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XypaaHryi

Xopasw convin ail cag Ho 2yHULL YC Quiuiax yo2yoaioop meaeeneceeH0 baiinea myceazoaxc 6aiidae OHYI02 OYXUll Cmpamezuiin
OHOOP au xon602001mot Oyc Hymaz oM. DHIXYY cyOaieaansl axciaap oud XspasH 201blH XOHOU 0dzyy 2a3pbiH 000PX YCHbL
copbyo0 Hum 53 y3yyasnimaap ouuun snemenmutic mooopxotiichooc Mn, Ni, As, U, Cd, Cu 6010H Sr 39p32 21eMeHmyyo mooopxoti
XIMICIIIP OYX Y32m UNIPCIH MY 20233D INeMEHMYYOulie COH20IC, A2YYIAMICUNH MAPXAIMbIH 3YPaziansle OpOH 3auH
UHMEPNOIAYULH YPBYY 3aUH HCUHSULH apeble awuenan eapeacan. Cydaneaarst axcavie 2021 onvl xasap (5-p cap) 6oaon 2022 onvi
namap (10-p cap) xuiioic 2yiiysmesnda. Yeuvl uanapvin cyoaneaanvl Xypaono nuim 60 copvy yyeryyacan. Cydaneaano xampazocan
yem yaeyy020 maneanvl xameutin onoop azyyaamoic (Mn 908 ug/L), kaomu xameuiin 6aza azyyramoic (Cd 0.01 ug/L) unpanmaii
6atina. Cyoanzaansl yp 0yHessc xapaxao Mn, U, Ni, Sr 6o10on As 33pse snemenmyyo o Moneon yaceiH YHOHbL YCHbL CIMAHOAPIbIH
Xomorcaondac 31.6%, 16.6%, 15%, 8.3%, 3.3%-uap myc myc oascan azyyramocmaii 6aiina. Xapun 2aspuin 000px ycano oaxs Cu,
Cd-utin azyynamorc 033px cmanoapmaac 0a8Can y3yyasameyi 6aiina. JH3 20NblH cas 2a3pblh OOXUPOIbIH X YYC8IP Hb Oatieanuiii
605101 XyHULL VI adiCuna2aamail Xonooomou 600X Hb Mo2mo020CoH.

Tyaxyyp yzc: Xopasu 201, 2azap 000px ycHvl 6OXUPOOI, XYHO MEMAILL, OPOH 3ALH UUHICUTIZID
Abstract

The Kherlen River Basin holds significant strategic importance and is often considered in the comprehensive groundwater
utilization plan due to its unique characteristics. Our study focused on analyzing the concentration and spatial distribution of 53
heavy metals (HMs) in groundwater within the Kherlen river valley in East Mongolia. The findings revealed the presence of 5
heavy metals (Mn, Ni, As, U, Sr) out of the 53 in the collected groundwater samples. A total of 60 drinking groundwater samples
were collected between 2021 and 2022, and the concentrations and spatial contributions of heavy metals such as manganese (Mn),
strontium (Sr), nickel (Ni), arsenic (As), and uranium (U) were analyzed. The distribution of HMs along the river valley was
determined using the IDW (Inverse Distance Weighting) interpolation method. The results indicated that manganese (Mn) had the
highest concentration at 908 ug/L, while cadmium (Cd) had the lowest concentration at 0.01 ug/L. When compared to Mongolia's
drinking water standard, the exceeding rates for manganese (Mn), uranium (U), nickel (Ni), strontium (Sr), and arsenic (As)
concentrations were 31.6%, 16.6%, 15%, 8.3%, and 3.3% respectively. Copper (Cu) and cadmium (Cd) did not exceed the
corresponding standards. The spatial distribution of heavy metals primarily originated from both natural and anthropogenic
sources.

Keywords: Kherlen river, Groundwater contamination, heavy metals, spatial analysis
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Introduction

Groundwater serves as the most crucial source of water globally, particularly in arid and semi-
arid regions, meeting water needs for drinking, irrigation and other economic purposes. It is imperative
to acknowledge that any changes in its quality, leading to contamination, can undeniably have adverse
effects on human health (Naomi et al., 2019; Tmava et al., 2013). Unfortunately, due to climate change
and human activities, groundwater faces the risk of pollution and scarcity in numerous locations.
Consequently, concerns regarding the quality of drinking water are progressively escalating due to
unprecedented population growth, urbanization, and industrial expansion. Heavy metals, known for their
toxic behavior, persistence, lack of biodegradability, and bioaccumulation, are significant environmental
pollutants that necessitate stringent control measures (Fu et al., 2013; Batvari et al., 2013).

