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Abstract: Major ions and isotopes of hydrogen and oxygen were measured in lake, river and spring water samples collected in 
Tajikistan from September to October 2011. Stable isotopic values and ion concentrations in waters reflect the 
environmental conditions in different areas of Tajikistan. Ca2+ and HCO3

- are the dominant ions of river and spring 
waters, and come mainly from calcite and dolomite weathering. Several water samples are of the Ca-SO4

2- and Na-
HCO3

- type and reflect strong evaporation and silicate weathering. Most lakes of Tajikistan are located in the eastern, 
mountainous area and are of the Mg-SO4

2- and Na-Cl- type, reflecting persistent, long-term evaporation under an arid 
climate. The hydrogen and oxygen isotope values of river and spring water in Tajikistan range from -129 to -65‰ and 
-17 to -9.3‰, respectively, and display larger values in the west, indicating that river and spring waters in the east are 
supplied mainly by glaciers, and waters in the west come mainly from precipitation. Relations between hydrogen and 
oxygen isotopes in waters from the eastern (δD=9.2×δ18O+28.0) and western (δD=5.5×δ18O-10.7) rivers differ as a 
consequence of different water sources in the two areas. Correlations between hydrochemical and isotope values in 
lake water mainly reflect the intensity of evaporation. 

Key words: Tajikistan, hydrogen and oxygen isotopes, hydrochemical types, environmental characteristics 

1. INTRODUCTION  

Asia is now experiencing some of the most serious environmental degradation in the world. This 
is especially evident in Central Asia where the environment is particularly vulnerable and the 
distribution of water resources is quite uneven (Becker and Li 1990; Zhou et al. 2007). 
Environmental problems and water crises have restricted social and economic development in the 
countries of Central Asia and are therefore of particular interest to researchers (Josef et al.1997; Wu 
et al. 2009). Tajikistan is located in Central Asia and has an arid to semi-arid temperate, continental 
climate. The topography is characterized by a pronounced contrast in altitude, from the low-lying 
plains in the southwest to the high Pamir Mountains in the east. The highest peak, Somoni, has an 
altitude of 7495 m a.s.l. and lies in the central Pamir (Liu et al. 2015). A large number of glaciers 
surround the high mountains of Pamir (Aizen et al. 1996) and meltwater from these glaciers is 
Tajikistan’s main water resource. Most precipitation in the region falls in winter and spring, a 
consequence of westerly circulation and the North Atlantic Oscillation (Aizen et al. 2001; Chen et 
al. 2011). Total annual precipitation in Tajikistan varies from approximately 100 mm in the east to 
500 mm in the west (Zhao et al. 2017). Tajikistan accounts for more than half of the total available 
water in all of Central Asia, and it is thus important to understand the hydrological cycle of this 
region. We collected river, spring and lake waters along a west-east transect in Tajikistan to 
measure ion concentrations and stable isotopic composition, which can be used to evaluate the 
condition of the surface waters in Tajikistan. We used the data to investigate the influence of 
geographic factors on the hydrochemical character of surface waters and provide vital information 
about water resources in this arid region. 
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2. MATERIALS AND METHODS 

2.1 Sampling 

Major ions and stable isotopes (δD and δ18O) were measured in surface water samples 
collected in Tajikistan from September to October 2011 (Fig. 1). Samples for isotope analysis were 
collected in 20-mL bottles. The bottles were filled completely to prevent contact with air until they 
were opened for analysis in the laboratory. 

 

Figure 1. Location of sampling sites in Tajikistan. 

2.2 Laboratory analysis 

The pH of water samples was measured using a pH meter (pHS-2C; Lida Instruments, Shanghai, 
China). Total dissolved solids (TDS) and major ions were described in Ma et al. (2016). Stable 
isotopes (δD and δ18O) were analyzed using an LGR DT-100 Liquid Water Isotope Laser Analyzer 
(Los Gatos Research Inc., Mountain View, California, USA) calibrated using Vienna Standard 
Mean Oceanic Water 2 (VSMOW2; IAEA). All hydrogen and oxygen isotope analyses are 
expressed in conventional δ notation (δ‰) referenced to VSMOW. Reproducibility was better than 
1.0‰ for δD and 0.15‰ for δ18O.  

