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Abstract

Basing on the data of the hydrochemical analysis carried out within 1938—-1939, changes in water
composition of the Bolshoy Vudyavr Lake due to mining manufacture wastewater impact were investigated.
With the use of thermodynamic methods an overall chemical composition of natural water was reconstructed
as well as ecological condition was estimated for the B. Vudyavr Lake. The results obtained are of practical
and methodical value for forecasting long-term man-caused impact on aquatic ecosystems or the Subarctic

region.
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INTRODUCTION

The contamination of water in the Bolshoy
Wudyavr Lake began from industrial develop-
ment of the Khibiny. Earlier the estimation of
aquatic ecosystem condition for the Kola Pe-
ninsula was carried out basing on hydrobiolog-
ical and hydrochemical parameters only. Howe-
ver, due to the introduction of physicochemi-
cal simulation methods into environmental re-
search practice nowadays it is possible to ob-
tain qualitatively new data concerning the pro-
cesses occurring in aquatic ecosystems exposed
to a man-caused impact to influence at present
time, as well as to reconstruct the features of
man-caused ecocatastrophes those took place
in the past. As demonstrated in [1, 2], the studi-
es on changing the chemical composition of lake
and river waters under the influence of natu-
ral and anthropogenous factors can be perfor-
med with the help of modern physicochemical
simulation methods [3].

In environmental research whose realization
technique differs from the technique of per-

forming hydrochemical work, one should take
into account the fact that no standard analy-
tical procedures provide reliable correspondence
between the results of the laboratory chemi-
cal analysis and the hydrochemical composi-
tion of natural waters at the moment of samp-
ling. In the most of cases the temperature and
gas conditions change vary since the moment
of sampling till the moment performing labo-
ratory analyses.

In this connection the major part of the pre-
sent research consisted in bringing the analyti-
cal data into conformity with temperature, pres-
sure, gas conditions and hydrodynamical cir-
cumstances of the natural system that is pre-
sented by the samples of natural waters as
well as in estimating the influence of industri-
al wastewaters upon the chemical condition of
the B. Vudyavr Lake waters. Moreover, it is
rather problematic to estimate the prevalence
of elements in natural waters having no in-
formation concerning the forms of their exi-
stence, whereas to determine them with the
help of analytical procedures is not always pos-
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sible. Physicochemical simulation of a complex
hydrochemical system allows one to establish
logic connection between man-caused impact
and changes in the composition of natural wa-
ters, to determine forms of micro- and macro-
components existence as well as to reveal envi-
ronmental parameters determining the direc-
tion and character of these changes.

MAN-CAUSED IMPACT ON THE B. VUDYAVR LAKE

The first studies concerning the hydroche-
mistry and biology of Bolshoy and Maly Vu-
dyavr lakes. Big were performed by the USSR
Academy of Sciences expedition in 1930, before
the construction of large-scale industrial en-
terprises in neighboring territories and, cor-
respondingly, before the contamination of the
B. Vudyavr Lake. In 1931 an experimental plant
has been placed into operation in the valley of
the Yuksporyok River flowing into the B. Vu-
dyavr Lake, and in 1933 a factory for enrich-
ing and processing lovchorrite and rare-earth
elements for the defence industry had been be-
gun to build nearby [4—6]. From that moment
on, the Yuksporyok River has become a sew-
age collector. So, as the result of the work per-
formed by the second expedition of the USSR
Academy of Sciences (1938—1939), it had been
established, that volumes of wastewater dis-
charge into sewage from the experimental plant
and the lovchorrite factory amounted to 31 363
and 29 295 m?/month, respectively.

Table 1 demonstrates data concerning the
amount of pollutants entering the Yukspory-
ok River with wastewaters from and the lov-
chorrite factory experimental plant. The waste-
waters entering the B. Vudyavr Lake together
with the Yuksporyok River water had result-
ed in a considerable changing of the lake wa-
ter chemical composition as well as of species
composition with respect to aquatic organisms
therein [7].

