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Abstract

The problem of acid deposition in West Siberia is discussed on the basis of the data on the ion composition
of atmospheric aerosol, precipitation and surface waters, obtained for different natural climatic zones (from
the tundra in the north to the steppe in the south) in 1996—2001. Regional features of the formation of aerosol
and precipitation in the northern regions, conditioned by the insufficient efficiency of the terrigenous sources
of neutralizing cations, lead to acidification, in spite of the small concentration of acid-forming anions. The
extent of surface water acidification depends on the intensity of the interaction between snow-melted water
with the ground. Some lakes of the tundra are acidified (pH 5—5.5) at low salt content of water not only in
spring but all the year round. The concentration of the most toxic forms of metals in these lakes exceeds the
level of safety for the plankton organisms. The conditions for the formation of aerosol, precipitation and

surface water in the southern regions of West Siberia do not produce acidification.

INTRODUCTION

The problem of acid deposition is among
global ecological problems caused by the dis-
tortions of the chemical composition of at-
mospheric components. Because of this, spe-
cial attention of the complex integration
project “Aerosol of Siberia” was paid to how
the generation, transformation, transport and
sink of atmospheric aerosol (AA) over West
Siberia could affect the acidity of atmospheric
precipitation (AP). However, investigation of
the factors of the formation of AP acidity is
only a part of the whole set of investigations,
because negative consequences of acid pre-
cipitation for the functioning of land and wa-
ter ecosystems are to a substantial extent de-
termined by their properties. Because of this,
it was necessary to investigate the chemical
composition of surface water (SW) in different
natural climatic regions of West Siberia in con-
nection with the composition of AP. In addi-
tion, it was important to estimate the state of
dissolved metals in local water reservoirs with
different acidities, because the phenomenon
of the secondary contamination of acidified
SW with metals is known.

The necessity of the multi-aspect approach
to the problem of acid deposition became ev-
ident in course of studying the situation in
those regions where its negative consequences
have already manifested themselves. The death
of forests, loss of soil fertility and of fish
resources in fresh-water reservoirs have in-
volved vast territories of North America and
Europe; these negative phenomena were ac-
companied by the formation of smog, which
had a direct impact on human health. Acid rains
are believed to accelerate the erosion and cor-
rosion of industrial materials, buildings, and
cultural heritage. By present, a series of mon-
ographs generalizing the results of many works
in this area have been published [1-5].

In Russia, there are also regions with in-
creased acidity of atmospheric precipitation;
however, complex investigation into this prob-
lem is insufficiently developed yet. The region
studied in most details is the region of the
Kol’sky Peninsula. For example, in 1995, at
the total amount of hazardous substances emit-
ted into the atmosphere by automobiles and
stationary sources being 660 thousand tons, the
amount of SO, and nitrogen oxides was 450



498 B. S. SMOLYAKOV

and 25 thousand tons, respectively; 80 % of
the total amount of emitted gases were pro-
duced by two plants, Severonikel and Pechen-
ganikel [6]. The authors of [6] stress that the
amount of SO, emitted by these plants in-
creased after passing to the raw material with
increased sulphur content obtained from the
Noril’sk Mining Plant. The average pH of at-
mospheric precipitation on the Kolsky Penin-
sula was 4.4 to 4.7, while near industrial cen-
tres it was 3.4 and lower [7]. Among five hun-
dred small lakes examined in the Kol’sky north,
more than 10 % turned out to be in critical
state; some lakes were strongly acidified hav-
ing pH 4.2—4.5 [8]. For the Kolsky north, it is
characteristic that the acidity of water in lakes,
and especially in brooks increases for a short
period of time during spring flood, which is
connected with the enormous amount of snow-
melted water.

Since a substantial amount of metals (58
thousand tons in 1995 [6]) is emitted into the
atmosphere along with acid-forming gases, the
routes of their admission into water reservoirs
have been investigated in detail, along with
the forms in which they are present in water
and in bottom sediments, depending on the
acidification of snow-melted, river, and lake
waters [9, 10]. So, complex investigations of
the problem of acid deposition in the Kol’sky
Peninsula demonstrate that specific natural cli-
matic conditions of northern regions enhance
the negative consequences of man-made con-
tamination of the atmosphere with metals and
acid-forming compounds.

Unfortunately, no investigations of this sort
have ever been performed over the vast terri-
tory of West Siberia. At the same time, it is
known that this region also has large man-
made sources of atmospheric pollution. For
example, the emission of SO, in Noril’sk is
estimated to be about 2 million tons per year;
powerful man-made sources of SO, and nitro-
gen oxides are present in the industrial regions
in the south of West Siberia and in the Urals.
One ought to make a more detailed estimation
of the stability of land and water ecosystems
to acidifying, the possibility of secondary con-
tamination of water with metals. It is also im-
portant to take into account the variety of
natural climatic zones (from the tundra in the

north to the steppe in the south), as well as
non-uniformity of placing industrial urban
zones in West Siberia.

It is clear that it is impossible to provide a
detailed investigation of all the aspects of the
problem of acid deposition in the absence of
a developed monitoring system for AA, AP
and SW in this region. At the first stage, the
solution of this problem should consist in col-
lecting the information on the action of fac-
tors potentially capable of provoking the prob-
lem of acid deposition for different natural
climatic zones in the region. The fact that in-
vestigations of this problem within the project
“Aerosol of Siberia” are closely conjugated with
other sections has promoted the solution of
this problem. This allows one to connect the
aspects related to chemical transformations in
the atmosphere and in surface waters with the
aspects related to the identification of the sourc-
es of acidic and neutralizing substances, as well
as their spatial and temporal dynamics.

In the present communication, the main
factors are considered that determine the acidity
of atmospheric precipitation and surface wa-
ter, the state of metals in fresh water reser-
voirs, and the results obtained in 1996—2001
are presented.

CHEMICAL ASPECTS OF THE FORMATION
OF THE ACIDITY OF ATMOSPHERIC COMPONENTS

The acidity of aqueous solutions is deter-
mined by the concentration (activity) of H'
ions, which are the main constituent of ion
balance between the cations and anions of all
the dissolved salts. Using the concentrations of
ion equivalents, this statement can be written
down as follows:

[H'] = S An — Z Cat = {{HCO; ]| + [SOj] |
+ [CI"] + [NO3 | + [F7] + [CHOO ] + ...}
- {{NH; ] + [Ca®"] + [Mg*'] + [Na']
+ [KT]+ ..} (1)

The major cations and anions included in the
AP and water-soluble fraction of AA are rep-
resented in the eq. (1). This equation shows that
an increase of [H'] is a consequence of the
excess of anion equivalents with respect to the
sum of cation equivalents. Hence, in the gene-
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ral case, the reasons of increased acidity of
AA and AP can be either additional emission
of the substances of acidic character into the
atmosphere, or the lack of cations neutraliz-
ing those substances.

Along with salts brought from the land or
water (oceanic) surface, the precursors of all
the anions in the ion composition of AA and
AP can be volatile substances, while among
the cations represented in eq. (1) only ammoni-
um has a volatile precursor (ammonia). In the
absence of such substances, at the condensa-
tion of water vapour in atmospheric air con-
taining the background concentrations of CO,,
SO, and NH,, the calculated [H'] in water is
about 1.6 107% g-ion/l (pH ~ 5.8) [5]. This pH
value should be considered as a normal one for
atmospheric precipitation in the background
regions. In the regions with acid deposition,
annual average pH of precipitation reach 4.1—
4.3, being 2.1 in some rains [2]; a record for
low pH in fog drops is 1.68 [4].

It should be noted that the decreased pH
of rain (4.5 and below) is observed also in the
background regions located far from both man-
made and natural (volcanoes) sources of gas
emission. Calculations show that this level of
acidity can be achieved in the case when am-
monia and calcium carbonate (product of the
erosion of rocks and soils) are absent from the
pure atmosphere over oceans [11].

Among cations, only ammonium has a gas-
phase precursor; all the other cations do not
have volatile forms and can enter AP and AA
only with solid particles carried from the land
or water surface. It follows from this considera-
tion that the normal pH of precipitation can
be a result of the neutralization of increased
concentration of acid-generating anions (of gas-
phase origin) by the cations of lithophile ele-
ments. Hence, in order to study the factors
determining the acidity of AP, it is necessary
to have the data on the ion composition of not
only precipitation itself but also of aerosol,
which is the precursor of cations in the AP.

An interconnection between the ion com-
position of AA and AP has a complicated char-
acter and is determined both by the composi-
tion of AA and by the in-cloud or under-cloud
processes forming the AP composition. Accord-
ing to [1], the major ions in small aerosol par-

ticles (0.1-1 pm) are represented by SOoi,
NH,, K", RCOO™ while in larger particles
(>1 um) by Ca?", Mg?*, Na*, CI", and NO;.
Hence, ion composition of precipitation varies
depending on the size distribution of aerosol
particles acting as the condensation nuclei for
raindrops or captured by the drops while fall-
ing down. Ion concentration in raindrops can
vary as a result of evaporation on the way
from a cloud to the land surface. The processes
of under-cloud washing out can affect the com-
position of raindrops also due to the absorp-
tion of gases. In addition, the composition of
snow cover can vary with time due to dry
deposition processes. Thus, the ion composition
of AA and AP sampled in the same place at
the same time moment is not identical to each
other.

The dynamic character of atmospheric pro-
cesses determines inconstancy of the composi-
tion of both AA and AP not only at the re-
gional level but also at the local level. The
joint investigation of the spatial and temporal
dynamics of the ion composition of AA and
AP within the acid deposition problem can turn
to be more informative than the analysis of
only atmospheric precipitation. It is conven-
ient to use not absolute concentrations of ions
for such a comparison but the fraction distri-
bution of their equivalents in the sum of cat-
ions or anions. The reason is that the concen-
tration of ions in precipitation is measured
per 1 1 of solution, while the concentration of
ions in water-soluble AA fraction is related to
the aerosol particle content of 1 m® of the air.
The fraction of each ion in Z Cat or Z An is a
dimensionless value, which allows one to com-
pare AP and AA. It should be noted that in
order to do this, one ought to know the com-
plete ion composition of precipitation and aer-
osol but not only the content of some ions.

