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Background....

»' T Small and shallow lakes are much more vulnerable than
deepwater ecosystems because they have a low capacity
for contaminants or nutrient loads. (Jorgensen, 1988)
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@‘V Mortality of fish, ;O Pount sources The establishment of thermal stratification was
Toxic cyanobacteria strongly related to the onset of DO depletion in the
« The shallow water Lake Hulun the concentration of COD is lower hypolimnion. As a result of a progressively
B abnormally high and reaches about 59 mg C/L (Tang et al. earlier onset of stratification and later overturn, the
=55 2009) — average depth 4.5m duration of stratification increased by 38 + 8 days
23 c over the 41 years. (Brian Foley, 2012)
N « The COD concentration was observed 4.38 &= 0.72 mg/L in

Taihu Lake. (Yun, Y. 2013) - average depth —2.12m
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The objective of the research:

The objective of the research:

Evaluation of nutrient concentration level and its seasonal variation at the
freshwater lake to identify the factors on eutrophication in freshwater ecosystem.

1. Spatial and temporal variation of nutrient concentration in the water in lower
Kharaa basin

=|_ower reaches of Kharaa river and Lake Bulan
2.  Water column characteristics of nutrient concentration in lake environment.
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Nitrogen emissions and source allocation (KRB, 2006-2008)
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River basins of Mongolia

107°0'0"E,
i

49°0'0"N
"

48°0'0"N
n

Kharaa river basin

Research area: a) River basins in Mongolia; b) Elevation
map of Kharaa river basin; ¢) Lake Bulan sampling sites.

Methods: Sampling location

The arrow indicates flow direction of the Kharaa River

Station name Coordinate Description
Bulanl 49°315" N 105°54'49" E 7 m water depth
Bulan2 * 49°30'52" N 105°54'47" E 9 m water depth
Bulan3 49°30'42" N 105°54'47" E 7 m water depth
Kharaal 49°31'07.75" N 105°53'48.71" E Darkhan bridge
Kharaa 2 49°30'39.60" N 105°53'54.29" E Before inflow WWTP
Kharaa 3 49°2955.95" N 105°53'47.17" E After inflow WWTP
Kharaa 4 49°30'40.93" N 105°53'55.06" E Downstream of Darkhan city
Inflowing point of wastewater
WWTP 49°30'40.9" N 105°53'53.8" E treatment
(WWTP) from the Darkhan city

Lake Bulan is an artificial freshwater lake formed from open cast sand
and gravel mining during the construction of Darkhan city in the
1960s.

Eutrophic green color, permanent water body; surface area of 0.45 km?
and depth of 6-15 m; 1.1 km long and 0.6 km wide; and elevation of
678 ma.s.l.

Lake Bulan is a lentic water body without inflow or outflow water
COUrses.

The main recharge sources are precipitation and groundwater from the
Kharaa River valley.

Ice forms on the lake surface at the beginning of November. The lake is
poor in terms of floating and bottom species /Ch. Ayushsuren, 2018/
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Water sampling plan /2019-2023/

Climatogram of Darkhan area
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pof Months !
-10 - i
15 Cold season 1
-20 N s .
m o Changing seasons ] Water sampling: open water season sample, a- surface water
.30 ] - \Warm season L collecting, b — WQP measurement, ¢ — a pumping process of a

Temperature, °C depth water sample, d — transparency measurement by Secchi
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Research methods: Analytical method

4 season sample (Fall, Winter, Spring, Summer)

!

Electrical Conductivity, pH, Temperature, Dissolved Oxvgen,

depth

—DISNIC 25¢s, 0.45pum

Water sapmle in
plastic bottle

/ ICP-EOS / /SFA: QUAAUGBEJ/ / TOC-Vesn /

DISNIC 25¢s, 0.45um

Water sapmle in
plastic bottle

Major ion K, N, Ca,
Mg, 5i and Trace
elements Al Mn, Fe

NH,™- N, NO; - N,
NOs- N, PO/ -P.
Si0,-Si

——(3lass fiber filter——

Water sample in brown
glass bottle

DOC

The concentration of total nitrogen (NH; — N,
NO; — N, NO3 — N), phosphorus (P — P03~
and silicate (SiO, — Si) were analyzed by the
segmented flow analyzer (SFA, QuAAtro39)
and the total concentrations of dissolved
organic carbon were measured using TOC
analyzer (Shimadzu, TOC-V SCN). The
concentrations for main ions (Na*, K*, Ca?
and Mg?*), trace metals (Fe, Mn, Al) were
measured using inductively coupled plasma
optical emission spectrometry (ICP-OES,
Varian-710).
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Research methods: The sediment analyse in Lake Bulan

After removal of stone and plant fragments. The dried sediments were
sieved through a 2 mm sieve and grounded in an agate mortar. The
obtained samples were stored in a desiccator and used for chemical and
mineralogical analyses. Then inorganic carbonates were removed with
1M HCI, rinsed with Milli-Q water, and dried again to analyze
particulate organic carbon (POC), nitrogen (PN), and stable isotopic
components (8 13C and 5 1°N).

Kharaa 3

Kharaa2
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Result...

Parameter 30Ap. 2022 27 Au. 2020 24 Sep. 2021 25 Feb. 2022
WT, °C 8.03 * 20.1 14.8 0.1
pH 8.08 9.06 8.23 6.99
DO, mg/L 16.8 2.78 4.72 4.00
EC, mS/m 84.1 76.6 72.2 100
Turbidity, NTU 12.1 - 15.5 4.00
WT, °¢€ pH EC, mS/m DO, mg/L Turbidity, NTU
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Results....

