n  h i s  paper, "Radionuclides i n  Plankton and Tuna from the 
Central Pacific" also mentions tha t  one of the three factors  t ha t  control 
the uptake of a specific radioisotope from sea water i s  the concentration 
of ions of the same element or chemically similar elements i n  the water. 
The other two factors  are  
plex strongly w i t h  biological substrates; and 2), the biological require- 
ments fo r  cer ta in  elements i n  metabolic processes. 

l), the tendency of divalent cations t o  com- 
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Relative t o  the  accumulation of radioisotopes i n  plankton, Lowman points  
out t h a t  even though plankton may concentrate radionuclides from the 
water by a thousandfold the t o t a l  amount of radionuclides remaining i n  
the water i s  s t i l l  considerably greater  than i n  the  plankton because the  
r a t i o  of water t o  plankton i n  the area where h i s  samples were col lected 
i s  about 100,000,000: The kinds of radioisotopes i n  plankton change 
with t i m e  after f a l lou t ;  i n i t i a l l y  the isotopes are i n  approximately the 
same r a t i o  as they occurred i n  sea water but  la ter  spec i f ic  nuclides are 
concentrated. From t h i s  evidence it would appear t h a t  the accumulation 
of radioisotopes s h o r w  after f a l l o u t  i s  pr inc ipa l ly  by adsorption and 
later,  by absorption. 

1. 

Radioisotopes of manganese, iron, cobalt  and zinc contributed 62 per  cent 
of t he  t o t a l  rad ioac t iv i ty  i n  the plankton and almost 100 per  cent i n  the 
f i shes .  Although the  physiological ro l e  of these elements i n  f i s h  i s  not 
known, it i s  in t e re s t ing  t o  note t h a t  i n  higher animals one or  more of 
these elements are associated with oxygen and electron t ransfer ,  enzyme 
function and the s t ruc ture  of vitamin B12. 

Lowman a l s o  calculated the concentration of radioisotopes in omnivorous 
and carnivorous f i shes  as related t o  the radioelement'content of the food 
upon which the f i s h  were feeding. 
laboratory s tudies  it w a s  necessary t o  make some assumptions about the 
fish-food re la t ionship  f o r  spec i f ic  i nd iv iduds .  From these s tud ies  it 
i s  concluded t h a t  omnivorous fish, which feed on plankton, almost 
completely exclude the  f i s s i o n  products and, on a comparative basis ,  
concentrate zinc and i ron  but  discriminate against  cobalt .  Carnivorous 
tunas, which feed primarily on omnivorous f i shes ,  discriminate i n  favor 
of zinc and manganese and against  i ron  and cobalt, by comparison, t o  the 
percentage of these radioelements i n  t h e i r  food supply. 

As these were f i e l d  rather than 

Rice (6) discussed i n  more d e t a i l  the re la t ionship  of phytoplankton t o  
uptake a s  indicated i n  the t i t l e  of h i s  paper, "The Role of Phytoplankton 
i n  the  Cycling of Radionuclides i n  the Marine Environment. I' 
which are one-celled p lan ts  l i v i n g  i n  the  surface waters and are the 
foundation of the food pyramid i n  the ocean, accumulate a l a rge  number 
of elements from sea water and therefore,  potent ia l ly ,  are an important 
means of t ransfer r ing  radionuclides from water t o  the food web. 

Phytoplankton, 

However, the concentration of radionuclides by phytoplankton var ies  from 
species t o  species and therefore  a l l  species w i l l  not be equally important 
i n  the  cycling of radionuclides i n  the cycling of radionuclides i n  the 
ocean. Phytoplankton accumulate radioisotopes from water rapidly but  
a l s o  may lose  radioisotopes f a i r l y  rapidly i n  nonradioactive water by 
"biological di lut ion,  'I the  reproductive process of dividing one c e l l  i n t o  
two and thereby reducing by 5 6  the rad ioac t iv i ty  i n  the or ig ina l  c e l l .  

The t r ans fe r  of radioisotopes from phytoplankton t o  a higher trophic l e v e l  
v i a  the  food chain and d i r e c t l y  from the  water a l so  was invest igated by 
Rice. He found t h a t  the concentration of radiocobalt  by br ine  shrimp 
was 7.5 times greater  when these animals fed upon radioactive phytoplankton 
than when water w a s  the  source of t h  rad ioac t iv i ty .  
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I 
The effectiveness of phytoplankton i n  transferring radioisotopes from 
water t o  the food web a l so  depends upon the c e l l  s ize  of the phytoplankton 
and the concentration of the c e l l s  i n  the water, because these factors  
largely determine i f  phytoplankton are  acceptable food i t e m  f o r  f i l t e r -  
feeding animals. Furthermore, the quantity of radioisotopes tha t  are 
ingested by phytoplankton feeders i s  not an index of the amount of uptake 
since all species of phytoplankton are  not digested with the same efficiency) 

The paper by Corcoran and Kimball (7), "The Uptake, Accumulation and 
Exchange of Strontium-90 by Open Sea Phytoplankton" i s  a report  of work 
of the same general nature as  some e a r l i e r  work by Rice, but i n  these 
experiments open sea species of phytoplankton, ra ther  than inshore or 
fresh-water species, have been used. Another difference i s  than an 
estimate of adsorption w a s  made by using heat-kil led p 

by the f ive  stock cultures of oceanic phytoplankton used i n  t h i s  study but 
t ha t  the accumulation of Srgo w a s  apparently an adsorption process, since 
the accumulation i n  the heat-kil led c e l l s  was equal t o  tha t  i n  the l i v ing  
c e l l s  . 
The paper by Pomeroy ( 8 ) ,  "Experimental Studies of the Turnover of 
Phosphorous i n  Aquatic Environments" i s  not a report  about a f a l lou t  
nuclide but  i s  of i n t e re s t  i n  t ha t  some methods fo r  the study of phos- 
phorous i n  an aquatic environment may be applicable t o  other elements. 

The experiment w a s  designed t o  evaluate the re la t ive  importance of  bio- 
logical  and physical processes i n  the short  term turnover of phosphorous 
i n  natural  waters. "he approach was t o  use an agent t ha t  would block a 
biological process and then observe the e f fec t  upon the turnover of 
phosphorous. For example, i f  the phosphate tha t  i s  i n  rapid flux between 
water and plankton, bacter ia  and inorganic sol ids  i s  being passed through 
some metabolic process, it should be possible t o  stop the rapid turnover 
of the phosphate by stopping key processes. 

Agents used were methylene blue t o  block phosphorylation, cyanide t o  block 
respiratory metabolism and an t ib io t ics  t o  inh ib i t  bac te r ia l  growth. 
one par t  of the experiment aquaria were placed i n  the dark t o  stop photo- 
synthesis. A s  a r e su l t  of the addition of methylene blue and cyanide the 
short-term turnover of phosphate between the water and suspended sol ids  
was stopped, and therefore the short-term turnover i s  thought t o  involve 
biological ra ther  than physical processes. Additions of an t ib io t i c s  had 
variable e f fec ts  which may be related t o  the s ize  and character of the 
bac ter ia l  f lo ra .  In  darkness the ra te .of  turnover of phosphate i s  
sometimes reduced. 

toplankton c e l l s  
inothe control l o t s .  It was found tha t  both Srgo and Y 30 were accumulated 

For 

A unique opportunity t o  observe the cycling of f a l lou t  radionuclides i n  a 
natural  environment i s  available i n  the Marshall fslands a t  Rongelap Atoll, 
80 miles e a s t  of Bikini Atoll. 
pat tern from the detonation of the 15 PlRl Bravo device a t  Bikini on 
March 1, 1954. 
the northern and the southern islands of the a t o l l  as indicated by the 

Rongelap was on the edge of the f a l lou t  

The amount of f a l lou t  varied by a factor  of ten between 
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garma dose ra tes  one day a f t e r  the Bravo shot, which were 35 r/hr.  and 
3.5 r/hr.  respectively. 
detonations has been l e s s  than one per cent of the fa l lou t  which resulted 
from the Bravo detonation. 
the cycling of f a l lou t  nuclides i n  a natural  environment, populated by 
man, and a t  various leve ls  of radioactivity,  all of which are  safe fo r  
l iv ing  but great enough t o  be eas i ly  measured. 
radionuclides a t  Rongelap essent ia l ly  are  of the same date of origin, 
March 1, 1954. 
Rongelap an ecological study w a s  i n s t i t u t ed  i n  March 1958. 

Fallout a t  Rongelap from other Bikini-Eniwetok 

Hence at Rongelap it i s  possible t o  observe 

Furthermore, the f a l lou t  

To determine the f a t e  of f a l lou t  radionuclides a t  

The dis t r ibut ion of radioisotopes as it existed a t  the a t o l l  i n  the f a l l  
of 1959 i s  reported i n  the paper by Held (g) ,  "Qualitative Distribution 
of Radionuclides a t  Rongelap Atoll." He found tha t  the dis t r ibut ion of 
radionuclides i n  the marine and the t e r r e s t r i a l  environments was d i s t inc t ly  
different .  

Approximate 

marine organisms, w h i l e  the long-lived f i ss ion  products Cs137 and SrgO 
were found primarily i n  the land organisms. 
found i n  lagoon bottom materials, marine plants,  marine animals, so i l ,  
s o i l  solution, land plants, land animals, and man are given on a 
dis t r ibut ion chart  t ha t  indicates the relationship of the component par t s  
t o  each other. 

From the chart  it i s  noted tha t  
marine algae and tha t  corals and coral l ine algae contain some SrgO. 
Twelve radioisotopes were detectable i n  so i l ,  but Sr9', d - 3 7  and Sb125 
were the principal nuclides found i n  s o i l  solution. The radioact ivi ty  
i n  the land l a n t s  i n  general i s  90 per cent or  more Csl37 and the 

s o i l s  and i s  a consequence of the low potassium content of Rongela 
Amendments of potassium t o  Rongelap s o i l  reduce the uptake of Cs137 by 
plants  and a l so  a f fec t  the dis t r ibut ion of Cs137 within the plant.  

The radionuclides i n  man at Rongelap are principally Z I I ~ ~ ,  Cs137, and 
Sr90, which r e f l ec t s  a d i e t  of both marine and t e r r e s t r i a l  origin. 

Two of the papers presented discussed the radioactivity i n  marine organ- 
isms collected i n  Connecticut i n  the v ic in i ty  of nuclear ins ta l la t ions .  
The Fapers were, "Gross B e t a  Radioactivity i n  Marine Organisms" by Hatfield 
-- e t  al. (10) and "zinc-65 i n  Oysters i n  Fishers Island Sound and I ts  
Estuaries" by Fitzgerald and Skauen (11). 

f i v  years after the Bravo event the neutron induced radio- 
nuclides !GI&$, CoEo and Mn5 4 were the principal radionuclides found i n  

All of the radionuclides 

i s  the principal isotope i n  the 

remainder Sr  Bo . This i s  unlike the s i tuat ion usually found f o r  continental 
so i l .  

Hatfield e t  al. (10) observed seasonal variation i n  the gross beta  ac t iv i ty  
of oysters, clams, mussels and algae which i n  general corresponded with 
the expected seasonal var ia t ion i n  metabolic ac t iv i ty .  
samples ranged from 17 t o  438 ppc/g of ash; the highest values were fo r  
an alga, Laminaria (a  kelp). 
K40 probably accounted f o r  most of the beta  ac t iv i ty  noted. Further studies 
are  i n  progress t o  determine i f  other beta-emittingnuclides are present. 

-- 
Values fo r  all 

The authors believe tha t  natural ly  occurring 
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Fitzgerald and Skauen (11) determined both !Zn65 and s t sb le  zinc i n  oysters 
collected i n  the Thames River above and below the submarine base a t  New 
London, Connectic . Stable zinc i n  moist t i s sue  averaged about 0.2 
per cent. The Zing$ values increased markedly during June and July, 1961, 
to a maximum of 11,500 ppc/kg (wet), which was six times greater than any 
previous value. The f a c t  t ha t  it i s  unlikely tha t  t h i s  increase was a 
consequence of f a l lou t  points t o  the need, when making surveys of f a l lou t  
nuclides i n  the environment, t o  recognize tha t  there may be sources of 
radionuclides other than fal lout .  The authors a lso determined the e f f ec t  
of temperature, zinc concentration, the presence of cer ta in  anions and of 
complexing upon the uptake of zinc. 
s l i gh t ly  greater a t  18Oc. than a t  5OC. but t h a t  the zinc concentration 
i n  the water had a greater e f fec t  upon uptake than temperature. 
amount of zinc w a s  adsorbed on the she l l  except when the zinc was chemically 
complexed. 
tartrate was similar for  aL1 four compounds and reached a maximum within 
24 hours. 

It w a s  found that the uptake was 

A large 

The uptake of zinc from zinc chloride, sulfate ,  phosphate and 

The f i n d  paper t o  be reviewed, "Wcro-organism Behavior In  Radioactive 
Environments" by Lackey and Bennett (12) is not d i rec t ly  re la ted t o  fa l lou t .  
It i s  a report  of a search fo r  a biological indicator of ionizing radiation 
based upon the observed response of microorganisms t o  a radiation f i e ld .  
There are many environmental factors  which an organism can sense and react  
to, but as a r e su l t  of f i e l d  observations and laboratory experiments by 
Lackey and Bennett, ionizing radiation apparently i s  not one of these 
factors.  

The assemblage of organisms i n  areas of seepage from high leve l  waste 
p i t s  and i n  a sedimentation pond at  O a k  Ridge w a s  compared with the 
assemblage of organisms elsewhere In  the Oak Ridge area where similar s o i l  
conditions prevailed but without radioactivity.  
assemblages were the same and from these observations it w a s  concluded tha t  
the field occurrence of microorganisms in a radioactive environment is not 
di f fe ren t  from tha t  of a similar, but nonradioactive, environment. 

With one exception the 

The authors have had several years experience of exposing microorganisms 
t o  ionizing radiation i n  various so r t s  of laboratory experiments but have 
observed no vls ible  response t o  alpha, beta  or  gamma radiation, other than 
death. Although the information about radiation exposure w a s  limited, one 
e eriment was c i ted  i n  which the LD f o r  marine -bacteria exposed t o  a 

In  another experiment, the genetic dakge  of an LD50 dose t o  a protozoan 
(Entosiphon zulcatus, a colorless euglenid some 30 
measured by observing the dai ly  division rate of th,e survivors. I n  this 
case, the dai ly  division rate of the survivors w a s  followed fo r  60 gen- 
erat ions and no e f fec ts  of the i r rad ia t ion  were detected. 
of the experiment demonstrated the preferent ia l  uptake of cer ta in  radio- 
nuclides by some organisms. I n  conclusion Lackey and Bennett s t a t e  t ha t  
no change, morphological, physiological, or behavioral., of the micro- 
organisms was observed, using gamma or  alpha or beta sources of i r rad ia t ion .  

C 3 O  source w a s  1,500,000 r and the . Z0 ose fo r  t o t a l  k i l l  w a s  3,000,000 r. 

i n  length) w a s  

Other par t s  
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RADIONUCLIDES IN THE FlRESHWATER ENVIRONMEN'P 

Louis A. Krumholz 
Department of Bioiogy 

University of Louisville 
Louisville, Kentucky 

Within the past f i f t een  years or  so, much has been writ ten about the 
accumulation of radioactive nuclides by aquatic organisms. 
are concerned primarily w i t h  the uptake, accumulatinn, rdedaon * , and/or 
l o s s  of radioactive materials and t h e i r  cycling through the  ermironment. 
However, a great deal of that work has been confined t o  the assessment of 
e f fec ts  of radioactive waste materials i n  par t icular  areas, especially i n  
the v i c in i ty  of atomic energy ins ta l la t ions ,  o r  t o  the study of the e f fec ts  
of known concentrations of par t icular  radionuclides on various organisms 
or communities. 

Those reports 

Most studies coP.cerned with radioactive fa l lou t  materials have been per- 
formed i n  marine waters, and there have been re la t ive ly  few studies i n  
the freshwater environment. The opportunities for studying the  e f fec ts  of 
fa l lou t  over the ocean were great ly  enhanced by the ser ies  of t e s t s  a t  the 
Eniwetok Proving Ground, and much has been learned about the dispersal  and 
cycling of those nuclides through the oceans. To the contrary, there have 
been no similar t e s t s  i n  the v ic in i ty  of large bodies of f resh water, and, 
as  a resu l t ,  there i s  l i t t l e  information available of fa l lou t  i n  freshwater 
communities. 

There are  several reasons why much of our research has been confined t o  
intensive studies of par t icu lar  radionuclides with cer ta in  selected 
organisms : 

1. The re la t ive  ease of control i n  handling par t icu lar  radionuclides, 

*Contribution No. 49 (New Series} from the Department of Biology, University 
of Louisville, Louisville, Kentucky. This work was supported in part  by the 
U. S. Atomic Energy Commission under Contract No. AT-(40-1)-2595. 



either singly or in combination, in known tracer amounts. 

2. The relative ease in interpreting the data when only one’ or two 
nuclides are under consideration. 

3. The elimination of many environmental factors by using selected 
organisms under more or less controlled conditions. 

4. The expressed need for immediate information on those nuclides 
which are long-lived and of possible harm to man. 

At the same time, there are reasons for not undertaking extensive studies 
of the cycling of the complete spectrum of radioactive fallout materials 
through natural ecosystems: 

1. The difficulty in assaying with accuracy the amounts and identities 
of fission elements in quantities at acceptable fallout levels, especially 
in regions relatively remote from nuclear detonations. 

2. The general unavailability, unkil recently, of instrumentation 
sufficiently sensitive to detect and measure accurately the nuclides in 
various parts of the biota and environment. Such instrumentation usually 
has been available only at special laboratories. 

3. The assumed danger of releasing known tracer amounts of fission 
products, especially the long-lived radionuclides of strontium, cesium, and 
some of the rare earth metals, into any environment over which strict con- 
trol could not be maintained. 

4. The scarcity of adequately trained personnel, capable of and having 
the time required to oversee and perform such studies. 

In the recent Symposium on Radioecology at Colorado State University, various 
aspects of the cycling and levels of radionuclides in the freshwater environ- 
ment were discussed. 
materials from major atomic energy installations, and one (4) with the 
cycling of radiophosphorus in a stream ecosystem, and one (5) with the 
occurrence of radium in natural waters, and one (6) with the cycling of 
natural radioactivity, including fallout materials, in a stream ecosystem. 
(These papers are listed at the end of this review as is the other 
literature cited). 

Three papers (l,2,3) were concerned with waste 

Nelson (l), in his study of strontium and calcium relationships in mollusks 
from the Clinch and Tennessee Rivers, found that all clams accumulated both 
stable and radioactive strontium in their shells. 
l o w  levels of SrgO released from the Oak Ridge National Laboratory through 
White Oak Creek as tracer amounts, and used that nuclide to determine the 
cycling of strontium through mollusk shells. Clams collected from areas 
upstream from the mouth of White Oak Creek contained considerably smaller 
amounts of SrgO than those taken downstream from the mouth of the creek. 

Nelson considered the 
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The amounts of Srgo accumulated by the clams below White Oak Creek decreased 
progressively the f a r the r  they were downstream, and there was close corre- 
la t ion  between the stable/radioactive strontium ra t io s  observed i n  the waters 
where collections were made and those expected on the basis of di lut ion of 
Clinch River water by the Tennessee River. 

The r a t e  of she l l  deposition and the strontium content of the she l l s  of 
Anodonta corpulenta increased with the age of the animals, and i n  tha t  
species the strontium deposition w a s  d i rec t ly  proportional t o  the growth 
r a t e  and inversely proportional t o  the surface/volume rat io .  
from h i s  data tha t  the clams were unable t o  distinguish between the radio- 
act ive and s table  nuclides of strontium. In Pleurobema cordatum., she l l s  
from clams of the same age, but taken from l o c a l i t i e s  ab-miles apart, 
had respective growth ra tes  of 2.5 and 4.9 g/yr. and carried 201 and 237 pg 
Sr/g of shel l ,  respectively. Those specimens with the slower growth r a t e  
and the lower amounts of strontium were taken from the Clinch River about 
26 miles above the mouth of White O a k  Creek, whereas the others were collected 
from the Tennessee River about 160 miles downstream from the mouth of White 
Oak Creek. 
i n  the Clinch River ( j u s t  below Norris Dam) could have been a causative 
factor  i n  the slower growth r a t e  and the consequent lower accumulation. Also, 
i n  those samples he noted tha t  the clams from the Clinch River (above White 
Oak Creek) contained only about 0.2 ppc SrgO/g of 
taken from the Tennessee River well below the creek mouth contained about 
4cyrc The highest accumulations of Sr90 reported i n  t h i s  
study were 99 p d g  of she l l  i n  Anodonta corpulenta and 1 5  ppc/g of she l l  
i n  Quadrula pustulosa taken from the Clinch River; the highest accumulation 
i n  she l l s  from the Tennessee River was about 25 ppc/g of she l l  i n  E l l ip t io  
crassidens collected about 45 miles below the mouth of the Clinch River. 

It is' apparent 

In tha t  instance, it i s  l i ke ly  tha t  the lower water temperatures 

shel l ,  whereas those 

SrgO/g of shel l .  

Nelson s ta ted  tha t  the difference i n  mean strontium content among species 
was due t o  inherent differences i n  the animal species ra ther  than t o  any 
differences i n  the strontium/calcium ra t io s  i n  the environment. In t h i s  
respect, h i s  findings were i n  contrast  with those of Odum (7 ,8 ) ,  Swan (9) ,  
and Thompson and Chow (10). 
(11) tha t  the r a t io s  of the more abundant elements i n  sea water a re  very 
nearly copstant despite variations i n  absolute concentrations i n  different  
par t s  of the oceaas. A t  the same time, Krumholz, Goldberg, and Boroughs (12) 
stated tha t  whereas the oceans may be considered very roughly as  a homoge- 
neous mass, fresh waters have a tremendous range i n  t h e i r  chemical charac- 
t e r i s t i c s .  Thus, while the calcium/strontium r a t i o  i n  ocean waters may be 
more or l e s s  constant, t ha t  r a t i o  var ies  widely i n  f resh waters, and those 
environmental differences i n  the ra t ios  could eas i ly  explain the discrepancies 
between the findings of Nelson and the other workers cited. 

Hemphill, Nix, and Carrigan (2 )  working i n  the Clinch River below the Oak 
Ridge National Laboratory, found tha t  there was an uneven dis t r ibut ion of 
radioact ivi ty  i n  bottom sediments. 
t e s t  borings of the sediments i n  t ransects  across the r iver  a t  various 
distances below the ou t f a l l  of White Oak Creek, and found a good correlation 

It has been pointed out by Revelle and Schaefer 

They took surface readings and made 



between the dis t r ibut ion of s i l t  deposits on the bottom and the radio- 
ac t iv i ty ,  
radioact ivi ty  the fa r ther  downstream from the mouth of White Oak Creek the  
samples were taken, 

Also, there was a general gradual diminution i n  the amounts of 

When White Oak Lake was drained i n  1955, most of the accumulated s i l t  
remained i n  the lake bed, but tha t  portion of s i l t  d i rec t ly  i n  the stream 
channel was washed out and carried in to  the Clinch River. That "slug" of 
re la t ive ly  "hot" s i l t  has gradually been moved downstream a t  a r a t e  of 
about two miles a year. 

Ophel ( 3 )  reported on the f a t e  of Sr9O i n  a freshwater lake a t  the Chalk 
River establishment of Atomic Ebergy of Canada. Limited. He used ,980 tha t  
had seeped from a l iqu id  disposal area in to  the i n l e t  stream of Perch Lake 
as a t racer  t o  follow the passage of t ha t  nuclide through the lake ecosystem. 
During the 5-year period, 1956 through 1960, a t o t a l  of about 4000 mc SrgO 
entered the lake and a b o u t 3 m  mC l e f t  the lake during the  same period. He 
showed, through periodic sampling, t ha t  there were seasonal f luctuations i n  
the amounts of Sr9O i n  the lake water from winter t o  summer, the amounts i n  
winter being consistently higher than those i n  summer. 
depletion of radiostrontium during the  warmer months of the year largely 
t o  the increased biological ac t iv i ty  i n  the lake. 

He a t t r ibu ted  the 

During the f i rs t  two years a f t e r  the radiostrontium entered the lake,the 
radioactive content of the water slowly increased and then remained f a i r l y  
constant during the l a s t  three years. 
bones of adult yellow perch (Perca flavescens) gradually increased over 
a 4-year period, and f i n a l l y  reached an equilibrium i n  the f i f t h  year. 
The content of SrgO i n  the bones of adult  perch represented a concentration 
fac tor  of about TOO times tha t  i n  the lake water i n  1956 and 1957 as compared 
with one of about 3000 times that  of the lake water when equilibrium was 
reached. 
i n  the bones of f ishes over a re la t ively long time during w h i c h  they are 
constantly exposed t o  tha t  nuclide i n  the natural  environment. 

Meanwhile, the SrgO content i n  the 

These findings indicate tha t  there i s  a gradual buildup of Srgo 

In various pa r t s  of the environment and the  biota,  Ophel reported concen- 
t r a t ion  factors  of 200 fo r  the bottom sediments (the top inch), 300 f o r  
aquatic plants, .750 f o r  clams, 1000 f o r  minnows and bones of mink, 1400 
f o r  bones of beaver, and 3900 f o r  bones of muskrat. Also, he theorized 
tha t  the concentration of SrgO would continue t o  increase i n  the bones 
of the mammals because par t s  of t h e i r  l i ves  had been spent i n  uncontami- 
nated areas, and they had not yet reached equilibrium with the environment. 

He concluded from h i s  findings tha t ,  because most of the Srgo was con- 
centrated i n  the bones of animals, the major pathway of radioactive 
strontium from a contaminated body of water could be from di rec t  use f o r  
drinking purposes, and not by way of food webs originating i n  the aquatic 
environment. 

Scott ( 5 )  presented a resume of findings of the U. S. Geological Survey 

363 



i n  i t s  survey of the occurrence of radium i n  natural  waters of the United 
States.  
deep wells from the north central  t o  the southwestern and Rocky Mountain 
States.  

Principal emphasis was placed on samples of water taken from 

Ball  and Hooper (4)  described a thorough study of the movement of radio- 
phosphorus through a cold-water stream ecosystem i n  northern Michigan 
during the summers of 1958, 1959, and 1960. They added 23 P32 t o  the 
West Branch of the Sturgeon River a t  a uniform ra t e  so as t o  f i x  the 
radioact ivi ty  i n  the producer leve l  of the food web within a short span 
of time. The addition of radiophosphorus w a s  repeated each year a t  the 
same location. Samples of water and of the biota  were collected periodically 
f o r  from 5 t o  7 weeks each year; the organisms sampled included the per i -  
phyton, aquatic macrophytes, invertebrates, and fishes,  representing the 
various trophic levels .  

They found tha t  the periphyton, the f i lm of microscopic plants (principally 
diatoms) tha t  covered the  rocks and other substrates i n  the stream, was 
the most important single source of biological uptake as indicated by the 
activity-density curves. However, the data were variable pr incipal ly  
because of differences i n  location, current, shading, growth rate,  species 
composition of the samples, thickness of film, and so forth.  The pat tern 
of uptake of radiophosphorus by periphyton w a s  quite different  a t  different  
s ta t ions each year; the greatest  uptake a t  a l l  s ta t ions occurred i n  1960, 
the l e a s t  i n  1959, and i n  1958 the uptake was intermediate. 
sion was tha t  most of the P32 i n  the periphyton was intercel lular .  

Their impres- 

The pr incipal  aquatic macrophytes in  the stream were the alga, Chara sp.; 
the moss, Fontinalis antipyretica; and the vascular plants,  Potamogeton 
pectinatus, Nasturtium off ic inale ,  Elodea canadensis, and Ranunculus sp. 
Of these, only the first three were abundant. 
f o r  Chara and Potamogeton were similar, but those fo r  the moss were con- 
s i s t en t ly  at  a higher equilibrium level ,  i n  most instances 2 or 3 times 
greater. 
Fontinalis and Nasturtium w a s  t ha t  they bimodal, showing a secondary r i s e  
i n  the l a t e  summer of 1960 tha t  probably resul ted from uptake following 
the decay of de t r i tus  i n  the  bottom sediments. In no instance did the 
leve ls  of radioact ivi ty  i n  the macrophytes reach those at ta ined i n  the 
periphyton. However, the year-to-year changes i n  uptake by the macrophytes 
was opposite t o  tha t  of the periphyton; the  maximum uptake by macrophytes 
occurred i n  1959 and the  lowest uptake was recorded i n  1960. 

The activity-density curves 

A n  interest ing feature of the activity-density curves of 

The studies on invertebrates did not include a l l  species found i n  the 
stream, but ra ther  were confined t o  those found i n  suff ic ient  numbers t o  
provide an adequate weekly sample and t o  those tha t  remained i n  the study 
area throughout the period of observation. The principal animals fo r  
which analyses were made included various insect larvae such as those of 
the snipe f ly ,  Atherix; the caddisfl ies,  Brachycentrus and Hydropsyche; 
the  stonefly, Pteronarcysj the mayflies, Hexagenia limbata, Ephemerella 
cornuta, and - E. needhami; the blackfly, Simulium; and the f i shf ly ,  
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Nigronia. Unfortunately, most of these invertebrates were not available 
i n  large enough numbers t o  have been sampled each of the 3 years; the only 
one was the blackfly larva. 
radioact ivi ty  one year than another, and no insect w a s  consistently higher 
i n  radioact ivi ty  every year. 

Some of the insect larvae contained more 

Ball  and Hooper found tha t  the activity-density e w e s  of the insect larvae 
suggested the following phenomena: 

1. The s imilar i ty  i n  the shape of the curve f o r  each s ta t ion  each 
year f o r  a given species indicated tha t  the curve was character is t ic  of 
the animal ra ther  than the environment. 

2. There was a wide range i n  maxima for a given species tha t  
differed great ly  from year t o  year, and appears t o  be closely related 
t o  stream conditions at  the time the observations were made. 

3. Curves were similar f o r  closely related species l iv ing  i n  
different  microhabitats. 

4. Smaller forms showed consistently higher levels  of radioact ivi ty  
than larger  forms. 

5.  Many of the differences i n  the slopes of the curves could not 
be explained on the basis of animal s ize  alone. 

6. In many instances radioactivity was being l o s t  i n  one species 
while being taken up a t  an increasing r a t e  by another species. 

The only f i shes  studied intensively were the sculpin, Cottus cognatus, 
and the brown trout ,  Salmo t r u t t a .  These animals usually retained 
radioactivity longer than many of the invertebrates, and the uptake was 
about the same f o r  both species both years they were taken (1958 and 1959). 

The broad trophic levels  could’ be quantitatively distinguished from one 
another by careful study of the activity-density curves, and the  uptake 
of radiophosphorus could readi ly’be traced on a basis of time through the 
producers, the primary consumers such as the f i l t e r  feeders, periphyton 
scrapers, omnivores, and de t r i tus  feeders, and ult imately t o  the 
carnivores as the secondary consumers. 

Minckley, Craddock, and Krumholz (6) gave a preliminary report on the 
passage of natural ly  occurring radionuclides through the food web of the 
banded sculpin’, Cottus carolinae, i n  a torrent  spring near Louisville, 
Kentucky. Bi-weekly collections of physical, chemical, snd biological 
samples from Doe Run were made from 2 s ta t ions  in , the  stream f o r  a 2-year 
period (1959-1961). The kinds of organisms comprising the food web of 
the sculpin were based on food preferences indicated by analyses of 
stomach contents of f ishes  of different  s izes  a t  different  times of the 
year. The food preferences at  the 2 s ta t ions  were qui te  different ,  and 



it w a s  obvious tha t  the sculpins preyed upon almost any animal they could 
swallow. There was a marked change i n  food habits as the f i s h  grew larger.  
A t  Station I, the small sculpins fed pr incipal ly  on chironomid and other 
insect larvae, amphipods, and isopods, but as they grew larger  t h e i r  d i e t  
included an increasing number of decapod crustaceans. A t  Station IV,  
where there were fewer amphipods and more chironomid larvae, the d ie t  of 
the small f i s h  was pr incipal ly  chironomids and t o  a lesser  extent the 
larvae of mayflies. A s  those f i s h  grew, the d ie t  included more mayfly larvae, 
and a t  an even greater size,  the  sculpins f i n a l l y  a t e  more and more cray- 
f i shes  and fishes.  A t  both s ta t ions it w a s  apparent tha t  the principal time 
f o r  feeding was i n  the ear ly  par t  of the night (from 6:oo P.M. u n t i l  
mib igh t  ). 

Analyses of the stomach contents a lso provided information on the u t i l i za -  
t ion  of foods eaten; t ha t  is ,  the amounts of foods eaten that were trans- 
fe r red  in to  protoplasm. The u t i l i za t ion  of food ranged from 5.2 t o  14.3% 
of the food consumed when compared with the weight of the f i sh ,  but was 
f a i r l y  uniform f o r  f i s h  of a l l  sizes. 
experiments w h i c h  showed that the time required f o r  the digestion and 
elimination of food materials a t  the  temperatures prevailing i n  Doe Run  
w a s  about 36 hours. 

These data were supplemented by 

Samples of the biota  from each trophic l eve l  were assayed f o r  gross beta 
radioactivity,  and the different  contributing radionuclides were determined 
by gamma-ray spectrometry or radiochemical analysis. The pr incipal  
natural ly  occurring radionuclides i n  the stream ecosystem were daughter 
products of U238 and Th232, measured as B i z 1 4  and Ac228, respectively. 
The r inc ipa l  f a l lou t  materials were Sr9O and Cs137, although some Zr95, 
R U ~ O  E and Ce14-4 were reported. 

During the  ear ly  par t  of the study and during the f i r s t  8 months of 1961, 
the  amounts of f a l lou t  materials gradually decreased u n t i l  by August 1961, 
the  natural ly  occurring radionuclides made up much the greater par t  of 
the t o t a l  radioact ivi ty  i n  the environment. 

Since September 1961 there  apparently has been a small but steady increase 
i n  accumulation of radionuclides, but the data are  too preliminary t o  
warrant c r i t i c a l  examination. The average amount of radioactivity 
carr ied by the water of Doe Run,  based on 49 1 - l i t e r  samples, was about 
l O p p C / l .  
material. A s  i s  t o  be expected, some radioact ivi ty  was accumulated by 
the different  organisms i n  the food web of the sculpin. 
the exception of the red alga, Batrachospermum moniliforme, contained 
from 8 t o  15ppc/g wet weight; 12 samples of the red alga contained an 
average of only 1.5 ppc/g. 
average of 8.8wc/g f o r  31 samples. Among the consumer organisms f o r  
which radiochemical or  spectrometric analyses are  available, there i s  an 
indication of a marked elemental s e l ec t iv i ty  of the radionuclides present. 
It has not been demonstrated that the natural ly  occurring radionuclides 
i n  Doe Run a re  u t i l i zed  i n  the metabolic processes of plants  and animals, 

The marl substrate of the stream contained about 4ppc/g of 

The algae, with 

The moss, Fissidens julianus, contained an 
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For the dar ter  Etheostoma f label lare ,  the average of 15 samples was 
3.0 ppc /g with a range from 0 t o  5 ppc/g. Both of these species were 
taken only from Station IV. 
from both stations,  the average f o r  9 individuals from Station I was 
1.2 pvC/g of which about g$ w a s  contributed by Srgo and Cs137, whereas 
f o r  6 individuals from Station IV, the average was l.OppC/g of which 
'43$ of the radioactivity was from Sr90 and Csl-37. 

In samples of the sculpin, which were taken 

Based on our over-all  data, we found tha t  there w a s  a decrease i n  the 
amount of radioactivity per gram of food ingested by sculpins i n  Doe Run 
as those f i s h  increased i n  size. However, the r a t e  of t ha t  decrease did 
not correspond with the ra te  of decrease i n  the radioactivity of the 
f i s h  themselves, and we believe tha t  an actual  change i n  metabolism i s  
as important i n  determining the accumulation of radioactivity as a re  the 
amounts of radionuclides ingested. From the data, we calculated tha t  the 
percentage of ingested radioactivity retained i n  the body of the sculpin 
i s  re la t ive ly  high early i n  l i f e  (6.59), but tha t  jus t  before maturity 
i s  reached tha t  percentage drops t o  about 1.5% and then increases very 
slowly throughout l i f e  but does not exceed about 2.5%. 

Davis, Hanson, and Watson (13) i n  speaking of the e f fec ts  of environmental 
factors  on the accumulation of fa l lou t  on natural  populations, stressed 
the differences i n  the sorption of f a l lou t  materials as  influenced by 
the amount of r a i n f a l l  available for dilution. 
Uhler (14) showed experimentally tha t  there w a s  a direct  relationship 
between the uptake of Cs137 and the amount of water i n  the system, Davis 
and h i s  coworkers showed tha t  the relationship does not pers i s t  as the 
amount of water continues t o  increase. They compared the amount of fa l lou t  
radionuclides i n  plants  from w e t  tundra i n  a rc t i c  Alaska with emergent 
aquatic plants  from a shallow pond i n  the same region, and a t t r ibu ted  the 
lower leve ls  of radionuclides i n  the aquatic plants  t o  the di lut ion of 
f a l lou t  by the pond water and t o  the removal by plankton organisms. Also, 
they showed tha t  i n  two species of birds, the ptarmigan which inhabits and 
feeds i n  the tundra and the oldsquaw duck which feeds i n  the pond, the 
ptarmigan consistently accumulated greater amounts of fa l lou t  radionuclides 
than did the duck. There, they said tha t  the lower levels  of radioactivity 
i n  the  ducks demonstrated the importance of radionuclide content i n  the 
primary producers on the amounts accumulated i n  organisms of the higher 
trophic levels.  

Although Pendleton and 

Those same men showed tha t  water drained from a barren, high-altitude 
watershed i n  Washington State  carr ied the radioactive fa l lou t  material 
t o  a small lake, and tha t  the moss l iv ing  at  the brim of a waterfall  a t  
the overflow of the lake essent ia l ly  functioned as a f i l t e r  f o r  the 
radionuclides i n  the water, and as  a resu l t  contained from 4 t o  11 times 
as  much radioactivity as moss collected from an exposed s i t e  i n  a nearby 
ra in  forest .  

By contrast, Osburn (15) reported that  i n  the alpine tundra of Colorado 
the fa l lou t  materials brought down by the snowfall were essent ia l ly  



f i l t e r e d  out as the m e l t  water passed through the accumulated organic 
de t r i tus  i n  the region, and w a s  v i r tua l ly  f ree  from radioactive contamina- 
t i on  by the time it reached the streams. Osburn, too, found tha t  the 
mosses i n  the tundra were excellent f i l t e r s  f o r  radioactive fa l lou t  
materials. 

In another study-n conducted a t  the University of Louisville, under the 
sponsorship of the Ohio River Valley Water Sanitation Commission (ORSANCO) 
(see papers l i s t e d  as Anonymous (16)) an e f for t  was made t o  determine the 
amounts of radioactive fa l lou t  accumulated i n  various par t s  of the ecosystem 
of the Ohio River. 
trophic leve l  i n  the stream were collected a t  various times of the year 
m d  assayed f o r  gross beta radioactivity.  The amounts of radioactivity 
i n  samples of water from the r iver  near Louisville gradually declined 
from about 75 t o  85 wc/l i n  the summer of 1958 t o  from 9 t o  80 w c  /1 i n  
1959. 
acre lake i n  southern Indiana near Louisville gradually increased from an 
average of about 120 PCrC /1 i n  1958 t o  an average of nearly 135 ppC/l by 
l a t e  1959. These preliminary data indicate tha t  as the t o t a l  amount of 
worldwide fa l lou t  gradually decreases, the stream ecosystem gradually 
cleans i t s e l f  of the accumulated radioactive materials, whereas those 
long-lived radionuclides impounded i n  a more or l e s s  stationary body of 
water w i l l  remain there for  the r e s t  of t h e i r  physical half  l ives .  Also, 
as  succeeding rains wash i n  more and more fa l lou t ,  even though the t o t a l  
amount may be decreasing each year, there w i l l  be a gradual buildup of 
those long-lived f i ss ion  products i n  the impounded area. 
probably occurs throughout the world, and would be especially evident i n  
areas where small impoundments are  used as water supplies fo r  livestock. 
Most such ponds a re  constructed so tha t  nearly a l l  the water from the 
watershed w i l l  be contained within the pond, although provisions are  made 
f o r  an emergency spillway t o  take care of intermittent flooding. 

Samples of water and different  organisms from each 

A t  the  s e e  time, the levels  of gross beta radioactivity i n  a 70- 

Such a condition 

Another series of data that corroborates these findings concerns the 
f ishes  i n  the two environments; the radioactivity i n  3 small b luegi l l s  
lLepomis macrochirus) from the Ohio River amounted t o  about 7ppC /g 
f o r  the whole f i sh ,  while f o r  6 b luegi l l s  from the lake the average 
accumulation amounted t o  about 23 wc /g. 

Samples of organisms taken from the Ohio River during t h i s  ORSANCO- 
University of Louisville survey indicated tha t  the filamentous algae 
accumulated gross beta radioactivity )up t o  about 9OppC/g, and tha t  
net plankton taken i n  tows with a 20-mesh s i l k  bolting cloth ne t  contained 
about 40 ppc /g wet weight. 
muscle, and l i v e  sna i l s  up t o  about 40 WC /g. 
quite selective i n  t h e i r  metabolism of radionuclides since t h e i r  excrement 
contained up t o  about 200 W C  /g. 
picked up along the rqver bank did not contain measurable amounts of 
radioactivity.  

Live clams accumulated up t o  30 ppc /g. of 
Apparently the sna i l s  were 

The she l l s  of dead clams and sna i l s  

*This project i s  under the direction of Dr. W i l l i a m  M. Clay 
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Among 11 species of f ishes  sampled, the amounts of gross beta radioact ivi ty  
ranged from 0 t o  20 w c / g  of whole f ish,  and there was a marked range of 
accumulation f o r  individuals within each species sampled. Using two common 
food fishes,  the channel ca t f i sh  ( I c t a lums  punctatus) and the freshwater 
drum (Aplodinotus grmnniens), as examples, there w a s  a marked l o s s  i n  
radioactivity f o r  f ishes  of the same s ize  range from 1958 t o  1960. 
radioactivity i n  17 individual ca t f i sh  ranged from 3.3 t o  7.3 ppc/g, 
and i n  36 individual drum it ranged from 1.3 t o  10.9 wc/g,  55th resFective 
averages of 5.3 and 4.5 wc/g.  By 1960, i n  51 catf ish collected and 
assayed during the f i rs t  half  of the year, the range had fa l len  t o  frsE 
0.7 t o  3.0, with an average of 1.5 wc/g, and f o r  136 drum the range wa8 
from 0 t o  4.2 with an average of 1.5 ppc/g. A l l  assays were made on 
individual whole f i s h  tha t  ranged i n  weight from 3 t o  15 g. From these 
data it i s  apparent t ha t  there i s  a direct  correlation between the amount 
of radioactivity i n  the  r iver  water and tha t  of the f i s h  l iv ing  i n  the 
water; t h e  average radioactivity i n  the water i n  1958 was about 80 ppc/l  
and i n  ef960 was about 32, whereas i n  the ca t f i sh  and drum the average 
radioactivity was 5.3 and 4.5 Wc/g, respectively, i n  1958, and i n  1960 
was 1.5 f o r  each species. 

