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ABSTRACT 

In 196411965 in the Moscow region radioactive particle size distribution was studied 
in the ground layer of the atmosphere and in December, 1964, measurements were 
carried out at 5-6 km as well. Four kinds of radioactive aerosol size distribution varia- 
tions were observed. In the troposphere at 5-6 km radioactive particles were on the 
average smaller than in the ground layer. The mean diameter of particles-carriers of 
Cs"' at 5-6 km was greater than that of particles-carriers of This difference 
was smoothed in the samples, taken at the ground surface. 

Analysis of literature data on variations of ratios of various isotope concentrations 
was made. I t  shows that radioactive particle size distribution significantly effects 
the transport of these particles in the atmosphere, especially in the higher layers of 
the stratosphere and in the mesosphere. 

Introduction 

At the present time t,he most important com- 
ponents of atmospheric aerosols are artificial 
radioactive aerosols formed as the result of 
weapon tests in the atmosphere. (Further in 
this report for short aerosols from nuclear 
explosions will be referred to as radioactive 
aerosols or simply aerosols. Natural radioactive 
aerosols will not be considered a t  all in this 
report.) The physical properties of these aero- 
sols and the character of their distribution in 
the atmosphere are not yet studied thoroughly. 
In particular there are very few data on aerosol 
size distribution of global radioactive atmos- 
pheric contamination, on isotope fractionation 
with particle size and peculiarities of transport 
of various aerosol fractions in the atmosphere. 
But these data are of considerable value for an 
understanding of aerosol particle behaviour in 
the atmosphere. Therefore, in recent years in 
the Moscow region we studied aerosol particle 
size distribution, fractionation of Cela4, Cs13', 
Ru'O' and Mn64 with particle size and relations 
between aerosol particle size distribution and 
their transport during the period of moratorium. 
In  this report the results obtained will be 
discussed. Preliminary results of our research 
were reported earlier (GASIEV et al., 1965a) a t  

the conference on nuclear meteorology held in 
February, 1964, in Obninsk, USSR. 

Technique of measurements 

For the measurements discussed in this paper 
two kinds of samples were used both a t  the 
ground level and in the aircraft. 

1. Cascade impactors with the following 
characteristics. Theoretically and experiment- 
ally roughly estimated size range for the par- 
ticle diameters on the various stages if the 
density of particles is assumed to be e = 1 g/cm8: 

1.  Stage d > 2 . 5  ,u 
2. Stage 1.0 <d <2.5 p 
3. Stage 0.3 < d  < 1.0 ,u 
4. On the fine filter (of type OIIII-15-1.5, 

OUORODNIKOV et al. 1965) d <0.3 p 

Sampling rate at the ground level was 38 
m3/h and at 5000-6000 m altitude in the air- 
craft was 80 ma/h. 

2. Impactor-filter devices consisting of a 
synthetic grid and a fine filter (OIIII-15-15). 
In  the device used a t  the ground level the 
synthetic grid is followed by the filter, in the 
aircraft device the grid is used parallel with 
the filter. The diameter of the grid threads is 
about 50 p and very uniform. 
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The collection efficiency E for the synthetic 
grid is shown in Fig. 1. The values of E,  at 
the ground level are taken from GASIEV et al., 
1965a and refer to a face velocity of about 
u = 50 m/sec. The values of El are equal to 
those of E, but corrected for sampling condi- 
tions in the aircraft, i.e. for u =40 mlsec, air 
pressure p =380 m Hg and air temperature 
tm30°C. Fig. 1 shows that most of the particles 
with d >0.65 y are collected by the grid. Most 
of the particles with d (0.45 p p&ss through 
the grid. To assure collection on the grid it 
was covered by a thin layer of sticky material. 

The sampling rate for the devices used at 
the ground level was 230 ms/h and for the 
devices used in the aircraft 7000 m*/h for the 
grid and 800 ms/h for the filter. The impactor- 
filter device was covered when the aircraft flew 
in the cloud layers. On the ground during 
precipitations a box was placed near the sam- 
pling device. This box had two openings one of 
which was connected with the inlet of the 
device and the other, very large, was covered 
by gauze. The rate of air pumping through 
the opening covered by gauze was very low. 
Besides, this sampling device and the box were 
placed under a shed. Therefore the collection 
of rain drops and snow flakes by the grid and 
filter was prevented. 

The area of the threads is about 35% of the 
total grid area. The radioactivity of particles 
deposited on the threads of the grid, therefore, 
refers to 35% of the air volume drawn through 
the grid. The percent fraction, a, of the radio- 
activity attached to the large particles is thus 
for the ground level device 

a = 100 A,/0.35 (A, +A,), 

and for the aircraft device 

a = 100 A,V1/0.35 ABVl, 

where A, =&activity of the grid sample, A, = 

/?-activity of the filter sample, V ,  =air volume 
drawn through the grid, and V ,  =air volume 
drawn through the filter. 

