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MINERALIZATION OF RIVER WATERS IN GORNY* ALTAI AND ITS SPATIAL
AND SEASONAL VARIABILITY

Abstract. Judging from the rate of total mineralization of natural waters, it is possible to rather
quickly and easily estimate the degree of variability of indicators of their chemical composition. In the
presented work, the greatest attention is paid to the consideration of this indicator. Changes in the min-
eralization of waters in Gorny Altai depend on many factors, some of which are determined by geo-
graphical conditions of the environment. In Gorny Altai these conditions are very diverse. The elevation
above sea level varies from 250 to 4,500 m. Watersheds rise over the bottoms of river valleys and hol-
lows from 200 up to 1,000 meters and more. All characteristics of the chemical composition of river wa-
ters are within the limits close to background values. The results of the research reflect the general ten-
dency of gradual increase in general mineralization downstream in the rivers.

In the majority of river basins in Gorny Altai, the mineralization of waters is higher in winter
than in summer. However, there are basins where seasonal dynamics have the opposite tendency.

The increase in mineralization in the river basins near the settlements is of great concern to
the authors.

Key words: Mountainous country, natural water, mineralization, variability of chemical com-
position of natural waters.

Introduction. The majority of Gorny Altai is located within the limits of the Altai Repub-
lic. The Altai Mountains are a part of Altai-Sayan Mountainous Country. They are located in its
southwestern part and occupy the highest position (here the highest peak of Siberia, Mt. Be-
lukha, is situated).

The objective of this research is to study the specific character of distribution of chemical el-
ements in the surface waters in the Altai.

Research goals: 1) to study the character of distribution of chemical elements in the major riv-
er basins; 2) to reveal the sites with background and abnormal indicators of chemical composition
of river waters; 3) to estimate the concentration of heavy metals in the water of the major rivers.

The topicality of the research is determined by the important role of the territory in stream-
flow formation, the intensification of natural resources usage, including water resources, and also
changes occurring in the behavior of the basic characteristics of weather and climate: air tempera-
ture and precipitation [Avanesjan, Suhova, 2011].
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Materials and research methods. The results of field works and of monitoring research (from
1992 to 2012) done on the basis of the accredited Republican chemical-ecological laboratory (RCEL)
(certificate of accreditation POCC RU 0001.510063) of Gorno-Altaisk State University by order of the
Department of Natural Resources of the Ministry of Nature of the Russian Federation in the Altai Re-
public were used as the information basis. While carrying out laboratory works, researchers used mod-
ern physical and chemical methods, and employed techniques approved by the regulatory documenta-
tion in accordance with the established procedure for monitoring and ecological control.

Sampling of surface waters was done in various seasons and across the entire territory of
Gorny Altai. The most remote and difficult of access sampling points were in the Southeastern Altai
(the Ukok plateau), on the Tashanta River (the Chujsky hollow), and in the Eastern Altai along the
middle reach of the Chulyshman River (Figure 1).

100 0 100 200 km

Fig. 1. Major Rivers Basins in the Altai Republic
1 — Katun; 2 — Chuya; 3 — Argut; 4 — Dzhazator; 5 — Bashkaus; 6 — Chulyshman; 7 — Koksa; 8 — Ursul;
9 — Charysh; 10 — Anuj; 11 — Peschanaya; 12 — Sema; 13 — Biya; 14 — Lebed’; 15 — Isha; 16 — Maima

Laboratory research was done by using standard techniques of testing chemical composition
of natural waters.

Discussion of results. The Katun River Basin covers the greatest area of Gorny Altai. A high
degree of differentiation of its landscape conditions causes a dispersion of values of chemical com-
position indicators of the river waters. Waters of alkalescent reaction, soft, and falling into hydro-
gen carbonate class of calcium groups, are characteristic of this basin. Indicators of acidity and gen-
eral rigidity range from 6.39 to 8.05 — acidity, and from 0.31 to 4.49 mg-ekv/dm’ — general rigidity.

About half of the winter runoff samples collected in the Katun River Basin had a mineraliza-
tion index below the average; in the Charysh River Basin, 64% were below the average.

For summer runoff of the Katun River Basin, a background value of general mineralization
was calculated. It appeared to be lower than general mineralization value in the low-mountain parts
of the basin in the high water period (See Table 1). The maximum difference in the indicators of
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general mineralization between the high-water and low-water periods was 119 mg/dm 3 and was
recorded in low mountains.