The self-descriptiveness of the combined
investigation of the ion composition of AP and
AA is defined by one more circumstance. Ir-
regularity of precipitation, variability of its
volume, duration, the size of raindrops or
snowflakes bring additional complications into
the identification of the sources of gaseous,
terrigenous and sea precursors of their com-
position. The surface aerosol can be sampled
periodically independent of weather. This pro-
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vides prerequisites for a more detailed charac-
terisation of the action of different sources
and processes forming the components of the
atmosphere taking into account the directions
of air mass transfer.

Taking the above considerations into account,
complex investigation of the ion composition
of AP and AA was organized within the Project
“Aerosol of Siberia” in several sites of West
Siberia. It should be noted that such an ap-
proach has been very rarely applied by other
investigators; the data obtained in the present
study is of the general importance for the un-
derstanding of the factors that form acid de-
position.

CHEMICAL ASPECTS OF THE ACIDIFICATION
OF SURFACE WATER

The effects of acidification of soil and sur-
face water in regions with increased acidity of
atmospheric precipitation depend not only on
the arrival of H* ions per unit surface but also
on the buffer capacity. The latter is determined
by total alkalinity Alk,,, which is the sum of
anion of weak acids included in SW. For the
major part of SW, the most substantial contri-
bution into Alk,, is made by the carbonate
alkalinity Alk.,,, resulting from the weather-
ing of carbonate rocks. In some situations, a
substantial contribution into the sum of anion
equivalents can be made by the organic sub-
stances of humus nature, designated in the
integral form as Alk, - These substances enter
water reservoirs from the drainage territory
or are formed in water reservoirs during the
decomposition of the dead organic matter; they
can play an important role not only in the
balance of cations and anions but also as com-
plexing agents for dissolved metals. In these
situations, Alk;,,, should be taken into account
in eq. (1) for the balance of cation and anion
equivalents in SW; the Alk,,,, value is incorpo-
rated into [HCOj; .

Considering the acidification of SW as a
result of large-scale natural titration of HCO;
in a water reservoir by the acids of atmos-
pheric precipitation, the author of [12] gener-
alized the data on pH and chemical composi-
tion of the water of 719 lakes of south Nor-
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Fig. 1. Nomogram [12] to estimate the effects of lake
water acidification in Norway, depending on water hard-
ness and pH of atmospheric precipitation.

way, and pH of precipitation; he represent-
ed these data in the coordinates: cation con-
centration (Ca%* + Mg?") in the water of wa-
ter reservoir versus pH (correlating with the
concentration of SOi_) of rainwater (Fig. 1).
He revealed three groups of lakes: bicarbo-
nate (pH > 5.3), transitional (4.7 < pH < 5.3),
and strongly acidified (pH < 4.7). Each of these
groups corresponded to a definite region of
the nomogram depicting the pH of precipita-
tion and the concentration of [Ca + Mg] in
lake water (see Fig. 1). It turned out that the
population of fish decreased sharply in the
transitional lakes; in about 80 % of strongly
acidified ones, it dropped down almost to zero
(this means that there had been no fish species
at all in those lakes).

The lower boundary in Fig. 1 separating the
transitional lakes from acidic ones corresponds
to almost complete exhaustion of the buffer
capacity of the carbonate system in water: at
pH 4.7, the fraction of unbound HCO; anions
accounts for only 2 9% of the sum of all the
forms of the carbonate system. Transitional lakes
are at the edge of exhaustion of the buffer
capacity. At pH 5.3, the fraction of HCO; is
about 10 9%, while at pH 6.3 it is about 50 %,
which determines an increase in the stability
of bicarbonate lakes to acidification.

The absolute concentration of the HCO;
ions affects the buffer capacity of lake water,
too. Provided that HCO; dominates in the ion
composition of water, it is directly connected
with the total salt content W. Hence, water
reservoirs with low salt content and lowered
pH of water are most prone to acidification.
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For many SW in the region of extra moisten-
ing, including the lakes of Norway, a direct
interconnection between the concentrations of
HCO; and basic cations Ca?* and Mg?" is
characteristic. It is this condition that was used
in [12] to build up a nomogram (see Fig. 1).

It is evident that this nomogram depicts a
set of parameters for a common water reser-
voir of southern Norway. These parameters
include annual amount of precipitation, their
fraction in water balance of a water reser-
voir, the composition of soil and rocks at the
drainage territory, hydrocarbonate-calcium
type of surface water. One may expect devia-
tions from the above-mentioned dependence
in case if any parameters are changed. For
example, for a deep lake with low fraction of
annual refill by AP, acidification effects will
be less significant. On the contrary, for shallow
water reservoirs in regions with humid climate
the situation will be more dangerous. Devia-
tions from this dependence can be observed
also in the case of the substantial contribution
of other components into total alkalinity (e. g.
not carbonate but humus alkalinity), or con-
tribution from other cations (for example, so-
dium) into the sum of neutralizing cations. Be-
cause of this, it is reasonable to use the total
alkalinity of water Alk,,, which is equal to
the sum of concentrations of the equivalents
of all the anions able to bound H ions, as a
parameter that provides better characteriza-
tion of the properties of a water reservoir.

It should be noted that seasonal variability
of hydrological factors can lead to the situa-
tion of episodic acidification of water, which
was called the acid shock. In the north, large
amount of snow is accumulated during win-
ter; its melting in spring is accompanied by
intensive admission of snow-melted water into
rivers and lakes. For shallow lakes with small
drainage, the acid shock can be more lengthy
than for flowing water; the ability to over-
come it depends on the intensity of processes
in the water reservoir, 1. e. leaching of under-
lying rocks, and the biotic processes.

In the regions with low buffer capacity of
SW, acid precipitation can lead to profound
distortions of the functioning of not only sep-
arate fragments but also the entire water eco-
system. Natural biogeochemical cycles of a se-

ries of elements become distorted. In particu-
lar, immobilization of some metals (Me) present
in the mineral components of soil, bottom sedi-
ments and underlying rocks occurs. Secondary
contamination of water with soluble forms of
Al, Fe, Cd, Cu and some other Me, which are
toxic for hydrobionts, is a supplement to the
negative consequences of the decrease of pH
of water.

When estimating the toxicity of Me for water
organisms, not only their total content is im-
portant but also the forms in which they are
present in water. Low-toxic forms are those
like MeL, bound with the dissolved organic
matters (DOM), and strong complexes with in-
organic ligands; the most toxic forms are free
aqua ions Me*" [13, 14] Since the fractional
distribution of different species of metals chan-
ges with changing pH, water acidification can
affect migration, biological availability, and tox-
icity of metals that were initially present in
the intact ecosystem.

Thus, the problem of acid precipitation is
a complex one, including the characterization
of sources and processes involved in the for-
mation of the ion composition of AP, AA and
SW, total content and state of Me in water
reservoirs.

METHODS FOR THE DETERMINATION
OF ION COMPOSITION OF ATMOSPHERIC PRECIPITATION,
AEROSOL AND SURFACE WATER

When choosing the methods for the analysis
of ion composition of atmospheric precipita-
tion, water extracts of aerosol, and surface
water, it is necessary to take into account the
set and the concentration of ions to be deter-
mined, as well as sample volume. As a rule, the
concentration of ions to be determined in these
samples is not more than 1 10™* M. In addition to
the main cations and anions represented in eq.
(1), other ions may also be present in natural
samples. A test for the significance of their frac-
tion is the balance between the sum of concen-
trations of the equivalents of the detected cat-
ions and anions, as well as the comparison be-
tween the calculated and measured specific elec-
tric conductance of the sample. These approaches
are of special importance for the analysis of

the aqueous extracts of aerosol, since their
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small volume (usually 10 ml) limits the possi-
bilities of their repeated analysis.

The procedure for the determination of the
ion composition of AP, AA and SW, used in
the work on the Project “Aerosol of Siberia”
[15], involved the following operations. A sam-
ple to be analyzed was divided into two parts.
In one of them, the cations [NHZ], [Na*], and
[K*] were determined by means of high-per-
formance liquid chromatography (Katieks sorb-
ent, HNO; as elutriator); so were the anions
[F~ + HCOOT], [CIT], [NO3 ], [SO; | (KhIKS
sorbent, carbonate-bicarbonate elutriator) with
KhPI-01 chromatograph (conductometric de-
tector). The sensitivity of determination was
about 2 107 M. In this regime, the fluoride
and formiate cannot be separated from each
other having a similar peak height; that is why
their sum was determined. This remark applies
mainly to the samples of AP and AA, in which
photochemical reactions in the atmosphere can
be sources of formiate.

In the second part of a sample, specific
electric conductance X was measured, which is
an integral parameter of the sum of all the
ions in solution. It is reasonable to make this
measurement at first, because the value of X
serves as a guiding line to estimate the necessi-
ty of diluting the sample for further analysis.
After this, pH was measured in this aliquot;
then it was divided into two parts. Alkali was
added to one of them till pH 9, followed by
titration with EDTA solution with the conduc-
tometric determination of the equivalence
point of complexonometric titration of Ca®"
+ Mg?". It is especially convenient to use con-
ductometric titration when analyzing small con-
centrations, when the change of colour of the
coloured indicators (which is usually applied
version of the determination of these ions)
can hardly be distinguished. Another part of
the aliquot was titrated with HCI till pH 4.5 in
order to determine total alkalinity (when ana-
lyzing AP and AA, this parameter coincides
with the concentration of HCO; ). When ana-
lyzing SW, H,CO; was removed from the re-
sulting solution; reverse titration with the ad-
dition of NaOH was performed till the initial
pH, in order to determine Alk,,,, [16]. In this
case, Alk,,,, was determined as the difference
between Alk,, and Alky .

