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ABSTRACT 

Aerosols attached to falling snow crystals were directly observed utilizing optical and electron 
microscopes in Sapporo in March 1973 and 1974. It was determined that the aerosols were 
picked up by snow crystals during their fall under the cloud base. 

Because the slope of size distribution of aerosols attached to snow crystals was nearly the 
same as Junge distribution in the range 0.1 to 5 p, it was considered that falling snow crystals 
captured aerosols with a collection efficiency almost similar to neighbouring size ranges against 
the general theory of collection efficiency. 

The collection efficiency was also calculated by the use of surface density of aerosols attached 
to the surface of snow crystals. The results of calculations showed that the apparent collection 
efficiency was as high as near unity. 

With regard to the collection phenomena of aerosols by falling snow crystals, all possible 
mechanisms considered were checked to define the high collection efficiency, however it was 
hopeless to explain the high collection efficiency by the use of the mechanisms. This suggests 
that there are some unknown mechanisms remaining in the natural washout of aerosols by 
falling snow crystals. 

1. Introduction 

It is popularly well known that the air becomes 
considerably more clear after a snowfall and this 
clearance of air decidedly relates to the snowfall, 
however, its physical mechanism is not yet under- 
stood. 

Polluted air is distributed in a lower layer over 
the city; it exists under the cloud base. Therefore it 
is considered that the clearance is related mainly to 
the washout effect of falling snow crystals, not the 
rainout phenomena. Magono et al. (1974) have 
made simultaneous measurements of the falling 
rate of snow crystals and the decreasing rate of 
aerosol concentration in Sapporo, and estimated 
that the collection efficiency of aerosols by the 
falling snow crystals was as large as 0.2 to 0.5. 
These values were much greater than generally 
expected from a theoretical point of view. 

It is, however, difficult to understand that the 
aerosols were captured by falling snow crystals, 

because aerosols of micron or submicron size are 
too small to be collected by dynamic impaction by 
the falling snow crystals, and they are too large to 
be transported to the surface of snow crystals by 
diffusion phenomena, as calculated by Greenfield 
(1957). It is therefore important to resolve the 
problem about the discrepancy between the obser- 
vation and the theory, not only from the viewpoint 
of air pollution, but from the cloud-physical point 
of view. 

The authors undertook experiments to verify 
directly that aerosols are able to be collected by 
falling snow crystals, then made observations of 
aerosols which were attached to the fal!ing snow 
crystals, utilizing an optical microscope in 1973 
and an electron microscope in 1974 in Sapporo. 
The results of the observations will be described 
later. 

2. Measuring methods 
Optical micrographs were used to measure the 
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DIRECT OBSERVATIONS OF AEROSOLS ATTACHED TO FALLING SNOW CRYSTALS 103 

size distribution of aerosols of micron size attached 
to falling snow crystals, by the use of evaporated 
traces of the snow crystals. Before measurement, it 
was anticipated that aerosols in the traces would be 
moved towards the centre of a snow crystal, then 
coagulate with each other in the evaporation 
process, as reported by Nakaya et al. (1958). 
Therefore several methods were tried to avoid the 
movement and the coagulation phenomena in the 
process. Finally it was found that extremely 
gradual sublimation at a temperature of about 
-2OOC was best in order to minimize these 
phenomena. 

Electron micrographs were used to observe 
aerosols of submicron size. In the case of electron 
microscopic observation, however, a special techni- 
que was required in the sampling process of falling 
snow crystals. If a snow crystal was replicated by 
the usual solution of polyvinyl formvar, the beam 
of electrons cannot penetrate the specimen, while if 
the solution is so dilute and thin as permeable, it 
cannot cover the upper surface of the replicated 
snow crystal. Finally the authors adopted the 
following technique in the sampling process, as 
shown schematically in Fig. 1. 

-FORMVAR SOLUTION ( 0.1% ) - GLASS R A T E  

t 

SNOW CRVSTAL EVAPORATED - 
~ - C M L O M O N  MMBRANE 

TEARING OFF IN WATER 

Fig. 1. Sampling process of aerosols attached to a snow 
crystal for electron microscopic observation. 