3. RESULTS AND DISSCUSSION 

3.1 Statistical variables for different water types 

We collected 38 water samples from rivers, 12 samples from springs, and six samples from lakes 
in Tajikistan. Basic statistics for pH, stable isotopes, TDS, and major ion concentrations in waters 
samples are shown in Table 1. Values of deuterium (δD) and oxygen (δ18O) in river waters ranged 
from -127‰ to -66‰ (-92±21‰) and from -17 to -9.3‰ (-13±2.2‰), respectively. For the spring 
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waters, δD and δ18O values varied from -129‰ to -65‰ (-96±25‰) and from -17‰ to -10‰ (-
13±2.7‰), respectively. For the lake waters, δD and δ18O values ranged from -79‰ to about -38‰ 
(-63±16‰) and -11‰ to about -1.8‰ (-7.1±4.0‰), respectively. 

In river water, TDS varied from 0.06 to 1.4 g/L, with a mean value of 0.28±0.25 g/L. Among the 
major cations, Ca2+ predominated, accounting for an average of 64±11% of the total cation meq, 
followed by Mg2+ and Na+, which both represented an average of 16% of cation meq. Among the 
major anions, HCO3

- dominated with on average 70±19% of the total anion meq. Samples from 
springs had slightly higher TDS values (0.51±0.61 g/L) than those from rivers, whereas the pH was 
not significantly different between the two water sources. Among the major cations, Ca2+ was also 
the most abundant cation (meq) in spring water, accounting for, on average, 57±21%. Na2+ and 
Mg2+ represented an average 24±27% and 17±8%, of the cation meq, respectively. Among the 
major anions, HCO3

- dominated (68±27% of the total anion meq), whereas SO4
2- and Cl- 

represented, on average, 29±26% and 3±3%, respectively. In general, the hydrochemical 
characteristics of water were similar in samples from rivers and springs. There was, however, a 
significant difference in lake waters, which had greater TDS values than river and spring waters, 
ranging from 1.1 to 91 g/L (19±36 g/L). Among the major cations, Na+ predominated, accounting 
for, on average, 42±28% of the total cation meq, followed by Mg2+ and Ca+, which both represented 
an average of 27%. Among the major anions, SO4

2- was the main anion, representing 67±13% meq.  
 

Table 1. Statistical variables for surface waters in Tajikistan 

Sample 
type Item pH δD δ18O Ca2+ K+ Mg2+ Na+ Sr2+ Cl- SO4

2- HCO3
- TDS 

‰ ‰ mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L g/L 

Rivers 
(n=38) 

Min1 7.4 -127 -17 10 0.31 0.78 2.0 0.04 0.38 1.81 35 0.06 
Max2 9.0 -66 -9.3 202 6.3 68 177 2.9 107 731 306 1.4 
Mean3 8.2 -92 -13 48 1.9 13 17 0.41 11 80 142 0.28 

SD4 0.39 -21 -2.2 34 1.2 14 33 0.61 25 139 64 0.25 

Springs 
(n=12) 

Min 7.4 -129 -17 2.0 0.21 0.04 2.3 0.04 0.46 7.29 96 0.15 
Max 9.3 -65 -10 545 3.4 80 151 11 87 1444 292 2.3 
Mean 8.2 -96 -13 86 1.8 20 33 1.4 17 199 166 0.51 

SD 0.59 -25 -2.7 147 1.1 22 45 3.0 27 406 59 0.61 

Lakes 
(n=6) 

Min 7.8 -79 -11 4.0 2.5 16 66 0.13 80 527 184 1.1 
Max 9.8 -38 -1.8 335 1622 1216 33067 8.0 31214 22830 854 91 
Mean 8.5 -63 -7.1 120 326 441 5894 2.5 5743 5795 355 19 

SD 0.76 -16 -4.0 128 640 585 13320 3.1 12497 8578 252 36 
1 minimum value; 2 maximum value; 3 average value; 4 standard deviation 