After all the determinations were complet-
ed, specific electric conductance was calculat-
ed and compared with the experimental value.
As a rule, the deviation did not exceed 10—
15 %. The 2An and 2Cat values coincided with-
in the same error. This agreement should be
considered as satisfactory, taking into account
low concentration of ions to be determined, as
well as the absence of buffer in the AP and AA
samples.

ION COMPOSITION OF ATMOSPHERIC AEROSOL

As it was mentioned above, the most in-
formative aspect to investigate factors deter-
mining the formation of the acidity of atmos-
pheric components is the examination of the
ion composition of atmospheric aerosol. In the
Project “Aerosol of Siberia”, regular sampling
of AA was performed in 1996—2001 in the ob-
servation sites listed below:

site 1: near Samburg settlement, to the north
from the Polar Circle, 67 degrees of north latitu-
de, 78 degrees of east longitude, the tundra zone;

site 2: near Tarko-Sale settlement, 65 de-
grees of north latitude, 78 degrees of east
longitude, about 250 km to the south from site
1, forest-tundra zone;

site 3: Krasnosel’kup settlement, 66 degrees
of north latitude, 83 degrees of east longitu-
de, to the west from sites 1 and 2, forest-
tundra zone;

site 4: Klyuchi settlement, Novosibirsk Re-
gion, 55 degrees of north latitude, 78 degrees
of east longitude, forest-steppe zone;

site 5: near Karasuk settlement, Novosibirsk
Region, 54 degrees of north latitude, 78 de-
grees of east longitude, about 500 km to the
south-west from site 4, steppe zone.

In these sites, AA was sampled every day
in the series of observations lasting for 30 days
each, during different seasons of the year. High
dynamics of the conditions of the formation
of aerosol particles is illustrated by the data
on variations of pH and specific electrical con-
ductance of the aqueous extracts of AA, shown
in Fig. 2 for two sites, Samburg and Karasuk,
within the same period (January 10 to Febru-
ary 9, 2001). The range of pH variation dur-
ing this period in the northern observation site
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Fig. 2. Dynamics of specific electric conductance and pH of water extracts of discrete aerosol samples
collected synchronously in Samburg (a) (site 1) and in Karasuk (b) (site 5) during the period from January

10 till February 9, 2001.

(Samburg) was 4.52 to 5.92, while in the south-
ern site (Karasuk) it was 4.63 to 7.24. Total con-
tent of soluble salts in AA, for which X value is
the evidence, was lower in Samburg, where
this parameter varied within the range 0.77-3.6
mS/m, while in Karasuk it was 2.31 — 6.29 mS/
m. It is noteworthy that in Samburg the de-
crease of pH generally correlated with the in-
crease of the concentration of dissolved salts,
while in Karasuk the interconnection between
the acidity and salt content of aqueous extracts
of AA was of more complicated character.
For other periods and observation sites, the
parameters of ion composition of the discrete
AA samples were also highly variable. This un-
doubtedly reflects the dynamics of formation
processes and sources of aerosol particles. It is
reasonable to assume that the action of one or
another source manifests itself as mutual cor-
relation of the ions characteristic of it (for
marine source, these are Nat and CI; for ero-
sion source, Ca®*" and HCOj ). The joint varia-
bility of NH}, SOj and H' is the evidence
of gas-phase processes of the formation of
acid-containing aerosol; the absence of H' in
this combination corresponds to the formation
of the components of a “well-aged” aerosol

from the gas phase [17]. Different sources of
the AA can be identified by means of the
statistical (factor) analysis of the ion composi-
tion of discrete samples in rather long series
of observations.

The results of such an analysis and avera-
ged data on the ion composition for separate
observation series in sites 1, 2, 4, and 5, per-
formed in 1997—-2000, were published in [18]. In
all the observation sites, the most frequently
manifested fact is the effect of gaseous precur-
sors of ion incorporated in AA. For example,
the joint dynamics of NH, and SO} concent-
rations was exhibited in 10 of 11 series in the
site 2, in all the 5 series obtained in site 3, in 12
of 16 series in site 4. In site 1, the conditions for
the manifestation of an acid source were reali-
zed in 7 of 11 observation series, while in site
4 such a situation was observed only in 2 of 16
series. The action of the marine source of the
formation of AA is most frequently exhibited
in sites 1 and 2 (in 7 of 11 series), and more
rarely in sites 4 and 5 (in 4 of 16, and 3 of 13
series, respectively). Vice versa, the action of
the erosion source is more vividly expressed in
sites 4 and 5, situated in the agricultural re-
gion in the south of West Siberia.
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TABLE 1
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Stoichiometric composition of AA averaged over many years

Site M, w, Mean concentration of ions, ng-eq./m?
Hg/m’  pg/m’ . . i
NH, Ca?"+ Mg?* Na* K* H* HCO, F +HCOO CI°” NO; SO}
1 29.1 2.5 11.0 8.4 10.3 2.1 5.3 4.4 2.3 3.1 1.3 27.8
2 34.6 3.8 18.6 15.9 11.0 3.2 1.9 10.9 2.1 2.9 2.7 38.1
3 41.9 4.2 30.2 13.0 8.3 2.6 5.8 8.1 2.3 2.0 1.0 51.2
4 41.8 4.7 18.5 31.3 6.7 44 2.3 12.8 2.2 1.8 7.6 40.9
5 39.1 5.3 30.5 25.4 8.0 6.1 2.3 7.1 2.0 1.8 10.0 56.3

In order to estimate the contribution of each
source of AA formation in different natural
climatic zones of West Siberia, let us turn to
the data on the concentrations of different ions.
Arithmetic mean concentrations of the ions to
be analyzed for all the observation series in
sites 1—-5 during 1997-2001 are shown in Tab-
le 1, along with mass concentrations (M) and
the concentrations of water-soluble salts (W)
in AA. Minimal M and W are observed in the
northern observation site 1, which is in the
tundra zone near the Arctic coast. Higher con-
centration of aerosol particles themselves and
water-soluble salts in them is characteristic of
site 3, which is situated in the north of West
Siberia, too, and in sites 4 and 5 in the agri-
cultural zone in the south of West Siberia.
Among the cations of water-soluble salts in
AA, when passing from north to south the con-
centrations of the products of erosion proces-
ses, . e. potassium, calcium and magnesium,
increase, while sodium concentration decreas-
es, which depicts the weakening of the action
of marine source of AA formation. This is con-
firmed also by the decrease of chloride con-
centration among anions. The concentration of
nitrate increases substantially, while the con-

TABLE 2

Fractional distribution of cations and anions in AA in different observation sites, %

concentrations of equivalents

centration of F~ + HCOO™ remains almost the
same. No distinct regularities were observed in
the spatial dynamics of the concentrations of
ammonium, sulphate and hydrocarbonate.
For a more detailed analysis of the action
of different sources of AA formation, it is
useful to compare not the absolute concentra-
tions but the distribution of ions from differ-
ent sources in the water-soluble fraction of
AA. These data, represented as the fraction of
the equivalent of each ion in the sum of equi-
valents of cations or anions, are listed in Tab-
le 2. Attention should be paid to the prevailing
role of sulphates among the anions, independ-
ently of the observation site. The fraction of
hydrocarbonate occupied the second position
among anions in sites 1—4; in site 5, the second
position is occupied by nitrate. In general, no
anion can compete with the sulphate. Hence, it
is the sulphate that determines the possibility
of the excess acidity of aerosol particles in all
the natural climatic zones of West Siberia.
Only a half of sulphate in the water-soluble
AA fraction can be neutralized by ammonium,
the only cation having a gas-phase precursor.
Another half must be compensated by non-
volatile substances from erosion or marine sourc-

of the sum of molar

29—

Site NH, Ca?"+ Mg?* Nat  K* g* HCO, F + HCOO  CI NO, SO}
1 29.6 22.6 27.8 5.7 14.3 11.3 5.9 8.0 33 715
2 36.8 31.4 21.7 6.3 3.8 19.2 3.7 5.1 4.8 67.2
3 51.1 21.7 120 4.2 11.0 11.2 3.8 3.0 1.7 80.3
4 29.3 49.5 106 7.0 3.6 19.6 3.4 2.8 11.6 62.6
5 42.2 35.1 111 84 3.2 9.2 2.6 2.3 13.0 72.9
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es. The necessary prerequisites are present,
since, as one can see in Table 2, the AA con-
tains sodium in excess with respect to chloride,
and Ca?" + Mg?" in excess with respect to HCO; .
Assuming as a first approximation that these
pairs of ions characterize the action of the
marine and erosion sources of AA, one may
estimate the contribution from these sources
into the neutralization of the excess of SO?[ -
NH, . The results of such an estimation are
shown in Table 3. They demonstrate that the
role of the products of erosion origin increas-
es from the north to the south, while the con-
tribution of the salts from the marine source
decreases, though in the last site 5 it becomes
higher than in site 4. The sum of contributions
from both sources remains smaller than that
required for the complete neutralization of the
excess of sulphates in sites 1 and 3. As a result,
the increased acidity of AA is observed in these
sites, which is confirmed by the data on H
concentration (see Table 2).

It would be interesting to reveal the rea-
sons of the different concentrations of sul-
phates in AA, the difference between sites 1
and 3 being 2-fold. Since the total concentra-
tions of the cations of calcium, magnesium,
sodium and potassium differ only insignificantly
in these sites (20.8 and 23.9 ng-eq./m?, respec-
tively) nearly two-fold increase of the sulphate
concentration in site 3 cannot be consequence
of an additional income from land or sea sourc-
es. Hence, it may be believed that the action
of a gas-phase source of volatile sulphur com-
pounds in Krasnosel’kup is increased in com-
parison with Samburg. A source of this kind
can be the Noril’sk industrial region, in which
the emission of sulphur oxide into the atmos-
phere reaches 2 mln t per year. Really, it was

TABLE 3

Contribution from different sources into neutralization
of the excess sulphates in aerosol, %

Site Marine Erosion
1 47.3 27.0
2 54.6 40.1
3 30.8 36.0
4 18.0 69.1
5 28.7 84.4

demonstrated in series of simultaneous obser-
vations in sites 1-3 that at a definite direction
of air mass transfer, a man-made source
(Noril’sk) can be the additional source of sul-
phate; the extent of its influence is different
for these sites [19]. The same authors estab-
lished a correlation between the concentrations
of SO?[ and a series of metals in aerosol and
estimated the amount of their emission into
the atmosphere by the Noril’sk industrial re-
gion. On the basis of these data, one can as-
sume that the action of such a man-made
source on the territory of the Krasnosel’kup
and Purovsk regions of the Yamal Nenets Au-
tonomous Okrug is exhibited both in the change
of the acidity of atmospheric components and
in the airborne income of metals.