TABLE 1

Generalized results of the studies on the
B. Vudyavr Lake performed during 1938—-1939
indicate environmentally unfavourable condi-
tion of the lake:

— During the winter period the amount of
dissolved oxygen in the surface layer of wa-
ter varied from 81 to 89 %. From February to
May the amount of oxygen in water at the
depth more than 27 m was 18 % reduced,
whereas from January to May at the depths
more than 30 m this parameter was 37.5 %
reduced.

— The reduction processes occurring in
sludge sediments under the action of organic
matter of wastewaters, had resulted in the
fact that at the depth more than 30 m the con-
tent of ammonia during the winter period
reached 5 mg/L, the total content of iron rea-
ched 5 mg/L, that of manganese amounted
up to 2 mg/L.

— During the summer time the enrichment
of the lake waters by nitrogen and phosphates
caused mass development of weed, so-called
“bloom” of water.

— At the majority of lake observation posts
no bottom organisms were revealed, whereas
at the depth more than 30 m they were obser-
ved to be absolutely absent.

The major environmental factors those de-
termine the habitation conditions required for
aquatic organisms and their reproduction con-
sist in water composition and mineralization
level. For normal survival, aquatic organisms
need for a constant ratio between the total con-
tent of one- and bivalent ions [8]. Basing on
chemical analyses it was established that the
ratio between the concentrations of main ions
(k = Cva + x)/Cicatmg) In the B. Vudyavr Lake
waters, the Yuksporyok River outlet, the M. Vu-
dyavr Lake and the Vudyavryok River amount
to 1.80, 0.95, 3.80, 3.70, respectively [7, 9]. Ac-
cording to data from [7], the M. Vudyavr Lake
and the Vudyavryok River were consi-dered to
be non-contaminated objects, therefore one may

Data concerning pollutants entering the Yuksporyok River, kg/month

Wastewater Al Ca Na Mg Fe SiO, so? NH, CI”  NO, PO, HCO,
Lovchorrite

factory 4658 28504 - 21.09 146 234.36 216.78 339.24 1758 4541 11.72 1624.11
Experimental

plant 20511 2465.13 115415 46.42 3.14 1599.51 227.28 4.05 3261.75 831.75 658.62 1103.98
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consider that the concentration ratio between
the main ions ranging within 3.7 < k < 3.8 to
be corresponding to the ratio between the major
ions in naturally occurring waters. For the
wastewaters of the Yuksporyok River (k = 0.95)
the content of alkali earth elements exceeds
the content of alkali elements. The influence of
these wastewaters on the B. Vudyavr Lake wa-
ter during 10 years had resulted in changing the
ratio between the major ions therein (k = 1.80).
A considerable increase in the content of
calcium, phosphorus and other elements pre-
sent in the wastewater of the lovchorrite fac-
tory and the experimental plant and in the bot-
tom sediment of the B. Vudyavr Lake with the
beginning of the industrialization of the Khi-
biny region is confirmed by the investigation
of bottom sediments in the lakes formed within
the Khibiny mountain range territory [10].
The investigation of natural waters of the
B. Vudyavr Lake, the Yuksporyok and Vudyavr-
yok river outlet as well as the lovchorrite fac-
tory wastewaters according the model proposed
by the authors of [2] basing on the chemical
composition of the waters [7] has allowed the
researchers to reveal that the wastewaters do
not contain oxygen, whereas the content of
organic compounds therein is three to four times
higher than the content in naturally occurring
water (for example, in non-contaminated wa-
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ter of the Vudyavryok River) [9]. In order to
determine the composition of these organic
compounds we have developed new models and
approaches.

