Risk Assessment and Risk management of accumulation of
chemical pollution in seasonal snow and glaciers and their
transportation by waterways
Parviz Normatov, Abulqosim Muminov, Inom Normatov, Abdullo Sadykov
Institute of Water problems, Hydropower and Ecology of the AS Republic of
Tajikistan
Abstract. We detected an increase in heavier isotopic
composition (δ2Н, δ18O) in waters of the Zeravshan River
and its tributaries from upstream to the downstream. The
change is associated with the evaporation process. The
exchanges of groundwater and surface waters in Muksu
river basin was observed. Groundwater of the Muksu River
Basin (a tributary of the Vakhsh River) nourish the River
Muksu in dry periods.
1. Introduction
First, it is important to note the issue of the water quality in transboundary rivers and
their tributaries. Zeravshan River crosses the border of The Republic of Tajikistan
some 28-30 km below the city of Penjikent and flows through the territory of The
Republic of Uzbekistan. Total length of Zeravshan River is 877 km out of which 303
km flows through the territory of The Republic of Tajikistan. The problem of water
quality in transboundary river basins, in the Zeravshan River basin in particular, is
compounded by the fact that up to now there is no network sharing of information
regarding the quality of the waterways between the neighboring states of Central Asia.
Therefore, there is no uniform standard for assessing the degree of anthropogenic
load on geoenvironmental systems (e.g., maximum permissible concentration). The
problem of water quality of the Zeravshan river is mostly associated with the pollution
of the river by wastewater from the Anzob ore-concentrating facility (AOCF) - the
mining enterprise for extraction and enrichment of mercury-antimony ores of the
Dzidzikurut deposit. Groll et al (2015), Kerimov et al. (2011), Kholmirzoeva et al.
(2012), Normatov et al. (2003, 2005a, 2005b, 2010, 2012, 2013, 2014a) .
Vakhsh River is the main river of the Republic of Tajikistan that merges with the Pyanj
River to form Amu Darya – the largest river in Central Asia. Potential energy resources
of Vakhsh amount to 28.6 Million kWt·h (250 Million kWt·h/year of electricity).
Development of the hydropower potential of the Vakhsh River involves construction of
planned future, and currently operating number of large and medium size reservoirs
and hydropower stations (HPS) Normatov et al. (2014, 2014a, 2015, 2016), Normatov
(2015).
Common problems of the reservoirs of the HPS are the issues of sedimentation and
changes in the chemical composition of water caused by reducing the useful volume,
corrosion of metal structures, as well as the extent of vital activity of living organisms
in the reservoirs.
The aim of this work is to study the chemical and isotopic composition of Zeravshan
and Vakhsh rivers and their tributaries in general, and assessment of sources of
pollution in these rivers basin in particular.
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2. Study Site and Methodology
We focused in our study on the transboundary Zeravshan and Vakhsh rivers, their
main tributaries and main glaciers of the Zeravshan River Basin. Sampling of water
from Zeravshan River and its tributaries were used by the scheme (Fig. 1) developed
in Groll et al. (2015). The chemical analyses of waters were carried out by methods
described in Normatov et al. (2010).

