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ABSTRACT

Distribution of arsenic (As) and its compound and related toxicology are serious concerns nowadays. Gold mining activity
is one of the anthropogenic sources of environmental contamination regarding As and other heavy metals. In Mongolia, the
most productive gold mining sites are placed in the Kharaa river basin. A hundred water samples were collected from river,
spring and deep wells in this river basin. Along with total As and its species-As(lll) and As(V), examination of concentration
levels of other key parameters, 21 heavy metals with pH, total hardness, electric conductivity, anion and cations, was also
carried out. In respect to the permissible limit formulated by the Mongolian National Drinking water quality standard (MNS
0900:2005, As10 ug/l), the present study showed that most of samples were found no contamination. In Kharaa river
basin, an average concentration of total As in surface water was 4.04 ug/l with wide range in 0.07-30.30 pug/l whereas
it was 2.24 ug/l in groundwater. As analysis in surface water in licensed area of Gatsuurt gold mining showed a mean
concentration with 24.90 ng/l presenting higher value than that of value in river basin by 6 orders of magnitude and it was
2 times higher than permissible level as well. In Boroo river nearby Boroo gold mining area, As concentration in water was
ranged in 6.05-6.25 pg/l. Ammonia pollution may have present at estuary of Zuunmod river in Mandal sum with above the
permissible level described in national water quality standard. Geological formation of the rocks and minerals affected to
change of heavy metal concentration, especially As and uranium (U) at spring water nearby Gatsuurt-Boroo improved road.
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INTRODUCTION

Arsenic (As) is a toxic metalloid and the 20th most
abundant element in the earth’s crust. It is predominantly
presentin inorg anic form (As®**and As®*) in aquatic system
with a minor amount of methyl and dimethyl arsenic
compounds. Arsenic in the water is a serious natural
calamity and a public health hazard, which originates
from natural systems including anthropogenic as well
as geological sources [1]. In a bulletin of WHO report,
Smith et al. [2] indicated studies in other countries where
the population has had long-term exposure to arsenic
in groundwater and further posited that 1 in 10 people
who drink water containing 500 pg/l (0.5 mg/l) of arsenic
may ultimately die from cancers and non-cancers (e.g.
cardiovascular diseases, diabetes, anemia, reproductive,
developmental, immunological, and neurological effects)
caused by arsenic, including lung, bladder and skin
cancers. In recognition of the potential health risks, WHO
has reduced its recommended maximum value for As in
drinking water from 50 ng/l to a provisional value of 10 pg/I.
In areas where chronic endemic arsenosis problems
are occurring, concentrations of As in drinking water
are significantly higher than this recommended limit,
sometimes in excess of 1 mg/l [3].

Arsenic found in the environment generally results from a
combination of natural processes (weathering, biological
activity and volcanic emissions) and anthropogenically
induced activities including mining, fuel combustions,
wood preservation, the use of As-based pesticides
in agriculture, etc. These actions are responsible for
the emission of As into the atmosphere, from where
it redistributes on the earth’s surface by means of dry
fallout and rain.

Gold mining activities are important sources of arsenic
and other heavy metals in the environment, which
may result in considerable water or soil contamination.
Recently, heavy metal such as arsenic, cadmium,
contamination of surface and groundwater, agricultural
soils and crops in mining areas have been identified
as one of the most serious environmental problems in
several countries of the world including Korea, Mexico,
India, China, France and Spain [4-7]. In Mongolia, the
most productive gold mining sites including Boroo and
Gatsuurt are located in the Kharaa river basin, which is
one of the main tributaries of Orkhon-Selenge river basin.
The river basin has special importance in the sector of
mining, agriculture, animal husbandry and tourism.
While a comprehensive quality monitoring for ground
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and surface as well as drinking water in Mongolia is
still in infancy, elevated levels of arsenic have recently
been reported in surface-, groundwater, soils/sediments
and urban vegetation for several locations in this river
basin [8-9]. This appears to be mostly related to mining
activities and the coal combustion process containing
trace amounts of arsenic [10-12]. Previous studies
reported that natural rocks collected from Gatsuurt gold
mine contain 46.986 mg/kg of arsenic which might have
been caused by geological rocks type itself nearby this
area [13]. An average arsenic content in the tailing dam
sediment of Boroo gold mine was measured at 4.419
mg/kg [11].

The main aim of this study was to contribute to a
better understanding of the geochemical distribution of
arsenic in water bodies in gold mining area located in
Kharaa river basin. Moreover, water quality assessment
associated with contamination of heavy metals and
chemical characterization of surface and groundwater
has been evaluated based on revealed data.