Heavy metals are extensively distributed in nature as a result of their broad use in a variety of
industries and fields, including household, industrial, medicinal, and agricultural. According to Quyang
et al. (2002), anthropogenic activities and geochemical reactions are the two primary sources of heavy
metals in the environment. Anthropogenic sources, such as industrial discharge, agricultural chemicals,
and municipal sewage discharge, contribute significantly to heavy metal contamination. Groundwater
pollution, particularly caused by heavy metals, is considered one of the most significant environmental
problems today (Voleda et al., 1997). Among the diverse range of contaminants affecting water resources,
heavy metals are of particular concern due to their potent toxicity, even at low concentrations.

In Mongolia, groundwater plays a vital role as a water source for both drinking and economic
sectors. Although the country possesses a total water resources of approximately 564.8 million m3, only
1.8% constitutes groundwater, as reported by Jadambaa (2009). However, more than 70% of water
consumptions in country relies on both renewable and non-renewable aquifers. Therefore, conducting
comprehensive research and analysis on groundwater quantity and quality is crucial to safeguard water
resources.

Groundwater contamination caused by heavy metals has emerged as a significant issue in
Mongolia, particularly in rural areas. Research has shown that the most prominent compounds found in
groundwater in Dornod, Baganuur and Khentii aimags are Mn, U, Fe, and Be. High concentrations of
heavy metals in water have been linked to various health issues, including abdominal pain, heart disease,
immune system, high blood pressure, and damage to the liver, and kidneys (Tokatli, 2018). Only a few
studies have measured the heavy metal content of ground- and surface water in KRB and evaluated water
quality using the drinking water quality index and heavy metal pollution index (Gerelt-Od et al., 2023;
Erdenetsetseg et al., 2022). Some studies have focused only on specific elements, such as uranium and
arsenic (Tegshbayar, 2020). Even though Mongolia is still in the early stages of developing a thorough
quality monitoring program for its ground-, surface and drinking water, recent researches already found
elevated levels of heavy metals (HMs) in surface water, groundwater and soils/sediments in the center
and settlement area of eastern Mongolia (Chinzorig et al., 2020; Amarsanaa et al., 2022;). Studies on
heavy metals in drinking water in Kherlen river valley, Eastern Mongolia, are scarce. Tuv, Khentii,
Dornod province and Ulaanbaatar are emerging centers of socio-economic development and
industrialization in Mongolia, which requires moe researches to determine the extent of groundwater
contamination linked to heavy metals in urban and industrial areas relative to large cities or settlements.

Protecting groundwater security necessitates a thorough analysis of the heavy metal distribution
characteristics in groundwater. The primary goals of this study are to (1) identify the characteristics of
HMs’ spatial distribution; and (2) analyze the factors that influence HMs in groundwater. The findings
of'this study will provide policy makers a solid scientific foundation on which to build plans and strategies
for protecting water resources and guarantee the safety of groundwater used for drinking.

Material and Methods
Study area

This research was conducted in the Mongolian section of the Kherlen River Basin (KRB), which
is situated in the eastern Mongolian plain and eventually flows into China’s Hulun Lake. The river basin
covers an area of 94,629 km? in the country and includes a municipal district (i.e., Baganuur District,
Ulaanbaatar City) and four provinces (i.e., Tuv, Khentii, Dornod and Sukhbaatar). A small portion of the
basin also covers areas of the Gobisumber and Dornogovi provinces.
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The KRB is known for its tin and gold deposits.The largest coal deposits of Baganuur coal mine
located in the upstream part and the Aduunchuluun coal mine situated near Choibalsan city, Dornod
province, in downstream part of the basin. The Kherlen River is geologically located beneath the layer of
greenschist formed by Neo-proterozoic (Kim et al., 2017).

Annual air temperatures in the KRB tend increase from north to south, and from west to east.
The annual average air temperature ranges from -3.1 to 0.6°C degrees throughout thr basin, with colder
air at higher land surfaces. The annual precipitation in the KRB is approximately 250 mm, but it varies
depending on the geographical location and characteristics. The Khentii mountain ranges located
upstream of the KRB receive around 350-400 mm of precipitation (Fai, Munkhjargal 2017).

The renewable resources of groundwater in a 1 km? area fluctuate between 20-200 mm/year and
are changeable and compound along the valley of the river. The potential exploitable groundwater
resources have already been studied for drinking water purposes in Baganuur district, Undurkhaan and
Choibalsan cities.