The 
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DISCUSSION 

Mr. Alfred W. Klement, Jr., C h a i r m a n  of the session, 
directed the discussion of the three review papers presented. 

KLEMENT: 
selves, a great deal of the work in these areas has been done by the 
individuals here, including a number of' people in the audience. 
among the group here we can discuss these subJects in some detail. 

While these have been summaries of a number of papers them- 

I think 

HELD: 
activity in plants after burning of an area? 

Dr. AUERBACH, to what do you attribute the reduction of radio- 

AUEREACH: 
to residual contamination on the foliage, and burning the plants simply 
releases the ions, and the materials are fixed in the soil surface and 
are either not as leachable or as available as the Ca, the K, and the 
other elements in the plant materials. 

I think the greater accumulation on unburned grass was due 

GLASS: You suggested controlled burning as a possibility. What is 
likely to happen to the radionuclides then? It reminds me of the person 
who tried to get rid of poison ivy by burning it and had one of the worst 
attacks I have ever seen, because of the effects of the smke. 

AUERMCH: This would depend on the particular nuclides. Elements such 
as Cs are not very volatile under 450' C, nor is Sr very volatile under 
this temperature. And I think in most grass burning you would not achieve 
those temperatures. The application I had in mind was really for large 
installations. Rather than attempt to harvest and remove the crops to 
reduce a localized contamination problem, it might be equally satisfactory 
to use the burning method. 

GLASS: It is transferred to the soil, then, isn't it? 

AUERBACH: Yes. 

RUSSELL: 
and their sedimentation rates? 

9 

Have m y  measurements been made of the Pu content of fresh waters 
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KRUMHOLZ: I don't know of any, perhaps Jer ry  MVIS knows of some. 

Jared J. DAVIS: 
Washington). 

(Hanford Laboratories, General Electr ic  Co., Richland, 
I know of no such measurements. 

GRUMMITT: 
wells and loca l  lake a t  Chalk River. The levels  a r e  so low as t o  be almost 
immeasurable, ranging from 2 X 10-3 t o  10-2 ppc/l. 

DAVIS: 
reindeer among the Irtplanders. We have been conducting some studies 
that are quite comparable t o  t h i s  i n  the A r t i c  with caribou, which are 
the same as the reindeer. 
comparable t o  those found i n  Lapland reindeer. 
t o  lichens a l so  as a source of Cs t o  the reindeer. We, also,  a re  sampling 
lichens. 
the plants we have sampled i n  the Artic. 
lichen community, and we failed t o  f ind  any lichen i n  i t s  gut content. 
gut content seemed t o  contain largely sedges, willow, and other miscellaneous 
plants from the tundra. Generally we f ind  the highest levels  of radio- 
nuclides i n  the vegetation from marshy areas. This would help expladn the 
higher l eve l  i n  reindeer, o r  caribou, I think. Now, animals such as the 
ground squirrels  will have s ignif icant ly  lower radioact ivi ty  i n  the f l e sh  
than will the f l e sh  of reindeer on the order of 4 t o  20 times lower. 

We have made some measurements on the Ottawa River, i n  shallow 

E a r l i e r  t h i s  morning there arose the question by Langbam of the 

We are finding levels  of Cs i n  caribou quite 
The same report  referred 

Lichens do have about the  highest concentration of Cs of any of 
However, I shot a caribou i n  a 

I ts  

1 was interested i n  the discussions about the levels  of radioactivity.  If 
we grossly compare the levels  of radioact ivi ty  in vegetation from comparable 
communities i n  the Arctic versus comparable r a i n f a l l  areas i n  Washington 
(State) ,  we f ind  that the levels  are a l i t t l e  higher, i n  the Arctic on the 
order of about twice as high. 

KRUMHOLZ: There seems t o  be a contradiction between w h a t  you j u s t  said and 
the statement I referred t o  i n  your paper i n  which you said the amount of 
radioact ivi ty  i n  the aquatic plants was lower than i n  the  t e r r e s t r i a l  plants. 
Here you say, the ugtake was higher i n  aquatic plants.  

BIVIS: 
occur i n  plants from marshy sreas, as mentioned this morning where it is  
moist. 
apparently takes over. So i f  you take soil of f i e l d  capacity and increase 
the amount of moisture from moist s o i l  t o  a marshy area, there i s  a marked 
increase in radioactivity,  evenin the same species of plant. However, i n  a 
t r u l y  aquatic si tuation, fo r  example, i n  a point 8dm deep, there w i l l  be a very 
def in i te  decrease. The lowest we have found occurred i n  emergent plants  t h a t  
did l i v e  i n  polads. A deep pond would have a very, very low concentration of 
radioact ivi ty  i n  i t s  biota. There a r e  a l s o  plants i n  dry habitats that have 
high levels, and lichen i s  one good example. This is due, of course, t o  i t s  
peculiar habits. It is perennial, l iv ing  there fo r  years and years, and is 
hygroscopic. 

There are exceptions t o  the rules, but the highest levels  usually 

If the water becomes too deep,.there is  a -d i lu t ion  fac tor  that 

Such special  properties make the picture a l i t t l e  different .  
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With some of the laboratory experiments a t  Hanford, we find i f  you go 
into a very dry situation, the accumulation of C s  i s  amplified again. 
So we know that under very dry conditions there may be an increased 
uptake 
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I 

STRONTIUM AND BARIUM I N  BONE AND DIET 

William E. Grummitt 
Chalk River Project 

Atomic Energy of Canada Limited 
Chalk River, Ontario, Canada 

INTROlXTCTION 

48 O f  
One of the problems associated with the prediction of the effec 
fallout from nuclear weapons is the calculation of levels of Sr 
in bone from known intakes in diet. Perhaps the easiest way of 
achieving this is by measuring the natural Sr content of the com- 
ponents of diet and relating this in turn to bone, 

The results can be used either directly for calculating Sr90 specific 
activities and hence equilibrium bone levels, or alternatively, all 
measurements can be related to Ca in which case the bone level is 
calculated by means of the O.R. (observed ratio) bone/diet. In actual 
fact it makes little difference which method is used, as Ca data are 
available anyway and the result is identical in each case. However, 
the use of O.R.'s is slightly more complex and tends to confuse the 
layman, 
avoided if a reliable value for the O.R. were available from an 
independent experiment. Such is not at present the case. 

Measurement of stable Sr concentrations could possibly be 

EXPERIMENTAL 

In the present study, both Ba and Sr were measured by neutron activa- 
tion analysis of the ashed material. Samples of produce were collected 
in as representative a manner as possible, frequent assistance being 
obtained from the Department of Agriculture. Activation analysjs was 
chosen because: 

(a) its reliability is good (estimated coefficient of 
variation f 2%), 

376 



(b) 
(c) 

it offered the possibility of doing Sr and E3a simultaneously, and 
samples differed widely in type and composition. 

For this type of sample neutron activation was more rapid than flame 
photometry. 

Results 

- Diet. Let us first of all consider Sr in diet, then for comparison 
look at the results for Ba. Some 30 components of diet have been 
analyzed for these two elements and for Ca. Items were selected on 
the basis of their relative importance in diet and samples were 
collected in several Canadian cities in order to give as representa- 
tive a value as possible. 

The results for Sr fall in a fairly narrow range, when expressed per 
gram of Ca. For instance: cereals,lugmes, nuts and vegetables lie 
in the range 1.4 to 8.2 mg/g Ca and animal products such as meat, 
milk and bone lie in the range 0.39 to 0.74 mg/g Ca. 

The total daily.intake is found to be 1.29 g of Sr and 0.40 g of 
Ba. In awlmost a11 instances we have underestimated the Sr content 
of food so that additional analyses have increased the apparent 
Sr intake. 

Ba results show considerably more scatter from sample to sample than 
Sr, no matter what basis is chosen for comparison. Values ranging 
from 0.6 to 12 mg/g Ca (leafy vegetables to bran) are considerably 
higher than those for animal produce which range from 0.02 to 0.8 
mg/g Ca. This is 5 to 10 times as great a spread as that observed 
in the Sr results. 

Ba in the Canadian diet appears to be-derived about 25% from milk,  
25% from flour and up to 25% from potatoes. In contrast, milk is 
the only major contributor of Sr to the diet. 

Distribution in Bone. 
we have studied the distribution of Sr in the population and in 
various components of the skeleton. A'limited number of results 
have indicated that the skeletal distribution of Sr is nearly normal 
with minimum and maximum limits of only 0.7 and 1.3 times the mean. 
There appears to be no tendency to concentrate in a particular bone. 

In order to assess the value of bulk samples, 

The population distribution, on the contrary, is rather skewed with 
some values up to 7 times the mean (Fig. 1). At the moment it is 
not known whether the second peak reflects a difference in composi- 
tion of diet but the asymmetry is present whether one uses data from 
a single city (Montreal) or combines these to produce a composite 
diagram. 

3'77 
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Figure 1. Distribution of natural S r  in the population, expressed per  gram of Ca in bone. 
depicts the number of samples which have a Sr/Ca ratio within a given concentration interval. 

The histrogram 

( 1) The r e s u l t s  are q u i t e  d i f f e r e n t  from those of Thurber and Kulp 
f o r  New York Ci ty ,  who r epor t  a normal d i s t r i b u t i o n  and values  of 
only twice the  mean. 

A t  t h i s  po in t ,  some comment about high values  might be des i rab le .  
The f i r s t  of t hese  was  obtained some years  ago and w a s  sub- 
E tan t i a t ed  by dup l i ca t e  analyses .  
ca ted ,  bu t  fo r tuna te ly  3 o the r  bones were a v a i l a b l e  from the  same 
skeleton.  

The second w a s  s i m i l a r l y  dupl i -  

The analyses  of these  gave: 

Vertebra 1530, 1509 pg/g C a  

Sternum 1570 

Rib 1360 

Long Bone 830 

I 1  I t  

11 I t  
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For comparison, t he  median fo r  the  c i t y  of Montreal was about 280 
IJ.g/g Ca .  

No age e f f e c t  w a s  observed i n  t h i s  study, the  d i e t  apparently being 
s u f f i c i e n t l y  constant with age t o  minimize such e f f e c t s .  
f o r  the  0 t o  19 and 20 t o  70 year o l d  groups are 300 and 320 pg/g 
C a  respec t ive ly .  

Averages 

The shape of the  d i s t r i b u t i o n  curve f o r  B a  i s  a l s o  skewed with values 
up t o  5 times the  mean. 
t he  Ba r e s u l t s  show more scatter than those fo r  S r ,  p a r t i c u l a r l y  
f o r  various bones within a s i n g l e  skeleton. 
no c o r r e l a t i o n ,  i .e.  high B a  concentrations are inva r i ab ly  assoc ia ted  
with mean S r  concentrations.  This suggests t h a t  t he  observed e f f e c t  
i s  a r e s u l t  of d i e t a r y  r a t h e r  than metabolic f ac to r s .  

As one might expect from the d i e t  study, 

Ba and S r  r e s u l t s  show 

Observed Ratios. The skewed d i s t r i b u t i o n  makes i t  somewhat d i f f i c u l t  
t o  assess the  r e s u l t s .  It is a t  present not c e r t a i n  whether an 
o v e r a l l  average should be disregarded. The dec is ion  might be e a s i e r  
if SrgO r e s u l t s  were known t o  c o r r e l a t e  with high n a t u r a l  S r .  

Two values f o r  t he  O.R. (bone/diet) are consequently obtainable fo r  
each age group. These are: 

Sr/Ca O.R. 's (bone/diet) 

Mean - Mode - A g e  GrouE No. of Samples 

0-20 years . 25 0 . 2 4  0 . 2 4  

20-70 " 5 6  0 .22  0 .26  

0- 5 100 Teeth - 0 . 2 6  

As you can see, a l l  values f o r  the  observed r a t i o  are i n  the  
neighborhood of 0.25 with the  mean about 15% higher than the mode. 

S imi la r  ca l cu la t ions  f o r  B a  give: 
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Ba/Ca  O.R. 's (bone/diet)  

Mean 

0-70 year  0.05 0.07 

- Age Group Mode 

The spread between the  mode and the  mean B a  O . R . ' s  is about twice 
as l a r g e  as f o r  Sr .  

I f  we now compare B a  with S r :  

Ba/Sr O.R. ' 6  (bone/diet)  

Mean 

0-70 year  0.25 0.28 

- Age Group Mode 

You w i l l  note t h a t  t h e  B a / G r  and Sr/Ca O.R.'s are remarkably 
similar. It is i n t e r e s t i n g  t o  specula te  t h a t  t h i s  t rend  should 
be c a r r i e d  over the  last member of t he  series, Ra, which might 
be expected t o  have an O.R. (Ra/Ca) approximately 1/4 of t h a t  
repor ted  f o r  t he  B a / C a  ra t io .  

Reference 

1. Thurber, D. L., J. L. Kulp, E. Hodges, P. W. Gast, and 
J. M. Warnpler. Common stront ium content  of the  human skeleton.  
Science 128: 256-257 (1958). 
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THE EFFECT OF DEPOSITION RATE AND (XMULATIVE SOIL 
LFVEL ON THE CONCENTRATION OF STRONTIUM-gO IN U. S. MILK 

AND FOOD SUPE’LIEP 

Harold A. Kmpp 
Fallout Studies Branch 

Mvision of Biology and Medicine 
U. S. Atomic Energy Commission 

Washington, D. C. 

The object of this report has been t o  seek an approximate, quantitative 
description of the way i n  which the Srw l eve l  of the avera e United States 

and upon the average Srw deposition Gate. 
the data as appear j u s t i f i ed  have also been noted. 
ment, the milk levels are expressed i n  ppc Srw 
g C a  (or  strontium uni ts) ,  s o i l  levels as mc 
as me Srp/ni.2/mo. 

Met levels  of Srw are interesting primarily as a means of estimating 
current and future bone levels. 
diet  levels  from nuclear t e s t in8  conducted through 1958 has been tbat  of 
estima ing i n  w h a t  way past diet levels  have been influenced by the rate 
of Srd fal lout ,  and i n  w h a t  way by the accumulated amounts of Srw i n  so i l .  

M i l k  is the com onent of the U. S. d i e t  which has been most comprehensively 

less than half of the to6al amount of t h i s  nuclide i n  the average adult  diet, 
it appears to re f lec t  the average S r w  content of this diet. 
infants it might be taken t o  represent the en t i re  diet. A study by Consumers 
Union (1) of whole diets i n  8 U. S. cities i n  November 1959 found that the 
average strontium unit  level  of the diets m s  1.2 times that of the average 
m i l k .  The data fo r  the Consumers Union study are shown i n  Table 1. 
* During the conference only a very brief sumDPary was presented. 

d i e t  has been dependent on the average cumulative leve l  ---% of Sr i n  the so i l ,  
Such other observations from 

For quantitative treat- 

and deposition rates 
od levels i n  ppc S r w /  

A major uncertainty i n  predicting future 

measured fo r  Sr Bo t o  date. Even though it has been estimated as contributing 

For very young 

A three 
The 

paper included here is  reproduced i n  edited forni without appendices 
from Mvision of Biology and Medicine, U. S.Atoniic Energy Cornmission 
report TID-13945, October 1, 1961. 53pp. 
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c i t y  diet by the U. S. Atomic Energy Commission's Health and Safety 
Laboratory (HASL) (2) i n  the spring and fa l l  of 1960 gave an average 
leve l  fo r  the diet which was 1.5 times that of the average milk. 
data from the HASL study are shown i n  Table 2. 

It is far from cer tain that future average S r w  levels i n  whole diet and 
m i l k  will continue t o  have a r a t i o  i n  the range of 1.2 - 1.5, although 
lacking any additional data, such an  assumption is perhaps not unreasonable. 
If then it is possible t o  es tabl ish from past data an approximate quanti- 
t a t i ve  relat ion between average Srw s o i l  levels  and deposition ra tes  (as  
independent variables), and udlk levels  (as the dependent variables) , there 
is some basis for  using prodected s o i l  levels  and rate data t o  estimate 
future levels of S r w  i n  milk and the whole diet. 

The 

TABLE 1 

S r w  i n  M2lk and in Whole Diets" 

City where Strontium uni ts  Strontium u n i t g  
in milk i n  t o t a l  d ie t  Milk Sample taken - 

Washington, D. C. 

Atlanta, Georgia 

Louisville, Kentucky 

New Orleans, Louisiana 

BOston, Massachusetts 

St. Louis, Missouri 

Brooklyn, New York 

Pittsburgh, Pa. 

Average 

9-3 

8.0 

10 .o 

16.2 

9.0 

12.1 

10 .g 

11.6 

10 e 9  

11.2 

3-3-05 

9.4 

16.7 

15.5 

15 *9 

12.2 

13.2 

13.2 

1.20 

1.44 

994 

1.03 

1.72 

1.31 

1.12 

1.14 

1-23 

* Samples taken by Consumers Union i n  November 1959(1) 

It has been evident fo r  some time that the re la t ive ly  heavy Srw fal lout  rate 
which occurred over the United States during March, April, and May of 1959 
caused temporary high concentration oe S r w  i n  U. S. milks, although u n t i l  
recently it has not been possible t o  say wifh much assurance w h a t  f'raction 



of that  increase was i n  some way d i rec t ly  r e l a t ed . to  the deposition r a t e  -- 
presumably resul t ing in di rec t  f o l i a r  contamination -- and w b t  f ract ion due 
t o  the cumulative levels  of Srw i n  the  s o i l  and the root mat system. 
major d i f f i c u l t  

the same area. 
of the U. S. Public Health Service (PHS). 
shed areas where m i l k  has been routinely sampled since May 1957 (The USPHS Raw 
Milk Sampling Program) have there a l so  been measurements of the Srw deposition 
rate o r  measurements of Srw i n  the soil", and only i n  two of the metropolitan 
areas seved i n  par t  by milk from the sampled milksheds, namely New York and 
Sa l t  Lake City, have there been both rate and so t1  measurements. 
routine 4 month timelag i n  
USPHS milk samples. The Sr  monthly deposition rates measured by HASL a r e  
currently analyzed and reported about 9 months after collection. 
these sampIes have been lo s t ,  some give large variations in the measured value 
when the measurements are repeated, and since May 1960 the data have been re- 
ported only f o r  bimonthly periods. 

I n  addition t o  the d i f f i cu l t i e s  due to the available data (o r  the lack of it), 
nature has seemingly conspired t o  make the infoncation which does exist quite 
d i f f i c u l t  t o  interpret .  Different locations have had widely differ ing Sr  90 
deposition rates, cumulative levels,  and amounts of r a in fa l l .  So i l  vary 
widely i n  their calcium content, and presumably therefore i n  the Sr%uptake 
by plants for & given cumulative leve l  of SrW i n  the soil. 

*There have been rate measurements i n  New York, Chicago, and Salt Lake City, 

The 
in untangling these influences tss  been the lack of quantita- 

t i v e  data on Sr  53 deposition rates and s o i l  levels,  and on milk levels  from 
The most comprehensive milk analysis programs have been those 

However, in none of the 5-10 milk- 

There i s  a 
reporting of resu1.t~ from the analysis of the 

Many of 

but the milksheds of these areas cover several counties between 50 and 150 
miles away from the metropolitan areas. 

TABU 2 

SrgO i n  Milk and Whole Diet" 

c i ty  Date Strontium Units Stronti-~un Units D i e t  / - 
Milk Whole Diets Milk 

New York, 

New York, 
New York March 1960 9.1 

New York June 1960 10.1 

I l l i n o i s  WY 1960 6.2 

I l l i n o i s  Sept. 1960 5 1  

Chica$o, 

Chicago, 

San Francisco, 

San Francisco, 
California March 1960 4.0 

California August 1960 1.8 

11.4 1.25 

12.3 

11.1 

1.22 

1.80 

7.6 1.49 

5.3 1.32 

3.1  1.72 

Average 6.05 8.5 1.5 
* Results from HASL Tri-City Diet Study 
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Rainfall  may be expected t o  influence the uptake due t o  cumulative l e v e l  
as w e l l  as the deposition rate i tself .  
l eve l  i n  depth, and i t s  rate of change with time var ies  from s o i l  t o  s o i l ,  
and so on. I n  view of the complexities of the problem and the incomplete- 
ness of the data, it may very w e l l  be that a r e l a t ion  of the type sought 
here is  far too simple t o  give valid projections of future  diet leveks, o r  
t o  apply t o  d i f fe ren t  f a l l o u t  s i tua t ions  than the  one from which it was 
derived. On the other hand, lacking other evidence, it is not unreasonable 
t o  use the quant i ta t ive r e l a t ion  developed here between the average l eve l  
of Srw i n  U. S. raw milk,  the average U. S. deposition rate of SrgO, and 
the  average level  of Sr9O i n  the s o i l  as a basis fo r  estimating the average 
leve ls  of Srgo which might be expected i n  U. Y. m i l k  as the r e s u l t  of varying 
degrees of atmospheric tes t ing .  One would not expect the r e l a t ion  developed 
t o  provide a meaningful estimate of SrgO milk leve ls  i n  the U. S. i n  a period 
immediately following a nuclear a t t ack  i f  a majority of the dairy c a t t l e  had 
been k i l led .  It might, however, be possible t o  develop similar re la t ions  
with d i f fe ren t  coeff ic ients  t o  apply t o  various milk producing areas where 
the c a t t l e  had survived a nuclear war and were able t o  obtain t h e i r  pr incipal  
food by grazing. 

Distribution of t h e  cumulative 

Previous Models 

I n  their  testimony a t  the 1959 Congressional Hearings on Fallout from 
Nuclear Weapons Tests, Langham and Anderson ( b ) ,  describe a method f o r  
predicting average milk concentration from average s o i l  levels ,  i. e. 
neglecting the e f f e c t  of f a l lou t  rate. Following Libby this model 
assumes an average os 20 g of avai lable  calcium per f t .$ of s o i l  t o  a 
depth of 2.5 in., so that 1 mc Srw/mi.2 would give 1.8 vpc Srw/g Ca 
i n  the  s o i l  t o  this depth. 
is  such that the S r w  t o  calcium r a t i o  i n  milk i s  0.13 times S r p  t o  
calcium r a t i o  i n  s o i l .  

They fur ther  assume t h a t  the discrimination 

T h i s  gives t h e  r e l a t ion  

ppc Srm/g C a  i n  milk = (0.234) (mc Srg'/~ni.~ on the ground). 

Since 1 l i t e r  of milk has approximately 1.1 g of Ca, one may write 

ppc Srgo/l mi lk  = (0.258) (mc Srw/mi.2) 

u 1/4 (mc Srg0/mi.2). 

In' an a r t i c l e  i n  1960, Burton, Milbourn, and Russell  ( 5 )  conclude with 
respect t o  milk i n  the United Kingdom that 



"At the present time (1958) about 20 per cent of 
the strontium 90 i n  milk is due t o  absorption from 
the soi l ;  furthermore, it appears that if the present 
cumulative deposit were more thoroughly incorporated 
i n  the so i l ,  it would lead t o  a l eve l  in m i l k  of 
approximately 12 per cent of that now dbe t o  world-wide 
fal lout .  '* 

Burton, e t  al. did not suggest that t h i s  conclusicin applied t o  any s i tua t ion  
other than that of the United Kingdom i n  1958. 
a l ized  by Kulp, Schulert, and Hodges (7): 

T h e i r  conclusion was gener- 

"Evidence has been accumulating t o  show that d i rec t  uptake 
of strontium-90 from rain by plants is the dominant mechanism 
by which strontium-90 enters  the diet of human beings. 
most def ini t ive experiment was done by R.  S. Russell 's group 
a t  the Agricultural Research Council Radiobiological Labora- 
tory  i n  the United Kingdom (6). In  this it was shown from 
the a c t i v i t y  i n  m i l k  produced. i n  England and Wales i n  1958, 
that  no more than 20 percent of the strontium-90 i n  the 1958 
diet could be accounted fo r  by uptake by grass through the 
s o i l ,  and thus that 80 per cent must have been taken in to  the 

The 

grass d i r ec t ly  from rain.  
weather conditions of 1954 through 1959 vas much more important 
t h n  the cumulative deposit i n  determinirs the dietary level. 
Since the rate of f a l lou t  has already dropped below the 1958 

Thus, the rate of fa l lou t  under 

level,  it appears that the peak of stronl;ium-90 emcentration 
in the world diet has already. occurred, i n  1959, and the peak 
i n  newly depositing bone w i l l .  occur this year. (Emphasis added) 

"F'rom the inventory values, and the residence time indicated 
above, and the value of 20 per cent for the contribution of 
the cumulative deposit t o  the leve l  of strontium-90 i n  the 
skeletons of people of any age as a resuztt of nuclear t e s t  
t o  date.n 

The conclusions reached i n  this paper suggest that it was an er ror  f o r  Kulp, 
Schulert, and Hodges t o  have accepted the conclusions of Burton, Milbourn, 
and Ruesell with respect t o  the Srw content of m j i l k  products i n  England 
and Wales i n  1958 and applied t h e m  without qual i f icat ion t o  total diets 
throughout the en t i r e  world from 1954 thru  1959. 

The Data 

I. 
is collected once each month by a l oca l  public hes l th  representative from a 
milk receiving s t a t ion  which supplies milk t o  a metropolitan area and whose 
source of supply is  a milkshed area the s ize  of several counties. Seven of 

The Milk Data. The milk analyzed under the PIIS Raw Milk Sampling Program 



9 metropolitan areas by which the sample is  ident i f ied i n  the monthly reports 
of the PHS are not located i n  the mIIbhed from which the m i l k  was obtained, 
and may i n  f a c t  be a considerable distance from the milkshed. 
from New York and St.  Louis, Missouri, for  example, come from counties approxi- 
mately 150 m i .  away from these c i t i e s .  A more detailed description of the PHS 
m i l k  sampling program i s  given i n  Appendix I of TID-13945, and i n  (3) 

The r e su l t s  of the monthly milk analysis (3)  fo r  each of the milkshed areas 
a re  plot ted i n  Figs. la, lb, and l c ,  and the average f o r  a l l  areas i s  plot ted 
i n  Fig. 2. It 
should be noted that each month's milk sample was not always collected on the 
same day i n  each of the metropolitan areas, and tha t  each metropolitan area's 
monthly milk sample was not always collected on the same day of the month for  
every month. This f a c t  was not taken in to  account when Figs. 1 and 2 were 
plotted; the monthly values shown there are a l l  treated as i f  they were 
collected on the middle of each month. Whence estimates of, say, the time 
a t  which the maximum reported m i l k  values occurred may be off by half a month 
i n  either direction. 

The samples 

The basic data are reproduced as Appendix 11, of TID-13945. 

U s e  of the PHS milkshed data t o  d r a w  conclusions as t o  the average l eve l  of 
Srw i n  U. S. m i l k  supplies since mid-1957 raises the question as t o  howwll 
the  PHS data represent the U. S. average, par t icular ly  i n  the first year when 
the only information came from the New York, Cincinnati, S t .  Louis, Sa l t  Lake 
City, and Sacramento milksheds. The information available suggests that, 
lacking more detai led data, it is  not an unreasonable estimate. 
Utah, and Overton, Nevada, included i n  the PHS program because of their 
proximity t o  the Nevada T e s t  Site, hsve been included i n  the m i l k  data 
considered here on the grounds that they would weight the limited data too 
heavily toward an area of the country too dry t o  be representat i  e. 
milksheds have had a much lower than average concentration of Sr30 i n  milk.) 
If, i n  Fig. 3, one continues t o  plot  the average m i l k  levels  of the or ig ina l  
5 s ta t ions  a f t e r  the addition of the Atlanta, Austin, Chicago, Spokane, and 
Fargoboorehead milksheds, the agreement is quite close. 
PRS program f o r  sampling processed m i l k  a t  60 points of public dis t r ibut ion 
throughout the U. S. has been reporting data ( 3 )  since July 1960. 
of these r e su l t s  is  a l so  shown i n  Fig. 2, and is  seen t o  be i n  no substant ia l  
disagreement with the average of the milkshed data. 

St.  George, 

(These 

m e  newly established 

The average 

It should be noted that some of the first samples reported here f o r  the Sa l t  
Lake City milkshed are not i n  agreement with those previously published by 
the PHS. The data plot ted here include the corrected values provided by the 
PHS. 

11. The S r s  Deposition Rate*Data. 
measured by HASL a t  29 locations throughout the 48 continental States  of 
the United States.  The location of the measuring stations,  the two principal 
methods f o r  measuring S r w  deposition, and discussions of the accuracy of 
measurement are given i n  the quarterly summary reports (2). 

The monthly deposition of Sr9' is 
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FIGURE 1C PUBLIC HEALTH SERVICE MILKSHED DATA 
FROM RAW MILK SAMPLING PROGRAM 
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I FIGURO 2 

AVERAGE M O N T H L Y  CONCENTRATIONS OF SR 90 IN MILK SAMPLED IN PUBLIC HEALTH SERVICE 
MILKSHED AREAS THROUGHOUT THE U. S., TOGETHER W I T H  VALUE COMPUTED FROM THE FORMULA 
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For the purpotie of this analysis,  the average monthly Sz? deposition on 
the U. S.  ( i n  mc S r ~ / m i . 2 )  was computed using available data from 10 
fa l lou t  measuring s ta t ions  located as close as poEbsible t o  each of the 
metropolitan areas f o r  which the PRS milkshed data a r e  reported. 
metropolitan areas and the HASL col lect ion s ta t ions  selected are:  

The PHS 

PHS Metropolitan Areas HASL Coll.ection Stat ion 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

a. 
9. 

Atlanta, Georgia 

Austin, Texas 

Chicago, I l l i n o i s  

Cincinnati, Ohio 

New York, New York 

Sacramento, California 

Salt Lake City, Utah 

Spokane, Washington 

St .  Louis, Missouri 

Birmingham, A l a b a m a  

Houston, Texas 

Chicagq (Lemont) I l l i n o i s  

PBttsburgh, Pennsylvania 

New York, New York 

West Los Angeles, California 

S a l t  Lake City, Utah 

Medford, Oregon 

Tulsa, Oklahoma 

10. Fargo, North Dakota Vermillion, South Dakota 

These two sets of c i t i e s  are shown i n  Fig. 3. 
York, Chicago, and Salt Lake are available f o r  both s e t s  of data, although 
inmne of these three cases i s  the pot col lect ion s t a t ion  located within 
the milkshed area, and in the case of New York City, it i s  separated by 
150 m i .  The Srw monthly deposition data from the 10 c i t i e s  selected i s  
given i n  Appendix I11 of AFX report  TID-13945. One d i f f i c u l t y  with these 
data i s  the frequent l o s s  samples, par t icu lar ly  from the Lemont (Chicago) 
col lect ion s ta t ion.  

It is  seen that only New 

The computed monthly average deposition rate is  pllotted i n  Fig. 4. 
monthly r a t e s  from New York, Chicago, and S a l t  Lake City a r e  shown i n  Fig. 5 .  

The 

111. The Sr90 Cumulative il Level Data. The l a t e s t  reported compre- 
hensive measurements of Srg8 i n  U. S .  s o i l s  were made i n  1959 by U. S. 
Department of Agriculture ( U S N ) ,  and a r e  reported by Alexander, -- e t  al.  
(6) e 

located a t  or near one of the PHS milkshed metropolitan areas, and/or a t  
o r  near one of the HASL f a l lou t  col lect ion s ta t ions  prdviously selected 
as near the milkshed metropolitan area.  
are shown i n  Fig. 7. 
i s  shown i n  Appendix IV of TID-13945. 

From these data, it was possible t o  se l ec t  one o r  two s ta t ions  

The s o i l  sampling s ta t ions  selected 
The S r w  content of the soilrs measured a t  these points 

The average of the 14 s ta t ions  so 
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chosen is  taken t o  represent the average cumulative Srw l eve l  i n  the 
United States  i n  the f a l l  of 1959. 

November 1957. The S r w  monthly deposition r a t e s  shown i n  Fig. 4 (and 
Appendix I11 of TID-13945) were then integrated t o  give the cumulative 
deposition since May 1959, and the resul t ing curve was superimposed on 
the  s o i l  measurements i n  order t o  pass thru a valve of 65 mc/mi.2 i n  
November 1959. 

From these measuremen s it i s  estimated 
that the average Sr9O content of U. S. s o i l s  was 65 mc Sr h /mi.2 as of 

The r e su l t s  are plot ted on Fig. 6. 

a- 

2. 

3 .  

4. 

Analysis and Conclusions 

For a 8 month period s t a r t i ng  i n  June 1960 

milksheds serving Atlanta, Georgia; Austin, Texas; Chicago, I l l i no i s ;  
Cincinnati, Ohio; New York, Mew York; Sacramento, California; Sa l t  Lake 
City, Utah; Spokane, Washington; and St. Louis,, MIssouri, and of 
processed m i l k  a t  60 dis t r ibut ion points within the United States,  the 
average monthly Sr9O levels  of the two sets of data agree within 20%. 
T h i s  suggests that the average S r w  content of milk from the selected 
PHS milksheds can be used as an approximate indication of the average 
S r w  content of the milk consumed i n  the continental U. S. before the 
60 s t a t ion  network was established. 

dw-ing which time the U. S. 
Public Health Service has measured the Sr9 b content of r a w  milk i n  

Since July of 1958, the Srw concentration i n  the milk samples taken 
each month i n  the  PHS milksheds l i s t e d  above h w  varied from sta t ion  
t o  s t a t ion  by a factor  of about 7. 
almost observed i n  the St.  Louis, Missouri, milkshed (December 1960 = 
14 g~&/ l ) ,  and the lowest i n  Sacramento, California milkshed (December 
1960 = 2 ppc/l), with the Cincinnati, Ohio milkshed approximating the 
average l eve l  (December 1960 = 7 ppc/l). 
reported was 37 ppc/l, from the St. Louis milkshed 
Measurements by the  PHS since June 1960, of the Srd content of processed 
milk a t  milk dis t r ibut ion points i n  60 c i t i e s  atround the  U. S .  show tha t  
since that time other c i t i e s  have had levels  as high as those reported 
fo r  the St. Louis milkshed. Presumably these c i t i e s  a l so  experienced 
levels  as high as those observed i n  the St .  Louis milkshed during the 
apring of 1959. A comparison of the milk from the St.  Louis milkshed 
with that from the 60 c i t y  sampling network is given i n  Table 3.  

The Srw content of the milk from PHS milksheds (Figs. 1 and 2) and the 
Srm monthly deposition rates reported by HASL (Figs. 4, 5) indicates that, 
f o r  the most part, both the average milk leve ls  and the  individual s ta t ion  
milk levels  have reached a peak 1 or 2 months following a peak i n  the 
average and individyal s ta t ion  S r w  monthly deposition levels  

The highest concentrations have been 

The highest monthly leve l  
n April1959. 

Although S r w  diet levels  i n  individual cities have been found t o  be 
up t o  two  times the S r w  milk levels  i n  these c i t i e s  (on a strontium 
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TABLE! 3 

Comparison of t h e  Srgo Content of Milk from the  S t .  Louis Milkshed 
with that of Processea h l k  Sampled a t  Distr ibut ion Points  

Within Selected U. S. ci t ies" 
I 

Milk Sampled at  
Month Sampled St. Louis Milkshed Metropolltan Areas 

ppc SrrV/l ppc Sr r i / l  

June 1960 

Ju ly  1960 

August 1960 

September 1960 

October 1960 

November 1960 

December 1960 

January 1961 

*P% data (3). 

18.1 Eoston, Mass. 16 
Charlotte, N .  C. 14 
Manchester, N. H. 14 
Pittsburgh, Pa. 16 
Providence, H. I. 18 
Portland, Maine 1 5  

16.3 

16.0 

15  .o 

15.1 

13.7 

14.0 

13 .o 

Emtom, Mass. 17 
Charlotte, N. C. 16 
Manchester, Ii. H. 14 
New Orleans, La. 18 
Pittsburgh, Pa. 1b 
Portland, Maine 16 
Providence, R. I. 14  

Jackson, Miss. 14 
New Orleans, La. 14 
Altanta, Georgia 11 
Providence, R. I. 11 

Charlotte, N.  C. 13 
L i t t l e  Rock, Ark. 16 
Memphis, Tenn. 14 
New Orleans, ~ a .  16 

Charlotte, N .  C. 12 
Charleston, W. Va .  12 
L i t t l e  Rock, Ark. 12 
New Orleans, La. 12 

L i t t l e  Rock, Ark. 14  
Washington, D. C .  11 

Boston, Mass. 11 

Charleston, S. C. 12 
Charlotte, N. C. 12 
Jackson, Miss. 14 
Pittsburgh, Pa. 12 

Charlotte, N. C .  10 
Chattanooga,, Tenn. 10 

L i t t l e  Rock, Ark. 12 
New Orleans, La. 10 
Portland, Maine 10 

Jackson,Miss. 11 

Spokane, Wash. 10 



5. 

un i t  basis), the average adul t  diet leve l  appears t o  be about 1.2 t o  
1.5 times the average diet levC1." 

It is  possible t o  derive several simple formulae which approximate 
the re la t ion  between (7.) the  average of the monthly measured levels  
of S r w  i n  the PHS milkshed areas (Fig. 2), t l l e  average monthly 
deposition of S rm on the United States  as determined from selected 
HASL f a l lou t  collection s ta t ions (Fig. 3), and (3) the average 
cumulative leve l  of S r w  on the United States  as measured a t  selected 
USIIA s o i l  sampling sites (Fig. 3). Several such formulae were tr ied 
and compared with the measured value. One of the simplest relations,  
an8 the one which, by eye, gave the best f i t  to the m i l k  data, was 
based on the assumption that f o r  any given month the milk leve l  may 
be considered as the sum of two factors,  one proportional t o  the 
average S r w  content of the s o i l  (expressed in mc 
deposition), and the other proportional t o  the 

cumulative 
during 

the previous month. 

average Sr  90 average S r  90 average cumulative 
level in U. S. deposition for  
milk supplies, = A so i l ,  expressed in + B the proceeding 

expressed i n  mc/mi -2 mo., expressed 
P V C / l  i n  mc/mi.2/mo. 

S rm l eve l  i n  U. S. 

For such a model, one is f r ee  t o  determine val~.~es f o r  the coefficients 

i n  the parenthesis f o r  any two months, and solving the resul t ing 
simultaneous equations. The calculated values of A and B w i l l ,  of 
course, depend upon which two months are selected. Two months which 
provide great contrast  i n  the S rm deposition data are the month with 
the lowest rate (a l so  the l a t e s t  data) and the month with the highest 
rate. On this basis the choice made here has been t o  use the deposition 
r a t e  data f o r  July 1960 (and hence the corresponding milk and s o i l  data 
f o r  August 1960) since it is  the latest rate information available, 
and t o  se lec t  as the basis f o r  a second equation, the rate and s o i l  
data corresponding t o  the highest observed average milk level,  which 
occurred i n  May 1959. 

Aand B by inser t ing the observed average values of the quant i t i t i es  

From these two sets of data one may thus write 

8.5 ppc/l=A(69 mc/miO2)+B(0.28 mc/mie2/mo.) 

16.5 ppc/l= ~ ( 6 1  mc/mi.2)+ B(3.7 mc/mi.2/mo.) . 
Solving these two simultaneous equations one finds 

< 
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A = $ ppc/l/mc/rni.' 

B = 2.6 ppc/l/mc/mi.2/mo., so t ha t  the formulae thus 

determined becomes 

90 av age cumulative average Sr  @ deposition for  leve l  i n  U. S. Sr leve l  i n  U. S. 
so i l ,  expre sed In + 2.6 the proceeding 

mo., expr ssed 
milk supplies, 

expressed i n  

average Sr 90 

8 = v  mc/mi h 
PW/l i n  mc/mi. /mo. . 

A p lo t  of this expression based on the  average cumulative leve l  and 
deposition r a t e  shown i n  Figs. 4 and 6, is  plot ted on Fig. 2. 
resu l t s  are seen t o  agree reasonably w e l l  except fo r  the periods 
October 1957 through January 1958, and October 1959 through May 1960, 
during which t i m e s  the formula predicts levels  which are about 3O$ 
too low. It is possible that this low value is  largely a ref lect ion 
of' the f a c t  that during the winter months most corn outside the south 
were fed t o  some s ignif icant  extent on hay and grains grown during the 
spring and ear ly  summer months of 1958 and 1959, when the rates of fa l lou t  
and the milk levels  both reached peak values. 

the latest  reported S r w  deposition rate of 1/2 mc/ml.2/month o r  less ,  
are about half as great as those predicted by Langham and Anderson (4) 
on the basis of the relat ions 

The 

6. The formula given i n  5. above predicts S r w  levels  i n  milk which, with 

av age cumulative 

soil, expres ed i n  
$5 average Sr 90 

PPC/1 

leve l  i n  U. S. S r  l eve l  i n  U. S. 
m i l k  supplies, Z Z  
expressed i n  B mc/mi. 'G 

It a lso  predicts a percentage contribution from the  cumulative level  on 
the s o i l  s ignif icant ly  higher than the one given by Burton, Milbourn, and 
Russell (5),  f o r  the U.K. lr 1958, namely that 

" A t  the  present time (1958) about 20 percent of 
the strontium 90 in milk is  due t o  absomtion 

- - - - - - - - - -  
from the soil; furthermore it appears t h k  i f  
the present cumulative deposit were more 
thoroughly incorporated i n  the so i l ,  it would 
lead t o  a leve l  i n  milk of VEroximatelX --e- 12 
Eercent of that now due t o  world wide faliout." - - - - - - - -  - - - - - - - - - - - - - -  
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During 1958 the formula given i n  conclusion 5. above indicates that 
fo r  U. S. milk, between 51  and 83$ of the S r w  leve l  was due t o  the 
cumulative leve l  of fa l lout ,  with t h e  average value for  the year being 
69$. The lowest contributions from the cumulative leve l  during any 
month, according t o  the formula, i s  and t h i s  occurred during April 
1959, the month of m a x i m u m  Srm fal lout .  Only i : n  April, May, and June, 
1959, does the formula predict a contribution from the cumulative level  
of l e s s  than p$, and by August 1960, the formulriL indicates 9l$ of the 
t o t a l  t o  be due t o  the cumulative leve l  deposited. The data and these 
calculations cast considerable doubt on the aonc.lusion of Kulp, Schulert 
and Hodges (7) tha t  

. . ., the rate of f a l lou t  under -weather 
conditions of 1954 through 1959 ’was m c h  
more important than the cumulative deposit 
i n  determining the dietary level.” 