Table 1
Value of general water mineralization in the Katun River Basin in different seasons

July—August
(the Argut, the Chuya, the

Indicator April-May July—August Koksa: the Katun is not in-
cluded)

Ba}ckgrgunq value of general 305 276 120
mineralization mg/dm 3
Mean square deviation mg/dm ? 54 61 59
Maximum value mg/dm 3 378 368 259
Minimum value mg/dm 3 214 214 40
Range mg/dm 3 164 154 219
Variation coefficient (%) 18 22 49
Arithmetic mean value of general
mineralization for low-mountain part 336 270 _
mg/dm 3

During winter runoff the average value of general mineralization in the low-mountain part of
the basin was 152 mg/dm 3.

An increase in the value of general mineralization of more than one standard deviation was rec-
orded in the settlements: Yelanda and Souzga (the Katun River Basin), Kok-Pash (the Chulyshman Riv-
er Basin), Ust’-Kan (the Charysh River Basin), and Sychevka (the Peschanaya River Basin).

During the summer period, the general water mineralization in the Katun River in the upper-
most sampling point was 251 mg/dm * (high mountains); in the lowermost sampling point — 222
mg/dm?® (low mountains). In the low-mountain part of the basin, a mineralization value less than
those in the high-mountain part was recorded in only one sampling point, which was located much
farther downstream than the others. It should be noted that the leap was recorded after a gradual in-
crease in the mineralization values downstream, and it did not essentially affect the trend character.
Similar situations took place in some other big and small basins in the Altai Republic. In our opin-
ion, a more difficult distribution of general mineralization value in comparison with high-water pe-
riods is characteristic of the summer period. This fact was indirectly confirmed by the research of
correlation of the drainage with the dynamics of temperature and precipitation regimes conducted at
Gorno-Altaisk State University [Avanesjan, Suhova 2011].

In the high-mountain part of the Katun River Basin, its tributaries had similar character of
their nourishment (except the Chuya River). However, that territory had the greatest variation of
mineralization values, hydrogen index, etc. It is necessary to notice that physical and geographical
conditions of different areas of the high-mountain part of the Katun River Basin were different.
Nominally it was possible to single out two big areas: the Ukok plateau and the upstream area of the
Katun River (area of «Kucherla») (See Table 2).

In Table 2, the results of water sampling in the high-mountain part of the Katun River Basin
are given. Only the samples taken from the rivers mentioned above are included into the table. In
the Table all test samples are arranged ‘downstream.” The results of test sampling of those tributar-
ies characterized by a wide range of values are not presented in the Table.

The analysis of dynamics of hydrochemical indicators shows that within the limits of the
Ukok plateau it was not possible to unequivocally establish the dependence of those characteristics
on the hypsometric height of sample points. Thus, downstream in the Kalguty River, the increase
was determined based on only two indicators (from nine examined): hydrogen content and concen-
tration of potassium and sodium ions. Downstream in the Dzhazator River, there was a decrease in
the values of four hydrochemical indicators. Downstream in the Katun River («Kucherla» in Table
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2) (Figure 1), the values of hydrogen content and concentration of potassium and sodium ions in-
creased, while all other indicators, including the general mineralization, decreased at the decline in
hypsometric level of the basin (See Table 2). However, on the whole, the general mineralization in
the Katun River Basin increased from high-mountain to low-mountain areas.

Table 2
Indicators of river water chemical composition in the upper part of
the Katun River Basin [Kocheeva, Bolbukh, Avdyushkina, 2007]
+ .
Indi cators pH Totla:lsl;ard Ca" | Mg Ilflat HCO; | SO4 Cr Ii\l/lz lzili;oan
the Kalguty River (the Ukok plateau)
Upper course 6.44 | 1.65 28.1 |3.0 4.6 73.2 26.9 2.7 138.5
Middle course | 7.18 | 0.35 6.0 0.6 5.0 15.3 9.6 3.6 40.0
Lower course | 7.25 | 1.69 220 | 7.1 13.9 106.8 19.2 32 172.2
the Dzhazator River (the Ukok plateau)
Uppercourse | 743 | 1.9 26.1 |73 12.5 112.9 19.2 54 183.3
Middle course | 7.0 1.15 16.0 | 4.3 114 54.9 28.8 3.7 119.1
Lower course | 7.74 | 1.23 140 |64 1.1 61.0 9.6 2.7 94.9
the Kucherla River (upper part of the Katun River Basin)

Upper course 7.36 | 3.73 46.6 | 9.8 5.7 173.8 19.2 39 259.0
Middle course | 7.63 | 2.48 406 |5.5 7.1 137.3 19.2 4.3 214.0
Lower course | 7.67 | 1.55 231 |49 14.0 112.9 9.6 4.1 169.0

