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ABSTRACT

From the evaluation of Junge’s experimental data from Florida the conclusion has
been drawn that the gaseous form of the natural atmospheric chlorine cannot originate
from the particles of sea salt. According to the data by Podzimek and colleagues from
the Hradec Kralové ares (Czechoslovakia) it seems especially improbable that hydrogen
chloride would be released from sea salt by action of sulphuric acid; a more accurate
re-computation of the original calculation on which the above-mentioned hypothesis
was based leads to the same conclusion. Basic reasons supporting the idea that the
gaseous form of the atmospheric chlorine results from volcanic action are given. If
this new hypothesis is confirmed, the study of processes affecting deep-seated volcanic
exhalations will also become significant from the points of view of meteorology,

agriculture, transportation, ete.

In studying the contents of some components
in the atmosphere of Florida Junge (1956)
established that chlorine is present in the
atmosphere mostly in the form of giant par-
ticles or in the form of gas (Table 1). The pro-
portion of chlorides in large particles is by an
order of magnitude smaller than that in the
giant ones. In the total sum of chlorides the
gaseous ones make up about 50 % (Table 2).

Eriksson (1959 and 1960) in his comprehen-
sive study argues against the earlier opinions
that the gaseous form of chlorine in the atmos-
phere is represented by the elementary chlorine
resulting from the action of ozone upon chlorides
(probably of marine origin), or the nitrosyl-
chloride (NOC]) produced by the reaction Cl, +
NO. In his opinion, in the atmosphere the gas-
eous chlorine exists in the form of hydrogen
chloride which was released from sea salt dis-
persed in the atmosphere according to the reac-
tion

H,;80, +2 NaCl = 2 HCl + Na,S0,.

If the gaseous form of the atmosphereric
chlorine is produced by its release from drops
of solutions or solid particles of sea salt dispersed
in the atmosphere (be it by action of sulphuric
acid or ozone, or by other agents affecting the
sea salt), these particles must become impov-
erished in chlorine. In these particles the ratio
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Cl/Na must, therefore, fall below the value of
this ratio in the sea (1.80). From the data given
in Table 3 (in which Junge’s experimental data
have been elaborated) a final conclusion may be
drawn that the gaseous form of atmospheric
chlorine does not get free from sea salt particles.

Analysis of the experimental data

In the giant particles transported by the
flow from the sea the relatively greatest amounts
of chlorine and sodium were found and the
relative analytical error of the individual deter-
minations was minimum. The established value
of the Cl/Na ratio (1.86, or 1.78 up to 1.96) can
in this case be regarded as the most reliably
determined value of this ratio on the basis of
Junge’s data (Table 3). It is evident that the
value 1.86 agrees very well, i.e. within the rela-
tive 3 % analytical error, with that of the C1/Na
ratio in the sea.

In the giant particles in the air blown by the
wind from the coast a lesser amount of chlorine
and sodium has been found (and & relative
error in the respective determinations was
greater than that in the case of the breeze
from the sea). While on the basis of the average
value of the Cl/Na ratio it seems that the giant
particles blown by the wind from the sea take
up an increased amount of gaseous chlorine, in
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Table 1. Mean Cl and Na concentrations in the atmosphere of Florida according to Junge (1956)

Mean determination limits in brackets®

Cl pug/m?
Kind and Na ug/m?
number of Total Giant Large Gas —_—
measurements A B C Giant Large
Air blown from 4.62 2.35 0.041 2.23 1.26 0.074
the sea (7) (0.038) (0.038) (0.025) (0.044) (0.044)
Air blown from 1.36 0.500 0.059 0.80 0.34 0.048
coast (6) (0.059) (0.058) (0.35) (0.048) (0.048)

% In the individual determinations certain limits of detection (for instance, 0.5 ug
X in 25 ml of the analyzed solution) were considered. The amounts of air taken into
a certain solution volume differed in the individual determinations and, therefore,
the limits of detection of the single determinations of the same component also
varied. The estimate of the standard deviation of the individual, as well as average
analytical determinations from the correct value has not been given. In some cases,
however, the results of the average analytical determinations approach the value of
the respective limit of detection. The average limits of detection were, therefore, con-
sidered as + data approximately determining the range of the possible analytical

error.

the same particles from the coast the chlorine
content seems to be somewhat less due to a loss
of gaseous chlorine. But, if the rather ample
range of the Na/Cl ratio values in the giant
particles blown from the coast is considered
(1.14-1.92), it can be observed that the Na/Cl
ratio value in sea water (1.80) lies within the
above range of this ratio.

