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ABSTRACT 

The study of natural radioactivity in the lower atmosphere will provide information 
on turbulent diffusion and transport of air masses in the lower atmosphere. We have, 
therefore, undertaken a two-part research program. 

Firstly, we have made a study of natural radioactivity of the atmosphere above a 
plateau and, secondly, we have taken measurements a t  different latitudes and longi- 
tudes over the continents and the oceans, to obtain the general distribution of the 
radioactivity in the lower atmosphere. 

We have found that the radioactivity of the air is much more important over the 
plateau than over the oceans (100 and 6 x 10-la Ci m-a, respectively) and more im- 
portant over the oceans in the Northern Hemisphere than in the Southern Hemisphere 
(6 and 1.5 x lo-:* Ci m-8, respectively). From these results, we can suppose that it 
will be possible, with the aid of natural radioactivity, to identify air masses and to 
follow the vertical and horizontal diffusions in a given maas of air. 

Some decades ago, the variations in the com- 
position of the atmosphere were studied only 
by meteorologists and physicists. Today, this 
problem haa become popular. Everyone aaks 
about the substances that he breathes and 
their concentrations. To give an answer to this 
Isst point, we must study in particular the air 
movements in the lower atmosphere. Many 
workers have shown that radon is a convenient 
tracer for the study of movements of air maases 
[Bl, F1, S2] and of the atmospheric stability 
[Al, F1, 11, J1, M1, S1, 52, T1, T2, W2]. Some 
of them have investigated the radioactive 
source4.e. the flux of radon and its variations 
with the geological characteristics of the soil 
[Pl, S2, 53, Wl]; others, the radioactivity of 
the air with regard to the stability of the 
atmosphere; but few have shown the influence 
of different geographical conditions, and hence 
we have not a precise idea of the importance 
of these factors in determining the radioactivity 
of the air at  a given site. 

In  this paper, we shall present the informa- 
tion that we have obtained with radon, continu- 
ously given off by the soil, (I) above a plateau, 
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(11) above a hilly site [Sl], and (111) above the 
oceans. The geographical, geological and dyna- 
mica1 conditions are very different in these 
three sites and allow us to appreciate how these 
factors influence the variations of the radio- 
activity of the air. 

I. Study of the radioactivity of the atmos- 
phere above a plateau 

The site chosen is the plateau of Saclay. It 
is located in the boundary of .the Parisian 
region and it spreads over several dozens of 
kilometers of a sedimentary soil. This site is 
particularly favourable for the study of the 
influence of different dynamical conditions on 
the radioactivity of the air aa it represents 8 

flat horizontal area with a uniform flux of 
radon throughout the year. The air analysis 
waa made between 0 and 100 meters from a 
meteorological tower and radioactivity meas- 
ured waa that due to short lived daughter pro- 
ducts of radon. The radioactive aerosols of the 
air were retained on a filter paper and the a 
activity measured instantaneously with a scin- 
tillation counter [S2]. 
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Fro. 1. Variations of the natural radioactivity, and of the difference of temperature of the air above a 
plateau. 

GENERAL OBSERVATIONS 

In  general, we have observed a succession 
of weak and strong concentrations of the active 
deposit over 24 hour periods, which is in con- 
nection with stability variations of the atmos- 
phere due to the solar radiation, and the noc- 
turnal radiation of the earth surface. The very 
high radioactivity was observed during the 
night when an inversion of the air temperature 
was detectable near the soil. 

Near the soil, a typical example is given in 
the figure 1. The inversion of the air temperature 
generally occurred only during the night. I f  
this inversion persisted during the day, the 
radioactivity of the air remained high, as 
illustrated in figure 2 (7th, 8th and 9th Feb- 
ruary, 1960). A condition which must also hold 
is a wind of moderate velocity near the soil 
(horizontal speed less than 0.5 ms-l); in the 
region considered, the wind was blowing from 
N.-NE. 

From 0 to 100 meters, the following recordings 
have been obtained (figure 3): during nights 
with a greater atmospheric stability, the radon 
emitted from the soil accumulates in a layer 
to the height of 30 meters (9th, loth, 11th 

September, 1961). After sunrise a t  06.00 hr, 
the vertical transport of radon increases, whereas 
near the soil the atmospheric radioactivity 
begins to decrease and this decrease continues 
throughout the day. At 09.00 hr, an increase 
of the air radioactivity can be observed at 100 
meters; this is due to the passage of the air 
which had stagnated near the soil during the 
night (the ascending speed is equal to 1 cm s-l). 
It has to be noticed that the tendency to atmos- 
pheric stability is obtained by Richardson’s 
number as well as by the quantity of radon 
which accumulates in the lower atmosphere. 