3.2 Spatial variation of δD and δ18O in different water types 

There were differences in δD and δ18O among water samples (river, spring and lake water) from 
different parts of Tajikistan (Fig. 2). To assess this spatial variation, we separated the samples into 
two groups based upon the topography of the sampling sites. To the west of ~70.5º E, an area 
characterized by plains and low mountain topography, the elevation was < 2000 m asl. To the east 
of ~70.5º E are the high-mountain and glacier regions, and sampling sites were generally between 
2000 and 4000 m a.s.l. In low-lying western Tajikistan, the δD and δ18O of river and spring waters 
(-75±7.9‰ and -11±1.0‰ for river water, and -75±11‰ and -11±1.3‰ for spring water, 
respectively) were greater than in samples from eastern Tajikistan (-115±7.8‰ and -15±0.8‰ for 
river samples, and -117±11‰ and -16±1.3‰ for spring samples, respectively). For lake waters, 
however, the δD and δ18O values displayed the opposite trend, with δD and δ18O in the eastern lakes 
(-49±9.3‰ and -3.6±1.6‰, respectively) slightly greater than values in the western lakes 
(-76±4.2‰ and -11±0.2‰, respectively). In general, δD and δ18O values in river and spring water 
gradually increased from east to west, perhaps related to different water supply. The slight decline 
in δD and δ18O in lake waters from east to west reflects mainly the intensity of evaporation.  



 Q. Li et al.  232 

 

Figure 2. Distribution of hydrogen and oxygen isotope values in different surface waters from Tajikistan 

Regression lines between δD and δ18O for both river and spring waters in Tajikistan deviated 
slightly from the global meteoric water line (GMWL). In western Tajikistan, most values for river 
and spring waters were scattered above the GMWL (δD = 5.5δ18O-10.7), whereas the scatter points 
were mostly on or below the GMWL in eastern Tajikistan (δD = 9.2δ18O+28.0). Local evaporation 
can change the relation between δD and δ18O in residual water and can result in a linear relation 
between δD and δ18O values that falls below the GMWL. This, however, was not the case in 
western Tajikistan, as the distribution of δD and δ18O values was well above the GMWL (Fig. 3), 
implying that the river and spring water in western Tajikistan is not strongly influenced by local 
evaporation. In fact, there is an abundance of winter and spring precipitation in western Tajikistan, 
influenced by westerly circulation and the North Atlantic Oscillation, and precipitation is thus the 
main water supply in the region (Chen et al. 2011). In eastern Tajikistan, the linear relation between 
δ18O and δD values in river and spring waters fell slightly below the GMWL. This probably reflects 
higher land surface evaporation in that region, and the fact that river and spring waters in the east 
are supplied mainly by glacier meltwater. Three lake samples from eastern Tajikistan fell below the 
GMWL, but above the evaporation line of Lake Karakul (δD = 5.0δ18O-35.2) reported by Mischke 
et al. (2010), revealing that the hydrologically closed lakes in the Pamir Mountains are dominated 
by long-term evaporation under arid climate conditions.  

 

Figure 3. Linear relation between δD and δ18O in different surface water types in Tajikistan, compared with the Global 
Meteoric Water Line (GMWL) and evaporation line of Lake Karakul. The solid line (a) indicates the GMWL; the small 

dashed line (b) indicates the evaporation line of Lake Karakul. 
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3.3 Hydrochemical facies of different surface water types in Tajikistan  

Most river water from Tajikistan plots in the field of the Ca2+-Mg2+-HCO3
- hydrochemical facies 

type, accounting for 74.4% of the river samples (Fig. 4) and suggesting that the dissolved ions in 
the water originated mainly from calcite and dolomite weathering. The other 25.6% of river waters 
in eastern and southwestern Tajikistan were in the field of the Ca2+-Mg2+-Cl- -SO4

2- hydrochemical 
facies, and only one sample was categorized as dominated by Na+-HCO3

-. The hydrochemical 
facies of spring waters were similar to river samples, which were mainly in the field of the Ca2+-
Mg2+-HCO3

- type (Fig. 4). This is interpreted as the result of water-rock interactions (Dindane et al. 
2003; Belkhiri et al. 2010) and reflects the abundance of carbonate lithology in this region. Lake 
waters, however, displayed significant differences (Fig. 4). Eastern lakes in the Pamir Mountains 
are virtually closed hydrologically, and are subject to intense evaporation under arid climate 
conditions. They possess Na+-dominant Cl--SO4

2- type waters. These lake samples had high salinity 
that may be the result of halite (NaCl) and thenardite (Na2SO4) dissolution or cation exchange. The 
southwest outlet lake water of the Kayrakkum Reservoir was in the field of the Ca2+-Mg2+-Cl- -
SO4

2- hydrochemical facies, the same as river water in southwestern Tajikistan. 