MATERIALS AND METHODS

Study site: Located between latitudes 47°53' and
49°38'N, and longitudes 105°19’" and 107°22'E, the
Kharaa river originates in the Khentii mountains in
northern Mongolia and flows north to northwestwards
into the Orkhon river, thus being part of the Selenge
river basin, which is the main source region of lake
Baikal (Figure 1). The total catchment area of Kharaa
river basin is 17667.7 km?, average altitude of the whole
catchment is 1.167 m, and long-term mean discharge is
12 m® s'. From its headwaters in the Khentii mountains
to the outlet in the Kharaa river cuts across several major
morphological and geological units and fault zones
of the Mongol-Baikal lake tectonic system. The river
basin contains three different morphological units such
as (1) the upper course of the Kharaa comprised the
subbasins Mandal river, Bayangol river (Tuv province),
Sugnugur river, Kharaa river and Tunkhel river which
is characterized by mid to high mountain ranges of
the Khentii mountains with steep valley slopes, (2) the
middle reaches comprised subbasins Boroo, Zagdal and
Kharaa river which is dominated by broad valleys with
significant terrace levels and hilly uplands that placed the
most of the gold deposits in this region, and (3) the lower
reaches comprised subbasins Bayangol river (Selenge
province) and Kharaa river with typical of open steppe
and lowland landscape. Climatically the Kharaa river
basin is characterized by anextreme continental climate
with harsh, cold and dry winters and short, hot summers.
Therefore, the mean monthly temperatures in January
are ranging between minus 20°C and minus 30°C (with
minimum temperatures dropping to minus 40°C).
Sample collection: The field survey was conducted
from 26 June to 3 July, 2016 in the area belonging to
seven sums (Bayangol, Mandal, Bayanchandmani,
Bornuur, Jargalant, Sumber, Batsumber) of 2 provinces
(Tuv, Selenge) located in Kharaa river basin. During the
expedition, deep and shallow groundwater wells, rivers
and springs were sampled according to guidance on
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data collection for use in developing a quality Assurance
project plan EPAQA/G-5S and the sampling points were
illustrated in Figure 1. A total of 100 water samples
were collected for analysis of general chemical (cation,
anion and total hardness) and heavy metals (Bi, Cd,
Cu, Cr, Mn, Mo, Ni, Pb, Se, Sb, Te, Zn, Hg, Fe, F), as
well as As species. Routinely, water samples for on-
site measurements of water quality were taken with a
1 | glass from water sources. Duplicate water samples
for analysis of heavy metals and general chemical
analysis were collected in 1.5 | bottles. For total As
analysis, samples were taken at 0.5 | bottles without
any sterilization whereas duplicate samples for As
speciation including As (lll) and As (V) were acidified by
concentrated hydrochloric (HCI) and nitric acid (HNO,),
respectively, for stabilization in the field.

Analysis: Water quality including measurements of
temperature and pH, electrical conductivity (EC), and
dissolved oxygen (DO) was measured on-site with the
portable multi-parameter measuring device (Hanna
multi parameter HI98194, Germany). Furthermore, 21
heavy metals (As, Al, Ba, Cr, Cu, Fe, Mn, P, Zn, Be,
Co, Ni, Mo, Se, Cd, Sb, Te, Hg, Pb, Th, U), anions (CI,
80,#, NO,, NO,, CO,*, HCO,, F’), as well as cations
(K*, Na*, NH,*, Ca**, Mg**) were selected for the water
quality assessment. The water samples were then
analyzed by the inductively coupled plasma mass
spectrometry (ICP-MS) and chemical analysis. Arsenic
speciation (lIl, V) in water samples were analyzed by LC-
ICPMS. An analytical error and uncertainty were 1.65%
and + 0.4330 for As concentration (in case of station
33 as for representative), respectively. The detection
limitation of analytical measurements was 0.03 pg/l.
The water was evaluated by using Kurlov equation and
Alekyn water quality classification, respectively, to reveal
the chemical composition [14]. All detected data in water
were compared to the value in the National drinking
water quality standard [15].

RESULTS AND DISCUSSION

Although totally 100 of water samples from water bodies
including river, spring and wells located in this river basin,
we mostly proposed to present water quality and content
of heavy metal ions in surface and groundwater in
Mandal sum of Selenge province because two strategic
gold mining deposits, Boroo and Gatsuurt, are placed in
this area.