INVESTIGATION TECHNIQUE

We have constructed a thermodynamic mo-
del allowing us to reconstruct physicochemical
conditions those had been established within
the ecosystem of B. Vudyavr Lake (Fig. 1) as
the result of the ecocatastrophe happened in
the beginning of 1930ths. The investigation was
carried out with the help of last version of
Selector software package (SP) [11]. The prin-
ciple of model construction realized in the SP
basing on the decomposition of the objects un-
der investigated with the conservation of all
the interrelations between the systems allows
researchers to consider any naturally occur-
ring process in the form of interacting conju-
gated reservoirs combined into megasystems
[12—16]. The list the basic model of a multi-
system contained 24 independent components
(AlI-B—Br—Ar—He—Ne—-C—-Ca—-Cl-F-K-Mg-
Mn—N-Na—-P-S-Si—Sr—Cu—Zn—-H—-0O-e), 872
dependent components, including 295 those in
aqueous solution, 76 in the gas phase, 111 li-
quid hydrocarbons, 390 solid phases, organic

3
S 2
2 2
S R 2
B % %
g
7 % % 3
'%tq ) B z 3
Yy, % M. Vudyavr Lake ES \&\50
© S
- g "
= O %%
Kupalnoye Lake A Olol,z ',/‘
700y, //// =2
Q.
Vq @ / 2
Yay,. y =)
Yo% ¢ B ¥
=) Kukisvumchorrskiy settlement ¢ Qo‘
= “\L%
Yuksporyok settlement
B. Vudyavr 1; 2
Lake *%Q)
~e,
z%
©

% Kirovsk sity

Fig. 1. Schematic map of the drainage network within the region of the Kirovsk city (1939): 1 — the lovchorrite factory,

2 — the experimental plant.
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and mineral substances. The following problems
have been set in this work:

1. To calculate the componential composi-
tion of the lovchorrite factory and experimen-
tal plant wastewaters employing physicochemi-
cal simulation.

2. To estimate the influence of industrial
wastewaters upon the B. Vudyavr Lake water
with the help of a dynamic model. To study
the influence of annual the lovchorrite facto-
ry and experimental plant wastewaters upon
the aquatic object under the conditions open
with respect to the atmosphere and bottom se-
diments. To take into account the content of a
“fixed” quantity of organic matter in the lov-
chorrite factory wastewater containing oleic
acid [7, 17].

The model includes five interacting reser-
voirs; three of those represent surface waters,
bottom waters and bottom sediments of the
lake. The volume of surface waters (0—15 m)
amounted to 0.02385 km?, the volume of bot-
tom waters (at the depth of 30—38 m) was
0.00395 km?, the layer of bottom sediments
contacting with bottom waters (up to 0.05 m)
is equal to 0.000025 km?. In order to simplify
the thermodynamic calculations, the volumes
of reservoirs have been normalized with re-
spect to the volumes occupied: the first reser-
voir (surface waters) corresponded to 1 kg of
the lake water, the second reservoir (bottom
waters) corresponded to 0.16 kg of that, and
the third reservoir (bottom sediments) corre-
sponded to 0.001 kg of water.

A generalized schematic diagram of the
dynamic model is presented in Fig. 2. Main char-
acteristics of the model constructed are pre-
sented below:

The first reservoir represents the atmo-
sphere (external environment, T = 10 °C, P =
1 bar) with respect to which all the other reser-
voirs are open. The second reservoir represents
surface waters including an aqueous solution,
gas phase, as well as solid mineral and organic
components (T = 6.7 °C, P = 1 bar). The third
reservoir represents organic matter in the form
of a film or an emulsion, presented by liquid
hydrocarbons, gases and the solid (restite); the
system is metastable (T = 6.7 °C, P =1 bar).
The fourth reservoir represents bottom water
in metastable equilibrium with the surface
water and the bottom sediments presented by
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Fig. 2. Schematic diagram of the dynamic model for the
B. Vudyavr Lake. The numbers at the arrows denote a
mobile phase part passed from a reservoir to another
reservoir during unit time.

an aqueous solution, gases, solid hydrocarbons
and mineral phases (T = 6.7 °C, P = 2 bar). The
fifth reservoir represents bottom sediments of
the lake presented by aluminosilicates, carbo-
nates and other mineral and organic compounds
(T =6.7°C, P = 3 bar).