The /I-activity was determined by ashing 
the samples at  temperatures of 50&6OO0C and 
counting them by Geiger-Muller counters of 
the type MCT-17' and CTC-6 with backgrounds 
of 10-11 counts/min and 1 count/min, respec- 
tively. y-spectra were examined with the help 
of a 100-channel scintillation spectrometer with 
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FIG. 1. Capture coefficients of aerosol particles by 
synthetic grid the impactor-filter device. el for the 
ground device; ep for the aircraft device. 

Na 1 (Tl) crystal the height and the diameter 
of which is 4 cm. To diminish the background 
the detecting element of, the spectrometer was 
shielded. The wall thickness of the shield was 
20 cm. Isotopic activity was given to one and 
the same date 1.01.1965. 

Particle size distribution and fractionation 
of Ce144, Cs137, Ru106 and Mna with particle 
size 

Measurements of particle size distribution in 
the surface layer of the atmosphere were star- 
ted in January, 1964, with the help of an 
impactor-filter device and in April, 1964, with 
the help of a cascade impactor. Fig. 2 shows 
the mean monthly /?-activities of radioactive 
particles of the 1st to 4th fractions retained by 
the cascade impactor expressed in percent of 
the total &activity. Samples were taken daily 
in the day-time during 8-12 hours. In  Fig. 2a 
it is seen that /?-activity concentration in the 
air referring to the particles with d <0.3 y 
remained approximately constant (* - 40 yo from 
April through June, 1964). Then it gradually 
decreased down to 3 % (December, 1964). Dur- 
ing the next months this relative concentration 
increased passing the maximum (about 32 %) 
in April, 1965. Quite another picture presents 
itself with the 2nd and 3rd fractions. They have 
maxima in winter. Considerable fluctuations of 
average monthly relative /?-activity concen- 
trations are observed. 

From the measurements carried out it was 
deduced that the most part of radioactivity 
(about 90%) was attached to the particles 
having diameters less than 2.5 p .  It is interest- 
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FIG. 2. /?-activity distribution with particle size in 
the ground layer vs. time. a, b, c, d, activity retained 
by the 4th, 3rd, 2nd and 1st stages of the cascade 
impactor, respectively; e,  p-activity relative con- 
centration of large particle fraction from measure- 
ment data obtained by impactor-filter device. 

ing to note that from November, 1964, through 
March, 1965, about 80% of radioactivity were 
on particles having diameters from 0.3 ,u to 
2.5 ,u, i.e. in this period the radioactive particles 
size distribution was relatively narrow. 

It should be noted that there is a general 
tendency to the decrease of the part of 0-acti- 
vity belonging to smaller particles during the 
period from April, 1964, through June, 1965, 
and to the corresponding increase of the part 
of 0-activity belonging to large particle frac- 
tion, though this tendency is not very pro- 
nounced. Mean monthly relative concentrations 
of large particle fraction (a  monthly) retained 
by synthetic grid of the impactor-filter device 
are shown in Fig. 2. From here the winter 
maximum and the general tendency to the 
increase of the part of large particle fraction 
( a  monthly) from January, 1964, through June, 
1965, are seen, though not very well. Fluctua- 
tions of a monthly values are also well seen. 
Similar a-fluctuations are especially well mar- 
ked when averaging over the smaller period of 
time (1-3 days) (GASIEV, 1965a; LOCKHART 
et al., 1965). Fluctuations observed from Ja-  
nuary, 1964, through June, 1965, are given in 
Fig. 3. 

In December, 1964, aircraft investigations of 
radioactive particle size distribution were also 

m o n t h  s , 1965 

,js ’ months,  1464 

’ months, f964 ’ months, f964 

FIQ. 3. Time variations of relative content of large radioactive particle fraction in the ground layer of 
the atmosphere. 
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TABLE 1. Radioactive particle size diatribution at the altitudw 5-6 km in December, 1964. 

477 

Relative part of 8-activity 

Sampling date 1 fraction 2 fraction 3 fraction 4 fraction 
1964 d>2.5p  I < d < 2 . 5 p  0 . 3 < d < I p  d<0.3p  

12-1 3.~11 7 14 23 56 
14-15.xn 5 29 31 35 
16- 18.~11 3 26 27 44 
18-22.XII 1 25 19 55 
26-28.x11 7 23 20 50 

Average 5 23 24 48 
Standard deviation 
of the mean 1.2 2.5 2 3.5 

Standard deviation 
of a single measu- 
rement 2.6 5.7 4.5 7.8 

carried out in the middle troposphere at  alti- 
tudes of 5-6 km. 