A clean glass plate is coated by polyvinyl 
formvar solution of 0.1%. 30 s after coating, a 
snow crystal is sampled on the plate, but the dilute 
solution cannot cover the upper surface of the 
crystal. After the snow crystal is evaporated at a 
temperature below freezing, the area is covered by 
a collodion membrane. Thus aerosols attached to 
the snow crystal are sandwiched between these two 
membranes. This double membrane is then torn off 
the glass plate with the help of clean water and is 
put on a mesh sheet which is used for normal 
electron microscopic observations. 

According to the result of a blank test for back- 
ground dust particles, it appeared that aerosols 
were somewhat spread out from the periphery of 
the branches of a snow crystal, however no dust 
particles were recognized in the area which was far 
apart from the branches. The detailed description 
of the sampling technique is found in Magono et 
al. (1975). 

3. Results 

3.1. Optical microscope observations 
Early in the morning of March 10, 1973, snow 

crystals of dendritic plane type occurred, and the 
grade of riming was relatively small, as illustrated 
in Photo. 1, PI. I. The sublimated trace of the snow 
crystal is given in the same magnification factor in 
Photo. 2. The numerous spots in the photograph 
are aerosols which were attached to the snow 
crystal. It may be seen that aerosols were moved 
from the end of branches to  the axis of the main 
branch, but no significant coagulation occurred 
during the sublimation process. 

Representative portions in Photo. 2 were further 
photographed with a high magnification, as il- 
lustrated in Photo. 3. It may be seen that there are 
black spots and half-transparent spots in Photo. 3. 
The former may be made of smoke particles 
because they appear to be carbon black particles. 
The latter may be related to oil droplets, because 
they appear to be liquid droplets. 

By counting aerosols in several such high- 
magnification photographs, a size distribution was 
obtained, as shown in Fig. 2, in which the diameter 
of aerosols is indicated in the horizontal axis and 
the number of aerosols counted is indicated in the 
vertical axis in an interval of 0.2 p in diameter. The 
shaded and unshaded areas in the histogram show 
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104 C. MAGONO ET AL. 

Plate I .  Aerosols attached to a snow crystal of plane dendritic type. 

Photo. 1. Optical micrograph. 

Photo. 2. Sublimated trace of the 
snow crystal of the same size as 
Photo. 1. 

Photo. 3. Magnified photograph of 
a portion enclosed by a tetragon in 
Photo. 2. 
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N . 6 6 5  

D I A M E T E R  OF A E R O S O L S  ( y ) 

Fig. 2. Size distribution of aerosols attached to a snow crystal of plane dendritic type (optical micrograph). 

the number of black spots and half-transparent 
spots, respectively. The N in the figure shows the 
total number of spots counted. It is noted that the 
number of aerosols counted are fairly great in spite 
of the small portion of the snow crystal, although 
the snow crystal was scarcely rimed and the 
number of aerosols smaller than 0.4 p in diameter is 
not exact. Considering the area density of aerosols 
counted, it is estimated that about 4000 aerosols 
were attached to the snow crystal. 

The mode of size distribution is usual, although 
the distribution is scattered in a range up to 14 p 
diameter. This scattering is caused by the in- 
sufficient number of aerosols counted in this range. 
In the case of larger aerosols of micron size, their 
diameter means the average of major and minor 
diameters. It may also be seen that the size of black 
spots is distributed in the larger range, compared 
with half-transparent spots. 

In the snowfall on the morning of March 14, 
snow crystals were rimed, as illustrated in Photo. 4, 
PI. 11. The illustrated snow crystal of needle type is 
rimed as densely as a graupel; in other words it is 
mostly composed of frozen cloud droplets. The 
sublimated trace of the needle crystal is shown in 
Photo. 5 in the same size, and a magnified portion 
enclosed by a tetragon is given in Photo. 6. 
Counting aerosols in such photographs, size distri- 
bution was obtained as seen in Fig. 3. There is no 
significant difference in the mode of size distri- 
bution from Fig. 2, however it is noted that the 
number of aerosols counted in the same area was 
about two times greater than in the previous 

unrimed plane snow crystal. This difference may be 
due to the high grade of riming, more exactly due 
to  the addition of condensation nuclei of frozen 
cloud droplets. 