PARTICULAR OBSERVATIONS 

Usually, changes in natural radioactivity were 
slow and continual, but, sometimes during the 
night, rapid variations were observed (figure 4). 
For example, during the night of the 2nd to 
the 3rd October, 1961, considerable variations 
were recorded in radioactivity near the soil at 
23.00 hr, 03.00 hr and 05.00 hr. The observation 
of the quantity of the active deposit in the 
different columns of air allows us to affirm 
that the column which passes between 06.00 hr 
and 08.00 hr has been submitted to certain 
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Fro. 2. Increase of the natural radioactivity of the air with an inversion of the air temperature above 
a plateau. 
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FIG. 5. Short-lived product quantity in the air columns. 
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FIQ. 6. Accumulation of the short-lived products of radon in the lower atmosphere. 

conditions of stability different from the other 
columns (it has the lowest radioactivity (figure 
5) and exhibits no increase in its radioactivity 
at 100 meters of altitude, moreover the sharp 
diminution of the activity a t  30 meters is not 
usual at  sunrise). 

Another example of particular conditions is 
given in figure 8. During certain other days, 
the radioactivity continually increased near 
the soil and it waa nearly constant throughout 
the column (0 a t  100 meters). 

CONCLUSIONS 
1. The active deposit and radon can be used 

to study the stability of the atmosphere. 

2. An air maas characterized by a particular 
temperature and relative humidity, cannot 
be recognized by its radioactivity when it 
paases on a t  air station, the night being suffi- 
cient for the loss of its identity. 

3. Flux of radon at a given site 

From the observed quantity of active deposit 
accumulated in the lower atmosphere during a 
clear sky night we can compute this flux; for 
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example, a t  Saclay the following results have 
been obtained (number of observations in 
brackets) : 

1.55, lo4 at. m-I s-l 
1.31, lo4 at. m-* s-l 
1.00, lo4 at. m-* s-* 

July 1961 (9) 
Sept. 1981 (5) 
Oct. 1981 (3) 

In  1958, the values obtained with iron-bells 
(area = 1 ma, capacity = 100 liters) [S2] were 0.6 
to 0.7 time lower than those given by the 
analysis of the atmosphere. Our result is com- 
parable with the universal mean computed by 
H. Israel which is equal to 7.4 10' at. m-* 13-l. 

This method has the advantage of the poaai- 
bility of analysis of the degagement by a large 
surface (some hundred square kilometers) 
without any modification. 

4. Rate of renewal of air in the knuer atmaphere 

The rate of air renewal has been easily 
determined in the lower atmosphere by meas- 
urements during a day following a night of high 
air radioactivity. For this purpose, the quantity 
of radon has been measured a t  the beginning 
and a t  the end of this period and the rate of 
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TABLE 1. Rate of air renewal in the lower atmos- 
phere. 

Interval 
of time (hr) ... 6-9 9-12 12-15 15-18 

Mean 0.42 0.60 0.59 0.61 

(min.-max.) 0.71 0.74 0.87 0.85 
Range 0.18- 0.38- 0.29- 0.50- 

renewal has been computed from the following 
expression: 

& initial +& escaped -& final 
& initial +& escaped 

The air above 100 meters is assumed to be 
radon free and the radon flux is taken as equal 
to that of the previous night. 

The calculations for the sunny days of July 
1961 are given in Table 1. On an average, the 
rate of renewal is low from 06.00 hr to 09.00 hr, 
then, it becomes rapid and nearly constant. 
However, considerable variations appear within 
a given period, and this fact is evident from 
the maximum and minimum values. From 
06.00 hr to 18.00 hr, 96 per cent of the air of 
the lower atmosphere is renewed by the air 
coming from layers higher than 100 meters. 