Chemistry of surface and groundwater: Atotal number
of 39 water samples including 26 - river, 3 - spring and
10 - groundwater were collected from designated sites
in this area. Mean concentration of general chemical
parameters measured in water samples for water quality
is presented in Table 1. The pH in the river water samples
has been observed to be in range of 6.06-7.98 with
average 7.19, in range of 6.27-7.47 with an average of
7.16 in groundwater while it was ranged in 6.64—7.41 with
average of 7.11 in spring water, which are within the safe
limits of 6.5-8.5 recommended by Mongolian drinking
water quality standard [15]. Electrical conductivity (EC)
values varied widely between 0.45 and 6.22 mS/m in



Azzaya et al. Mong. J. Chem., 18 (44), 2017, 12-19

1:680, D00
HHITE 1M IS

TN

il

E 8 FalrFe rFa®

TR

I

o=
B hed
-l-l—\.—'r

=

N R A e R g

e oy iy
e e
[ TR T

B e

R
b E5a2in0 5000 AT580 55040

L

Mula-s

T E TErETE

WFrTE

Fig. 1. Location of surface and groundwater sampling in the Kharaa river basin
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river water, the highest value observed at the station
20 near to headwater of Orkhiroo river. In spring water,
the mean value was 3.97 mS/m showing the lower
value than available limits of 10.00 mS/m. River water
at stations 20-22 had a relatively high hardness ranged
in 5.30-5.80 mg-eq/l whereas it was not exceeded 4.0
mg-eq/l at other stations throughout the area. There
was an exception with higher hardness value (7.05 mg-
eq/l) in spring water at station 37 than recommended
permissible level (7.0 mg-eq/l) by MNS 0900:2005.
This high hardness observed at those stations can be
related to high Ca**, Mg* and HCO, ions (ranged in
60.12-83.17 mg/l for Ca?* and 20.05-27.95 mg-eq/I for
Mg?*). Calcium is an essential element for all organisms

about 55.4% of prevalent magnesium hardness in water
content. A mean hardness suggests that groundwater in
Mandal sum area is referred to soft water.

Mean values of DO concentration at all stations for river
and spring water were 8.37 and 10.10 mg/l, respectively,
indicating that river water quality is relatively clean.

In contrast, DO content in groundwater varies
depending on temperature, turbulence, well depth
and atmospheric pressure. The solubility of oxygen
increases as temperature decrease. Moreover, colder
and deeper fresh waters have the capability to hold
higher concentrations of DO. This is consistent with our
results showing that high DO concentrations ranged in
13.80-27.30 mg/l were measured when well depth was

Table 1.Mean values of chemical contents in three different waters in Mandal, Selenge
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Table 2. Mean values of heavy

metal concentration (ug/l) in three different waters in Mandal, Selenge
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and is incorporated into the shells of many aquatic
invertebrates, as well as the bones of vertebrates.
Calcium concentrations in natural waters are typically
<15 mg/l. For waters associated with carbonate-rich
rocks, concentrations may reach 30-100 mg/I. Therefore,
water at the most of stations with high dissolved
Ca? may be came from geological source. Natural
concentrations of magnesium in fresh-waters may range
from 1 to > 100 mg/l, depending on the rock types within
the catchment. It arises principally from the weathering
of rocks containing ferromagnesium minerals and from
some carbonate rocks. Magnesium occurs in many
organometallic compounds and inorganic matter, since
it is an essential element for living organisms. Although
magnesium is used in many industrial processes,
these contribute relatively little to the total magnesium
in surface waters. In our study, the dissolved Mg?
concentrations in all river water have been varying in
1.82-27.95 mg/l with mean of 11.02 mg/| presenting low
values with respect to the standard. In contrast, station
37 had high Mg? concentration (41.92 mg/l) rather
than the value described in MNS 0900:2005 [15]. For
groundwater, it was varied in 1.35-6.10 mg-eq/l with
a mean of 4.07 mg-eq/l at all stations. The maximum
value (6.10 mg-eq/l) observed at station 84 is related to
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about 40 m with low temperatures (4.47-7.19°C) at
stations from 83 to 87. Unpolluted waters contain small
amounts of ammonia and nitrogen compounds, usually
<0.1 mg/l as N. Total ammonia concentrations measured
in surface waters are typically less than 0.2 mg/I-N but
may reach 2-3 mg/I-N. Higher concentrations could be
an indication of organic pollution such as from domestic
sewage, industrial waste and fertilizer run-off. The
concentration of NH,* at all stations was varied between
0.02 and 2.13 mg/l, and the highest concentration with
2.13 mg/l was observed at station 98 around an estuary
of Zuunmod river. This high value can be caused by
the animal manure mixed with river water over there.
Nitrates and nitrites were all within the maximum levels
of the standard (50.0 and 1.0 mg/l, respectively) in
all the stations. As estimation by Kurlov equation for
determination of chemical component of water at all
the stations, about 89.6% of total stations belonged to
the water classification of hydrocarbonate-sulphate with
respect to calcium-magnesium-sodium section. In the
headwater of Gatsuurt river (station 30) and Baavgait
river (station 97), it is classified as water for sulphate-
hydrocarbonate-chloride with respect to calcium-
magnesium-sodium section. Result at only 1 station,
near to downstream of Gatsuurt river (station 32), shows
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Fig. 2. Arsenic distribution in surface and groundwater in Kharaa river basin
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that water type is in classification of hydrocarbonate-
chloride with respect to calcium-magnesium-sodium
section. The difference water types between headwater
and estuary in Gatsuurt river might have due to water
flow rate, for instance, some ions can precipitate in river
sediment when the flow rate is slow in the estuary.