The data obtained by the aircraft cascade 
impactor are given in Table 1. 

It is seen from Table 1, that in December, 
1964, a t  an altitude of 5-6 km on the average 
about 48% of /.Cradioactivity were on the 
particles with the diameter d (0.3 p while in 
the ground layer only 3% of p-activity were 
found on the corresponding fraction. In  No- 
vember, 1964, and in January, 1965, the dif- 
ference in radioactivity belonging to the frac- 
tion denoted above between the surface layer 
and the middle troposphere ( N 16 % and N 48 %, 
respectively) was somewhat lower. 

To determine the pecularities of isotope 
distribution with particle size samples obtained 
by impactor-filter devices were analysed by 
y-spectrometer. y-spectrometer data are given 
in Tables 2-4. 

Table 2 shows that there is a considerable 
difference in Rules and Celd4 distribution with 
particle size, large particle fraction being de- 
pleted with Rule' and rich in Ce144. As for Cs"7 
and Mn5', they are distributed approximately 
equally between both fractions. 

Unfortunately, a similar table could not be 
made for the samples collected in the middle 
troposphere because of large errors in deter- 
mination which were due to great inaccuracy 

TABLE 2. Isotopic fractionation with particle size in the ground layer. 
1, large particle fraction; f ,  fine particle fraction. 

Isotope part in size fractions, % 

Samling 0 3 1 4 4  cs'ae Rulo6 M d 4  
date - - - - 
1964 1 f 1 f 1 f 1 f 

31.111-30.1~ 
4.V-1.W 
3o.VI-31.VII 
1 .VIII- 3 1 .VIII 

Average 
Standard deviation 
of the mean 

Standard devia- 
tion of a single 
measurement 

1.IX-3o.XI 

50 50 49 51 20 
73 27 41 59 45 
55 45 50 50 44 
72 28 64 36 36 
62 38 59 41 30 

62 38 53 47 35 

4.5 4.5 4 4 4.6 

10 10 9 9 10.4 

80 
55 
56 
64 
70 

65 

4.6 

10.4 

44 56 
66 34 
41 59 
55 45 
57 43 

53 47 

4.5 4.5 

10 10 
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TABLE 3. Iaotopic ratios in aeroaol fractwm. 
1, large particle fraction; t, total sample. 

Isotopic ratios 
Samling - 

(g =ground - - - 
Sampling date 1964 layer) 1 t 1 t 1 t 

3 1.111-30.1V g 6.8 6.6 13.2 11.3 5.8 2.1 
4.V.-l.VI g 7.7 3.6 14.0 12.0 3.5 1.9 

altitude Ce144/Cs1*7 Ce14'/Mn" Ce144/Ru106 

30.VI-3 1 .VII g 5.5 4.4 15.5 11.0 2.9 2.3 
1 .V111-3 1 .VIII g 6.4 4.8 17.0 11.8 6.0 2.5 
1.IX-3O.XI g 6.4 6.0 12.9 11.7 5.9 2.4 
Average 6.6 5.1 14.5 11.6 4.8 2.3 
Standard 

Standard 

1 1 .XII- 1 %XI1 5000 m 3.1 7.4 10.7 7.3 2.3 2.6 
14.XII-17.XII 5000 m 3.3 4.2 11.1 9.2 2.2 2.5 
18.~11 5000 m 3.6 4.0 9.6 10.3 2.3 
19.XII-22.XII 5000 m 3.5 5.1 10.8 7.8 2.7 2.8 
24. XII-2 6. XII 5000 m 3.4 4.3 11.4 12 2.5 2.7 
Average 3.4 4.7 10.7 9.3 2.4 2.9 
Standard 

Standard 

deviation of the mean 0.4 0.54 1.3 0.2 0.7 0.15 

deviation of a single ratio 0.8 1.2 2.9 0.4 1.5 0.25 

a _- 

deviation of the mean 0.1 0.6 0.3 0.8 0.1 0.03 

deviation of a single ratio 0.2 1.5 0.7 1.9 0.2 0.3 

a Rulo6 was not determined. 

TABLE 4. Isotopic fractionation. 
1, Iarge particle fraction; t, total sample. 