Thus, the analysis of annual mean data on
the ion composition of AA in 1997-2001 leads
us to the conclusion that the prerequisite for
the increased acidity of atmospheric compo-
nents over West Siberia is the excess of the
major anion with respect to the only cation
among the products of the formation of aero-
sol particles from the gas phase. Neutralization
of the excess sulphate can be provided by the
products coming from erosion and marine sourc-
es in case if they are not deficient. The latter
condition is fulfilled to a different extent in
different natural climatic zones, judging from
the data reflecting the annual mean composi-
tion of AA.

A specific feature of the climatic condi-
tions of Siberia is long winter with the isola-
tion of the land by the constant snow cover.
This leads to seasonal non-uniformity of the
action of local erosion sources of AA forma-
tion. The importance of seasonal factors for
the ion composition of AA in different sites
of West Siberia can be observed using the
data related to winter and summer of the
year 2000 (Table 4).

First of all, it should be noted that at the
increase of AA mass concentration in summer,
the concentration of water-soluble salts de-
creases in all the sites except site 3. So, the
fraction of W in total M is substantially de-
creased. For example, in site 1, it is 34 % in
winter decreasing to only 5.9 in summer. Hence,
the increase of the mass of aerosol particles in
summer is determined by the increase of the
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Ion composition of atmospheric aerosol in winter and in summer 2000

Site M, w, Mean concentration of ions, ng—eq./m3
Me/m® pg/m’ g sk Mgt Nat KT HY HCO, FHHCOO™ CI NO; SO-

January—February
1 10.0 3.40 20.0 9.2 9.7 4.2 4.5 1.6 2.5 2.2 1.0 46.1
2 24.0 5.67 42.0 12.5 10.9 7.1 1.2 4.0 3.6 3.5 3.3 73.5
3 42.9 5.12 37.7 18.9 7.1 3.5 2.3 3.5 2.5 1.7 1.8 70.5
4 15.0 4.87 31.8 21.9 8.0 8.4 0.1 4.2 1.6 1.9 5.0 57.2
5 26.4 4.68 38.3 16.4 8.6 4.7 0.6 1.8 0.6 0.7 3.1 62.6

June—July

1 22.0 1.18 4.3 2.0 5.7 1.1 7.1 2.0 1.0 1.9 0.5 13.7
2 24.7 2.61 8.5 14.2 9.0 1.5 1.3 13.7 1.9 2.1 1.2 19.3
3 20.4 5.06 40.9 11.6 10.0 3.8 7.0 6.5 1.7 2.1 0.7 64.0
4 51.0 3.08 7.6 26.8 5.0 2.4 0.3 17.4 2.1 1.7 2.6 19.8
5 66.0 3.37 11.7 24.0 7.3 3.0 0.2 14.6 1.2 2.0 3.3 26.8

fraction of water-insoluble substances, probab-
ly of erosion origin.

One can easily notice that the major contri-
bution into the increase of W in winter is made
by the ions of gas-phase origin: sulphate and
ammonium. A confirmation of this fact is the
data on the dynamics of the concentrations of
sulphate, ammonium, sodium and Ca?* + Mg**
during the whole observation period in sites 1,
2, 4, and 5 (Fig. 3). Cymbate changes of the
sulphate and ammonium concentrations have
the largest amplitude and do not coincide with
the dynamics of the concentration of cations
of erosion or marine origin. According to the
data presented in Table 4, one can estimate
seasonal variations of the contribution from
the latter into the excess of sulphates over
ammonium, as it has been done above.

Results of such an estimate are listed in
Table 5. In the north of West Siberia (sites 1—
3), in summer the role of the marine source
increases sharply, while the contribution from
the erosion source diminishes sharply. The
former phenomenon is likely to be connected
with the liberation of Arctic seas from ice,
while the second one is due to the decrease of
excess amount of Ca*" + Mg?* with respect to
HCO; . For the sites 1 and 3, the total action
of both sources turned out to be insufficient
for the efficient neutralization of the excess

of sulphates, which caused an increased con-
centration of HY in AA (see Table 4). Less dra-
matic situation was observed in January and
February: in spite of the weakening of the
contribution from the cations of marine source,
the positive balance in the difference between
the equivalents [(Ca*" + Mg*") — HCO; ] helped
more efficient neutralization of the excess of
sulphate. Nevertheless, an increased acidity of
AA was observed in site 1 in winter. In the
south of West Siberia, in sites 4 and 5, at the
noticeable and almost constant contribution from
the marine source, the major contribution into
the neutralization of the excess of sulphates is
made by the erosion source both in summer
and in winter. As a results, no conditions for
the formation of acidified AA are manifested.

The above estimations of the contribution
from gas-phase, erosion, and marine sources
into the acidity of the water-soluble fraction
of aerosol are based on the actual data on the
balance of cations and anions characteristic of
these sources. Different explanations of the
steady excess of sodium over chloride in AA
are possible. One of them is based on the fact
that only a part (from 1/3 to 1/5) of Na™ orig-
inates from sea, while the major part of it
originates from land, for example in the form
of tenardite Na,SO, (as it was mentioned abo-
ve, sulphate prevails among anions) or in the
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Fig. 3. Seasonal dynamics of the concentrations of major ions in the aerosol sampled at different observation sites

from 1996 to 2001: @ — Samburg, b — Tarko-Sale, ¢ — Kluychi, d — Karasuk;

Ca®" + Mg?*,

form of NaHCO,;. However, according to the
data shown in Tables 1 and 4, no correlation is
observed in the changes of sodium and sul-
phate or hydrocarbonate over seasons or ob-
servation sites. Because of this, without reject-
ing the possibility for a definite part of sodi-
um to enter AA with the salts of land origin,
one should recognize that these sources cannot
provide the major part of sodium concentra-

TABLE 5

1-S0,,2 - Na", 3 - NH,", 4 -
tion. The HCOj; ions in AA are also deficient
with respect to the sum Ca?" + Mg?*; only in
summertime and in some observation sites, their
concentration could provide the admission of
the major part of sodium. At the same time, a
definite correlation between [Na*] and [C17] is
the evidence that the major part of sodium
comes from the marine source. A substantial
excess of sodium in AA can be the result of

Seasonal variations of the contributions from the main sources into the neutralization of excess sulphates in AA, %

Site Winter Summer
Marine Erosion Marine Erosion
1 28.7 29.1 40.4 0
2 23.5 27.0 63.9 4.6
3 16.5 47.0 34.2 3.5
4 24.0 69.7 27.0 77.0
5 32.5 60.1 35.1 62.2
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displacement of chloride in the form of vola-
tile HCI formed during the interaction of sul-
phuric acid, present in excess, with NaCl:

2NaCl + H,SO, - 2HCI + Na,SO, (2)

The reaction (2) may occur in water film on
the surface of aerosol particles because of the
differences in the volatility of sulphur and
hydrochloric acids; the result of this process is
impoverishment of AA in chlorides and en-
richment with sodium.

The situation with the excess of calcium
and magnesium cations with respect to HCO;3
ions, able to neutralize a part of acid-generating
sulphates, is somewhat different. According to
the data shown in Table 4, in winter [Ca®"
+ Mg2*]/[HCO;3 ] ratio is equal to 3—5 in wa-
ter-soluble fraction of AA in sites 1 and 2,
while it reaches 9 in the southern site 5; in
summer it is close to 1 both in the north and in
the south. The major reason of these varia-
tions is higher variability of [HCO;3; ] concen-
tration, since the sum [Ca?" + Mg?*] is more
stable both over seasons and over observation
sites. It should be noted that, independently
of the origin, [HCO; ] in the aqueous phase
of aerosol is governed by the equilibrium of
the dissociation of carbonic acid

H,CO; S HCO; + H' (3)

and gas exchange of this phase with the at-
mospheric CO,. Under these conditions, the
equilibrium concentration of HCO; is a linear
function of pH. However, this simple depen-
dence is not fulfilled for the data shown in
Table 4, because of different content of aero-
sol particles in 1 m? of the air. At the same
time, the dependence is rather well fulfilled
if one considers the fractional distribution of
ions in the AA. For example, the decrease of
the fraction of HCO; from 36 to 10.5 % in the
sum of anions of the water-soluble AA frac-
tion in Samburg (site 1) with respect to anoth-
er northern point (Tarko Sale, site 2) in June—
July, 2000 is clearly correlated with the in-
crease of the fraction of H* from 3.8 to 35 %
among cations, 7. e. is explained by the excess
acidity of aerosol particles in site 1.

Another reason of the decrease in HCOj
concentration among the anions of AA is valid

in the southern observation site (site 5), since
no acidification of AA occurs in this point. Ac-
cording to the data shown in Table 2, in com-
parison with another point in the south of West
Siberia (site 4), HCO; fraction decreases from
19.6 to 9.2 %, or by 10.4 %, which is explained
by the increase of the fraction of SO;” by
10.3 %, which means the action of additional
sources of sulphates. These can hardly be man-
made sources because there are no powerful plants
of power engineering and metallurgy near Kara-
suk. As we have noted earlier [20], this is most
likely the action of natural sources of sulphates
in AA, namely, aeolian carrying-out of salts
into the atmosphere (including tenardite Na,SO,
from saline lands of the Kulunda and Caspian
region, the annual flux being estimated to be
4—17 thousand t/(km? year) [21]).