5. Stability of various layers of the lower atmos- 
phere 

The quantity of radon which stagnates in 
the lower atmosphere can be used to determine 
the stability of the air in this layer. During 

clear sky nights, 9th, loth, 11th September, 
1961 when the stability waa high, the quantity 
Ra A +Ra B +Ra C +Ra C' +Ra C" was five 
times that of cloudy nights (e.g. September 8th, 
1961) and 18 times that of days with high 
turbulence (e.g. September 7th, 1961). 

In  the same manner, it is possible to give 
more details concerning the stability of various 
layers: during a period of stability, 75 per cent 
of the radon content of the lower atmosphere 
is accumulated in a layer a t  a height lower 
than 30 meters, whereas during a period of 
strong turbulence this ratio is only 30 per cent. 

6. Measurement of the coefficient of vertical tur- 
bulent diffusion 

Supposing that at a given point of the pla- 
teau, the degagement of radon of the soil occurs 
at a constant rate and that the turbulent 
diffusion coefficient does not change with the 
altitude, we can calculate a mean coefficient. 
For the period of September, from the 7th to 
the 13th, 1961, the following results were 
obtained (see Table 2): 

The coefficient varies from 10' to loE cm2 8-l. 

Lower values are observed between 21.00 hr 
and 09.00 hr (between lo2 cm* s-1 and 2.104 
cmz s-I), and higher values between 09.00 hr 
and 21.00 hr (between 7.10g cm2 s-1 and 106 cm* 
s-1). The values lower than 10' cm2 s-l are at- 
tained only during the nights when the stability 
of the atmosphere is remarkable (9th, loth, 1 l th  
September, 196 1). 

11. Study of the radioactivity of the atmos- 
phere at a hilly site 

This site is located in the Morvan region. 
The observations have been made near the soil 

TABLE 2. Mean coefficient of vertical turbulent diffusion in the lower atmosphere. 
- ~~ ~ 

Time (L.T.), 
hr ... 18-21 21-0 0-3 3-6 6-9 9-12 12-15 15-18 

Date 
(Sept. 1961) 

7 4.106 4.10' 
8 4-10' I 04 105 106 105 

10 7.10' 103 10' 10' 7.10' 105 105 2.104 
1 1  2. 103 10' 3.102 3.10' 5.105 3.104 10' 105 

104 8.103 2.104 2.104 106 9.104 9.104 
13  8.103 4.103 4.103 3.103 3.105 4.104 5.104 7.103 

lo4 4.10' 6 ~ 1 0 ~  
8.102 2.104 2.103 2.102 loa 6.10' 2.105 9.10' 9 

12 9.10' 
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FIG. 7. Natural radioactivity and difference of the air temperature in a valley and on a mount. 

in a valley and on an isolated mount. These 
two stations of measurements are separated by 
a distance of four kilometers and the difference 
of altitude is 320 meters. This site differs from 
the plateau of Saclay in its geography and its 
granitic soil. We have studied the influence of 
these variatiom in geological and geographical 
conditions and an example of the observations 
recorded is given in figure 7. 

We have observed that the radioactivity of 
the air in the valley is proportional to the radio- 
activity of the granitic rocks only at night, end 
then is ten or twenty times higher than over 
the mount. Hence, near the soil of the valley, 
the radioactivity is fifteen times higher than 
at Saclay, i.e. 7.6 Ci m-8 or five times the 
permissible dose for the population (1.6 x 
Ci m-9). During the day, the radioactivity has 
usually the same value in the valley, on the 
mount and at Saclay. We have also observed 
downslope breezes during the nights (21et. 22nd, 
24th, 25th July, 1960) with a speed of 0.2 ma-'. 
After the sunrise, the upslope breeze is marked 
by the increase of the radioactivity on the 
mount at 09.00 hr (21st, 26th, 25th July, 1960). 

111. Study of the radioactivity of the air 
above the oceans (at sea level) 
The results obtained over several years are 

given in the Table 3. The radioactivity of the 
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TABLE 3. The activity of the air due to the short- 
lived daughter producte of radola collected 012 

filter papere. 

Mean 

Place (10-11 Ci ni-8) (10-1' Ci m-8) 
annual Min.-Max. 

Mediterranean Seaa 100 30-200 
Red Sea +Aden gulfb 50 13-90 
Indian Ocean' 2 0-9 
N. Atlantic Oceand 6 0-280 
Caribbean Seae 7 0.7-26 
S. Pacific Ocean' 1.6 0.2-9.2 
Tasmanian Sea' 3.7 0.6-16.8 
Antarctic Ocean 
Terre Ad61ieh 0.8 0-4 

a 4 measures in November 1964. 
8 measures in November 1964. 
2 years of measurement at the Kerguelen is- 

lands +22 measure8 between 20" N and 60" S in 
December 1964. 

