
On the chemical composition of cloud water 

By 0. P. PETRENCHUK and V. M. DROZDOVA, A .  I .  Voeikov Main Geophysical 068ervatory, 
Leningrad 

(Manuscript received October 12, 1965) 

ABSTRACT 

In the article the chemical composition of the cloud water collected in the different 
regions of the USSR is considered. On the basis of their analysis and generalization 
the main characteristics of chemical content have been obtained. The total ion amount 
of cloud water slightly differs from that of precipitation, its chemical composition 
being different. A great influence of industrial pollution on the chemical composition 
of cloud water is to  be noticed. 

For the last 10-15 years the investigations 
of chemistry of atmospheric precipitation have 
been widely developed. The interest attached 
to this problem has been stimulated by the 
requirements of hydro- and agrochemistry, 
hydrogeology, geochemistry, as well as meteo- 
rology in connection with the study of physics 
and chemistry of clouds and precipitation. 

At present rather extensive data have been 
obtained and careful atmospheric chemistry 
investigations have been carried out in such 
countries aa Sweden, the U.S.A., Czechoslovakia, 
and the German Democratic Republic. These 
investigations are generalized in the works by 
ERIKSSON (1959, 1960), JUNGE (1963), MACK;, 
PODZIMEK & SRAMEK (1959), MROSE (1961). 

I n  the USSR considerable attention has been 
paid to this problem in the time of the Inter- 
national Geophysical Year. In  the wide terri- 
tory of the Soviet Union a collection of atmos- 
pheric precipitation samples has been organized 
and on the basis of their analysis and generaliza- 
tion spacious characteristics of precipitation 
composition have been obtained. Later on the 
work has been continued and extended con- 
siderably. The results of investigations on the 
question have been published in the articles 
by V. M. DROZDOVA, 0. P. PETRENCHUK & 
E. S. SELEZNEVA (196l),  V. M. DROZDOVA 
(1962), 0. P. PETRENCHUK & E. S. SELEZNEVA 
(1962) and the monograph by V. M. DROZDOVA, 
0. P. PETRENCHUK, E. S. SELEZNEVA & P. F. 
SVISTOV (1964). 

The atmospheric precipitation receives its 
constituents from the moment of water vapor 

condensation on the condensation nuclei and 
of the formation of cloud particles. Therefore, 
the knowledge of composition of water taken 
directly in the clouds is naturally of great 
importance. However, such data are rather 
insufficient up to the present time. This has 
been accounted for by method difficulties aris- 
ing from taking cloud water samples. At the 
Main Geophysical Observatory the investiga- 
tions of the chemical composition of cloud 
water are carried out under study of air chemi- 
stry. 

The first data about the composition of the 
cloud water in the free atmosphere have been 
obtained by GRABOVSKY (1951) and SHMETER 
(1952). They considered mainly the chloride 
content in the supercooled clouds. However, 
since the atmospheric precipitation contains 
the different constituents it is important to 
estimate their concentration as well as in the 
cloud water. 

For collection of cloud water samples under 
temperature above and below zero special 
devices have been designed (V. M. DROZDOVA, 
0. P. PETRENCHUK, E. S. SELEZNEVA & P. F. 
SVISTOV, 1964; 0. P. PETRENCHUK & N. N. 
ALEXANDROV, 1966). They permitted to receive 
water quantity required for satisfactory analy- 
sis during a comparatively short time. Using 
this technique about 150 cloud water samples 
related to different regions of the European 
Territory of the USSR (ETU) have been ob- 
tained. The cloud water samples have been 
taken in the environs of the cities Leningrad, 
Archangelsk, Narjan-Mar, Kiev, Dneprope- 
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TABLE 1. The mean composition of precipitation eamples (Pr.) and of cloud water sample8 (CW) in 
different regions. 