Besides these two snow crystals, aerosols at- 
tached to three snow crystals of plane type were 
measured using the same method. One was 
unrimed, the others rimed. The average size 
distribution of aerosols in all the snow crystals 
measured is shown in Fig. 4. The mode of 
distribution is similar to that of cloud droplets, 
although their absolute sizes are one order smaller 
than cloud droplets. It appears that the maximum 
is near 1.2 p in diameter, however this maximum is 
the only one apparent, because aerosols smaller 
than 1 p are apt to be missed in counting due to the 
resolution power of the microscope used. 
Nevertheless it can be concluded that the number 
of attached aerosols increases smoothly as their 
size decreases down to 1 p. 

3.2. Electron microscope observations 
Falling snow crystals were sampled to measure 

the size distribution of aerosols of submicron size 
attached to the snow crystals, utilizing an electron 
microscope in Sapporo in March and April 1974. 
In order to eliminate the condensation nuclei of 
rimed droplets, and to make it easy for the penetra- 
tion of the electron beam, unrimed snow crystals of 
plane type only were sampled. In addition, due to 
the difficulty in the replication and fixing process of 
aerosols, we succeeded in sampling in only a few 
cases. 
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Plate ZI. Aerosols attached to a rimed snow crystal of needle type. 

al micrograph. 

Photo. 5. Sublimated trace of the snow crystal of the same size as Photo. 4. 

Photo. 6. Magnified photograph of a portion enclosed by a tetragon 

Tellus 

in Photo. 5. 
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Fig. 3. Size distribution of aerosols attached to a rimed snow crystal of needle type (optical micrograph). 

N= 3054 

1.0 2.0 3.0 4.0 

DIAMETER OF AEROSOLS ( P )  

Fig. 4 .  Total size distribution of aerosols counted from five snow crystals of various types (optical micrograph). 

One of the replicas of a snow crystal of plane 
dendritic type is shown in Photo. 7, PI. 111. Here- 
in after this snow crystal will be called ‘‘Crystal A”. 
A portion of a branch, indicated by arrow a in the 
photograph, was magnified by an electron micro- 
graph, as shown in Photo. 8. Another arrow a’ 
shows the portion for the blank test where no dust 
particles were recognized. 

The size distribution of aerosols counted from 
Photo. 8 and a similar photograph in crystal A is 
shown in percentage in an interval of 0.05 p in Fig. 
5.  The resolution power of the electron microscope 
used was 0.025 p. The total number of aerosols 
counted, N, and the area of surface used for the 
measurement, S, are given in the upper portion of 
the figure. It may be seen that the frequency of 
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Plate III. Submicron aerosols attached to a non-rimed snow crystal of plane type. 

Photo. 7. Optical micr ograph. 

Photo. 8. Electron micrograph of a portion indicated by arrow a in Photo. 7. 
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Fig. 5. Size distribution of aerosols attached to snow 
crystals A of dendritic plane type (electron micrograph). 

aerosols increases smoothly as their size decreases 
down to 0.1 p in diameter. The decrease in range 
smaller than 0.05 p is the only one apparent, 
because small aerosols near the resolution power of 
the electron microscope are apt to be missed in 
counting. 

Similar measurements were also made for other 
snow crystals B and C, and almost uniform distri- 
butions as in Fig. 5 were obtained. 

3.3.  Comparison with airborne aerosols 
It may be interesting to compare the size distri- 

bution of aerosols attached to falling snow crystals 
with that of airborne aerosols. As a typical size 
distribution of airborne aerosols, Junge distribution 
(1955) is shown by a chain line to the right of Fig. 
6 where the vertical and horizontal axes show the 
space number concentration and the diameter of 
aerosols in logarithmic scale, respectively. For 
comparison, the present distribution obtained from 
crystals A ,  B and C was transformed to a surface 
number density, utilizing each measured area of 
observed snow crystals A ,  B and C, and was then 

plotted by black dots in logarithmic scale to the left 
of Fig. 6. The surface number density corresponds 
to the space number density in this case, because 
the observed aerosols attached to snow crystals 
were those which were swept by the snow crystals 
when the crystals were falling through the space 
below the cloud base. 

In Fig. 6 black dots are distributed nearly on a 
straight line (solid line in the figure) and the line is 
parallel to Junge distribution, although they are 
fairly scattered in the range greater than I p. This 
scattering was caused by the insufficient data in the 
range. The distribution of aerosols obtained 
optical-microscopically is also described by white 
dots. In this case the dots are also distributed on a 
straight line (broken line in this figure), at least in 
the range up to 5 p. The difference from the 
electron microscopic observation may be due to the 
difference in the observation period. 