7. Assuming that (1) the diet leve l  i n  strontium uni t s  (ppc Srw/g Ca) 
w i l l  remain approximately equal t o  the milk concentration i n  ppc/l, (2) 
that the average, future U. S. S r w  fa l lou t  r a t e  from n clear  t e s t s  con- 
ducted through 1958 w i l l  always be less than 0.5 mc/mi. /mo., and that 
(3)  within a year o r  t w u  the f a l lou t  r a t e  from these tests w i l l  f a l l  off  
t o  such an extent that the cumulative leve l  of available S r w  i n  the 
s o i l  from weapons tests conducted before the  moratorium w i l l  disappear 
a t  a r a t e  determined primarily by radioactive decay (2-1/2$/year), then 
the furure average Srw content of the U. S. diet from these past t e s t s  
may be estimated t o  be about 

tt 

8 

- (t/b) strontium units, 7 e  
where t is the t i m e  i n  years s tar t ing,  say, i n  J m u V  1962. 
is appreciable downward displacement of the older Sr  
f ixat ion of this nuclide i n  some form so that it is  not available t o  
plants, the expression given must be regarded as an upper l i m i t  f o r  the 
S r w  fract ion of the d i e t  due t o  t e s t s  conducted before the 3 year 
cessation of tes t ing  beginning i n  November 1958. 

8. Considerable in t e re s t  has been expressed i n  S r m  levels  i n  milk and 
the whole diet which might be experienced i n  the United States  i f  a 100 
MT b o m b  were detonated under conditions similar t o  those which gave r i s e  
t o  the re la t ive ly  high Srw deposition r a t e  i n  the spring of 1959. The 
conclusions of this paper, together with those of Telegadas and Murayama 
(8),  lead t o  one such estimate. 

Telegadas and Murayama note tha t  f o r  the l a t i t ude  band 30 - bo N, about 
70 - &3$ of the sharp peak i n  Sr9O deposition rate occurring i n  the spring 
of 1959 derived from the U. S. S. R. October 1958 series. Since this peak 
reached a maximum average value over the U. S. cf 3.7 mc/mi.2/mo. i n  April 

If there 
in the soil, o r  
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1959, it may be deduced that about 2.8 rnc/mi.e/mo. of this peak value 
derived from the 12.3 t o  15 MT equivalent t o  f i ss ion  products inJected 
in to  the stratosphere by the U. S. S. R. t e s t s  i n  the f a l l  of 1.958(9). 

From Fig. 5 it is seen that  ov r the period November 1958 t o  October 
1959 the cumulative average Srk s o i l  l eve l  i n  the U. S. rose from 46 
t o  65 mc/mi.2 
here t o  have contributed from 70 t o  80$ of this increase o r  about 14 
mc/mi.2 The present cumulative leve l  i s  about 70 mc/mi.h, and the 
rate f o r  the year preceding the resumption of tes t ing  by the U. S. S. R. 
averaged approximately .5 mc/mi.2/mo. 

If a 100 MT weapon deriving 5O$ of i t s  energy from f i ss ion  were detonated 
i n  October 1961 under such conditions that i ts  f a l lou t  wer5 deposited i n  
the same manner as the f a l l o u t  from the U. S. S. R. 1958 f a l l  series,  then 
assuming that the e a r l i e r  series released 1 4  MT of f i ss ion  products 
equivalent fo r  global distribution, and tha t  only the atmospheric radio- 
a c t i v i t y  from a 100 MT device were added t o  that exis t ing before tes t ing  
resumed i n  September 1961, one can estimate that a 100 MT bomb would 
increase the cumulative leve l  of Sr9O i n  the s b i l  during the year from 

the f a l lou t  r a t e  would reach a peak of about 50 2.8 = lo /mc~mi~2~mo~ 
i n  A F r i l  1962. The month-by-month ,5390 deposition r a t e  and cumulative 
leve l  under the conditions pos tuhted  would be approximately a s  shown 
i n  Table 4. 

The maximum projected Srso l eve l  i n  milk under the assumed conditions 
of a 100 MT burst i s  calculated t o  occur i n  May 1962, a t  a l eve l  of 
37.5 ~ c / l ;  the average leve l  prodected f o r  the one year period November 
1961 t o  October 1962 is 21.8 ppc/l, and the leve l  a t  the end of this 
year i s  16.3 ppc/l. 

The U. S. S. R. 1958 f a l l  se r ies  of tests is  assumed 

October 1961 t o  November 1962 by about x 14 = 50 mc/mi. 2 , and 

1 

Since mllk levels  in  one of the milksheds serving St .  Louis, Missouri, 
and a t  several dis t r ibut ion centers fo r  processed milk throughout the 
U. S. have i n  the past  experienced levels  roughly twice the U. S. 
average, one could expect several  c i t i e s  t o  experience levels  of S r p  
i n  milk i n  the range of 60 t o  80 ppc/l for  a month o r  two as the r e su l t  
of 8 100 MI! bomb, provided the fa l lou t  were deposited i n  a manner 
similar t o  that from the U. S. S. R. f a l l  se r ies  of tests i n  1958. 

Lacking any other evidence, it may be assumed that average, adul t  whole 
diet levels,  expressed i n  strontium units,  would be i n  the range of 1.1 
t o  1.4 times the milk levels  expressed i n  ppc Srw/ l ,  and i n  the 1.2 t o  
1.5 times the milk leve l  expressed i n  pp.c Srw/g Ca. 
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TABLE 4 

Estimate of F t O  deposition leve l  and deposit ion r a t e  and the r e s u l t i n g  average 

in October 1960 underfiring conditions similar t o  those employed i n  the 
U. S. S. R. series of the  f a l l  of 1958 

leve l  of S r  i n  U. S. milk i f  a 100 MT device were f i r e d  i n  the atmosphere 

.F 
0 
W 

Calculated 

Deposition 

Date (mc/mi. ) previous mo. ) 

Calculated Monthly 
C umu 1 a t  ive 

Projected Milk 2 2 Level (mc/mi. 2 f o r  
(1/9 X m c / m i .  ) (2.6 X =/mi  /mo.) Level (ppc/l) --- 

November 1961 7 1 . 1  

December 1961 72.6 

January 1962 75.3 

February 1962 78.8 

March 1962 83.6 

Apri l  1962 93.3 

May 1962 103.3 

June 1962 112.1 

J u l y  1962 116.2 

August 1962 118.0 

September 1962 118.9 

October 1962 120.0 

\ 

Average leve ls  for  
1 year period 96.9 

1.10 

1.49 

2.66 

3.50 

4.82 

9.70 

10.00 

8.80 

4.1s 

1.82 

.83 

1.15 

i 

4.17 

7.9 

8.06 

8.38 

n.?6 

9.30 

10.40 

11.50 

12.48 

12.91 

13.10 

13.20 

13.33 

2.86 

3.88 

6.92 

9.10 

12.50 

25.20 

26.00 

22.82 

10.89 

7.00 

2.16 

2.99 

10.76 

12.04 

15.30 

I?. 86 

21.80 

35.60 

37.50 

35.30 

23.80 

20.10 

15.36 

16.32 

21 .8  



1. 

2. 

3 -  

4. 

5- 

6. 

7. 

8. 

9-  

\ 
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STRONTIUM-90 I N  NEW YORK CITY AND SAN FRANCISCO DIETS RESULTING 
FROM TRE OCTOBER 1961 SOVIET TEST SEBIES 

Joseph Rivera 
Health and Safety Laboratory 

U. S. Atomic Energy Commission 
New York, New York 

The general problem of the predicti.on of SrgO :Levels of d i e t s  a t  a 
given place may be divided in to  three d i s t inc t  problems. These are:  

1) Finding what foods contribute most SrS)O t o  the average d i e t .  

2) Relating the contamination, of these foods t o  some measurable 
f a l lou t  parameters. 

3 )  Predicting the values of the s ignif icant  f a l lou t  parameters. 

For the last two years, the Health and Se,fety I ~ b o r a t o r y  has been con- 
ducting an experiment t ha t  throws some l i g h t  on the first of these 
problems (1). 
t u t e  a typ ica l  adult  diet  are-purchased i n  loca l  s tores  at New York 
C i t y ,  Chicago and San Francisco. 

c f ~ ~ s ~ O  and calcium. Using consumption figures of the U. S. Depart- 
ment of Agriculture 1955 Household,Food Survey,' it has been found tha t  
by far the largest  contribution of ,SrgO t o  the average annual d i e t  
i s  from milk and dairy products. of l esser  importance a re  the contri-  
butions from bakery products ana whole grain cereals and tha t  from 
fresh vegetables. 

Every three months, a l l  of the foods l i ke ly  t o  consti-  

The foods a re  prepared as i f  f o r  
t ion,  then composited in to  19 categories, ashed, and analyzed 

Since the contamination of a l l  foods can be tra,ced t o  the contamination 
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of plants, the solution of the second problem depends on an understand- 
ing of the mechanisms of contamination of plants with Srgo. 

The SrgO i n  plants  comes e i the r  from the s o i l  or  from di rec t  deposition 
o,f f a l lou t  on the leaves or other above-ground par ts  of the plant .  
Factors effect ing the uptake from the s o i l  a r e  the amount of Srgo pres- 
ent  and i t s  chemical form and dis t r ibut ion within the so i l .  Other fac- 
t o r s  of importance are the chemical and physical features of the s o i l  
itself, par t icular ly  i t s  calcium content. Srgo i n  plants  due t o  d i rec t  
deposition depends on the r a t e  of f a l lou t  pr ior  t o  cutting, the s i ze  
and shape of the leaves, the stage of the development of the plant a t  
the time of contamination and the amount and kind of r a i n f a l l  t o  which 
the plant has been subjected. 

- 

Although these are only some of the factors  involved, it i s  reasonable 
t o  assume tha t  the two f a l lou t  parameters that  are  of the greatest  s ig-  
nificance for  prediction purposes a re  the cumulative deposit of Srgo i n  
the so i l ,  and the f a l lou t  rate. 

A formula suggested by Scott Russell (2)  tha t  takes these f ac t s  in to  
consideration is: 

M = a S c b R  

where 'M' i s  the Srgo/Ca r a t i o  of the item under consideration, 'S '  i s  
the cumulative deposit of Srgo i n  the so i l ,  'R' i s  the f a l lou t  rate, 
and 'a' and 'b' are approximately constant for  a given locale.  

Various methods tha t  may be used f o r  determining 'a' and 'b' factors  
f o r  different systems have been summarized by Middleton (3)  as follows: 

1) Collect data on IM', IS',  and 'R'  f o r  a given region a t  d i f -  
ferent  times and determine 'a' and 'b' by multiple regression analysis 
( l ea s t  squares f i t ) .  

2) Determine 'a' d i rec t ly  by measuring the uptake of the system 
One 'a' i s  known, the equation can using Sr89 i n  a f ie ld  experiment. 

be solved f o r  '5' given 'MI, ' S I  and 'R ' .  

3 )  Determine 'b' d i rec t ly  by measuring how much Sr89 i s  retained 
by plants  sprayed i n  a manner simulating f a l lou t  conditio en cal-  
culate 'a'. Another method f o r  estimating 'b' is from Srga;Sr' (sta- 
ble strontium) measurements of various par t s  of the plants (high r a t io s  
on the outer par t s  are ascribed t o  d i r ec t  deposition). 

4) Assume R = 0 f o r  sometime when the f a l lou t  rake was re la t ive ly  
low and solve f o r  'a1 knowing 'M' and ' S I .  Substitute t h i s  value of 
la' i n  the equation f o r  sometime when R # 0 and solve for 'b'. 

The formula described above w i l l  be used t o  predict  the SrgO levels  of 
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foods i n  New York City and San Francisco. F i r s t ,  however, the appro- 
p r i a t e  fac tors  'at and 'b'  f o r  the important d i e t  components a t  the 
two c i t i e s  must be found. 

Applying, with ce r t a in  modifications, the methods summarized by 
Middleton t o  determine the  'a' and 'b'  fac tors  for milk a t  New York 
City and San Francisco, the following r e s u l t s  are obtained: 

New York City - a = 0.07 (ppc Srg0/g C!a)/mc Srg0/mi? 

b = 4.6 (ppc  Srg0/g Ca)/mc Srg0/mi?/month 

a = 0.04 (ppc SrgO/g Ca)/mc SrgO/mi? 

5 = 4.6 (ppc SrgO/g CEi)/mc Sr9O/mi?/month 

San Francisco - 

The difference i n  the 'at  fac tors  a t  the two sites may be due t o  d i f -  
ferences i n  the calcium content of the s o i l s  of' the  milkshed pastures 
of New York City and San Francisco. 

The s i tua t ions  a t  times when the  c a t t l e  were presumably out t o  pasture 
were used i n  deriving these fac tors .  If data fo r  the entire year are 
used, the factor  'b' is  reduced by more than 1/12 of 4.6 and i s  es t i -  
mated by Middleton t o  be 0.23 (ppc SrgO/g Ca)/nic SrgO/mi?/year. 
applying the  formula, the delay i n  the changes of f a l l o u t  rate being 
re f lec ted  i n  changing m i l k  l eve ls  of Srgo i s  accounted f o r  by taking 
the average of the preceding and current month t o  compute the appro- 
p r i a t e  'R '  f o r  the prediction of 'MI. 

After milk, the most important contributors of Sr9O t o  the d i e t  are 
bakery products and whole grain cereals. The var ia t ion of these items 
with the cumulative deposit of Sr9O and the fal.lout rate w i l l  be taken 
t o  be the  same as that of wheat f lour and whole wheat. 

In 

Since the or ig in  of the f lour  and whole wheat consumed i n  New York City 
and San Francisco i s  probably the same, only one set of fac tors ,  'a' 
and 'b' , need be computed. From the  data ,  available,  reasonable choices 
f o r  these f ac to r s  are: 

2 flour - *a' = 0.1 ppc s r m / g  ca)/mc s P / m i .  
'b' = 34 t ppc Sr9o/g Ca)/mc Sr9°/mi.2 deposited i n  June 

'5' = 100 (ppc Srm/g Ca)/mc Sr9O/mi. 
w h o l e  wheat - 'a1 = 0.1 (ppc Srw/g Ca)/mc Sr9'/mi.E 

In computing 'b' the  f a l l o u t  rate was-taken t o  be that which would occur 
i n  June since this i s  the  time when the wheat i s  most sens i t ive  t o  d i r ec t  
deposition. The r e l a t i v e l y  great dependence of the  Srw content of t he  

deposited i n  June 
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whole wheat on di rec t  deposition i s  ref lected i n  the d i f fe ren t  'b' 
factors  fo r  whole wheat and fo r  f lour  milled from it. 
part  of the Srw di rec t ly  depositect is  removed i n  the milling process, 
f lour  i s  less sensi t ive t o  changes i n  the fa l lou t  r a t e  than whole wheat. 

Since a good 

In  applying the r e su l t s  of predictions fo r  f lour  and whole wheat Sr 90 
concentrations, t o  the annual diets a t  New York City and San Francisco, 
it must be recalled that bakery products contain loca l ly  produced milk 
as well as f lour  and hence the S r w  levels  i n  bakery products are 
expected t o  d i f f e r  somewhat between the two c i t i e s .  

There are considerably l e s s  data availableon a continuous basis on the 
Sr9O content of f resh vegetables. Results from the t r i - c i t y  (New York 
City, San Francisco, and Chicago) d i e t  surveys are d i f f i c u l t  t o  use f o r  
predicting purposes since loca l ly  purchased vegetables may not have been 
loca l ly  produced. The best estimate of 'a' an& 'b' a r e  probabl 
based on Middleton's experiments on the retention of sprayed S r  
various vegetables. (4) 
/mc/mi.2 and 'b' = 0.4 (ppc Sr%/g C a ) / m c / m i . 2 / y r .  

iSgtFe 
H i s  estimates are '8' = 0.4 (PIC Sr%/g Ca) 

In  summar the choices of 'a' and 'b' factors  f o r  the prediction of 

be used here are:  
future S r  % levels  i n  d i e t s  a t  New York City and San Francisco that w i l l  

!CABLE 1 

Proportionali ty Factors 

'a 'b' 

milk  New York City 0 007 
San Francisco 0.04 

4.6 (per moo) 
4,6 (per mo.) 

flour 0.1 34 (per deposit i n  June) 

whole grain products 0.1 100 (per deposit i n  June) 

f resh  vegetables 0.4 0.4 (per yr.) 

Before we can proceed with the prediction of Srw levels  i n  diets a t  
New York City and San Francisco, we must solve the th i rd  problem proposed 
a t  the beginning of this paper, namely; how can w e  estimate w h a t  the 
fa l lou t  s i tua t ion  will be i n  New York City and San Francisco i n  1962 as 
a r e su l t  of the recent Soviet t e s t  s e r i e s?  
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Fallout from the recent Soviet tests can be est,imated, i n  general, by 
extrapolation of the resu l t s  of the Soviet t e s t  se r ies  of October 1958. 

Collins hts described i n  this conference (page 271) w h a t  the  probably 
f a l lou t  rates of S r w  w i l l  be l i k e  i n  New York City 1962. 
analysis can be used t o  predict the f a l lou t  r a t e s  i n  San Francisco. 
Since the cumulative deposit of S r w  a t  these c i t i e s  can be estimated 
from s o i l  measurements and monthlyfallout collections up t o  the present 
time, the cumulative levels  t o  be expected i n  1.962 can be calculated. 

A similar 

In  a paper writ ten pr ior  t o  the recent test  ser ies ,  Kaapp (5 )  predicted 
w h a t  e f fec t  the fa l lou t  from the detonation of a nuclear device having 
a yield of 100 MT would be, on milk levels  i n  the United States  as a 
whole, i f  the detonation occurred i n  October 1961. 
the average increase i n  the  leve l  of S r w  i n  the United States  s o i l s  
resul t ing from such a detonation would be 50 m c / m i o 2  during 1962. The 
e f fec t  of this deposition of Sr9O would be t o  cause the average levels  
i n  milk t o  be about 21 ppc Srw/g Ca with peaks of about 35 i n  April, 
May and June. 

He estimated that 

These estimates seem quite reasonable for  the country a s  a w h o l e .  
calculations given below f o r  New York City and San Francisco give an 
indication of the l i k e l y  fluctuation about the average that might be 
expected. 

The 

From the estimates of Collins,  based on a f i ss lon  yield of 25 MT, we 
f ind that from October of 1961 t o  October 1962 about 45 mc/miO2 of Sr90 
a re  expected t o  be deposited i n  New York City 8.6 a re su l t  of the recent 
Soviet t e s t  series. I n  the spring months of 19162, the f a l lou t  rate may 
be as high as 13 mc S r w / m i . p .  Using these data and assuming that 
the cumulative deposit of Sr i n  New York C i t y  area on October1961 was 
about 75 mc/mi.2, the average expected Srw content of milk in New York 
City i n  1962 is calculated t o  be about 15 ppc Sr9o/g C a  w i t h  peaks i n  
May and June of about 50 w c  Srw/g Ca. 

A similar analysis of the s i tua t ion  i n  San Francisco indicates that 
about 20 rnc/mio2 of S r w  due t o  the Russian t e s t s  will be deposited 
f r o m  October 1961 t o  October 1962. The fallout,  rate may be as high 
a s  5 o r  6 mc Srw/mi.2/moo i n  March of 1962. 
milk from this fa l lou t  should r e su l t  i n  average milk levels  f o r  the 
year of about 6 wpc Sr%/g Ca with peaks i n  March and April  of about 
X) ppc srgO/g Ca. 

To calculate  the contamination of wheat ana f l au r  due t o  the Soviet 
t es t s ,  we w i l l  take m p p  * s estimate (adjusted t o  25 MT f i ss ion)  of an 
average f a l lou t  r a t e  of about 25 mc Srw/mi.2/yr. and an average 
cumulative deposit of 90 mc SrSO/mi * i n  the so i l .  

The contamination of 

. .  

T h i s  would r e su l t  
i n  wheat levels  of about 161 ppc S r  90 /g C a  and f lour  levels  of about 
73 
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Although loca l  conditions of growth are bound t o  &ffect  the Sr90 levels  
of f resh vegetables reaching the New York City and San Francisco markets, 
a rough estimate of these levels  may be made using Collin's estimate of 
the cumulative deposit and f a l lou t  r a t e s  of Sr% that a re  expected t o  
occur i n  1962. 
grown i n  1962 i n  the Mew York City area and about 34 ppc Srg0/g C a  fo r  
those grown around San Francisco. 

The r e su l t  of about 54 ppc S r P / g  Ca i n  f resh  vegetables 

The data are  too variable t o  calculate '8' and 'b' factors  for  f resh  
f ru i t s ,  and meat, f ish,  and poultry, but a reasonable estimate of the 
Sr90/Ca rat io  in these d ie t  components i s  about one-third of that i n  
f resh vegetables f o r  f resh  f r u i t  and about one-thirt ieth that i n  f resh 
vegetables fo r  meat, f ish,  and poultry. 

Combining these estimates t o  get f igures fo r  the average strontium t o  
calcium r a t i o  in typ ica l  annual adult  d i e t s  a t  New York City and San 
Francisco i n  1962, we obtain the r e su l t s  presented i n  Table 2. 

The estimates of the dietary intakes at the two cities for 1962 are 
probably somewhat on the high s ide since they take no account of the 
consumption of foods produced pr ior  t o  1962. The rap id i ty  with which 
Srw-contaminated crops reach the urban markets is  not known with any 
cer ta in i ty  but it is  hoped that measurements of Sr89 i n  the t r i - c i t y  food 
samples purchased i n  1962 i n  1962 wi l l  throw some l igh t  on th i s  problem. 

Despite the  many assumptions made i n  the prediction of the d i e t  levels,  
it i s  unlikely that they w i l l  prove t o  be i n  e r ror  by greater than a 
factor  of 2 o r  3 i f  the  f i ss ion  yield estimates f o r  the Soviet test 
series are f a i r l y  accurate. 
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The effect of deposition rate and cumulative soil 

TABLE 2 

Srw in New York City and San Franciscio Diets in 1962 

Milk New York City 15 234 
San Francisco 6 

Bakery Products and Flour 73 37 270 1 
Whole Grain Products 161 10 1610 

Fresh Vegetables New York City 54 15 810 
San Francisco 34 (510) 

Fresh Fruit New York City 18 . 15 270 
San Francisco 10 ( 150 1 

Meat, Fish & Poultry New York City 2 55 t% San Francisco 1 
366 go11 

( 6430 1 
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DISCUSSION 

Dr. S. Allan Lough, Chairman of the  session, 
directed the  discussion which follows. 

LOUGH: 
predictions. 
in my mind is completely unresolved. 
t o  ask any: of these three gentlemen, par t icular ly  Mr. RIVERA and Dr. 
KNAPP, t o  discuss this par t  of their  considerations? 

I am confident that a l l  of you have reflected on the problem of 
What the f iss ion yield is  from the recently tested weapons 

I do not know. And I would l i k e  

: I don't have any inside information. But, according t o  
estimates i n  the newspaper articles, there have been 55 MT of f iss ion 
equivalent injected in the  recent Soviet test  series, which comes about 
from an assumption of a 50$ f iss ion yield from a t o t a l  energy yield of 
110 MT. 
and i t i s  the one I used, too. 

KNAPP: Unfortunately, I may have some inside information,and I want t o  
point out I was very careful t o  talk only about w h a t  would happen if a 
100 MT weapon deriving 50$ of its yield from f iss ion were exploded7 

.under,,such conditions tha t  its fa l lou t  were deposited in the same manner 
as in t@e U.S.S.R. in the fall  of 1958. A Washington Post - a r t i c l e  about 
.these resu l t s  noted that 100 M!C is j u s t  a b u t  equal t o  the t o t a l  yield 
of$he Russian test series and that the table I have given can be used 
t o  predict milk levels  next spring. 
f i s s ion  yield was, and I don't think anyone can be very sure of that  yet. 

H O W D :  
fusion, but I would like to ask Dr. GRUMMIT how he uses the terms "mean" 
and "average". 

G R Y I F T :  Others share your confusion. I do, too. It does differ from 
what- I normally use. The word should have been "mode". It is the value 
a t  the,peak,. that is, a t  the maximum, as against the mean or  average, 
and I suppose it was my hurry that caused me not t o  stop and take time t o  
explain it. 

That is the figure B i l l  COLLINS used in his extrapolations, 

But everything depends on w h a t  the 

Along another l ine,  I don't know whether others share my con- 

This seems t o  differ from w h a t  I am accustomed to. 
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KULP: I w'lsh t o  comment on analysis of the con1;ribution of the rate and 
cumulative factors t o  the Srm concentration i n  m i l k  that ~ r .  KNAPP pre- 
sented. We have approached this i n  a s l igh t ly  different way, which I 
think reduces some of the uncertainty which ex is t s  i f  the coefficients 
are computed from the data of individual months. Moreover, I don't think 
you should take all of North America, because you are combining very 
different r a i n f a l l  areas. 
separate r a i n f a l l  areas; the 40-60 in. ra infal l .  zone, which is most of 
the eastern U. S., east of the Mississippi and tohe 30 t o  40 in. r a in fa l l  
zone. In  these two zones there are a sizable number of Dr. ALEXANDER'S 
s o i l  stations. 
these particular zones, and many mi lk  s ta t ionso 
Public Health Service network, our calculation was based on a l l  of the 
m i l k  data including the efiensive LASL powdered m i l k  network. A l l  of 
these data were used t o  obtain the average concentration of S r s  i n  m i l k  
and the t o t a l  deposition in mc/miO2 for  the 6 month growing season, 
A p r i l 1  - October 1, and the  cumulative deposit a t  the midpoint of the 
growing season, taken as July 1. The coefficients fo r  the rate and 
cumulative factors are then calculated using the simultaneous l inear  
equations for  1959 and 1960. The best solution uses the years 1959 and 
1960 since i n  the earlier years comulative deposition and the fal lout  
rate were increasing together, so that your difference terms are large 
compared t o  the uncertainties. 
by a factor of 3 t o  5, and the cumulative deposition was essent ia l ly  the 
same. 
rate and about 0.12 f o r  the cumulative. 
levels  in 1957, 1958 and 1961, there is good agreement with observe 
levels. Using these coefficients the calculated fraction of the Sr 
in m i l k  t o  the rate factor is about 55%. T h i s  may be compared with 
(R. Scott) Russell's earlier prediction of &I$ for  England or Wales (which 
with more recent work they have reduced t o  60-70$). 

We computed similar coefficients fo r  two 

There are also a fair number of r a in  sampling s ta t ions in 
In  addition t o  the 

In  1959 and 1960 the fa l lou t  rate dropped 

The coefficients which we derived for  this are about 0.6 fo r  the 
If these are used t o  predict the 

Bo 

RIVERA: 
that these various approaches seem t o  be i n  f a i r l y  good agreement fo r  the 
cumulative factor. And,of course, the cumulative factor is goi 
the r ea l ly  important one, because that will t e l l  us w h a t  the Sr content 
of the diet is goin& t o  be that we are going t o  have t o  l i v e  with it for  
a long time. 

ALEXANDER: 
is that  unlike things should not be put together in an average, and the 
other is that  information shoyld not be thrown away. San Francisco and 
New York should not agree. Grazing time, f o r  instanoe, i s  6 months out 
of phase on the West Coast from that on the East C o a s t .  
with respect t o  a monthly basis of any kind. A s  fo r  the Midwest, there 
is  no grazing of any kind in the winter months. 
real bazard i n  throwing together things that are diametrically opposed 
i n  making an overall  potpourri. 

I would l i k e  t o  say tha t  one of the things which strikes me is 

8% to be 

I think that there are two  things t o  bear i n  mind here. One 

The same applies 

I think that there is a 



BRAR: 
detected a t  Chicago by us around the 15th of September. On October 4th 
we collected food samples f r o m  Food-Chain Stores for  --ray ac t iv i ty  
measurements. A s ple  of spinach (washed and packaged) showed consider- 
able amount of Ba18-La1b radioactivity. This kind of s i tuat ion i l l u s -  
trates how radioactivity from different  parts of the country can be 
transported around i n  such a short time. This, of course, can eas i ly  
throw off the "local" radioactivity measurements by an unknown factor. 

LOUGH: I don't think there is anyone who is not aware that  theseefforts 
a t  generalizations involve tremendous uncertainties because of the 
paucity of data and the d i f f i cu l ty  of gett ing samplas and enough time t o  
analyze these samples, both with respect t o  geographic distribution and 
with respect t o  time, not t o  mention the various things that should be 
sampled. And then, there are the uncertainties as t o  w h a t  people eat. 
So, we have a l o t  of variables in here, and a l l  we are t rying t o  do is 
t o  get the best estimate we can under the  conditions. But I don't think 
thst we should forget that it is r ea l ly  a guess, and high powered mathe- 
matics w i l l  lead to results, but w e  don't know whether the results come 
from very re l iab le  sources. 

H0L;LAND: Since Dr. LANGHAM has only the population i n  his t i t l e ,  I take 
the l i b e r t y  of referr ing t o  the Ins Alamos Scient i f ic  Laboratory data on 
cs137 i n  milk. AS I am sure you know, ANDERSON AND LAP~GHAM have 
correlated the levels  in milk with precipitation several times and found 
rather different  regimes in different  parts of the country. 
time this summer at U s  Alamos s tudyhg this and actual ly  changed the 
independent variable t o  fa l lout  rate, as measured by the S r w  collections. 
You do have consic?erable regional variations in the r a t i o  of Cs137Ja( in 
milk t o  the fal lout  rate, suitably time-weighted; so that I have no 
reason t o  doubt this would a l so  be t rue  of the Sr i f  it were examined on 
a regional basis. 

Radioactive fa l lou t  from current Russian tests was original ly  

I spent some 

Wince announcements have been made after November 17, 1961 giving an 
estimated f i ss ion  yield of about 25 MT f o r  the 1961 USSR test series, 
papers giving predictions have been changed by the authors reflecting 
this knowledge. 
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AN INVESTIGATION OF THE REPRESENTATIVENESS OF 
'GRAB-SAMPLING' IN A SR90 IN DRIED M I L K  PROGRAM 

PRELIMINARY RESULTS 

P.M. Bird and P.G. Mar 

and 
G.H. Josie and F.E. Hobson 

Research and Statistics Division 
Department of National Health and Welfare 

Ottawa, Canada 

Radiation Protect ion Divi s i on 

Introduction 

The routine analysis for SrgO in milk powder samples has formed 
part of a nation-wide radioactive fallout monitoring program operated 
by the Canadian Department of National Health and Welfare since 1955. 
?he primary purpose of the entire program is to estimate the current 
and future significance to the health of Canadians of radioactive 
fallout resulting from nuclear explosions. 

It is well-known that for "western" diets the SrgO g Ca levels in 
milk powder are closely similar to the overall Srg6 level in the 
average diet. It is, therefore, desirable to have some knowledge 
of the representativeness of the Sr90 in milk assay program from the 
point of view of the dietary intake of milk and dairy products. The 
representativeness of a sampling program can be assured initially by 
careful and thorough planning, or it can be evaluated subsequently 
by special studies superimposed upon an initial arbitrary sampling 
program. 

A thorough study is dependent upon a number of factors including 
having the necessary production and consumption data for milk, good 
dietary statistics both for the country and for regions, and 
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available staff to evaluate the data and recommend the sampling 
and analysis program. However, against this must be considered 
the large uncertainties in the biological significance of a given 
radiation dose, the Limitations to the dietary data resulting from 
either the method of dietary data collection or the smoothing out 
of possible regional differences due to widespread distribution 
of some food products, and finally, the necessity for the practical 
development of a monitoring program quickly. 

This paper will outline briefly the purpose and preliminary results 
of a special study, superimposed upon a regular arbitrary milk 
sampling program, designed to shed some light on the representa- 
tiveness of the "grap-sampling" techniques used in the regular 
program. Representativeness here refers to location and time, 
and not to dietary intake. 

Objectives of the Special Study 

The nation-wide program involves some 13 milk powdering plants 
and once-a-month collection of milk powder (on the 15th or 
nearest convenient day) An examination of the results obtained from 
this network of stations over several years would lead one to sus- 
pect that there are significant differences between different 
regions in Canada. 
representative the result for a given station may be for its region 
nor for the month in which the sample was collected. 

* 

There is however, no evidence to indicate how 

This study therefore had four objectives: 

1. To investigate the variations between: 

(a) determinations (within days) 
(b) consecutive days 
(c) non-consecutive days within one month 
(d) towns 
(e) classes of towns 

2. To answer the two key questions concerning the use of a composite: 

(a) how representative of the composite is one determination? 
(b) how representative of the total production is the composite? 
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3. To r e l a t e  the  foregoing es t imates  and analyses t o  the  experi-  
mental ( labora tory)  e r r o r  as ind ica ted  by dupl ica te  analyses .  

Thus Winchester and Kemptville were se l ec t ed  ais r ep resen ta t ive  of 
the  "lowland" s e c t i o n  (Grazing Class  I )  and Eganvi l le  and Shawville 
as r ep resen ta t ive  of t he  "highland" sec t ion  (G,razing Class 11) . 
The 6 o the r  towns se l ec t ed  for  sampling were Pe r th ,  Gananoque, 
Almonte, Athe ls tan ,  Cobden and Napanee, with Napanee pecul ia r  t o  
i t s e l f  i n  t h a t  i t s  milk-shed i s  very high i n  lime compared with 
the  o thers .  

The sampling plan c a l l e d  f o r  a t o t a l  of 510 l b l s .  of milk powder 
c o l l e c t e d  from the  10 towns as follows: 

For the  6 towns (Per th ,  Gananoque, Almonte, At.helstan, Cobden and 
Napanee) two 1- lb .  samples were t o  be co l l ec t ed  fo r  each of 5 days 
(Monday - Friday) during 4 consecurive weeks, one a t  10 a.m.  and one 
a t  2 p.m. - a t o t a l  of 240 1-lb. samples. 

For the  4 towns (Winchester, Kemptville, Eganvi l le  and Shawville) 
i d e n t i c a l  sampling a s  above p lus  double samples (2  lb . )  morning 
and af ternoon on 5 days s e l e c t e d  randomly during the  20 sampling 
days. I n  add i t ion ,  f o r  these  4 towns, a fu r tbe r  series of 1-lb.  
samples c o l l e c t e d  morning and af ternoon fo r  t h e  f i r s t  5 days of 
sampling - a t o t a l  of 270 1-lb.  samples for th.ese 4 towns. The 
spec i f i ed  d a i l y  c o l l e c t i o n  t i m e s  (10 a.m. and 2 p.m.) were recommended 
as being most p r a c t i c a l  and because the  mechanics of the  f l u i d  milk 
de l ivery  routes  and the  powdering process were such t h a t  the  samples 
could be termed random samples. I n  p r a c t i c e  the  samples were i n  
f a c t  not  c o l l e c t e d  a t  the  spec i f i ed  t i m e s ,  i n  some cases 2 were made 
i n  the  same half-day. However t h i s  s t rengthens ,  r a t h e r  than weakens, 
the  case f o r  consider ing them t o  be random samples. 

The sampling plan is d e t a i l e d  i n  Table 1. 
f o r  4 consecut ive weeks beginning June 22, 1959. 

Sampling w a s  undertaken 

Out l ine  of Sequent ia l  Analysis Plan 

As i nd ica t ed  above i t  had been decided t o  analyze the  samples 
according to a step-by-step plan t o  make the  maximum u s e p f  the  100 
analyses  l imi t a t ion .  The actual-  r d e t a i l e d  plan w a s  broken down i n t o  
the  following schedule of s tages:  



Schedule for 
.-lb. Samples 

TABLE 1 

Collection of Dried Milk Samples 
t o  be Collected a t  Places and Time Specified (1) 

(1) 

(2)  

Each sample must be accurately and clear ly  labelled as to :  (a) Location (b) ? h e  - month, day, hour ( c >  Sample No. 
when more than one sample a t  same hour. 
Dates, as well as day number, can be shown when study date is detennined. 
Monday - Priday of four consecutive weeks. 

Days e re  five consecutive days, 



(a) 40 SrgO determinations for the 4 towns (Winchester, Kemptville, 
Eganville and Shawville) on the 5 randomly selected days; using 
40 milk powder samples. The statistical analysis of these results 
would be directed to show whether or not there are significant 
differences between grazing classes, between towns within a class, 
between days within towns within classes, and between determinations 
within days within towns within classes. 

(b) 12 SrgO determinations for the 4 towns on the monthly composite 
including one replicate with duplicate determinations; using 160 
samples. The statistical analysis would be directed to show 
whether or not there are Significant differences between classes 
and between towns within a class. It would also yield a measure of 
laboratory error and would permit il comparison of monthly estimates 
from this stage with those derived from (a). 

(c) 12 Sr90 determinations for the 6 towns (Perth, Gananoque, 
Almonte, Athelstan, Cobden and Napanee) on the monthly composite; 
using 240 samples. In combination with (b) this represents a study 
of qonthly compositesfor all 10 towns. The statistical analysis 
would be directed to show whether or not there are significant 
differences between towns. 

(d) 8 SrgO determinations for the 4 towns on the weekly composite 
made up for the 5 randomly selected days; using 40 samples. The 
statistical analysis would be directed to test the representativeness 
of the composite as a single determination compared with a weekly 
value derived from the individual days. 

(e) 
using 30 samples. The statistical analysis would be directed to 
show whether or not there are significant differences between 
consecutive days. 

30 SrgO determinations for the 4 towns on 5 consecutive days; 

Results 

To date it has been possible to complete only the first group of 40 
SrgO determinatibns. 
missing due to lost samples. 

Even in this case 2 results for Winchester are 
The SrgO results are given in Table 2. 

The statistical analysis of these results has been carried out as 
shown in Tables 3 and 4. These results can be summarized as follows: 

90 (a) There is no statistically significant difference in the mean Sr 
estimates between the "grazing" classes. 



TABLE 2 

Srw Determinations i n  Selected Milk Powder Samples 

Winc heater 

Collection S P  
Date Time P P C h  Ca 

June 22 9:30 a.m. 
3:OO p.m. 

July 1 8:00 a.m. 
3:OO p.m. 

July 9 11:OO a.m. 
3:OO p.m. 

July 14 9:OO a.m. 
3:OO p.m. 

* 

15 35 
11-60 

11.94 
8.68 

10.84 
11.08 

10.14 
9.76 

Kemptville 

Collection srw 
k t e  nme ppc/g ~a 

June 23 9:OO a.m. 12.7'7 
11:30 a.m. 1.2.Jr4 

June 29 1O:OO a.m. 14.50 
2:OO p.m. 13.79 

July 8 9:15 a.m. 11.69 
lO:3O e.m. 12.13 

July 10 9:20 a.m. 13.60 
10:15 a.m. 12.36 

July 16 9:30 a.m. 11.86 
10:45 a.m. 13.28 

Shawvllle 

~ a l l e c t i o n  ~r90 
Date Time ppc/g Ca 

June 25 lO:3O a . m .  15.84 
2:15 p.m. 14.95 

June 30 11:35 a.m. 13.53 
2:O5 p.m. 14.73 

July 6 11:30 a.m. 14.70 
2:l5 p.m. l3.m 

July 15 11:35 a.m. 16.15 
2:05 p.m. 14.97 

July 17 l O : 3 O  a.m. 17.80 
~ : O O  2 . m .  16.61 

... 

Eganville 

collection ~ r w  
Date Time ppc/g CR , 

Tune 24 11:OO a.m. 12.68 
5:OO p.m. 14.2.9 

June 26 11:OO a.m. 15.48 
5:OO p.m. 12.09 

July 2 11:OO a.m. 12.77 
5:OO p a .  9.35 

July 7 11:OO a.m. 10.77 
4:OO p.m. 10.17 

July 13. 11:OO a.m. 12.21 
5:OO p.m. 11.28 

- 

I 
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TABU 3 

SrW Es t ima tes  - Analysis of Results 

i; 1 -0 24 

I I I I Mean 12.0675 10.2800 11.1738 

June 23 12.77 12.44* 25.21 12.6050 0.33 
June 29 14.50 13.79 28.29 14.1450 0.71 
July 8 11.69 l2.l3* 23.82 11.9100 -0.44 
July 10 13.60 12.36% 25.96 12.9800 1.24 
July 16 11.86 13.28* 25.14 12.5700 -1.42 
I 

I1 

SSum 64.k  64.00 128.42 I 

Town 

%awvllle 

Cganvi l l e  

I ]Sum 112.69 105..12 217.81 I 
I1 

IMean 12.5211 11.6800 12.1006 I 

SUm 78.02 74.26 152.26 

Mean , . 6 0 h i l 4 . 8 5 j  15.22b , 
June 24 12.68 14.19 26.87 13.4350 -1.51 
June 26 15.48 12.09 27.57'13.7850 3.39 
J G  2 12.77 9.35 22.12 11.0600 3.42 
July 7 10.77 10.17 20.94 10.4700 0.60 
July 13 12.21 11.28 23.49 11.7450 0.93 

sum 63.91 57.08 i2o.p~) 

;dean 12.7820 11.4160 12 .Wgo 

Sum 141.92 131.34 273.27 

Mean 14.1930 13.1340 13 06635 
~~ ~ 

* A.M. readings - 
Overall Mean = 217 81 + 27 27 = 491.08 = 12.9232 

38 
Rep I (A.M.) Mean 13.4011 
Rep I1 (P.M.) Mean 12.4453 

Difference 0.9556 



Summary of Statistical Analysis 

where i = 1, ... a Classes 
j = 1, ... b = ni Towns Within Classes 
k "1, ... c I n i j  Days within Toms 
m = 1, ... d = n Determinations within Days 

xijkm = 1 + a i  + p i j  + r i jk  + 6 i j h  

i j k  

All effects, except p, are considered N I D ( o , ~  e2) where e 
Universe: 100 mi. radius of Ottawa. 
Class 1 : lowland open plain with good grasses and clovers. 
Class 2 : grazing area running up into the pre-Cambrian where the poorer grasses grow. 

- - a 2 2, 2, d2, respectively. 
b c  

Analysis of Variance 1 
S.S. M.S. E (M-S-) jource of Variation d. f .  