Heavy metal contents: The concentrations of dissolved
trace metals including Ba, Cr, Cu, Fe, Mn, Zn, Be,
Co, Ni, Mo, Se, Cd, Sb, Hg, Pb, Te and Th in all the
samples analyzed were within the acceptable levels of
the Mongolian drinking water quality standard (Table
2). Station 97 had high Al concentration with 672.00
pg/l which is above the value recommended by WHO
(500 pg/l). Uranium (U) concentrations in the river water
samples from all stations have been found to be varying
between 0.09 and 12.00 ug/l with mean value of 2.26 pg/I
while it was ranging in 1.56-26.70 pg/l with mean value
12.62 pg/l in spring water. Slightly higher mean U value
with 13.39 ug/lwas observed in groundwater. The highest
U concentration was observed in spring water nearby
Gatsuurt-Boroo improved road (at station 94) which can
be caused by geological configuration of our survey area.
We mapped the arsenic distribution in water bodies in
this river basin with 1:500000 scale based on analytical
results and it presented in Figure 2. Although the As
concentration in river waters in this area was mainly low,
it exceeded the 10.0 ng/l either Mongolian water quality
standard [15] or WHO [16] threshold for drinking water in
three cases, which made 11.5% of all measurements, in
Gatsuurt and Balj river. The maximum concentration of
As was measured at 2 points in downstream of Gatsuurt
River with values of 23.30 and 26.50 ug/l, respectively.
We did not find a high As concentration in headwater

of the river. As measured by Enkhdul et al [17], the
arsenic concentration was 136 mg/kg for the sediment in
middle part of Gatsuurt river. Therefore, enriched As in
downstream water in our survey area can be related to
binding of As to the river sediment itself. In other words,
high concentration of As along river might have reduced
by the dilution with larger water volume, which is common
effectin a river system. A general pattern says that As(V)
was the dominant specie which can consider as total As
content in all the river water. As(lll) detected at several
stations such as station 1, 21, 23, 33, 34, 93 and 99
was negligible. We have done totally 3 samplings from
spring water in Mandal sum and, specifically, station 94
had high As concentration with 30.30 ug/I. It was 3 times
greater than the value prescribed in both MNS 0900:2005
[15] and WHO [16]. Dalai and Dorjbaatar, [18] reported
that bedrock at significant depth around survey area is
basically of granite origin with rock erosion products
being loam, sandy loam, sand and gravel, therefore, As
can present as a result of geological processes occurred
in spring water. By the speciation, As(V) was dominant
contributor with 28.0 pg/l to total As while As(lll) was
measured at 2.30 pg/l. This pattern indicates that most
of As was relatively stabilized form with less toxic
characterization in spring water.

Previously, the mean As concentrations were in the
range of 1.00-2.50 ng/l for the groundwater bodies in
Mandal sum investigated by Hoffman et al. [10]. This is
agreed with our results, which found that mean As was
2.45 ng/l. However, in single case at station 83 (borehole
HG-3 at Boroo Gold), slightly high level (12.60 pg/l) of
As exceed the maximum tolerable level of the drinking
water standard of 10.00 ng/l. The surrounding geology

Table 3. Statistics and As distribution in Kharaa river indrafts (Gatsuurt, Balj)

As As
Ne Sample Location Sampling point total (ny (V)
ugll

1 KHW#30 Headwater of Gatsuurt river <0.03 - <0.03
2 KHW#32 downstream of Gatsuurt river (1) 23.30 <1 23.30
3 KHW#33 downstream of Gatsuurt river (2) 26.50 0.50 26.00
4 KHW#40 Estuary of Balj river, Tunkhel 5th bag 10.30 - 10.30