Both in the electron micrograph and optical 
micrograph cases, the number of aerosols seems to 
be smaller than those expected by the respective 
straight lines in the smaller range ((0.2 p in 
electron micrographs, < 1.5 p in optical micro- 
graphs). These differences originated from the 
transformation process from linear scale to 
logarithmic scale, because the number of aerosols 
counted in the smaller range was extremely small in 
the description in logarithmic scale, although the 
respective number was comparable with other 
ranges when the aerosols were counted in linear 
scale. If a sufficient number of aerosols were 
counted in extremely small and great range, the size 
distribution would be described by the straight line 
in much wider range, e.g. from 0.1 to 5 p. 

Finally it may be concluded that the slope of size 
distribution of aerosols attached to falling snow 
crystals was nearly the same as the typical distri- 
bution of airborne aerosols obtained by Junge in 
the range 0.1 to 5 p in diameter. This means that 
there was not a particular range in which the 
collection of aerosols by falling snow crystals is 
extremely difficult. In other words, aerosols in air 
were captured by falling snow crystals with nearly 
the same collection efficiency as in other ranges. 

3.4. Surface density of aerosols attached to snow 
crystals 

The area of surface of snow crystals observed by 
the electron microscope was only a small portion 
compared with their whole surface, however, the 
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Fig. 6. Comparison of size distributions of aerosols attached to snow crystals with Junge distribution. 

observed area was selected randomly as far as the the surface density of aerosols on the snow 
photographing was possible. If the results of crystals, as shown in Table 1. In the table, aerosols 
measurement in the limited area are uniformly both on the lower and the upper surfaces of snow 
applicable to other areas, it is possible to calculate crystals are included because it was impossible to 
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distinguish between these two surfaces under the 
electron microscope. It may be seen in the table 
that the surface density of aerosols was of the order 
of lo* cm-*, although the value is different for each 
according to snow crystals. 

Table 1. Surface number density of aerosols on 
snow crystals 

Snow crystals 

A B C  
~~ ~ ~~ 

Number of aerosols observed 660 781 1963 
Area observed in p z  288 617 443 
Surface density in x 10' cm-z 2.3 1.3 4.4 
Average surface density: 2.7 x 10' cm-2 

4. Discussion 

4.1. Washout 
The size distribution of aerosols obtained from 

the electron micrographs was mainly discussed be- 
cause the scavenging mechanism of aerosols of 
submicron size is most interesting. It is obvious 
that the submicron particles attached to snow 
crystals were brought by the crystals, however 
some discussion will be required to determine 
whether the particles were simply scavenged by the 
falling snow crystals under a cloud base (washout) 
or were captured by the snow crystals during the 
growth process of the crystals (rainout). 

Because the snow crystals in the electron micro- 
graphs were not rimed, as previously described, 
nuclei of rimed cloud droplets are not included. 
Accordingly, it is considered that the snow crystals 
were formed purely by deposition of water vapour. 
About the deposition growth of snow crystals, ice 
crystal theory states that super-cooled cloud 
droplets near a snow crystal rapidly vaporize, the 
resultant vapour then condenses on the surface of 
the snow crystal owing to the difference between 
the saturation vapour pressures of water and ice 
surfaces. In this case, however, it is not yet 
generally determined whether nuclei of vaporized 
cloud droplets are attached to the surface of the 
crystal or not. Here, based on the assumption that 
the cloud nuclei attach to the crystal together with 
the vapour molecules, an estimation of surface 
density of nuclei attached to the snow crystal was 
made as follows. 

If a disc-like snow crystal with radius R and 
thickness h is formed from the vapour of n cloud 
droplets with radius r, we have the following rela- 
tion between the volumes of the crystal and 
droplets. 

413. nr3n = nR2h (I! 