2 Classes (A) 1 23.1422 23.1422 ad2 + 2 Uc2 + 9.53220b2 + 18.9474 
mms (B) in A 2 61.3224 30.6612 ad2 + 2oc2 + 9.4444 ab2 

Days (C) in B 15 51.8756 3.4584 ad2 + 2ac2 
De!. ( D ) ,  in.C 19 31.9384 1.6810 ad2 

T o t a l  37 168.2786 

2 2 2  var (x) = d + + b + a2 m'1.6810 + O . W T  + 2 863 + 0 to.&@ 
78 19 5 V 7 19 + 2  

Re optimum allocation of resources: decrease the number of days; increase the number of toun~g increase the number 
Of Determinations per Day. Because Towns MS is estimated with only 2 d.f. it should be treated with caution. 



(b) There i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rence  i n  the  mean 
Sr90 es t imates  between days f o r  the same town. 

(c) A s t a t i s t i c a l l y  s i g n i f i c a n t  v a r i a t i o n  was observed between towns. 

(d)  The a.m.  readings a r e  higher  than the  p.m. readings most of the  
time (14 out  of 19) but  the  d i f fe rence  between the  means (a.m. and 
p.m.) i s  not  s t a t i s t i c a l l y  s i g n i f i c a n t .  

(e) The m a x i m u m  d i f fe rence  between two determinations was 

17.80 - 8.68 = 9.12 

The maximum di f fe rence  fo r  any one town (Winchester) w a s  

15.35 - 8.68 6.67 

The maximum d i f f e rence  f o r  any .one town f o r  one day (Winchester) was 

15.35 - 11.60 = 3.75, 

Summary and Conclusions 

I n  eva lua t ing  the  r e s u l t s  obtained i n  t h i s  st:udy, with a view t o  
drawing conclusions which may be appl icable  t:o the  o v e r a l l  milk 
sampling program, i t  i s  w e l l  t o  keep i n  mind the purpose of the  
s tudy and the  circumstances under which samp1.e~ were co l l ec t ed .  
i n s t ance ,  i t  would not be reasonable t o  assume t h a t  the  p a t t e r n  of 
v a r i a b i l i t y  observed for these s t a t i o n s  would hold f o r  s t a t i o n s  i n  
another  p a r t  of Canada o r  t h a t  the  p a t t e r n  would hold fo r  the  same 
s t a t i o n s  a t  another t i m e  of year .  
grazing h a b i t s  a r e  s u b s t a n t i a l l y  d i f f e r e n t  and one would expect a 
s i m i l a r  study conducted during the  winter  t o  show a d i f f e r e n t  
p a t  t e rn .  

For 

I n  Canada winter  and summer 

I n  add i t ion ,  t he re  i s  now l i t t l e  doubt t h a t  the  rate a t  which f a l l o u t  
i s  deposited on the  ground as w e l l  as the  t o t a l  amount deposi ted 
a f f e c t  the  levels observed i n  growing p l an t s  and grasses .  Sampling 
fo r  t h i s  s tudy w a s  conducted a t  j u s t  about the  t i m e  when the  
maximum SrgO l eve l s  were being observed i n  milk and i t  i s  reasonable 
t o  expect t h a t  t he  cont r ibu t ion  from f a l l o u t  rate t o  those l e v e l s  
was a t  o r  near t he  maximum. It i s  not  poss ib le  t o  p red ic t  how the  
p a t t e r n  of v a r i a b i l i t y  would be changed under condi t ions when t o t a l  
depos i t  w a s  t he  main cont r ibu tor  t o  the  observed l eve l s .  



From these comments it is clear that interpretations of the results 
obtained in this study, as well as those obtained in the nation-wide 
sampling program, should be made with caution. It is too early yet 
to draw firm conclusions from the first stage results, but there is 
an indication that for a nation-wide program a more efficient allo- 
cation of a given number of samples would result from an increase 
in the number of stations in preference to the number of samples 
from a station. In any event, the results warrant continuation 
of this investigation according t o  the scheduled plan. 
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A C m I O I J  AND REPLACEMENT OF SKELETAL MINERfLL DEDUCED FROM SURVEY 
IN TEIE UNITED KINGDOM OF BONES l%R SRW 

John F. Inutit, Director 
Radiobiological Research Unit 

Medical Research Council 
-11, England 

Dr. Inutit summarized some of the results of his recent studies which 
are now published elsewhere or will be soon. 
are listed below for reference. The material silmmarized pertained to the 
growth and turmver of the skeleton with particular emphasis on strontium. 

!Riese published documents 

(Ed. 1 
Bryant, F. J., and J. F. butit. Human bone metabolism 
deduced from strontium assays. 
Energy Authority, Atomic Bnergy Research Establishment, 
Harwell, England, report AERE-R-3718, Hebr MaJesty's 
Stationery Office, London, 1961. 52 p p ( 8  shillings). 

United KingBam Atomic 

-tit, J. F. Lectures given at the University of' Chicago, 
1961, to be published in: 
University of Chicago Press, 1962. 

Irradiation of Mice and Men, 
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FALI 

C. L. Comar, R. 

IT AND THE FOOD CHAIN:  A STATUS REVIEW 

H. Wasserman, F. W. Lengemann and J. C. Thompson, Jr. 
Department of Physical Biology 

Cornel1 University 
Ithaca, N. Y. 

I. General Approach 

The behavior and metabolism of strontium, cesium and iodine, relevant 
to the problem of fallout, have been detailed in published review 
articles (1, 2, 3, 4). It is the intention here to discuss briefly a 
general approach and then to deal with a limited number of specific 
subject areas from the standpoint of present status and foreseeable 
problems . 
In the broadest sense the "fallout problem" requires knowledge of the 
relationships between the radionuclides released to the biosphere and 
the harm that may thereby be caused to the human population. Figure 1 
presents several stepwise categories of investigational approach. The 
most direct approach is normally to be preferred, which in the present 
instance would be a study of the relationships between the radionuclides 
disseminated, and harm to man. However, it is obviously most difficult, 
if not impossible, to evaluate harm directly primarilybecause of the 
relatively low levels of radiation exposure, low dose rates, and long 
latent periods. Evaluation of harm as a function of known radiation 
dose from fallout is occupying (as yet without success) the thoughts 
and efforts of our best minds, and is seemingly unapproachable by direct 
frontal investigation. 

The problem of radiation dose (a step removed) is not an easy one, but 
is more susceptible to the experimental approach than is that of harm: 
the radiation dosage from the bone-seekers is complicated because of 
heterogeneous distribution; for example, even bone formed throughout 
life from a diet of constant radiostrontium to calcium ratio may not 
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FIGURE 1. 
t o  the  "Fallout Problem". 

Schematic Indication of Step-wise Invest igat ional  Approach 

have a completely uniform dis t r ibut ion.  There is, however, a reasonable 
theo re t i ca l  and experimental basis f o r  estimation of dose delivered t o  the 
gas t ro in t e s t ina l  t r a c t  from material ass ing through, and t o  t i s sues  and 
organs from radionuclides such as Cs137 and 113' (5, 6). 

It is then of advantage t o  u t i l i z e  a s t i l l  more ind i rec t  step, namely 
the  relat ionship between the radionuclides released and the  amount and 
d i s t r ibu t ion  that will develop i n  the population. It i s  pointed out, 
however, that this re la t ionship  i s  complex because of varying pathways 
through the food chain, d i f f e r ing  dependence on f a l l o u t  rate and cmula-  
t i v e  to t a l s ,  and d i f fe r ing  holdup times. The amounts of rad ioac t iv i ty  
i n  m n  can be measured d i r ec t ly  b 
analysis  of thyroid glands f o r  11%, and by whole body counting f o r  
Cs137. Some of the  p rac t i ca l  d i f f i c u l t i e s  may be mentioned. - Post-mortem 
samples that are representative of the  PO u la t ion  are d i f f i c u l t  t o  obtain 

not required, but the limited number and non-portability of whole body 
counters r e s t r i c t s  sampling t o  individuals who l i v e  i n  o r  v ls i t  a given 
area. Results of bone analyses f o r  Srw i n  adults are most d i f f i c u l t  
t o  i n t e rp re t  because of the  heterogeneity of radionuclide deposition; 
fortunately,  values are meaningful f o r  young children who have a reason- 
ab ly  uniform dis t r ibu t ion  of Srw throughout the skeleton and who are 
close t o  equilibrium with their  d ie ta ry  intake.  
s t i l l b o r n  can be correlated with the  maternal d ie t .  

analysis  of human bones f o r  Sr9*, by 

on a current and continuing basis; f o r  C s  P 37, post-mortem samples are 

A l s o  values f o r  the 



conditions; (d) if specific foods are assayed, the chief contributors 
of radioactivity can be determined; and (e) the general knowledge 
obtained can serve as a basis for remedial modifications or controls, 
and further will permit predictions as to future levels as a function 
of amount and conditions of future releases. 
the usefulness of survey data may deperid to a large extent upon 
the planning and execution of surveys. 

It is emphasized that 

Recent experimental work has suggested that urine may be a useful 
integratin 
and of C S ’ ’ ~  (9). The advantages presented for Srg0 are as follows: 
(a) the urinary samples reflect the total amount of SrgO and calcium 
that enters body tissues, and there is no need to guess t contri- 

food items; (b) values are calculated in terms of total intake of 
SrgO and calcium which is probably the most important parameter 

would be noted early, and the results could reflect any day-by-day 
variations; (d) sampling and bulking would be relatively simple and 
work could be designed to reflect individual intakes as well as 
group averages classed according to any category of interest; (e) 
the results could be interpreted to give values for concentrations 
of SrgO and Srgolcalcium ratios in areas of newly forming and 
exchangeable bone; and (f) from a continued program of sampling 
it would be possible to construct the time pattern of radiostrontium 
levels in bone. 
has not yet been demonstrated. 

sample for monitoring the dietary intake of SrgO (7,8) 

butions of given food items or the availability of the Sr ?6 in given 

governing the body burden; (c) any sudden changes in levels of Sr 90 

The feasibility of large-scale monitoring of urine 

Information to-date has been, and must continue to be, obtained from 
work carried on simultaneously in all categories mentioned. 
important in evaluation that the data most suitable for the purpose 
be given the most weight. Especially must we be cautious of attempts 
to describe individual and physiological behavior from survey studies; 
likewise must we avoid extrapolation to populations from experimental 
studies-on limited numbers of individuals. 
more”rapid1y and with greater certainty if knowledge at each level 
can be taken into account in the planning and execution of both 
surveys and controlled experimental studies. 

It is 

The work can go forward 

Studies of intake in the diet (a step further removed) can overcome 
the problem of non-representativeness of post-mortem samples, but 
introduce another uncertainty, namely the relationship between intake 
and body burden attained. Some additional advantages of studies . 
on either total diet or individual food items are: (a) unlimited 
numbers and amounts of samples can be obtained; (b) changes in levels 
in dietary intake can be observed with only a small time lag; (c) 
correlations between amounts and rates of fallout and levels in the 
diet can be made in terms of specific meteorological and agricultural . 



Adequate information for dealing with fallout must come from firm 
knowledge of the way specific radionuclides pass through the food 
chain, and such knowledge will be derived from basic understanding 
of the biological systems, controlled experimental studies using 
radiotracers, and studies using environmental radioactivity. 

11. Food Surveys 

The organization of surveys for radionuclides in foods has recently 
been given detailed consideration by an expert (committee of the 
Food and Agriculture Organization of the United Nations and a full 
report is in press. Some brief observations are as follows: 

A. Objectives: The design and scope of survey:; should be based on 
the required objectives, some of the more important of which are 
listed: 

(a) Determination of whether or not a given level of radioactivity 
in the diet is reached; 

(b) Estimation of mean dietary radioactivity over appropriate periods 
of time and of maximum levels in diets of any special groups; 

(c) Monitoring of changes in dietary levels; 

(d) Studies of the food chain, especially to identify components 
that are the major contributors of radioactivity, and to 
clarify the processes and vectors involved; 

(e) Studies of correlations between radionuclides released and 
pathways through the food chain for purposes of prediction; 

(f) Studies concerned with effects of modification of diets and 
of changes in food technology; 

(g) Provision of a basis for policy decisions, recommendations or 
actions by authorities, and provision of information to the 
public. 

B. Acceptable Levels of Radionuclides in Foods: The representa- 
tiveness of sampling and the precision of assay that is required 
is determined by the official acceptable levels. An important waste 
of effort and expenditure may result from attempts to provide accurate 
evaluation of levels that are small compared to those of significance. 
Official acceptable levels may be used to limit surveys to the 
significant specific radionuclides and to the major dietary contri- 
butors of the radionuclides. 
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C .  Selection of Foods: For calculation of population exposures, 
it may be necessary to know the mean intake of certain individual 
foods, classes of foods (e.g. vegetables, cereals, dairy products), 
and total intakes. 
data on food production and disposition, (b) dietary surveys that 
are inherently limited in scope, and (c) individual consumption 
surveys that are even more limited. 

This information is obtainable by (a) nationwide 

Considerable information is now available that permits choice for 
assay of foods that are (a) the major contributors of specific 
radionuclides, (b) useful for showing time trends because of 
schedule of harvest or time pattern of contamination, and (c) of 
importance for special groups such as milk and prepared baby foods 
that might form a major part of the diet of the very young. Samples 
are preferably obtained from farms when the interest is mainly in 
food chain behavior because the history of the sample is often 
available. For estimation of mean levels, samples are preferably 
obtained from centers of collection or processing plants, rather 
than at points of consumption, This usually leads to better data 
on relationships t? conditions of agricultural production, and to a 
better chance of obtaining widely representative samples. 

Assays of total diets are sparing of radiochemical analyses, and 
are thus of advantage when resources are limited, but it must be 
remembered that they yield information only on total intakes. 
Sampling in this instance is most efficiently done in homes or stores. 

D. Comparisons of Milk Surveys: In past years various organizations 
have undertaken independent surveys of differing degrees of 
sophistication; full descriptions can be found in the literature (10). 
Some comparisons are attempted here, to indicate the degree of rigor 
necessary. Following are brief statements of scope and design for 
programs of milk sampling to be compared. 

a. Health and Safety Laboratory Liquid Milk - New York City (HASL-Lbl): 
Milk purchased from local stores representing five large dairies. 

b. Public Health Service Raw Milk Survey (PHS-RM): Milk collected 
from a station that represented part of a metropolitan milk-shed 
and a group of farms milking at least 1000 cows, 

c. Public Health Service Processed Milk Survey (PHS-PM): Sample is 
composite from plants supplying not less than 90% of city's 
milk supply and taken so as to represent milk consumed in the city. 

d. Consumers Union Survey (CU): Samples purchased from local stores 
in amounts that represent consumption by an individual over a 
two-week period. 
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~ TABLE 1 

Comparison of SrsO i n  M ~ B  Among Various Programs 
1958-1.961 

I 
Signif icant  

Observations Difference2 -- Time Programs' or Ci t i e s  - 
(Mean value i n  ppc SrYU/g Ca) Yes NO 

1961 - 
Jan. -May PHS-FN 1 

Nine C i t i e s  6.6 
Atlanta, Ga.  10.8 

~ Austin, Texas 3.1 
Chicago, Ill. 5.8 
Cincinnati, Ohio 7.5 
New York, N.Y. 6.6 
Sacramento, Calif. 3.4 
S a l t  Lake City,Utah 2.9 
Spokane, Wash. 6.3 
St.  Louis, Mo. 13 e 1  

'S PHS-PM 
5.5 
6.7 
2.1 
5.6 
6.5 
6.6 
3.7 
4.5 
6.8 
7 -1 

86 
10 
10 
8 
10 
8 
10 
10 
10 
10 

Jan. -May MSDH vs PHS-PM 
Minneapolis, Minn. 7.3 6.8 1 0  

January cu vs  PHS-Ri' 
Four c i t i e s  5.3 6.8 8 

January cu vs 
Eight c i t i e s  5 05 

1960 - 
Mar .-Dee. PHS-RM vs  

Nine c i t i e s  7 -2 
Atlanta, Ga. 11.1 
Austin, Texas 3.0 
Chicago, Ill. 7.4 
Cincinnati, Ohio 7.2 
New York, N.Y. 7.7 
Sacramento, C a l i f .  2*6 
S a l t  Lake C i t y , U t a h  5.4 
Spokane, Wash. 9.0 
S t .  Louis , Mo. 12 e 2  

June -De e. 

June -De e. 

Aug .Dee. 

New York, N.Y. 

New York, N.Y. 

Minneapolis, Minn. 

Three c i t i e s  

Seven c i t i e s  

HASL-LM 

HASL-LM 
7.6 

7.6 
MSDH 

5.6 

cu 
7.0 

8.0 
cu 

PHS-PM 
5.4 

PHS-PM 
506 
7.8 
1.6 
5.3 
6.6 
8.1 
4.3 

6 -7 
6.9 

5.1 

16 

114 
10 
12 
12 
10 
14 
10 
20 
16 
10 

vs  PHS-RM 
c7.7 14 

8.1 14 

7.9 10 

vs  PHS-PM 

VS PHS-PM 

vs  PHS-FiM 
13 e 1  6 

7.2 . 14 
VS PHS-FiM 

X 

X 

X 

X 

X 
X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 
X 

X 
X 

X 

X .  

X 

X 

X 

PHS-FN = Public Health Service Raw Mi lk  
PHS-PM = Public Health Service Processed MiIX 

MSDH = Minnesota S ta t e  Department of Health 
CU = Consumers Union 
HASL-LM * Health and Safety Laboratory Liquid PElk 
"t" t e s t s  were used t o  determine the  existence of s ign i f i cen t  differences ( l e v e l  of 

significance = .05) 
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e. Minnesota State Department of Health (MSDH): Two-ounce samples, 
collected daily at each of six stations, are composLted and 
analyzed monthly. 
so that samples are random representations of the milk produced 
in each milk-shed. 

Collection is made at the bottling machines 

Table 1 shows comparisons between results obtained from the different 
survey methods which include differences due to analytical as well 
as collection techniques. It is noted that in only three compari- 
sions are there significant differences. This leads to the tempting 
suggestion that even the most naive methods of sampling (purchase 
at a local store) will most likely provide values adequate for 
assessment of regional population intakes under conditions of wide- 
spread fallout. 
translation of such levels into harm to the population, and that 
the levels themselves represent a population exposure that is a 
fraction of background exposure. 

Remember that uncertainties are great in the 

E. Comparisons of T o t a l  Diet Surveys: Table 2 presents a compari- 
son of estimates of Sryu/Ca in total diets derived by differing 
methods of sampling. Again, one is impressed with the degree of 
agreement. 

F. 
sents some data on SrY/Ca in various constituents as compared to 

Relative Contributions of Foods to Dietary Srw: Wble 3 pre- 

that in the total diet. 
total diet to milk has been reasonably constant at about 1.2 to 
1.6. This ratio is expected to change with time, approaching 3.7 
as an equilibrium value. Meanwhile the observed constancy makes it 
possible to estimate total diet values from milk data, which are 
much more numerous. 
related, 8s might be expected from known modes of contamination. 
Tsble 4 presents values for relative contributions of Srw from 
different food classes. 

An important point is that the ratio of 

Whole wheat products were less constantly 

The data underscore another important matter, namely that although 
milk products were the greatest single contributor of Srw to the 
diet, a diet without milk would most likely have had as much as 
two to three times the Srw/Ca level. 

G. General Comments on Surveys: Information on behavior of 
radionuclides in the food chain and knowledge of theigeneralized 
mode of contamination can be used to simplify food surveys without 
compromise of objectives. 
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Areas of needed work are: (1) problems of short-lived radioactivity 
which may involve studies of short-term flow of iood supplies (see 
Table 5 for study of Northeastern region); (2)  delineation of 
variability; (3) consideration of rural populations where the con- 
sumption of milk and leafy vegetables immediately after production 
might be high; (4) obtaining a continuum of dcita on specified food 
products other than milk; ( 5 )  investigation of analysis of excretions 
as integrating samples for the human d i e t ;  and (6) satisfaction of 
the public that appropriate efforts are being taken. 

TABLE 2 

Comparison of Strontium Units' of Various Tcltal  Diet Programs 
i n  Northeastern United States During 1959 

AGENCY-PROGRAM wm LOCATION ppc s r w / g  C a  

HASL2 - Total d i e t  estimate 
from selected foods using 
USIA consumption date November New E'ork, N.Y. 17.7 

HASL - Complete d ie t s  of 
f ive lactat ing women for 
f ive days May Boston, Mass. 16.9 

HASL - Typical first year 
infant diet using values 
reported for  processed 
baby foods i n  August 1959 August '59 
and January 1960 Jan. '60 New York, N. Y. 74.0 

HASL - Complete dietscf f ive 
hospital personnel for  s i x  
*YS December New York, N. Y. 12.4 

Consumers Union - Market 
purchase of typical  teenage 
d ie t  f o r  twb weeks - Novem?x?r- Boston; .Mass 15 - 5  

12.2 
- Manhittan, N. ' Y. 12.6 
Pittsburgh . 13.2 

-. , 
' -BkolJyn ,  N. Y. 

Aggregate 
Aversee 14.3 
1 Strontium Unit  = ppc Srw/g Ca 
2 Health and Safety Laboratory 
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Date 

Ratios of Strontium Units’ i n  the  T o t a l  Diet 
t o  Those of Various Food Products i n  the  United States ,  1959-1961 

2Ratios of Strontium U n i t s  i n  Total  Diet  t o  Strontium Units in:  
Whole Whole All 

1961 - 
Apri l  

Jan.  
F- # I  

11 

11 

I t  

11 

I 1  

I !  

I 1  

11 

11 

I 1  

I t  

11 

11 

Agency Location 

HASL3 
HASL 
HASL 
HASL 

cu 
cu 
cu 
cu 
cu 
cu 
cu 
cu 
cu 
cu 
cu 

C v 4  

Chicago, Ill. 
San Francisco,Cal. 
New York City 
San Francisco, C a l .  
Atlanta,  Ga.  
Austin, Texas 
Boston, Mass. 
Boulder, Colo . 
Brooklyn, N.Y. 
Chicago, Ill. 
Grana Forks, NOD. 
Louisvi l le  , Ky 
San Francisco, C a l o  
Sea t t le ,  Wash. 
St.  Louis, Mo. 
Washington, D .C. 

F r u i t s  and 
Milk Bread Products Products Vegetables Be get able s 

Wheat Wheat Wheat 

1.7 . 48 
2.1 032: 
1.2 1.1 
2 01 2 2 
1.4 
1*8 
1.5 
1.8 
1.1 
1.2 
1.9 

3 .6 
1.0 
1.1 
1.8 

088 

.64 

.40 

.62 
a 67 
.16 
27 
58 
.41 
077 
93 
45 
029 

f 



TABU 3 :cont'it.! 

Date 

1960 
NOV 
Oct 0 

Sept . 
Aug . 
June 
M Y  
March 
March 

- 

_c 1959 
-F Nov . 
w u 

11  

I t  

11 

I t  

I t  

II 

I t  

1961 
1960 
1959 

Agency Location 

HASL 
HASL 
HASL 
HASL 
HASL 
HASL 
HASL 
HASL 

Whole Whole All 
Wheat Wheat Wheat F r u i t s  and 

Vegetables Milk Bread Products Products Vegetables 

Chicago, Ill. 1.2 45 

Chicago, Ill. 1.4 .44 
San Francisco, C d .  1.7 .5a 
New York City 1.1 .40 
Chicago, Ill. 1.7 e 45 
New Yo& City 1.1 .34 

New York City 1-7 .48 

San Francisco, C d .  1.3 1.7 

cu Atlanta, Ga. 1.4 
cu Boston, Mass. 1.7 
cu Brooklyn, N.Y. 1.1 
cu Louisville,-Ky. 94 
cu New Orleans, La. 1.0 
cu Pi t tsburg,  Pa. 1.1 
cu St. Louis, Mo. 1-3 
cu Washington, D.C. 1.2 

1.0 .45 ,434 
1.3 029 027 
.68 -36 -47 
.50 51 49 
1.1 .41 9 49 

63 46 57 
1.1 .39 .54 

.5a .43 .40 

Average 
Average 
Aver age 

1.6 1.0 .52 .74 .42 
1.4 .60 ---- 0.86 

.34 

.46 --- 

'Strontium Unit = 1 ppc srSO!g C a  
'Ratios were computed from annual regional food consumption data  based on 1955 * l . S .  Dept. of Agticu.Ture household Food 
Consumption Survey 

- 

3 Health and Safety Laboratory 
4 Consumers Union 
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TABLE 4 

Percentage Contribution of SrgOfrom Various Food Products 
to the Annual SrgO Intake in the Total Diet' 

Whole Wheat All Wheat F r u i t s  and 
Date Agency Location Milk Bread Products Ve getable s Vegetables 
1961 
Apri l  HASL2 Chicago, Ill. 37 2 22 28 40 

(Percent of m u d  Sryu Intake) - 
I1  

Jan  . 
11 

11 

I t  

11 

11 

11 

11 4= 
W m I 1  

1 1  

11 

11 

11 

11 

1960 
Novo 
Oct . 
Sept . 
Aug . 
June 
May 
March 

- 

I 1  

11 

11  

I 1  

cu 
I 1  

I 1  

11  

11 

I 1  

11 

11 

11 

I 1  

11  

I I  

HASL 
11  

11  

1 1  

11 

11 

11  

11  

San Francisco, C a l .  
New York City 
San Francisco, Cal. 
Atlanta, Ga. 
Austin, Texas 
Boston, Mass. 
Boulder, Colo. 
Brooklyn, N. Y o  
Chicago, Ill. 
Grand Forks, N.D. 
Louisvi l le  , K$ . 
St.  Louis, Mo. 
San Francisco, C a l .  
Sea t t le ,  Wash 
Washington, D .C . 

28 
50 
29 
37 
27 
39 
37 
52 
53 
35 
56 
60 
18 
61 
27 

Chicago, 111. 50 
New York, N.Y. 34 
Chicago, 111. 44 

New York, N.Y. 53 
Chicago, 111. 36 
New York, N.Y. 50 

San Francisco, C a l .  34 

San Francisco, C a l .  47 

( Con 

5 24 19 41 
1 16 15 31. 
1 18 24 43 

hued) 

15 
I 2  
24 
27 
17 
25 
18 
12 

17 31 
33 30 
19 25 
16 28 
21 27 
21 35 
22 24 
23 30 



TABLE 4 (Continued) 

-I= 
Y 

Whole Wheat All 'dheat Fruits and 
Date Agency Location Milk Bread Products Vegetables Vegetables 

(Percent of Annual SrY" Intake) 
1-959 
Nov . 

1 1  

1 1  

1 1  

11 

11 

I 1  

11 

1 1  

1 1  

May 
1.958 
1.958 

cu 
1 1  

I 1  

1 1  

PHS 
HASL 
HASL 
PHS 
HASL 

1.961 Average 
1960 
1.959 
1.958 

I 1  

11 

I I  

Atlanta, Ga. 
Boston, Mass. 
T'rooklyn, N.Y. 
Louisvil le,  Ky 
New Orleans, La. 
Pi t tsburg,  Pa. 
St. Louis, Mo. 
Washington, D. C . 

4Cincinnati, Ohio 
New York, N.Y. 
Boston, Mass. 
Cincinnati, Ohio 
New York, N.Y. 

34 
34 
52 
52 
48 
52 
50 
41 
37 
39 
44 
36 
40 

23 
16 

3-5 
27 

38 
40 
42 
42 
31. 

41 2 20 22 39 
44 2 18 22 32 
44 ..- 20 -- 40 
38 22 36 

1 Annual Regional food consumption data obtained from 1955 U.S. Dept. of Agriculture 
Household Food Consumption Survey used to compute intake values for HASL TriCity 
Diet and Consumers Union Diet Studies. 

2 Health and Safety Laboratory 
3 Consumers Union 
4 Public Health Service 
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TABLE 5 

I 

Appropriate Marketing Times for Major Food Products 
Consumed in Northeastern United States 

Days in Marketing Channel Maximum 
Food Local Area Mstant Area Storage Period 

Dairy Products: 
Butter 
Cheese Processed 

Cottage Cheese 
Fluid Milk 
Ice  Cream 
Processed Milk 

Cheddar 

Vegetables : 
Asparagus 
Broccoli 
Brussel Sprouts 
Cabbage 
Cantaloupe 
Carrots 
Cauliflower 
Celery 
corn 
Cucumbers 
Escarole 
Green Beans, peas 
Lettuce 
Onions Fresh 

Cured 
Peppers 
Potatoes 
Spinach 
Squash Summer 

Winter 
Tomatoes 

W a t  e melon 

6-8 10-15 10-12 months 
7-10 20-30 10-12 months 

3-5 10-14 days 
3-5 2-3 weeks 
6-8 10-15 6-12 months 

60-90 70-100 12 months and Up 

10-20 12 months and up 
Harvest Period' 

3-5 
3 -5 
3-5 
3-5 
3 -5 
3 -5 
3-5 
3-5 
2-4 
5-5 
3-5 
3-5 
3-5 
3-5 
10-14 
3-5 ' 

3-5 
3-5 
3-5 
3 -5 
3-5 

3-5 

10-12 
10-14 
10-14 

10-14 
6-10 

7-10 

6-10 
5-8 
6-8 
10-14 
6-10 

6-8 
20-30 
6-8 

10-14 

10-14 

5-14 
6-8 
7-10 
7-10 
8-10 

6-10 

2 weeks 
2-3 weeks 
2-4 weeks 
4-6 months 
2-3 weeks 
6-8 months 
2-3 weeks 
2-3 weeks 
2-3 weeks 
2-3 weeks 
4 weeks 

2-3 weeks 
3-4 weeks 
2-3 weeks 
6-8 months 
2-3 weeks 
12 months 
1-2 weeks 
2-3 weeks 
4-6 months 

Green 4 weeks 
Ripe 10 days 

3-4 months 

( Continued) 

W S p S F  - - - -  
x x  

x x  X 
X X 
x x  x x  

x x x  
x x  x x  
x x  x x  
x x  x x  
x x  x x  
x x  x x  

x x  
x x  x x  
x x  x x  
x x  x 

x x  
x x  x x  
x x  x 
x x  x 
x x  x 

x x  

x x  x x  
X 



TABLE 5 (Cont'd) 

Cay in Markeiing Channel Maximum 
Local Area Distant Area Storage Period Food 

Harvest Period 
W % S E  

Frui ts  : 
Apples 
Oranges 
Grapefruit 
Apricots 
Cherries 
Lemons 
Cranberries 
Grapes 
Peaches 
Pears 
Plums 
Strawberries 

6-12 months 
6-12 months 
6-12 months 
2-3 weeks 
1-2 weeks 
6-12 months 
4-6 weeks 
3-4 weeks 
2-3 weeks 
2-6 months 
3-4 weeks 
10-14 days 

x x  
x x  x x  

3-5 10-14 
10-14 

10-14 

10-14 
4-6 
10-14 
6-8 
10-14 
10-14 
6-8 

6-10 

8-10 

x x  x x  
X 

X 

x x  X 

X 

x x  
X 

x x  
x x  

x x  

3-5 

3-5 
3-5 
3-5 
3-5 
2-4 

Processed Products : 
Canned Vegetables 
Canned Frui ts  
Frozen Vegetables 
Frozen Fru i t s  
Frozen Juices 

7-10 
7-10 
7-10 
7-10 
6-8 

15-20 

15-20 
15-20 

15-20 
Years 
Years 
Years 
Years 
Years 

l2 months 
12 months 

30-40 
30-40 

Dried Fru i t s  
Dried Vegetables 10-20 

Meat : 
Beef 7-10 

5-10 

5-10 
10-15 

2-5 
4-7 

10-20 

10-15 

10-20 
20-30 
10-15 
15-20 

5-10 
6-10 

Frozen 
Fresh 
Fresh 
Canned 

12 months 
1 month 
2-4 weeks 
12 months and up 
3-4 weeks 
4 months 
12 months 
1 month 
12 months 
10 days 
l2 months 
1 h n t h  

Fish 

Iamb 
Pork Cured Frozen 

Cured 
Fresh 
Frozen 
Fresh 
Frozen, 
Fresh 

Fresh 
Poultry 

Veal 5-10 10-15 

30-40 Flour 15-30 

5-7 

l2 months and up 

7-10 2-3 weeks 

W = Winter; Sp= Spring; = S = Summer; F = Fall .  
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111. Retention of Radiostrontium in Man 

Retention of ingested radiostrontium can be judged from two stand- 
points: (a) absolute retention and (b) comparison with calcium 
retention by consideration of O%ody/diet values (0 = 

%ody/diet 

Sr*/Ca body). 
Srx/Ca diet 

Absolute retention values are difficult to interpret; 

for example, in a mature individual exposed to Sr90, the daily 
net retention may be about 20% of the amount ingested per day to 
start with, but should eventually decrease to zero as the skeleton 
becomes labeled under constant intake. Under such conditions of 
constant intake, the SrgO content of the body would be expected to 
reach a constant value just as the calcium content does. 

Evaluation Of the ORbody/diet in man is of most practical interest in 
connection with chronic ingestion. Numerous independent studies have 
established ORbody/d et values for a variety of animal species using 
varying methods bases on differing assumptions (2,11,12). It is, 
however, not possible to obtain needed information from direct 
observations on man. All of the observations to date have a con- 
siderable degree of uncertainty for one methodological reason or 

another' '%ody/diet 
studies using retention of an ingested dose of Sr8' and Ca45 in 
sixteen patients (13); earlier measurements using similar procedures 
gave values of 0.44 and 0.54 for groups of patients on two different 
types of diet (14). An ORbody/diet value of about 0.25 was obtained 
from 4 normal healthy women by an indirect U E t h d t  
namely by measurement of fallout SrgO and stable calcium to give 
an ORmilk/diet value of 0.1 from which the ORbody/diet value was 
calculated using an OR,,,ilk/plasma value of 0.4 as 
the cow and goat (15). 

values of 0.29 were reported from controlled 

observed in 

From studies on calves and rats (17,18), it was suggested that dis- 
crimination against strontium in the process of gastrointestinal 
absorption is reduced in the young. Bryant and Loutit (16) estimate 

sr* = isotope of strontium. 
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confirmed (24). However, i n  both of these experiments, a quant i -  
t a t i v e  inverse  p ropor t iona l i t y  between the calcium i n  d i e t  and 

independent of calcium intake.  On t h e o r e t i c a l  grounds i t  was 
the re fo re  pred ic ted  t h a t ,  wi th  time, a q u a n t i t a t i v e  inverse  r e l a t i o n -  
s h i p  would occur. Since both of these  s tud ie s  were short- term and 
i t  was shown t h a t  s eve ra l  months a r e  necessary f o r  c a t t l e  t o  adapt 
t o  changes i n  d i e t a r y  calcium (4) ,  a long-term inves t iga t ion  w a s  
undertaken t o  s tudy t h i s  point .  I n  t h i s  experiment, 10 weanling 
pure-bred Hols te in  h e i f e r s  were divided i n t o  twcl groups; one group 
received a medium calcium d i e t ,  and the  o ther  a high-calcium d i e t .  
These were fed  through t h e i r  growing per iod,  through ges t a t ion  
and i n t o  l a c t a t i o n .  The calcium/phosphorus r a t i o s  of the  feeds of 
the  two groups were about the  same and within the  normal range. 

S r  90 i n  milk was not seen although the  O&i1k/die!t w a s  never the less  

About two months a f t e r  p a r t u r i t i o n ,  a balance experiment was performed, 
using accepted n u t r i t i o n a l  procedures. Each animal recei-ved a known 
amount of Ca47 and Sr85 by capsule  twice d a i l y  fo r  LO days, and the  

TABLE 6 

Long Term Effect of Dietary Calcium Level on Relative Secretation of 
Calcium and Strontium into Milk as Determined by Three Methods 

Medium Calcium - High Calcium - 
No. of cows 
C a  intake ( e  /day) 
Sr intake (mg/day) 

Diet (mg Sr/ g Ca) 
Milk (mgSr/g Ca)  
O%ilk/die t 

Ca47 (4 dai ly  dose/ l i ter  of milk) 
Sra5(% d a i l y  d o s e / l i t e r  of milk) 
O%lk/die t 

Diet (pyc SrS0/g C a )  

'%ilA/diet 
m w v w  Sr90/g C r )  

5 
92 
180 

0.57 k 0.04 
0.047 t 0.005 
0.084 f 0.004 

32.8 
4.1 f 0.4 
0.12 f 0,Ol 

4 
44 
124 

2.80 
0.23 * 0.03 
0.083 k 0.009 

1,04 k 0.06 
0.091 t 0.008 
0.089 k 0.009 

69.9 
8.0 f. 1.1 
0.11 t 0.02 

* Standard error of mean 
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an ORbody/d e t  of  about 0.5 f o r  young i n f a n t s .  

methods f o r  d i e t a r y  and exc re t ed  Srg8 and calcium in young i n f a n t s ,  
sugges t  t h a t  t h e  ORbody/diet may be even h igher .  

A t t en t ion  is c a l l e d  t o  a series of t h r e e  no te s  t h a t  dea l  wi th  
observa t ions  on t h e  e f f e c t s  of b r e a s t  feeding  versus  feeding wi th  
cow's milk (19,20,21).  Fu r the r  da t a  are needed f o r  c l a r i f i c a t i o n  
on p o i n t s  r a i s e d  which suggest  an inc reased  s t ront ium r e t e n t i o n  i n  
babies  f ed  cow's milk because of an  i n c r e a s e  phosphate i n t a k e  as 
compared wi th  t h a t  from breast milk. 

Pre l iminary  da t a  
from two i n  id ependent s t u d i e s  i n  t h e  n i t e d  S t a t e s ,  us ing  balance 

Whether o r  not  t h e  h ighe r  ORbody/diet va lue  i n  the  young is of 
importance i n  governing t h e  hazard ,  depends upon the  mechanisms 
of  i n j u r y  product ion.  I f  t h e  major f a c t o r  is t h e  i n t e g r a t e d  dose 
over t h e  yea r s ,  then  the  h igher  OR va lue  may not  be s i g n i f i c a n t  
because of  t h e  h igh  rate o f  bone turnover  i n  the  young, which w i l l  
l e a d  t o  a body burden r egu la t ed  by t h e  OR a t  ages of 1 t o  2 years  
and above. On t h e  o t h e r  hand, if i n j u r y  is pr imar i ly  r e l a t e d  t o  
a n  i n i t i a l  i n s u l t ,  then the  high OR i n  the  very  young may need 
t o  be taken i n t o  account.  

An important  area of  i n v e s t i g a t i o n  would be s tudy  of the  change in 
d i sc r imina t ion  t h a t  occurs  i n  t h e  e a r l y  yea r s  of  l i f e .  

IV. Transference  of Radiostront ium i n t o  Milk 

An important  i n t e r e s t  i n  t he  metabolism of  SrgO i n  animals ia In 
t he  e x t e n t  t o  which i t  may be t r a n s f e r r e d  i n t o  milk. 

It is known t h a t  t h e  amount of  i nges t ed  calcium s e c r e t e d  i n t o  milk 
i s  d i r e c t l y  c o r r e l a t e d  with t h e  t o t a l  amount of  milk and t h e r e f o r e  
of milk calcium s e c r e t e d ;  because of ORmilk/diet i s  roughly cons t an t ,  
i t  would be expected t h a t  t h e  t o t a l  Sr90 s e c r e t e d  i n t o  milk would 
l ikewise  be r e l a t e d  t o  mi lk  y i e l d .  Thus i t  seems more u s e f u l  t o  
d iscuss  amounts of  Sr90 i n  t e r m s  of percentage of i nges t ed  dose 
per  l i t e r  of  milk o r  pe r  gram of  milk calcium, s i n c e  t h i s  tends t o  
compensate f o r  d i f f e r e n c e s  i n  milk product ion when d a t a  are t o  be 
compared. Values ranging from 0.5 t o  2% of an  inges t ed  dose of 
Sr* i n  the  t o t a l  milk of t h e  cow have been r epor t ed  (4,22,23) .  I n  
comparison, wi th  cont inuous i n g e s t i o n  under normal cond i t ions  of 
feeding ,  s e v e r a l  groups have found about 0.08% of t h e  d a i l y  dose 
t o  be s e c r e t e d  pe r  l i t e r  of  milk (24,25,26).  
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It is of interest to note that the percent of ingested radio- 
strontium secreted per liter of milk is more than ten times higher 
for the goat than for the cow. This is because the goat puts a 
much larger proportion of its dietary calcium into the milk per 
liter than does the cow. 

Values of ORmilk/diet are more useful for many purposes than are 
absolute quantities. Values for the cow and goat have been reported 
from 0.05 to 0.16, but the majority of more recent experimental 
measurements fall close to 0.11 (4,12,22,24,26,,27). The physio- 
logical processes which contribute to this ten-fold differential 
in calcium and strontium secretion into milk were initially 
determined in the goat (27), and confirmed in subsequent studies 
in the cow (22, 24). For clarity of expression, the contribution 
of any process to the overall discrimination (as given by the OR 
has been termed the "discrimination factor" (DF). The discrimination 
factors that result in the O k l k  diet of about 0.1, are 0.2-0.3 for 

to 0.6 for mammary secretion. It is evident that the preferential 
absorption of calcium from the intestinal tract is the major process 
contributing to the oR,,,ilk diet of 0.1. 

(28) assessed the comparative binding of calcium and strontium by 
milk proteins and found that milk proteins bound strontium to a 
greater degree than calcium. Since this is the opposite of the 
action necessary to cause preferential calcium movement into milk, 
it was concluded that some factor other than protein binding was 
responsible. 

The differential movement of SrgO and calcium in lactating women was 
recently determined by Lough, Hamada and Comar (29). Like the cow 
and goat, the ORmilk/diet in 4 of 5 women ranged from 0.085to 
0.13, with an average of 0.10; the fifth individual had subnormal 
intake of calcium, which most likely invalidated the experimental 
method. 

gastrointestinal absorption, 0.6- 6 .8 for urinary excretion, and 0 . 5  

the mechanism of mammary d i scrimination, Twardock, Prinz and Comar In experiments relating t o  

A question of potential practical importance concerns the effective- 
ness of high levels of dietary calcium in decreasing the level of 
SrgO in milk. 
suggested that increasing the calcbum intake of dairy cows would, 
in fact, decrease the amount of Sr per liter of milk (4); in a 
more recent experiment of a short-term nature, these findings were 

A short-term study on this problem several years ago 
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quantity of the ingested radionu lides transferred to milk was 
determined. Before radionuclides were administered, samples of 
milk from each cow and samples of their contemporary feed, were 
sent to the Health and Safety Laboratory of the New York Operations 
Office, U . S .  Atomic Energy Commission, for fallout SrgO and stable 
strontium analysis. These data have been summarized and are given 
in Table 6. 
is very predictable and varies from 0,083 to 0.12, depending on 
technique. Within each method, the OEbilk/diet was independent 
of level of calcium in the diet. As had been predicted, a pro- 
portional inverse relationship was found to exist between calcium 
intake and concentration of Sr* in milk. In the double tracer 
study with Ca47 and Sr85, a 2.2-fold increase in Ca intake 
decreased Sr85 secretion into milk by a factor of about 1.9; in 
these same animals, the SrgO level in milk was reduced similarly 
by a factor of 2.0; thus, these data were mutually confirmatory. 