In the large particles (blown from the coast,
as well as from the sea) containing amounts of
chlorine and sodium by an order of magnitude
lesser than those in the giant particles, the
range of the Cl/Na ratio values is considerable;
it is due to the error of analytical determina-
tions. The value of the Cl/Na ratio in the sea
(1.80), also lies within the range of Cl/Na values
established in large particles.

On the basis of four values of the “mean”
Cl/Na ratios it can be assumed that in three cases
investigated release of gaseous chlorine and in
one case enrichment of particles in chlorine
could have taken place. This is why the ratio
of the gaseous chlorine which theoretically
could be set free from giant and large particles
to the amount of the gaseous chlorine found
has been computed (Table 3). In the air trans-
ported by the flow from the sea the amount
of chlorine evidently only apparently consumed
by the giant particles and the chlorine amount
(apparently) released by the large particles per-
fectly compensate each other. In the air blown
from the coast which contained approximately
four times less chlorine than that from the sea
(and the analyses of which were affected by a

Table 2. Relative representation of the individual forms of chlorine in the atmosphere of Florida
(on the basis of Table 1)

Air blown 100-C A from sea C from sea
from A/B AjC A+B+C A from coast C from coast
Sea, 57 1.19 48.5
(51-65) (0.93-1.21)
4.7 2.8
Coast 8.5 0.62 59 (4.1-5.4) (1.7-5.5)
(3.7-560) {0.53-0.73)

Symbols A, B and C have the same meaning as those in Table 1.

Tellus XIX (1967), 3
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Table 3. Tabular evaluation of the amount of the gaseous form of chlorine possibly released from
sea salt according to the Cl/Na ratio (on the basis of data from Table 1)

Cl/Na in Cl pg/m? 100-C1
releaged from 100-Cl1 (tolal released)
Air Particles Atmosphere Sea particles® (released) Cl

blown —_— (total) ————A———  Cl(found in (total found in
from Giant Large Giant Large gaseous form) gaseous form)
Sea 1.86 0.55 3.47 0.09 —0.09 0

(1.78-1.96) (0.02-2.63) (—0.03 to 0.19)

1.80 —4.5

Coast 1.47 1.23 3.50 —-0.11 -0.027 -17

(1.14-1.92) (0.01—o0) (—0.25 to 0.39) (c. —35 to 45)

% The caleulation has been carried out according to the relation Cl (released) =Cl (found in particles)

—1.8:Na (found particles); the negative values in
chlorine could be released from the salt particles.

greater analytical error than the determination
of chlorine in the air from the sea)—(Table 1),
approximately 17 % of gaseous chlorine may
have originated by release from sea salt. The
total amount of gaseous chlorine found in the
air from the coast and that from the sea which
may have originated from sea salt is then
about 5 9.

The maximum amount of gaseous form of
chlorine which could be released from sea salt
particles in the sense of Eriksson’s hypothesis
can aiso be computed from the value of the
S0,/Na ratio in these particles. The greater is
the difference between the value of the SO,/Na
ratio in the particles coming from the sea and

columns then express which amount of gaseous

the value of this ratio in the sea water (and, of
course, the greater is the higher sodium amount
in the air volume unit investigated) the greater
quantity of hydrochloric acid could be set free
by sulphuric acid action.

The analytical error in Junge's determina-
tions of sulphates in particles in the air trans-
ported by breeze in Florida is, unfortunately,
considerable; the amounts found being 0.27-
0.37 ug SO,/m?* (Table 4), the determination
limits ranged between 0.26-0.37 ug SO,/m3.
The conclusions drawn on the basis of these
results furnish, therefore, less evidence than
those based on the determinations of chlorides.