5 KHW#34 Mandal  Confluence of Kharaa-Balj rivers, Tunkhel 5" bag 2.95 1.00 195

6 KHW#35 Selenge West side of Kharaa river, Underside of Tunkhel 113 ) 113

bag, Tunkhel 5th bag

7 KHW#36 ?S:E#;n;heg;unkhel Kharaa rivers, 0.60 ) 0.60

8 KHW#38 West side of Tunkhel river, Tunkhel 5" bag 0.40 - 0.40
Max 26.50 1.00 26.00

o Min 0.40 0.50 0.40

St(antfé')cs Median 295 075 195
SD 11.22 0.35 11.19

Mean 9.31 0.75 9.10

Mongolian drinking water MNS 0900:2005 10.0 ) }

quality standard
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of the station 83 has been described as bedrock at the
significant depth is generally of granitic origin location
with rock erosion products being loam, sandy loam,
sand and gravel [19]. Therefore, there could be a natural
enrichment of As besides anthropogenic influence. The
speciation test data suggested that As(V) is dominant
contributor to total As at most stations. However,
groundwater at stations 85 and 86 have mixture of
both species. Concentration of As(lll) and As(V) specie
in all the station is not at considerable level, thus it is
summarized that groundwater in this area was not
contaminated by As since amount of As(V) almost
equalized with total As.

As content in surface water in gold mining area: In
this section, mining area has been considered as special
classification for the evaluation of As. An average As
concentration in river flowing in licensed area of Gatsuurt
gold mine (station 32, 33), which domains by “Centerra
gold Mongolia”, was 2 times higher (25.00 ng/l) than that
of permissible level. This high value might be observed
as a result of either natural geogenic processes or an
accumulation of As in river sediment. Moreover, As
contamination around this area can be caused by gold
mining processes by illegal workers before 2000. Our
results were agreed with those of previous results [10]
which indicating that surface water was contaminated
by As. It is possible to neutralize and treat As in water
related to gold mining activity by using conventional and
selected methods under strict controlling.

We studied As content in several sampling points in the
river which receives As polluted water to reveal how
higher amount of As in Gatsuurt river is distributing
to further small rivers. As showed in Table 3, As
concentration in headwater was negligible, however, its
concentration was intensively increased to 23.30-26.50
ug/l in middle of this river. River then flows to Balj river
located in area belonging to Tunkhel 5th bag and As
concentration was decreasing two magnitude of orders
at station 40. Basically, occurrence of natural purification
in the river system is common process in the nature.
Therefore, decreased trend of As at station 40 can be
related to natural processes. This process was proved
by the small amount of As detection with 2.95-0.40 ng/l
in Kharaa river water receiving Balj river, which is one of
indrafts. There was no surface water in licensed area of
Boroo gold mining. Therefore, we have done duplicate
water sampling from Boroo river nearby to this area.
Analytical results at stations 1 and 99 (Mandal sum,
Selenge province) gave us that total As concentrations
were ranging in 6.05-6.25 ug/l, which is lower than
standard value. This indicates As contamination in water
was negligible at this river.

CONCLUSION

The Kharaa river basin is one of the main tributaries
of the Orkhon-Selenge river system, which ultimately
drains to lake Baikal. An assessment for the water quality
of surface and groundwater in this basin which involved
in 7 soum of 2 provinces (Selenge and Tuv) has been
done on the basis of physico-chemical analysis. The
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main target was to reveal the spatial distribution of As
concentration in designated river basin. Most of station
in all the area was dominated by As(V) specie which is
in less toxic form than As(lll). An average concentration
of total As in surface water of the Kharaa river basin was
4.04 pg/l with wide range in 0.07-30.30 pg/l whereas it
was 2.24 pg/l in groundwater. Compared to Mongolian
drinking water standard (MNS 0900:2005), an average
concentration of As in this basin was low. Maximum As
concentration was detected at station 94 in the area of
Kherkh 4-bag, Mandal sum. As analysis in surface water
in licensed area of Gatsuurt gold mining showed that its
average concentration was 24.90 ng/l presenting 6 times
higher value than that ofvalue for Kharaa river basin and
it was 2 times higher than standard level as well. In Boroo
river nearby Boroo gold mining area, As concentration in
water was ranged in 6.05-6.25 ug/l, showing lower value
than permissible level. For groundwater, an average As
concentration in Boroo area was slightly higher than
average As of Kharaa river basin, but it was fitted with
standard requirement. As seen from overall results,
detected As with low and high concentration in natural
water may resulted by natural geological or chemical
processes in case of Kharaa river basin. Further study
should have been done study on seasonal variation of
As in water bodies in this region.
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