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Abstract
Mongolian saline lakes have been rarely studied. In particular, physicochemical composition of small shallow lakes 

of the Gobi Desertregion in western Mongolia is simply unknown. Objectives were to characterize chemical composition 
and describe biogeochemical characteristics of saline lakes in the Gobi Desertregions and steppe mountains, with an 
emphasis on environmental parameters associated with heavy metal ions. Major physicochemical parameters were 
determined in 14 lakes (with varying degrees of salinity) located in western Mongolia and associations with geographic 
variation and distance were determined. Vertical profiles for temperature, specific conductance, and dissolved oxygen 
were characterized. Salinity and pH were measured with multiparameter submersible profilers. Heavy metal ions (i.e., 
As, Pb, and Cd) and microelements (i.e., K, Na, Zn, Cu, Ni, Cr, and Co) were analyzed with Inductively Coupled 
Plasma-Mass Spectrometry. Hydrogen sulfide, ammonia, nitrite, and nitrate were also determined by commercial kits 
for elemental analysis. Overall, 43 environmental parameters were determined from 31 water samples from various 
locations, representing distinct geographic features, including Gobi Desert, mountain range and steppe area. Several 
of these lakes had harmful concentrations of arsenate (< 0.34 mg/L). Heavy metal concentrations were correlated with 
selected physico-chemical variables of lake salinity and geographic specificity. We inferred that various environmental 
features, in addition to environmental pollution and mining activity, may be responsible for increased heavy metal 
concentrations in the Gobi Desert of the western Mongolia. The outcome of this study not only provided insights into 
lake chemistry, but should also be valuable for water resource management to mitigate potential poisoning and improve 
public health.

Keywords: Arsenic; Hydrochemistry; Mongolia; Saline lakes; Water
quality

Introduction
Mongolia is abundant in hypersaline or extremely oligotrophic 

environments [1] Western Mongolia is mainly composed of Gobi 
Desert, steppe, and high mountains. Based on the official record, there 
are > 3500 salt lakes and an enormous area of salt lands located in the 
Altai Mountain and Gobi regions in western Mongolia. However, 
these salt lakes have had minimal scientific study or human activity 
[2,3]. Therefore, western Mongolia provides an excellent research 
environment to explore high-latitude hypersaline environments and 
to conduct comparative analyses of chemical compositions among salt 
lakes [4,5]. 

Physical and chemical properties of major saline lakes have 
been studied for decades [2]. However, there is limited information 
regarding the relationship between salinity gradients and heavy metal 
pollution of brine water lakes in the Gobi region. Consequently, the 
main goal was a bench-mark survey of heavy metals in high-latitude 
salt lakes and to compare characteristics among brackish, saline or 
brine water lakes. Furthermore, we wanted to detect associations 
between environmental chemistry and heavy metal concentration 
to provide insights into biogeochemical networks in hypersaline 
environmental ecosystems, and determine the extent of heavy 
metal pollution of salt lakes in western Mongolia. It was expected 
that the new knowledge generated by this study would be useful for 
evidence-based ways to improve environmental management and 
public health.

Materials and Methods 
Description of sampling sites and sampling procedures

 Western Mongolia is a harsh environment; it is extremely dry with 
a huge range in temperatures (–40°C in winter to +40°C in summer). 
Moreover, the Gobi is located on a plateau ~910–1520 m above sea level, 
which further contributes to its extremeness [2-4]. Furthermore, saline 
lakes in the Gobi region have a high evaporation rate and an average 
annual rainfall of only ~ 194 mm. Global warming and human activities 
have caused average temperatures to increase 3 to 5°C in recent years, 
resulting in increased desertification in inland areas [6], which has 
decreased river flows and increased salinity in shallow lakes in the Gobi 
region. Our sampling area was a large compressional basin bounded by 
the Khangai mountain range to the east, Altai Mountains to the west, 
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chloride method. Trace and minor elements in water were analyzed 
by ICP-MS (inductively coupled plasma-mass spectrometry) X-Series 
2 (Thermo Scientific, Berlin, Germany) in an accredited laboratory 
(Central Geological Laboratory of Mongolia).