Concentration mg/l 1.106 No. 
a-1 of 

Location Sample SO; C1' NO; NH; Na' K' Mg" Ca" pH cm-l Total Cl'/Na' SO;/Cl' samples 

North of ETU Pr. 3.6 3.4 0.6 0.5 2.2 0.6 0.2 0.7 5.5 29 11.8 1.5 1.06 

North-west of ETU Pr. 6.2 1.1 0.5 0.7 1.3 0.8 0.2 1.1 5.2 28 11.9 0.8 5.64 

South-west of ETU Pr. 14.3 1.4 0.8 0.7 1.6 0.6 0.4 6.0 6.1 62 25.8 0.9 10.20 

Sea, watera 1.8 0.14 

CW 0.6 6.3 0.1 0.6 2.4 1.7 1.0 0.4 5.3 30 13.1 2.6 0.09 16 

CW 6.0 2.5 0.5 0.9 1.2 0.8 0.2 0.6 4.7 28 12.7 2.1 2.40 29 

CW 8.9 2.1 0.8 1.8 0.7 0.6 0.5 1.0 4.8 40 16.4 3.0 4.24 46 

a The salinity of various seas is somewhat different but the ratio of the main ions remains constant. 

trovsk and also during the horizontal flights 
carried out 1961-1964 on the following routes: 
Leningrad - Archangelsk- Narjan-Mar-Pechora; 
Leningrad-Minsk-Kiev- Dnepropetrovsk- 
Odessa. 

On the whole one can distinguish three large 
sampling sites: north of ETU (environs of 
Archangelsk and Narjan-Mar), north-west of 
ETU (environs of Leningrad) and south-west 
of ETU (environs of Kiev and Dnepropetrovsk). 
About 100 samples have been collected in these 
regions. 

The mean content of cloud water samples 
and the mean data of chemical composition of 
precipitation in these regions are given in 
Table 1, the former being compared to the 
latter ones. It should be noted that Table 1 
does not include the heavily contaminated 
samples that will be considered in detail below. 

One can see from the Table that in general 
total ion amount of cloud water samples in all 
sites except south-west differs slightly from that 
of precipitation, their chemical composition 
being different. 

I n  the cloud water of north regions a very 
small concentration of sulfate and nitrate is 
observed and chloride and sodium are pre- 
dominating ions. Such relation of constituents 
reflects apparently the vicinity of the sea coast 
and the absence of important industrial pollu- 
tion. In  the west and south-west of the ETU 
affected by the industrid pollution the concen- 
tration of SO: in cloud water considerably 
increases; however, it  is lower than that of the 
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precipitation. The concentration of C1' is also 
high here. 

The ratio SOr/Cl' for all the examined regions 
essentially exceeds its value of 0.14 in sea 
water. As the presence of SO; has been caused 
on the whole by industrial pollution one can 
see its great influence not only on the composi- 
tion of precipitation but on that of cloud water. 

The ratio Cl'/Na differs both in the precipi- 
tation and in cloud water from its value of 1.8 
in sea water and is to be paid much attention 
to. It is as a rule smaller than 1.8 in precipita- 
tion and larger in cloud water. It is interesting 
to note that some authors (E. ERIKSSON, 1959, 
1960; JONGE, 1963) have the ratio in precipita- 
tion less than 1.8 even in the immediate vici- 
nity from the sea coast. 

Some of the available mechanisms have been 
suggested for the explanation of this fact 
(H. CAUER, 1949; E. ERIKSSON, 1959, 1960). 
They involved a possible escape of C1' or N a  
addition from continental sources. Since the 
presence of additional N a  sources in the 
vicinity of the sea coast is unlikely it is supposed 
that the escape of gaaeous chlorine in the lower 
atmospheric layer takes place as the result of 
oxidation of the sea salt particles. The chlorine 
excess is discovered in the free atmosphere 
later on. This process is confirmed by the pre- 
sence of gaseous chlorine aa HCl detected by 
JUNGE (1957) as well as by increase of the 
ratio Cl'/Na in the precipitation collected a t  
the mountain stations (E. ERIKSSON, 1958). 

The results of cloud water analysis also show 
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TABLE 2. The chemical composition of cloud water samples in the south-west of ETU from 
different clouds. 

Concentration mg/l 1.108 
Cloud c a-1 

No. 
of 

form SO; C1' NO; HCOj NH; Na' K' Mg" Ca" pH cm-I Total Cl'/Na' S0;jCl' samples 

St, So 11.4 2.2 1.0 0.01 2.4 0.7 0.7 0.5 0.9 4.5 53 19.8 3.1 5.2 27 
Ns 5.3 2.0 0.4 1.1 0.9 0.7 0.5 0.4 1.0 5.2 21 12.2 3.0 2.6 19 

a high value of the ratio Cl'/Na . Perhaps there 
are some other mechanisms explaining this 
increase. I n  particular in the south-west of 
ETU where the ratio Cl'/Na is 3.1 it is ob- 
viously accounted for by the gaseous chlorine 
injected into the atmosphere by industrial 
sources. 