Accordingly, the surface density of cloud nuclei, 
n/(nR2),  is given by 3h/(4nr3). On the other hand, 
the mean diameter of cloud droplets in this season 
is 10-30 y, according to observations of Magono 
and Lee (1973), and the thickness of unrimed snow 
crystals of dendritic plane type is about lop ,  
according to Nakaya (1954). For the present case, 
therefore, the surface density of cloud nuclei 
attached to snow crystals is estimated as about 
2 x lo6 to 3 x lo4 cm-2. These values are two or 
four orders smaller than the observed values shown 
in Table 1. It is therefore considered that the 
majority of submicron particles observed are not 
condensation nuclei of cloud droplets from which 
the snow crystals were formed, but airborne aero- 
sols which were captured by the falling snow 
crystals after the formation of the crystals. 

As generally expected, most city aerosols existed 
in the lower layer near the surface, the layer below 
the cloud base. 

Considering the above, it was concluded that 
minute particles attached to snow crystals were 
mostly airborne aerosols which were captured by 
the crystals during their fall. 

4.2. Apparent collection eficiency of aerosols 
It was noted in Fig. 6 that the slope of size distri- 

bution of aerosols attached to snow crystals was 
almost in agreement with Junge distribution in the 
range 0.1-5 p. This fact suggests that airborne 
aerosols were collected by the falling snow crystals 
in a roughly uniform collection efficiency, regard- 
less of aerosol size, if the size distribution of the 
aerosols over Sapporo city had the same slope as 
Junge distribution. 

Besides the slope of size distribution, it may be 
interesting to  compare the surface density of aero- 
sols on snow crystals with the space number 
density of aerosols suspended in air in the period of 
snowfall. The depth of the polluted air layer was 
estimated as 500 m, because the height of tempera- 
ture inversion is about 500 m this season. The 
height of the cloud base is also about 500 m. 
According to the results of measurements made by 
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Magono et al. (1974), by the use of an aerosol 
counter of Gardner type, the space number density 
of aerosols was 8 x lo3 to 2 x lo4 ~ m - ~  near the 
ground during the sampling time. And according to 
the result obtained by Endow and Magono (1 97 1). 
the space number density at 400 m height ranged 
1 x to 1 x lo4 ~ m - ~  this season. Taking the 
average of those four values, it is estimated that the 
mean space number density of aerosols was 
roughly 1.0 x lo4 ~ m - ~  in the falling path of snow 
crystals through the polluted air layer with a depth 
of 500 m over Sapporo city. 

The snow crystal of plane type falls keeping its 
plane horizontally, and the needle type falls keeping 
its long axis horizontally. If these snow crystals 
capture all the aerosols suspended in air in their 
falling paths of 500 m, the surface density of aero- 
sols attached to the snow crystals with a cross 
szction of 1 cm2 is estimated as 1.0 x lo4 ~ m - ~  x 
5 0 0  m, namely 5 x 108  cm-2. This value is some- 
what greater than the observed values, 2.7 x lo* 
cm-2, as shown in Table 1, however, they are in the 
same order. This means that the collection effi- 
ciency of aerosols by falling snow crystals is about 
0.2-0.9, although these values are only apparent. It 
is noted that these values also agree, in order, with 
those which were obtained by a different method 
by Magono et al. (1974). It is noted that these 
values are much greater than expected from the 
usual aerodynamic consideration (Ranz and 
Wong, 1952). 

The Gardner type aerosol counter counts all 
aerosols greater than 0.002 p. However, aerosols of 
diameter smaller than 0.05 p were mostly missed in 
the electron microscopic observation owing to the 
resolution power. It is therefore deduced that the 
surface density of aerosols on snow crystals was 
fairly underestimated. Taking account of this 
underestimation, it is considered that falling snow 
crystals washed out almost all aerosols suspended 
in air in the falling path of the snow crystals, 
although the mechanism of the washout is not 
known. 

4.3. Attachment of aerosols by diflusion 
An analysis was made considering the diffusion 

phenomenon. It is determined that falling snow 
crystals stayed for 1000 sec in polluted air, because 
the height of the polluted air layer was estimated as 
500 m and the fall speed of the snow crystals was 
0.5 m .  s-I. On the other hand, the mean value of 

surface density of aerosols was 2.7 x lo* cm-'. 
Accordingly the collection rate of aerosols (col- 
lected number per unit area per unit time) by the 
falling snow crystals is calculated as 2.7 x lo5 
cm-2. s-I. 