Sampling date 1964 

Sampling 
al t i iuds 

(g = ground (Ce'4'/Cs's')t (Ce144/Mnb4)t (Ce*44/Ru106) 
layer) (Ce""Cs'S7), (Ce144/Mn64)1 (Ce144/Ru106)l 

3 1 .III-~O.IV 6 1.0 0.9 0.4 
4.V-1 .VI g 0.5 0.9 0.5 
3O.v1-31.v11 g 0.8 0.7 0.8 
1 .VIII-3 1 .VIII g 0.8 0.7 0.4 
l.IX-30.XI g 0.9 0.9 0.4 
Average 0.8 0.8 0.5 
Standard 
deviation of the mean 0.1 0.05 0.1 

Standard 

11 .XII-13.X11 5000 m 2.4 0.7 1.1 
14.XII-17.XII 5000 m 1.3 0.8 1.1 
18.~11 5000 m 1.1 1.1 
19. XII-22. XI1 5000 m 1.5 0.7 1 .o 
24.x11-26.x11 5000 m 1.3 1.1 1.1 
Average 1.5 0.9 1.1 
Standard 

Standard 

deviation of a single ratio 0.2 0.1 0.2 

a - 

deviation of the mean 0.2 0.1 0.03 

deviation of a single ratio 0.5 0.2 0.06 

a Rulo6 was not determined. 
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FIG. 4. Average monthly concentration of total b-activity in the ground layer of the atmosphere. 

of measurements of air volume (V,)  drawn 
through the filter of the aircraft impactor- 
filter device. 

y-spectrometer data are given in the Tables 
3 and 4. From Table 4 it is seen that in the 
troposphere a t  an altitude of 5 km the quotient 
of two ratios, Ce1.4 to Cs1S7 with index t and 
Ce144 to Cs187 with index 1, is 1.5 k0.2. Here 
index t refers to the integral sample and index 
2 to the large particle fraction. Thus, a t  an 
altitude of 5-6 km Ce'*. is mainly connected 
with fine particles and Cs1a7 with large particles. 
In  other words, the mean diameter of aerosol- 
carrier particles of Cs"7 (&) is greater than 
that of Ce14P (dc,). The remaining two ratios 
are close to 1, that is, in the middle troposphere 
Celr4, Rulo0 and Mn64 are distributed with 
aerosol fractions equally. In the surface layer 
of the atmosphere the quotient of two ratios, 
Ce14' to Csls7 with index t and Celr4 to Csla7 
with index I ,  is a little less than 1. Probably, 
because of the increased coagulation of radio- 
active particles with those of atmospheric dust, 
differences in distribution of CelP4 and CslS7 
with particle size observed in the middle tropo- 
sphere were smoothed. The quotient of two 
ratios Ce144 to Ru106 with index t and Celrr to 
Ru106 with index 1 which is equal to 0.5 kO.1, 
shows that in the surface layer of the atmos- 
phere the amount of Ru'OO connected with 
large particles was relatively greater than that 
of Ce144. 
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Experimental da ta  analysis 

Time variations of radioactive particle size 
distribution were studied very little. But as 
for peculiarities of seasonal variations of fission 
product concentrations in the ground layer of 
the atmosphere they were studied well and the 
main reasons responsible for these peculiarities 
were cleared up. Therefore it seems reasonable 
first of all to compare data on time variations 
of concentrations and radioactive particle size 
distribution. Concentrations of gross ,%activity 
which were obtained in the Moscow region from 
January, 1965, are given in Fig. 4. Autumn- 
winter minimum and spring-summer maxima 
of concentrations are well seen here. As it is 
known the latter are due to the increase of 
radioactive particle flux from the stratosphere 
into the troposphere and the former is con- 
nected with its decrease. 

Comparing Fig. 2 and Fig. 4 it is suggested 
that less influx of stratospheric aerosols is 
related to a smaller contribution of the small 
radioactive particle fraction (the 4th fraction, 
Fig. 2) into the gross B-activity of aerosols. 
During the periods of high b-activity concen- 
tration (higher influx of stratospheric aerosols), 
on the contrary, this contribution increases. 

Apparently, radioactive particle size distri- 
bution in the ground layer of the atmosphere 
depends on the size spectrum of stratospheric 
radioactive particles, flux rate of these particles 
into the troposphere, intensity and duration of 
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FIG. 5. Washout influence on a deviations from 
average monthly values. 

the processes responsible for variation of par- 
ticle size spectrum in the troposphere and 
exchange rate of air masses between the upper 
and lower troposphere. To all appearances, 
decrease of aerosol flux from the stratosphere 
into the troposphere from July through De- 
cember 1964 (Fig. 4) under the conditions of 
existence of radioactive particle coagulation 
with natural tropospheric aerosols led to the 
gradual decrease of 8-activity which was con- 
nected with the finest radioactive particle 
fraction in the ground layer of the atmosphere 
(Fig. 2a) .  Simultaneously the part of @-activity 
connected with large particle fraction increased 
because of enlargement of radioactive particles 
owing to coagulation with non-radioactive ones 
(Fig. 2) .  As it  is seen from the difference of 
particle size distribution in December in the 
ground layer of the atmosphere and a t  altitudes 
of 5-6 km (Table 1) the most rapid enlargement 
of radioactive particles occurs, apparently, in 
the lowest layers of the atmosphere. Coagula- 
tion possibly increases additionally in winter 
months because of higher air pollution which 
is also suggested in the paper by LOCKHART 
et al. (1965). Increase of 8-activity connected 
with the fraction of d <0.3 p from January, 
1965, through June, 1965, probably depends 
on increasing the flux of stratospheric aerosols 
into the troposphere resulting in a shift of 
radioactivity to smaller particles. The fact was 
already mentioned that the main part of radio- 
activity of stratospheric aerosols is apparently 
attached to the particles less than 0.3 p in 