It should be noted that Table 1 contains the 
mean values giving a general representation of 
the composition of precipitation and cloud 
water; the data on the chemical precipitation 
composition have been obtained on the basis 
of averaging of four-year observations (V. M. 
DROZDOVA, 0. P. PETRENCHUK, E. S. SELEZ- 
NEVA & P. F. SVISTOV, 1964); the data on 
cloud water for different regions have been 
averaged without taking into account the cloud 
form and the sampling height. 

At a more detailed examination it is dis- 
covered that cloud water composition varies for 
the different cloud forms. It follows from ob- 
tained data that samples taken from the clouds 
St, Sc have more high concentration of almost 
all constituents in comparison with the clouds 
Ns (Table 2). 

Since the small droplets in the clouds type 
of St, Sc predominate as compared to the 
clouds Ns, one can suppose that in the St, Sc 
the cloud droplets are a very concentrated 
solution of the soluble condensation nuclei. I n  
the clouds St, Sc Shmeter has also obtained the 
higher concentration than that of the frontal 
clouds type Ns-As. 

The question about the dependence of con- 
stituent concentration in the cloud droplet size 
is closely connected with one of the important 
problems of the physics of clouds and precipi- 
tation, namely with the clearing up of the 
growth mechanism of cloud droplets. The inves- 
tigations by TURNER (1955) and SPENCER & 
WOODCOCK (1963) showed that the raindrop 
salinity is the function of their radius which 

is different for the raindrops falling from warm 
or supercooled clouds. I n  a supercooled cloud 
the condensation mechanism of growth pre- 
dominates and the salinity of falling raindrops 
may be expressed as C -r" where n, is a positive 
value dependent of the cloud base height. For 
the warm clouds that dependence is disturbed 
and the largest falling drops have a high 
salinity alongside with small raindrops. Accord- 
ing to this Spencer & Woodcock suggested that 
the largest cloud drops form on giant salt 
nuclei and then increase by coagulation with 
one another. 

TURNER (1955) obtained the interesting data 
on salinity of raindrops against the collection 
height as regards the cloud base. However, 
these results related only to the raindrops. For 
the explanation of the mechanism of cloud drop 
growth it is important to investigate the che- 
mical cloud water composition in connection 
with droplet size. 

Of great interest is the study of the cloud 
water composition against the height of its 
sampling. There are different opinions on the 
question. For example, ODDIE (1962) when 
investigating the results of analysis of cloud 
water collected in environs of London disco- 
vered the concentration of constituents in cloiid 
water to decrease with height. According to 
Grabovsky's data such dependence does not 
exist. He noted even some increase of chloride 
to the upper part of cloud, though the thickness 
of the cloud layer was small and merely amoun- 
ted to 200-300 meters. 