Thus, results of the observation of ion com-
position of AA over West Siberia allow one to
reveal some regional features important from
the viewpoint of the formation of acid depo-
sition. Total concentration of aerosol particles
and the fraction of water-soluble fraction of
AA in the atmosphere of northern regions, in
the tundra and forest-tundra, is much lower
than that observed in the steppe and forest-
steppe of the southern regions. Over the whole
territory, the major acid-forming anion is sul-
phate; its neutralization is only by half pro-
vided by ammonium, the sole cation in AA
having a gas-phase precursor. Concentration
of these ions increases in winter and decreas-
es in summer in all the natural climatic zones
of West Siberia. Neutralization of the excess
of sulphate in water-soluble AA fraction can
be provided by the cations of sodium, calci-
um and magnesium, having marine and ero-
sion sources. The major contribution into the
neutralization of the excess sulphate in the
south of West Siberia is made by erosion
sources both in summer and in winter. The
efficiency of both sources is sufficient for al-
most complete neutralization of the excess sul-
phate; no acidification of AA is observed. In
the north of West Siberia, the contribution
from erosion sources is smaller (especially in
summer); this is not compensated by an in-
crease of the role of marine sources of aero-
sol. As a result, the conditions providing in-
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creased acidity of AA exist in the northern
observation site near the Arctic coast, where
the concentration of aerosol particles is mini-
mal. The danger of aerosol acidification is some-
what lower in other observation sites in the
north of West Siberia; however, it is much
more clearly expressed than in the southern
regions.

ION COMPOSITION OF ATMOSPHERIC PRECIPITATION

Regular observations of the ion composi-
tion of freshly precipitated snow and rain
water were performed only in the vicinity of
site 4: in winter near Akademgorodok (its
southern border), and in summer at the bank
of the Ob’ Sea, 90 km to the south-west from
Novosibirsk. Depending on the frequency of
precipitation in 1996-2001, 20 to 40 samples
per season were collected in these sites. A snow
survey resulting in 30 samples of snow was
performed in the north of West Siberia in
Purovsk and Krasosel’kup regions of Yamal
Nenets A. Okr. by the end of winter 1998—
1999; a year before, 15 samples were taken
only in Purovsk region. Because of this, infor-
mation on the seasonal dynamics of the ion
composition of atmospheric precipitation is
scarcer than the data on aerosol. In addition, it
should be taken into account that the data ob-
tained by the analysis of the whole volume
of snow accumulated during winter charac-
terize a sum of dry and wet precipitation,
while fresh samples relate only to wet precipi-
tation.

The distribution of the frequency of dis-
crete precipitation events with different pH
in the vicinity of site 4 in 1996—2001 is shown
in Fig. 4. During the winter 1996—1997, the
largest number of samples had pH 55 to 6,
corresponding to the normal acidity. However,
the fraction of snow precipitations with lower
pH exceeded the fraction of precipitations with
higher pH; three samples had pH 4 to 4.5, and
three samples had pH 4.5 to 5. In general, the
distribution of discrete snow samples during
that winter was shifted towards lower pH than
the normal value for atmospheric precipita-
tion (5.8). Snow precipitation samples during
the winter 1997—1998 were even more acidic.

In 1998—1999 and 2000—2001, the distribution
of the frequency of precipitations with dif-
ferent pH was symmetrical with respect to
the normal value, while in winter of 1999—
2000 it was shifted to higher pH. For discrete
rain samples, the variability from one year to
another is also characteristic: increased acidity
was observed in the summer of the year 1996,
decreased acidity was observed in 1999; the
range of acidity variation was broad in the
summer of 1997, while in 2000 it was narrow.
This suggests that the action of different fac-
tors forming the ion composition of atmospheric
precipitation is subjected to variations from
one year to another. It is essential that at the
maintenance of the normal mean acidity over
the whole season, separate precipitation events
can be characterized by increased acidity (to
pH 4.18). As a rule, an increase of acidity in
the discrete samples of precipitation is not con-
nected with the increase of the total salt con-
centration (for instance, the correlation coeffi-
cient between pH and electric conductivity X
in the series of snow precipitations of 1996—
1997 is 0.136). This means that the reason of
acidification of precipitation is not contami-
nation by a man-made source. Hence, in the
south of West Siberia, short-term conditions
of natural character can occur for acid pre-
cipitation.

The data on seasonal mean concentrations
of separate ions, pH, and total salt content
(W) of snow and rain precipitations near site 4
in the Novosibirsk Region are shown in Ta-
ble 6. Parameters for each type of precipita-
tion, averaged over many years, are also shown
there. If we compare these values to each
other, we can observe a clear difference be-
tween the snow and rain precipitations seen in
some parameters of the ion composition, at
the constancy of others. Averaged over many
years, the pH values for winter and summer
precipitation (5.69 and 5.74) are close to each
other and correspond to the normal level of
acidity. The total salt content values averaged
over many years are also close to each other
(11.0 and 10.1 mg/1). The differences between
snow and rain in the fractional distribution of
the equivalents of calcium and magnesium,
potassium, H" ions, nitrate, and sulphate are
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Fig. 4. Distribution of the number of discrete samples of snow and rain precipitations over pH.

not large. However, the fractions of ammoni-
um and hydrocarbonate in the snow are 2—3
times lower, while those of sodium, chloride,
and fluoride are 2—3 times higher than in rain.
A decrease in the fraction of ammonium and
HCO; in winter can be explained by the de-
crease in the emission of ammonium and prod-
ucts of soil erosion, 7. e. by the seasonal varia-
tions of the action of local factors. An increase
in the fraction of sodium and chloride in pre-
cipitation in winter is likely to be due to an-
other reason, namely, long-range atmospheric
transport of salts from the regions of Kulun-
da and Caspian Sea.

When comparing the data on the fractional
distribution of cations and anions in aerosol,

rain and snow precipitation, presented for site
4 in Tables 2 and 6, one can see that the frac-
tion of sulphates stops being prevailing in pre-
cipitation; it accounts for 25-27 % of the sum
of the equivalents of anions (73 % in AA),
while, quite contrary, the fraction of chlo-
rides increases sharply (from 2.8 in AA to 15 %
in rain, and up to 28 in snow). In our opinion,
this is explained by the reaction (2), leading to
enrichment of AA with sulphates and their
impoverishment with chlorides. A similar rea-
son, namely, evaporation of a part of nitrat-
es in the form of HNO; from AA and their
absorption by precipitations is likely to lead to
the increase of the fraction of NOj; in pre-
cipitation, with respect to aerosol particles. We



TABLE 6

Ion composition of snow and rain precipitation in site 4 during 1996—2001

Year Number of samples W, pH NH, Ca’™+ Mg*™ Na* K* H* HCO, F~ cl” NO, o
mg/1
Snow preci pitation
1996-1997 40 10.9 5.50 29/16.9 106/61.6 215/125  9.1/5.3 6.1/3.6 24/15.4 14/8.8 29/18.2 39/24.4 53/33.1
1997-1998 37 9.0 5.26 17/12.8 50/37.3 43/31.9 17/12.6 7.2/5.3 19/14.2 11/8.5 40/30.6 27/20.4 34.5/26.2
1998-1999 39 10.7 5.73 14/6.9 84/44.8 69/36.3 20/10.3 3.1/1.6 29/15 17/8.7 61/31.1 38/19.3 51/26.2
1999-2000 36 14.2 6.19 26/13.1 100/49.8 53/26.6 21/10.3 1.0/0.5 64/30.4 28/13.3 50/23.5 31/14.9 38/117.8
2000-2001 40 10.4 5.77 8.4/4.9 63/40.7 65/41.3 17/11.1 3.1/2.0 28/17.9 11/7.1 57/37.0 27/117.2 32/20.9
Average 38 11.0 5.69 19.0/10.9  80.6/46.8 50/29.7 17/9.9 4.7/2.6 33/18.6 14/9.3 47/28.1 32/19.2 42/24.8
Rain precipitation
1996 34 7.8 5.44 42/35.7 46/39.1 16/13.6 11/9.4 3.6/3.1 32/28.3 4.0/3.5 16/14.2 18/15.9 43/38.1
1997 39 16.8 5.79 83/37.6 80/36.3 34/15.4 22/10 1.6/0.7 88/40.2 6.8/3.1 27/12.3 36/16.5 61/27.9
1998 23 12.3 5.83 38/24.7 87/56.5 18/11.7 9.6/6.2 1.4/0.9 72/51.3 0.7/0.5 12.6/9.0 24/17.1 31/22.1
1999 20 11.9 6.04 47/30.3 72/46.5 23/14.8 12/7.7 0.9/0.6 58/35.8 6.2/3.8 22/13.6 31/19.1 45/27.7
2000 23 5.1 5.74 19/27.1 34/48.6 10/14.3 5.2/7.4 1.8/2.6 29/39.7 3.1/4.2 18/24.7 10.5/14.4 12.4/17.0
2001 36 6.5 5.59 37/40.5 29/31.7 12/12.9 9.6/10.6 3.8/4.3 26/29.2 1.5/1.7 12/13.8 24/217.8 24/27.5
Average 29 10.1 5.74 44/32.7 58/43.1 19/13.8 12/8.6 2.2/2.0 51/37.4 3.7/2.8 18/14.6 24/18.5 36/26.7

Note. Numerator: concentration, mg-eq./l; denominator: fraction of equivalent, % of the sum of ion equivalents.
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will see below that such a situation is also char-
acteristic of the north of West Siberia: the
fraction of sulphate in snow sampled at sites 1
and 2 decreases sharply in comparison with
aerosol, while the concentration of chloride
and nitrate increases. So, this difference in the
ion composition of AA and precipitation is of
general character and is not a local specific
phenomenon.

Statistical (factor) analysis of the variabili-
ty of the concentrations of separate ions in
snow and rain precipitations shows that the
acidic factor is not exhibited at any season. The
total dynamics of Na® and CI™ characterizes
the action of marine source in all the seasons.
In summer, its effect is not so obvious (can be
distinguished in 3 of 6 seasons); the action of
erosion factor can be noticed more frequently
(the joint dynamics of Ca®?" and Mg?*, HCO;).
Attention should be paid to the fact that many
series (especially winter ones) demonstrate the
mutual correlation of the concentrations of
calcium, magnesium, and sulphate. This agrees
with the above assumption that a part of sul-
phate in the aerosol of the south of West Si-
beria has not gas-phase but aeolian origin.