The numerical values of macrokinetic trans-
port coefficients for mobile phases transfer bet-
ween the reservoirs were set basing on empi-
rically determined relationships for the rates of
the processes such as evaporation, dissolution,
sedimentation, redeposition under the conditions
of hydrodynamic water mass circulation [18].

As the controlling parameter, the reservoir
is entered with industrial wastewaters (from
the factory or from the plant), whose annual
volume is normalized with respect to the volu-
me of the 2nd reservoir. The outflow rate of
the Belaya River, the only river running out
of the B. Vudyavr Lake is equal to 969 L/s
[7], thus, for maintaining the balance the same
amount of lake water from the external envi-
ronment should enter the 2nd reservoir. An
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exchange flow of aqueous phase is taken into
account for the transfer between the lake wa-
ter thickness and bottom waters with corre-
sponding normalizing the transport coefficients
with respect to the bases of the reservoirs.

The gas phase streams provide a dynamic
equilibrium between the waters of lake and the
atmosphere. A partial degassing of bottom wa-
ters and bottom sediments is provided. In the
case of organic matter emulsion formation (the
3rd reservoir), it is subject to a consecutive de-
struction with the possibility of evaporating and
transporting a part of liquid hydrocarbons to
the surface and bottom waters of the lake.

At each time step, a partial transport (sedi-
mentation) is performed from the aqueous so-
lution to bottom waters and bottom sediments
of solid mineral and organic phases with the
subsequent burial the possibility of returning
their certain fraction to the bottom waters.
Thus, the exchange processes occurring at the
interface of the lake water and bottom sedi-
ments are taken into account.

TABLE 2

RESULTS AND DISCUSSION

The results of physicochemical simulation
of the wastewater composition from the lov-
chorrite processing and enrichment factory in-
dicate the absence of oxygen therein (pH 7.70,
E, = —0.30 V) and the presence of metastable
organic and organometallic compounds (Table 2).

The values calculated for pH and HCO, con-
centration in the experimental plant the waste-
waters differ from the corresponding data pre-
sented in [7]. It is connected with the accuracy
of chemical analyses performed within 1938—
1939. As known, thermophosphates use to be
obtained by introduction soda in the process;
therefore there should be sodium in the waste-
waters. However, when chemical analysis car-
ried out in 1939, this chemical element was
not determined. The introduction of sodium in
our model and fitting its concentration have
allowed us to reconstruct adequately the com-
position of apatite manufacturing wastewaters,
wherewith the calculated data concerning pH

Analytical data [7] and data obtained from the simulation the lovchorrite factory wastewaters, mg/L (T = 25 °C, P = 1 bar)

Components  Analysis  Model Components Analysis Model Components Analysis Model

E, - -0.29694 Fe(OH), 347-107° Poj’ 8.97-107°
pH 7.7 7.70354 FeOH" 5.66-107° || H,PO, 9.07 -1072
Al 1.59 159 FeO™" 1.19-107° || H,PO, 2.59 1077
Al(CH), 652-107% || FeO 221-107° || HPO, 3.15-107!
AlO, 185 HFeO, 312107 || HP,0)~ 1131078
HAIO, 0.10 FeCl* 3.22-107% || CI (total) 0.6 -
Al(OH)?* 9.92-107° FeCHO; 1.30- 1077 || HCI 2.3-107°
Al(OH);r 146 -1073 || HCO; (total) 55.44 - cl- 6.0-107!
Al(OH), 9.29-1072 cog’ 145-107! || Mg 0.72 0.72
Al(OH), 234 H00; 55.8 Mgt 7.06-1071
Ca 9.73 973 HCO, 2.86-107* || MgOH" 1.15-107%
Ca®* 954 H,CO, 3.16-107% || MgCO, 4221073
CaOH" 9.18-107° || CH, 7.94-107' || Mg(HCO,)" 2.13-1072
CaCo, 9.16-107% || NO, (total) 1.55 - MgCl* 1.86-107°
Ca(HCO,)* 2.12-107! || HNO, 8.07-107% || MgCH,COO* 4.38-107°
CaHSio; 157-107* || NO, 155 MgSO, 341-1072
CaCl* 1.34-107* || NO, 2.46 - 107! MgHSio; 2.95-107°
CaCl, 1.39-107° || HNO, 1.12-107% || SO, (total) 74 -
CaSO, 2.41-107" || NH, (total) 11.58 - soi’ 7.37
CaCH,COO* 191107 || NH, 116 Si0, (total) 8.0 -