In a steady diffusion field, the collection rate of 
aerosols of a snow crystal of spherical shape is 
given by 4nrDn/(4nr2) (Fuchs, 1964), where r is 
the radius of the snow crystal and D and n indicate 
the diffusion coefficient and space number density 
of aerosols, respectively. 

For homogeneous aerosols with radius of 0.1 p, 
the diffusion coefficient is 6.8 x crn2-s-'. If 
r =  1 mm and n, = 1 x lo4 ~ m - ~ ,  then the 
collection rate by diffusion, will be calculated as 
0.68 cm-2. S-'. This value is negligibly small 
compared with the observed value. Accordingly it 
is recognized that it is hopeless to explain the 
observed surface density of aerosols only by the 
use of diffusion phenomenon. 

According to the results of calculations by 
Greenfield (1957), the effect of turbulent motion on 
the aerosol scavenging is similar to Brownian 
motion in the size range of 0.1 p. Therefore, even if 
we recognize the turbulent motion, it is impossible 
to explain the great number of aerosols attached to 
snow crystals only by means of diffusion 
phenomena. 

4.4. Attachment of aerosols by impaction collision 
and Facy effect 

The collection efficiency of submicron aerosols 
by collision with falling snow crystals is so low that 
the estimation by extrapolating the calculated result 
of collision efficiency in cloud droplet size is 
impossible (Ranz and Wong, 1952). Even with the 
wake effect and the complex shape of snow 
crystals, it is difficult to explain the observed 
collection efficiency as high as near unity by the 
diffusion mechanism. 

As described previously, the attachment of aero- 
sols to falling snow crystals occurred under the 
cloud base. Accordingly the Facy effect ( 1  962) due 
to the growth of the snow crystals is not 
considered. 

4.5. Effect of electrostatic force on the attachment 
of aerosols 

It is expected that the electrostatic force is 
effective on the attachment of aerosols to raindrops 
or snow crystals. Endoh et al. (1974) calculated the 
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force due to the electric charge between an ice 
sphere of 1 mm diameter with charge of 1 x 
e.s.u. and an aerosol particle of 0.1 p with charge of 
1 x lop8 e.s.u. According to  their calculation, the 
image force is more effective than Coulomb force 
when the distance between the centres of the ice 
sphere and the aerosol particle is smaller than I 
mm. 

The authors calculated the image force for the 
distance of 0.6 mm, in other words for the distance 
between the surface of the ice sphere and the aero- 
sol particle, it was about 0.1 mm, in which the 
image force is more effective than Coulomb force. 
If the attractive force due to the image force is 
balanced with the viscosity force of air we obtain 

Q2d/(213) = 3nw d (2)  

Here Q, d,  I ,  7 and v mean the charge on the ice 
sphere, the diameter of aerosol particle, the 
distance between the ice sphere and particle, the 
viscosity of air and the speed at which the aerosol 
particle is attracted, respectively. Substituting the 
respective numerical values, we have 

v=0.13cm.s-’ (3) 

If the fall speed of the ice sphere is 50 cm . s-’, the 
effective time in which the image force is effective is 
estimated as only 2/500 s. Accordingly it is 
estimated that the aerosol particle is attracted only 
by 0.5 p toward the surface of ice sphere under the 
effect of the image force. This means that the 
electrostatic force has no practical effect on 
changing the trajectory of aerosols, in other words, 
no effect on increasing the collection efficiency, 
although the force has an effect on increasing the 
coagulation efficiency by capturing completely 
aerosol particles which approach very closely. 

Kerker and Hampl (1974)! measured the collec- 
tion efficiency of silver chloride particles of sub- 
micron size by a water drop of millimeter size. 
Recently Knutson et al. (1976) determined the 
collection efficiency of homogeneous artificial aero- 
sols by natural snow crystals. In both reports the 
value of collection efficiency was of the order of 

to although the collecting mechanisms 
were not clear. It is noted that these values are 
at least two orders smaller than that estimated 
from the present work. 

As described above, mechanisms as much as 
possible were considered for explaining the 
observed high collection efficiency, however, we 
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found no possible mechanism. Recently Gradel and 
Franey (1973), by the use of methods entirely 
different from ours, found that the scavenging 
efficiency of raindrops for the complex natural 
aerosols exceeds values measured for homogeneous 
aerosols under controlled laboratory conditions by 
as much as three orders of magnitude. Taking 
account of their reports and the results of our 
measurement, it is strongly suspected that in nature 
there is an unknown mechanism by which the 
collection efficiency of aerosols by falling snow 
crystals or raindrops is considerably increased. 