diameter (DREVINSPY et al., 1959; G A S I E V ~ ~  al., 
1965b). A general tendency to the increase of 
radioactive particle mean sizes from January, 
1964, through June, 1965, in the ground layer 
of the atmosphere is probably the result of 
these radioactive particle coagulations with 
natural aerosols. 

Coagulation and variation of size distribution 
of radioactive stratospheric particles after they 
appeared in the troposphere can take place 
because of difference in washout of various size 
particles (GREENFIELD, 1957). The ratio of 
U-value to average-monthly value of a vs. 
normalized precipitation intensity is given in 
Fig. 5. Normalized precipitation intensity is 
determined as Y* =q/At, where Q the whole 
amount of precipitation in mm, At duration 
of sampling in hours. If the duration of preci- 
pitations was less than At/2, then the value of 
a was not used for the analysis. From Fig. 5 
it  can be concluded that in the period considered 
the large particle fraction was on the average 
washed out better than the fine particle one, 
though the differences in washout rate of both 
fractions were not very large. 

Decrease of relative concentration of the 
large radioactive particle fraction ( a )  can be 
due not only to washout. Under favourable 
meteorological conditions it can aIso be due to 
rapid flux of air masses into the ground layer 
of the atmosphere from the upper layers, 
especially from the upper troposphere and the 
lower stratosphere where sizes of radioactive 
particles are finer. However, in the first case 
a-decrease must be accompanied by the de- 
crease of gross /?-activity concentration in the 
air ( A )  and in the second case, on the contrary, 
this concentration increases. Correlations be- 
tween a and 8-activity values from January 
through May, 1964, confirming the suppositions 
given above were considered earlier (GASIEV 
et al., 1 9 6 5 ~ ) .  Relations between a / a  monthly 
and AJAmonthIy, where a monthly and A 
monthly are average monthly values of a and 
A ,  are given in Fig. 6 for the period from Ja- 
nuary, 1964, through June, 1965. These data 
are consistent with the results obtained earlier. 
Cases when little alamonthly and large 
A/A monthly are observed are given in Table 5. 

Analysis of meteorological situation showed 
that in three of these cases (Nos. 1,  2 and 6) 
on sampling days or the days before sampling 
the troughs with sharp profiles were observed 
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FIQ. 6. Relations between u and A deviations from average monthly values. Note: In Figs. 5 and 6 a 
number of caseslis marked by figures near points. 

at high altitudes above the measurement area, 
and under the troughs at the ground surface 
in the cyclon rear the pressure increased. Ac- 
cording to the works by DMITRIEVA (1965) and 
DIMITRIEVA & KASATKINA (1965) in these cases 
rapid air flux must take place from the strato- 
sphere into the lower layers of the troposphere. 
For example the processes were not intensive 
enough on 9-11 September, 1964, but they 
were intensive from 15 through 18 January, 
1964. In  January (15-18) they were rather great 
at trough periphery and the tropopause des- 
cended down to 6-7 km. Then the cut-off 
cyclone formed. Pressure increase was observed 
under the trough a t  the ground surface in the 
cyclone rear. According to the work by DMITRI- 
EVA & KASATKINA (1965) these conditions are 
especially favourable for radioactive aerosol 
entrance from the stratosphere into the ground 
layer of the atmosphere. As it is seen from 
Table 5, in this case and A deviations from 
average monthly values were extremely great. 
In  other caaes (Nos. 3, 4, 5) listed in Table 5,  
a similar meteorological situation above the 
measurement area waa not observed. Probably 
this was due to the fact that aerosol flux from 
the stratosphere into the troposphere took 

TABLE 5. 

Sampling 
Sample data 
number 1984 a/a monthly A / A  monthly 

1 16-18.1 0.03 6.0 
2 11.IX 0.30 2.6 
3 7.X 0.40 2.2 
4 9.x 0.40 2.4 
5 24.x 0.20 2.2 
6 22-23.111 0.20 1.8 
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place in the area which was situated far from 
the measurement points. The fact that a varia- 
tions with time have fluctuating character i s  
due to dependence of a values on a great 
number of factors variable with time, for 
example washout, coagulation, vertical and 
horizontal exchange of air masses (Fig. 3). 
Further accumulation of experimental a data 
and their subsequent statistical treatment with 
the account of the meteorological situation 
must make possible a better understanding of 
atmospheric processes changing particle size 
distribution in the ground layer of the atmos- 
phere. 