These different methods again showed that the OR,jlk/diet 

The effect of stable strontium on radiostrontium secretion into milk 
was also investigated in a short-term study (12). In these experi- 
ments, two goats were fed a diet containing about 3.0% strontium 
and 0.25% calcium;, the control diet for reference purposes contained 
1.7% calcium. Each diet, on an equivalence basis, contained about 
the same amount of total alkaline earths. After consuming the diet 

:IedrSz8p twice daily for 10 days. At steady state, the high- 
strontium goats and the high-calcium goats secreted 0.77 and 0.74% 
of the daily dose of Sr85 per liter of milk, respectively. 
ORmilk/diet was about the same for both treatments and was found 
to be 0.12. Thus, there appeared to be little advantage in using 
stable strontium as a diluent for radiostrontium, even though 
the stable strontium supplement represented an increase in total 
strontium by many orders of magnitude. Also, prolonged feeding 
of stable strontium in itself would undoubtedly prove deleterious 
to the health of the animal (30,31). In the similar ex eriment 
w i t h  two cows, stable strontium had little effect on Sr 
secretion into milk. 

reliminary period of two weeks, the goats were given Ca 45 

The 

135 

In recent studies, other feeding procedures were attempted to reduce 
the transfer of radiostrontium from diet to milk. High levels of 
potassium phosphate ( K ~ H P O C ) ,  sodium ethylenediaminetetraacetate 
(NaEDTA), ion exchange resin (Dowex 50)  and magnesium sulfate 
( M g S O 4 )  were incorporated in the grain mixture of lactating cattle. 
It was observed that, on a short-term basis, none of these dietary 
additives decreased the level of Sr85 per liter of milk. In fact, 
EDTA feeding had the opposite effect of increasing Sr85 concentra- 
tions in milk; these results paralleled earlier observations made 
with EDTA in the rat (32). 
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V. Radioiodine i n  Animal Products 

Radioiodine reaches the  human population pr imar i ly  by means of milk 
o r  milk products.  Dairy animals i n  foraging necessa r i ly  graze over 
la rge  sur face  a r e a s ,  and i n  doing so can, under some circumstances,  
produce milk t h a t  conta ins  s i g n i f i c a n t  amounts of even though 
the  depos i t ion  of the  radiocontaminant per  square meter of ground 
i s  considered small. Study of the  f ac to r s  involved i n  t r a n s f e r  
of radioiodine from forage t o  milk i s  therefore  important.  

Two experimental  approaches have been used t o  s tudy the  sec re t ion  of 

the  o the r  i s  adminis t ra t ion  d a i l y  f o r  r e l a t i v e l y  long periods of 
t i m e .  
information pe r t inen t  t o  a s h o r t  exposure t o  rad io iodine ,  such 
as was  experienced a t  Windscale, and the  long-term adminis t ra t ion  
is appl icable  t o  s i t u a t i o n s  where nuclear  t e s t i n g  o r  contamination 
takes  p lace  over a considerable  period. I n  a d i t i o n ,  i t  has been 
demonstrated by double t r a c e r  s tud ie s  using If25 and t h a t  the  
da t a  of s i n g l e  adminis t ra t ion  experiments a r e  r e a d i l y  i n t e r p r e t a b l e  
i n  terms of long-term adminis t ra t ion . (33) .  

i n  milk. One i s  the  use of s i n g l e  doses of rad io iodine ,  and 

Each approach i s  of d i r e c t  value,  s ince  a s i n g l e  dose gives  

Dairy c a t t l e  have been found t o  s e c r e t e  i n  m i l k .  from 4 t o  20% of a 
s i n g l e  dose of II3‘ i n  a 7-day per iod,  the average value being about 
8% (35,35,36,37,38,39). Af te r  a per iod of d a i l y  adminis t ra t ion  of 
1131 the  t o t a l  c o l l e c t i o n  of radioiodine i n  m i l k  of another group 
of cows w a s  found t o  p la teau  a t  from 4 t o  20%, and t o  average about 
11% of the  d a i l y  in t ake  (38,39). The concentra.t ion of IL31 i n  the  
milk ranged from 0.5 t o  2 .% of the  d a i l y  intak.e per  l i t e r ,  and 
averaged 1.1% per l i t e r  of milk (36,38,39). Thie experimental  
determinations have been found t o  give the  same results as forage 
contaminated with Il3I (35). 

The goat has been i.nVe6tigated as w e l l ,  s i nce  i t  con t r ibu te s  to the  
m i l k  supply i n  some areas. S ing le  adminis t ra t ion  s t u d i e s  have shown 
t h a t  the  t o t a l  amount of i n  the  milk of t he  goat can vary 
from 6 t o  54% when c o l l e c t e d  f o r  a per iod of at l e a s t  7 days ( 3 9 , 4 0 ) .  
The v a r i a t i o n  i s  due t o  the  extremes i f i  t he  l e v e l s  of milk production 
of the  animals used, A reasonable,  t y p i c a l  value would be about 
40% of the dose of radioiodine appearing i n  the! milk. 
allowance should be made f o r  the  l e s s e r  Il3I in t ake  by the  goa t ,  
when con t r a s t ing  the  value f o r  goats  t o  t h a t  of‘ cows. i 

I n  s t u d i e s  employing long-term dosing with 113’, a tremendous range, 
from 1 t o  80% of a d a i l y  dose, w a s  foand i n  the! milk of a goat 
when equi l ibr ium w a s  a t t a i n e d  (39). Again, the  average value w a s  
40% of a d a i l y  dose appearing i n  the  milk produced d a i l y  goats  
l a c t a t i n g  a t  a reasonable level. The concentraition of 1’” a t  

Again, 
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equi l ibr ium ranged from 22 t o  150, with an average of 65% of a 
d a i l y  in take  of 1131 per  l i t e r  of milk. 

L i t t l e  of the  i n  the  milk of cows and goats  is assoc ia ted  with 
the  pro te in ,  owar 90% being i n  the  form of iod ide  (38,39,30). Of 
the  products from milk, cream and cream-products should conta in  
l i t t l e  radioiodine,  and only about 10 t o  15 percent of the radio- 
iod ine  of the  milk should be found i n  cheese made from whole milk (39).  

The cow, when compared t o  the  human being, dog, ra t  o r  guinea-pig, 
shows l i t t l e  a b i l i t y  t o  concentrate  iodine from th? blood plasma 
i n t o  milk. Milk-plasma r a t i o s  i n  the  cow range from about 1 t o  4; 
t he  o the r  spec ies  show a b i l i t i e s  t o  concentrate  iodine by a f a c t o r  
of 20 t o  30. 
milk shows a seasonal v a r i a t i o n  (36,37). This  changing a b i l i t y  t o  
concentrate  iodine makes i t  d i f f i c u l t  t o  p red ic t  with assurance the  
t o t a l  1131 o r  the concent ra t ion  of I131to be expected i n  the milk 
of a cow. 
from plasma i n  producing milk: t he  milk-plasma r a t i o  is approxi- 
mately 10 i n  t h i s  spec ies  (39,41). The concentrat ing mechanism i s  
suscep t ib l e  t o  a t t enua t ion  by drugs, such as thiocyanate ,  per- 
c h l o r a t e ,  o r  iod ine  35,39,41) and o f f e r s  p o s s i b i l i t i e s  of reduct ion 
of the  t r a n s f e r  of I i 3 1  i n t o  milk. 

More work needs t o  be done t o  s u b s t a n t i a t e  the  e f f e c t  of season 
on the  iod ine  concentrat ing mechanism, t o  a s c e r t a i n  the  f a c t o r s  
which is the  u l t imate  cause of the  v a r i a t i o n ,  and t o  i n v e s t i g a t e  
the  e f f e c t s  of drugs and hormones so t h a t  the  mechanism can be 
understood and manipulation attempted i n  times of need. 

The a b i l i t y  of the  cow t o  concentrate  iodine i n  i t s  

The goat a l s o  shows an a b i l i t y  t o  concentrate  iodine 

I n  add i t ion  t o  milk,  eggs could under some circumstances be vec tors  
of radioiodine.  Experimental s tud ie s  with lay ing  hens (42) given 
radioiodine d a i l y  f o r  a per iod of 20 days, showed t h a t  the  body of 
the  hen tends t o  reach a p la teau  l e v e l  represent ing  about 70% of 
the  d a i l y  dose, with about 90% of each day's dose being found i n  
t h e  excre t ion .  About 8% of the  d a i l y  i n  e is recovered i n  the  
egg, with the  major o r t i o n  of the  egg ,Ed being found i n  the  
yolk. Most of the  IP3' is e x t r a c t a b l e  with water, but a s i g n i f i -  
can t  amount is bound t o  the  pro te in .  When the  laying hen is given 
a s i n g l e  dose of the  albumen and the  s h e l l  show a peak of 
a c t i v i t y  on the  f i r s t  day a f t e r  adminis t ra t ion ,  and decrease 
s t e a d i l y  a f t e r  t h a t .  The yolk,  however, does not reach i t s  m a x i m u m  
value u n t i l  about the  s i x t h  day, i nd ica t ing  t h a t  the  radioiodine 
is incorporated i n t o  egg yolk,  while the  f o l l i c l e  i s  developing 
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on the ovary. Practically, this implies that the maximum level 
in eggs will not arise until sometime after the hens have been 
exposed. It should be apparent that only hens allowed access to 
range could develop significant levels of radioiodine in their 
eggs, a situation that is unusual in commerc:ial production areas 

\ of the United States. 

VI. Turnover of Cesium 

I 

The retention pattern of cesium in mamals has been given, as for 
other radionuclides, in terms of a multi-component exponential 
equation in the form: 

where Rt = retention at time t; al, a2¶ ... an are concentration 
coefficients; bl, b2, ... b, are rate constants of elimination or 
transfer. Another term that has also been used to indicate the 
relative rate of removal is the biological Inalf-time (BT 1/2) 
defined by Richmond ( 4 3 )  as "the time necessary for an animal to 
lose the first half of its initial body burgden by all routes of 
elimination, regardless of method of administration". If 
elimination of CsJ: were by a single exponential process, BT 1/2 
would have a significant meaning and would lbe equal to 0.693/b 
of the first term of equation (i). However, experiment has shown 
that radiocesium is removed by two or more processes, with each 
having a distinctive rate of transfer and compartment size. Thus, 
the use of BT 1/2 should be used advisedly and with knowledge of 
its short-comings; this expression i s  heavily weighted by the 
early rapid process of removal which may.represent a relatively 
mall compartment size. The more precise expression i s  given in 
equation (i), which, unfortunately, contains several terms and 
numbers that are not as easily handled as the less precise BT 1/2. 

Several laboratories have reported the turnover rates and/or 
biological half-times for radiocesium in a number of species. 
The most extensive studies were carried on by Richmond ( 4 3 )  at 
the Los Alamos Scientific Laboratory. Some of these values have 
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been compiled for this report and are presented in Table 7;  where 
possible, the terms of the multi-component curve as well as the 
BT 1/2 are given. In certain cases, only the BT 1/2 or a single 
term of the exponential equation was available. It may be seen 
that there appears to be a direct correlation between BT 1/2 
and the body size of the various monogastric species; i.e. mouse 
to man. 
by Richmond ( 4 3 )  who found that: 

This relationship was quantitated to a first approximation 

log y = 1.864 + 0.825 log x (ii) 

where y = BT 1/2 in days for Cs'k, and x = body surface area of 
the animal in square meters. Although Richmond ( 4 3 )  had not sug- 
gested any physiological basis for this interspecies correlation, 
it was tempting to hypothesize that C S ; ~  turnover may be related 
to the metabolic body size and, therefore, to metabolic rate of 
the different species. In preliminary studies in this laboratory, 
this hypothesis was tested in an experiment in which the effect 
of thiouracil feeding on Cs137 retention in rats was determined ( 4 4 ) .  
Although thiouracil inhibited growth and decreased ox en consumption 
in the treated group, the rates of elimination of Cs by the 
controls and the thiouracil-fed animals were essentially the same. 
Thus, the physiological explanation for this relationship must be 
sought elsewhere. 

'From Table 7 it was also apparent that the BT 112 for the goat and 
cow was relatively short compared to the non-ruminant species. The 
longest component for the goat had a half-time of about 3.6  days, 
whereas man, comparable in body size, had a long half-time of about 
144 days. The BT 1/2 for the cow was 4-8 days, with the longest 
component having a half-time of about 37 days. 
these significant differences between animal classes is unknown, 
but may be related to the normally large intake of potassium by 
the ruminant, and their physiological mechanisms for handling 
this alkali metal ion. 

The reason for 

The earlier observations of Richmond ( 4 3 )  indicated a BT 1/2 for 
man of about 110 days; more recent values given by Rosoff et g .  ( 4 5 )  
suggested a much shorter BT 1/2 of 50-60 days.) The discrepancy 
between these values may be due to the type of experimental subject: 
Richmond ( 4 3 )  had used healthy male laboratory personnel, whereas 
the subjects of Rosoff's study were older hospital patients. 

Attention is called to the possibility that small amounts of 
radiocesium may be trapped in cartilage or bone and thus not be 
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Turnover of Radiocesium ( C S ' ~ ~  or  C s l a 7 )  i n  Mammals 

Method of BT 1/2 0.693 0 . 693 0. by3 
Species Administration* b Y 4  A 1  bl A 2  b2 A3 b3 Ref. 

Mouse 

R a t  

R a t  

Rat 

R a t  

s Monkey 
v) 

Goat 

cow 

cow 

Intraperitoneal 

O r a l  

Intraperitoneal 

O r a l  

Intraperitoneal 

Intravenous 

Intravenous 

O r a l  

O r a l ,  

O r a l ,  multiple 

O r a l  

Intravenous 

Intravenous 

Intravenous 

O r a l  

46 .O 

41.0 

32 00 

28.3 

70 

60.0 

56.0 

77 

65 

67-75 

84.0 

--- 
46.0 

28.5 

--- 

(daw) 

2.4 

. 6,8 

7.0 

2.4 

7 
22.3 

27.0 

18.8 

40.9 

22-30 

144.3 

--- 
3 96 

4.9 
--- 

* Single dose unless otherwise specified. 
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available for exponential removal (46,47,48). 

In regard to the comparative behavior of cesium and potassium, 
further evidence on man (48a) and on rats (48b) supports the lack 
of interdependence of these two elements, 

VII. Transfer of Radiocesium into Milk 

As for strontium, milk represents a significant pathway for transport 
of cesium to the human population. Laboratory studies have shown 
that from 8 to 139, of a single ingested dose will be recovered in 
the milk of a dairy cow during a subsequent collection period 
of about 7 days (46,52,53). These data emphasize that radiocesium 
is more readily secreted into milk,  by a factor of at least 10, 
than is radiostrontium. 

In simulating conditions of a stratospheric reservoir of fallout, 
experiments in which radiocesium was given to dairy cattle every 
day for 30 days showed that a plateau in milk cesium was not quite 
attained during this period, and that from 11 to 15 9, of the daily 
intake could be recovered in the daily production of milk (54). 
From 1.3 to 1.5% of the daily intake was found per liter of milk 
at this time. The data from the single dose experiments agree 
with this latter value when the single dose data are calculated 
on the basis that the summation of the recoveries of radiocesium 
in milk on at least 7 successive days following a single dose 
will be equal to the plateau value observed after a long period 
of daily administration of the radioisotopes. 

The feeding of about 10 grams of stable cesium per day to the 
cow had no effect upon the amount of ingested radiocesium that 
was secreted in the milk. 

For the goat, about 9.49, of its daily intake of radiocesium was 
found in each liter of milk (51). The lower intake of radiocesium 
by the animal must be accounted for before any special significance 
is put upon this figure. 

Since cesium is chemically similar to potassium, some attempts have 
been made to correlate the behavior of the two elements, The 
cesium/potassium ratio from diet to milk has been shown to be 1.6 
for dairy cows and 1.3 for lactating goats (51,52). This pre- 
ferential secretion of cesium does not appear t o  be due to the 
mammary gland since the plasma ratios were the same as that of 
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t he  milk (51). 

More work i s  needed i n  regard t o  the  passage of cesium i n t o  milk. 
One p a r t i c u l a r  approach should be t o  estimate the  r e l a t i v e  constancy 
of the  percent  of the  d a i l y  in t ake  of radiocesium t h a t  i s  sec re t ed  
pe r  l i t e r  of milk. I f  the  value i s  s u f f i c i e n t l y  constant  i t  
may be poss ib l e  t o  determine with some accuracy tlie amount of cesium 
being consumed d a i l y  by da i ry  cows. With some knowledge of feeding 
p r a c t i c e s  i t  may be poss ib l e  t o  c o r r e l a t e  milk cesium with the  rate 
of r e t u r n  of f i s s i o n  products from the  s t ra tosphere .  

Other problems t h a t  a r e  of p r a c t i c a l  importance! include: (a)  methods 
t o  reduce the  amount of cesium sec re t ed  i n t o  milk,  (b) methods of 
removal of ces ium a f t e r  incorpora t ion  i n t o  milk;, and (c)  the  
r e t e n t i o n  of cesium when b u t t e r ,  cheese,  cream, skim-milk and o ther  
processed products a r e  made from the  milk. 

Summary 

1. This paper presents  a s t a t u s  review on s e l e c t e d  aspec ts  of food 
surveys,  s t ront ium, cesium and iodine  as r e l a t e d  t o  f a l l o u t  
problems. 

2. Knowledge f o r  dea l ing  with the  " f a l l o u t  prciblem" must come from 
inves t iga t ions  a t  a l l  s t e p s  of a process t h a t  can be represented 
as follows: 

(a )  release of r a d i o c o n t a d n a t i o n  
(b) d i s t r i b u t i o n  i n  s o i l ,  a i r ,  water 
(c) amounts of r a d i o a c t i v i t y  i n  d i f f e r e n t  foods 
(d) amounts of r a d i o a c t i v i t y  i n  t o t a l  diet: 
(e)  amounts and 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  i n  human populat ion 
( f )  r a d i a t i o n  doses to  populat ion 
(g) harm t o  population 

The design and scope of  food surveys should be based on the  
requi red  objec t ives .  
p rec i s ion  of assay  requi red  i s  governed by o f f i c i a l  acceptab le  
l eve l s .  
from at tempts  t o  provide accura te  eva lua t ion  of l e v e l s  t h a t  
a r e  small compared t o  those of significance!.  

3.  
The representa t iveness  of sampling and 

An important waste of e f f o r t  and expenditure may r e s u l t  

Survey r e s u l t s  to-date  lead  t o  the  suggest ion t h a t  r igorous 



4. 

5 .  

6 .  

7. 

sampling procedures may not be justified for many practical 
purposes. 

Sr/Ca of body ORbody/ diet ( 
Sr/Ca of diet 

0.16 to 0 . 5 ,  with values based on most extensive sampling 
falling near 0.25. Values are probably higher, 0 .5  and above, 
for the very young; the significance of the higher values in 
respect to harm cannot yet be assessed. 

values for adult man range from 1 

Oklk/diet values for man, cow and goat are about 0.1. 
typical rations the concentration of fallout SrgO in milk was 
halved by doubling the calcium content of the diet in a long- 
term study. This confirms predictions from short-term 
experimental studies. 

On 

Secretion of radioiodine into milk is highly variable. Typically 
the dairy cow secreted about 1% of the ingested daily intake 
per liter of milk. Attention is called to the differing 
abilities of various species to concentrate iodine from blood 
plasma to milk. 

About 8% of the daily radioiodine intake is found in the egg of 
the laying hen, with most being found in the yolk and a 
significant porportion bound to protein. 
administration the yolk does not reach a maximum until about 
the sixth day. 

After a single 

The turnover time of cesium in various species is reviewed, 
and the need stressed for consideration in terms of multi- 
component exponential behavior. In monogastric species the 
overall turnover time appears to correlate with body size, 
ranging from a few days for the mouse to about 100 days for man. 
In ruminants the values are relatively smaller, being a few 
days for the goat and somewhat longer for the cow. 

Special note is made of the possibility that small amounts of 
radiocesium may be trapped in the skeleton and thus not be 
available for exponential removal. 
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I n  t h e  d a i r y  cow, about  1.5% of  t h e  d a i l y  inges t ed  radiocesium 
was found pe r  l i t e r  o f  milk. Thus, i nges t ed  radiocesium i s  
secreted about  t e n  t i m e s  more e f f e c t i v e l y  i n t o  milk than  is 
rad ios t ront ium.  Cesium i s  s e c r e t e d  i n t o  mi lk  about  1.5 t i m e s  
more e f f e c t i v e l y  than inges t ed  potassium. 

Feeding of 10 grams o f  s t a b l e  cesium per  da:y t o  t h e  cow had no 
e f f e c t  on t h e  amount of  radiocesium secreteld i n t o  milk. 

I 

I 
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PREDICTION OF THE SRgo CONCENTRATION M THE WORLD POPULATION 

J. Laurence Kulp 

Columbia University 
Palisades, N. Y. 

Lrunont Geological Observatory 

Introduction 

The ultimate goal i n  fa l lout  research is prediction of the concentration 
of the radioactive nuclides produced i n  nuclear detonations i n  the human 
environment. 
the radioactive debris throughout the world and in to  the human body must 
be defined. 
continually improved by further investigations, the current state of 
knowledge appears t o  be suff ie ient  so that  the errors  i n  the prediction 
are less than the uncertainties i n  the biological effects.  
i n  prediction a l so  appear t o  be small compared with the possible modifica- 
t ion  of these concentrations by modern technology available t o  society. 

To achieve this goal the mechanism of dissemination of 

Although the accuracy of the predictive apparatus can be 

The errors  

The basic parameters involved i n  the prediction of the amount of fa l lou t  
or  the concentration i n  the human body of any nuclide a t  any time and 
place are: 

atmosphere, (2) the time, location and a l t i t ude  of the injection, (3) 
the pattern of dispersion of the debris through u t  the atmosphere and 
i ts  rate of descent t o  the lower atmosphere, (4)  the mechanism of removal 
of the debris from the lower atmosphere t o  the ground, ( 5 )  the nature of 
the uptake of the fa l lou t  nuclides in to  foodstuffs, (6) the efficiency 
with which these nuclides are deposited i n  human t issue,  and (7) the 
residence time of the nuclides in the body. 

This report (1) is ncerned only with the probhm 'of estimating the 

a given input of debris. 
other nuclides as well. 

(1) the quantity and nature of the debris introduced in to  the 

I 

concentration of Sr 58 i n  the world population at some future time after 
Many of the principle13 hold fo r  most of the 
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Major research programs have been directed toward the definit ion of these 
parameters. 
Defense (2) supplemented by the balloon data on Project Ashcan ( 3 )  has 
provided the information on the stratospheric dispersion and removal. 
The pattern of deposition on the surface of the earth and the rates of 
removal have been defined by the r a i n f a l l  network of the AEC Health and 
Safety Laboratory (3)  and the s o i l  program of the U. S. Department of 
Agriculture ( 3 ) .  The movement of the S r w  into the food chain and i ts  
concentration i n  diet has been studied by a number of laboratories 
(4, 5,  6). 
geographical location, time, and age of the individual has been studied 
i n  this laboratory with the aid of a world-wide network af bone sampling 
stations, which over an 8 year period have supplied over 10,OOO samples 
of human bone for  analysis. 

The High Altitude Sampling Project of the Department of 

The uptake i n  the human skeleton as a function of diet, 

Deposition from Nuclear Explosions 5n the Atmosphere 

For the purpose of estimating future S>* levels i n  the human population 
as a result of given nuclear explosions, it is necessary t o  know the 
fraction of the debris that enters the stratosphere, the time it stays 
there and the pattern of surface deposition. 
considered. 
i n  MT. 

Only MT explosions w i l l  be 
The Mc of Srw produced is  about 1/10 of the f iss ion yield 

The clouds from a l l  MT explosions i n  the atmosphere wi l l  stabil ize i n  
the stratosphere. Those exploded at  suff ic ient  a l t i tude  such that the 
f irefall  does not touch the ground w i l l  in jec t  essent ia l ly  a l l  of their  
radioactive debris in to  the stratosphere. If the  explosion occurs a t  
the land surface, a major fraction of the debris w i l l  f a l l  out locally. 
The fraction introduced in to  the stratosphere that wi l l  contribute t o  
world-wide fa l lou t  i s  estimated t o  be about 20% althovgh the uncertainty 
on this number i s  large (2). 

The fate of the debris once it has entered the stratosphere has been 
studied by the H i g h  Altitude Sampling Project (2). 
and removal depends largely on the location of the stabil ized cloud. 
general, it has been found that horizontal m i x i n g  i s  much more rapid than 
ve r t i ca l  mixing,.that clouds from the same yleld explosions w i l l  s t ab i l ize  
a t  lower a l t i tudes  i n  the polar stratosphere than in the lower atmosphere, 
that ve r t i ca l  mixing is much more rapid i n  the polar stratosphere than the 
t ropical  stratosphere t o  the troposphere is  by horizontal turbulent mixing 
and organized meandering of air  currents through the tropopause gap region. 

The rate of m i a n g  
I n  

Although the movement of debris i n  the stratosphere i s  a complex matter, 
only the gross relationships are of concern i n  predicting cumulative fa l lou t  
levels. 
since it is not constant for  even a given cloud, i s  quite useful since the 
approximate time required f o r  the first half of the debris introduced a t  
almost any point can be estimated from existing data. 

The concept of half-residence time while not s t r i c t l y  correct 

Thss first half 



defines the peak concentration in the rate of fallout after a nuclear 
event in the atmosphere and carries most of the effect of the shorter 
lived isotopes. 
deposition to 75% may be 1.5 times the first "ha1.f-residence time" but 
this is not crucial in the overall prediction. 
transfer were to decay exponentially the significant deposition would 
have occurred in two or three "half-tines". 

The second half of what remains, bringing the total 

Eken if the rate of 

Table 1 summarizes the "half-residence tines" for the first half of any 
cloud to be transferred to the troposphere as a fbction of the location 
at stabilization. Also given is the degree of asymmetry to be expected 
in the Northern and Southern Hemispheres. It is seen that the range in 
time is from 3-5 months in the lower polar stratosphere to as much as 
5 years for explosions in the mesosphere. Since all of these times are 
short compared with the radioactive half-life of Srw, it means that 
essentially all of the debris w i l l  be deposited emd enter the biological 
sphere. Clouds that stabilize in the lower stratosphere will be deposited 
fast enough so that the rate of fallout may be important. 
to latitude, explosions at the equator should deposit symmetrically re- 
gardless of the altitude of cloud stabilization. 

With regard 

The other extreme is 

TABLE 1 

Half-residence times for various injections into the stratosphere 
and associated hemispheric asymmetry of deposition 

Latitude 

6o-gooN 

12ON 

0% 

Half-Residence Time 
Altitude (ft.)(first half of debris11 

Lower Stratosphere 3-5 mos. 
30,000-80, OOO 

High Stratosphere 
&3,OOO-150 ,OOO . 1-2 yrs. 

we S ratosphere 
€8,060-8O,OoO 

8-10 mos. 

ower S ratosphere 8-10 mos. 

gh Stratos here H 3  Yrs. 
~ , o o o - ~ , o O 0  

~ , O O O - l 2 O , o g o  
Mesosphere 
150,000+ 

Ultimately 
$ Deposited in 

Southern Hemisphere 

a o  

Q5 

IY 33 

50 

50 

50 
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represented by clouds introduced in to  the lower po1e.r stratosphere. 
this case it appears that less than 105, and quite possibly less than 
5$, of the debris w i l l  enter the Southern Hemisphere. 
a l t i tude,  world-wide mixing increasese Clouds introduced in to  the 
lower stratosphere 3O-6O% should deposit at  least 80-854 ae t he i r  
debris in to  the Northern Hemisphere. The factors of uncertainty i n  
either time or  place f o r  the bulk of the debris are not large. 

In 

With increasing 

The tropopause gap through which most of the stratospheric debris i s  
introduced in to  the troposphere occur roughly 30-60°N. 
troposphere, the debris is  washed out by rain. 
being approximately proportional t o  r a i n f a l l  (7) . 
may be deposited as dry fal lout  but this appears t o  be less than lo$ i n  
the ereas of 40 in. ra infa l l .  
a c t iv i ty  i n  r a in  as a f’unction of la t i tude and the deposition of the 
pre-1953 Nevada (tropospheric) debris leads t o  the conclusion that south 
of 3OON the fa l lou t  decreases by a factor of t w o  with each loo la t i tude 
band t o  the equator. 
lateral mixing rate of the tropospheric air and the rate of removal of 
the debris by precipitation. Both of these rates appear t o  have half-times 
of 3 t o  4 weeks. North of 6 O q  the average mean annual r a i n f a l l  drops 
off rapidly with the result that  the concentration i n  ra in  and a i r  remain 
similar t o  that i n  the 30-600~ belt. 

Based on these studies it is possible to estimate the S p  deposition i n  
~uc/mi.~/in. of r a i n f a l l  f o r  each loo la t i tude  zone fo r  each Mc of Srw 
that w i l l  be deposited i n  thst hemisphere. These results are given i n  
Table 2. The combination of the data of Tables 1 and 2 permit an estimate 
of the rate of fa l lou t  and the cumulative deposition t o  be expected a t  any 
specified location i f  the mean annual r a i n f a l l  i s  known. 
area chosen, the larger the uncertainty; but i f  say, the deposition of 
all areas 3 O - b %  that have 40-60 in. of mean annual r a i n f a l l  are specified, 
the errors  should be less than 30%. 

Once i n  the 
The amount of deposition 

Some small fraction 

An analysis of the  concentration of radio- 

This is  a r e su l t  of the competition between the 

The smaller the 

TABU 2 

Approximate SrW deposition with la t i tude  

- 
Latitude Band mc SrSO/mi.c/in. of mean annual rainfall* 

30-90% 0.25 

20-30% 0.12 

10-20ON 0.06 

O-lOON o .03 
- 

*For 1 Mc of S r y  transferred in to  the  northern troposphere. 
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Relation of Deposition to  SI? Content of Milk 

Srw enters the plants which the cow uses for food via two routes: direct 
absorption and uptake through the soil. 
proportional t o  the rate of fallout during the growth of the plants w h i l e  
the uptake through the s o i l  is proportional t o  the  cumulative deposit on 
the soil,  assuming a fixed vertical  profile, so i l  type and plant. 
years after a nuclear explosion in the  atmosphere the Srw in milk and 
the rest of the diet is supported only by cumulative deposit. 
year, however, the direct absorption may be the diomiLant source of Srw, 
unless the cumulative deposit is very large compared to the fallout. 

The d i rec t  absorption i s  

Several 

In the first 

The 
importance of direct absorpiton was first cogently set  forth by Russell 
( 8 )  

The number of l ines of evidence supported the observation that direct 
absorption played an important role, but a t  the time of our last report 
(g), the only quantitative data were those of Burton, Milbourn and 
Russell (lo), on certain experimental fields in the United Kingdom. These 
data indicated that in 1958 the ra te  factor accounted for about 80% of the 
Srw in the milk produced in England and Wales. 
these workers (11) revised the i r  estimate of the contribution of the ra te  
factor in 1958-59 t o  6O-7O$, and in 1960 estimated the contribution t o  
be only 30s. 

It was pointed out in the last report (9) that, i n  order t o  obtain a 
reasonably accurate definition of the relative importance of the rate 
and cumulative fallout factors for the North American population, it would 
be necessary co observe the milk levels throughout North America for 1959 
through 1963, when the rate of fallout was expected t o  drop by about a 
factor of 5 while the cumulative deposit was expected t o  remain nearly 
constant. The data for such a comparison are now available (Table 3) .  

For a given field, the relationship between the cumulative deposit of 
Sr9, the rate of fallout during the growing period of the grass, and the 
ra t io  of Srw/Ca in the mibk that is produced is 'a very complex one. 
ultimate concentration in the milk depends on the physical and cbRmical 
characteristics-of the soil, the type of grass, the stage of growth, the 
precipitation pattern during the period of growth, t he  concentration of 
Srw i n  each rain, and the cumulative deposit of Srw. The average for 
each of these factors, however, should be reasonably constant over large 
areas, such as the eastern U. S., and for  sufficiently long periods of 
time. 

In more recent studies, 

The 

For such a situation the following relationship should hold: 
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3 

Data for calculating the contrlbu,ion of ,he rate of fallout and 
the cumulative deposit to Srw levels In milk in the U. S. and Canada 

Apr.-Oct. 1957 

Apr.-Oct. 1958 

Apr.-Oct. 1959 

Apr . - O c t o  1960 

Apr . -Oct . 1961 
Apr . -0ct . 1957 
Apr . -Oct . 1958 
Apr.-Oct. 1959 

ApP.-Oct. 1960 

Apr . -0ct . 1961 

Mean annual rainfall, 40-60 in. 

6.2 6.4 

11.4 8.1 

15.6 11.3 

9.7 2.5 

8.7 2.4 

Mean annual rainfall, 30-40 in. 

6.7 4.3 
9 06 10.3 

13.3 10.3 

8.8 2.3 

6 .9 2.1 

23 

38 

61 

65 

69 

22 

37 

59 
62 

65 

* Average6 for the 6-month growing season 1 April to 1 October 
(see Table 5). 
Totals for the 6-month growing season 1 April to 1 October. 

-Averages for cumulative deposit on 1 July, the mid-point of the 
growing season. 
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where  9 M is  the average number of ppc Srw/g Ca. i n  m i l k  f o r  a given 
large a m  of f a i r l y  uniform mean annual r a i n f a l l  and average concentra- 
t ion  i n  r a in  during the growing season; X is  the average rate of deposi- 
t ion  of S z - 9  ( i n  rnc/mi.2) per 6 months f G r  a par t icular  growing season; 
Y is  the cumulative deposit of Srw ( i n  mc/mi 2 ,  measured a t  midpoint of 
the growing season; A is the number of ppc Sr / /Ca i n  m i l k ,  due t o  direct  
absorption, divided by the number of mc Srw/mi.B deposited during the 
growing season; and B is the number of pps Srw/lg Ca,  due t o  the cumulative 
deposit, divided by xhe t o t a l  mc Sr*/mi. 
the  growing season since the start of nuclear testing. 

90 - 

deposited t o  the midpoint of 

In order t o  compute the constants A and B, data from two r a i n f a l l  zones 
in North America which contain the-largeTt number of milk, s o i l  and 
r a i n f a l l  s ta t ions were used. The zone of 40 t o  60 in. of mean annual 
r a i n f a l l  includes most of the eastern U. S. and i s  roughly bounded on the 
west and north by the Mississippi, Ohio and St.  Lswrence Rivers. It a l so  
includes a smaller area along the coast i n  the F'acific Northwest. The 
zone of 30 t o  40 in. of mean annual r a i n f a l l  is roughly bounded on the 
west and north by a l i n e  passing through Houston, Tulsa, Kansas City, 
Duluth and Goose Bay, Labrador. Throughout these large areas, it is  
assumed, the effective growing season is  the 6-month period from 1 Apri l  
t o  1 October. The data are assembled i n  Table :I. The levels i n  milk are 
taken from Table 4 which compiles a l l  available analyses (12). 
cumulative deposition fo r  1 July of each year i s  taken from Alemnder's 
collection (3) f o r  1957, 1958, and 1959, with e~rtrapolation t o  1960 on 
the  basis of known rainout. The average deposii;ion each Y e a r  from 1 Apr i l  
t o  1 October WBS obtained by multiplying the  average concentration i n  r a in  
fo r  the la t i tude  band 300 t o  TO0 N (2, 3) by the average r a i n f a l l  for  the 
6-month period. 

The 

The most accurate estimates of A and B can be made by solving the fore- 
going equation fo r  1959 and 196, sinye the mosl; drastic change in X and - Y occurred i n  these two years. The results f o r  the 40- t o  &I- in.  zone 
are A=0.73 + 0.10 and 2 t 0.12 + 0.01, results fo r  the 30- t o  40-  in. 
zone-are A = 0.58 + 0.08, B = 0.12 + 0.01. 
B = 0.12 %re then adopted; and the levels in m:Llk for  each year from 
1957 through 1961 were calculated. 1 The resu l t s  are given i n  Table 5 and 
compared with the observed levels i n  m i l k .  The er ror  with respect t o  
the observed levels  is  5 t o  105. The er ror  with respect t o  the predicted 
levels  is 10 t o  20%. 
these constants predict the levels  i n  m i l k  f o r  1957, 1958 and 1961 within 
the experimental uncertainit ies.  
e r ror  in the deposition rate. 
than the number of milk o r  s o i l  s ta t ions in 1958-60. 
are scarce. 

The percentage of the S2' i n  milk of these areas that is due t o  the 
rate of fa l lou t  (d i rec t  absorption) is a lso  shown i n  Table 5. Thus, 
during the period 1957-59, with successive increases i n  the rate of 

The constants A = 0.65 and 

It may be seen that ca1cu:Ftions on the basis of 

The accuracy :is limited largely by the 
The number of r a in  s ta t ions i s  much smaller 

The data f o r  1957 
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TABLF, 4 

Concentrations of S r w  in milk from North American stations 
in areas of different average annual precipitation 
(figures in parentheses are number of stations) 

Quar te r  Concentration (ppc ~ r 9 0 / g  Ca) 
40-60 in. 30-40 in. 20-30 in. 10-20 in. 0 to 10 in. 

2 7 . 7  (7) 6.2 (16) 

3 7,5 ( 7 )  7 . 6  (18) 

4 0 * 8  (7) 6.8 (16) 

Calendar year av, 7.5 6.6 

Av. for 1 Apt .  1957 

to  31 biar. 1958 8.2  6 . 9  

1958 - 
1 8'. 8 (7) 6.9 (16) 

2 12.3 ( 6 )  9.2 (19) 

3 10.4 (19) 10.0 (26) 

4 10.8 (10) 10.7 (22) 

Calendar year  av. 10.6 10.0 

Av. for 1 Apr, 1958 

to 31 Mar. 1959 11.7 10.1 

(Continued) 

3.9 ( 6 )  

7.0 (11) 

6 . 7  (11) 

9.3 (13)  

7 . 2  

7.5 

7.2 (15) 

9.2 ( 1 C )  

9 . 5  (24) 

10.0 ( 2 2 )  

9.1 

9 . 7  

3.5 (9) 

5.5 (12) 

8 . 6  (11) 

8.2 (12) 

6.5 

7.5 

7.8 (12) 

9.3 (12) 

C . 3  (16) 

8.4 (12) 

8.5 

80 6 

1.4 (3) 

2 .3  (4) 

1.8 (4) 

1.7 (3) 

1.8 

2.1 

2.2 (4) 

3 0 4  (4) 

4.1 (8) 

200 (3) 

3.2 

3.7 
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TABLE 4 (Cont'd) 

Quarter  Concentration (ppc ~ r 9 0 / g  Ca) 
40-60 in, 30-40 in. 20-30 in. 10-20 in. 0 to 10 in. 

1959 - 

2 19.0 (9) 15.8 (18) 14.6 (18) 12.2 (12) 8 .0  (3) 

4 11.5 (11) 10.1 (17) 9.9 (15) '10.1 (14) 2.6 ( 5 )  

Calendar year  av. 13.6 11.3 11.3 8 . 5  4.1 

Av. for 1 Apr. 1959 

to 31 Mar. 1960 13.5 12.0 11.5 10.3 3. -4 

1960 
I_ 

3 

4 

8.7 (20) 7.5 ( 2 5 )  7.'4 (16) 6.2 (14) 3.1 (7) 

7.8 (15) 6.8424) 7.5 (13) 6.5 (12) 3.2 (4) 

Calendar year  av. 9.2 , 8.6 7.9 7 . 9  3.0 
1 -  

Av. for 1 Apr. 1960 . I  

to 31 Mar.1961 lr.3 " 7.7 7.3 6.9 i 3 .1  

- 1961 

1 6.9 (1,s) 5.9 (21) 4.0 (5) 4.5 (6) 2.2 (4) 
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as well as the cumulative deposit, the contributions from the rate and 
cumulative-deposit factors were roughly equal. Our ea r l i e r  suggestion 
(9) that the rate factor was dominant during 1954-55 is  therefore in- 
correct. Direct absorption may have been the dominant mechanism of the 
entry of S r w  into the food chain only i n  1954-55. In 1960 the contri- 
bution of the rate factor (d i rec t  absorption) dropped t o  about 15$ of 
the to ta l .  In 1961 the cumulative deposit increased about 5$ and the 
rate of fa l lou t  vas similar t o  that i n  1960; hence the level  of srw 
i n  milk should have increased by less thanL5$. This would l i e  within 
present experimental and sampling errors. 

If the average levels  i n  milk and the average rates of deposition f o r  
the en t i r e  year instead of the 6-month growing period are  used i n  the 
calculation, the resu l t s  are not qual i ta t ively different.  By limiting 
the comparison t o  the growing period, the factors may be more closely 
controlled. 
of the next year9 the cows largely consume fodder produced i n  the  preced- 
ing growing season. 
for these quarters, whereas the fallout rate may change. The effect of 
undiminished o r  increased rates of fa l lou t  during the winter wrruld 
primarily serve t o  increase the cumulative deposit fo r  the next growing 
season. 

During the fourth quarter of one year and the first quarter 

Thus, the levels i n  milk remain f a i r l y  constant 

Knapp (13) has also calculated the rate and cumulative coefficients. 
method appears less reliable than that used above for  three reasons: 
( i )  only a fract ion of the available m i l k  data were used, i. e. those 
collected by the U. S. Public Health Service network (14), ( i i )  the m i l k ,  
r a infa l l ,  and ( i i i )  the coefficients were computed by comparing two 
arbitraril chosen months, one i n  1959 and one i n  1960. 

small goegraphical areas. 
f o r  the coefficients it appears necessary t.o compare w h o l e  growing seasons 
over large section of a continent that have similar r a i n f a l l  and, there- 
fore, similar cumulative deposits and rates of fallout.  