Similarities and differences in the ion com-
position of aerosol and wet precipitations are
exhibited not only in the data averaged over
rather long observation periods at a definite
site, but also in comparing the results of the
analysis of discrete samples. The fractional dis-
tribution of equivalents of the cations and
anions in diurnal samples of AA and snow
taken simultaneously in January—February,
2001, in site 4 is shown in Fig. 5. The fraction
of ammonium in the cations of aerosol is some-
what higher and that of the sum of calcium
and magnesium is lower than in snow precip-
itations. More substantial changes can be seen
in the composition of anions. At the same state
of atmosphere, the fraction of sulphates sharp-
ly decreases in the falling snow; because of
this, the fraction of the anions of volatile
acids (carbonic, hydrofluoric, hydrochloric and
nitric) increases. This is the evidence that the
wet precipitation only partially inherit the
composition of AA during the in-cloud and
under-cloud washing: cations to a major ex-
tent, while anions to a less extent. However,
in order to understand the reasons that cause
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Fig. 5. Fractional distribution of the equivalents of some
cations (a) and anions (b) in aerosol and snow samples
collected synchronously in site 4 in January—Febru-
ary, 2001: a — NH, (1), Ca** + Mg2* (2), Na* (3), K (4),
H* (5; b — HCO, (1), F~ + HCOO™ (2), CI” (3), NO,
(4), SO; (5).

acidification of precipitation, the investiga-
tion of factors forming the ion composition and
acidity of AA gives a good basis since it is not
connected with limitations in the periodicity
of precipitation.

As it was stressed above, systematic samp-
ling of fresh atmospheric precipitation could
not be organized in other sites of West Siberia.
The data on the ion composition of the whole
snow accumulated during winter, as obtained
in the snow survey in Purovsk region (sites 1,
2) and Krasnosel’kup region (site 3) of Yamal
Nenets A. Okr. (YaNAO) are shown in Table 7.
Comparing the data for different regions one
can note the elevated acidity of snow precipi-
tation in the winter of 1997-1998, at the low-
er (about 2-fold) total salt content than that of



TABLE 7

Ion composition of snow precipitation in Purovsk and Krasnosel’kup regions*

92—
4

SO

NO,

Cl~

F~+ HCOO™

HCO,

Na*t K* HY

Ca2++ Mg2+

+
pH NH,

w,

Number of

Year

Site

mg/1

samples

8/10.9 13/17.7 8/33.3 13/10.6 15/17.3 14/20.0 25/18.7

19/25.9

25/34.1

4.89 8.3/11.3

4.6

32

1997-1998

1-2

24/15.3 3.8/2.4 20/149 25/18.6 48/35.1 17/12.5 26/18.8

79/50.4

44/27.9

567  6.6/4.2

9.3

1998-1999

17/15.8  7.5/7.0  26/23.9 13/11.9 25/22.9  23/21.1  22/20.2

26/24.2

34/31.6

5.16 23/21.4

8.7

5

1999-2000

17/132  21/16.8

37/29.8

20/15.8 3.4/2.7 22/17.4 28/224

50/40.3

5.66 15.4/12.3 37/29.5

8.1

16

1998-1999

*See Note to Table 6.
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the winter of 1998—1999. The reason is the
decrease of the concentrations of calcium,
magnesium, and especially sodium, at the close
concentrations of the major acid-forming ani-
ons sulphate and nitrate. The overall effect of
the decrease in the concentrations of the men-
tioned cations (79 pg-eq./1) is not compensated
by the decrease of the concentrations of ani-
ons (chloride, fluoride, and possibly formiate)
by 56 pg-eq./l. As a consequence, the mainte-
nance of balance between the equivalents of
anions and cations requires the increase of the
concentration of HY ions, which causes elevat-
ed acidity of snow. It is principally important
that this occurs at the decrease of general salt
content and not due to additional amount of
acid-forming substances.

When comparing the data for the two neigh-
boring regions (Purovsk and Krasosel’kup),
obtained within one observation season, one
can see the similarity of the ion composition
of snow precipitation. Comparing ion compo-
sition of the snow over this territory (see Tab-
le 7) with the corresponding data for the south
of West Siberia (see Table 6), one can con-
clude that the concentration of sulphates, ni-
trates and chlorides in the north of West Sibe-
ria is lower. However, this conclusion is erro-
neous, because the snow precipitations in the
north contain substantially lower concentration
and relative fraction of calcium and magnesi-
um, 7. e. cations that neutralize the anions of
these strong acids. Because of this, a “purer”
atmosphere in the north of West Siberia is by
no means a sign of the decrease of the danger
of acid rain. A fragile balance between the
equivalents of cations and anions in this re-
gion can be easily distorted, as this happened
in 1997-1998; the result will be elevated acidity
of a huge amount of snow accumulated dur-
ing long winter period.

In the ion composition of snow precipita-
tion in sites 1—3 in the north of West Siberia,
in comparison with AA, we observe the same
differences as those characteristic of site 4 in
the south. Comparing the data of Tables 2 and
7 on the fractional distribution of the equiva-
lents of separate ions in AA and in snow, one
can see that the fraction of the anions of vol-
atile acids (HCI, HNO;, HF) in snow has in-
creased, due to a sharp decrease of the frac-
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tion of sulphates. Among cations, the fraction
of Na* and K" increases due to the decrease
of the contribution from ammonium, while
the fraction of Ca?* + Mg?" remains approxi-
mately at the same level. These differences are
likely to reflect general regularities of the for-
mation of AA and wet precipitation in West
Siberia.

A substantial difference in the reasons of
the elevation of AP acidity in West Siberia
from those of some regions in the world, in
which the problem of acid precipitation ap-
pears, should be noted. The author of [22] dis-
covered that the concentrations of H and SOAZf
in precipitation over the territory of the USA
and Canada are connected by a linear depend-
ence

[H']= A + B[SO} | (4)

in which B decreases from 2 to 1 while the
distance from industrially developed regions
of the north-east of the USA becomes larger.
According to the data of [2], the dependence
(4) is also fulfilled for the territories of Nor-
way and the European part of Russia. An in-
crease of the acidity of precipitation in these
regions is connected with the increase of the
emission of sulphur dioxide and, as a conse-
quence, with the increase of sulphate concen-
tration in AP. However, according to our data
shown in Table 6 (observations in site 4, aver-
aged over many years), no correlation exists
between [H'] and [SO? |; no correlation is ex-
hibited also in each series of discrete samples
of snow or rain. The dependence (4) is not
obeyed, as suggested by the comparison of
the same parameters in snow precipitation sam-
pled in sites 1—-3 (see Table 7). In addition,
sulphate is not a prevailing anion in atmos-
pheric precipitation in West Siberia.

The reason why the eq. (4) is not fulfilled is
as follows: the distortion of the balance be-
tween acid-forming anions and neutralizing
cations in AP over the vast territory of West
Siberia is determined by the lack of cations
from natural sources (gas-phase, terrigenous,
marine), while in industrially developed re-
gions acidification of AP is a result of increased
emission of acid-forming gases from man-made
sources. Under these conditions, the effect of
man-made sources is exhibited even in the case

of their relatively small capacity. In particu-
lar, near the oil-accompanying gas flare, an
increased content of sulphates and nitrates was
discovered [23], which can lead to an increased
acidity of accumulated snow. The zone of such
an influence turned out to be not large (about
1 km along the prevailing wind direction).

Thus, the analysis of the data on ion com-
position of atmospheric precipitation in West
Siberia confirms some regional features that
are also characteristic of aerosol. An increased
danger of acidification of precipitation origi-
nates from the lack of cations in their compo-
sition due to overall decrease of the concen-
tration of dissolved salts because of their in-
sufficient income from terrigenous and marine
sources. These conditions are most frequent in
northern regions while in the south of West
Siberia they are only occasional.

ION COMPOSITION AND ACIDITY OF SURFACE WATER

Atmospheric precipitation is an initial source
of the formation of river and lake water. How-
ever, chemical composition of surface water is
to a substantial extent determined by the in-
teraction of precipitation with soils and rocks
over the drainage territory, as well as by pro-
cesses inside a water reservoir, including bio-
tic ones. Drainage regime of rivers and lakes
plays a substantial role, too. In a region with
excess wetting, soil and rocks are well washed
with precipitation; under the conditions of
good drainage, they change the composition
of atmospheric precipitation only slightly.
Leaching processes in mountain rivers flowing
from glacier foots are also exhibited only slightly.
The situation is quite different in arid regions
in which the connection between the composi-
tion of surface water and atmospheric precipi-
tation is minimal, while the role of leaching
processes is supplemented by the effects of
evaporative concentrating, which often causes
pickling.

Variety of natural climatic conditions in West
Siberia leads to substantial differences in chemi-
cal composition of river and lake waters. Within
the aspect of acid precipitation, we must be
interested first in water with low salt content
and relatively small buffer capacity; the for-
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mation of water of this type is to a major
extent connected with their feeding by atmos-
pheric precipitation rather than by subsoil or
underground water. The water reservoirs of
this type are those situated in the tundra and
forest-tundra regions in the north of West Si-
beria, which are formed mainly by snow melt-
ing during spring high water. In the plains of
the south of West Siberia, the major part of
water reservoirs has low salt content only at
the peak of spring high water, while the rest
time those waters are characterized by high
salt content; sodium carbonate pickling occurs
over substantial territory (Baraba and Kulun-
da plains). This points to a substantial role of
the interaction of atmospheric precipitation
with soil and ground in forming surface water.