The relation ace < d ,  obtained by us during 
measurements a t  altitudes of 5-6 km in De- 
cember, 1964, waa also observed in 1961 in 
the stratosphere (GASIEV et al., 1965). It is not 
impossible that in 1964 above the tropopause 
in the middle latitudes of the European terri- 
tory of the USSR there were radioactive mro- 
sols with d,, <a,, which then entered the 
middle troposphere and were responsible for 
the observed Ce14' and CslS7 isotopic fractiona- 
tion with radioactive particle size. It can be 
assumed that d,,/dcs took place because of 
stronger coagulation of CS'~' radioactive par- 
ticles with aerosol particles with aerosol particles 
of Junge's layer in the stratosphere as the 
original (after explosion) particle sizes with 
which CslS7 is mainly connected are smaller 
than the original sizes of particles to which 
Ce14" is mainly attached (EDVARSON et al., 
1959). The causes of dce/dRu in the ground 
layer of the atmosphere are not clear. Perhaps, 
it  is a particular result. For example, accord- 
ing to data (SHLEIEN, 1965) in the U.S.A. 
during the period from 9.111.1964 through 
20.1x.1964 RuloB and Ce144 were distributed 
equally with aerosol fractions. 
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Isotopic fractionation with particle size and 
problems of global transport of aerosols 
from nuclear tests in the atmosphere 

Radioactive aerosol size distribution varia- 
tions with time and their dependence on meteo- 
rological situation in a separate local region 
and also phenomena of the second isotopic 
fractionation in the ground layer of the atmos- 
phere were considered above. Observation of 
late years show that essential peculiarities are 
observed in the behaviour of separate size 
fractions of radioactive aerosols and in their 
transport in the atmosphere in the global scale. 
It is known that radioactive isotopes forming 
during nuclear explosions are distributed not 
equal enough according to aerosol size spec- 
trum. In  particular, the larger particle frac- 
tions are rich in some isotopes (ZrQ6 +NbQ6, 
Ce144 WlSs); finer particle fractions, on the 
contrary, are rich in others (SrQo, CsIS7, Ruloa 
and others) (EDVARSON et d., 1959). That is 
why transport of one isotopic group in the 
atmosphere especially in its upper part (stra- 
tosphere, mesosphere) may, in principle, differ 
from that of another group because of different 
sedimentation rate of their carriers-aerosol 
particles. Really, in a number of papers some 

cases were noted when the concentration maxi- 
mum of gaseous C14 in the stratosphere w a  
lower than that of fission products, the maxi- 
mum of Was was lower than that of SrQo (MACHTA 
et al., 1959; KAROL et al., 1965). In  1958 the 
majority of nuclear bomb explosions took place 
at a relatively not high altitude. Local fall-out 
(large particles) enrich with Ce144 were com- 
paratively large. Therefore fission products 
depleted with Ce144 in comparison to SrQo were 
released into the stratosphere. On the other 
hand, in high altitude explosions in 1958 from 
which there was no local fall-out, fission pro- 
ducts injected into the higher layer of the 
atmosphere had their usual composition. It 
allowed to notice the appearance of aerosols 
from nuclear explosions at high altitudes in 
the upper stratosphere after their descent from 
the mesosphere and to observe these aerosol 
transports from the stratosphere into the 
troposphere up to the ground surface by con- 
sidering the boundary movement of the area 
with increased values of concentration ratio 
Ce144/Srgo (TELEGIADAS et al., 1964). High con- 
centration values of Ce144 relative to Sr@O in 
radioactive aerosols at high altitudes in the 
stratosphere can be explained, a t  least partially, 
by the fact that the aerosol-carrier of Ce144 is 

I .  . . . . . . . . . . . . . . . . . . . . . . .  ' I c I? i * + v;;lp _z 11 g I $ I3 Ij f Vi e 3 $ @ 
months,  1963 months. 1964 

FIQ. 7. Ce144/SrQ0 in the ground air dong 80" W.Z. for the northern hemisphere (HASL 155, 1965). 
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FIQ. 8. Cel"/Srgo in the stratosphere in 1963-64. 0 65-70 10' ft; X 79-82 los ft; A 83-91 lo* ft; 
100-110 10' f t  (31' N). I, explosion of 1.09.61; 11, explosion of 1.11.61; 111, explosion of 1.06.62. IV, 

explosion of 1.08.62; V, explosion of 1.01.63. (HASL 149, 1964; HASL 158, 1965). 

larger than that of SrOO or CslB7 and therefore 
it can descend quicker from the upper layers 
into the stratosphere. In  particular, according 
to our measurements in the stratosphere in 
1961 at the levels of 19-26 km, there was a 
lack of Cs187 relative to Ce144 and Srg0 (GASIEV 
et al., 19653). The ratio was on the 
average close to 1.0. The aerosol-carrier of Csl'' 
according to the existing notions of the mecha- 
nism of radioactive particle formation during 
explosions has smaller sizes than that of Ce"' 
and SrBO and that is why by 1961 it could 
descend (from the mesosphere into the strato- 
sphere) in less quantities than that of Ce14' or 
Srgo. 