In the gigantic particles in the air blown

Table 4. Tabular evaluation of the amount of the gaseous form of chlorine possibly released from sea
salt according to the SO,/Na ratio

Maximum Cl ug/m?
S0, ug/m?® 50,/Na in SO, ug/m®*  released by action
after Junge (1956) from the sea? of H,SO, from
Air in particles Particles The sea”  in particles particles® 100-Clms0,
blown Cl
from Giant Large Giant Large Giant Large Giant Large (in gaseous form)
Sea 0.37 0.32 0.294 4.3 0.316 0.018 0.04 0.224 1.7
(0.37) (0.32) (0t00.59) (0to21.3)
0.25
Coast  0.27 033 0.79 6.9 0.085 0.012  0.137 0.236 46.6
(0.26} {0.26} (0to 1.82) (0tooo)
Total 21.0

¢ According to Rankama & Sahama (1952) 1 kg of sea water contains 2.648 g SO}~ and 10.554 g Na+,

® 80, from the sea =0.25 Na (in particles).

¢ Clr,s0, = 0.738 (SO« tound — SO4 trom sea), 88 SO~ ~2 C17, i.e. 1 mg SO;~ 0.738 mg Cl.

Tellus XIX (1967), 3
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Table 5. Mean NH, concentration in the atmosphere of Florida

NH, ug/m? NH,/Na in
after Junge (1956) -
in particles Particles The sea®
blown from Giant Large Giant Large
Sea 0.057 0.034 0.045 0.46
(0.034) (0.034) (0.017 to 0.075)
About 1078
Coast 0.12 0.038 0.35 0.79
(0.38) (0.038)

¢ According to Rankama & Sahama (1952) in 1 kg of sea water there is

>0.05-0.005 g NH,.

from the sea which contain the greatest amount
of chlorine, sodium and sulphates, the value of
the ‘“average’” 8O,/Na ratio is 0.29, i.e. very
approaching that in the sea (0.25). The SO,/Na
value in the sea appears within established
intervals of values of this ratio which could be
due to an analytical error in three of the four
cases (Table 4); only in the giant particles
blown from the coast the value 0.25lies beyond
the considerably wide range 0.75—cc.

The amount of gaseous chlorine which could
be released from the sea salt particles in con-
sequence of the increasing concentration of sul-
phates corresponds in the case of air from the
sea to 12 % of gaseous chlorine really found in
this air. In the air transported by the flow from
coast which contained less chlorine and sodium
than that from the sea, up to 50 % of the gaseous
chlorine established may have originated from
the sea salt; on the whole, 21 % of gaseous
chlorine found may have at the maximum been
released by the action of sulphuric acid upon sea
salt.

The above values of the possibly released
gaseous chlorine are the maximum possible
mean values, as in reality part of the acidity of
the sulphuric acid contacting in the sea salt so-
lution would be consumed for the neutralization
of its weakly alkaline reaction and the over-
whelming of buffer effects in this solution.
From the data shown in Table § it may be
gathered that part of the sulphuric acid which
would enter into the atmospheric particles of
marine origin would be neutralized by NH; ijons
which probably also enter there from the atmos-
phere (since SO;” ~2 NH;, 1 mg NH,~ 2.66 mg
SO,).

The amount of gaseous chlorine in the at-
mosphere of Florida which could be released
from sea salt, be it by means of whatever
mechnism, is, therefore so small, that the sea
salt (the sea) cannot be regarded as a source of
the greatest part of the atmospheric gaseous
chlorine. The values of gaseous chlorine which
according to Junge’s basic experimental data
could originate from sea salt may be considered
to result most probably from analytical errors.

It may therefore be stated that the above
analysis of Junge’s (1956) results clearly attests
the right assertion of this author (1960) in his
comments to Eriksson’s (1959 and 1960) study
that “there is no basis for the assumption that
the ionic composition of sea spray particles
deviates much from that of sea water’”.

The correctness of Eriksson’s hypothesis on
the origin of the gaseous form of the atmospheric
chlorine can also be recognized from the values
obtained on the basis of a great number of
measurements carried out by J. Podzimek, L.
Srémek & E. Volfova (1964). From Table 6 it
follows that in the Hradee Kralové area in the
precipitations during the summer months of
1960 the ratio Cl/Na was somewhat higher than
that in Florida (3.7 x 3.5). The conclusion may,
therefore, be drawn that during the summer sea-
son mentioned in the atmosphere of the Hradec
Kralové area about 50 % of chlorine existed in
gaseous form. During the winter months of the
same year the value of the ratio studied fell as
low as to equal its value in the sea; from this it
may, therefore, be concluded that in winter
season in our area there was practically no
gaseous chlorine.