Sampling and analysis

The concentration of heavy metals in groundwater was determined using a total of 60
groundwater samples (Figure 1), comprising of 8 shallow well water samples and 32 deep well water
samples from locations along the Kherlen River valley (Tuv province-6, Baganuur district-13, Khentii
province-20 and Dornod province-21). The majority of sampling wells, which range in depth from 2 to
100 m, are used to supply drinking water to the towns and centers of municipal district, provinces and
soums. Every well was pumped for 10 min or until the water volume was discharged approximately twice
and stable chemical conditions were reached. The sampling locations were recorded using global
positioning system (GPS) equipment. The GIS based spatial distribution of samples and parameters were
analyzed using ArcGIS 10.1. The concentrations of HMs (As, Mn, Cd, Cu, U, Ni, Sr and Mo) were
measured by ICP-OES in the Société Générale de Surveillance laboratory.
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Figure 1. Location map and sampling points of study area.
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Results and Discussion

Heavy metal concentration in groundwater: The heavy metal content in groundwater samples collected
from a different section of the Kherlen river valley is presented in Table 1. The quality of the samples
was assessed against the Mongolian drinking water (MNS 0900:2018) standard.
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Table 1. Descriptive statistics of the heavy metals contamination in groundwater

Parameters Min Max Mean SD MNS 0900:2018
Mn (ug/L) 5.0 908.0 138.2 226.7 100

Cd (ung/L) 0.01 1.2 0.1 0.2 3

Cu (ng/L) 5.0 13.0 5.4 1.5 2000

Ni (ug/L) 0.3 42.5 12.6 10.7 20

As (ug/L) 0.21 41.9 4.0 6.8 10

U (ug/L) 0.02 206.0 19.3 34.7 30

Sr (ng/L) 132.0 3627.0 755.8 753.6 2000

According to Table 1, the mean concentrations of Mn, Ni, As, U, and Sr were 138.2, 12.6, 4.0,
19.3, and 755.8 pg/L, respectively. The concentrations of Cu and Cd in samples were below the
permissible limit given by MNS.

The concentration of arsenic in groundwater ranges from 0.21 to 41.9 pg/L, with a mean
concentration of 4.0 pug/L, which is lower than the permissible limit given by MNS. Most of the samples
(97%) have a lower As concentration. Only two samples concentrations exceeded the standard limit (10
pg/L). The highest concentration of As was measured (41.9 pg/L) at sites S59 sampling sites located in
the downstream part, and the lowest level of As (0.21 pg/L) was recorded at sites S15 located in the
midstream part of the study area. The present mean concentration of As in groundwater was found to be
very low compared to the reported study conducted in Baganuur (Baldandorj et al., 2016; Tegshbayar,
2020). Arsenic cannot only be observed by humans through drinking water; as Mongolian coal has a high
arsenic content (Mongolian Ministry of Health, 2004), and coal firing results in high air pollution during
the harsh winters, the arsenic concentration in the soil of Ulaanbaatar is unusually high (Batjargal et al.,
2010).

The concentration of manganese ranged from 5.0 to 908.0 pg/L, with a mean concentration of
138.2 pg/L. 20 of 60 samples (33%) exceeded the MNS standard limit for Mn in drinking water (100
pg/L). The highest concentrations were measured at sites S29 and middle, and the lowest level of Mn (5
pg/L) was recorded at the upstream and midstream parts of the study area. Comparing this study result,
the mean concentration of Mn was found to be little higher than those reported in Baganuur (Baldandorj
et al.,2016; Chinzorig et al., 2020), and much higher than those studies results conducted in Khentii
(Chinzorig et al., 2022) and Dornod (Amarsanaa et al., 2022).

Concentrations of Ni varied from 0.3 to 42.5 pg/L. The mean concentration was 12.6 ng/L.
Compared with the MNS standard (20 ug/L), 11 samples (17%) exceeded the standard limit. The highest
level of Ni (42.5 pg/L) was recorded at the S46 sampling point in downstream valley and lower values
of Ni are located in the midstream part of the study area. The current mean concentration of Ni was found
to be little higher than those reported study conducted in Khentii (Chinzorig et al., 2022).

The mean concentrations of Sr were 132 pug/L. Only 5 samples (83%) were higher than the MNS
limit (2000 pg/L). A high concentration of Sr was noticed in samples S1 (Sr 3627 pg/L), S46 (Sr 3114
pg/L), S55 (3114 pg/L) and lower level of Sr (148 pg/L) was observed at sites S18 and S19, respectively.