Superficial sediment samples were air-dried under a laminar flow at 
room temperature for 24 to 48 h, and then initially run through a 2-mm 
diameter sieve net to remove debris and gravel. Sediment pH and EC 
were measured in sediment slurries and distilled water (ratio 1:2) using 
suitable electrodes [12]. The moisture content of lake sediment was 
determined using a dry oven DHG-9030 (Jiangsu, Zhengji Instruments, 
China) at 105°C. Weight loss-on-ignition (LOI) was measured with 
a muffle furnace SX-2.5-12 (Xi'an HEB Biotechnology, China), as 
described sediment organic carbon was examined by a chromic acid 
wet oxidation method [13]. Micro elements (aluminum, silicone, total 
iron, arsenic, manganese, chromium, copper, nickel, molybdenum, 
lead, zinc, strontium, and cadmium) in sediment samples were 
measured with wavelength dispersive X-ray fluorescence spectrometry 
(WDXRF) Axios (PANalytical, Almelo, the Netherlands) at the Central 
Geological Laboratory of Mongolia. Structural analysis of the sediment 
samples was determined using an X-ray diffractometry diffraction 
apparatus 801 Y801 (Enraf-Nonius, Holland) in the Nanotechnology 
and Material Science Laboratory of Mongolian University of Science 
and Technology.

A Piper diagram was described by the GW chart from the U.S. 
Geological Survey [14].   Hydroparameters are checked for collinearity 
using Spearman’s Rank correlation, and a set of parameters with low 
correlations (R<0.5) were selected for Principal Component Analysis 
(PCA) to explore contributions of environmental parameters to each 
depth of selected lakes. The PCA was analyzed in R (http://www.R-
project.org/; R Development Core Team). Correlations between 
individual hydro-parameters and arsenic level were examined using the 
correlation analyses in JMP software (http://www.jmp.com/). 

Results and Discussion
The physical and chemical parameters of saline lakes 

Physical and chemical properties of 14 western Mongolian saline 
lakes are shown (Tables 2 and 3). Although physical and chemical 
properties of some larger saline lakes have been measured (i.e., Lakes 
Tonkhil, Khulma, Duruu, Ikhes and Taigam [3,5], morphometric 
characteristics and environmental parameters of smaller lakes remain 
unknown [1,2]. All 14 studied lakes were extremely shallow (water depth 

the valley of Great Lakes to the north, and the Gobi Desertto the south. 
Overall, 14 salt lakes located between 45-47oN and 93-106oE were 
studied (Table 1). Water samples were collected from these lakes of the 
Gobi Desertand high-mountain region of western Mongolia in 2012. 
Thirty-one water samples were collected at surface and bottom waters 
of shallow lakes and at various depths in deep lakes. Samples consisted 
of 3 L of lake water vertically collected from each sampling depth, using 
a homemade vacuum deep-water sampler. Water samples were retained 
in sterile 2 L containers and 500 mL polypropylene bottles for analysis 
of major and trace elements, respectively. Water samples were preserved 
with high-purity nitric acid (pH 1-2) and directly transported to the 
field station. In addition, at the same sites, superficial sediment samples 
(~1 kg of wet sediment) were collected from the lake bottom using a 
sterile spatula. These samples were sealed in sterile plastic bags and 
stored at 4°C prior to processing and analysis. 

Analysis of physical and chemical parameters 

Vertical profiles for pH, electrical conductivity (EC), temperature, 
dissolved oxygen (DO) and salinity were measured in the field with 
Hanna HI 9828 submersible profilers (Yellow Springs, Dayton, OH, 
USA). Before each survey, conductivity and pH sensors were calibrated 
against a 3 M KCl calibration solution (Hanna).