In  our case the cloud water sampling had 
been carried out at the different heights. The 
analysis of data obtained shows that on the 
whole there is no simple connection between 
the height of sample collection and their che- 
mical composition. Only for heavily polluted 
samples taken from the subinversion clouds in 
industrial regions can one see a sharp decrease 
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TABLE 3. Chemical cornpo&wn of the moat contaminated cloud water samples. 
~~~~~~~~~~~ ~ ~ ~~~~~~~~~~~~ 

Concentration mg/liter 
Cloud Height t 

No. Location Date form (m) SO; C1' NO; NH; Na* K' Mg" Ca" 

1 Kiev 3 Dec. St, Sc 550 91.50 7.76 12.20 24.60 1.80 4.80 - 10.70 
2 Kiev 3 Dec. St, Sc 850 91.50 6.80 10.60 13.00 1.82 1.81 0.48 2.68 
3 Kiev 3 Dec. St, Sc 900 45.50 4.04 4.80 10.70 1.21 0.21 0.29 1.53 
4 Kiev 5 Dee. St, Sc 550 99.00 11.48 4.90 28.70 6.00 2.20 1.90 3.70 
5 Kiev 5 Dec. St, Sc 1000 40.50 6.80 4.00 11.90 1.45 5.02 0.43 0.83 
6 Dnepropetrovsk 7 Dec. St 500 157.50 42.17 6.50 28.70 7.60 10.00 5.60 40.00 
7 Dnepropetrovsk 7 Dec. St 1200 20.70 8.40 1.04 6.00 1.96 2.53 0.29 0.87 

8 Odessa 7 Dec. St 900 94.00 4.18 4.80 12.20 2.20 3.40 1.50 12.60 
9 Kiev 7 Dec. St 1250 19.00 5.17 1.06 4.20 1.83 3.05 0.20 1.91 

Continued. 

Concentration mg-equiv./liter r7.106 Sum Sum Sum 
L a-1 of of of 

No. SO; C1' NO: NH& Na' K' Mg" Ca" H' pH cm-l ions anions cations Diff. 

1 1.877 0.220 0.197 1.305 0.078 0.122 - 0.535 0.110 3.96 294 163.36 2.294 2.211 0.083 
2 1.877 0.192 0.171 0.722 0.079 0.046 0.040 0.129 0.447 3.36 268 128.59 2.240 1.463 0.777 
3 0.948 0.115 0.077 0.593 0.052 0.031 0.024 0.076 0.200 3.70 171 69.27 1.140 0.976 0.164 
4 2.062 0.325 0.079 1.159 0.216 0.056 0.158 0.185 0.004 5.40 252 156.88 2.466 1.778 0.664 
5 0.844 0.192 0.066 0.662 0.063 0.129 0.036 0.041 0.229 3.64 221 70.93 1.101 1.160 -0.069 
6 3.281 1.191 0.105 1.600 0.331 0.256 0.467 2.000 0.003 5.46 483 298.07 4.577 4.654 -0.077 
7 0.431 0.237 0.017 0.277 0.085 0.065 0.024 0.043 0.022 4.66 77 40.79 0.685 0.516 0.169 
8 1.958 0.119 0.077 0.680 0.096 0.110 0.123 0.629 0.001 5.90 218 135.78 2.154 1.639 0.515 
9 0.396 0.147 0.017 0.233 0.079 0.078 0.016 0.095 0.026 4.58 79 36.42 0.660 0.527 0.033 

of the constituent concentrations with height 
(Table 3). 

The cloud water composition is affected 
remarkably by the atmospheric pollution in 
industrial regions. This can be concluded from 
the consideration of successive samples collec- 
ted from the clouds at different distances from 
the city. 

Fig. 1 shows the change of some constituent 
concentrations and total ion amount in the 
cloud water samples taken not far from Lenin- 
grad and Kiev. Approaching the city the total 
mineralization as well as the concentration of 
some constituents (SO:, Cl', NO;) sharply 
increases. 

The influence of cities can be also observed 
on example of the flight carried out on the 7th 
of December, 1963, on the route Dneprope- 
trovsk-Odessa-Kiev. The changes of total ion 
amount of samples collected along the route are 
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presented in Fig. 2. The sharp increase of total 
mineralization of samples collected directly 
over the city has also been observed here. For 
instance, the total mineralization of cloud water 
sample is 280 milligram per liter over Dnepro- 
petrovsk. It is interesting that such great values 
are unusual not only for the cloud water but 
also for the precipitation. The investigation of 
chemical precipitation composition has shown 
the maximum frequency of total mineralization 
in it to be only 20-30 milligram per liter 
(DROZDOVA et al., 1964). 

From the examples presented one may attri- 
bute to the clouds an important role in the 
process of atmospheric refinement. This agrees 
well with STYRO'S investigations (1959) con- 
sidering clouds as an important factor in 
atmospheric self -refinement from radioactive 
contamination. 

Industrial sources and large cities influence 
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I rim 

50 i 

a b C 

FIQ. 1. The change of some ion concentration and total ion amount at different distances from the 