The accumulation of salts in soils and sur-
face waters in the plains of the south of West
Siberia was the subject of numerous investi-
gations; recently, these investigations have been
generalized and developed in [24]; in particu-
lar, it is demonstrated that one of the factors
of the accumulation of salts in this region is
their long-range transport with wind from
south-west. Geographical and climatic factors
promote not only salt accumulation but also
their transformation with the formation of so-
dium bicarbonate lakes. It is typical that even
in river systems the lowest pH during spring
high water was never below 7 while during
the rest part of the year pH was 8—8.5. It is
natural that the problem of acid precipitation
does not exist for such water reservoirs.

In sub-mountain and mountainous regions
in the south of West Siberia, in particular in
the Altay foothills, the formation of chemical
composition of surface water is to a larger ex-
tent connected with direct feeding with at-
mospheric precipitation. In upper Ob’
after the first flood, caused by snow melting
in plains, a more powerful second flood comes,
when the glaciers in the Altay Mts. start to
melt. Thus, the period of washing river-beds
with melted water becomes longer. These fea-
tures of feeding water reservoirs and forming
chemical composition of water help acidifica-
tion effects to a more substantial extent than
those of the steppe plain regions of the south
of West Siberia. Because of this, in order to
compare the effect of atmospheric precipita-

river,

tion on the acidity of surface water in differ-
ent regions of West Siberia, we chose the Ob’
Sea, situated in the upper Ob’ river, for which
the data of regular observations of chemical
composition are available [25, 26].

In the north of West Siberia, only a few
observations of the chemical composition of
surface water are available; this forced us to
perform special studies. Within the present
project, in 1998-2001, we collected 33 samples
of river and lake waters in the Purovsk and
Krasnosel’kup regions of the YaNAO. Samples
were collected at the end of winter snow ac-
cumulation period (April-May) and in summer
(August). The data on the ion composition of
these samples are shown in Table 8. Water sam-
ples from water bodies in Purovsk region were
collected in the end of winter season of 1997—
1998 and in the summer of 1998 in the sites:
1P — a lake 5 km to the south-east from Tarko-
Sale settlement; 2P — a lake near the same
settlement (summer cottages); 3P — lake Oku-
nevoye; 4P — the Avaseida-Pur river; 5P — a
lake 9 km to the south from Samburg; 6P —
the Pur river, Samburg; 7P — lake Lebedi-
noye, Kharampur settlement; 8P — a lake
15 km to the east from Khanymey settlement;
9P, 10P — lakes around Samburg; 11P — lake
Syrkovoye, Tarko-Sale settlement; 12P — a
lake 15 km from Purne station; 13P, 14P —
lakes 100 km from Purne station. The samples
in sites 3P and 6P were successfully taken both
in winter and in summer, while in other sites
the samples were taken only once. In the end
of winter 1999-2000, samples were collected
in sites 9P, 15P — the river Pur near Tarko-
Sale settlement, 16P — the Tretya river; in
summer 2000 (August), samples were taken at
sites 8P (this sample is designated as 8P-2, since
a sample was taken at this site also in summer
1998), 17P — a lake 100 km to the north from
site 8P.

In Krasnosel’kup region, sampling sites were
as follows: 1K — a lake 6 km to the north from
Krasnosel’kup; 2K — a closed canal near the
right bank of the river Taz 3 km to south-
east of Krasnosel’kup; 3K — the mouth of the
Khudosey river; 4K — the mouth of the Kar-
savinskaya river; 5K — a lake (“warm”) near
site 4K; 6K — a lake 5 km to the north from
Krasnosel’kup; 7K — the river Taz near
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TABLE 8

Ion composition of surface water in the north of West Siberia, mg-eq./1

B. S. SMOLYAKOV

29—

Sample pH W, mg/l NH, Ca¥*+ Mg** Nat K* Ak, HCO, F~ cl- NO, SO}
Summer
3P 5.95 23 n/d 0.09 0.03 0.008 0.08 0.027 0.02 0.008 n/d 0.015
6P 7.08 18 n/d 0.23 0.12 0.013 0.26 0.14 n/d 0.03 0.01 0.017
8P 5.60 2.5 n/d 0.04 0.02 0.008 0.06 0.005 0.02 0.008 n/d n/d
9P 6.29 28 n/d 0.35 0.08 0.02 0.08 0.24 n/d 0.02 0.05 0.03
10P 6.45 17 n/d 0.23 0.05 0.01 0.12 0.18 n/d 0.014 n/d n/d
11P 5.70 28 n/d 0.09 0.03 0.009 0.07 0.042 n/d 0.006 0.002 n/d
12P 4.80 2 n/d 003 002 n/d n/d n/d n/d 0008 n/d 0.006
13P 450 3.5 n/d  0.02 0.05 0.003 n/d n/d n/d 0042 n/d  0.008
14P 4.70 4.1 n/d  0.04 007 n/d n/d n/d n/d 003 n/d  0.015
8P-2 5.72 7.7 0.03 0.05 0.04 0.011 0.11 0.06 n/d 0.096 n/d 0.017
17P 5.00 2.0 n/d. 0.014 0.005 0.015 0.025 n/d. 0.006 0.004 0.004 0.011
Mean 5.62 12.3 0 0.11 0.05 0.009 0.07 0.06 0.004 0.024 0.006 0.011
Winter
1P 6.00 21 n/d  0.28 0.10 0.03  0.17 0.20 n/d  n/d n/d n/d
2P 6.02 44 0.14 0.54 0.12 0.05 0.16 0.40 0.005 0.025 n/d 0.037
3P 6.60 58 n/d 0.78 0.16 0.03 0.23 0.64 n/d 0.01 n/d n/d
4P 6.40 77 0.16 1.05 0.20 0.08 0.37 0.79 0.001 0.01 n/d n/d
5P 5.76 13 n/d 0.13 0.07 0.014 n/d 0.10 n/d 0.03 0.01 0.02
6P 6.62 49 n/d 0.75 0.02 0.04 0.27 0.52 0.002 0.05 n/d 0.02
P 6.31 50 0.26 0.75 0.12 0.07 0.62 0.41 0.01 0.027 n/d 0.02
9P 5.59 11 0.04 0.12 0.04 0.01 0.12 0.06 n/d 0.028 0.02 0.026
15P 5.98 53 n/d 0.52 0.19 0.05 0.20 0.56 0.004 0.08 n/d n/d
16P 5.78 23 n/d 0.31 0.08 0.03 0.24 0.21 0.011 0.015 0.007 0.017
Mean 6.11 40 0.06 0.52 0.11 0.04 0.24 0.39 0.002 0.028 0.004 0.014
Summer
1K 6.53 37 n/d 1.12 0.20 n/d 1.28 0.16 0.020 0.019 0.014 0.009
2K 6.54 26 n/d 0.71 0.10 0.03 0.63 0.16 0.028 0.017 n/d 0.006
Mean 6.54 32 0 0.92 0.15 0.02 0.96 0.16 0.024 0.018 0.007 0.008
Winter
3K 6.99 266 n/d 2.95 0.80 0.06 0.28 3.14 0.009  0.009 0.023 0.045
4K 7.00 215 n/d 2.65 0.39 0.02 0.40 2.60 0.011 0.013 n/d 0.023
5K 6.30 127 0.077 1.75 0.11 0.16 0.46 1.50 n/d 0.009 n/d 0.011
6K 7.15 508 0.066 6.50 1.26 0.11 0.70 6.40 0.025 0.037 n/d n/d
K 7.21 183 0.167  2.35 0.20 0.04 0.34 2.08 0.006  0.16 n/d 0.045
8K 7.50 163 0.165 2.10 0.20 0.06 0.30 1.92 0.009 0.009 n/d n/d
Mean 7.03 244 0.079  3.05 0.49 0.08 0.41 2.94 0.010  0.040 0.004 0.021

Note. P — Purovsk region, K — Krasnosel’kup region; n/d — ion content is below detection limit.
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Krasnosel’kup; 8K — artesian well, Kras-
nosel’kup. Averaged data for different water
bodies in summer and in winter represent the
ion composition of a «mean» water body.

In summer, total salt content and pH of
river and lake waters are much lower than
those in the end of winter. This depicts the
enhancement of the role of processes going in
a water body, that involve leaching of the
bed rocks after the freezing-over period, in
comparison with the open-water period, when
a more important role is played by the surface
drainage of atmospheric precipitation. If we
compare ion composition of snow-melted wa-
ter (see Table 7) with that of surface water
(see Table 8) in summer, we can conclude that
the SW of Purovsk region only slightly differ
from snow in total salt content. This means that
the interaction of snow-melted water with the
land surface has only a slight effect on the
composition of river and lake waters. These
processes play a more important role in water
bodies of Krasnosel’kup region, where total
salt content of SW is substantially higher than
the total salt content of snow. This is likely to
be due to landscape geochemical differences
of the territories of these region; the contrast
of these differences for the territory between
the Pur and the Taz was stressed in [27]. Per-
mafrost is characteristic of the territory of
Purovsk region, while in the valley of the
Taz (Krasnosel’kup region) «warm» lakes oc-
cur; they are rarely covered with ice in win-
ter. Under these conditions, the contribution
from sub-soil and underground water increas-
es substantially, which is exhibited in an in-
crease of the salt content of SW and a funda-
mental rearrangement of their chemical com-
position with respect to snow precipitation.

The fractional distributions of the ions in
SW and AP are substantially different from
each other. Among the cations of SW, the pre-
vailing role is played by calcium and magnesi-
um; among anions, carbonate and humus al-
kalinity is predominant. The concentrations of
these components of ion composition of SW
are much higher in winter than in summer. In
river and lake water, concentrations of sul-
phates, nitrates and chlorides are lower than
in snow-melted water. It is important to note

that a substantial part of the cations of SW is
bound with Alk,,,,, which is due to the de-
composition of organic substances, i. e. due to
the biotic factors of the formation of river
and lake waters. In the case of their lower
efficiency, concentrations of cations and total
salt content, though low in summer, would be
even lower. In addition, Alk, , makes a con-
tribution into total buffer capacity of SW.

