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RADIOACTIVE PCLLUTION OF THE EARTH'S ATMOSPHERE

INTRODUCTION:

Estimates are given for the number of atomic bombs which will give riso to

various radiation levels in R units at the earth's surface. These radiation

levels can be convared with the lethal dose of ~500 R to estimate their lethal

effects. Since local atnospherio conditions would very likely cause considerablo

fluctuationin the density of fission products and hence of the radiation levels,

all calculations are applicable only inthe statistical sense. More specific

answers can only be obtained by meteorological investigations on a vast scalo,

directed towards the detailed prediction of air mass motion over the surface of

the earth. (1) The estimates made here assume uniform distributions of activity

per gram of air between various levels of the atnosphere and are valid only aftor

sufficient time has elapsed to allowthis condition to be reached. The length of

time required will clearly depend on the distribution of explosions in space and
time as well as the condition of the atmosphere during and subsoquent to the ox-
plosions. No attempt is made in this preliminary report to calculate the dotalled
effects of a spread in firing time but it is probably true that a spread in firing
time of one week would have only a small effect (~5% on the resultant activity
at plus one month from the average starting time.

The total gamna ray energy emitted from the fission products (2) from +1 hour

The interesting question of mixing--or rather lack of it--between the northern
and southern hemispheres shouldperhaps be considered by a meteorologist.
the present calculation is probably enly good to a factor of 20, the factor of 2
involved in the hemisphere mixing question does not significantly alter the
estimates for one hemisphere.

Induced activities in naturally present or intentionally placed surrounding
media are neglected as are prays end the effects of Pu These neglections
probably do not alter the results by afactor of. two.
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CALCULATIONS:

to ∞ is given by (3),

(2)
Sino e

(2)

(3)LAMS-507•



• 7 = volume through which finalon:

I = total number of fizaions per
• bomb

where to

on at sea level.

The time depondenoe of R is givenby

Beause the wan free path in air of the f's given off by the fission produots

have a range of ~3 x 10$ ci, a distance short compared with those in which effeots

que to the earth's ourvature enter, the replacement of spherical by plane geometry

is essentially exaot and will be employed beause of the simplifloations it intro

duces into the caloulations. The & source strangth is caloulated by considering

the actual spherioal geomotry. We will now oalculate I under those assumptions:
I for a somewhat fiotitious but simple case, then Il for a more realistic but more

complex case.

CONSTANT AIR DENSITY; UNIFORM SOURCE DISTRIBUTION

uniform

strengt

(1) 8=5x 6 * 107 0т/c Mine & = mabor of horos

For a 20, offioiont explosion

of « Nagasaki-type bomb

$ = 4 = 1028 520810n8/bemb

produote are spread (oms)

The total radiation in I units at polat o (see Fig. la), Ro, 1e giter by

(2) R. = 8 * 20-26 10 (Chioago Fandbook Chapter XII, Seot. la2)
3a giren by

(3) 10 = €* T dr
4 тг

and 1 23 ≤ 10€

(4) dR
R, =
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To calculate S, we take the sotivity uniformly distributed over spherical shell

Fron this, Inserting $ = 4 x 1024, 8o = 6.38 x 108 cm, X= 3 x 10€, and using

(2) we got

Table I gives a summary of values of n corresponding on the above assumptions

to given total dosages Ro and assumod values of hi and ha. Since the atmosphere
is not of constant density but has a density wich drops off exponentially, only

assumptions (1) and (2) give results in reasonable accord with thoss following

constant density to show by comparison with TABLE Il the effect of varying air

donaity. As might be expected, it is considorable.

For $ indepondent of r, and X= constant (S) becones

1, = $ đT = •E ardu

p=o

16) 15 7 - 12 - (
For plot or 1 r (2) = 9% see Fig. 2.

of radius & and thickness hey•

(6) 8 = 2f x 6 x 106

4 n R (h, -ng)

3,5 0142 - G

from actusl density variation. Assumptions (3), (4), (5), (6) aro oalculated for
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VARIABLE AIR DENSITY : UNIFORM SOURCE DISTRIBUTION PER GRAM OF AIR:

The density of the atmosphere is reasonably well represented by

221010

271012

221013

where?his the altitude above sea level (en)

So is the density at sea level

f is the density at height h

The densityratio

a = 0.960

and

Inserting (10) and (11) irto (3) and writing out limits

determined by the roguirement that

1

II.

TAbLE Y

sumery of total Dosages in R units (Constent Air Density)

(1)

Bag =1000 f*

12 =0

105

105

(2)
12 = 3000
12, =0

2•5x10₴
2.5x10%
2•5x1 06
2.5×10?