As far as Eriksson’s hypothesis that the

Tellus XIX (1967), 3
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Table 6. Some data on precipitations in the Hradec Krdlové area
(according to Podzimek et al., 1966)

Average contents (mg/litre) in samples

from 11 localities

Season Cl Na S0, Cl/Na C1/S0, pH
IV-IX 5.98 1.61 12.62 3.71 0.47 4.87
X-III, 1960 1.76 0.97 11.71 1.81 0.15 4.71
Sea (average) 1.80 0.25 8.17

origin of atmospheric gaseous chlorine is condi-
tioned by the action of sulphuric acid upon sea
salt would be correct, the rise of the Cl/Na value
would be accompanied by a proportional in-
crease of the SO,/Na value, or the Cl/SO, value
would be approximately constant in time-spans
with fairly great or negligible amount of gaseous
chlorine. From Table 6, however, it follows that
a marked change in the value of the Cl/Na ratio
i8 in connection with a pronounced variation of
the Cl/SO, ratio. While in the precipitations in
the Hradec Kralové area in the summer and
the winter of 1960 the chloride contents dif-
fered three times, the sulphate concentrations
showed very small variations only (+3.7 % of
the result).

The dependences (following especially from
Eriksson’s hypothesis) between the content of
the gaseous form of chlorine in the atmosphere
and (a) the Cl/Na ratio, (b) the SO,/Na ratio
in the atmospheric sea spray particles, and (c)
the concentration of sulphates in the atmos-
phere do not therefore exist.

Analysis of Eriksson’s computation of the
gaseous form of chlorine in the atmosphere

From the analysis of the experimental data
it is clear that chlorine is not released from sea
salt in an amount which would be comparable
with the great content of gaseous chlorine some-
times occurring in the atmosphere. From the
mutual non-dependence of free chlorine and
sulphates concentrations in the atmosphere it
follows that by action of sulphuric acid only a
small (about 10 %) proportion of gaseous at-
mospheric chlorine could originate. As the
experiments carried out contradict the opinion
that the gaseous form of atmospheric chlorine
originates from sea salt the following analysis
of Eriksson’s calculation is given below as
supplement only.

Tellus XIX (1967), 3

The question has been raised how in the
atmosphere sulphuric acid arises which could
expel hydrogen chloride from sea salt. Junge &
Ryan (1958) who investigated oxidation of SO,
into SO, in clouds have established that this
reaction takes places in solution in presence of
ammonia. When pH is low this reaction takes
place extremely slowly. SO, becomes therefore
oxidized into sulphate, the original alkalinity
(e.g. of sea water) becoming simultaneously
lower; or, more exactly said, only after trans-
formation of H,80, into sulphite the sulphate
ions originate. There is, therefore, no doubt that
in the atmosphere sulphates arise. The origin
of free sulphuric acid which solely can expel hy-
drogen chloride from sea salt, however, does
not follow from Junge & Ryan’s ascertainments.

Eriksson quotes Gerhard’s (1953) paper (un-
fortunately not available) according to which in
daylight the reaction

2 80, /g/ + 0, [g/-2 80, [g/

takes place with speed 0.1-0.2 % in an hour.

In Sweden the amount of the fallout sul-
phates is 0.9 kg/ha/year; this value corresponds
to the sulphur concentration increase in the
atmosphere by 1 ug/m3/year or 1 ug/cm? in an
atmosphere column. On the basis of these data
Eriksson (1960, p. 78) calculated the amount of
S0, which during a year becomes oxidized into
SO, from the relation 0.1/100-24-365 =8.8 ug/
cm?/year. As the value 0.88 kg/ha/year com-
puted in this way agrees with that of the sul-
phates fallen down from the atmosphere, Eriks-
son thinks that in the atmosphere sulphuric acid
originates in an amount necessary for the release
of the atmospheric gaseous form of chlorine.