His 

The concentra- 

Tb obtain the most meaningful average values 
t i on  of Sr  (ro i n  milk i n  highly variable over short time intervals  o r  

Relation of M i l k  t o  Total Met  

The concentration of Srw i n  the t o t a l  diet i s  best approximated i n  a 
population of Western culture by multiplying the predicted m i l k  level  
by a constant factor  which has been determined experimentally for  a 
number of regions. 

The r a t i o  of Srw/Ca f o r  the t o t a l  diet t o  that for  m i l k  i n  the Western 
diet has been studied i n i t i a l l y  by Kulp and Slakter (4) fo r  the U. S. 
by Bryant -- e t  al. ( 5 )  fo r  the United Kingdom, and by B i r d  and Mar (15) 
for  Canadfi; these workers found a value i n  1957-58 of about 1.2. Sub- 
sequent studies by the AEC Health and Safety Laboratory, Consumers Union, 
and the U. S. Public Health Service (16) gave values ranging from 1.21 
t o  1.32 f o r  various U. S. cities. 
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TABLE 5 

Contribution of the rate of fallout and the cumulative deposit to 

Sr90 concentration in milk in the U. S. and Canada (see text) 

Year srw Concentrations in ~ i ~ r  (ppc/g ca> 
AX BY Total Observed $ Rate 

Mean annual rainfall, b3-60 in. 

1957 4.2 2.0 7 6 60 

1958 

1959 

1960 

1961 

1957 

1958 

1959 

1960 

1961 

5.3 

7.4 

1.6 

1.6 

2.8 

6.7 

6.7 

1.5 

1.4 

4.6 10 11 

7.3 1 5  16 

7.8 9 10 

8.3 10 9 

Mean annual rainfall, : l O - b  in. 

2.6 5 7 

4.4 11 10 

7.1 14 13 

7.4 9 9 

7.8 9 7 

53 

50 

17 

16 

52 

60 

49 

17 

15 
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Consumers Union on e ight ' c i t i es ,  gave 1.21. 
r a t i o  of Srw/Ca for  the diet t o  the r a t i o  fo r  m i l k  appears t o  be closer 
t o  1.0 as a resu l t  of the addition of mine a1 Ca t o  the national diet  

milk w i l l  vary as the re la t ive  contributions of direct  absorption and 
s o i l  uptake change but by the summer of 1961 when these contributions 
had been greatly altered there was no evidence i n  New York or Chicago 
of any major change (17). 

I n  the United Kingdom the 

(11). It is  possible that the r a t i o  of Sr 50 i n  t o t a l  diet t o  t h a t  in 

Discrimination Factor from Met t o  Bone 

The discrimination factor against Sr  i n  favor of Ca is  about 4 for  
adults on average Western diets ( 5, 6, 18). 
independent of age except possibly i n  the case of children under 1 
year. 
the discrimination factor  may be as low as 2.5 t o  2.0. 
i s  based on two  arguments: ( i )  that determinations of common Sr  in die t  
and bone show a discrimination factor of about 2.5, and ( i t )  that the 
best f i t  of t h e i r  1959 bone data requires a discrimination factor of 
l e s s  than 4 fo r  the  first 2 years. 
appears conclusive. 
were made i n  1939. 
may have been very different from the sources of foodstuffs which pro- 
duced the bones which were analyzed. Moreover, the bone samples used by 
Bryant and b u t i t  were largely from Wales where the diet levels  are much 
higher than in the eastern U. S. on which the comparative curve was cal- 
culated. If the average Welsh diet were used, the discrimination factor 
of 4 appears more appropriate. 

This factor i s  probably 

Bryant and U u t i t  (19) suggest that i n  the first year of l i f e  
Their suggestion 

On examination neither argument 
The determinations of common strontium i n  the diet 

The sources of the foodstuffs in the diet i n  1939 

The Bone Curve 

It has been shown i n  earlier work (9) that a re la t ive ly  simple model fo r  
the uptake of S r w  by the bones of young people can account fo r  the 
observed d is t r ib t ion  with age. 
by Isngham and Anderson (20) . This treatment was suggested or iginal ly  

The present model is based on two assumptions, (i) that the rate of 
exchange of existing bone is  independent of age, and ( i l )  t h a t  the 
discrimination factor  between Sr  and Ca i n  passing om diet t o  bone 

i n  the bones of any age group that subsist  on the same average diet, 

diet for  each year, ( i i i )  the amount of Ca added t o  the skeleton per 
year at each age, and ( i v )  the discrimlaation factor  between Sr and Ca, 
i o e o  (Sr) M e t  / (Sr) Bone. The equa%&on f o r  the concentration of S rw 

Ca ca 
i n  individuals of each age tben I s :  

is  independent of age. In order t o  calculate the Sr  90 concentration 

of Srh In the fetus  and the adult, ( i i )  the 
the f llowing experimental data axe required: the concentration 

concentration i n  the 



where 'Can is the number of e; of Ca added i n  a given 12-month period i n  
the fom-tion of ncw bone ( a  value which depends on the age of the in- 
dividual); Cae, is  the number of g of C a  exchanged per year: C a s  is the 
number of g of Ca i n  the skeleton; Cas i s  the to t a l  number of Jj of C a  
in  the present skeleton; A 

depositing bone, i n  ppc Sr9u/g Ca; As i - l  is the specific act ivi ty  of the 
to t a l  skeleton a t  the mid-point of -- the  given calendar yea 

diet. 
fixed i n  the skeleton the previous year. 

9 
is  the  - spec i f ic  act ivi ty  of newly 9. 

The 

The factor 0.025 accounts for the radioactive decay of the  Yr in t?% 
summation i s  over all years for which there was measurable Sr $d 

Fig. 1 gives the curves calculated for the years 1958 and 1960. The 
values for f e t a l  samples represent the experimental averages for a l l  
samples from North America, but these were predoininantly from New Yo& 
and Chicago. 
and Houston, wlth additions from Anchorage i n  1960. 
was taken as 2.5% as discussed above. 
taken as 4. 

July t o  July 1 were (Ln ppc SrS/g Ca): 1953-54, :L.5: 1954-55, 3.2; 
1955-56, 4.2; 1956-57, 6.3; 1957-58, 10.2; 1958-59, 16.2; 1959-60, 14.1 
and 1960-61,9~6. 

The absolute value of the m,te of exchange is  pro 

greater than the addition f'rom exchange assuming that  the rate of ex- 
change is Independent of age. Bryant and Loutit (19) have questioned 
the constancy of the ra te  of exchmge with age and suggest th%t the 
exchange may be lOO$ Curing the first year and m y  drop t o  nearly zero 
during puberty. "heir argument in support of these t w o  suggestions I s  
inconclusive, due t o  the relatively large uncertainties in their  data. 
Further, the uniformity of Srw levels in the different bones of the 
skeletons of yomg people (9, 19) suggests that lthe contribution t o  the 
t o t a l  specific act ivi ty  from exchange must be small. If the rates of 
exchange i n  vertebrae and in the femur shaft differ  by a factor of 4 in 
young people, as they do in adults, and i f  the average rate of exchange 
significantly exceeda a f e w  per cent, differences among the bones of one 
body would be easily observable. 
factor from diet t o  bone is so much greater between the mother's diet 
and the bone of the fetus than between the diet rsnd the bone of the 1 

The adult samples were predominant:ly from Mew York, Boston, 
The ra te  of exchange 

The discr:lmination factor was 
The amount of Ca added a t  each ag :Ls that obtained by 

Mitchell -- et al .  (21). Tbe concentration of S rgo in the t o t a l  diet  from 

adults. In mung people the direct addition of t5r 30 in new bone is mch 

Some of these factors require :E'urther discussion. 

bly known to f 20$ in 

Finally, since' the discrimination 
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Figure 1. Curves for calculated values for S p  concentrations in bone In eaetern North America, 40-60 in. 
mean annual rainfall, for 1958 and 1963. The average values of two sets of bone samples (New York and Boston; 
North AmeFica and western hrrope) are platted for comparison with t k  curves. The numbers associated wlth the 
points indicate the number of samples and the length of the vertical line represents the Stsndard error a0 the 



year-old, complete replacement in the first year would yield a much 
higher specific act ivi ty  than i s  actually observed. 
the basis of present knowledge there seems no reason t o  adopt a more 
complex hypothesis concerning the basic physiological process of Ca 
replacement i n  the bone. 

The value for  the S p  level in diet  that was used in these calcula- 
tions was derived by taking the average level i n  m i l k  for the eastern 
U. S. (Table 4) (that is, the zone of 40 t o  60 in,  of mean annual 
ra infal l )  weighted for population, and then multiplying by 1.2. These 
averages for m i l k  should be represen-btive of thetxuilk consumed by the 
people of Chicago, New York, and Boston. The data for the period 
1953-56 are taken from ear l ier  work (9) which is based on less cmpre- 
hensive sampling tha t h  represented by the data in Table 4, but larger 
uncertainties i n  the diet  levels intkeearly years of lower specific 
act ivi ty  do not significantly affect  the computations for the period 

Therefore, on 

1958-61 

In Fig. 1 a l l  of the measurements on samples from North America and 
western Europe north of latitude 30°N have been plotted for 1958 and 
1960. The teen-age samples are corrected for bone type, since it is 
assumed that i n  the exchange process the relative rate  of turnover of 
the different bones is the samein teen-agers as in adults. The major 
stations in North America are New York and Boston. The major stations 
i n  the rest of the world are Iondon, Glasgow, and Bonn. In  Fig. 1 the 
solid circles and squares represent the New York and Boston data only. 
These should give the best f i t  i f  the model is correct, since the model 
was based on the diet  i n  eastern North America. The combined data from 
Europe and North America appear t o  fit equally well. The average diets 
of these sets  of individuals must be similar, sfnce the fetus levels 
agree, fa l l ing within about mQ of the mean, the level for  Bonn being 
higher and that for the.United Kingdom lower, 
t o  hold for the adults. 
the age period 0 t o  4 years. 

If *the true discrimination factor, 
0 t o  I. year was 2 instead of 4, the &served val@s for 1-year olds would 
be close t o  6 ppc Sr*/g Ca, rather than 3.4 (Fig. 1). 
peak would not shift t o  the right on decrease i n  the levels in diet, as 
it i s  observed t o  do from 1959-60 if the discrimination factor clmnged 
rapidly f’rom 2 t o  4 during the first 2 years of l i fe .  It is concluded 
that, on present evidence, the simple assumption of a constant discrimi- 
nation factor f’rom bir th  t o  adulthood adequately describes the data. If 
the discrimination factor i s  actually less than 4, then another factor, 
such as systemtkvariation in the diet, must be operative t o  compensate. 

The data i n  Fig. 1 f a l l  sl ightly above the curve i n  the range 5 t o  7 
years and slightly below i n  the range 10 t o  15 years, 
merely be due t o  errors in the assumed additions of C a  t o  the skeleton at  
each of these ages or whether it is due t o  some physiological phenomenon 

The ,same relation appears 
The model appears t o  fit the data closely for 

I 
6 
S I  

’Met /. k) Bone for the period 

Furthermore, the 

Whether this nay 



cannot be stated at  this time. In view of the available number of 
samples, the standard error on the mean (shown by the vertical  l ines 
i n  Fig. 1), and the purpose of the analysis, the correlation is  ade- 
quate. 
t o  obtain about 100 samples i n  each age from a population whose diet  
had been adequately sampled over a number of years. 

To study this model i n  greater detail it would be necessary 

Mstribution Within a Population 

a ove analysis m&es it possible t o  estimate the concentration of 
S P i n  skeleton i n  the average person of any age a t  any locality. It 
remains t o  s ta te  something about the distiibution of the population of 
individuals of the specified age around this mean. 

I n  Fig. 2 the t o t a l  population of the New York whole 
are plotted on probability paper with the assumption of a log-normal 
distribution. 
dividuals. 
the Srw concentration does not vary with age. 
t o  1958 prior t o  plotting in  this way. 
f i ts  the data f a i r ly  w e l l  over the interval from 0.2 t o  TO$ of the 
population. 
and other m e  complex functions could also f i t  the data over such an 
interval. Large extrapolations are therefore unwarranted. To use such 
a curve t o  predict the distribution beyond O.OOl$ would appear t o  be 
unjus3ified. 

keleton samples 

These sam@-es represent a population of nearly 500 in- 
They are  a l l  adults so that  as has been shown ear l ier  (9) 

They were a l l  normalized 
It may be seen that this function 

There i s  no theoretical justif ication for this distribution, 

The mrve of Fig. 2 Indicates that levels for 5% of the population w i l l  
exceed twice the average, levels for O.l$ wi l l  exceed four times the 
average, and environmenttrendtoequalize the diet  over a long period of 
time, it seems probably that the foregoing figures represent a conserva- 
t ive  estimate of the situation. The distribution curve (Fig. 2 )  derived 
experimentally for adults shmld apply t o  persons of a l l  other ages 
since the only significant difference i n  diet  with age would l i e  i n  thh 
milk component which shows least variation i n  its annual average Srw 
concentration. 

Distribution curves derived from the single-bone Snalyses are not as 
meaningful i n  estimating the actual distribution, since these data have 
much Larger analytical uncertainties and correction must be made t o  
obtain the whole-skeleton burden. 
samples from various population groups tha t  have similar average levels 
of act ivi ty  may be useful, however, for purposes of comparison. Such 
comparisons have been made on the single-bone data from a l l  stations. 
It is  concluded that within the uncertainties of the data, there is  no 
major difference between the distribution curves for urban areas, 
whether these are areas of Western o r  of Eastern culture, or i n  the 
Northern or Southern Hemlephere. It i s  thought, however, that i n  rural 

The distribution curve for single-bone 
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populations that derivz their food f'r TL l oca l  sources, there may be a 
wider dispersion of the S r w  concentration. On the other hand, attempts 
t o  f ind greater dispersion have been unsuccessful (12). 
instances of high concentration have been found i n  the diets of the 
isolated Indian tribes of the upper Amazon and of Inland Eskimos who 
l ive  largely on caribou (12,4) . 
a high Srw concentration i n  their food - groups such as vegetarians with 
a high whole-wheat component i n  their diet and inland r i ce  farmers i n  the 
30° t o  60% la t i tude  zone - but these have not as yet been ident i f ied 
experimentally. 

Isolated 

There are undoubtedly other groups with 

Conclusion 

With the existing information on the mechanisms by which Srso passes 
from the s i te  of Injection in to  the stratosphere t o  the human population 
it is  possible t o  estimate future bone concentrations fo r  any specified 
injections. 
out loca l ly  i n  a surface burst and the variation i n  deposition with lati- 
tude. The uncertainties are least i n  the areas of maldmum fa l lout  
(Temperate Zone la t i tudes  and high r a in fa l l )  which a l so  coincides with 
the maximum i n  the dis t r ibut ion of world population. 
the Srw concentration of the average adult i n  Mew York o r  bndon can be 
predicted using these data t o  better than a factor of two for  most hypo- 
t he t i ca l  conditions. 

The mador uncertainties are the fract ion of debris that falls 

It appears that 
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CESIUM137 LEVELS IN UNITED STATES POWDERED MILK 
AND IN THE POPULATION* 
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Los Alam& S c i e n t i f i c  Laboratory 
Univers i ty  of  C a l i f o r n i a  
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- 

In t roduct ion  

Cs137 is a long-lived r a d i  c l i d  ormed i n  about 69. abudance i n  
f a s t  neutron f i s s i o n  of u '" , Ug3' , and U 238 (1) It probably 
is secondary only t o  Srgg as a p o t e n t i a l l y  hazardous material i n  
world-wide f a l l o u t  from nuclear  weapon tests. I n  event of nuclear  
w a r ,  l o c a l  and t ropospheric  f a l l o u t  of r e l a t i v e l y  short-and i n t e r -  
mediate-l ived radionucl ides  (e.g. , II3') may be l i m i t i n g  pr imar i ly  
over e i t h e r  Sr9' o r  C S ' ~ ~ .  
affords a long i n t e g r a t i o n  t i m e  i n  the soil, and i t s  chemical simi- 
l a r i t y  t o  K (a requi red  cons t i t uen t  of  p l a n t s  and animals) r e s u l t s  in 
r ap id  e n t r y  i n t o  the  biosphere.  Since i t  eniits both b e t a  and gamma 
rays ,  i t  is p o t e n t i a l l y  both an i n t e r n a l  and an ex te rna l  r a d i a t i o n  
source.  I ts  concent ra t ion  i n  muscle r e s u l t s  i n  r a d i a t i o n  t o  the 
gonads, and i t s  cumulation i n  the  s o i l l n c r e a s  the  genera l  radia-  
t i o n  background level. The accumulation of  CseJ7 on t h e  e a r t h ' s  
su r f ace  and i n  man, t he re fo re ,  r e s u l t s . i n  both a p o t e n t i a l  somatic 
and a genet ic  hazar  t o  t h e  genera l  population. Since 1956, the  Los 
Alamos Sc t i - f i c  L ora to ry  (LASL) has 'made per iodic  measurements 
of the  C S " ~  l e v e l s  i n  t he  United S t a t e s  populat ion and i n  area Sam- 

*Work performed under 'the auspices  of the  U.S. Atomic Energy 
C omini s si on. 
**On leave from the  Animal Science Department, Colorado S t a t e  
Univers i ty ,  Fo r t  Col l ins .  
*** P a y z l e n t  address 
U.S. Atomic Energy Commission, Washington, D.C. 

The long r ad io log ica l  h a l f - l i f e  of Cs137 

Division of Biology and Medicine 
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p l ings  of the  powdered milk supply. 
(2-7) and occasional  prel iminary i n t e r p r e t i v e  a r t i c l e s  (8-20) have 
been published from t i m e  tr ,  t i m e .  
summary of t he  p ro jec t .  
t inued  as of the  time of resumption of nuclear  weapon tests by 
U.S.S.R. on September 1, 1961, because r e - in j ec t ion  of f r e s h  Cs 
w i l l  obscure the  long-term t rends  of Cs137 i n  the  cycle  from pro- 
duct ion t o  foods and t o  man, which were of p r inc ipa l  i n t e r e s t .  A few 
measurements of  people from the  New Mexico a r e a  w i l l  continue t o  be 
made t o  determine rate and e x t e n t  of  increase  of Cs137 body levels as 
a r e s u l t  of recent  U.S.S.R. tests. 

Reports of the  primary da ta  

The present  r epor t  i s  a f i n a l  
The milk measurements have been discon- 

€99 

Methods 

Sampling of United S t a t e s  Powdered Milk. Beginning i n  1956, 50- t o  
100-lb. samples of powdered milk from major production areas i n  the  
U . S .  w e r e  c o l l e c t e d  a weekly i n t e f l a l s  and assayed for and 

sampling si tes t o t a l e d  5 5 ,  covering a l l  mador powdered milk pro- 
ducing areas of t he  U.S. and Canada. Since samples were obtained 
through normal channels from commercial milk-drying p l a n t s  (which 
u t i l i z e  only surp lus  milk) ,  i t  was  not  poss ib le  t o  obta in  samples 
from some States  i n  which milk production does not  exceed l o c a l  
requirements. Thus, t he  mountain and high p l a ins  areas (Nevada, 
Montana, Wyoming, Colorado, Nebraska, and Kansas) were not repre-  
sen ted ,  and sampling po in t s  were few and i n t e r m i t t e n t  i n  the  Southeast .  
On J u l y  1, 1960, t he  sampling network w a s  c u r t a i l e d  by dropping the  
Canadian s t a t i o n s  and c u t t i n g  back the  U.S. sampling t o  the  16 most 
widely d i s t r i b u t e d  and dependable s t a t i o n s .  In the  f a l l  and winter  
of 1960-1961, each of t he  16 p l a n t s  r e t a ined  i n  the  sampling network 
was v i s i t e d  t o  ob ta in  d e t a i l e d  information on f a c t o r s  t h a t  may have 
bear ing on Cs137 levels of milk produced i n  these  s p e c i f i c  areas. 
Dairying p r a c t i c e s  were evaluated with p a r t i c u l a r  a t t e n t i o n  t o  num- 
ber  of  cows, s i z e  of  production a rea ,  production l e v e l ,  length of 
pas ture  season, type of pas ture ,  type of hay, and amount of s i l a g e  
fed. 
r a i n f a l l  p a t t e r n s  and milkshed uniformity.  
from discussions with p l an t  managers and fieldmen, county a g r i c u l t u r e  
agents ,  State un ive r s i ty  s t a f f ,  and from some farm v i s i t s .  I n  
add i t ion  t o  d e t a i l e d  information f o r  t he  16 se l ec t ed  loca t ions ,  gene- 
ral  information was gathered f o r  a l l  areas t h a t  had suppl ied milk t o  
the  network. Some l oca t ions  were v i s i t e d  and, f o r  o the r s ,  informa- 
t i o n  w a s  gathered by correspondence o r  d i scuss ion  with knowledgeable 
people. 

na tura l ly-occurr ing  K Z O  . During 1958-1959, t he  number of weekly 

S o i l  types and s o i l  a c i d i t y  were a l s o  inves t iga t ed  as w e l l  as 
Information was gathered 

Sampling of the United S t a t e s  Populat ion,  
U.S.  populat ion were drawn from v is i tors  t o  the  Los Alamos S c i e n t i f i c  

Samplings of the  genera l  
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Laboratory who volunteered to be counted. The more intensive sam- 
pling of the New Mexico area was carried out by soliciting volun- 
teers from the population of Los Alamos and surrounding areas. The 
yearly samplings averaged approximately 300 people and during ea h 

and natural K40 were determined on all subjects. 
year represented in excess of 30 of the States of the Union. Cs f3 7 

Methods of Measuring and Reporting Cesium137 Levels in Milk and in 
PeoDle. Measurements of the g a m a  radioactivity of DeoDle and milk 
I 

were made with the Los Alamoi 4%' liquid scintillation-counter ( 2 1 -  
2 4 ) ,  which provided a geometrical efficiency of nearly 100%. The 
energy resolution of the deteckgr was adequate to provide accurate 
simultaneous measurements of K (gamma energy, 1.46 MeV) and Cs 137 
(gamma energy, 0.662 MeV). Collateral measurements of the gamma 
spectra of people and milk with a 9 in, NaI crystal spectrometer 
(23 ,25 ,26)  showed that, except for milk samples collected imediately 
following weapon tests in Nevada in 1957 and 1958 (Operations PLUMBBOB 
and HARDTACK II), Cs137 a m  K40 were the only gamma radioactivities 
present. Standard counting procedure involved a counting time of 
200 secs. per sample or subje t. The recision and stability of the 
detector were such that the K" and in a 50-lb. milk sample 
could be determined with an avera e error (la) of about 2 and 57, 
respectively, and the K40 and CsIf7 levels in an average human sub- 
ject could be determined with an average error (la) of about 3% 
and 6 pc/g K, respectively. These error estimates are based on the 
experimentally observed precision of 197 measurements on 2 control 
milk samples covering a 4-yr. period and on 398 measurements of 4 
control subjects (3). The absolute error for K has been shown to 
be the same as the precision on the basis of comparison of the count- 
ing results with measurements on the same subjects by K 4 2  isotope 
dilution and by comparison of averages for given age groups with 
those obtained by NaI crystal spectrometry. The absolute error of 
the may be considerably larger (perhaps as much as 20 to 30% 
as judged by interlaboratory comparisons (18). This uncertainty is 
a systematic one affecting all results equally, and the relative 
values are not affected. 

Measurements of Cs137 levels' in milk ar 
which may be converted to average pc CS!~~/I of liquid milk by 
multiplying by 1 .4 ,  the average g of K in 1 liter of milk. Cs137 
levels in people are reported in pc Cs137/g b6dy potassium. These 
values may be converted to average adult body burden of Cs137 (in 
pc) by multiplying by 140 g, the average body potassium content of 
the standard 70-kg man. 

reported in pc K, 
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Results and Mscussion 

Csi37 Levels in United States Powdered Milk 

Survey of Milk Stations. --Fig. 1 shows the U.S. sampling network. 
The cross hatched areas represent the 16 stations that were retained 
after July 1, 1960, and the approximate milkshed area from which 
milk is supplied to the processing plants. The numbered crosses 
show locations of stations sampled prior to July 1960. Table 1 gives 
the designation and specific location of the supply point for each 
of the stations shown in Fig. 1. 

In Table 2 is tabulated some of the information obtained from sur- 
veying the locations which were retained in the LASL sampling network. 
The 16 locations retained after July 1, 1960, are listed as ranked 
according to internal homogeneity of dairy production practices of 
farms supplying the plant. 
were seasonal variations in milk supply, soil types, and rainfall 
patterns within the milkshed, which in turn produced variations in 
feeding practices. Most of the field survey data are of necessity 
highly subjective, but they give some feeling for the wide varia- 
bility in agricaltural conditions, milk production levels, and 
dairyimptactices among the milk stations and throughout the U.S. 

Time-Trend in U.S. Powdered Milk. -- Smoothed time graphs of Cs 
levels (expressed as pc/g K) in U.S. powdered milk covering the 
period from the first o €  1957 through the third quarter of 1961 are 
shown in Fig. 2.  These curves were derived from analyses of the 
weekly samplings from the various stations. For comparison, the 
stations have been grouped arbitrarily into regions on the basis of 
apparent similarity in meteorological conditions, dairy feeding 
practices, and pasturing season. Data from some of the stations 
shown in Fig. 1 and listed in Table 1 were omitted. In these cases, 
the stations were, for various reasons, too unreliable to give 
sufficiently consistent dara to make presentation worthwhile. The 
time-trends presented show a regular seasonal fluctuation at all 
stations, with maxima generally occurring in the spring and minima 
occurring in the late summer. This pattern is reminiscent of 
seasonal variation of fission product concentration in surface air 
and of fallout rate, wish perhap some indication of damping of the 
oscillations and shifts in maxima and minima, possibly as a result 
of seasonal alterations in the times animals were on fresh pasture 
in the spring and on stored feed durin the non-pasture season. 
Table 3 shows quarterly averages of Csf37 levels for these same 
stations over the same time period. These data show that the time 
of quarterly maxima was shifted toward the third and fourth quarters 

Considerations involved in this ranking 
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LASL MILK SAMPLING POINTS 

t CROSSHATCHED AREAS INDICATE THE LOCATION AND EXTENT OF 
MILK SHED FOR SAMPLING POINTS RETAINED AFTER JULY 1,1960 

X INDICATES POINTS WHICH WERE FORMERLY PART OF SAMPLING NETWORK 

Figure 1. LoCatlOnS of supply points In the powdered milk sampling network. 



TABLE 1. STATION DESIGNATION AND SPECIFIC LOCATION OF SUPPLY WINT FOR ALL POWDERED 

M I L K  STATIONS 
S t a t i o n  N o .  or S t a t i o n  N o .  o r  

D e s i g n a t i o n  S t a t i o n  Supply  P o i n t  Designat i o n  S t a t i o n  Supp ly  P o i n t  

P r i o r  t o  J u l y  1, 1960 After J u l y  1, 1 9 6 0  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 4  
15 
16 
17 
18 
19 
20 
2 1  
2 2  
23 
24 
25 
26 
27  
28  
2 9  
30 
31 
32 

Andover ,  M a s s a c h u s e t t s  
York, P e n n s y l v a n i a  
S p r i n g b o r o ,  P e n n s y l v a n i a  
L i t t l e  V a l l e y ,  N e w  York 
Marietta, Oh io  
H a r r i s o n b u r g ,  V i r g i n i a  
L a n s i n g ,  Mich igan  
D e e r f i e l d ,  Wiscons in  
Aberdeen ,  M i s s i s s i p p i  
W i l k e s b o r o ,  N o r t h  C a r o l i n a  
Columbus, Georgia 
N e w  O r l e a n s ,  L o u i s i a n a  
F o r t  Worth, T e x a s  
G l e n d a l e ,  Arizona 
Albuquerque ,  N e w  Mexico 
E l l<  C i t y ,  Oklahoma 
Norman, Oklahoma 
D e s  Moines ,  Iowa 
S i b l e y ,  Iowa 
C l a r e m o n t ,  Minneso ta  
B e r t h a ,  Minneso ta  
Cando,  N o r t h  Dako ta  
B o t t i n e a u ,  N o r t h  Dako ta  
E l l e n s b u r g ,  Washington  
McMinnv i l l e ,  Oregon 
P a y e t t e ,  I d a h o  
F e r n b r i d g e ,  C a l i f o r n i a  
W i l l o w s ,  C a l i f o r n i a  
Newman, C a l i f o r n i a  
Monroe, Utah  
F r e s n o ,  C a l i f o r n i a  

T I  CAL 
I F  I D A  
M I  ILL 
LO KY 
F R  LA 
AD M I C H  
SP MO 
BI NY 
B I  ND 
M I  SD 
LA TEX 
OG UTAH 
ST VT 
SS WASH 
BU WASH 
TL WISC 

T i p t o n ,  C a l i f o r n i a  
I d a h o  F a l l s ,  Idaho  
Minonk, I l l i n o i s  
L o u i s v i l l e ,  KentucKy 
F r a n k l i n t o n ,  L o u i s i a n a  
A d r i a n ,  Michigan  
S p r i n g f i e l d ,  M i s s o u r i  
Binghamton,  N e w  YorK 
Bismarck ,  N o r t h  Dakota  
M i t c h e l l ,  S o u t h  D a K o t a  
La Grange, T e x a s  
Ogden, Utah  
S t .  A l b a n s ,  Vermont 
S u n n y s i d e ,  N a s h i n g t o n  
B u r l i n g t o n ,  Washington  
T u r t l e  Lake ,  Wiscons in  



‘FABLE 2. SUMMARY OF FIELD SUKVEY OF AGRICULTURAL CONDITIONS AND L)AIRYING PRACTICES AT POWDERED MILK SAMPLING STATIONS 

Powde from A c r e a g e  M i l l (  p e r  R a i n f a l l  ’ 

L o c a t i o n  ( R a n k e d  A c c o r d -  Grade A MiuE No. No. R e q u i r e d  Acre p e r  S t a r L  of O l d  Sod S o i l  4 - y r  A v e .  
i n g  t o  H o m o g e n e i t y ) ,  (per  c e n t )  Hcrds Cows p e r  Cow Day  (lbs) P a s t u r e  ( p e r  c e n t )  pH ( i n . )  I r r i g a t i o n  