Fe 0.05 005 CO, 168 Sio, 217
Fe’* 1.95-107' || H, 7.1-107° | HSiO, 491-1072
FeSO, 2.60-107% || PO, (total) - H,SiO, 831
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Analytical data [7] and data obtained from the simulation the experimental plant wastewaters, mg/L (T = 20 °C, P = 1 bar)

Components Analysis Model Components Analysis Model Components Analysis Model
E, - -0.431182 | FeO™" 555-107° || Mg 148 148
pH >9.75 9.76976 FeO 2.37-107% || Mg?* 1.36
Al 6.54 654 HFeO, 1.13-107° || MgOH™ 1.61-1072
Al(OH); 3201077 | FeO, 1.30-107° | MgCO, 3.13-107!
AlO, 772 FeCl* 9.58-107° || Mg(HCO,)" 1.60 - 1072
HAIO, 46-1073 FeCHo; 4.12-107% | MgCl* 5.92-1073
Al(OH);r 795-1077 | Na 368 3638 MgCH,COO" 1.08-1078
Al(OH), 4.02-107% || Na* 36.1 MgSO, 5.69 -1072
Al(OH), 106 NaOH 1511072 MgHSio; 2.30 - 1072
Ca 78.6 786 NaAlO, 2.61-107% || SO, (total) 725 -
Ca2* 680 NaCl 397107 | SO% 795
CaOH" 432107 || NaSO, 5.69 - 1072 || SiO, (total) 51 -
CaCoO, 241 NaHSiO, 298 Sio, 110
Ca(HCO,)* 5.95-107" || NaCH,COO 1.28-1078 HSiO, 204
CaHSiog 441-107" || HCO, (total) 35.2 - H,Si0, 354
CaCI* 152107 co;z 646 PO, (total) 21 -
CaCl, 292107 | HCO, 230 Poj’ 6.67 - 107>
CaSO, 149 HCO, 482107 | H,PO, 5.23 - 1072
CaCH,COO" 1.64-1077 || CO, 6.31-107% | H,PO, 120-107°
Fe 0.1 01 NO, (total) 2652 - HPO? 211
Fe2t 354-107 | NO, 265 PO, 146 -107°
FeSO, 417-10™* | NH, (total) 0129 - HP2o§’ 3.81-1077
Fe(OH), 1.20-1076 NHZ 1.29-107' | CH, 253
Fe(OH), 4.00-107° | CI (total) 104 - H, 258 -107°
FeOH" 815-1072 || CI” 104
b
7.6 a 5 030,
7 ON 7 Na+ jas]
7.5 s 4 -
on Mo*2 4
1 & g - 0.2 ob
7.4 o 3 | . g
ay S R
o, g g o +
el 6
7.3 o 2+ +2 2
& Ca F0.1 §
| E S
7.2 O 14 L
71 T T T T T T T T T T T T T 0 T T T T T T T T T T T T 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time, months Time, months
c d
0.010 A Mg(HC03)+ F o L2.0-1076
Q, 1 " -0.0014 = r
= 0.008- Ca(HCO3) i = 1.6-107°
- 0.00 - o I g
§0 ] CaSO4 F0.0013 ?,0 L1.2-1076 .
- +
2 0.006 1 ) g Stilbit i B
= ] NaSO; F0.00124 S | TTTTTTTTTo oo 801077 2
g g I
9 0.004 1 [ b -7
= g ; -4.0-10
g ] F0.0011 5 Si0, I
o L
0002 T T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Time, months