Test samples taken at the mouth of the rivers Kucherla, Muzdy-Bulak, Tyun, and Chuya
showed that water in the major rivers was diluted with their less mineralized tributaries. The maxi-
mum dispersion was received for «near-mouth» parts of the rivers: the Kucherla (186 mg/dm?)
(tributary of the Katun River) and the Muzdy-Bulak (172 mg/dm?) (tributary of the Kalguty River).
The rivers Kalguty and Muzdy-Bulak were the tributaries of the Argut river and were located on the
Ukok plateau, one the most difficult to access area, where economic activity was hardly developed
and research activity was complicated. However, when the Argut River flowed into the Katun Riv-
er, the water in the latter substantially changed even visually. The changes in the chemical composi-
tion were proved to be true by the results of our test sampling (See Table 1).

The water in the rivers of the high-mountain part of the Katun River Basin was characterized
not only by the greatest dispersion of values of chemical composition indicators, but also by mini-
mum values of the general mineralization (See Table 1, 2). For that part of the basin, it was possible
to say that all surface waters were poorly mineralized and thus the purest. However, 30 % of test
samples showed the increase in the general mineralization by more than one data point of standard
deviation calculated for the high-mountain part of the basin. Along with the recorded high gradient
of mineralization in the near-mouth parts of some tributaries, it testified to a difficult mechanism of
formation of the chemical composition of natural waters and was determined by many environmen-
tal and geographical factors, one of which for that part of the basin was the permafrost. Two multi-
directional processes of freezing were characteristic for the cryolithic zone: concentration of salts in
solutions and ice desalination. Notably, sparingly soluble compounds (carbonates) were captured by
ice, while readily soluble compounds (chlorides and sulphates) remained in water [Posokhov, 1985,
p. 117; Spravochnoye, 1979].

Numerous deposits and ore occurrence located in the high-mountain parts of the Katun
and Chulyshman Basins [Bolbukh, 2005; Gusev, 1998] influenced their water chemical compo-
sition, including the value of general mineralization. Sharp jumps in mineralization recorded
during the research (the Tjun River) could possibly be explained by the influence of secondary
dispersion auras. At the same time glacial clays could adsorb a part of chemical elements dis-
solved in soil waters, that caused the decrease in their concentration in surface waters (the Kal-
guty river, See Table 2).
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In the Muzdy-Bulak River (the Ukok plateau) we recorded one of the lowest values of per-
manganate oxidability and content of biogenic elements. 97% of the obtained data coincided with
similar values of the Zhumaly River in the area of «Warm Springs,» where radon springs were situ-
ated and some kind of radon healing center operated. Therefore, in our opinion, more careful and
complex sampling of water in the Muzdy-Bulak River is necessary.

Water quality was influenced by the presence of heavy metals in its structure. During 2004 we
studied distribution of heavy metals in water in the rivers of the high-mountain part of the Altai. It
was established that the concentration of heavy metals in the rivers of that part of the basin did not
exceed the maximum concentration limit (MCL) for fishery waters [Avanesjan, Suhova, 2011]. The
test sampling indicated that the concentration of lead, copper, zinc, manganese, and iron reached its
minimum values in summer. At the beginning of autumn, the concentration of those elements start-
ed to increase. Copper and manganese concentration reached its maximum values in January-
March, and lead and zinc in September-January. The iron content in surface water during autumn,
winter and spring was characterized by similar values, which did not exceed summer value. Mercu-
ry behaved a little differently: the minimum values were recorded from September till March, and
in April-May they reached maximum values which exceed MCL two times. Copper content was
close to MCL. Iron content was 3-5 times lower than MCL; the concentration of heavy metals was
one order less than MCL.

In 2002 the character of intra-annual distribution of heavy metals in the Katun River in the ar-
ea of Platovo settlement (foothills) was studied. The researchers established that concentration of
lead, copper, and zinc reached their maximum values in summer; manganese content at that time
was high enough; iron content was minimum and similar to the high-mountain zone. The iron con-
tent increased to its maximum value in the spring; in the autumn and winter it was at the level close
to the maximum level. The highest values of manganese were recorded in the autumn. Concentra-
tion of mercury in water increased in the spring and reached its maximum value in the summer. The
maximum concentration of mercury and copper in the Katun River exceeded MCL 9 and 4 times
(accordingly); the concentration of lead, zinc and cadmium was below MCL by a factor of one hun-
dred, chrome and manganese by a factor of ten, arsenic by a factor of a thousand, and iron levels
were three times less than MCL.

The main source of surface water pollution in the lowland and foothill parts of the Katun Riv-
er Basin was sewage dumping.