Concentrations of U ranged from 0.019 pg/L to 206 ng/L, with mean concentrations of 19.3
pg/L. Only 10 samples (16%) were higher than the desired limit of the standard (30 pg/L). The highest
level of U was observed at the S59 sampling point, and the lowest level of U (0.019 ng/L) was recorded
at the S6, which is located in the midstream part. Comparing this study result, the mean concentration of
U was found much higher than the reported study conducted in Dornod, Khentii, and Tuv provinces
(Tegshbayar, 2020).

Spatial distribution of the heavy metals and their concentration: Groundwater contamination by heavy
metals is a result of human activities, specifically the introduction of chemicals from agricultural,
industrial, and municipal waste into water bodies without proper treatment. While these heavy metals are
essential for the human body in small quantities, their high concentrations lead to water pollution and
pose risks to human health. Heavy pollution of As, Mn, Ni, U, and Sr was found in samples that were
located in the upstream and downstream parts of the Kherlen river valley. This pollution can be attributed
to coal mining activities in the region, which have made a substantial contribution to the contamination
of groundwater with heavy metals in bith the upstream and downstream parts of study area.

The distribution of Ni and Mn concentrations in the study region can be observed in figure 2
and 3, respectively.
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Figure 2. Ni concentration spatial map
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The Ni concentration map presented in figure 2 depicts that the Ni content of the groundwater
increased from the upstream part to the downstream part of the Kherlen river valley, with the maximum
Ni value observed in the water samples collected from downstream parts of the study area, while the
concentration was relatively low in the groundwater samples collected from upstream and middle parts
of the study area (Chinzorig et al., 2022).
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Figure 3. Mn concentration spatial map

The Mn concentration varied widely throughout the region, with the maximum Mn value
observed in the water samples collected from downstream parts of the study area, while the concentration
was relatively low in the groundwater samples collected from upstream and midstream parts (Figure 3).
The concentration of Mn in groundwater increases from upstream to downstream. It is rich in resources,
including coal, oil, and mixed metal deposits, as well as large coal deposits in the Khoot and
Aduunchuluun areas of the region. The high levels of these metals mainly indicate the anthropogenic role
of these metals in the groundwater of the Kherlen River valley.
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Figure 4. As a concentration spatial map

The spatial distribution of As, U, and Sr concentrations throughout the study area is depicted in

figures 4, 5, and 6. As shown in figure 4, the upper and downstream parts of the study area tend to have

lower As levels when compared to the other parts. It was also noted that most of the groundwater had a
low As concentration, with the downstream part having the lowest groundwater As concentration.
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Figure 5. U concentration spatial map

The water map of U levels in the groundwater of the Kherlen River valley is shown in figure 5.
As shown in Fig. 5, the middle and downstream parts of the study area tend to have higher U levels when
compared to the other parts, while the concentration was relatively low in the groundwater samples
collected from upstream parts.
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Figure 6. Sr concentration spatial map

The concentration of Sr in the groundwater varied unevenly from upstream to downstream of
the study area, with the upstream part having the maximum Sr level (Figure 6). The Baganuur mine is
located east of Ulaanbaatar, upstream of the study area. The spatial distribution map further revealed that
most of the groundwater has a moderate Sr concentration. It was noted that the spatial distribution of Sr
is similar to the Mn distribution, with the major difference being that Sr had the maximum concentration
in the upstream water as against the lowest As and U content recorded in the upstream water.

Conclusion

The element concentration in the study area shows the following order: Mn>Ni>U>Sr>As. The
contents of Mn, U, Ni, As, and Sr exceeded the corresponding permitted limits of the MNS for drinking
water at some sites. Although the concentrations of Cu and Cd in the sampled groundwater were lower
than the MNS standard limits, from the seven metals investigated, Mn had the highest concentration,
while As had the lowest concentration in the groundwater.

Mn, Ni, As, U, and Sr displayed identical patterns, indicating that the pollution sources of these
heavy metals may be identical. These distribution patterns are insufficient to demonstrate that the
pollution sources are indeed the same, and further study is required to determine whether these heavy
metals are associated in order to confirm that they share the same pollution sources.

Generally, anthropogenic sources were the predominant factors influencing heavy metal
pollution in this area. Furthermore, the groundwater from the region should be subjected to cheap and
effective treatments like adsorption and ion exchange in order to reduce the concentration of heavy metals
to permissible levels.
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