Time, months

Fig. 3. B. Vudyavr Lake water interaction with the wastewaters of the experimental plant and lovchorrite factory
(the 2nd reservoir): a — pH change; b, ¢ — change in the content of main cations and anions; d — precipitation of solids.T = 6.7 °C,
P =1 bar.
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and HCO, concentration were managed to bring
into accordance with the analytical data from
[7]. The wastewaters of the experimental plant
are characterized by strong alkalinity, high
negative values of the oxidation-reduction po-
tential (pH 9.76, E; = —0.43 V) and a high con-
centration of organic compounds (Table 3).
At the following stage of the studies we have
performed the modelling of joint influence of
wastewaters from the experimental plant and
the factory upon the B. Vudyavr Lake waters
(Figs. 3—5). In the model we studied the lake
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Fig. 4. Changing in the properties and composition of the
bottom waters (the 4th reservoir): a — parameters pH-E,,
b — organometallic compounds, ¢ — the formation of solid
phases.

water transformation during 60 months (five
years). A significant change in the ratio) between
main cations (k = 2.17) have been obtained.

In Figs. 3—5 zero mark corresponds to the
chemical composition of the B. Vudyavr Lake
waters before its industrial pollution (1930). The
variation of the content of components for the
period of time under investigation is characte-
rized by the following features. Already for the
second year (15—20 months) the change of nat-
urally occurring waters decelerates, whereas the
wastewater—natural water—atmosphere system
comes into metastable equilibrium. With the in-
crease in the volume of wastewaters, only the
content of solid phases grows. Just for this rea-
son such parameters as the content of dissolved
components, pH, E,, are stabilized under model
conditions by the third year. Under low-tem-
perature and open-atmosphere conditions a sig-
nificant part of wastewater components either
passes into a sediment, or enters the gas phase.

The results obtained are of important value,
since basing only on data concerning hydro-
chemical composition of waters it is impossi-
ble to estimate the amount of inflowing waste-
waters and their influence upon the system as
a whole. Physicochemical simulation and com-
plex hydrogeochemical research allow one to
determine the pathways of wastewater trans-
formation as well as to evaluate these process-
es more adequately. With use of this approach
it appears possible to determine the amount
of matter that would enter a deposit, pass to
the gas phase or remain in the dissolved form.
So, in case that surface water acidity amounts
up to pH 7.5 (see Fig. 3) a much more abrupt
increase in this parameter, change in oxida-

1074'5
1075‘5
1075

1077'5

Montmorrilonite

Logarithm of molar amount

0 10 20 30 40 50 60
Time, months

Fig. 5. Precipitation of solid phases into the bottom sediment
(the 5th reservoir).
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TABLE 4

Comparative characteristics for the chemical composition of the B. Vudyavr Lake water, mg/L

Components  Non-polluted During Contemporary condition [10],
condition [2, 7], ecocatastrophe [7] surface
total Surface Depth 33 m
pH 6.6—17.3 6.5—7.1 6.5—-7.1 7.6—9.0
Al 0.02-0.2 0.19 0.19 0.09
K 1.1-1.3 1.10 - 6.2—6.45
Na 3.6—3.7 410 - 19.3-21.3
NH, - 0.24 0.24 0.19-0.37
Ca 0.5-0.8 2.00 1.93 3.78-4.11
Mg 0.07-0.17 0.24 0.22 04
Mn 0—-0.0005 - - 0.004
Fe 0-0.01 0.1 0.10 0-0.06
Cl 0.5-1 1.35 1.36 0.74
NO, - 0.66 0.66 1.44-2.02
HCO, 11-12 1242 1242 39-40
so? 1.17-2.2 152 156 20
PO’ 0-0.001 0.25 0.25 0.19-0.25
SiO, 8 8 8 -
Si 1.3-3 - - 1.30—-2.83
0, 10—-13 10.80 10.76 -
Sr 0-0.05 - - 019
F 0.15-0.20 - - -

tion-reduction conditions, as well as organic and
organometallic complexes formation are obser-
ved for bottom water (see Fig. 4).