During series of nuclear explosions in 1961- 
1962 there was a combination of relatively 
low-yield explosions at relatively small altitude 
and of super high-yield explosions during which 
fission products were thrown into high altitudes 
(up to 45-50 km) (HASL 142, 1964). We have 
already mentioned (MALAKHOV et al.) that in 
the fourth quarter of 1963 analogous to the 
summer of 1961, increased values of Ce144/SrDo 
ratio in fall-out were observed. This waa con- 
firmed by the data of measurements in the air 
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along the 80" W.Z. (Fig. 7) and in the strato- 
sphere of the northern hemisphere between 19 
and 27 km (Fig. 8). In  the southern hemisphere 
the increase of the Ce144/Srgo ratio in the strato- 
sphere took place from July through November 
in 1963 (Fig. 9). In the northern hemisphere 
the increase of the Ce14'/Srgo ratio in autumn, 
1963, was accompanied by the concentration 
increase of Csls', Srgo, MnS4, Fesg and other 
isotopes a t  all levels in the layer from 19.5 to 
27 km. As an example the data on concentra- 
tion changes of some isotopes in the strato- 
sphere at an altitude of 24-25 km in 1963 are 
given in Fig. 10. On the basis of the presented 
facts it is possible to conclude that in 1963 the 
increase of the Ce144/Srgo ratio is also connected 
with the flux of nuclear explosion products 
into the lower stratosphere from the upper 
stratosphere where these products were thrown. 

Summary 

From the above data the following conclu- 
sions can be drawn: 

1. If in the atmosphere there are aerosols 
from nuclear explosions for a rather long time 
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their size distribution is significantly trans- 
formed. Four types of particle size distribution 
variations were observed. 

(a) Gradual variation of particle size distribu- 
tion with time. For example, gradual decrease 
of the finest particle fraction owing to particle 
coagulation of this fraction with the particles 
of natural aerosols. 

(b) Seasonal variations of particle size distribu- 
tion caused by fluctuations of air mass ex- 
change between the stratosphere and the 
troposphere. 

( c )  Fluctuating variations. These are due to 
simultaneous action of the larger number of 
different momentary factors: washout, coa- 
gulation, small scale horizontal and vertical 
exchange of air masses in the atmosphere. 

( d )  Impulsive variation of particle size distri- 
bution which takes pIace under rapid en- 

trance of air masses from upper layers of the 
atmosphere into lower ones. 

2. Particle size distribution changed with 
altitude. Experimental data showed that in 
December, 1964, the equal amount of radio- 
activity (about 60%) of aerosols fell on the 
particles with d <0.3 p and d >0.3 p in the 
middle troposphere and on the particles with 
d <0.5 p and d > 0.5 p in the ground layer of 
the atmosphere. As there is greater difference 
in mean sizes of radioactive particles for strato- 
spheric and tropospheric aerosols (hundredth 
and tenth of micron, respectively) the depend. 
ence of aerosol particle size distribution on 
altitude can be used for studying vertical 
exchange in the atmosphere. It can be especially 
useful for studying the cases when there is fast 
flux of air masses from the upper layers of the 
atmosphere into the Iower ones. 
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3. Experimental data, for example, variation 
of the Cel44/Sr90 ratio, reveal that radioactive 
aerosol size distribution exerts an essential in- 
fluence on transport of these aerosols in  the  
atmosphere, especially in the upper layers of 
t h e  stratosphere and mesosphere. 

Results obtained b y  the present time allow 
us t o  hope that in spite of the complexity of 
connections between particle size distribution 
and aerosol particle transport in  the atmosphere, 
these connections will be seen more clearly with 
further accumulation of experimental data. 
This will allow t o  s tudy deeper pecularities of 
transport of different size particles in the 
atmosphere. 

Fig. 10. Mn64, F@, Csl*’, SrQO concentration a t  an 
altitude of 24-25 km during 1963 in San Angelo 
(31’ N). (HASL 149, 1964; 158, 1965.) 

15,000- 

14,000. 