Conductivity readings of in situ temperatures (Ct) were 
standardized to specific conductance at 25○C using K25 = Ct × 
(1+0.0204× (T-25))-1, where T is the in-situ temperature (0C). The 
relationship between conductivity and salinity for lakes is: S (g L-1) = 
1.117 K25 - 7.9716. Concentrations of phosphate were determined in the 
field with a portable instrument (Yellow Springs, Dayton, OH, USA). 
For sulphide determination, subsamples were fixed with zinc acetate 
and determined by a colorimetric method [7]. The following analyses 
were all conducted as described [8]. Phosphorus (P) and ammonia 
(NH4

+) were determined using routine ammonium molibdate and the 
Nesserilization method, respectively. Major ions (magnesium, sulfate, 
chloride, calcium, carbonate and hydrocarbonate) of lake water were 
measured by titrimetric methods [9,10] at the National University of 
Mongolia. Analysis of total iron, nitrite and nitrate ions in water were 
performed with a slight modification of a photoelectric colorimeter 
KФK-2 (Optic-mechanical factory, Zagorskyi, Russia) method, as 
described [11]. Regarding the latter, NO2

- was determined through 
formation of purple dye produced by the reaction of NO2

- with Gries 
reagent, as NO3 

- was converted into NO2
- by reduction with the Cd 

redactor. Furthermore, SO4
2- was measured with a standard barium 

ID Lake Latitude Longitude Altitude Max. length Max. width Area Max. depth

Brackish

N E m km km km2 m
B1 Olon 46°26' 96°05' 2196 0.008 0.4
B2 Ar gashuun 46°37' 96°36' 1762 2.37 1
B3 Zegst 45°11' 94°55' 1

Saline

B4 Galuut 46⁰38' 96°22' 2130 0.052 1
B5 Ulaan 46°45' 95°53' 1
B6 Ulaan Kholboo 46°41' 96°52' 1.5
S1 Taigam 47°55' 106°55' 1767 4.5 1.6 10.1 4
S2 Kholboo 46°24' 97°23' 1792 7.4 2

Brine

S3 Mangas 46°54' 96°24' 1786 1
S4 Khadaasan 46°26' 96°11' 2065 0.75
H1 Tonkhil 46°11' 93°55' 2064 4.6 2.6 6.2 1.6
H2 Ikhes 46°27' 94°05' 1600 6.4 3.9 19.7 1
H3 Khulma 46°11' 93°33' 2234 4.2 3.4 8.81 1
H4 Duruu 47°16' 95°42' 1429 1.86 0.5

Table 1: Descriptions of the 14 saline lakes that were sampled.

http://www.R-project.org/
http://www.R-project.org/
http://www.jmp.com/
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Depth (m) pH Salinity (g/L) E.C (mS/cm) D.O (mg/L) O.R.P (mV)

Brackish

B1-0 9.68 0.33 0.67 1.67 -16.9
B1-1 9.53 0.33 0.67 1.68 -10.6
B2-0 8.94 0.59 1.18 4.89 2.2
B2-1 8.74 0.6 1.19 4.82 10.8
B3-0 9.12 0.72 1.43 4.03 2
B3-1 9.12 0.72 1.43 10.9 1.9
B4-0 9.4 1.27 2.45 2.66 -20.8
B4-1 9.39 1.27 2.45 2.63 -82.2
B5-0 9.16 1.98 3.76 6.26 -1.5
B5-1 9.9 1.96 3.72 6.1 -6.4
B6-0 9.35 2.27 4.25 6.08 -14.8
B6-1 9.73 2.26 4.24 5.79 -13.2

Saline

S1-0 9.64 9.19 15.66 4.11 -29.3
S1-1 9.09 9.17 15.63 4.14 -9.7
S1-2 8.96 9.25 15.75 4.09 8.2
S1-3 9 9.25 15.75 3.49 0.8
S1-4 9.13 9.34 15.9 0.15 -221.2
S2-0 9.62 16.94 27.5 5.69 -10.7
S2-1 8.99 16.93 27.48 5.54 -25
S2-2 9.04 16.94 27.49 6.04 -9.6
S3-0 9.25 22.47 35.57 3.31 2.7
S3-1 9.26 22.46 35.56 3.19 11.8
S4-0 10.1 30.49 48.49 3.27 -28
S4-1 9.83 30.64 48.71 2.98 -10.5