 

 

 

 

3.4 Relationship between hydrochemical and isotopic characters of different water types 

The deuterium excess parameter (d-excess; d=δD-8×δ18O) is an important index in the study of 
surface water (Dansgaard 1964), having an average value of about 10‰ in global precipitation. In 
this study, d of river and spring water was in the range from 11.6‰ to 21.5‰ (16.0±3.4‰) in the 
west and between 2.8‰ and 15.8‰ (8.8±3.1‰) in the east (Fig. 5), implying a spatial difference in 
moisture sources. The higher d in river and spring water in western Tajikistan reflects the influence 
of moisture from long-distant transport, such as from the Mediterranean, Caspian and Aral Seas 
(Liu et al. 2015). The lower d in river and spring water of east Tajikistan is consistent with moisture 
transport from local evaporation. Moreover, dissolved ions and TDS are enriched, along with heavy 
isotopes, during evaporation (Ma et al. 2016). This phenomenon was especially evident in eastern 
lake waters (Fig. 5), in which d (-20.6±3.7‰) was much lower than in global average precipitation 
and TDS concentrations were higher, indicating the significant long-term evaporation under arid 
climate conditions. Correlations between hydrochemistry and isotope values of different water types 
in Tajikistan are shown in Table 2. There is no strong correlation between hydrogen or oxygen 

Figure 5. TDS concentrations vs. d-excess of 
different water types in Tajikistan. The red 

color indicates the water samples from 
eastern Tajikistan; the black color indicates 

water samples from western Tajikistan. 

Figure 4. Hydrochemical facies of different water 
types in Tajikistan 
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isotopes and major ions in river water, suggesting rivers are influenced mainly by recharge water 
sources. The hydrogen and oxygen isotopes of spring water, however, had a positive correlation 
with HCO3

-, interpreted as a consequence of water-rock interactions when atmospheric precipitation 
enters the below-ground aquifer. A significant correlation between hydrogen and oxygen isotopes 
and Ca2+, Na+, Cl-, SO4

2-, HCO3
- was found in lake waters because in such closed-basin lakes 

intense evaporation causes isotopic fractionation, enriching the lake water in the heavier isotopes, 
and leads to greater ion concentrations (Wang et al. 2013).  

 
Table. 2 Correlations between stable isotopes and dissolved ions in different water types from Tajikistan 

Water types  K+ Na+ Ca2+ Mg2+ Sr2+ Cl- SO4
2- HCO3

- TDLs 

Rivers 
(n=38) 

δD 0.14 -0.20 0.14 0.20 0.20 0.18 0.09 0.15 0.36 
δ18O 0.21 -0.15 0.18 0.26 0.29 0.23 0.15 0.17 0.42 
d -0.12 -0.30 -0.04 -0.07 -0.13 -0.06 -0.13 0.25 0.23 

Springs 
(n=12) 

δD -0.15 0.26 0.39 0.48 0.39 0.50 0.38 0.58* 0.38 
δ18O -0.13 0.29 0.36 0.46 0.36 0.49 0.36 0.62* 0.36 
d -0.25 0.03 0.47 0.52 0.49 0.48 0.45 0.28 0.39 

Lakes 
(n=6) 

δD 0.807 0.757 -0.732 0.353 -0.680 0.771 0.870* 0.865 0.801 
δ18O 0.738 0.680 -0.852 0.471 -0.821 0.696 0.811 0.816* 0.730 
d -0.638 -0.574 0.937** -0.562 0.918** -0.591 -0.716 -0.731 -0.627 

* Significant correlation at p<0.05 level; ** Significant correlation at p<0.01 level 

4. CONCLUSIONS 

Relations among stable isotopes and major ion concentrations indicate that river and spring 
waters in Tajikistan are related, with precipitation having the greatest influence on river and spring 
waters in western Tajikistan, and glacier/snow meltwater contributing most water to rivers and 
springs in the east. Ca2+-Mg2+-HCO3

- is the dominant hydrochemical facies type for both rivers and 
springs, suggesting that carbonate rocks in the basins control the hydrochemistry. Hydrogen and 
oxygen isotope values, and their correlation with hydrochemical variables of lake water reflect the 
intensity of evaporation. Negative deuterium excess values and higher TDS in east lake waters 
reveal stronger evaporation under arid climate conditions, with a Na+-Cl--SO4

2- hydrochemical 
facies type dominating, along with high salinity that reflects possible dissolution of halite (NaCl) 
and thenardite (Na2SO4).  
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