T i p t o n ,  C a l i f o r n i a  
L o u i s v i l l e ,  K e n t u c k y  

MinOnK, I l l i n o i s  

E r a n A l i n t o n ,  L o u i s i a n a  

L a  G r a n g e ,  T e x a s  

La n s 1 n g  , M i c  h i ga n 
A d r  i a n  , Mic h i gan 

S u n n y s i d e ,  W a s h i n g t o n  

B J r l r n g t o n ,  W a s h i n g t o n  

Id ‘ iho  E a l l s ,  I d a h o  

M i t c h e l l ,  S o u t h  D a k o t a  

B 1 %nd r c k , Nor t h Da k o  t a 

L3inghamLoi1, New Y o r k  

S t  A l b a n s ,  V e r m o n t  

5 L i l l w a t c r ,  M i n n c s o L a  
T u r t l e  L a h e ,  W i s c o n s i n  

O g d e n ,  U t a h  

S p r i n g 1  i e l d ,  M i s s o u r i  

95 
100 

5 
100 

100 

100 
85 
20 
9 0 

50 
5 
O* 

100 

100 

70 
GO 

YO 

20 

115 
175 
8 0 0  

1700 
3 0 0  

225 
1 3 0 0  

280 
8 0 0  

1500 
440 
4000 
1100 

950 
lGO0 
670 
500 
3200 

33,500 
4,000 
5,600 
42,000 
12,000 
6, 800 
16,000 
3,000 

36 ,000 

12,000 
5,000 

20,000 

28,000 
28,000 

30,000 
14,030 
14,000 
45,000 

1 
3 

3 

3 
4 
3 
3 
2 
3 
4 
6 
12 
4 

6 
5 

35 
8 
5 
5 
4 
10 
JO 

13 
12 
6 
3 
1 

6 

6 
5 

12 
5 

A p r i l  1 
May 1 
A p r i l  15 
A l l  y e a r  

A l l  y e a r  

May 1 
May 1 

A p r i l  1 

A p r i l  1 

May 1 

May 10 

May 1 

May 1 

May 15 

May 15 
May 15 

May 1 

A p r i l  1 

10 )7.0 
30 6.5 
50 6.0 
30 5.7 
30 7.0 
20 6.5 

50 - 
30 6.0 
20 )7.0 
70 - 
90 6.8 
40 5.7 
50 5.5 
5 0  5 . 7  

10 7 7.0 
80 5.3 

8 

41 

33 
64 
46 
30 

8 
31 

7 

22 
13 
41 
32 
24 
24 
13 

43 
++ 
-- 

~~~ ~~ 

+Dried  b u t t e r m i l k  o n l y .  
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of the years 1957-1958 at those stations in a general northerly and 
easterly direction from the Nevada Test Site. 
explained on the basis of tropospheric fallout from Nevada test 
operations. After cessation of tests in November 1958, peak 
quarterly average milk levels at all stations were confined almost 
entirely to the first and second quarters of the year. Except for 
one station, the maximum quarterly average occurred in the first 
quarter of 1960 and shifted again to the second quarter in 1961. 
This shift may ha-?e been related to the relative importance of 
current grazing and winter feeding of highly contaminated forage 
grown during the spring and summer of 1959, when the contamination 
level was relatively high. 

Quarterly averages during 1961 are rather interesting in that they 
show practically no change from quarter to quarter. This observa- 
tion suggests that both spring fallout rate and contamination level 
of winter feed had dropped to a point where other factors were 
be nning to contribute significantly to milk levels, possibly 
Csff7 uptake from the soil or from the root mat in those areas where 
sodded pastures may have provided a high percentage of s ring and 
summer grazing. Undoubtedly, the time variation in Cs13? milk 
levels is influenced by a multiplicity of factors involving, among 
other things, time and place of weapon tests, rate of fallout and 
its seasonal fluctuations, alternation of lot and pasture feeding 
between winter and spring months, and such agronomic factors as 
soil and pasture type, with the latter factors being significant 
only when the fallout rate is relatively low. The extremely rapid 
response of Cs137 levels in milk to chan e in fallout rate is 
highly suggestive that the observed CsI3$ levels in the biosphere 
during the period of observation were predominantly dependent on 
fallout rate and its direct contamination of vegetation and not on 
integral surface deposition level operating through true ecological 
uptake via the roots of plants. 
with available measurements of falpout and with dairy feeding prac- 
tices would strengthen this argument and provide a basis for 
empirical determination of effective time lags and quantitative 
coefficients for purposes of predicting contamination levels in 
milk as a result of more weapon tests. 

This shift can be 

Empirical correlation of milk levels 

. 
" -  

Correlation of Milk Levels with Fallout Rate and with Dairy Feeding 
Practices. --The best available estimates of short-term average 
fallout rates were obtained from the measurements of Sr90 deposition 
in pot and funnel collectors. 
and milk sampling stations, different sample intervals, di-fferent .- 
area-averaging characteristics, and other factors, it was necessary 
to deal with averages of several samples of each type over a long 
period of time to bring out systematic relationships. The only 
area of the U . S .  for which adequate data of both types were 

"Because of mismatching of fallout 
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TABLE 3. QUARTEIILY AVERAGES OF CESIUM137 LEVELS ( p c / g  K )  I N  P0WI)EIIED MILh FROhl VARIOUS LOCATIONS I N  THE UNITEI) STATES A S  A 

FUNCTION OF YEARS 

1957 
Q u a r t e r  

1958 
Q u a r t e r  

R e g i o n  a n d  L o c a t  i o n  1 2 3 4  

C a l i f o r n i a  

T i p  t o n ,  Ca  1 i 1 o r n  i a 12 16 1 2  G 
F r e s n o ,  C a l i f o r n i a  18 2 9  15 13 
Ncwman,  C a l i f o r n i a  11 30 16 25 
W i 1 l o w s ,  C;i 1 i f  o r n i a 22 36 28 21 
F c r n b r i d g e ,  C a l i f o r n i a  GO 44 17 2G 

P a c i f i c  C o a s t  

P o r t l a n d ,  O r e g o n  29 55 38 31 
B u r l i n g t o n ,  W a s h i n g t o n  GO 80 71 54 

I n  t e r m o u i i  t a 1 n 

O g d e n ,  U t a h  29 47 72 49 
M o n r o e ,  Utah 23 33 51 35 
P a y e t t e ,  I d a h o  32 39 47 43 
I d a h o  Falls, I d a h o  25 4G 78 55 
S u n n y s i d e ,  W a s h i n g t o n  20 39 17 26 

G r e a t  P l a i n s  

B i s m a r c k ,  N c j r t h  D a k o t a  36 55 84 84 
B o t t i n c a u ,  N o r t h  D a k o t a  - - - - 
M i t c h e l l ,  S o u t h  D. ikota  - - - - 
Elk C i t y ,  O k l a h o m a  - - 26 J O  

1 2 3 4  

9 33 17 14 
16 44 22 22 
17 49 30 26 
14 39 20 20 
43 64 29 41 

38 91 78 78 
50 85 77 80 

46 58 48 4 0  
31 42 37 43 
34 55 48 38 
47 57 53 48 
19 41 31 23 

87 87 85 ti5 
- 6 2  57 53 

27 311  47 36 
- - - - 

1959 
Gua r t e r  

_ _  
R a  1 t i  f a 1 1 
4 - y r  A v e .  

1YGO 1961 
Q u a r t e r  Q u a  r t e r 

1 2 3 4 1 2 3 4 1 2 3  (in. ) 
__- 

1 8 3 3 1 5  9 1 3  8 3 3 2 4 2 
24 32 14 9 11 7 - - - - - 
3J 31 13 18 20 7 - - - - - 
41 41 9 10 20 8 - - - - - 
- 80 19 24 28 20 - - - - - 

98 152 81 G G  82 57 - - - - - 
72 162 94 78 78 64 43 33 G 11 7 

39 GO 53 43 54 44 1 4  10 11 12 9 
51 50 32 24 26 26 - - - - - 
51 70 36 27 43 34 - - - - - 
64 73 39 34 43 35 12 11 9 13 9 
2 8  32 17 1G 22 14 8 7 G 11 7 

70 97 G G  43 55 43 21 IG 16 19 14 
51 70 48 44 54 3G - 
- 6.1 37 26 36 30 17 11 12 14 1 0  
35 65 27 21 25 - 

- - - - 

- - - - - 

8 
11 
12 
19 
45 

38 
3 1 

1 3  
8 

12 
7 
8 

13 
14 
22 
31 



TABLE J ( c o n L l n u e d )  

1 9 5 7  1 9 5 8  1Y5Y 1 9 6 0  Quar t  l Y 6 l  e 1' 113 1 n I 3 1 1 

4-) 1' Ave 
Q u a r t e r  Q u a r t e r  Q u a r t e r  Q u a r t e r  

R e g i o n  a n d  L o c a t i o n  1 2 3 4 1 2 3 4 1 2 3 4 1 2 9 4 1 2 3  

M i n n e s o t a - W i s c o n s i n  

B e r t h a ,  M i n n e s o t a  - -  
S t i l l w a t e r ,  M i n n e s o t a  - -  
T u r t l e  L a k e ,  W i s c o n s i n  - -  
C l a r e m o n t ,  M i n n e s o t a  - -  
U e e r f i e l d ,  W i s c o n s i n  - -  

L a d y s m i t h ,  W i s c o n s i n  5Y 7 1  

( S t  11 lwat  e r ,  M i n n e s o t a )  

Midwest 

S i b l e y ,  Iowa - -  
D e 5  M o i n e s ,  Iowa 19 2 8  
M l n u n k ,  I l l i n o i s  - -  
L a n s i n g ,  M i c h i g a n  2 5  3 2  

L o u i s v i  I l e ,  K e n t u c k y  2 2  26 
( A d r i a n ,  M i c h i g a n )  

M i d s u u t h  a n d  S o u t h  

S p r i n g f i e l d ,  M i s s o u r i  2 0  34  

A b e r d e e n ,  M i s s u s i p p i  - 4 3  
F ra  nfi 11 n t o  11, Lou i 5 i a n a  5 6  59 
L a  G r a n g e ,  Texas 2 5  24 

W i l k e s b o r o ,  N o r t h  C a r o l i n a  - - 

N o r t h e a s L  

Springboro, P e n n s y l v a n i a  - - 
B l n g h a m L m ,  N e w  Y o r k  - -  
St. A l b a n s ,  V e r m o n t  - 44 

83 

78 
- 

- 

- 
33 

37  

3 1  

- 

54 

66 
59 
2 5  

- 

- 
- 

5 5  

5Y 

33 
35 

27 

4fi 

27 

42 

46 
53 
23 

46 

8 2  loo 
- 86 

7 6  1 2 4  
- 86 

3 3  5 0  
34 4 6  

- 34 
34  44 
3 6  47 
3 5  4 3  

4 4  4 3  

7 7  80 - 7 8  
6 3  6 2  
90 108 
4 0  2 7  

- 7 1  
4 5  5 7  
53 8 5  

64  
6 0  

5 0  

37 
32 

2 3  
.JL 
15 
.t6 

3 :  

4 2  
ti 4 
5 2  
5Y 
2 3  

6 2  
5 4  
9G 

6 8  7 9  
60 7Y 

60 7 3  

4 0  5 1  
3 6  4 0  

- -  

31 4 1  
4 0  62 
5 5  65 
4 1  4 8  

4 1  5Y 

5 9  1 2 5  
7 6  1 3 0  
7 1  1 0 4  
86 168 
5 7  89 

68 89 
5 3  6 4  
80 I01  

YO 
6 0  

60  

3 4  
3 2  

- 

2 7  
2 7  
2 0  
55 

2 1  

5 7  
6 7  
4 4  

2 5  
ati 

62  
7 3  

1 2 8  

5 t i  
4 0  
7 7  
4i) 

2 8  
2 7  

I b  
25 
2 1  
2 0  

1 8  

5 0  
38  
27  
5 1  
2 0  

4 2  
4 0  
6 3  

5 1  

5 1  

25 
33 

26  
38 
35 
37  

3 0  

56 
5 0  
4 0  
4 7  
30 

5 6  
5 0  
7 9  

- 
5 0  

5 0  

3 3  
3 4  

2 3  
2 9  
28 
:I 3 

22 

4 7  

26  
4 7  
19 

- 

5 1  
4 3  
6 2  

37  

37  
- 

- 

- 
- 

10 
16 

10 

24 
- 
- 

28 
Y 

- 
3 1  
3 9  

- 
26 

26 

- 

8 
14 

8 

24 
- 
- 

2 1  
8 

- 
35 
2 5  

- 

- 
23 

- 

- 

14 
15 

12 

2 2  

- 
21 
10 

1 9  
2 5  

- 

- 
2 4  

- 

- 
14 
15 

1 2  

3 2  
- 

27 
1 2  

- 
2 1  
2 9  

- 
- 

25 

- 
8 

1 1  

22  
- 
- 

3 0 
5 

- 
2 0  
3 1  

( i n . )  

24 
24  
31 
24 

2 7  
33 

2 7  
3 2  
3 3  
3 0  

4 1 

4 3  
4 8  
54 
6 4  
4 6 

4 5  
4 1  
3 2  



available was the Midwest for the period 1957-1961. 

The milk stations chosen were Claremont, Minn., Sibley and Des Moines, 
Ia.,, Deerfield, Wis., Minonk, Ill., Adrian, Mich., and Louisville, Ky. 
Fallout pot sampling stations were operated during all or part of the 
period at Vermillion, S. Dak., Columbia, Mo., Lemont, Il l . ,  Green 
Bay, Wis., and Louisville, Ky. 
stations was assumed to be given by the fallout at the pot stations 
multiplied by the ratio of the average precipitation the milkshed 
(based on data furnished by the U.S. Weather Bureau) to the average 
precipitation at the pot stations. 

The actual fallout at the milk 

During some of 1957 and 1958, the monthly milk averages were invali- 
df$fd by th 
I 
subsequent correlation analysis. 

resence of short-lived radioactivities (principally 
and Baf4g - La140). These samples were not included in the 

Retention of radioactivity at various stages in the ecological cycle 
would be expected to introduce delays into the response of milk 

The available information on 
transfer coefficients, exchange rates, and half-times was inadequate 
to permit construction of a theoretical mode12 priori. Therefore, 
various empirical equations were tested in which milk radioactivity 
in a given month was assumed to depend on fallout rate for several 
months preceding the month of production, progressively decreasing 
weights being given to the earlier months. The best correlation 
was obtained with the equation, 

to changes in fallout rate. 

where F is the observed fallout rate for month m, and pm is the 
weightel% time-average fallout rate used for correlation with the 
milk level. 

A graph of the resulting correlation is shown on the left in 
Fig. 3 in which the monthly average 
against fallout adjusted according to the above equation using only 
those months during which the cows were on pasture. 
points are for the months of May 1958, 1959, and 1960, and suggest 
that "memory" of winter feed level may be a significant factor. The 
fallout equation was, therefore, modified by substituting, 

ratio of milk is plotted 

The aberrant 

for any Fm where m is an off-pasture month, since during such months 
the cows are presumed to be eating forage grown in the preceding 
May-July. Data for all months of the year can now be included with 
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Figure 3. Correlation between monthly average Cs137 m i l k  level and the time-weighted fallout rate. 



the result shown on the right in Fig. 3. 
formula is: 

The estimated regression 

Mm = 3 + 17  Fm 

for Iv&, in pc K, and Fm in mc Sr90/mi~2/mo~ 

A rather important observation that may be made from these results 
is that there is little or no evidence of uptake of Cs137 
soil. 
essentially to zero Cs1j7 at zero average monthly fallout rate. 

from the 
Within the preci ion of the data, the line extrapolates 

Figute 4 shows a comparison of the observed milk values (solid line) 
with the values calculated from the above regression equation (open 
triangles) and with the fallout rate (dashed line). The fit of the 
calculated line to the observed data is surprisingly good, con- 
sidering the complexity of the situation. Attempts to apply the 
same empirical equation to other regions were not highly successful, 
perhaps because of insufficient milk data and mismatching of milk 
and fallout sampling stations. 

Geographic Distribution of Cs137 Milk Levels. --The raw average of 
Csm//K measurements for all milk  samples collected from January 1957 
- -- 
through December 1959 is plotted at each station location in Fig. 5. 
There is no obvious direct relation between this pattern and the 
integral SrgO surface deposition pattern derived from 1 soil data 
reported by Alexander et al. (27). Evidently average Cs”’ levels 
in milk for the period 1957-1959 were primarily influenced by factors 
other than integral surface deposition level. Cs137 milk levels 
were relatively low in California and the lower Southwest, inter- 
mediate in the Corn Belt and upper Southwest, and high across the 
northern border, the Pacific Northwest, and the Zast Coast. 

Since fallout rate and surface deposition level are assumed to be 
more or less proportional to rainfall, it 
the geographic distribution of average C s l i i 7  levels in milk with 
the average annual rainfall in the various parts of the country. 
Fig. 6 shows a map of the ratio of average Cs137 /K levels for 1957- 
1959 (the period prior to the test moratorium) to the average annual 
rainfall at each station for the same period. Milk data from too 
few sampling stations were available to permit a similar correlation 
for the period during which the test moratorium was in effect. Broad 
similarities to the pattern of fallout per inch of precipitation 
emerge, however, from the earlier data (27). The highest ratios 
were in the Great Basin area with relatively low and uniform ratios 
along the Pacific Coast, Gulf of Mexico, and south Atlantic Coast. 
The over-all range is about a factor of 10, which is in general 

as of interest to consider 
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Figure 5. Geographic distribution of 1957-1959 average Cs137 milk levels. 

2 

Figures 6. 
level to average annual rainfall. 

Geographic variation of the ratio of average CsL3' milk 
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agreement with the range for fallout concentration (a factor of-8) 
derived from SrgO data. 
sampling stations, it appears that the highest milk ratios tended 
to occur farther north than the highest fallout ratios and that the 
milk/precipitation ratio showed a minimum in the Mississippi-Ohio 
Valley. The pattern of areas of high and low milk activity per inch 
of precipitation has a striking resemblance to the pattern of fre- 
quency of continental and maritime air masses (28). 

Attempts to deduce qu ntitative relationships between annual rainfall 
and yearly average levels in milk have not been particularly 
successful. Crude correlations, however, did permit groupings of 
certain stations into regions possessing some degree of geographical 
unity from year to year (29). 

Despite a poor geographic coverage of 

CsI3’ Levels in the U.S. Population 

Time-Trend in New Mexico Residents. -- Because of proximity to the 
human counter, residents of northern New Mexico provided a relatively 
representative sampling of a reasonable homogeneous population group, 
The large number of quarterly samplings of this area provided an 
excellent opportunity to study the time-trend of Cs137 levels in a 
population relatively unperturbed by sampling and other problems. 
Fig. 7 shows a plot of the quarterly average Cs137 levels (log scale) 
in New Mexico residents as a function of date from the first quarter 
of 1956 through the third quarter of 1961. These data provide a 
basis for a number of interesting observations, 

The Cs137 levels in the PO ulation group show seasonal fluctuations 
as do fallout rate and Cs 137 levels in milk. Prior to 1959, yearly 
m a x i m a  and minima in Cs137 levels in people, however, were out of 
phase with those of the fallou’t rate by about 6 to 8 months. 
in the population group occurred in the fall and minima in 
spring, which were essentially the opposite of the fallout rate. 
During the period January 1956 through the first quarter of 1959, 
the fall maxima in the population levels, therefore, appeared to be 
a manifestation of the high contamination levels occurring in the 
previous spring and perhaps to some degree (as a result of winter 
feeding of beef and dairy stock) the spring prior to that. This 
phenomenon may be explained on the basis of average agronomic, 
metabolic, and food-distribution and marketing time lags’. Further- 
more, changes in the population level were not as abrupt as changes 
in fallout rate, which may be explained also by damping effects of 
the above factors. 

Maxima 
the 
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Figure 7. 
the period 1956-1961. 

Quarterly average CisLJ( levels in New Mexico residents for 

137 
Beginning in 1959, perturbations in the population Cs 
occurred which may have been due, in part, to the unusually preci- 
pitatous decline of fallout rates following the spring maximum of 
that year, resulting from the large U . S . S . R .  test series at imme- 
diately preceding the test moratorium as northerly latitudes in the 
fall of 1958. 
which dropped to a minimum in about August. 
occurred in the first quarter of the year, which was the time of 
previous minima. 
tion levels from those of the stored winter foods reflecting the 
heavy fallout of early 1959 to the lower levels of the fresh spring 
milk and produce of 1960. 

level 

The gross result was an early maximum in about May, 
In 1960, the maximum 

This may be a result of the drop in food contamina- 

The lack of a well defined peak during the last quarter of the year 
is consistent with this picture since the contribution of spring 
1960 stratospheric fallout was too small to overcome the longer- 
term downward trend resulting from gradual exhaustion of stored 
foods grown during previous seasons of high fallout rate, The data 
indicate that the relation between the fallout rate in the previous 
growing season, reflected in winter food contamination levels, and 
the fallout rate in the new growing season, as well as the changes 
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in fallout rate during the growing season itself, can have a 
determining effect on the phase of the seasonal variation of Cs137 
in people. 

From the peak value in 1956, Cs137 levels in the New Mexico popula- 
tion group dropped with an apparent effective half-time of about 
9 months, from the 1960 maximum with an apparent half-time of about 
12 months, and during 1961,with a half-time of about 8 months 
(average 10 months). Effective half-times of Cs137 in military 
personnel residing in Japan-Korea and Washington, D.C., during 
1958-1959 were estimated to be about 7 and 14 months, respectively 
(30), and a value of about 15 months was obtained for a group of 
German subjects (31) during 1960. The average half-time in New 
Mexico residents is considerably longer than the biological half- 
time of Cs137 in man (4 to 5 months) but agrees with the fallout 
half-time (10 months) assumed by Stebbins (32) for fission products 
injected into the equatorial stratosphere below 70,000 ft. This 
again suggests that the population Cs137 levels follow the longer- 
term (non-seasonal) trends of fallout rate. 

It will not be possible to determine whether the 1961 levels 
in New Mexico residents would have continued to drop with a 10- 
month average half-time had weapons testing not been resumed. One 
might conjecture, however, that a very slight indication of level- 
ing off might have occurred during the last quarter, followed by a 
continuing downward trend, eventually assuming a flatter slope 
approaching that of stratospheric fallout of fission-debris injected 
between 70,000 and 100,OOC ft. /about 20 months (321/ ,  and finally 
assuming a still flatter slope Tndicating the point at which true 
ecological uptake via root absorption from the soil begins to be 
the dominant factor in the food contamination level. 

Although the data in Fig. 7 were collected for New Mexico residents 
only, they are in general qualitative agreement with less extensive 
data from the Argonne National Laboratory in Chicago (33-35), the 
United Kingdom Atomic Energy Research Establishment in Harwell (36), 
the Walter Reed Army Research Institute in Washington, D.C. (30), 
and the U.S. Army Medical Research Unit in Landstuhl, Germany (31). 
In general, these data suggest peak levels in the fall prior to 
1959, in some cases a double peak after the October 1958 test 
operations, and generally rapidly dropping levels during 1960-1961. 
Quantitatively, the relative height of peaks and their exact times 
of occurrence vary. This may be expected in view of the great 
differences in climatic conditions, fallout rate, dairy practices, 
food distribution and marketing systems, and other factors at such 
widely separated areas as New Mexico, Washington, D.C., Chicago, 
England, and Germany. 
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Geographic 
Population. -0  Sufficient data are available to estimate 1956-1961 
average concentrations of ~ ~ 1 3 7  in people from various parts of 
the U.S. For purposes of this comparison, the U.S. was divided into 
10 regions (as shown in Fig. 8). The method of division was deter- 
mined by climatic and geographic uniformity, modified by the number 
of subjects available. Certain states, such as New Mexico and 
Colorado, were sufficiently represented that they were treated as 
statistically significant units. The "Mountain" area was so poorly 
represented that an average value could not be derived except by 
assuming the average was that of the surrounding areas of Colorado, 
New Mexico, and the general Southwest. The "Northwest" was of 
questionable homogeneity because of the extreme differences in rain- 
fall on opposite sides of the Cascade Range. 
apply to other areas, in some cases moderate by selectivity in the 
actual sources of subjects (e.g., the Californians were largely 
from the southern, dry part of the State). Furthermore, since 
samples were drawn from visitors to Los Alamos and hence represented 
unusually mobile subgroups, the relative averages may not correspond 
to the true population-weighted conditions for the various regions. 
It is possible also that variations in source and compoaition of 
diet occur with variations in family income. In this event, the 
extent to which local fallout conditions are reflected in man may 
vary with general economic level of the various areas of the country. 
The data are presented with these reservations. The 6-year (1956- 
1961) average Cs137 levels (in pc/g K) for the various regions (not 
population-weighted) are shown in Fig. 8. The most outstanding 
feature of the data is the extremely small variation over the entire 
U.S. The averages varied only from 48 to 71 pc K. 

Similar data on geographic distribution of Cs137 levels in the U.S. 
population were reported by the Walter Reed Army Institute of 
Research (30). The data were averaged over different periods (July 
1958-June 1959; July 1959-June 1960) and over arbitrarily chosen 
geographic regions, which do not correspond exactly with the areas 
shown in Fig. 8. The regions were sufficiently similar, however, 
to provide some general comparison of their regional averages for 
July 1958-June 1960 with regional averages of the present data 
(Table 4) over approximately the same period (January 1958- 
December 1960). The two sets of data are in relatively good agree- 
ment both qualitatively and quantitatively, considering the 
differences in regions and times over which the averages were drawn. 
The regional average levels from the Los Alamos results are 10 to 
15% higher than the Walter Reed averages for the same general 
areas. The latter data also show the surprisingly small variation 
throughout the entire country. The observed narrow spread through- 
out the U.S. may be partly due to sampling bias (mobile population, 

stribution of Average Cs'" Levels in the United States 

Similar objections 
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SUBDIVISION OF THE U.S. 

POPULATION SAMPLE BY AREAS 

Figure 8. 
the United States population. 

Regional distribution of' 6-year average Cs137 levels in 

above average income), but undoubtedly the country's rather wide food 
distribution system would have a significant equalizing effect on the 
various regional levels when compared with each other and with a 
national average. 

Table 4 summarizes the yearly relative average concentration of Cs 
in the population for the past 6 years. To eliminate effects of a 
secular change, the New Mexico average (the best defined statistie 
cally) was taken as unity for each yearand the averages for other 
regions referred to it. 
ages (in pc/g K) are given in the last line. 
is given in parentheses below each average. 

The consistency of the ratios for a given area over the 6-year period 
adds confidence that thebdifferences are real. In addition, the gen- 
eral agreement of the yearly pattern of the ratios with that of milk 
levels, rainfall, and primary fallout'is as expected. New Mexico was 
one of the lowest areas and California-Arizona the lowest. The high- 
est areas were the Northeast, Northcentral, Northwest, and other 
areas intermediate -- in general qualitative agreement with milk 
results. 

13 7 

For reference, the actual New Mexico aver- 
The number of subjects 

Combining the factors in Table 4 weighted by population 
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137 
TABLE 4 .  COMPARISON OF AVERAGE CESIUM LEVELS I N  SUBJECTS FROM VARIOUS PARTS OF THE 

UNITED STATES (1956-1961) 
1 

U n i t s  R e l a t i v e  t o  N e w  Mexico Averagesa 

A r e a  1956 1957 1958 1959 1960 1961b Average 

S o u t h e a s t  

N o r t h e a s t  

S o u t h c e n t r a l  

M i a w e s t  

N o r t h c e n t r a l  

Sou t hwes t 

Colorado  

Northwest  

Mount a i n  

N e w  Mexicoa 
( i n  pc/g K) 

1.10, 
(23) 
1.33 
(19) 
0.81 
(14) 
1.01 
(45 1 
1 . 4 9  

( 3 )  
0 . 7 4  
(17)  
0 . 8 5  

(6 1 
1.10 

(5 1 

49.6  
(143) 

1.05 i .  10 1.18 
(3.1) (21  1 (16 1 
1 . 2 7  1 . 2 2  1.22 
(31) (40) (21 1 
1.00 1.05 0 . 9 3  
(11)  (35) (33)  
1 . 1 6  i. 17 1.10 
(45 1 (47 1 (32 1 
1.13 1 .37  1 . 1 9  
(12)  (16) (6 1 
0.89 0.85 0 . 8 7  
( 2 0 )  ( 3 9 )  (20) 

(28) (14) (47 1 

(15 1 (12) (9)  

1.30 1.00 1.07 

1.38 1.23 1 . 1 4  

Too few s u b j e c t s  

4 4 . 8  58.1 7 2 . 3  
( 103)  (223 1 (61)  

1.18 
( 107 1 
3 .29  
(150) 

0 . 9 4  
(130) 
1.08 
(255) 

1.30 
(86 1 
0 .84  
(131) 
1 . 1 2  
(110) 
1 . 2 2  
(60) 

/ 

54 .6  
(774) 

a 

bThrough September 

N e w  Mexico a v e r a g e  = 1.00 $or  each y e a r .  

C Nulnber of s u b j e c t s  g iven  i n  p a r e n t h e s e s  below r a t i o .  



gives  a 6-year (1956-1961) average f a c t o r  of 1.16 fo r  the  r a t i o  of 
United States  average t o  New Mexico average. 

Frequency D i s t r i b u t i o n  of  Cesium137 Levels i n  the  United S t a t e s  
Population. 
l e v e l s  i n  New Mexico sub jec t s  f o r  t he  years  1956 through the  t h i r d  
q u a r t e r  of 1961. "Adult" sub jec t s  only ( a r b i t r a r i l y  def ined as a l l  
sub jec t s  weighing more than 40 kg) were included t o  e l imina te  possi-  
b i l i t y  of any e r r o r  because of a systematic  v a r i a t i o n  of counter 
e f f i c i e n c y  i n  a weight range where i n  vivo c a l i b r a t i o n  was not f eas i -  
b l e .  (Actual ly ,  no d i f f e rence  w a s  observed between the  year ly  aver- 
ages f o r  the  two weight groups g r e a t e r  and less than 40 kg.) Reported 
i n  the  table a r e  the  cumulative number of sub jec t s  having l e s s  than a 
kiven Cs137 level and the  corresponding cumulative f r a c t i o n  of the  
population sample. The number of sub jec t s  va r i ed  from 215 (1958) t o  
81 (1959 and 1961). These da ta  are p lo t t ed  i n  Fig. 9 on l i n e a r  pro- 
b a b i l i t y  paper. This  method of presenta t ion  expresses  normal f r e -  
quency d i s t r i b u t i o n  as a s t r a i g h t  l i n e  with s lope  propor t iona l  t o  the  
s tandard  devia t ion ;  the  s t eepe r  the  s lope ,  the  l a r g e r  the  s tandard 
deviat ion.  The curves f o r  1956 and 1959 appeared normal, and 1957 
and 1961 were not  s i g n i f i c a n t l y  abnormal. Data f o r  both 1958 and 
however, appear t o  show a s i g n i f i c a n t  non-normal t r end  a t  high C s  
l eve l s .  
pc/g K were 5 and 4, r e spec t ive ly ,  compared with expec ta t ions  of 0.4 
and 0 .25  from normal curves. 

Table 6 and Fig.  10 give the  same da ta  f o r  a l l  U.S. a d u l t s  measured 
during t h i s  period. 
t i o n  w a s  de t ec t ab le  i n  a l l  years  except 1956 and 1961 and w a s  
e s p e c i a l l y  pronounced i n  1959. The more pronounced abnormality i n  
1959 may have r e s u l t e d  from inc lus ion  of sub jec t s  from areas of higher  
f a l l o u t  r e l a t e d  t o  the  unusual condi t ions  posed by the  1958 U.S .S .R .  
:est series a t  f a r  no r the r ly  l a t i t u d e s .  The latter da ta  are r e p l o t t e d  
i n  Fig.  11 on log  p robab i l i t y  paper ;  here  a log-normal d i s t r i b u t i o n  
would give a s t r a i g h t  l ine.  The f i t  of the  da t a  t o  s t r a i g h t  l i n e s  is 
somewhat b e t t e r .  The year  1959 s t i l l  shows an upward devia t ion  a t  
h i  h Cs137 l e v e l s ,  and a l l  curves now show a s i g n i f i c a n t  drop a t  low 
C S ' ~ ~  values  ( i .e. ,  too  man sub jec t s  show very l o w  Cs137 values). 
Neither the normal nor the log-normal curve is, therefore, completely 
successful in describing the data. 

--Table 5 surmnarizes the  frequency d i s t r i b u t i o n  of C s  137 

1WQ 
The number of sub jec t s  whose Cs137 l e v e l s  exceeded 100 

I n  t h i s  case, a devia t ion  from normal d i s t r i b u -  

For purposes of p red ic t ing  maximum probable r a d i a t i o n  doses t o  
ind iv idua l s ,  the region of t he  frequency curve beyond 99.89, may be of 
importance. However, s ince  these  persons are encountered a t  the  r a t e  
of only 2/1000, a l a rge  body of  da t a  i s  requi red  t o  v a l i d a t e  pre- 
d i c t i o n s  i n  t h i s  range. Pool ing of a l l  da t a  from Los Alamos, t he  
Army Medical Research Unit ,  Europe (31), and the  Walter Reed Army 
I n s t i t u t e  of Research (30) would give a t o t a l  approaching 10,000 
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TABLE 5. DISTRIBUTION OF CESIUM137 LEVELS I N  NEW MEXICO ADULTS (1956-1961a) 

1956 1357 1958 1959 1960 1961 

Cumula- Frac- Cumula- Frac- Cumula- Frac-  Cumula- Frac-  Cumula- Frac- Cumula- Frac-  
137 cs 

(pc/g K) t i v e  t i o n  t i v e  t i o n  t i v e  t i o n  t ive t i o n  t i v e  t i on  t i v e  t i o n  

0 

10 

20 

30 

40 

50 

60 

i 70 

80 

90 

100 

110 

120 

130 

I40  

150 

160 

0 

1 

15 

49 

79 

107 

125 

133 

140 

141 

142 

0 

0.0070 

0.106 

0.345 

0.548 

0.754 

0.880 

0.936 

0.985 

0.,952 

1.OOO 

1 

5 

19 

41 

70 

84 

92 

98 

99 

100 

101 

0.0099 0 

0.0495 1 

0.188 - 4 

0.406 

0.633 

0.832 

0 .911  

0.970 

0 .980  

0.990 

1.000 

14 

70 

123 

180 

202 

207 

211 

213 

214 

215 

0 

0.0046 

0.0186 

0.0652 

0.325 

0.600 

0.836 

0.940 

0.964 

0 .981  

0.990 

0 .995  

1.000 

0 

0 

0 

0 

4 

19 

37 

59 

68 

77 

80 

81 

0 0  

0 1 

0 3 

0 8 

0.0434 33 

0.234 61 

0.456 96 

0 .729  115 

0.833 121 

0 .951  122 

0.989 123 

1.000 125 

125 

125 

126 

0 

0.0079 

0.0238 

0.0634 

0.262 

0.484 

0.761 

0.912 

0.960 

0 . 9 6 7  

0.975 

0.991 

0.991 

0 .991  

3.000 

2 0.026 

0.052 4 

21 0.259 

40 0.494 

0.790 64 

72 0 .883  

0.936 7 6  

78 0.962 

80 0.986 

81 1.000 

Through September 1961. a 
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TABLE 6. DISTRIBUTION OF CESIUM137 LEVELS I N  A L L  UNITED STATES ADULTS (1956-1961a) 

1956 1957 1958 1959 1960 1961 

Curnula- Frac- Cumula- Frac- Cumula- Frac- Cumula- Frac- Cumula- Frac- Cumula- Frac- 
137 cs 

(pc/g K) t i v e  t i o n  t i v e  t i o n  t i v e  t i o n  t i v e  t i o n  t i v e  t i o n  t i v e  t i o n  

0 
1 0.0038 1 0.003 0 0 0  0 

10 
6 0.0229 8 0.027 1 0.0024 0 0 

20 
33 0.126 28 0.094 4 0.0092 1 0.0033 

30 
85 0.325 81 0.272 24 0.0551 6 0.0199 

40 
147 0.561 160 0.536 116 0.266 21 0.069 

50 
197 0.753 223 0.748 222 0.511 68 0.225 

60 
225 0.860 253 0.849 318 0.731 126 0.417 

70 
248 0.947 276 0.926 381 0.876 201 0.666 

vr 80 
Iu 259 0 . 9 9 0  286 0.959 407 0.936 240 0.795 

90 
261 0.996 294 0.986 424 0.975 274 0.907 

100 
262 1 . W O  298 1.OOO 428 0.985 283 0.956 

0 

110 
432 0.994 294 0.974 

120 

130 

140 

150 

160 

170 

435 1.000 297 0.983 

298 0.986 

300 0.994 

300 0.394 

30 1 0.997 

302 1.000 

180 

a 
Through September 1961. 

0 

0 

3 

9 

41 

92 

154 

200 

225 

240 

249 

257 

26 1 

262 

263 

0 

0 

0.019 

0.036 

0.156 

0.363 

0.586 

0.761 

'0.849 

0.913 

0.948 

0 .978  

0.992 

0.996 

1.000 

4 

15 

67 

3 34 

132 

227 

246 

260 

264 

268 

0.015 

0.056 

0.250 

0.500 

0.716 

0.848 

0. 918 

0. 97.1 

0.986 

1.000 
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Figure 10. Normal frequency distribution plot of Cs137 levels in adult United States residents. 
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Figure 11. Ing-normal frequency distribution plot of ($37 levels i n  United States residents. 



subjects in which one might expect to find 20 examples with Cs137 
body burdens in the region of the 99.8 per cent probability level. 
It is possible at present only to say, on the basis of extrapolation, 
that the chances of a U.S. resident having a Cs137 body burden that 
is 3 times the mean may be only about 1 in 1000 to 1 in 10,000. 

Interrelationships Among Cs137 Fallout Rate, Population Levels, Milk 
Levels, and Levels in the Balance of the Diet. -- From the pot 
collection data summarized by the AEC's Health and Safety Laboratory 
(37), it was possible to derive a U.S. quarterly average fallout 
rate for SrgO for the period 1956 through the third quarter of 1961. 
Assuming no fractionation of SrgO and 
SrgO averages by 1.7 gives the U . S .  average CsI3' fallout rate. 
These data are shown in the lower curve of Fig, 12 in which a smoothed 
curve is drawn through the points representing the quarterly average 
fallout rate expressed as mc Cs137/mi.2 Although some variation in 
time of yearly peak fallout rate occurred as a result of Nevada 
testing, the average time for the 6-year period was about mid-April. 
It was possible to compare Cs137 milk levels for the same period with 
fallout rate by population-weighting the yearly average milk levels 
when grouped according to the areas shown in Fig. 8. When population- 
weighted in this crude way, the weighted average was approximately 
1.09 times the non-weighted average. A smoothed curve drawn through 
the quarterly average milk levels multiplied by 1.09 is shown b the 

levels and fallout rate is apparent. The average time of peak milk 
concentration is about mid-May, showing approximately a 1-month delay 
between peak milk level and peak fallout rate. Following the peaks 
in mid-May, the Cs137 concentration in milk dropped with an average 
half-time of about 9 months until the beginning of the next rise, 
which usually began around the first of each year. 

multiplication of the 

upper curve in Fig. 12. A striking correlation between milk Cs K 37 

Thf3relationship between the population-weighted quarterly average 
Cs levels in the U.S. population and the population-weighted 
quarterly average milk levels is shown in Fig. 13. The points for 
the population curve were established by multiplying the quarterly 
average Cs137 levels for New Mexico residents by the population- 
weighting factor derived from the yearly average data given in 
Table 4. 
correlation between Cs137 levels in the population and in milk and, 
consequently, a strong correlation between fallout rate and Cs137 
levels in the population. 
1959 (which may be related to early fallout from the U.S.S .R.  1958 
test series), the average time of'occurrence of the yearly peak 
concentration in people is about the first of November. There is then 
a delay of approximately 6 months between the peak level in people and 
the peak level in milk and about a 7-month delay between the peak in 
people and the peak in the fallout rate. The data show also that, 

A smoothed curve through the points shows a strong 

Other than for an early peak occurring in 
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TIME (YEARS) 

Figure 12. Relationship between quarter1 average fallout rate and 
population-weighted quarterly average C s 8 7  levels  in m i l k ,  ' 
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with one exception (1958), the rate of fall of the Cs137 levels in 
people (average half-time 10 months) was approximately the same as 
that of milk. 
estimate of 10 months for the rate of fallout of fission products 
injected into the equatorial stratosphere below 70,000 ft. ( 3 2 ) .  
Although this simple trend is not so evident in the fallout rate 
(Fig. 12) because of much more pronounced seasonal fluctuations, it 
appears that by 1961 the half-time for the remaining stratospheric 
fallout had become longer so that a slowing down of the decline of 
CSI3’ in people might have been expected in the absence of resumed 
testing . 

It is interesting to compare this value with the 

120 

Undoubtedly, the delay time between peak concentrations in people and 
in milk is related to distribution and consumption time la s in foods 
other than milk. Essentially no data are available on Cs197 levels 
in foods other than milk. It is possible, however, to derive indi- 
rectly the average Cs137 levels in the balance of the diet from the 
levels in people and in milk if the discrimination factor for Cs137 
over K in going from diet to man is known. A value for the discri- 
mination factor ma be derived from the data shown in Fig. 14, which 
shows a Plot of csy37/g K in people against Cs137/g K in milk for 
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TABLE 7 .  RELATIVE CONTRIBUTION OF MILK TO YEARLY AVERAGE CESIUM LNELS 
IN PEOPLE AND THE AVERAGE CONCENTRATION OF CESIUM 137 IN THE BALANCE 
OF THE DIET 

Milk Concentration Calc. Conc. in Contribution 
Concentration in People Rest of Diet* Milk to Body Cs 

Year ( p / g  K) ( w i g  K) (pc/g K) (per cent) 

1956 

1957 

1958 

1959 

1960 

1061 

4'1.0 

43.7 

53'. 0 

57. I 

30.6 

b 16.0 

56.0 27.6 43.8 

54.6 24.4 54.4 

68.7 

82.2 

32. I 

42.5 

52.4 

47.2 

71.5 49.7 29. 3 

47.9 36.3 . 22.8 

Average 40.2 63.5 35.4 42.6 

* 
Concentration in milk x 1.7 x 0.4 = milk contribution to people. Concen- 
tration in people minus milk contribution = contribution of balance of 
diet. Contribution by balance of diet ; 1.7 x 0.6 = concentration in 
baiance of diet. 
** Milk contribution x 100 + concentration in people = per cent contribu- 
tion by milk. 



those areas and years 7- where adequate matching of popula- 
tion and milk measurements was possible. The average slope for the 
three lines is 0.65 which, when divided by that fraction of dietary 
K derived from milk (0.4), gives cr 1.7 as the average iscrimination 
factor, The intercept of each line should be the pc CS''~/~ K in 
people that was derived from the balance of the diet in each of the 
3 years. 

If it is assumed that the discrimination factor in going from the 
balance of the diet may be calculated from the yearly average levels 
in milk and in people and the fraction of dietary K (0.6) derived 
from the balance of the'diet. Results of the calculation are shown 
in Table 7. These data show that the relative contribution of milk 
to the body Cs137 level varied from 549, in 1957 to only 239. in 1961 
and that the average concentration of Cs137 in the balance of the diet 
increased from a minimum of 24 pc K in 1957 to a maximum of 
about 50 pc/g K in 1960. In 1961, the concentration in the balance 
of the diet decreased, suggesting approximately a 1-year delay in peak 
level compare to milk. 

The interrelationships among yearly average Cs137 fallout rate, con- 
centration in milk, people, and the balance of the diet (excluding 
milk) are shown by the bar graph in Fig. 15. From these data and those 
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Figure 15. Yearly average Cs137 concentrations in people, milk, and 
balance of the diet and their relationship to yearly average fallout 
rate 
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shown i n  Figs.  12 and 13, i t  may be concluded t h a t ,  on the  average, 
during the  l a s t  6 years  the  U.S. peak f a l l o u t  rate occurred about 
mid-April, peak milk concentrat ion occurred about mid-May, peak con- 
c e n t r a t i o n  i n  people occurred about t he  f i r s t  of November, and peak 
concent ra t ion  i n  the  balance of the  d i e t  occurred about the  f i r s t  of 
A p r i l  of the  following year.  S t a t e d  i n  terms of t i m e  l ags ,  peak con- 
c e n t r a t i o n  i n  milk occurred about 1 month a f t e r  the  peak i n  f a l l o u t  
rate, the  peak l e v e l s  i n  people occurred about 7 months a f t e r  the  
peak i n  f a l l o u t  rate unless  d i s t o r t e d  by except iona l ly  l a r g e  year-to- 
year  changes, and the  peak concent ra t ion  i n  the  balance of t h e  d i e t  
occurred about 1 year  a f t e r  the  peak f a l l o u t  r a t e .  An average pro- 
duct ion,  d i s t r i b u t i o n ,  and consumption time l ag  of about 1 year i n  the 
balance of the  d i e t  would therefore  adequately expla in  the  7-month 
delay i n  the  peak Cs137 concentrat ions i n  the  population and why the  
l e v e l s  i n  people (Fig. 13) d id  not start  dropping during the  weapon 
t e s t  moratorium u n t i l  approximately 1 year a f t e r  the  prec ip i tous  drop 
i n  milk l e v e l s  began. An average t i m e  l ag  of about 1 year  between 
production and consumption of meats, canned goods, and frozen foods 
seems reasonable.  The wide d i s t r i b u t i o n  of such foods a l s o  he lps  t o  
expla in  the  extremely small v a r i a t i o n  i n  body Cs137 l e v e l s  throughout 
the  U.S. 

137 Radiat ion ExDosure of the  U.S. PoDulation from Cesium 

Radiation exposure from Cs137 f a l l o u t  occurs both from material depo- 
s i t e d  on the  ground and from t h a t  
gamma r a d i a t i o n  dose rate from C S " ~  sur face  depos i t ion  may be 
est imated from the  following expression: 

aken i n t o  the  body. The ex te rna l  

* 
mr/yr. = 5 x 10-2 x c x E 

where C is the Cs137 deposition level in mc/mi.*, and E is the gamma 
ray  energy (0.66 Mev). This  expression gives  the  dose rate a t  about 
3 f t .  above an i n f i n i t e  plane su r face  i n  the  open. It does not  a l low 
f o r  t he  e f f e c t  of sh i e ld ing  from bui ld ings  during t i m e  spent  in-doors 
o r  removal of the  Cs137 from the  sur face  by leaching i n t o  the  s o i l ,  
weathering, o r  run-off.  The United Nations S c i e n t i f i c  Committee on 
E f f e c t s  of Atomic Radiat ion (38) assumed t h a t  t hese  phenomena would 
decrease the  a c t u a l  exposure t o  about l / lO th  of the  open f i e l d  dose. 
The U.S. average Cs137 su r face  depos i t ion  levels as a funct ion of 
t i m e  are shown i n  Fig. 16. These levels were der ived from the  Health 
and Sa fe ty  Laboratory's  SrgO depos i t ion  da ta  (37) by mul t ip ly ing  the  
SrgO values  by 1.7. The average e x t e r n a l  r a d i a t i o n  exposure of 
the  U.S. population during the  per iod 1952-1961 from a l l  weapon tests 
p r i o r  t o  September 1, 1961, may be est imated from su r face  depos i t ion  
da ta  and the  above equation. I n t e g r a t i o n  of t he  area under the  curve 
i n  Fig.  16 g ives  498 mc yr./mi.*, which, when s u b s t i t u t e d  i n t o  the  
rate equat ion,  gives  a t o t a l  open f i e l d  exposure dose during the  



period 1952-1961 ofA/20 mr. 
allow for shielding, etc., the average radiation exposure of the U . S .  
population from externally-deposited Cs137 is estimated at e 2 mr 
during the past 10-year period. Had weapon testing not been resumed, 
the 30-year genetic and 70-year bone marrow doses to people born in 
1961 from external1yLdeposited Cs137 would have been-8 and 13 mr, 
respectively. Preferential fallout in the North Temperate Zone 
latitudes of the fission products produced by the 1961 U . S . S . R .  test 
seriessmay result in a doubling of the Cs137 external genetic and 
bone marrow doses to the next generation of U . S .  residents. 

The average radiation exposure of the U.S. population from internally- 
deposited Cs137 may be determined from the population-wei hted data 
given in Fig. 13. These data may be converted from pc Csjf37/g K to 
average adult body burden (in pc) by multiplying by 140 g, the average 
potassium conten f a 70-kg standard man. The radiation dose rate 
from internal CsE3' may be estimated from the following expression 

"derived from the Recommendations of the International Commission on 
Radiological Protection (39) : 

When decreased by a factor of 10 to 

m 

1.57 x lo2 q 

in which R is the dose rate in mr/yr., q is the Cs137 body burden in 
pc, m is the weight of the critical organ (in this case, 7 x lo4 g), 
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Figure 16. 'Trend in United States average Cs137 surface deposition 
level since beginning of thermonuclear weapon testing. 



f is the fraction of total body burden that is in the critical organ 
( f .0 )  , and C E(RBE)N is an average energy term (MeV) weighted for 
the relative biological effectiveness and absorption of the radiation 
within the critical organ (0.59). 
above considerations and the integrated area under the population 
curve shown in Fig. 13 indicate that the average radiation dose to 
the U.S. population from internal Cs137 during the period 1956 
through the third quarter of 1961 was + 8  mr. By assuming a linear 
rise from zero to approximately 45 pc Cs137 /g K from 1952-1955 
inclusive and an exponential decline with a 10-month half-time beyond 
the third quarter of 1961, the total internal radiation exposure of 
the United States population from all weapon tests prior to the 1961 
U.S.S.R. series would be -11 mr, 2 mr prior to 1956, 8 mr during 
the period 195691961, and 1 mr after 1961 During the period of 
maximum dose (1959), when the average Cs137 level in the population 
reached a peak of about 82 pc/g K, the dose rate was 2 mr/yr. If 
instead of continuing to decline with a 10-month half-time the levels 
in the population were to have decreased with a much longer half-time 
of the order of 2 to 5 years, the added dose would be 1 to 4 mr. 

Calculations on the basis of the 

As a result of spring 1962 fallout from the 1961 U . S . S . R .  tests, the 
average Cs137 level in the U.S. population may increase from a 1961 
low offJ35 pc/g K to a maximum of about 60 pc/g K in the last quarter 
of 1962. This will add very little to the integral radiation dose 
to the U.S. population. With the rather conclusive evidence that 
Cs137 levels in the population are largely related to fallout rate 
and its direct contamination of vegetation and not to the integral 
level in the soil, radiation exposure from internal Cs137 will be 
relatively significant only during periockof weapon testing. It is 
quite likely that external radiation from Cs137 deposited on the soil 
will contribute more to the 30-yr. genetic and 70-yr bone marrow doses 
than will internally-deposited material. In either case, radiation 
exposure of the U.S. population from past and present levels of Cs 137 
fallout seems to the authors relatively insignificant compared to 
normal variations in natural background rate or to existing guidance 
levels for radiation protection and does not seem to justify any large 
measure of concern. 
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DISCUSSION 

LOUGH : 

KNAPP : 

LOUTIT : 

Dr. S. Allan Lough, Chairman of the session, directed 
the discussion of the papers of the session which follows. 

Dr. LOUTIT made reference to studies in which I was interested, 
whether the discrimination factor in children was higher or not 
higher than had been observed in adults. We would like to make 
a similar study on a series of children of different ages to see 
how this discrimination factor changes with age. We thought we 
did pretty well to work on children 4 to 8 weeks old. We had a 
very well-controlled situation in a rather superbly operated 
orphanage in the Detroit area. If anyone can tell me how to 
get a 6 to 10 year old boy to collect all of his excreta, then 
we could proceed. 

I should like to ask Dr. LOUTIT to comment on the points of 
view of, or difference of opinion between, Dr. LornI~ and Dr. 
KULS on the discrimination factors for one-year-olds and those 
older than one year. 

I think the line was provided by Dr. COMAR in his presentation. 