The effect of industrial wastewaters on
naturally occurring waters is well traced by
the example of the comparative characteris-
tics of changing the composition of B. Vudyavr
Lake water. It is obvious, that the changes in
pH, the content of sodium, potassium, nitrates
and bicarbonates within the given time inter-
val are of irreversible character (Table 4). This
is connected with the fact that there are evo-
lution of gases (CO,, CH,, H,S) and burial of
solids (see Fig. 5) occurring in the course of
organic matter transformation.

CONCLUSION

In the course of the investigation carried
out we have reconstructed the hydrochemical
circumstances developed during the ecocatas-
trophe within the lake-river system the Bolshoy
Vudyavr Lake—the Yuksporyok River in 1930ths.
Modern studies [10, 19] have demonstrated cle-

arly that the processes of alkalization, the in-
crease in the total water mineralization level,
the eutrophication and the increase in the con-
tent of toxic components are still inherent in
these water reservoirs.

The generalized results of physicochemical
simulation obtained for a multi-reservoir dy-
namic system such as atmosphere—lake—indust-
rial wastewaters—near-bottom waters—bottom
sediment allow us to draw the following con-
clusions.

1. The inflow of wastewaters with high con-
centration of Ca, P, N, Fe, Na and oleic acid
resulted in changing the chemical composition
of the Bolshoy Vudyavr Lake waters and their
gas condition.

2. Under the wastewater influence there is
a change in total content proportion for main
cations occurring in surface water open with
respect to the atmosphere. For the near-bot-
tom waters partly isolated from the atmo-
sphere, reducing conditions are observed to
form in the presence of organic matter. As far
as the gas phase being in equilibrium with re-
spect to aqueous solution is concerned, there
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are methane prevalence and hydrogen sulphide
evolution observed. The aqueous solution exhi-
bits an increase in the content of organometallic
complexes, as well as the formation of carbo-
nates is observed therein. Metastable organic
compounds, in spite of their short lifetime,
exert a considerable effect on physicochemical
processes in the systems “aqueous solution—
gas—carbon” determining the dissolution, trans-
port and sedimentation of such hypergene ele-
ments as Al, Ca, Mg, and Na.

3. Methane entering the B. Vudyavr Lake wa-
ter makes an essential impact upon the proces-
ses occurring in the lake during the winter time,
particularly taking into account the fact, that
within approximately half a year the lake is
covered with ice. First of all, this fact concerns
the accumulation and putrefaction of organic
matter, whereupon the content of dissolved
oxygen in waters decreases [20], the compositi-
on of the waters as well as that of the suspen-
sions present therein are observed to vary. These
processes have resulted in changing the species
composition of aquatic organisms and in fish
disappearance in the B. Vudyavr Lake [7].

4. The consequences of the B. Vudyavr Lake
water contamination by industrial wastewaters
are similar to the situation observed for the
Black Sea shoaling water in 1950ths. With the
development of industries and the application
of fertilizers in the agriculture the Black Sea
waters were entered with wastewaters contain-
ing nitrogen and phosphorus, which stimulat-
ed the development of phytoplancton. A sig-
nificant part of primary products had not time
to decompose in water thickness and thus un-
derwent sedimentation onto the bottom. The
appeared aerobic conditions promoted hydro-
gen sulphide formation and evolution, which
hydrogen sulphide has brought to the death
of living organisms [21].

The model proposed allows one to obtain a
qualitative picture of natural object function-
ing in the mode of successive events changing
in real (annual) time units.
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