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ABSTRACT 
The structure of atmospheric precipitation changes in its passing through the air medium. Thus, the atmospheric 

precipitation is one of the ecological factors, acting regularly. The research of chemical structure of atmospheric 
precipitation is closely connected with the problems of turnover of elements, with sanitary - ecological conditions of 
regions, with the matters of agricultural equipment and of salt balance of the soils. In paper the author for the first time 
represents the data on chemical structure of precipitation in the town. The data of chemical analysis of 18 samples are 
given. Obtained results permitted, to a certain extent, to determine the mechanisms of formation of atmospheric 
precipitation in the region investigated and its genesis.  

INTRODUCTION 
In conditions of heavy contamination of tropospheric 

air by ejections of the industrial enterprises and as a result 
of wind erosion of a terrestrial surface and of other 
technogenic and natural processes, the forming of 
qualitative structure of atmospheric precipitation occurs. 

The Ural economic region on an amount of harmful 
ejections in atmosphere takes one of the first places in Russia.  

The systematic observations of atmospheric precipitation 
in Urals have been conducting since 1971.. Nearest in our 
town stations are located at a distance of 50 km. These 
investigations were not conducted earlier in town. [1]. 

The mountain terrain of Urals furthers the formation 
of weakly mineralized precipitation because of not much 
of power of the top-soil and, therefore, the negligible  
release of aerosols to atmosphere. On the plains 
mineralization is increased. As anions the sulphates are 
predominant (they are of continental origin), and also the 
chlorides – of marine and eolian origin; hydrocarbonate- 
ions come to atmosphere in the form of dusty particles 
from the surface of limestones, dolomites and other rock. 
As cations in precipitation the calcium ions from dusty 
particles of lime and sedimentary rock are prevalent; the 
sodium and magnesium is being introduced at the expense 
of eolation of marls and dolomites. [2, 3, 5]. 

In recent years the anthropogenic factor of 
precipitation formation has been growing stronger.  

THE PURPOSE OF WORK: 
1. Study of general processes forming structure of 

atmospheric precipitation occurs. 
2. Measurement of concentration of main 

components of precipitation water in the town for 
determination of their genesis. 

3. Evaluation and analysis of obtained results. 

METHODS OF THE RESEARCH OF 
ATMOSPHERIC PRECIPITATION 

On the first stage of work having studied the 
questions of formation of quality of precipitation water, 
from all variety of parameters, we have chosen the 
following parameters: mineralization; pH value; ions of 
calcium, magnesium; sulphate-ions; chloride-ions; 
hydrocarbonate-ions, since they are the main components 
of this type of natural waters and therefore they allow to 
judge the genesis and degree of pollution of water.[1, 3, 5, 
6]. 

Calcium was defined by volumetric trilonometrical 
method; magnesium – by calculation method; 
hydrocarbonate-ion - by volumetric method with 
hydrochloric acid and following calculation; chlorides and 
sulphates were defined by visual method of comparison 
with a standard solution; pH value – by electrometric 
method; mineralization – by weight method. [4]. 

The samples of rain-water were collected in throughly 
washes vessels made of polyethylene. The samples of 
snow were collected right after its falling, from the surface 
of the cover, in utensils made of glass or polyethylene. In 
case of sampling at two points, it was being done 
simultaneously, if it was possible. Because the structure of 
quantity of falling precipitation.  

Simultaneously with sampling, the meteorological 
conditions were being observed.  

THE RESULTS OF THE WORK 
PERFORMED 

During the period of observation (25.05.98 – 
16.11.98) there had been taken 18 samples  within the 
precincts of the town. The results of research are 
represented in table 1. The data of table are represented 
by plots. (Figures 1, 2). 



 

 

In observation the chemical structure of atmospheric 
precipitation, there was determined, that atmospheric 
waters had mineralization changing in the limits of  31,5 – 
6,3 mg/ dm3, the average value of mineralization is 17,5 
mg/dm3. 

The average values of mineralization of precipitation 
water correspond to annual average concentration for Ural 
region. 

DISCUSSION 
Maximal concentration of salts in precipitation. water 

exceeded the minimal one in 6 times. Minimal 
concentration of salts was observed in snow samples, that 
is connected with freezing of the ground surface and with 
formation of snow cover. 