A percentage NHZ : NO3:NO3 of DIN in the water Lake Bulan and River Kharaa
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Note: DIN concentration unit - mg/1.
Lake's DIN in average, bracket values are S.D.

The amplitude of seasonal fluctuations in the level of nitrates and their percentage can serve as indicators of the
eutrophication of a water body. In unpolluted surface waters, the concentration of nitrate ions does not exceed
values of the order of tens of micrograms per liter. ( Stepanova, 2015)
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Result: Spatial variation and vertical profiles of nutrient, and DOC concentrations in Lake Bulan
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Sediment analyses result, a) TOC and TN, b) C/N ratio

513C-
VPDB,
%o

-28.7
-29.0
-28.6
-28.1
-28.0

-27.0

61°N-Air,

%00

10.8
10.7
10.7
10.1
8.10

7.15

TN, %

1.51
1.02
0.822
0.416
0.352

0.274

TOC,

%

10.2
7.49
6.07
3.56
3.06

2.51

C/N ratio were measured from 6.0 to 9.2 which indicated
freshly deposited OM (Mahapatra, D.M., 2011) .

C/N

6.9
7.3
7.4
8.6
8.7

9.2

Extremely high TOC content was observed in 0 - 0.5 cm - 10.8% and 0.5-1 cm — 7.49% while its content fluctuated from
1.8 to 4.3 % in freshwater Lake Bosten, China (Z.T.Yu, 2015) and from 2.86 to 7.32 in freshwater lake Kibagata, Japan (H.T.

Bui, 2017).

Results of surface sediment analyses indicate high eutrophication process is occurring in Lake Bulan
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Discussion....

a) 20
2%

1.5 1
— 51(%) 47(%1
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€104 12% s
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0.5 4 67%

25%
73%
00 T T T T
2.0
b) ].0()
] 42%
57% 4%
oy 1B
g
s 96%
= 2% 70
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24%
84% 69%
0.5 T X T : T ? T
January April August September

Percentages of NHZ—N (green), NO3_ —N  (light green), and
NO, —N (yellow) in total DIN concentrations in the water from three sites
at Lake Bulan; (a) surface and (b) bottom layer (7 m depth).

1.Phytoplankton  growth:  Lower DIN
concentration in August shows phytoplankton
bloom, which occurs in late growth season in
the Mongolian plateau region (Chengxue Ma,
2019, Ye Jin, 2020)

2.Water turbulence: Water turbulence during
spring and autumn seasons in temperate lakes
allow the mixing of water mass. Turbulent
mixing controls the vertical transfer of heat,
gases and nutrients in stratified water bodies,
shaping their response to environmental
forcing (Castro B. F., 2021)

3.Thermal stratification: Early formation of
thermal stratification n will cause the long
strong summer stratification (Brian Foley,
2012)
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Conclusion

Winter profile data of nutrients in small freshwater lakes has not yet been undertaken in
Mongolia, which is sensitive to global warming. The following results were obtained.

The concentrations of nutrients ranged widely over four seasons. Higher concentrations of DIN and PO3~ were
observed in January (1.37 £ 0.08 mg N/I, 0.08 = 0.07 mg P/l) and September (0.72 £ 0.10 mg N/I, 0.02 + 0.01
mg P/).

The vertical profiles of DIN concentrations were different in each season.
Spring and autumn: constant with water depth due to vertical mixing of water mass.
Summer: higher concentration of NH,* was observed at the bottom layer.

Winter: higher concentration of NO, and NH,* was observed at the bottom layer. The NOj
concentration and its vertical profile were similar to those of NH,*, suggesting active metabolism in lake

bottom water in winter. -

The water stratification was one of the factors controlling nutrient concentration in Lake Bulan. This is
reflected the phytoplankton production in spring and autumn in lake, and basic important information to
understand and predict the effects of global warming on ecosystem in ice-covered lakes.
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Seasonal Variation and Vertical Distribution of Inorganic Nutrients in a Small Artificial
Lake, Lake Bulan, in Mongolia
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Zorigs, B, Ochir, A.; Fulashi, K.; freshwater lake with eutrophication in Mongolia. The vertical profile and seasonal fluctuation of
= mv:““‘:‘" D‘:""“'""L s nutrients are crucial to understanding the biogeochemical cycles in aquatic systems. In this study,
M LE; 0, S Yunden, s S
k l .‘ CrTr . Zeorc field research was carried out at a small and shallow lake, Lake Bulan, in the lower Kharaa River
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—— z ISR, basin. The area has been receiving increased nutrient loads from the water catchment area for the
Distribution of Inorganic Nutrivnts i

Mongolia Witer 2022, 14, 1916,
hittgs:/ /doi.oeg/10.3390/w 14121916 of dissolved inorganic nitrogen (DIN) in the surface lake water had a wide seasonal variation from

P . last20 years. Water samples were collected seasonally from the lake from 2019-2022 and analyzed P u b I I S h ed - 14 J u n e 2 0 2 2
G%FT for nutrients, major cations, trace metals, and dissolved organic carbon. The average concentration -
= 0.26 = 0.11 mg N/L in August to 14 £ 0.08 mg N/L in January. Seasonal differences were also
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byiaH HyypbIH 3pYYJ aXyUH YHAJIT) VYUY 60J0H HYypbIH 3pYYJl axyidH YHIJITI9HUM
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P<0.05
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