A shortcoming of the preceding calculation is
that it tacitly presumes that in Sweden (a) the
sun shines during all the 24 hours and (b) that
the total amount of 80; remains in the atmos-
phere on the average during 365 days.
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Eriksson {1960) himself says in his reply to
Junge’s (1960) critical comments: ‘“Both Dr
Junge and T agree that the residence time of sul-
phur in the atmosphere is appreciable, perhaps 2—
3 weeks.” A.R.Meetham cited by Junge (1960)
and by Eriksson thinks that the residence time
of the industrial sulphur with respect to absorp-
tion by the ground is somewhere between 5 and
16 hours.

Eriksson’s computation must, therefore, be
rendered more accurate on the basis of a more
true assessment of time during which SO, can
become oxidized into SO, From Eriksson’s
hypothesis point of view it is advantageous to
assume that in Sweden the sun light intensity
corresponds to sunshine of 12 hours a day
(yearly average) during which the reaction
takes place with a speed of 0.15 % in an hour,
and that not only the total amount of sulphur,
but even SO, remains 21 days in the air before
it becomes oxidized. Therefore it may be written:
0.15/100-12-21 =0.38 ug/em?/year. In Sweden
a fallout of maximum 4 % (or more probably
only 1 %) of sulphates, therefore, originates by
oxidation of SO, into SOz more than 95 % of
sulphates are evidently produced by oxidation
of alkali sulphites in the sense of Junge & Ryan’s
(1958) findings.

Sulphuric acid arising in a small amount in
the atmosphere will react not only with sea
salt but also the calcium and other salts and
especially with organic substances (bacteria,
etc.) dispersed in the atmosphere or with matter
on the earth’s surface (trees, soil, etc.). A fairly
great part of the acidity of a small amount of
atmospheric sulphuric acid coming into contact
with sea salt solutions contained in the atmos-
phere will at last be balanced by buffer equili-
bria occurring in these solutions.

In the atmosphere amount of sulphate is by
an order of magnitude more than that of chlo-
rine (Table 6). The ratio of the gaseous form
of chlorine to chlorine in the shape of particles
(sea salt) being equal to those given in Tables 1
or 6, the hydrogen chloride amount released by
action of sulphuric acid will representant at the
maximum about one tenth of the total amount
of the gaseous chlorine.

The more accurate recalculation on the basis
of Eriksson’s consideration therefore leads to
the same conclusion as the above analysis of the
experimental results. The amount of the atmos-
pheric gaseous chlorine released by action of
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sulphuric acid upon sea salt will not exceed (at
least in the case of higher proportions of atmos-
pheric gaseous chlorine) 10 % of its total amount
in the atmosphere. The amount of HCI released
by action of sulphuric acid is therefore approxi-
mately the same as that of Cl, set free by action
of ozone, ete.

Note: In the introduction of Eriksson’s (1959
and 1960) meritorious study it is stated that in
1877 the origin of chlorides in river water and
some salt deposits has been explained by the
Hungarian geologist Posephny who maintained
on the basis of geological evidence that chlorides
are transported by the atmosphere from the sea
to the continent. FrantiSek Posephny ( =Po-
Sepny), born on 30 March, 1836, in Jilemnice,
Bohemia, professor of the Mining Academy,
Piibram, was a Czech. This many-sided geologist
introduced for instance, the term ‘‘vadose
water’’, which is used up to the present and is
one of the basic terms of hydrogeology.

The theses of the new interpretation

When the natural gaseous atmospheric chlo-
rine does not come from the sea, its origin can
only be sought in the second great natural
source of chlorine, i.e. volcanic activity. This
action really produces gaseous chlorides: for
instance, the Valley of Ten Thousand Smokes in
Alaska exhales chlorine in the form of HCI in
amount of 1.2-10° ton/Cl/year; the same source
releases 0.2-10% ton/year fluorine in the form
of HF. With regard to the amount of chlorine
in the sea (which could not be washed from the
rocks of the earth’s crust) it can be assumed
that the average yearly volcanic production of
chlorine amounts to 9:10® ton/year (Eriksson,
1959 and 1960).