The most mineralized precipitation were falling in 
warm season. It results from this that eolian processes 
have great significance for formation of structure of 
precipitation, falling in the region being studied; it is 
apparently connected with the fact, that full mineralization 
of atmospheric precipitation appears to be several times 
less in comparison with the warm period of a year. This 
conclusion can be confirmed by increase of mineralization 
in rain-water sample (on 19.10.98) in thaw period: after 
thawing of earlier falled snow. The most values of 

mineralization in precipitation water were observed in the 
period of May – June, it is obviously, connected with 
duration of dry period (preceding the date of starting 
sampling) and also is explained by the presence of strong 
winds, observed in this period, putting up to the air a lot 
of particles from the surface of the ground.  

There is a good contingency between mineralization 
and the components of precipitation water. The curve, 
reflecting the change of mineralization, strictly follows the 
curve, showing the sum of sulphate-ions, calcium, 
chloride-ions and magnesium. (Figure 1). 

The main quantity of calcium and magnesium falls 
with precipitation during warm season. It indicates of the 
fact that the main source of getting of these ions into 
atmosphere is, apparently, the ground surface and also the 
wind activity, putting up to atmosphere the dust of rocks 
and of roadway covering. 

The relationship of concentrations of sulphate-ions 
towards concentrations of chloride-ions less than 1 in cold 
season is explained by slackening of eolian processes and 
also by introduction of chloride-ions from condensation 
nuclei of marine origin.  

The relationship of concentrations of sulphate-ions 
towards concentrations of chloride-ions more than 1 in 
warm season testifies to continental origin of the salt 
component of atmospheric precipitation in this period. 

TABLE 1. The structure of atmosphere precipitation 

Date 
 

Varie
ty  of 
preci
pitati

on 

pH Mine-
raliza-

tion 
 

Ca2+, 
mg/dm3 

Mg2+, 
mg/dm3 

SO4
2-, 

mg/dm3 
Cl1-, 

mg/dm3 
HCO3

1-, 
mg/dm3 

Tem-
pera-
ture. 

?? 

Pressu-
re, mm 

Hg 
column 

Speed 
of 

wind, 
m/s 

Direction 
of wind 

1 2 3 4 5 6 7 8 9 10 11 12 1 3 

25.05.98 rain 6,9 29,1 5,8 1,5 8 5 12,2 - - 3 sw  
10.06.98 rain 5,5 28,6 4,6 1,3 10 3 12,2 - - 6 nw 250 
24.06.98 rain 5,3 31,5 4,2 0,5 9 8 12,2 - - 3 w 60 
29.06.98 rain 5,5 29,7 4,2 1 7 7 12,2 - - 3 sw 260 
03.07.98 rain 5,2 21 3,9 0,5 9 5 12,2 - - 2 nw 330 
07.07.98 rain 4,5 25,7 3,7 0 6 4 - - 732 0 calm  
13.07.98 rain 4,2 18,5 2,4 0,5 8 4 - 20 734 1 sw 230 
15.07.98 rain 4,4 15,1 2 0 7 1 - 19 732 2 sw 320 
23.07.98 rain 5,4 17,5 2,2 1,5 5 3 12,2 20 741 0 calm  
13.08.98 rain 6,1 15 2,6 0 1 1 12,2 18 728 2 Sw 180 
23.09.98 rain 6,2 15 2 0,9 1 2 12,2 - - - Sw 180 
29.09.98 rain 

/snow 
6,2 11,3 1,6 0,5 1 1 12,2 2 745 3 east 270 

01.10.98 snow 6,2 9,8 2,6 0 2 1 12,2 0 733 3 nw 0 
19.10.98 rain 6,5 17 0 0 3 6 - 5 731 2 Sw 230 
29.10.98 snow 6,4 6,8 0 0 1 1 - 1 737 2 Sw 210 
30.10.98 snow 6,5 6,3 0 0 1 1 - 3 736 2 Sw 200 
04.11.98 snow 6,2 9,4 2,2 0,5 2 2 12,2 2 733 2 Nw 320 
16.11.98 snow 6 7,1 2 0 4 6 12,2 -1 744 1 Nw 330 
midle  5,7 17,5 2,6 0,5 5 3 12,2 8,1     

 



 

 

These are, as we already have ascertained, the eolian 
processes, but, speaking about the origin of sulphate-ions, 
one can’t exclude the getting of a sulphur to atmosphere as 
a result of fuel burning at boiler-houses and in car engines. 
But there was determined that in the period investigated the 
change in structure of atmospheric precipitation under the 
influence of these antropogenic factors, was slight. 