city; (a)3.12.63,H=sampl,850m;(b)5.12.63,H,,~,,,=1000-1200 m; (c) 6.12.63, Hsampl.=900m. 

aerosol content in the free atmosphere. SELEZ- 
NEVA (1963, 1964) published the concentration 
data of condensation nuclei obtained by the 
Sholz counter in the free atmosphere. The 
condensation nuclei have been measured during 
horizontal flights over different regions. Ap- 
proaching an industrial center or a large cit,y 
during these flights a sharp peak of condensa- 
tion nuclei which remains sometimes up to a 
height of 2000 or 3000 meters is observed. 

Unusually large total ion amount of cloud 
water samples in south-west ETU (from the 
3rd to the 7th of December) is accounted by 

the existence of spacious stationary anticyclon 
with sharp temperature inversion during the 
collection time, the samples being taken from 
subinversion clouds. An example of temperature 
change with height is given in Fig. 3. 

The most polluted cloud water samples col- 
lected during this period of time have been 
combined in a separate group. Their chemical 
composition is represented in Table 3. The 
constituent concentration in the samples is 
expressed in milligrams per liter and for con- 
venience of further calculations and analysis 
control in milligram-equivalent per liter. From 

FIG. 2. The change of some ion concentration and total ion amount during the route flight. 

Tellue XVIII (1966), 2 
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Table 3 one may see the apparent above- 
mentioned dependence of constituent concentra- 
tion with height. 

In  addition to a high content of soluble con- 
stituents there was a considerable amount of 
insoluble constituents in most samples exam- 
ined. It had been discovered after thorough 
elaboration of polluted samples and spectral 
analysis of obtained sediment that it contains 
copper, iron, beryllium, vanadium, cobalt, 
chromium, molybdenum, manganese, alumi- 
num, zinc, nickel, silicon. 

It is characteristic that in heavily contami- 
nated samples the anion sum in terms of equiva- 
lent weights exceeds in the main that of 
cation. It may be apparently explained by the 
presence in them of elements not determined 
usually by analysis and discovered in particular 
on spectrograms. Let us note that ODDIE 1962 
had also obtained on the average excess of 
anions as compared to the cations for the 
polluted samples. 

Consideration of Table 3 shows most samples 
to be acid and to have a low pH value (some- 
times pH lower than 4). According to this a 
high concentration of hydrogen ions is found. 
There is as a rule a large concentration of SOY, 
Cl’, NO; in samples with high total ion amount. 
Since in most cases concentration of the ions 
exceeds considerably the cation sum (without 
hydrogen ions), in terms of equivalent weights, 
one may suppose that they exist in the cloud 
water samples as acids. The presence of hydro- 
chloric acid in the water may result in an 
essential increase of the ratio Cl’/Na’ which is 
observed in reality particularly in industrial 
regions. 

On the basis of the investigation carried out 
one can draw the following conclusions. 

Although on the average the total ion amount 
of cloud water is slightly different from that of 

FIG. 3. The change of temperature with height 
(Kiev, 3.12.63). 

atmosphere precipitation there is a remarkable 
difference in their chemical composition. 

The results obtained show that subinversion 
clouds even not precipitated are peculiar filters 
capturing different contaminations from the 
atmosphere and stimulating its refinement to 
some extent. 

Acknowledgments 
The authors are indebted to the Laboratory 

chief E. S. Selezneva for valuable advice and 
comments on their work. The authors would 
like to thank collaborators M. A. Beljashova 
and V. G. Ivanova who took part in flights. 
Thanks are also due to the pilots G. S. Danilov, 
V. E. Maslennikov, V. S. Pavlov and V. V. 
Podjachy who accomplished the flight pro- 
gramme. 

REFERENCES 

CAUER, H., 1949, Ergebnisse chemisch-meteorolo- 
gischer Forschung. Archiv fiir Meteorologie, Qeo- 
physik und Bwklimatologie, Sene B, Bd. 1. 