In the sea the value of the CI/F ratio equals
10* (according to Rankama & Sahma’s data,
1952), in the Valley of Ten Thousand Smokes it
equals 6 (Koritnik, 1951). In the precipitations
sampled in the Prague area during February
and March, 1965—according to the present
author’s establishments—the ratio CI/F is
about 11 (at 3.9 mg Cl/litre and precipitation
2.2 mm/day). It has been found that the value of
the CI/F ratio most probably was not influenced
to a considerable extent by artificial sources.
The value of the CI/F ratio in the precipitations
of the Prague area approaches the value of this
ratio in volcanic exhalations to which about

Tellus XIX (1967), 3
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50 % of chlorides of marine origin were added.
The origin of the Cl/Na ratio value in the sum-
mer season of the year 1960 (Table 6) can be in-
terpreted in the same way. It can be conluded,
that in the summer of 1960 in the atmosphere of
Hradec Kralové there existed 50 % of chlorine
not bound to sea salt; approximately the same
amount of gaseous chlorine has been found in
the atmosphere of Florida (Table 2). It is,
therefore, probable that the volcanic action is
the source of gaseous chlorine in the atmosphere.

These theses of the present author are dealt
with in greater detail in his other communica-
tions. Only some data concerning chlorine ex-
clusively should be here also quoted. Eriksson
writes that authors during their aviatic exami-
nation of chloride content in various heights
found the maximal chloride concentration in the
height of about 500 m above sea and 3000 m
above the continent. Czechoslovakian precipita-
tions usually contain c¢. 3mg Cl/l, on Lomnicky
Stit (2634 m/m); however, it was determined
during IGY 8.8 mg Cl/1 as a mean, and 344 mg
Cl/1 maximally (Mackl et al., 1960). The indi-
vidual values are varying very quickly (Table
7). I found 70 mg Cl/1 and 0.5 mg Na/l in a snow
sample from Lomnicky Stit (March, 1965). In
U.S.A., precipitations mean content of chlorides
is 0.3 mg Cl/I; however, in the precipitations
from Mount Vernon it was found 0-120 mg Cl/1
(Rankama & Sahama, 1952).

The chloride concentration increase (probably
chlorine only, not NaCl) in higher level and the
very quick changes of its content in the precipi-
tations on the Lomnicky Stit (independent on
the year seasons) are explainable by the idea that
chlorine, mainly in higher levels, was generated
by volcanic exhalations. (Similar observations
were made in the case of sulphates as well,
namely in precipitations on Mount Vernon and
Lomnicky Stit as compared with those from
lower levels.)

After great volcanic outbursts voleanic ash is
transported over the whole globe; before it ;s laid
down and washed out from the atmosphere it
may, even for a fairly long time, distinctly lower
theintensity of sunshine (explosion of the volcano
Krakatoa). After the explosion of the French
experimental atomic bomb a radioactive cloud
was observed to migrate round the whole globe;
after explosions of bombs a small proportion of
radioactive ash is transported during several
years by air currents from place to place.If after

Tellus XIX (1967), 3
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Table 7. Chlorine contents in precipitations from
Lommicky Stit, 1958 (according o
Mack? et al., 1960)

Month mg Cl/1 g Cl/m?
Iand IT 9.2 8.0 1.25 1.49
IIT 38.5 3.37
IV-VII 4.1- 7.8 0.45, 1.07-1.50
VIII and IX 20.0 28.7 3.00 3.13
X and XI 52 6.9 0.88 1.26
XI1 11.5 1.94

great volcanic outbursts the volcanic ash travels
in observable amount round the whole globe
and if after atomic explosions the relatively
easily identifiable radioactive particles fallen
down can be observed in places considerably
distant from the place of experiment, obviously
it cannot be excluded that after weak volcanic
outbursts a small unobservable amount of ash
also travels round the earth. In gaseous volcanic
exhalations which themselves cannot be depos-
ited, their transportation over the whole sur-
face of the earth (or with regard to the character
of air currents in the stratosphere over the
whole half of the earth’s surface) is still more
probable.

About 90-years-old, F. PoSepny’s opinion
that chlorides (their particles capable to be
deposited) are transported by the atmosphere
from the sea for great distances should be sup-
plemented in the sense that the gaseous portion
of the atmospheric chlorine derives from voleca-
noes and is transported for still greater distances
than chlorides of marine origin.