The basins of the rivers: Charysh, Peschanaya, and Anuj were located in the northwestern ar-
eas of the Altai Republic. The high population and developing industry made the research of dy-
namics of water chemical composition in the local rivers very relevant.

The general mineralization values of river waters in those basins were higher than in other
basins of Gorny Altai. Thus, the greatest value of general mineralization was recorded in the
Kann River (basin of the Charysh River) at 617 mg/dm?; the mineralization of the Peschanaya
River water near the administrative border of the Altai Republic at 508 mg/dm?, and of the Anuj
River — 331 mg/dm?.

The analysis of the distribution of mineralization values in the Charysh River Basin
showed that the mineralization of tributaries in the basin was higher than the mineralization of
the major river (See Table 3). Besides, the lowest and the highest mineralization values were
also recorded in the tributaries. Evidently there, as well as in the high-mountainous part of the
Katun River Basin, a variety of landscape conditions influenced more upon the formation of
chemical composition of minor rivers. Their confluence caused the intermixing of waters hav-
ing different concentrations of basic chemical elements, which in its turn defined a more homo-
geneous structure of water in the major rivers and a gradual increase in the value of chemical
composition indicators downstream.

The seasonal dynamics of the indicator considered in Northwestern Altai was also worth at-
tention. Thus, mineralization of the Peschanaya and the Anuj Rivers during winter season was high-
er than in summer; in the Charysh River and its tributaries it was lower in winter than in summer
(See Table 3).
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Table 3
Statistical characteristics of river water chemical composition in the Charysh River Basin (mg/dm?)

Ri Winter runoff Summer runoff
tver X c V(%) | min | max | X c V (%) | min | max
the Charysh 218.1 | 496 |18 189 | 255 | 3483|605 |17 206 | 410
Tributaries of the 269.9 | 99.9 |37 172 | 325 | 399.7 | 146 | 37 207 | 607
Charysh 7
The whole Charysh Riv- | » 17 5 1 765 | 53 172 | 325 [ 381 | M8 |30 207 | 607
er Basin 3

Notes to the Table 3

X _ Arithmetic mean value of general mineralization; ¢ — mean square deviation of general minerali-
zation value; V — variation coefficient of general mineralization value; min — minimum of general minerali-
zation value; max — maximum variation of general mineralization value.

In the Charysh River Basin the general mineralization value ranged within one quadratic de-
viation, i.e. the anomalies of the chemical composition did not form in that basin. The only excep-
tion was the deviation of mineralization in one of the tributaries of the Charysh River to more than
one standard deviation in summer runoff (See Table 3).

The basin of the Biya River was characterized by rather uneven distribution of residential
zones and industrial enterprises. For example, in the Seika settlement there was a mining industrial
complex, while in the upper reaches of the Chulyshman River there was not any settlement. To get
an objective picture of the chemistry of the natural waters in the Biya River Basin, we did not take
into account (See Table 4) the results of the chemical analysis of water in the Seika River Basin
since it had experienced the greatest degree of anthropogenic impact [Gusev, 1998].

In whole the water in the Biya River basin was assigned to a hydrocarbonate class of the cal-
cium group. The basic «contribution» to the salt composition of water in the rivers of the Biya Ba-
sin, as well as on the whole investigated territory, was made the by ions of hydrocarbonates, calci-
um and magnesium.

Table 4
Statistical characteristics of river water chemical composition
in the Biya River Basin (mg/dm 3) [Kocheeva, Bolbukh, Avdyushkina, 2007]
Ri Winter runoff Summer runoff
tver X c V(%) | min | max | X 6 | V(%) | min | max
gz;ghulys}‘man River | 219 | 042 | 43 | 147|357 [ 1334 48 | 40 | 150 | 330
The Biya 185 58,9 32 127 | 289 | 161,1 | 45,5 28 150 330
g;;r"fh(’le BiyaRiver 1 191 | 626 | 33 | 127|357 | 1504 | 455 | 30 | 150 | 330

The comparative analysis of behaviour of hydrochemical indicators of the rivers in the
Northwestern and Northeastern Altai revealed some similarities in their distribution. Thus, variation
coefficients of the general mineralization value in the basins of the Charysh and the Biya were char-
acterized by close values both in summer and winter periods. The variation coefficients in the ba-
sins of the mentioned rivers in general also had insignificant differences, while the variation coeffi-
cients of the major rivers differed greatly; one was twice the other. (See Tables 3, 4). In the basins
of the Charysh and the Biya, the mineralization of their tributaries fluctuated in the bigger range
than the mineralization of the major river (See Table 3, 4). The maximum value of the variation co-
efficient was obtained for the Chulyshman River (Figure 1). In the Katun River Basin, the close
value was obtained for high mountain tributaries (See Table 1).
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Table 5
Variation coefficient of pH level in river basins of Gorny Altai (%)