Brine

H1-0 8.31 51.5 74.96 0.6 5
H1-1 8.06 62.69 88.56 0.65 3.8
H2-0 8.03 137.42 101.6 0.67 13
H3-0 7.1 234.96 79.55 0.13 -
H3-1 7.1 234.96 79.55 0.13 -
H4-0 7.98 335.5 116 1.79 -44.5
H4-1 8.22 335.5 122.3 1.35 -74.5

F Ratio 38.8 32.5 138 10.1
P value <0.001 <0.001 <0.001 <0.001

D.O – Dissolved oxygen; E.C – Electric conductivity; O.R.P – Oxidation Reduction Potential

Table 2: Physico-chemical parameters in vertical profiles of water samples collected from 14 saline lakes.

Depth (m) Na+ g/L K+ g/L Ca2+ g/L Mg2+ g/L Cl- g/L HCO3
- g/L SO4

2- g/L CO3
2- g/L PO4

3- g/L NH4
+ g/L

Brackish

B1-0 0.04 0.01 0.03 0.13 0.03 0.56 0.1 12 0.2 1
B1-1 0.04 0.01 0.03 0.13 0.03 0.57 0.1 39 0.5 2
B2-0 0.28 0.01 0.11 0.08 0.38 0.19 0.4 0 0.5 2
B2-1 0.33 0.01 0.11 0.05 0.35 0.17 0.4 0 0.5 5
B3-0 0.66 0.03 0.04 0.16 0.03 0.26 0.7 6 0.2 5
B3-1 0.76 0.03 0.05 0.16 0.03 0.28 0.6 6 0.2 1
B4-0 0.74 0.06 0 0.33 0.03 1.81 0.5 126 0.2 1
B4-1 0.76 0.08 0 0.35 0.03 1.7 0.3 147 0.2 1
B5-0 0.1 0.04 0.48 0.24 0.08 0.12 2 0 0.5 1
B5-1 0.9 0.04 0.47 0.25 0.07 0.1 2 0 0.5 0.2
B6-0 1.3 0.03 0.36 0.26 0.1 0.13 2 0 0.2 1
B6-1 1.2 0.03 0.35 0.27 0.1 0.13 2 0 0.2 0.5

Saline

S1-0 6.7 0.11 0.5 1.22 0.74 0.29 10 6 0.2 0.5
S1-1 6.4 0.11 0.5 1.37 0.78 0.04 10 6 0.5 0.2
S1-2 6.3 0.11 0.5 1.37 0.82 0.16 10 6 0.2 0.5
S1-3 6.8 0.11 0.25 1.37 0.76 0.16 12 6 0.2 0.5
S1-4 7.3 0.13 0.5 1.22 0.8 0.16 11 6 0.2 1
S2-0 12 0.34 0.07 0.51 1.95 0.4 16 41 0.2 0.2
S2-1 13 0.35 0.08 0.5 1.93 0.42 15 35 0.2 0.2
S2-2 13 0.32 0.08 0.51 1.84 0.4 16 39 0.2 0.2
S3-0 14 0.09 1.25 2.28 3.81 0.06 6 0 0.2 0.2
S3-1 15 0.1 1 2.13 3.79 0.06 6 0 0.2 0.2
S4-0 25 0.56 0.75 9.12 3.23 0.39 26 54 0.2 0.2
S4-1 92 4.1 0.75 8.97 3.23 0.39 26 63 0.2 0.2
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< 2 m) excluding Lakes Taigam (4 m) and Kholboo (2 m). There was 
a large range in salinity among lakes (Figure 1 and Table 2), classified 
into three types: brine (Lakes Tonkhil, Khulma, Duruu and Ikhes); 
saline (Lakes Taigam, Kholboo, Mangas and Khadaasan); and brackish 
(Lakes Olon, Ar Gashuun, Zegst, Galuut, Ulaan and Ulaan Kholboo). 
Brine water has a high salt concentration (usually > 50 g/L), whereas 
a saline lake has less salt than a brine water lake, but more salt than 
brackish water. Salt concentrations of brine, saline and brackish water 
lakes were 51.50 to 335.5, 9.19 to 30.64 and 0.33 to 2.27 g/l, respectively. 
Brine lakes were considered a more extreme environment than brackish 
water lakes, due to high concentrations of salt and other chemicals. In 
general, lakes in arid regions of the Gobi Desert had higher salinity than 
lakes in steppe and mountain areas (Figure 1). High-salinity lakes in 
Gobi regions result primarily from high evaporation rate (~1000 mm 
annually) and uptake of salts from high soil salinization [1,2].