Meteorological application

Junge (1960) emphasizes that the material
which is contained in rain water comes from
two predominant sources: Collection of material
within the cloud, during the formation process
of the cloud and rain drops, and secondly, from
the interception of aerosol particles by falling
rain drops below the cloud. Unless the original
air concentration of the aerosol is much larger
below the cloud than within the cloud (i.e., sea
salt particles over the ocean along the coasts),
the first source is the predominant one.

It cannot, therefore, be excluded in the pre-
cipitation samples taken on the earth that in
spite of the relation of chlorides of marine
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origin to those of voleanic origin >1, the in-
fluence of halogenes of voleanic origin upon the
origin of precipitations may be of the same
extent, if not greater, than the influence of
chlorides of marine origin.

Recently, the development of weather in the
uppermost layers of the atmosphere can be
better predicted than that in the lower ones.
This is due to the fact that in the uppermost
layers of the atmosphere the weather practically
depends on processes taking place on the Sun
only—and these are thoroughly investigated.
The difficulties met in predicting weather in the
layers close to the earth’s surface may be in
relation with the circumstance that the pro-
cesses taking place at depth in the earth, produc-
ing volcanic activity and in this way seriously
influencing the meteorological conditions of the
lower layers of the atmosphere have not so far
been studied in greater detail.

If the assumption is confirmed that volcanic
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exhalations seriously influence the weather (in
the current sense of the term), the study of at
least some of the processes occurring at depth in
the earth will become obligatory also from the
point of view of meteorology and thus also
agriculture, transportation, etc.

The meteoric matter fallen down to earth
amounts according to new assessments (Fe-
dinskij, 1964) to 10 million tons/year; the earlier
data gave only 700-1800 tons/year (Vatson,
1947). The amount of chlorine separated out
from the mantle of the earth into the atmos-
phere is therefore comparable with the present-
day estimate of the amount of the matter fallen
down. If the influence of the meteoric dust on
meteorological phenomena is studied, it would
be useful to also investigate in the same way—
already on the basis of the above-mentioned
comparison—the chlorine derived from volcanic
activity.
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ITPOUCXOMIEHUE 'A300BPA3HON ®OPMbLI ECTECTBEHHOTI'O XJIOPA
B ATMOCOEPE

N3 paccMoTpeHNA 9KCNEPUMEHTANBHAKX JAHHHIX
IO0nre no ®uopupe GHI0 cHenaHO 3aKIOYEHHUE,
4yTo rasoobpasHas gopMa ecTeCTBEHHOTO XJ0pa
B arMocfepe He MOMET NMPOUBXOTUTH U3 YACTH-
yeKk Mopcko# coam. CoriacHo fAaHHHM Ilogau-
MeKa M ero CcOTpyaHmkoB mo oGmactu I'pagek
KpanoBe (YexocnoBakua) KameTcsi 0COOEHHO
HeBEPOATHHM, uTOOH THJZpaT XJopuja IoO-
ABJIAJICH U3 MOPCKOH coim mof aelicTBHEM cep-
HOMf KHCJIOTH; Gojlee TOYHHI NHepecuyeT MepBO-
HAYaJbHHIX BBIYMCIIEHHIH, HA KOTOPMX OBIIM

OCHOBaHBI IpHBeJeHHHE BhIllle T'UOOTE3H, NpH-
BOMUT K TOMY ’Ke CaMOMYy B3aKJoyeHMo. IIpu-
BEXEHH OCHOBHEIE HPHYMHH, 0GOCHOBHIBaKOINUE
uaew, uro rasoobpasuas gopma armocdepHoro
XJIopa ABJIAETCA Pe3yJbTaTOM BYJIKAHUYECKOMN
AeATeqbHOCTH. Ecian NPHHATE 9Ty HOBYIO THIO-
Te3y, TO W3y4eHHe MPOLECCOB, BH3HBAKIIAX
ray6OKOBOOHbE W3BEDMEHNA BYJIKAHOB TaKke
CTaHeT BayKHHM C TOYKHM 3DEHMA MeTeOpoJIOTHH,
CeJIbCKOTO X03AMCTBa, TPAHCIIOPTA U T. [
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