Figure 1. Scheme of sampling of water from Zeravshan River and its tributaries
Sampling of water for isotopic analysis was carried out according to the methodology
developed at the University of Colorado at Boulder (USA). Isotopic analysis of water
were performed on Wavelength-Scanned Cavity Ringdown Spectroscopy (WSCRDS). The characteristic chemical composition for each river was identified by
sampling of the tributaries to the confluence with the main river and with other
tributaries.
3. Result and Discussion
The results of chemical analyses of the Zeravshan River are presented on Fig. 5 show
that the concentrations of cations and anions of the water of Zeravshan River above,
and below the Anzob ore-concentrating facility (AOCF) wastewater dams are
insignificant and do not exceed their MPC. It is obvious that the Zeravshan River is
not polluted by wastewater of the AOCF.
The extent of agricultural development upstream of the Zeravshan River is determined
by the orographic features due to the limitation of irrigatable land. Therefore, it can be
expected that the salinity of the runoff from these areas into collector-drainage system
is negligible. An analysis of the histogram data (Fig. 2) of the composition of the water
shows that Zeravshan River and its tributaries in the upper reaches do not experience
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Figure 2. Results of chemical analyses of the Zeravshan River water above (¾) and
below (¾) wastewater dams of Anzob mining plant
Glaciers are viewed as favorable natural media for accumulation of atmospheric
aerosols, chemical compounds and metals from long distance transport. Such
phenomenon was observed at the southern slopes of Mount Elbrus, where the content
of heavy metals and distribution of heavy metals in the snow cover on the glaciers was
determined by Normatov et al. (2015).
It is likely that the contaminants accumulated in snow cover and glaciers migrate in
the process of melting of snow and glaciers to rivers and are distributed in river flow
to long distances. The choice of snow cover as a natural indicator to air pollution is
reasonable, because the snow effectively absorbs atmospheric impurities including
dry dust emissions from anthropogenic sources Olsson et al. (2010).
The concentration of pollutants in the snow are due to seasonal accumulation by 2-3
orders higher than in the atmosphere. Hence, contamination assessment in snow
cover requires quite simple methods and can be accomplished with a high degree of
reliability Temerev et al. (2010).
Physical and chemical analyses were conducted on samples collected from seasonal
snow cover on the glaciers of the Zeravshan River Basin, including Zeravshan,
Rossinj, and Tro and tributaries emerging from these glaciers. The river Zeravshan
one of the major rivers of Central Asia originates at a height of 2775 m. On the territory
of Tajikistan, it flows about 300 km and takes more than 100 small streams and 3 large
rivers Tokarev et al.(2010). The annual flow of the Zeravshan River is on average
about 5.2 Bln. m3.
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Figure 3. Chemical composition of seasonal snow on glaciers of the Zeravshan River
Basin.
Oxygen and Deuterium isotopic composition and deuterium excess is considered one
of the most informative indicators in hydrological and glaciological studies, particularly
in the identification of regularities of the processes of ice formation, snow accumulation
and the flow of aggregate mutual transformations. Figure 4 presents the results of
isotopic analyses of samples of water from the tributaries of the Zeravshan River:
Sabag, Yarm, Samjon, Tro, Dehavz, Dihadang, Gusn and Dashtioburdon. Sampling
for isotopic analyses was carried out according to the methodology developed at the
University of Colorado in Boulder. Analysis was performed on Wavelength-Scanned
Cavity Ringdown Spectroscopy (WS-CRDS) and the isotopic composition of hydrogen
and oxygen expressed in relative terms δ2Н and δ18O:
δ = [(Rsample / Rstandard) – 1]∙1000‰
where Rsample and Rstandard relations are computed for 2H/1H and 18O/16О in the
measured samples, where the standard are the ratios in ocean water, i.e. Standard
Mean Ocean Water (SMOW, Vienna, IAEA). Measurement precision was ±0.05‰.
It was found that the upstream tributaries of the Zeravshan River are characterized
by light isotopic compositions of the oxygen and hydrogen isotopes: δ18O ( -13,23 : 13,43) ‰, δ2Н (-88,92 : -88,32) ‰ and deuterium excess 16.92-19.21. This suggests
that the observed fractionation is a result of the freezing and the accumulation occurs
in winter. In turn, the downstream tributaries of the Zeravshan River have the following
isotopic composition: δ18O (-11. 98: -11.61) ‰ and δ2Н (-78.45: -75.80) ‰. The results
indicate the existence of seasonal variations in the isotopic composition of precipitation
Page 4 of 11

and their influence on the isotopic composition of the river, i.e., the change of the ratio
of rainwater, meltwater from seasonal snow and groundwater.

Figure 4. Results of isotope analyses of the Zeravshan river tributaries
The location of tributaries of the Zeravshan River is shown on Figure 5. Comparison
of the results of isotopic analyses (Fig. 4) with their map location (Fig. 5) suggests an
increase in heavier isotopes downstream. We postulate that the main factor of this
increase are downstream higher temperatures and therefore the increased
evaporation of water from the rivers.

Figure 5. Schematic map of the Zeravshan River tributaries
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4. Hydrochemistry of the Vakhsh River and tributaries
Monitoring of water quality in transboundary rivers, identifying the sources of
anthropogenic pressures and the adoption of adequate measures for their elimination
through development of modern techniques is a valid tool to regulate the relationship
between the components of geoecosystem. It is an important element of geoecological
analysis of the problems of Central Asia as a key link in the development of bases of
rational use and protection of water ecosystems.