Lakes differed in several hydrological parameters (Table 2), 
including salinity, electric conductivity (E.C), dissolved oxygen and 
pH (P<0.05). Dissolved oxygen varied from 1.79 to 0.13 mg/L (lowest 
in brine lakes, due to poor penetration of air into the saline water 
with high osmotic pressure [15]. In addition, all samples in brackish 
and saline lakes were alkaline (pH 8.74 to 10.1), with the lowest pH 
in brine lakes (7.1-8.3). Similarly, pH values averaged 7.9 and 8.9 in 
freshwater and saline lakes, respectively, in north western Mongolia  
[16]. Although water salinity may affect pH, salt composition is also 
critical. The pH is regularly high in Mongolian lakes because the main 
salts are sulphate and chloride type, which have alkaline properties [1]. 
In all lakes, oxidation reduction potential (O.R.P) varied among salinity 
levels (Table 2). 

Seven major ions (Na+, Ca2+, K+, Mg2+, HCO3
-, SO4

2- and Cl-) 
comprised > 99.9% of salt ions [16] (Mitamura et al 2009); variations 
in chemical properties of major ions depends on concentration 
and type of dissolved salt in water [17-19]. Concentrations of major 
anions and cations in this study are shown (Table 3 and Figure 2). 
There were differences (P<0.05) among brackish, saline and brine 
lakes with regards to sodium (Na+), potassium (K+), calcium (Ca2+) 
and magnesium (Mg2+). Higher concentrations of cations, Na+ (up to 
110 g/L), K+ (up to 4.5 g/L), Ca2+ (up to 2 g/L), and Mg2+ (up to 32.83 
g/L) were detected in brine lakes compared to saline and brackish 
lakes (Table 3). Furthermore, there were differences (P<0.05) among 
brackish, saline and brine lakes regarding some anions, including, 
chloride (Cl-) and sulfate (SO4

2-), although phosphate (PO4
3-), hydrogen 

carbonate (HCO3
-), and carbonate (CO3

2-) were similar among lakes. 
Higher concentrations of anions Cl- (up to 30.2 g/L) and SO4

2- (up to 
28 mg/L) were detected in brine lakes compared to saline and brackish 
lakes (Table 3). In addition, ammonium (NH4

+) was significantly 
different between high and low salinity lakes (Table 3). Ammonium is 
commonly used to assess the impact of human and animal activities on 
water. Less saline or brackish waters are actually attributed to animal 

Brine

H1-0 45 1.1 0.25 10.79 8.86 0.45 28 63 0.2 0.5
H1-1 66 1.6 0.25 15.96 13.26 0.58 20 81 0.2 0.5
H2-0 79 0.98 0.5 17.02 16.84 0.7 24 135 1 1
H3-0 25 0.55 1 31.31 30.13 0.78 21 0 0.2 0.2
H3-1 110 4.5 2 32.83 30.2 0.75 21 0 0.2 0.5
H4-0 83 2.4 0.5 12.77 19.85 0.42 26 36 0.2 0.2
H4-1 84 2.5 0.5 14.59 22.51 0.49 26 24 0.2 0.2

F Ratio 27.98 9.3 4.89 42.51 69.03 2.1 62 0.91 1 6.3
P value <0.001 <0.001 0.01 <0.001 <0.001 0.14 <0.001 0.41 0.36 0.005

Table 3: Vertical profile of macro ions in water samples collected from 14 saline lakes.