In general, low efficiency of the interac-
tion of snow-melted water with soil and bed
rocks in Purovsk region is the reason why mean
acidity of river and lake water in summer is
close to the acidity of atmospheric precipita-
tion. A nomogram of interconnection between
the parameters of ion composition of lake
water and pH of atmospheric precipitation,
shown in Fig. 1, depicts a generalized form of
the direct effect of sulphate concentration on
the extent of the acidification of both SW and
AP in Norway. In the north of West Siberia,
there is no correlation between pH and sul-
phate concentration in lake water (see Table 8),
similarly to snow precipitation (see Table 7).
This fact allows us to conclude that the reason
of acidification of water bodies in Purovsk
region is not an increased emission of acid-
forming gases into atmosphere but insufficient
efficiency of soil and rock leaching by snow-
melted water. This leads to decreased buffer
capacity of river and lake water both in sum-
mer and in winter.

From the same point of view, the situation
in Krasnosel’kup region is more favourable,
which is promoted by higher efficiency of the
interaction of atmospheric precipitation with
soils and ground. Really, mean pH of lake
water is more than that in water bodies of
Purovsk region by about a unity; it approach-
es the optimal level 6.8—8.5 [28]. It is believed
that at the decrease of pH below this level,
features characteristic of ecological and meta-
bolic regress develop in water ecosystem, while
at pH < 6.0 the species diversity decreases,
and nutrition sequence is distorted [29]. In ad-
dition to these negative ecological consequenc-
es, acidification of surface water affects water
migration and toxicity of the species of some
metals; their state in water bodies of West
Siberia will be considered in the next section.
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CONTENT AND SPECIES OF METALS IN WATER BODIES

The analytical data on the overall content
(the sum of dissolved and suspended forms)
of some metals for a series of the examined
water reservoirs in the north of West Siberia
are shown in Table 9. For comparison, the data
of [30] for the water of the Ob’ (middle part)
are shown in the same Table. Comparison shows
that metal concentration in the examined wa-
ter bodies, devoid of intensive anthropogenic
load, is higher than in the water of the Ob’,
accepting the contaminated waste waters from
industrial centres. This is the evidence of the
increased water migration of metals in SW in
the north of West Siberia, insufficient effi-
ciency of their deposition in bottom sediments.
As it was stressed above, an additional source
of metals in local water bodies can be atmos-
pheric precipitation due to long-range atmos-
pheric transport of AA, in particular from the
Noril’sk region.

Regardless of the source of Me entering
river and lake systems, the level of metal con-
tent in water depends on the transformation
of metal speciation under specific physicochem-
ical conditions in water bodies. For example, it
is demonstrated in [9] that an occasional in-
crease in the overall Me concentration in wa-

TABLE 9

ter bodies of the Kol’sky Peninsula occurs dur-
ing spring high water periods at the tempo-
rary decrease in pH of water due to the ad-
mission of snow-melted water. This is accompa-
nied by the increase in the fractions of the
most toxic species of metals, i. e. aqua ions Me?",
which the authors believe to be caused not only
by acidification but also with low content of
the dissolved organic substances.

For water reservoirs investigated in the
present work, lowered pH and increased DOM
content (indirectly exhibited through Alky )
are characteristic not only during the spring
flood but also in winter and summer samples
(see Table 8). Water bodies of Purovsk region
of the YaNAO are especially unfavourable in
this respect.

We performed chemical and thermodynamic
modeling of the state of a series of toxic me-
tals in solution in the investigated water bod-
ies of the north of West Siberia and in the
Ob’ Sea using the WATEQ-4f software [31].
To take into account the formation of com-
plexes with inorganic ligands, we used the data
on the ion composition of water of a specific
water body. Metal binding with DOM into MeL
forms was taken into account in the integral
form, by experimentally determining the bind-
ing parameters (a conventional constant Ky,

Total content of toxic metals in water bodies of Purovsk and Krasnosel’kup regions, pg/l1

Sample, time Hg Cd Cu Pb
1P, winter 0.58 0.18 10.6 3.9
2P, winter 0.35 0.57 23.8 5.4
3P, winter 0.45 0.15 8.0 2.4
3P, summer 0.35 0.03 3.5 3.2
5P, winter 0.47 0.08 3.8 2.1
6P, winter 1.56 0.10 9.2 2.1
6P, summer 0.16 0.04 3.7 2.8
8P, summer 0.10 0.73 1.8 13.3
9P, summer 0.24 0.07 5.0 5.6

12P, summer 0.12 0.06 3.7 2.8
3K, winter 0.42 0.18 6.0 3.0
4K, winter 0.32 0.10 3.1 2.7
5K, winter 0.21 < 0.10 3.8 2.7
6K, winter 0.29 0.10 4.0 15.3
7K, winter 0.20 < 0.10 1.9 2.1
8K, winter 0.092 1.7 4.2 3.8

Middle Ob’ [30] 0.02 0.24 2.3 0.8
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TABLE 10

Content of the main forms of copper, lead, and cadmium in water of water bodies A, B, and C, %

Form Copper Lead Cadmium

A B c A B C A B c
Me?* 72.3 1.2 0.9 61.7 8.4 1.4 83.4 15.4 52.3
MeOH* <0.01 <0.01 1.3 <0.01 <0.01 1.5 <0.01 <0.01 4.8
Me(OH), <0.01 0.25 26.0 <0.01 <0.01 0.7 <0.01 <0.01 0.01
MeCO; 0.03 0.14 29.0 0.01 3.0 79.8 <0.01 0.08 7.0
MeL 26.5 98.2 42.8 36.8 87.2 16.5 16.1 84.3 36.0

and concentration of binding centres L) using
the procedure described in [32]. The results of
modeling show that in water reservoirs with
low salt content in the north of West Siberia,
the distribution of species of such metals as
copper, lead, cadmium, in solution is quite
different from that in the typical fresh-water
reservoirs in the south of West Siberia [33]. As
an illustration, Table 10 compares the results
of the calculation of fractional distribution of
the main forms of these metals in water res-
ervoirs A and B of Purovsk and Krasnosel’kup
regions of the YaNAO (for which the data on
ion composition and metal content are shown
in Tables 8 and 9, samples 12P and 1K, re-
spectively), with the data obtained by calcula-
tions for the water of the Ob’ Sea (water
reservoir C).

One can see that the fraction of the most
ecologically dangerous metal species (aqua ions
Me?*) is high in A reservoir. This fact deserves
rapt attention, since the existing MPC stand-
ards (both for drinking water and for fishery
water reservoirs) do not take into account the
distribution of chemical forms of metals un-
der natural conditions. For instance, total con-
centration of copper in reservoirs A, B and C
(3.7, 1.3, and 2.3 pg/1) exceeds the MPC (1 pg/1
for fishery water reservoirs) only slightly. How-
ever, at the Cu?" fraction being 72.3, 1.2 and
0.9 % (see Table 10), the concentrations of
this form are 4 1078, 2 107'% and 3 107!° g-ion/I,
respectively. The first value is two orders as
much as the Cu®" level causing oppression of
plankton organisms (1071°-107!2 g-ion/1 [34]),
while the situation in water reservoirs B and C
is not so dramatic.

Depending on pH, salt content and DOM
concentration, the distribution of metal forms

is individual for each water reservoir. Howev-
er, for the major part of the investigated wa-
ter reservoirs of the Purovsk region, high frac-
tion of aqua ions of metals is characteristic
both in summer and in winter, because of
low pH and W. Taking into account the fact
that the overall concentration of a metal in
water exceeds that in the sample 12P, one
can see that the extent of ecological trouble
is even higher in such water bodies. In water
reservoirs of Krasnosel’kup region, as a rule,
pH and W are much higher, which deter-
mines more favourable situation with the ef-
fects of their secondary contamination with
metals.

CONCLUSIONS

A complex investigation of the ion compo-
sition of AA, AP and SW, performed within
the integrative project “Aerosol of Siberia” for
the vast territory of West Siberia, is the evi-
dence of the regional features of their forma-
tion, in comparison with the regions of North
America, Scandinavia, northern part of the
European Russia, where the acid precipitation
occurs causing negative consequences, in par-
ticular for water reservoirs.

Natural factors promoting this phenomenon
include long winter with the snow isolation of
land sources of the formation of atmospheric
components, snow regime of feeding local water
bodies, insignificant role of the interaction of
snow-melted water with rocks at the drainage
territories and in water bodies themselves. The
most unfavourable situation is observed in
Purovsk region of the YaNAO, where pH of
water in some lakes reaches 5 or even lower
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during the whole year. Negative effect of wa-
ter acidification itself is supplemented by the
effects of secondary contamination with me-
tals, because of the increase of the fraction
of most mobile and toxic species of metals in
solution (aqua ions). Better developed process-
es of the interaction of snow-melting water
with ground and soil in the neighboring
Krasnosel’kup region decrease the level of
acidification, as well as the fraction of toxic
metal species. In the south of West Siberia,
natural climatic conditions help insignificant
acidification of atmospheric precipitation and
larger buffer capacity of water reservoirs,
which diminishes the danger of the acid rain
problem.

The major result of the present work, limi-
ted in periods and sites of natural observa-
tions, is the statement of the fact of acid dep-
osition and its reason in the north of West
Siberia. Some specific features of the manifes-
tation of this problem in comparison with oth-
er regions must be mentioned. First, an in-
creased acidity of atmospheric components is
observed in sites where total concentration of
aerosol particles and water-soluble salts in them
is minimal. The interconnection between pH
of atmospheric precipitation and sulphate con-
tent in them, observed in other regions, is not
observed in the north of West Siberia.

A complex character of the problem of
acid deposition requires a more detailed inves-
tigation. In particular, it is necessary to per-
form a retrospective analysis of metal content
of bottom sediments, and populations of wa-
ter organisms, in order to estimate the dy-
namics of the changes of pH of surface wa-
ter. It is likely that the necessity exists to or-
ganize a natural ground to monitor the state
of environment in this region. At the same
time, it is necessary to investigate the efficien-
cy of operations and technologies of lake wa-
ter alkalization that are used in some countries
to eliminate negative consequences of acid
deposition.
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