Figure 6. Scheme of sampling of water from the Vakhsh River and its tributaries
Chemical composition of the water of the Vakhsh River and its tributaries was studied
by carrying sampling and analyzing water collected at the points shown on Figure 6.
The distribution of the sampling points allows to evaluate the chemical composition of
each minor and major tributary and their individual contribution to the chemical
composition of the main river flow. Chemical analysis of river water and groundwater
of the river basin are presented on Figure 7 (a and b respectively).
The content of the chemical elements of the Vakhsh River shown on the Figure 7 and
Figure 8 indicate that they do not exceed established maximum permissible
concentration for any of the analyzed components. This suggests that formation of
chemical composition of the Vakhsh River water and its tributaries is mainly due to
natural leaching of mineral rocks.
The results of isotopic analysis of the Vakhsh River and their tributaries are presented
on Figure 9.
Interpretation of the results of isotopic analysis of the Vakhsh River and its tributaries
requires understanding of the state of glaciation in Vakhsh River Basin. There are
intensively melting several small glaciers on the northern slopes in the western part of
the Peter the Great Ridge in the Surkhob River Basin. On the southern slopes of the
Alay Ridge, glaciation recedes slower as there are larger glaciers. In the Obikhingou
River Basin, the largest glacier Garmo is intensively melting. During the XX century, it
became shorter by almost 7 km, having lost more than 6.0 km2 in area. It is currently
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retreating at an average speed of 9 m/year, and the surface settles due to the melting
of up to 4 m/year. Another glacier in the same basin, Skogach, retreats annually at 11
m.
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Fig.7. The results of chemical analysis of the waters of the tributaries of the Vakhsh
river (a) and groundwater basins of these rivers (b)
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Fig.8. The results of chemical analysis of the Vakhsh river waters
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Figure 9. the Isotopic composition of water in the Vakhsh River and tributaries: 1, 2Garmo glacier; 3 - Surkhob river; 4 – Vakhsh river; 5 –Obikhingou river; 6 – Kyzilsu
river; 7 – river Muksu
In view of this pattern of recession of the mountain glaciers, it can be concluded that
the rivers and Surkhob Obikhingou are fed by glacial-melt water, and assuming that
precipitation mostly occurs in winter, the isotopic composition in the sampled water
would be significantly lighter.
The weather and climatic conditions of the Vakhsh valley are warmer than in the
valleys of its high elevation tributaries Surkhob and Obikhingou and consequently due
to evaporation process would have a heavy isotopic composition. However, the
increasing contribution of the melt-water from the tributaries leads to the fact that the
isotopic composition of water of the Vakhsh River become lighter.
The isotopic composition of the Kyzilsu River is characterized by values δ18O = -13.36
‰, δ2H = -87.88 ‰ which is close to the values of the isotopic composition of the water
in areas with an average annual temperature above 0 °C (Fig. 9). It was found that
the isotopic composition of the Naryn River changes seasonally in the following range:
spring (δ18O = -13.4 ‰; δ2H = -96 ‰) and autumn (δ18O = -12.4 ‰; δ2H= -89 ‰)
Tokarev et al. (2010). It was assumed that there are no significant contributions of
glacial water to the Naryn River. Given this assumption, it can be concluded that
formation of water flow in the Kyzilsu River occurs mainly due to seasonal rains and
the contribution from glacial melt-water is negligible.
Previously Vasilenko et al. (1985) suggested on the basis of chemical composition of
river water and groundwater of Tajikistan, that groundwater reservoirs under the river
basins are recharged from the river channels. We conclude the opposite process, i.e.
groundwater contribution to the flow of Muksu River (Fig. 6).
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Figure 10. Isotopic analysis of spring (1, 3, 4, 5) and underground waters (2, 6, 7, 8)
in the basins of rivers Muksu, Kizilsu, Surkhob, Obikhingou, respectfully.
The results of the isotope analyses of spring waters and groundwater basins of the
rivers Muksu, Kizilsu, Surkhob, and Obikhingou shown on the Fig. 10. Fig.10
demonstrates that isotopic composition of groundwater and spring water in Muksu
River basin are on average significantly lighter and close to the values of melted glacier
water shown in Fig. 9.
Conclusion
The research of the data for the period 1960-2012 by Agency of Hydrometeorology of
The Republic of Tajikistan on the reduction of the area of glaciation in the basins of
the Vakhsh River suggest that the increased water flow volume of the rivers is due to
melting of small glaciers. Thus, one may conclude that the water in Vakhsh River basin
is vulnerable to climate change. One may predict future flow volumes in Vakhsh River
using seasonal changes in the river flow volumes.
No local anthropological sources of pollution were detected and the chemical
composition of water in the investigated river basins were found to be mainly due to
the natural leaching of mineral rocks.
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