 

Figure 1: Locations of the 14 saline lakes that were sampled in the Gobi region 
of western Mongolia.

 
Figure 2: Piper diagrams showing major cations and anions in waters of 14 
saline lakes.
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Depth (m) m Cu mg/L As mg/L Cd mg/L Cr mg/L Mn mg/L Ni mg/L Pb mg/L Sr mg/L Zn mg/L Al mg/L

Brackish

B1-0 0.07 - - - - - - - - -
B1-1 0.07 - - - - - - - - -
B2-0 0.07 - - - - - - - - -
B2-1 0.07 - - - - - - - - -
B3-0 0.07 - - - - - - - - -
B3-1 0.08 - - - - - - - - -
B4-0 0.07 - - - - - - - - -
B4-1 0.07 - - - - - - - - -
B5-0 0.07 - - - - - - - - -
B5-1 0.07 - - - - - - - - -
B6-0 0.07 - - - - - - - - -
B6-1 0.09 - - - - - - - - -

Saline

S1-0 0.1 - - - - - - - - -
S1-1 0.06 - - - - - - - - -
S1-2 0.06 - - - - - - - - -
S1-3 0.06 - - - - - - - - -
S1-4 0.07 - - - - - - - - -
S2-0 0.06 - - - - - - - -
S2-1 0.07 0.06 - - - - - - - -
S2-2 0.07 0.07 - - - - - - - -
S3-0 0.05 - - - - - - - - -
S3-1 0.07 - - - - - - - - -
S4-0 0.06 0.06 - - - - - - - -
S4-1 0.14 0.08 - - - - - - - -

Brine

H1-0 0.03 0.23 - - - - - - - -
H1-1 0.05 0.34 - - - - - - - -
H2-0 0.06 0.21 - - - - - - - -
H3-0 0.07 0.07 - - - - - - - -
H3-1 0.05 0.06 - - - - - - - -
H4-0 0.04 0.1 - - - - - - - -
H4-1 0.04 0.09 - - - - - - - -

F Ratio 2.85 20.45
P value 0.07 <0.01

(-) below limit of detection

Table 4: Vertical profile of microelements (mg/L) in water samples collected from saline lakes. Note that concentrations #, #, #, #, #, #, and # were below detection limits 
in all water samples.

Saline Brine
Lake Taigan Kholboo Khadaasan Tonkhil Ikhes Khulma Duruu

ID S1 S2 S4 H1 H2 H3 H4
Physico-chemical 
parameters pH EC 

(mS/cm)

8.41 8.12 8.84 8.4 8.29 8.29 8.48

0.97 0.75 0.65 6.87 7.3 7.1 5.23

Microelements (mg/kg)
As 19 8 10 20 24 23 17
Cd - - - - - - -
Cu 42 8 105 84 67 10 33
Cr 172 314 148 93 134 75 53
Mn 929 464 929 519 945 635 426
Ni 80 222 35 68 64 29 15
Pb 19 13 13 <5 5 <5 <5
Sr 435 449 550 404 326 1021 5704
Zn 84 47 59 87 82 49 36

Mineral composition (%)
Quartz 47.74 62.83 55.93 29.96 36.23 33.04 25.29

(-) below the limit of detection

Table 5: Physical parameters, microelements and mineral compositions in superficial sediment samples collected from 14 saline lakes.
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impact in the Gobi region, due to limits of available freshwater supply 
for wild animals and livestock [3,5,20]. 

Regarding microelements, only copper (Cu) and arsenic (As) were 
present in concentrations that exceeded limits of detection (Table 4). It 
was noteworthy that Cu was detected in all lakes; concentrations were 
relatively constant (0.07 to 0.09 mg/L) in brackish water lakes, but more 
variable in saline and brine lakes. 

Sediments of saline and brine lakes were similar in terms 
of pH, but differed in electrical conductivity. Relatively high 
concentrations (mg/kg) of microelements were detected in 
sediments of saline and brine lakes (Table 5). Concentrations of 
microelements in sediments differed between saline and brine 

lakes, although cadmium (Cd) was not detected in all sediments. 
Arsenic concentrations were generally higher in brine versus saline 
lakes (17.0 to 24.0 versus 8.0 to 19.0 mg/kg).