Our monitoring program vas initiated because of public concern. 
After having collected for 3 or 4 years, we didn't want to use 
the figures merely to allay public concern, but to see, What 
one could get out of their deduction. 

We came to the conclusion that discrimination could be less in 
the earliest years of life than in the adult, but I don't 
believe this can be proved onelway or the other by this sort 
of material. All it does is identify subjects for research. 

Some, including our Chairman, have taken up the challenge and 
made experimental studies of a small number of cases, and 
found an O.R. in young infants 0.5 or greater. 
Dr. S m W  (U. S. Public Health Service, Cincinnati, Ohio) has 

I understand 



COMAR 

done similar work with similar results. 
younger infants,  for very short  periods it is  true, and w i t h  
Widdmson they have reported that about the age of one week a f t e r  
b i r t h  it might not even be possible t o  derive the O.R.; f o r  
instance, breast-fed infants  hail a posit ive Ca balance at  that 
t i m e  but a negative Sr  balance. 

Our own group took even 

To sum up, all that  reaul t s  from monitoring can re l iab ly  do is  
t o  determine areas fo r  research. 

I would cer ta inly agree w i t h  D r .  LOWIT on t h i s  point. 
survey measurements alone one cannot determine whether there i s  
a variation i n  the O.R. during the first year. 

From the 

I was concerned primarily i n  showing that the model d-8 f i t  
empirically, which it does i f  you r e s t r i c t  the samples t o  the 
d ie ta ry  area used i n  the calculation of the m o d e l .  

I also wish t o  emphasize again, however, if the O.R. i s  as high 
as 0.5, then there must be a major compensating factor i n  the 
diet. This, of course, is not impossible. The HASL (Health 
and Safet 

adult average w a s  18 ppcSrgO/g Ca. 
account f o r  the problem. 

Laboratory, U. S. A. E. C., New York) data indicate 
14  ppcSr9 6 /g C a  f o r  the diet  of very young children when the 

This is not enough t o  

I would also l i k e  t o  point out t h a t  the data on the O.R.'s f o r  
one-year-old8 a re  not yet published. 
experimentally. Unti l  it is  f i n a l l y  presented f o r  c r i t i c a l  
analysis by other workers, judgment on i ts  va l id i ty  must be 
reserved. 
competent experimentalists were get t ing anywhere from 2 t o  5 
f o r  t h e i r  discrimination fac tors  i n  adults. O u r  work on human 
pat ients  i n  cooperation with Dr .  Laszlo a t  that t i m e  gave a 
discrimination factor of 4. 
be done here. 
be established i n  the laboratory. When it is, the t o t a l  
picture  must be consistent with the monitoring data. You 
can ' t  have a fac tor  of two discrepancy between the model and 
the experimental data. 

T h i s  work is  d i f f i c u l t  

Going back 3 o r  4 years we had meetings where 

A great deal  more work needs t o  
I think tha t  ult imately the correct O.R.'s w i l l  

Naturally, I w o u l d  agree t h a t  the experimental approach i n  t h i s  
par t icular  instance would have t o  provide the  answer. 
t o  be w r y  careful with the  survey resu l t s  t o  take in to  account 
some of many factors  that might change the si tuation. 

One has 

For example, i n  very young children, there i s  a reservoir of 
bone l a i d  down i n  utero that is  subdect t o  discrimination, 
across the  placenta. Another point is that the mother might 
have used stable  C a  p i l l s  under prescription during pregnancy. 



If the children are breast-fed, this will lower the Sr/Ca value 
tremen usly, by a fac tor  of 10, breast  milk having one-tenth 
the Srg8 that one would expect i n  the mother's diet .  All such 
considerations w i l l  have t o  be talcen i n t o  account. 

Our experience in the p s t  has been that whenever we have 
actual ly  gotten the data on individuals (i.e., w h a t  they e a t  
and w h a t  they r e t a in )  t h i s  has always come out i n  good a g e e -  
ment with predictions from experimental observations. 

LOUTIT : I would l i k e  t o  volunteer somethingo In D r .  KuLS's presentation, 
I W e r s t o c d  him t o  say tbat the contamination of d i e t  o r  milk 
i n  Wdes was some 4 times tha t  of the country at  large, and t h i s  
w o u l d  b ias  our results. It is  t rue  that our children's bones did 
come largely from Wales, but the average milk value fo r  the whole 
of that region is  only 50% greater than the national mean. The 
values of 4 and 6 times the national or  regional mean come from 
the very w e t  h i l l  country, where dairy cows do not normally 
graze, though sheep do. I repeat, the milk supply does not come 
from the h i l l s  but from the lowland valleys, and has a mean value 
5@ g r a t e r  only than the national mean. 
Scotland, where an independent set ofanalysts are doing the 
bone work, the  bone results are substant ia l ly  the  same as our 
combined United Kineom resul ts ,  where Wales is  j u s t  a part of 
the national program. 

Furthermore, from 

KULP : There are individual areas i n  Wales that have 3 t o  6 times the 
average milk l eve l  i n  the U. K. A large fract ion of the  bones 
plotted by D r .  uNlTl?were from Wales, thus it is  not surprising 
that h i s  points a r e  much higher than our model curve which 
assumes a SrgO concentration i n  d i e t  similar t o  that i n  the 
average U. K. 

For the year ending December 1959, i n  the U. K., the average value 
f o r  milk (including Wales) was about I 2  ppcSrgO/g Ca.  The value 
f o r  Wales was about l7ppc Srg0/g Ca. 
take 1959, which w a s  the par t icu lar  year where we are discussing 
the problem, the difference between the r a t i o  of Wales t o  the  
rest of England w a s  close t o  a factor  of 2. 
t o  be about 40% t o  account f o r  the discrepancy on D r .  LOUTIT'S 
plo t  . 

New Mexico) : 
I should l i k e  t o  ask Dr.LANGHAM t o  w h a t  extent Csi37 enters  the 
meat of grazing animals? 

especially high i n  Cs137. In  all probability, meats of this 
type provide another 25% of the body burden of Cs137 i n  man. 
In  other words, the principal sources of Cs137 i n  lllan are,  i n  
the order of importance, milk, meat; and vegetables. 

Therefore, i f  we were t o  

It would only have 

Lor% M. SI'fIEUS: (New Mexico Highlands University, Las Vegas 

LANGHAM: Meat from grazing animals, fo r  example beef and lamb, a re  
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VAN 'MIDDLESWORTH: Do procedures such as double-label experiments show 
any difference i n  the Sr/Ca discrimination by one bone compared 
t o  another? 

COMAR : As far as I know, on an over-all basis, there  is  very l i t t l e  
difference i n  discrimination between d i f fe ren t  parts of the  
bone, 
i n  the gastro- intest inal  t r a c t ,  at  the site of re-absorption i n  
the  tubules, a t  the placenta, and i n  the mammary gland, 
seems t o  be only minor discrimination between the body fluids 
and the bones themselves. 

In  the  work of Schulert and Laszlo, using Ca45 and Sr85 i n  
terminal cancer patients,  where they attempted t o  get the over- 
all discrimination factor ,  no difference i n  the r a t i o  w a s  
found from one bone t o  another. 

Discrimination occurs primarily a t  the s i te  of absorption 

There 

KllLp : 

H. D. BRUNER : (Assistant Director f o r  Medical and Health Research, 
Division of Biology and Medicine, U. S. A. E. C., Washington) 
I am sure we  a l l  regret t ha t  D r .  Laszlo is not here. The last 
time I s a w  h i m ,  he w a s  still  f ight ing the b a t t l e  he waged un- 
successfully a t  meetings he attended here and elsewhere. 
can ' t  help but wonder whether the time i s  r ipe,  now t h a t  the 
experimental techniques a re  becoming su f f i c i en t ly  sophisticated 
f o r  us t o  drop the O.R. and think of S r  i n  terms of i t s  own 
metabolic uni ts ,  as a separate member of the group of elements 
which a re  individually handled by the body. If it can vary 
independently of ionic  C a  (and it does), why worry w i t h  the 
vagueness occasioned by O.R.'s and the attendant increased 
degrees of freedom? 

I 

COMAR : I have f e l t  t ha t  there i s  a fundamental reason f o r  considering 
Sr  i n  terms of C a  namely, t h a t  the behavior of Sr  is  evidently 
governed by the l eve l  of the t o t a l  a lkal ine earths, which i n -  
cludes both C a  and Sr. 
governing factor .  I would c i t e  a simple i l l u s t r a t ion .  If an 
individual i s  eat ing lg of calcium a day and, l e t  us say, 
20 ppcSr%)/day, that individual w i l l  eventually devdop i n  
h i s  body a value of 5 ppc Srw/g  Ca.  If the same individual 
were eat ing twice the amunt  of Ca ,  but the  same amount of Sr, 
he would develop ha l f  of the  S r  body bwden. What I a m  saying 
is: Here we have two s i tua t ions  i n  which the  same amount of 
S r  is being taken ' in ,  but because of t he  C a  l eve l  of the  d i e t ,  
the body burdens d i f f e r  by a fac tor  of two. There a r e  &vera1 
other reasons but time does not permit discussion. 
this is  r e a l l y  the  fundamental one. 

Some of the ear ly  attempts to estimate the amount of SrgO that 
gets  i n t o  people base t h e i r  calculations on the  amountof natural  
S r  that m i g h t  be i n  s o i l  and man. 

Since Ca predominates, it i s  the 

I think 

I ,  1 ! I  

KNAPP : 

It w a s  assumed t h a t  radioactive 



Sr and natural Sr would act the same. That is the basis of the 
computation. It 4ater was concluded that Srgo followed Ca more 
closely than natural Sr. 
there is some fundamental, l og ica l  difference between these two 
approaches, or whether there is a paradox involved here, or 
whether theoretically we 

ground. 
on this subject? 

I have never understood whether or not 

e been able to reconcile the two 

Is there anything worth mentioning that can be said 
approaches to computing Sr 9 5  in bone from the amount on the 

LOUTIT : I think that I may sit on the fence by saying that, in the pre- 
sent decade, it is essential to consider Sr in relation to Ca. 
But I think that if we take the long view to the 1970's, it may 
then be more profitable to relate Srw to stable Sr. I think, 
certainly, we know enough at the present time to show t 
idea of utilizing stable Ca as an isotope diluent of Sr 
not work. In fact, it has been shown that adding stable 
strontium to a diet constant in SrgO and 
the uptake of the SrgO in some sort of mass effect. 

Ca in fact increases 

I was wondering during Dr. KULP's presentation, whether the 
variations he described, the apparently high value in Australian 
children and the apparently high value in Copenhagen subjects 
compared with Bonn subjects and British subjects, might not be 
due to the high natural Sr that obtains in Australian soils and 
Australian vegetations? I regret I am ignorant of the stable 
Sr situation in Denmark. 
observations on stable strontium for any of these localities. 

I don't know whether he has any 

KU" : No, we do not have any stable Sr measurements in foodstuffs 
from Australia. 
people was not very mch larger than the average for Western 
Europe. 

I would also like to comment on this from the point of view of 
the analytical problem. 
specific activity of Sr inppcSrw/g Sr right from the beginning 
is that the Sr content of foodstuffs is poorly known. 
this is due to analytical difficulty. 
reliably easily at l o w .  conce ions yith wet chemical methods. 
You have got to'do it by is dilution technique if you want 
good nunbers. This .is expensive.. rider of laboratories 
that could do it are extre;qkl~~.lipd 2"- I ~ 

there are thFsands ,of,-accurate Ca'kkyses on all foods, soils 
and bone from,state surveys, federal skyey8  and 'other sources. 
I believe Dr. COMAR would,[a we know the Ca 
concentration so wed and 
that it is more useful at present,to relate the Sr to Ca. 

However, the stable Sr in the bones of Copenhagen 

This still may be an important factor. 

I th++ the re'ason we haven't used the 

Part of 
You cannot analyze Sr 

On the other hand, 

imination factors 



COMAR : We must decide w h a t  information is needed and then use the bes t  
approach. A b r ie f  comment on the points raised by D r s .  NIlAPP 
and LOUTIT: Even i f  w e  knew the  Srg0/stable S r  of all die ts ,  
t h i s  would only t e l l  us the  Srgo/stable Sr  t o  be developed i n  
bone, whereas w h a t  w e  require t o  know is  the Sr9O per un i t  
mass of bone, or per amount of C a  since the C a  content of bone 
i s  re la t ive ly  constant; it must be remzmbered that the mount 
of s tab le  S r  per un i t  mass of bone is governed by the s table  
Sr/Ca of the d ie t .  

I would take issue with D r .  LOUTIT about the e f fec t  of increas- 
ing s table  Ca .  Numerous long-term studies on reasonably norm1 
d i e t s  indicate the expected inverse relationship between s table  
Ca intake and Sr9O body burden. 
fo r  example, from short  term studies i n  which the individual 
has not adapted, and from abnormal d i e t s  i n  which phosphate 
levels  a re  radical ly  changed. 

Misleading resu l t s  can arise, 



S M Y  OF THE PROCEEDINGS 

Staff of the  Fallout Studies Branch 
Division of Biology and Medicine 
U. S. Atomic Energy Commission 

Washington, D. C. 

The many new findings which are contained i n  these proceedings cannot 
readily be reduced t o  a more condensed form than  that i n  which they 
appear i n  the or iginal  papers. However, this summary is  included on 
the assumptions that some readers, interested i n  the subject as a whole, 
w i l l  not f ind it convenient t o  study a l l  the detailed material and that 
some of these as w e l l  as others may f ind useful a selection and ap- 
praisal of the highlights of the Conference. It should be borne i n  
mind i n  reading the following that  i n  addition t o  the speakers whose 
names are mentioned,their co-authors and the i r  references, many of the  
results can be flrrther supported by the work of others, o r  are based on 
sample collection and analysis programs par t ia l ly  or  wholly sponsored 
by other Government agencies . 

Imal Fallout 

Studies of physical, chemical and radiological characterist ics of 
fa l lou t  a t  ear ly  times after detonation have had t o  r e ly  mainly on such 
experimental data as were obtained pr ior  t o  the test moratorium. 
ta t ive ly  it is  w e l l  established tha t  the different  radionuclides produced 
i n  a nuclear detonation are fractionated, that i s  their ra t io s  t o  one 
another differ i n  different par t ic le  size fractions,  i n  different radial 
shells within each par t ic le  and i n  different  parts  of the "stabilized" 
cloud. For example, Srw, formed mainly by radioactive decay from a 
short-lived krypton isotope, is  enriched in the par t ic les  which appear 
i n  the cloud later and are therefore smaller, and is depleted i n  the 
larger particles as compared with a fission' product such as -95 which 
does not have a vola t i le  precursor. 
layer of accreted material and depleted i n  the central  core of the 
par t ic les  which have sol idif ied from l iquid o r  vapor. 

Quali- 

S r w  is a lso  enriched i n  the outer 

Consequently, 
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Zr95/SrW ratios in fallout vary with time after detonation and, 
therefore, with distance downwind. 
pronounced fractionation in local fallout (LARSON)# both having vola- 
tile precursors but of different half-lives. 
most pronounced in the case of low-yield, land surface bursts and 
least in the case of air bursts and very high yield bursts. 

Even the ratio Cs137/Sr% shows 

This fractionation is 

The particle size distribution in the debris cloud from a land surface 
burst and in the fallout shifts with time towards the smaller sizes 
which contain a smaller proportion of earth material. 
of each nuclide which Is soluble or biologically available tends to 
increase with time and distance from the point of burst. The gamma 
energy spectrum and decay rate of the fallout also must vary with time 
and distance as well as with conditions of burst. 

General quantitative models are being developed (FREXLIIVG) to predict 
these phenomena as a function of energy yield, chemical composition of 
weapon and environment and height of burst. Many of the more striking 
fractionation phenomena are accounted for by these models, but many 
difficult problems remain. These include lack of adequate basic data 
on fireball cooling processes and on condensation of complex mixtures 
of vaporized materials; irregularity and obscurity of turbulent mixing 
processes and flow patterns within the cloud; and gross departure of 
particle tr+jectories and fall times from those attributable to grad- 
tational sedimentation frcm a "stabilized cloud" altitude (presumably 
due to atmospheric eddy motions at early times and largely to precipi- 
tation scavenging at greater times and distances) . 

!Thus the fraction 

Experimental data bearing on these physical-chemical problems are 
extremely scanty (LARSON). 
a low ratio of biologically available to total S r w  within a few miles 
from the point of burst as compared with greater distances, also a low 
ratio of Srm to total fission products. These are in the direction 
expected and quantitatively very substantial. A further observation 
suggesting reduced entry of radionuclides into the food chain in areas 
of local fallout from surface bursts is that of selective shedding of 
the'larger particles by larger particles by leaves. 
the high propqrtion of very small particles comiw to the ground at 
short distances downwind from both tower and balloon shots has not yet 
been ekplained. 

Irregularities and "hot spots" have been noted in the distribution of 

Measurements at the Nevada Test Site show 

On the other band, 

1out"within $he brst few hundred miles. 
ected cause (LARSON). 

Irregularities of terrain , *  Small-scale irregularities of the 
space are also large enough to suggest tbat these 
t cause (ALLEN). Closely spaced upper wind 

n space and, time have permitted substantial improvement 
thk .direction of the major axis ("hot line") of the fall- 
er what can be done a t h  conventtmlmeteorological: obser- 

vation networks, but the meteorological" daG are still' inadequate to 
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account for the smaller scale structure of the patterns. 

Even with the considerable range of yields and conditions of bursts 
which have been experienced in nuclear tests conducted to date, con- 
ditions of interest in military and civil defense planning have not 
been simulated sufficiently closely, nor have sufficiently complete 
measurements of local fallout been made at the higher yields, to give 
much confidence in the existing fallout prediction models for these 
applications (F'ERBER). &lyses of the available data by different 
groups for different purposes have resulted in models which for given 
burst conditions in the MT range, predict distances for a given dose 
contour varying by a factor of about 3 to 4, total area integrals of dose 
w3thin a given contour varying by a similar factor and dose rates at a 
given location 1 hr. after detonation varying by an order of magnitude. 
Predicted fatalities under given conditions of shielding can vary even 
more widely. The variations result largely from uncertainties regard- 
i,ng the scaling laws for vertical distribution and particle size distri- 
bution of radioactivity in the stablized debris cloud. Additional 
sources of variation are introduced by incorporation or neglecting 
variations of wind shear and by accepting various fractionation, gamma 
energy and decay laws for the deposited debris. 

It appears that some improvement can be made in the prediction models 
for local fallout by more organized studies bringing to bear on the 
problem the large and complex body of available theory and experimental 
data. However, the phenomena include some such as high-temperature 
condensation thermodynamics of mixed vapors, cloud dynamics and 
turbulent mixing, for example, for which no satisfactory theory eldsts. 
It is possible that much of the uncertainty will remain unless suitable 
measurements are obtained in connection with actual nuclear detonations 
over a range of conditions. 

Wopospheric Fallout 

That portion of the debris cloud which stabilizes in.the troposphere and 
which is not deposited in the first 12 to 24 hrs. consists of sufficient- 
ly small particles that, at least under weather, conations such as those 
which have generally ,been selected for conducting weapons tests, the 
levels of fallout are largely determined by the atmospkkric vertical 
motions and precipitation processes occurring along the trajectory of 

remain entir increa+sing yield' 

fission debris, stsbilizi 
ited' (only low-yfel 

'tropdsphere decreases to a very 
nce 'of"t& tropospheric. debris 

is relatively brie 
widespread dispersal, it 
of tropospheric fallout g the test moratorium. Both the accumulated 

sufficient to permit 
ot been possible to 'caliy on any new 'studies 
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and the incremental contamination of the environment during this period 
have been dominated by stratospheric fallout. 

Stratospheric Fallout 

The discovery of a natural population of hygroscopic sulfate particles 
about 0.03 to 1.0 p in radius, in an apparently world-wide layer of 
nearly uniform character between 16 and 24 km in altitude (MANSON), has 
important implications. It appears from size-spectrum considerations that 
the rates of formation and coagulation are such that the sedimentation 
rate may play a significant part in determining the residence time of any 
smaller particles introduced in this layer. 
sulfur content and total B activity in aircraft impactor samples of 
particulates (about 0.4 p) collected at about 20 km supports the tenta- 
tive conclusion that the radioactive debris particles go along with the 
sulfur in this process. However, compsrison with filter samples which 
are believed to collect essentially all particles suggests tbat the 
debris particles may not coagulate beyond about 0.01~ and in particles 
above this size possibly become distributed uniformly with particle 
number rather than particle mass. 
sedimentation 8s a mode of stratosphere-troposphere transfer even in the 
lower stratosphere, where the high tropopause in relation to the height 
of the sulfate aerosol layer and the absence of vigorous atmospheric 
mixing processes would tend to favor it. 

A positive correlation between 

This might limit the importance of 

At higher (polar) latitudes the bulk air-exchange processes probably 
dominate over the relatively slower precipitiation by sedimentation of 
sulfate particles. At higher altitudes approaching 30 km where samples 
have been collected by balloon-borne impactors (MARTELL), the size distri- 
bution of the radioactive debris seems to shift strongly toward smaller 
radii. At 20 km m s t  of the radioactivity has been found in the size 
range between a few hundredths and a few tenths p radius. In the few 
samples collected near 30 km, both in Minnesota and in India, most of 
the radioactivity wasfbund in the size fraction less than 0.02 p. 

The distribution of both artificial and natural radioactivity in the 
stratosphere and the time-scales and mechanisms of transport and deposi- 
tion by various processes have received considerable study anda.number 
of significant advances have been made in understanding these phenomena. 

Stratospheric and tropospheric inventories of S r w  have been calculated 
at 6-month intervals based on data obtained in the balloon, aircraft and 
ground-level air sampling programs (MACETA). When added to the inventory 
on the surface of the earth obtained from pot, f’unnel and soil data, the 
total agrees reasonably well with the total deduced from available infor- 
mation on yields of past tests. 



By using W185 as a tracer for 1958 equatorial t e s t s  and Sr@ as a tracer 
for a l l  1958 t e s t s  it has been possible t o  resolve the Srm fallout as  
measured by the world-wide pots and -el network into several components 
(MACHTA). 
about TO0 N, was nearly a l l  confined t o  the northern Hemisphere, was 
peaked i n  middle latitudes, and was virtually complete by the summer of 
1959. 
peaked in  middle latitudes, was distributed in  both Northern and Southern 
Hemispheres with most i n  the Northern. 

The Srw fallout during early 1960, apparently consisting largely of 
equatorial t e s t  debris f om BARDTACK and ear l ier  series, was distributed 
similarly to  the 1958 Wlg5 fallout. W i n g  l a t e  1960 and early 1961, 
however, the S r p  fallout i n  the two  hemispheres was nearly equal. 
this time a significant contribution was being made by fallout from the 
19 8 high alt i tude detonations as evidenced by the tropospheric levels of 
Rh302, a tracer produced i n  the ORANGE shot (GUSTBFSON, KREY). 

Srw fallout from the f a l l  1958 U.S.S.R t e s t  series, conducted 

That from the U. S. HARDTACK I equatorial t e s t  series i n  1958, also 

During 

Both surface air concentration and deposition measurements have now con- 
firmed that a spring maximum and autumn minimum of stratospheric fallout 
occur even i n  the absence of recenttest activity, since this seasonal 
cycle was quite pronounced in  the Northern Hemisphere and reasonably w e l l  
established i n  the Southern Hemisphere during both 1960 and 1961 (MACETA, 
LOCICHART, GUSTAFSON, KURODA). 

It is  also clear that tropospheric concentrations and deposition rates 
of stratospheric debris are higher i n  middle latitudes of both hemispheres 
than near the equator regardless of the lati tude or alt i tude of strato- 
spheric injection (MACIfIlA, LOCKHART). 
the trend of concentration in  air or precipitation from middle latitudes 
poleward although t o t a l  deposition decreases with decreasing precipitation. 

It has been diff icul t  t o  establish 

The resolution of sources has also led t o  the following estimates of 
residence times for debris introduced a t  different locations i n  the 
stratosphere (MACEPA, GUSTAFSOM). 
Arctic tests of 1958 was deposited the first spr ing season after injection. 
Debris from equatorial tests in  the low MT range exhibited a half residence 
time o f t h e  order of a year or less during the first year, increasing some- 
w h a t  i n  l a t e r  years. Debris injected a t  a very high alt i tude (exceeding 
k0 km) near the equator began t o  appear at  low alt i tudes about a year a f te r  
indection, and then exhibited a deposition ra te  corresponding t o  a resi- 
dence t i m e  of a t  least  5 ns. 

Most of the debris from the U.S.S.R. 

Early estimates of mean stratospheric residence times of the order of 5 
t o  10 yrs. based on measurements of fallout from equatorial debris clouds 
(from the higher yield detonations of Operations IVY and CASTLE) which 
may have reached alt i tudes of 30-40 km appear t o  f i t  into t h i s  pattern. 

It is not known w h a t  part of the holdup of high alt i tude equatorial 
debris i s  due t o  a slow rate of horizontal transport t o  higher latitudes, 
w h a t  part is  due t o  slow downward transport and how these might vary with 

I 
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Each of these categories has received some study and each apparently 
makes an observable contribution to the observed pattern, 

,altitude and latitude of injection. In particular, it is no ,known 
whether the world-wide fallout pattern from'a debria cloud,such as that 
introduced by the 'U.S,S.R. '55-60 MT detonation in October 1961, at an 
estimated altitude of 40-50 km near the north pole, will more closely 
resemble that of the equatorial high altitude debris or that of the 
Arctic low stratosphere debris. 

In attempting to account for geographical and seasonal non-uniformities 
of stratospheric fallout any or all of the following processes could be 

. involved: 

(1) circulation or mixing processes within the stratosphere; 
. (2) exchange processes between the stratosphere and troposphere; 

( 3 ) -  circulations or mixing processes within the troposphere and 
(4) deposition- processes. 

In the stratosphere (BARNES, NEWELL) two kinds of processes seem to be 
important. 
surfaces of constant entropy which slope downward from the e uator toward 

as ozone, heat and momentum, during the winter and spring. Evidence for 
a systematic poleward circulation is ambiguous. Systematic circulations 
may, however, play a dominant role in transporting ozone equatorward 
during the summer and fall. Internal heating and cooling within the 
stratosphere appears to be a significant driving mechanism for this latter 
circulation. While these findings suggest ways in which the stratospheric 
motions might iead to a late winter or spring maximum of the strato- 
spheric debris concentration at high latitudes they are still far from 
conclusive. 

Processes which would influence transfer from the stratosphere to the 
troposphere do-appear to have a strong seasonal and latitudinal variation 

These processes include the spring upward migration 
of the tropopause as well as the frequency and intensity of tropospheric 
weather disturlxhces likely'to involve incursions of stratospheric air. 
~ l r i s  latter concept pictees the *tropopause gap" as the statistical 
average of sporadic'pulses. 

It appears that mixing by large-scale turbulent eddies along 

the poles may be adequate to account for  the transport of W1 8 5 ,  as well 

' : * (STALEY, MIELSEN) 



. . . -. . . . . - . . . . . 

cloud systems into the tropopause region or into,upper tropospheric air 
of relatively recent stratospheric origin have been rather convincingly 
indicated (KRUGER) . 
in squalls and showers of the type which characterize the middle-latitude 
spring season (DANIELSEN). 

Despite these variations in concentration, however, ratios of concentra- 
tions of different radionuclides in precipitation exhibit remarkable 
stability. 
decay during a succession of rain storms can be used to characterize the 
sources contributing to the fallout (KURODA, KREY, COLLINS). 
encouraging evidence of consistency is the fact that gamum radiation 
dose rates due to cumulative levels of fallout of long and intermediate- 
lived fission products over peiods of many months, calculated from gamuB 
ray spectrum analysis of soils at Chicago (GUSTAFSON), agree with similar 
data obtained by radiochemical analysis of precipitation samples collected 
at New York (COLLINS). 

"he last mentioned may be a systematic phenomenon 

Not only the values of such ratios but even their rates of 

Another 

Deposition and Movement i n  Soils and Ground Water 

A study was made to obtain relationships between Srw deposition and 
rainfall rates in Clallam County, Washington (ALEXANDER). This limited 
geographical area was selected for detailed study because of the marked 
variation of annual amounts of rainfall from site to site. This study 
showed, as has been indicated by other studies, that Srw deposition 
varies with the amount of rainfall. 
is some deposition as dry fallout. 
16 mc Srgo/mi.2 was deposited as dry fallout up to the fall of 1960. 
Total deposition at the 5 sites ranged from 34 to 137.m~ SrW/mi.*. 

However, it was concluded that there 
In  this area it was estimated that 

Results of soil sampling at a large number of sites t h u g b u t  the world 
in 1960 indicated low total Srw deposition on t& average between 1959 
and 1960. The global average increment during *the year appears to be 
less than 5 mc/miO2 which may be less thancthe analytical error associated 
with a single result. 
for a single site from 1959 and 1960 soilcollections and analyses are 
unreliable. 
collections confim the small magnitude of the *inC 
the 1960 results is currently in progress. 

Studies performed.by the Soils Laboratory,of thf: U.IS. Department of 
Agriculture concerniq runoff of,, Srw (EBEN!AEL) included small watersheds, 
small plots and river water. 
that loss of SrgO .qLs prob 'f. 9 amount lost by 
crop removal probably did 
loss probably di 
Since somewkt 1 

Because of this fact, anqua1 increments calculated 

The much better estimates based on pot a funnel fallout . Evaluation of 
I . <  t )' I 

From small watershed studies it appeared 

fallout while leaching 
amount to more than 155 of ,accyn&ted fallout. 

ontents of soil -re <omd at lower contours, 



an effect of length of slopwas suggested. 
accumulation of Srw in the area of silt deposition so that Srw must 
have been carried off the watersheds. In runoff studies from small 
plots, loss of Sr% was shown to be affected by vegetative cover and 
the amount of soil eroded from the plots. 
cover showithe least loss of Srw, soil and water. 
to have little effect on the amount of Srgo transported per inch of water 
runoff, however. 
River basin b the Public Health Service have indicated that from 4 to 

of Srw appearing in river waters are consistent with results obta ned 

deposited in impounded waters is still largely unknown, however. 

Ground-water studies (CILEBSCH) conducted by AEC and USGS have shown that 
very little fallout radioactivity enters ground water after is is de- 
posited on soil surfaces. In general sedimentation and natural filtration 
by soils and rock are quite effective in preventing appreciable contamina- 
tion of ground water. Since fallout material consists of much particulate 
matter it seems reasonable that a great deal of the radioactivity is re- 
tained in top layers of soil. T h i s  has been indicated also from studies 
of concentration VS. depth of soil studies. Soluble materials, such as 
Srw are effectively absorbed by soil particles or the various rock 
formations. 
voirs and the very slow rates of movement of water from the surface into 
ground-waters as well as the very slow movement of water within a ground- 
water reservoir. 
filtration and low-solubility factors are sufficient for appreciable 
decay to occur. 
heavy fallout contamination of ground-water varies with depth of reser- 
voirs or water table. 
nuclear war, ground-water contamination may become more important, al- 
thuugh surface water supplies would present much greater problems. 
Fallout tritium has been of interest since it provides a tracer for 
water itself and has been used to study ground-water movement and mixing 
as well as other hydrologic phenomena. 

There was little or no 

Plots having good vegetative 
Crop cover appeared 

Analyses of river water and precipitation in the Ohio 

16 of the Sr % in precipitation appeared in the river water. Amounts 

from watershed and small plot studies of runoff. The amount of Sr 40 

Other important factors are dilution inlarge water reser- 

Hold-up times due to this slow movement and the 

The effectiveness of these processes in preventing 

In  the event of very heavy fallout as from a 

Cycling of Fallout Nuclides in the Biosphere . 

Of further importance in the consideration of fallout and’its effects 
on man is the distribution in biological populations in the environment 
and the part played by biological systems. 
external radiation and entry of radionuclides into the food chain, the 
distribution and environmental cycling of fallout radionuclides has re- 
ceived increasing attention. 
these aspects of fallout radionuclides were reviewed in considerable 
detail at the First National Symposium on Radioecology at Fort Collins, 
Colorado, in September 1961, sessions of that symposium which concerned 

From the standpoints of 

Since research results pertaining to 
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cycling of fallout nuclides in the terrestrial, freshwater and marine 
environments were summarized at the present conference (AUERBACH, 
SEYMOUR, KRUMHOIZ). Since these summaries in themselves cover research 
findings of a very large number of investigations, no further reduction 
of these is attempted here. The papers and discussion include such 
topics as concentration and transport by insects, birds and aquatic 
organisms, uptake by marsh and pond plants, and effects of grass burning 
on contamination of subsequent growth. 

Fallout Nuclides in the Food Chain and Man 

Studies of stable Sr and stable Ba in human bone and diet in Canada 
(GRIIMMITT) indicated a total daily intake of Sr of 1.Qg and of Ba 0.bg. 
Ba was found to be much more variable in individual food items than was 
Sr. While milk is the only major contributor of Sr to the Canadian diet, 
Ba appears to be derived about 25% from milk, 25$ from flour, and up to 
254& from potatoes. Stable Sr in the skeleton was found to be distributed 
nearly normally; there was no apparent tendencyto concentrate in a 
particular bone. The population distribution was quite skewed toward the 
high side, however; quite different from results reported for New York 
City. There appeared to be no age effect in this study since averages 
for 0 to 19 and 20 to 70 yr. age groups were 300 and 320 pg/g Ca re- 
spectively. The population distribution for stable Ba was similarly 
skewed with values-up to 5 times the mean, and more scatter was observed 
for Ba than for Sr. More scatter was apparent within the skeleton also. 
The Ba and Sr results showed no correlation, indicating a dietary control 
rather than a metabolic one. 
about 0.25 with the mean about 15% higher th8n the mode. The mean of 
Ba/Ca O.R.'s (bone/diet) was 0.07 and the mode was 0.05. The %/Sr O.R.'s 
had a mean of 0.28 and a mode of 0.25, quite similar to those for the 
Sr/Ca O.R.'s. 

From the tri-city diet studies at HASL and a review of other data predic- 
tion models for Srw in the diet were presented (RIVERA) and estimates 
were made of dietary concentration of Srw in New York City and San 
Francisco resulting from the recent U.S.S.R. nuclear test series. The 
prediction model provides for fallout rate and cumulative deposition 
factors. T h i s  model ie believed to be good within a factor of 2 or 3. 
Models for the various major dietary components were discussed. KNAPP 
discussed his previously reported model for predicting monthly U. S. 
average levels of Srw in milk. Although the available models are, of 
course, still based on a number of assumptions, it appears that consider- 
able progress has been made in developing methods for estimating dietary 
levels of Srp/Ca where nuclear yield or, better still, deposition data 
are available. 

Sr/Ca O.R.'s (bone/diet) were found to be 

A status review was presented (COMAR) on selected aspects of food surveys, 
as well as on strontium, cesium and iodine as related to fallout problems. 
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It i s  c l ea r  that food surveys should be designed i n  r e l a t ion  t o  the 
required, objectives. 
procedures may not be j u s t i f i e d  f o r  many prac t ica l  purposes. 

Results t o  date suggest that vigorous sampling 
OR body/dir>t 

(observed r a t i o  v ) a l u e s  Sr  C a  of d ie t  f o r  adul t  man range from 0.16 t o  
0-15, with values based on most'extensive sampling f a l l i n g  near 0.25. 
Values are probably higher, 0.5 and above, f o r  the very young; t h e  s ig-  
nificance of the higher values i n  respect t o  harm cannot yet be assessed. 
O R m i l k / d i e t  values f o r  man, cow and goat are about 0.1. On typica l  ra- 

' t i o n s  the concentration of f a l l o u t  Srgo i n  milk was halved by doubling 
the calcium content of the diet i n  a long-term study. 
predictions from short-term experimental studies.  Secretion of radio- 
iodine i n t o  m i l k  i s  highly variable.  Typically the da i ry  cow secreted 
about 1% of the ingested da i ly  intake per l i t e r  of milk. Attention is  
ca l led  t o  the d i f fe r ing  ab i l i t i es  of various species t o  concentrate 
iodine from blood plasma t o  m i l k .  
intake i s  found i n  the egg of the  laying hen, with most being found i n  
the wlk and a s igni f icant  proportion bound t o  protein. 
administration the yolk does not reach a maximum u n t i l  about the sixth 
day. The turnover time of cesium i n  various species was reviewed, and 
the  need stressed for consideration i n  terms of multi-component ex- 
ponential behavior. 
appears t o  cor re la te  with body s ize ,  ranging from a f e w  days f o r  the 
mouse t o  about 100 days f o r  man. 
smaller, being a f e w  days f o r  the goa-:, and somewhat longer f o r  the cow. 

-Special  note was made of the  poss ib i l i t y  that  small amounts of radio- 
cesium may be trapped i n  the skeleton and thus not be available f o r  

-exponential removal. 
radiocesium was f o k d  per l i t e r  of milk, o r  about ten  times the corres- 
ponding figure f o r  radiostrontium. 

Preliminary r e s u l t s  were presented (BIRD) of a studyof m i l k  sampling f o r  
S r w  content i n  Canada. From preliminary findings i n  a limited number of 
areas tliere'-was no s t a t i s t i c a l l y  s ign i f icant  difference i n  mean Srgo 
estimates f o r  milk between "grazing"classes, nor between days of sampling 
w i t N n ' 5  consecutive days f o r  t he  same town. There was a s igni f icant  

. var ia t ion  between towns. Morning readings were higher than afternoon 
eadings but- t'here was no s igni f icant  difference between t h e  means of 

T h i s  confirms 

About % of the da i ly  radioiodine 

After a s ingle  

I n  monogastric species t h e  overa l l  turnover time 

In  ruminants the values are r e l a t ive ly  

I n  the da i ry  cow, about 1.546 of the  da i ly  ingested 

' the  two periods of sampling. Because of the preliminary r e s u l t s  reported 
easonal and geographic var ia t ions in te rpre ta t ions  of re- 
bade with caution. Further invest igat ion of sampling 

eys f o r  SrW and stable Sr  and C a  i n  the 

' "design i s ' i nd ica t ed .  
'- r 
ew>bf human bone 

ided severa l  i n t e re s t ing  resu l t s .  Some' of 
reported of s tudies  i n  ' thk U. S . , although 

both 'studies are only b r i e f l y  summarized here. 
the U. K.,'the 0. R. ( fe ta l  bbne/maternal plasma) was 0.625. 
a t  birtfi*"'i.s capable of discrimination, probably - d i n l y  .by the renal' 

From these' s tud ies  in '  
The ch i ld  
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mechanism, and it improves this capability with age. The 0. R. 
(bone/diet) falls from about 0.5 to about 0.25 or below, largely due to 
the gastro-intestinal process. 
bone salt can be estimated in infants by consideration of the relative 
specific activities (Srw/Ca) of diet and bone. It is concluded that 
skeleton turnover must be nearly 100% in the first year of life and very 
high in* second. Only with reliable data on infants' diets obtained 
from surveys could representative figures be produced. Based on specific 
activities (Sr*/Sr) of the bones and the estimated diets it is estimated 
that the skeletal turnover is about lO$/yr. in the third to eighth years, 
after which it falls to very low values during the second burst of growth 
around puberty. In adults, by calculations from specific activities 
(Srw/Sr) of bones and the mtlollal diet it is estimated that mainly ivory 
bones such as shaft of femur, tibia and calvarium of skull turn over 
about 1% of their mineral per year; the highest mean annual rate of 
turnover was in vertebrae, 8$. 

KULP suxuarized his analysis of data accumulated over several years with 
respe t to Srw in human bone. 

pheric contamination, based on surveys following past nuclear test series. 
The maximum concentration in fetuses in the Western culture Temperate 
Zone was reached in 1959 atebout 1.2 p.pc Srw/g Ca and decreased rapidly 
in 1960 and 1961. 
about 8$ of that in the adult diet. 
adult bone appeared to be about 2'$/yr., although this rate appears to vary 
with individual bones of the skeleton. 
the Southern Hemisphere has been only 1/4 that of the Northern Hemisphere, 
bone levels in the Southern were found to be about 1/2 those of the 
Western culture populations in the Northern Hemisphere, probably attri- 
butable in part to dietary differences. 

A final sunmrary was reported (LANGHAM) of the LASL study of Cs1T7 in m i l k  
and people in the U. S. which was completed in 1961. .The study beginning 
in 1956 included Cs137 and K U  determinations in powdered milk samples 
collected at 55 sites in the U. S. and &ma@, and in people visiting 
LASL who volunteered to be counted. ,consideration 
was given to agricultural conditions, dairy practices, meteorological con- 
ditions, milk production and geographic-a1 locatiyn. Time-trends in U. s. 
powdered milk showed regular seasonal fluctuati&ons ,at all ,stations with 
maximei generally ,occur+xg in spriG and minima in :late ,>sqer;, following 
a similar pattern to fallout rate with alterations due ,to feeding practices. 
Tropospheric fallout from Nevad tests in 1957 and 1958 seemed to cause 
ma- later in *the ye,ar. 
trends. The rapid response,, of Cs 
rate strongly .s,&gests .pre&mi+ _ I  a * _  

and direct contamination of veget 
is suggested as a predomimt? plechanism. 
the Midwest for 1957-1961, for which adequate data were available, 

The rate of turnover of pre-existing 

Reasonably good predictions can be made 
of Sr h /Ca levels in the world population for a given input of atmos- 

Fetal bone ratios of Srw/Ca were estimated to be 
The turnover rate of Sr and Ca in 

Although the total deposition in 

In, the analysis of, 

A la 

Us 
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and tes t ing  several empirical relationships between fa l lou t  rate and 
milk levels of Cs137, a formula was obtained relating time-weighted 
fal lout  r a t e  and milk levels. It was observed from the results of 
this analysis that there was l i t t l e  or  no evidence of uptake of Cs137 
from so i l .  When considering geographical distribution milk levels  
appeared t o  be influenced primarily by factors other than integral  surface 
deposition. Attempts t o  deduce quantitative relationships between annual 
precipitation and yearly average m i l k  levels  of Cs137 were not very 
successful, only crude correlations w e r e  obtained. 

Time-trends i n  people from New Mexico s h o w  seasonal fluctuations as do 
fa l lou t  r a t e  and m i l k  levels  of Cs137, although the pattern jnlater 
years is 6 t o  8 months out of phase with those pr ior  t o  1959. Average 
agronomic, metabolic and food distribution and mrketing time lags are 
important factors here. 
leve l  of Cs137 occurred which may be due, i n  par t  a t  least, t o  tes t ing  
schedule, yleld and location of tests i n  1958. From an ear ly  1960 max- 
imum the population d - 3 7  l eve ls  dropped t o  a new minimum in mid-summer, 
possibly ref lect ing increased stratospheric fallout rate and feeding of 
stored feed early i n  the year. 
pattern of maxima and minima i n  Cs137 levels i n  peo l e  following cessation 

Mexico people dropped with an apparent half-time of about 9 months, from 
the 1960 peak about 12 months and during 1961 about 8 months; or an 
average of about 10 months. 

Beginning i n  1959 perturbations i n  the population 

The data strongly indicate a change i n  

of nuclear tests. From the peak value i n  1956 C s  137 levels  i n  the New 

When geograp’hical regions were considered with respect t o  6-yr. average 
Cs137 levels  i n  people the outstanding feature was the very small varia- 
t ion  over the U. S. 
ranged from 46 t o  71 ppc Cs137/g K. 
others were i n  good agreement with the LASL study. 
be due t o  sampling bias, and i n  par t  undoubtedly t o  the wide food distri- 
bution i n  the U. S. 
found t o  be consistent f o r  each year of study. Frequency distributions 
fo r  a l l  U. S. adults measured showed deviation from normal for  a l l  years 
except 1956 and 1961, and was especially pronounced i n  1959. 
the &ita appeared t o  f i t  a log-normal dis t r ibut ion better but s t i l l  showed 
ari upward deviation on the high leve l  side. 
relationships over the last 6 years it appeared t o  f i t  a log-normal dis- 
t r ibut ion better but s t i l l  showed an upward deviation on the high level  
side. 
appeared that  i n  terms of time lags, peak concentration i n  milk followed 

the peak fa l lou t  rate by about 1 month, that  i n  the balance of the d i e t  
by about 1 yr. and 43mt i n  people by about 7 months. 

Averages fo r  10 regions (not population averages) 
Geographical distribution data of 

These results may 

Relative differences i n  geographical areas were 

For 1959 

From analysis of inter-  

From analysis of inter-relationships over the last  6 years it 
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Summary Comments 

The research on fa l lou t  during the three-year test  moratorium has quite 
naturally made greatest advances i n  those areas related t o  long-lived 
radionuclides such as S r w  and Cs137 which have continued t o  come down 
from the  stratosphere. Other areas have progressed re la t ive ly  slowly. 
These include many aspects of loca l  fa l lout  from surface bursts and the 
systematic and random variations of environmental levels and body burdens 
of short-lived radionuclides i n  tropospheric fallout.  
determine t ransfer  coefficients and time lags from one s tep  t o  the next 
i n  the fa l lou t  cycle s t i l l  suffer from dependence on 
from re la t ive ly  poorly coordinated sampling networks, although the s i tu-  
a t ion is  improving considerably i n  this regard. On the  whole,there has 
been an impressive sharpening, of the tools  f o r  predicting and assessing 
various modes of human radiation exposure due t o  fa l lou t  from a wide 
variety of sources; s t i l l ,  the available tools  are not so keen as t o  
give cause fo r  any relaxation of effor t .  

Attempts t o  

survey data obtained 
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