3 years of measurement at point A, J, K (1950- 
1962) +26 measures between 20" N and 45' S in 
December 1963-1964. (Measures made by G. 
Lambert.) 

8 measures in December 1963 and December 
1064. ' 42 measures in December 1963 and December 
1964. 

16 measures in December 1963 and December 
1964. 

3 years of measurement in Terre Ad6lie (1969- 
1962) and on the Ocean (1983-1964). (Measures 
made by G. Lambert and G. Polian.) 
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air at the surface of the oceans is 10 to 100 
times lower than that above the continent 
(100 x 10-12 Ci m-8) and about 2 t o  6 times 
lower in the southern hemisphere than in the 
northern hemisphere. This activity is due partly 
to the diffusion of radon in the upper layers of the 
low air of the atmosphere (near the shores) and to 
the radioactive decrease of the radon during its 
travel above the oceans which have a flux of 
nearly zero. For example, we have noted that 
an  air mass which started from the Kerguelen 
Islands with an  activity of 1 x 10-13 Ci m-* 
passed over Australia with an activity of 
0.5 x 10-l2 Ci m-3; this decrease agrees with 
the time taken by the air mass to go from the 
first station of measurement to the second 
station. The fluctuations near the mean value 
are due to the passage of the air masses of 
different origins [F l ]  and of different initial 
radioactivity. 

CONCLUSION 

its minimum, 10-l2 Ci m-3, above the oceans, 
differing by a factor of 7.5 x lo4. 

Above the continerrts, the radioactivity of the 
air is controlled by the local meteorological, 
geological and dynamical conditions a,nd gives 
a picture of the rate of the accumulation or of 
the escape from the lower atmosphere of a 
substance released by the soil. 

For example, above the plateau, the radio- 
activity of the air is in direct relation with the 
stability of the atmosphere; in a hilly site, 
placed on a geoanomalous area, the radio- 
activity is governed by the stability of the 
atmosphere by the duration of the passage of 
air above the anomalous region and by the 
geographical position (e.g. during the night, 
the increase of the radioactivity is high in the 
valley but low on the mount). I n  general, these 
results confirm the previous meteorological 
observations. However, they give new preoi- 
sions, above all in determining the stability of 
the atmosphere. 

Above  the oceans, there are the general meteo- 
The concentration of radon in the air of the 

lower atmosphere around the earth shows very 
important variations. It attains its maximum, 
75,000 x lo-’* Ci m-3, above the continents and 

rological conditions which determine the level 
of this radioactivity which becomes a witness 
of the history of the turbulent diffusion at a 
mean and a large scale. 
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BPEMEHHbIE ti IIPOCTPAHCTBEHHbIE kI3MEHEHBFI KOHIJEHTPAIJkIB ICOPOTECO- 
XkIBYII@fX IIPOAYHTOB PAABOAKTkIBHOI'O PACIIAAA PAAOHA B 

H M X H E B  ATMOCmEPE 

aTMOC@epe .  MbI HPIUJIH, 4 T O  PaAUOaKTMBHOCTb 
H a g  IIJIOCKOI'OpbeM H a M H O r O  6onbure, 4 e M  H a g  
O K e a H a M H  (100 II 6 X lo-'' ci M-S COOTBeT- 
CTBeHHO) A B C e B e p H O M  I I O J I y l u a p H H  b o ~ ~ b l u e ,  
4 e M  B IOMHOM (6 H 15 X lo-'* ci M-S COOTBeT- 
CTBeHHO). 

O C H O B H B a R C b  H a  3TMX H a H H b l X  Mbl C'IIITBBM 
B 0 3 M O M H H M  C I I O M O ~ b H ,  eCTeCTBeHHOfi  pagII0- 
aKTHBHOCTH H H R H B H A y a J l H 3 H p O B a T b  MaCCbI B o a -  
n y X a  II CJleAHTb 38 B e p T H K a J I b H O f i  H I'OPHBOH- 
TaJ IbHOf i  AHl$l$Y3HRMH B HIIX. 
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