Arsenic concentrations varied among lake types, and were higher 
(up to 0.34 mg/L) in the water of brine lakes than other saline and 
brackish lakes. Arsenic was detected in Lakes Kholboo and Khadaasan, 
but not detected in Lakes Taigan and Mangas (Table 3). High 
concentrations of arsenic (< 0.25 mg/L) were reported in Lake Shaazgai 
in north western Mongolia [19]. Regardless, this was apparently the 
first report of high arsenic concentrations in saline lakes of Mongolia. 

Variation in degree of salinity among salt lakes (Table 2) provided 
a novel opportunity to study relationships between heavy metals (Table 
4) and environmental factors. Concentration of arsenic (As) were 
positively correlated with salinity, E.C, and concentrations of Mg2+ 
and SO4

2 (Figure 3). Based on PCA analysis, chemical composition of 
brackish, saline and brine water samples were significantly associated 
with major physical-chemical parameters including pH, dissolved 
oxygen, salinity, SO4

2-, As, Mg2+, CO3
- and NH4

+ (Figure 4). In brine 
and saline water lakes, salinity was significantly correlated with As, 
Mg2+, Ca2+, and SO4

2- (P< 0.05; Figure 4). Furthermore, in the PCA plot, 
brackish water samples had highers dissolved oxygen, pH and NH4

+, 
but lower As and salinity. Moreover, physico-chemical structures in 
brine waters were closely associated with Ca2+ (P< 0.05; Figure 4).

Arsenic contamination of lake water is related to both natural and 
anthropogenic sources [3]. Arsenic is prevalent and widely distributed 
in Inner Mongolia and the Xinjiang province of China [21-24] these 
areas have natural arsenic sources and were close to our sampling 
locations [22,24]. Based on results from other arsenic-contaminated 
environments [18,22,24-27], we predicted that saline and brine 
lakes in Gobi region might be affected by geologically based arsenic 
contamination. However, it was noteworthy that arsenic contamination 
was not detected in brackish water lakes in the Gobi region. Although 
causes might be multiple and complex, low salinity brackish water 
lakes could be a key reason for low arsenic concentrations (Figure 3). 
It has been reported that a salinity-mediated change in pH might affect 
arsenic concentration [3]. 

Conclusion
Although we inferred that high concentrations of arsenic and other 

heavy metals detected in studied lakes were primarily due to natural 
geochemical processes, we cannot definitively exclude contributions 
from anthropogenic sources, including metal mining, coal burning, 
smelting or livestock activity [3]. Arsenic pollution of surface waters, 
sediments and soils is commonly reported in mining related areas 
and heavy metal pollutants are becoming more common in Mongolia 
due to mining activity [28,29]. Regardless, evaluation of chemistry, 
particularly for heavy metals, of the salt lakes is critical to understand 
the environmental condition of the selected salt lakes and provide 
information for evidence-based food and land management. These 
increases in arsenic and other heavy metals may cause serious food 
chain problems [17]. Water chemistry of this study provided insights 
into the level of pollution and suitability of the water for humans and 
livestock. 

The study focused on the physic-chemical parameters in these salt 
lakes, including sources and behavior of heavy metals, environmental 
impacts, and risk management. Furthermore, this study also integrated 
effects of land usage, human activities, geographical distance, and 
environmental chemistry to explore relationships between biotic 

Figure 3: Relationships between arsenic and other end points in 14 saline lakes 
of the Gobi region.

 

Figure 4: Principal component analysis (PCA) of water samples, combined 
based on physic-chemical compositions of 14 saline lakes.
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and abiotic factors. More importantly, the study provided important 
data regarding toxic elements that are important to understanding 
environmental status and trends in western Mongolia. Finally, this was 
apparently the first report to characterize various environmental end 
points in some small lakes in the Gobi region. 
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