We observe the increase of content of sulphate-ions 
when diminishing of pH of precipitation in water samples 
since 07.07.98 to 23.07.98. Hence, the accumulation of 
sulphate-ions in atmosphere occurred in this period. The 
windless weather furthers their accumulation. On those 
days – the days of the relative calm – there was not the 
intensive dispersion. The pollution did not have a negative 
effect on ecological situation of an air of town, therefore, 
it had local nature. In the other periods, with improved 
weather conditions, the accumulation of sulphate-ions in 
precipitation did not happen, the lowering of pH was not 
observed. (Tables 1.  Figure 2).  

So we can conclude that in the observed period the 
pollutions from large industrial centers did not influence 
on the process of formation of precipitation.  

The main source, enriching the atmosphere with 
carbonates, are dusty particles lifted to the air from the 
surfaces of eolated limestones, dolomites, marls and other 
rocks containing carbonie acid salts. In cold season, in the 
absence of calcium in atmosphere, there are no 
hydrocarbonate-ions in atmospheric precipitation. 

The presence of carbonic acid gas in atmosphere 
furthers the turning of carbonates of dusty particles of 
lime rocks into soluble hydrocarbonates. Content of 
hydrocarbonate-ions in atmospheric precipitation, in the 
presence of calcium and magnesium, remained constant – 
12,2 mg/ dm3, with pH values of solutions from 4,5 pH up 
to 6,9 pH. With pH lower than 4,5, the reduction of 
concentration of hydrocarbonate-ions in solutions was 
observed; it was out of limits of the method, since with 
that hydrocarbonate was turning into low-dissociated 
carbon acid. The processes of dissociation of acid, 
defining the misalignment of equilibrium, depending on 
pH of solutions, are snow in the equation 1. 

H2CO3?H++HCO3
-?H++CO3

2- (1) 
The change of concentration of hydrogen ions of 

precipitation is well explained by joint presence of calcium 
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FIGURE 1. Correspondence of mineralization with ions sum 
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FIGURE 2.  pH value related to content of SO42- , sum Ca2+ and  Mg 2+ 



 

 

and magnesium in water solutions of sulphate-ions. 
(Figure 2). With lowering of total quantity of calcium and 
magnesium from 7 mg/ dm3 to 2 mg/ dm3 and with 
simultaneous increase of sulphate-ions in solutions up to 5 – 
10 mg/ dm3, pH of solution is reducing from 6,9 to 4,2 pH. 
With content of calcium and magnesium about 2 mg/ dm3 
and of sulphate-ions – on the level of 1 – 2 mg/ dm3, pH of 
solution is close to neutral magnitude. It is stipulated by the 
processes proceeding according to equations 2-4. 

Ca(HCO3)2+Mg(HCO3)2+4H2O ?    
? Ca2++Mg2++4OH-+4H2CO3 

 
(2) 

Ca2++O4
2-? CaSO4? (3) 

OH-+H+?H2O               (4) 
In hydrolysis of hydrocarbonates, pH of solutions 

grows. (Equation 2). 
Sulphuric acid, being in atmosphere during 

combustion of fuel and having been accumulated as a 
result of unfavorable weather conditions, neutralized the 
ions of hydroxyl and combined the ions of calcium in 
insoluble compound. The relationship of all these 
components caused the change of concentration of 
hydrogen ions in precipitation. In the absence of calcium 
and magnesium in solutions and with negligible content (1 
– 3 mg/dm3 of chlorides and sulphates (Figures 2), pH 
values of solutions are provided by the presence (in 
solutions) of sodium and potassium chlorides and 
sulphates, not subjected to hydrolysis, - the salts of strong 
acids and of bases. The solutions have pH values close to 
neutral ones. 

THE CONCLUSION 
In this paper the results of observation on territory of 

the town in the period from May to November, 1998, are 
given. During precipitation for researches we studied the 
processes of forming of structure of atmospheric 
precipitation water, we defined the range of the components 
need to be investigated in structure of atmospheric 
precipitation. The new techniques of measuring of 
concentration of these components were mastered. After 
investigations the following conclusions were made:  

• During researched period (from May to 
November, 1998) the mineralization of precipitation was 
forming under the influence of local factors, mainly, 
natural ones. There was not revealed the influence of 

ejections of Nizhny Tagil and Serov cities on the structure 
of atmospheric precipitation. 

• Slight antropogenic changes in structure of 
atmospheric precipitation  had temporary local nature 
since they were observed during short period, for the 
reason of unfavorable weather conditions for dispersion of 
ejections. 

• Mineralization of precipitation and the sum of 
concentration of its main components are having good 
correspondence. 

• While choosing the location of the town, the 
distance ensuring the dispersion of ejections of boiler-
houses, was taken into account. 
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