DROZDOVA, V. M., PETRENCHUK, 0. P., and SELEZ- 
NEVA, E. S., 1961, The chemical composition of 
atmospheric precipitation according to investiga- 
tions during ICY and IYC. Materialy Conferenoii 
PO Itogam MGG (1960) i Meteorologicheskogo 
Izuchenia Antarktidy (1959). Gidrometeoizdat, M. 

DROZDOVA, V. M., 1962, The characteristics of total 
ion amount and chemical composition of atmos- 

Tellus XVIII (1966), 2 

pheric precipitation collected in different sites of 
the USSR during IGY and IYC. Trudy QQO, 
184. 

DROZDOVA, V. M., PETRENCHUK, 0. P., SELEZNEVA. 
E. S., and SVISTOV, P. F., 1964, The chemical 
composition of atmospheric precipitation over 
European Territory of the USSR. Gidrometeoiz- 
dat, M. 

ERIKSSON, E., 1958, The chemical climate and saline 
soils in the and zone. Arid Zone Research 10. 
Climatology, Rev. of Res. Unesco, Paris. 

 21533490, 1966, 2-3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.2153-3490.1966.tb00238.x by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [08/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



286 0. P. PETRENCHUK AND V. M. DROZDOVA 

ERIKSSON, E., 1959, 1960, The yearly circulation 
of chloride and sulfur in nature; meteorological, 
geochemical and pedological implications. Part I. 
Tellus, 11, No. 4. Part 11. Tellus, 12, No. 1. 

GRABOVSKY, R. I., 1951, On chloride concentration 
in precipitation and cloud water. Vestnik LGU,  
No. 10. 

JUNGE, CHR. E., 1957, Chemical analysis of aerosol 
particles and of gas traces on the Island of 
Hawaii. Tellus, 9, No. 4. 

JUNGE, CHR. E., 1963, Air  Chemistry and Radio- 
activity. Aced. Press, New York and London. 

MACK~J, M., PODZIMEK, J., and SRAMEK, L., 1959, 
Results of chemical analyses of precipitation 
collected on territory of Czechoslovak Republic 
in IGY. Geofisikalni sbornik, No. 124. 

MROSE, H., 1961, Ergebnisse von Spurenstoffbe- 
stimmungen in Niederschlag. Zeitschr. f .  Meteoro- 
logic, 16, H. 1-6. 

ODDIE, B. C. V., 1962, The chemical composition 
of precipitation a t  cloud levels. Quart. Journ. 
Roy. Met. Soc., 88, No. 378. 

PETRENCHUK, 0. P., and SELEZNEVA, E. S., 1962, 
The change of chemical constituent concentration 

in precipitation depending on meteorological 
conditions. Trudy GGO, 134. 

PETRENCHUK, 0. P., and ALEXANDROV, N. N., 1966, 
About the estimate of the cloud particles capture 
by the airplane collector. Trudy GOO, 185. 

SELEZNEVA, E. S., 1963, The spacious changes of 
concentration of condensation nuclei according 
to  data of horizontal flights over ETU. Trudy 
GQO, 141. 

SELEZNEVA, E. S., 1964, On distribution of conden- 
sation nuclei over the Ukrainian meteorological 
ground. Trudy GOO, 164. 

SHMETER, S. M., 1952, On content of chloride in 
cloud water in connection with fine-scale struc- 
ture. Trudy ZAO,  9. 

SPENCER, A. T., and WOODCOCK, A. H., 1963, A 
portable flame photometer for analysis of sodium 
in individual raindrops. Journal Atm.  Sciences, 
20, No. 4. 

STYRO, B. I., 1959, The Problems of Nuclear Meteo- 
rology. Vilnius, Iz-vo AN Litovskoj SSR. 

TURNER, J. S., 1955, The salinity of rainfall as a 
function of drop size. Quart. Journ. Roy. Met. 
Soc., 81, No. 349. 

0 XklMBYECICBX C O E @ T H E H k l H X  COflEPXAWBXCH B BOAE OBJIAKOB 

c o A e p m a I o u n e c R  B B o A e  O ~ J I ~ K O B ,  C O 6 p a H H O R  B X M M m e c K H e  c o e g m x e H m  p a s n m ~ b ~ .  AOJI~FHO 
a ~ a m s a  EI A a n m e m r r r e r o  0 6 0 6 r q e ~ ~ ~  nonyYeHH x m m e c m e  C o e A m e H r n R  B Bone o 6 n a ~ o ~  npo- 
rnaBHue xapamepHcTami xmwiecmx n p m e -  MbmneHHoro ~ ~ ~ P F I ~ H ~ H H R  ~03nyxa.  
ce8. XOTR nomoe w c n o  PIOHOB B 0 6 n a s ~ o R  Bone 

B CTaTbe PaCCMOTpeHbI Xl lMMYeCKHe COeALiHeHMR Man0 OTnElY X T C R  OT YIICJIB IlOHOB B AOxFneBOR, 

pa3JItrYHbIX o 6 n a c ~ ~ x  CCCP. Ha OCHOBaHIlEf EIX 6bITb TaKMe OTMeYeHO 6onbmoe BJIARHIle H a  

Tellus XVIII (1966), 2 

 21533490, 1966, 2-3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.2153-3490.1966.tb00238.x by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [08/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