12,000 

11,000 

r0,ooo ’ 
g,000 

8,000 

7,000. 

13,000. 

6.000, 

REFERENCES 

DMITRIEVA, G. V., 1965, Collected articles “Radio- 
active Isotopes in the Atmosphere and their 
Application in Meteorology”. Moscow Atomizdat, 
p. 181. 

DMITRIEVA, G. V., and KASATKINA, V. I., 1965, 
Collected articles “Radioactive Isotopes in the 
Atmosphere and their Application in Meteoro- 
logy”. Moscow Atomizdat, p. 293. 

DREVINSKY, P., and MARTELL, E., UN Docum. 
A/AC. 82/G/L, 350, 1959. 

EDVARSON, K., et al., 1959, Nature, 184,4701, 1771. 
GASIEV, Y. I., and NAZAROV, L. E., 1965a, Collected 

articles “Radioactive Isotopes in the Atmosphere 
and their ADDlication in Meteoroloev”. Moscow .I I” 

Atomizdat, p. 186. 
GASIEV. Y. I., and NAZAROV, L. E.. 1965b. Collected 

articles “Radioactive Isotopes in the Atmosphere 
and their Application in Meteorology”. Moscow 
Atomizdat, p. 181. 

GREENFIELD, S., 1957, J .  Meteorol., 14, 2, 115. 

HASL 142, 1.01, 1964, p. 225. 
HASL 155, 1965. 

KAROL, I. L., and MALAKHOV, S. G., 1965, collected 
articles “Radioactive Isotopes in the Atmosphem 
and their Application in Meteorological Rese- 
arches”. Moscow Atomizdat. 

LOCKHART, 1965, UN Docum. A/AC. 82/G/L/, 981. 
MACHTA, L., HAGEMAX, F., et al., 1959, Science, 180 

N. 3375. 
MALAKHOV, S. G., SEREDA, G. A., BRENDAKOV, 

V. F., et al., 1965, Atomic Energy, 19, N. 1 (USSR). 
OGORODNIKOV, B. I., and BASMANOV, P. I., 1965, 

Collected articles “Radioactive Isotope in the 
Atmosphere and their Application in Meteoro- 
logy”. Moscow Atomizdat, p. 403. 

SHLEIEN, B., 1965, Science, 147, 290. 
TELEQADAS, K., and LIST, R., 1964, J .  of Qeophy.3. 

HASL 149, 1.10, 1964, p. 55-100; 158, 1965. 

Research, 69, No. 22, pp. 4741-4753. 

PACIIPEAEJIEHBE IIO PA3MEPAM PAABOAKTBBHbIX qACTBU OBPA3OBABIIIBXCFI 
IIPH MCIIbITAHBRX RAEPHOI’O OPYXBR Ei B X  PACIIPOCTPAHEHBR B ATMOCQEPE 

B 1964-65 rr. B MOCHOBCKO~ o 6 n a c ~ x  6~1x0 
~ i a y s e ~ o  pacnpeReneHue paAnoaKTmHMx qacTaq 
no p a 3 ~ e p a ~  B ~ ~ I I ~ ~ M H O M  cnoe aTMoc+epM, a B 
~ e ~ a 6 p e  1964 roaa 6 ~ n ~  TaKwe npoBeAeabI 
II3MepeHHR H a  BbICOTe 4-6 KM. HaBnm~anocb 4 
BHAa OTKnOHeHII$i paCnpeAeJIeHIIFi pa~II0aHTIIB- 
HMX aaposonet no p a s ~ e p a ~ .  B Tponoc+epe H a  
BbICOTe 5-6 KM PagHOaKTIiBHbIe YaCTHqbI ~ M J I I I  
B cpeAHeM Menbmero paswepa, q e M  B n p 1 1 3 e ~ ~ o ~  
CJIOe. Ha BMCOTe 5-6 K M  CpeAHIIi AIIaMeTp 
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racTxq, cogepmarqux Cs13 ~ H J I  6onbrue, ’IeM 
AHaMeTp liacTw cogepwaqax Ce144. 

 TO pa3~111we crnawmanocb B npo6ax B ~ R -  
THX y noBepxHocm. Bb~n nposeAeH a ~ a n ~ a  

n o ~ a a a n o ,   TO pacnpegeneme PagnoamHBHux 

IIX pacnpocTpaHeHHe B amoc@epe, OCO6eHHO B 
BHCOKHX CJIORX cTpaToc+epM H Meaoc@epu. 

JIIITepaTypHbIX AaHHbIX 0 BapHaqHRX OTHOIlIe- 
HHR KOHqeHTpaqIIH pa3nHYHbIX UBOTOIIOB. 3 T O  

q a C T H 9  no pa3MepaM CyQeCTBeHHO BnUReT H a  