(3)
k2=5000
h1=0

2x10*

2x20%

20.09

(4)
h2=20,000

(5)

17=5,000

(9)
р =

(6)

12=20,000

В =10,000

2x10°

202021

d= 10252 x 10-6/02

oat be repressed the stro 20, or in ta go urge
(0) = 8-bh

0 = 9.26210*?

In consequenos of (B)

(10) 8(2) = %021

(223 =30-18 1(0.960 8026x10 5), 3 2 8x104 cin*

52,(18) 10=7
1=0 515
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TABLE IT

of Total Unita (Exponentially Varying Air Density)

3, 000 5,000 20,000 15,000
1,000 5,000

10%

10°
2. 52106

22107

22108

221010

20,000
10,000

3x109

In the 11aht of pastexperienco, assumptions (5) and (6) are reasonably realistic.

a lethel effeot over the entire world is on this

basis so large that it amounts to destroying the entire world population by allooating

An item of interest is the nuber of atomic

bonbe miich will sive the legal daily tolerance dose of 0.1 Riday after one montko

Trenalating this total dose into numbers of bombs on the various asumptions

It the estivity is distributed in a afherioa.

to Roartht hethore t *4 R
choll extending tim issue Reartht y

(13)
4 AReerth2

A transformtion of variebles & = (ha% )Sth, reduces (12) to one integration.
TABLE II sumaritos the results.

0a1

Sunnary Doseges in R
(1) (2) (3) (4) (8)

72 =3, 000 г% 0

10*
108

10€

2.5x103

2.5x10₴

805x105

2.57107

3.5x103

8-5x1 04
3 5x1 05

3•52106

S.5x10'

6x10* 2x1.06

6x105

61106

6x20? 2x10°

65108

(6)

3x10?

3x108

5x1011

The nunber of bancs which produoe

~3. borin to eras personl

2213 BESLAVIORON ACCTVITY AZ PT. 0:

Fron (4) we find that a total activity of B-5E Ruits will giva Dal E/day at + 50



Mumber of bombs,

5000 5000 20,000
1,800

25,000
5,000

20, 000
10,000

52105 22107 109

Anothor item of interest is the number of bombs nich will fire a dally doss

* 30 days squal to that provided by coumás zeys.

per 800.

at t

TABLE IV

after 50 days

1000 3000 5000 20,000
1,000

10$

15,000
5,000

20,000
10,000

UNIFORM SURFACE DISTRIBUTION:

The simplest manner in which to calculate the number of atonis boabs required

on this assumption to cause given radiation levels is to perform a limiting process

on Equation (8).

Clay and Jongen Physica 48245-255, 1937.

Incidentally, It is not clear that even such a lon radiation dosage as that
represented by cosmio rays has negligible effect on humans. The last that
cosmic rays affect the rate of mutatior of drosophila suggests mider possible

Agwhich will give Oal R/day after 50 dayr:

k2=1000

h1=°

1105x106
8x207 106x1010

et

The cosmio ray backpround at soa level has begn measured-*,to ba 1.66 Jone/ou

Sinoe

1 R/day = 2x10910n8/on" per day,

the cosmic rey baokgrounã

= 702 x 10°5 B/day.

The value of a required to squal vomic ray baokground (5) 50 days is Mated te

TABLE Ta.

Number of banbe a nich will give ionization equal to th bacigroud

0
42102 1.55104 2•5×105 10€ 200

(4)

biologioal implioations.



The situation histol represents a uniform doposition of activity on the

SE

SE and hence

= 0.5 * 10*

Number of bombs to

TABLE IV

give assumed total doses for uniform surface
distribution of aotivity

0.1

10
100
1.000

104x0.9
105x0.9
106x0.9

compare with
TABLES I,

The stove calculation assumes a uniform distribution of fission producte per

Such a unifor distribution takes time to be stablished. During

this time the activity ecays somernat Indicating that the figures in the tables

somewhat too high on the average. In addition the area

arfected by the direct radiation from the bomb in the act of explosion is far
por bomb. Further, it Is olear that

until tro mixing becomes uniform, asassumed here, there will undoubtedly be regione
o relatively largo concentrations causing departures from the figures cited in the

These depature: depend on the initial disposition of

homasoneous disposition would tend to give figures like those in the tables.

T*

surface, 1.0.

surface 70 =

600

But try (3)

8 B2earth

(8)

E- 0

has

1
10070.9

10%009

entry hy=1000 fs(a 3x)6°cm)

19=0

PaSCHSOIOE

air.

Roà the tousa dose

tro negligible, since it affecte 2 miles?

Sabless explosinner a more

sinoe



as time goes
Of the mixing becomes ure complete, the figures for the numbers of

bombs requirod to give 0.1 R/day at a month are representative, more or less inde

pendently of the initial distribution
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