The Katun River Basin The Basins of the
High tai The Biya | Peschanaya, the
1gA-mountamm zon€ | nfid-mountain | Low-mountain Chulyshman Y anaya,
. . River Anui and the
«Ukok» | «Kucherla» zone zone River Basin . .
basin | Charysh Rivers
7 4 7 6 4 8 9

The fluctuations of pH level in different basins of Gorny Altai were in close intervals. In the
Katun River Basin it changed from 6.44 to 8.04; in the Biya River Basin the recorded fluctuations
were in the range of 7.2-8.0; in the basin of the rivers Charysh, Peschanaya and Anuj — 6.5-8.03.
Variations in that value in different river basins of Gorny Altai did not exceed 9% (See Table 5).
However, the minimum values of the variation coefficient of pH were characteristic of the
Chulyshman River and a part of the high mountain zone of the Katun River («Kucherla»). In our
opinion, such small variation could be the reason of similar landscape conditions.

Thus, water in the Altai rivers, as well as in the majority of the world’s rivers, has low and
sometimes moderate mineralization [Kivatskaya, 2006]. The research revealed the absence of sites
with abnormal chemical composition of river waters in all basins of major Altai rivers. All charac-
teristics of chemical composition of river waters were within the limits close to background values.
However, the background values for the whole territory of the basin, for the major river and for
separate parts of the basin sometimes differed greatly. The greatest difference was recorded be-
tween the high mountain and foothill parts of the basin.

The conducted research showed that high mountain parts of the Altai rivers’ basins were
characterized by the most difficult and diverse conditions of formation of river waters chemical
composition; they suffered from any external influence to a greater extent. The maximum gradients
in distribution of general mineralization value and hydrogen value were recorded in those areas.
The minimum values of river waters mineralization were also recorded there.

The concentration of heavy metals in the Katun River Basin was small and tended to increase
from highlands to foothills. In the specified parts of the basin the concentration of heavy metals had
unequal seasonal distribution that could be caused by various sources of their inflow.

Conclusions. The results of approbation reflect the general tendency to gradual increase in gen-
eral mineralization downstream the rivers (See Table 2: the Kucherla, the Dzhazator). It is important to
stress that such increase in mineralization occurs non-uniformly. Inside the basins, the same non-
uniformity in distribution of investigated indicators is characteristic for all tributaries of major rivers
(See Table 1 — the Kalguty). In the basins of the the Katun, the Biya and the Charysh rivers, the mineral-
ization of their tributaries is characterized by more essential fluctuations than in the major rivers. The
distribution character of other indicators of chemical composition of waters is more complicated, and
further complex research to reveal a clear tendency in their behaviour is required. Thus, for example,
jumps in the value of indicators of river waters’ chemical composition can be caused by frontal atmos-
pheric phenomena (downpour), which at the given stage of research did not occur.

Another important fact revealed by our research team is the decrease in mineralization in the low-
er part of the Katun River Basin after high water (See Table 1). Probably, more complicated distribution
of general mineralization value is characteristic for the summer period in comparison with high water.

The increase in general mineralization in densely populated areas with more developed economic
activities (the lower part of the Katun Basin, the basins of the rivers Charysh, Peschanaya and Anui)
during the high water period is very important. It reflects the existence of anthropogenic impact on all
components of natural systems in the course of year. However, during the cold period, this process is
shielded by low air, soil and ground temperatures which determine the speed of exogenous processes.

In the last 20 years, the negative orientation of changes in the maximum drain of the Altai riv-
ers most abounding in water (the Katun and the Biya), which form their drain in all altitude zones,
was replaced with the positive [Avanesjan, Suhova, 2011]. Therefore, on such rivers the probability
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of formation of maximum water levels in the high water period, followed by an exit of flood waters,
has increased. The major reason for it is the spring warming, causing simultaneous snowmelt in
several altitude zones during the spring high water, conditioning high drainage intensity; whereas in
the years before intense warming, the snowmelt spread over altitude zones for a longer time, shift-
ing to summer months, and the high water period was longer. The comparison of an averaged runoff
hydrograph of the rivers for the observation period of 1946-1976 and 1976-2000 also testifies to it.
Therefore, the probability of high water levels in high water periods, and consequently dangerous
flooding on such rivers before modern warming was less.
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