5. Conclusions 

It was observed with an optical microscope and 
an electron microscope that numerous aerosols of 
submicron size were attached to falling snow 
crystals; it was concluded that these aerosols were 
captured by the snow crystals under the cloud 
base. 

It was estimated that the apparent collection effi- 
ciency of aerosols by falling snow crystals was as 
high as near unity, utilizing the mode of size distri- 
bution and the surface density of aerosols attached 
to the surface of the snow crystals. 

In order to explain such high efficiency, many 
possible mechanisms, e.g. impact collision, Facy 
effect, diffusion (Brownian motion and turbulent 
motion), and electrostatic force were theoretically 
estimated, however, these mechanisms were in- 
sufficient to explain the high collective efficiency. 

It is hoped that all possible mechanisms are re- 
examined, both theoretically and experimentally, 
because unknown factors are suspected in natural 
washout phenomenon. 
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IIPIIMbIE HA6JIIoAEHMII A3PO30JIEfii, CBII3AHHbIX 
C IIAAAWUMMPi KPMCTAJIJIAMM C H E r A  

B Cannopo B MapTe 1973 H 1974 rr. nprMbIMU 
Ha6JIIOAeHWflMU C IIOMOUpIO OIlTWXeCKOrO W 3Re- 
KTpOHHOrO MUKPOCKOIIOB 6bmu 06HapyXeHbl a3pO- 
30518, CBR3aHHble C ~aAaIOWWM8 KpWCTaJIJIaMH. EbUrO 
onpeneneao, YTO 3m a3po3onn 6b1nw 3 a x ~ a q e ~ b 1  
CHeXHbIMB KpWCTUlJlaMW npH WX BbIIlaAeHWW W 3  
06nara. nOCKOJfbK)‘ MOAZUIbHbIft PaAUYC B paCnpe- 

CHeXHbIMH KpHCTUlJlaMW, 6bm IIpaKTWY€CKW TeM 

0,1 A 0  5 MKM, TO CWTUIOCb,  YTO KpHCTaJIJIbI CHWa 
3aXBaTbIBanH a3pO3ORb C 3@@eKT€iBHOCTbIO, npa- 
KTUYeCKW OAAHaKOBOfi AnR IIpWneraloUerO WHTep- 

AeneHwH no p a 3 ~ e p a ~  a3po3onePi, C B R ~ ~ H H ~ I X  co 

me,  TO H Anr pacnpeneneHurr IOHre B umepsane OT 

B a n a  p a s ~ e p o e ,   TO He cornacyeTca c 0614efi reopnefi 

3@@eKTUBHOCTH 3aXBaTa. 3@@eKTWBHOCTb 3aXBaTa 
BblYUCJllinaCb TaKXe IIpU WC~ORb30BaHWH IIOBePXHO- 
CTHOk IInOTHOCTB a3pO30Refi, HBXOARUHXCR H a  
IIOBepXHOCTU CHeXHbLX KpHCTWInOB. Pe3ynbTaTbI 
pacyeToe ~ O K ~ ~ ~ J I H ,  YTO ~ @ @ ~ K T W B H O C T ~  s a x ~ a ~ a  
6b1na 6 n u 3 ~ a  K eAWHHue. 

B03MOXHbIe MeXaHW3MbI 3aXBaTa a3p03ORefi 
naAaWU&iMW CHeXHbIMW KpWCTarlnaMW 6bmu pa- 
CCMOTpeHbI U IIpOaHaAX38pOBaHbI C IWlbIO nOnyYUTb 
o 6 a s c ~ e ~ u e  BbICOKOfi 3@@eKTHBHOCTW 3aXBaTa, OA- 
HaKO, 310 OKa3aAOCb 6e3HaAeXHbIM. 3 T O  npeAn0- 
JIaraeT, YTO CyU€CTByIOT HeKOTOpbIe HeW3BeCTHbIe 
ewe MeXaHW3MbI B eCTeCTBeHHOM BbIMbIBaHWH 
a3pO3OJIefi IlaAaWUUMH CHeXHbIMW KpWCTZ3JUlaMW. 
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