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Abstract
Comparative assessment of changes in water quality and
pollution levels of the Tuul river by zones
Soyolmaa O., Bayarmaa D.
“Ach” Medical University
E-mail: bayarmaa@ach.edu.mn
Rationale

In recent years, global warming, climate change, environmental pollution driven by human
activities, expansion of settlement areas, and mining operations within the Tuul river basin
have been increasingly recognized as major factors affecting the river’'s water quality,
pollution levels, and flow regime [1, 3].

In particular, air and soil pollution in Ulaanbaatar, the quality and composition of effluent from
the central wastewater treatment plant, water use by thermal power plants and boilers, as
well as increasing domestic and industrial water consumption, continue to exert pressure
on the Tuul river system [4, 6]. In addition, gold mining activities in the Zaamar area further
contribute to the deterioration of water quality.

These combined pressures highlight the growing vulnerability of the Tuul river ecosystem
and underline the need for detailed, spatially differentiated assessment of water quality along
its course, especially within and downstream of urbanized areas.

Objective
The objective of this study is to assess and evaluate the level of pollution in the Tuul river by
spatially dividing the river into zones based on the results of chemical analysis.

Materials and Methods

This study utilized water quality data obtained from laboratory analyses of Tuul River water
samples conducted by the Information and Research Institute of Meteorology, Hydrology
and Environment between 2022 and 2024. The data were accessed and used with official
permission from the relevant authority.

The study was designed as a descriptive cross-sectional analysis. The research area was
divided into three zones and 14 monitoring sites. A total of 373 water samples were analyzed
based on 15 chemical parameters.

Ethics

Before initiating the study, the research methodology and procedures were reviewed
and approved by the Ethics Committee of Ach Medical University. An official request was
submitted to the National Agency for Meteorology and Environmental Monitoring to obtain
permission for the use of research data, and the data were used upon receiving approval.
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To assess the water quality of the Tuul river, a statistical analysis was conducted on 15 key
parameters across Zones 1, 2, and 3 using SPSS and Microsoft Excel. The study calculated
arithmetic means and standard deviations to evaluate the data. A total of 373 samples,
collected from 14 monitoring points within these three zones over a three-year period, were
included in the analysis.

Results

The three-year average concentrations of water quality indicators differed across Zones 1,
2, and 3. In Zones 2 and 3, key indicators including dissolved oxygen, biochemical oxygen
demand (BOD), chemical oxygen demand (COD), ammonium nitrogen, mineral phosphorus,
and chromium corresponded to Class IV and V levels of surface water quality classification,
indicating heavy to extreme pollution.

Conclusion

1. The chemical indicators reflecting the water quality and pollution level of the Tuul River
show clear spatial variation along its course. The upper reach entering the city is relatively
unpolluted, the central urban section experiences noticeable contamination, and the
downstream section accumulates the highest level of pollution.

2. The main surface water pollution indicators in Zones 2 and 3 fall within heavily polluted
(IV) and very heavily polluted (V) categories, indicating a strong influence of human
activities and urbanization.

3. The average fluoride concentration in all zones exceeds the permissible limit defined
by relevant standards by 2.5-3.9 times. Consumption of surface water with elevated
fluoride levels may lead to fluorosis in humans, while livestock drinking water along the
Tuul River may experience reduced productivity and disruption of normal bone structure

development.

Key words: Tuul river, zone, parameters, contamination, standard

Pp. 92-101, Tables 6, References 16

YHpacnan

CyynunH Xunyygag A9NXuinH — gynaapan,
YYP ambCranblH ©epynenT, XyHuA YWn
axunnaraatan xon6ooTon opyHbl 6oxmpaon,
CYYypbLUAbIH BycuinH T1ananT, Tyyn ronbiH cas
razaptT xamaapax 6yc HyTart OGauranuuH
Gasanar onbopnox ynn axwunnaraa 339par Hb
Tyyn ronblH yCHbI 4YaHap, 6oxupgon, ypcau
39p3IT  MOO3raaxyny Heneerx  OGawraar
M3pPraXKnuinH Gawvryynnara, cyonaaung,
aHxaapyyncaap 6aniHa [1, 2, 3].

YnaaHbaatap XOTblH  araap, XepCHWUMA
Ooxupgon, TeB L3B3pNax OGanryynamxuiiH
Xasrgan yCHbl YaHap, Hawpnara, Aynaadbl
uaxunraaH CTaHu, YypblH  3YYXHYyAblH
TEXHOSTOMMH X3Paruaa, Uprag, ax axymH HaDK
GaviryynnaryyablH YCHbl X3parnaa, 3aamap

Aaxb anTHbl yypxarH onbopnonT 33par Hb
eHeer xypTan Tyyn ronbiH yCHbI Goxupagong
Heneernceep balHa [4, 5, 6].

YnaaHbaatap xotoq 6anpnax XyHC, HUATUAH
XOOJ1, 9MH3M3r, HOOC HOOMyyp, apbC LWWp
6onoscpyynax ynngsap, aBTOMaLUWH
yraanrblH rasap 33par OfoH 3yyH YWNABap,
aX axyWH HAINKUNH YN axunnaraaHsl sBUaj
Ouii 6oncoH BypaH L3BIPLUYYNI3ryn xasiraan
yc GOMNOH xaTyy XOr XasranblH XaHrantrym
MEHEXMEHT Hb Tyyrn ronbiH YCHbl 60XMpAnbIH
©ac HarsH wantraax om [4, 6, 7].

Hwiiram, aguiiH 3acar, yCHbl Heeu, 4aHap,
9KOMNOMMNH  XONOOrgonTon CyynuiH  YEWUnH
cyganraaHbl M3433, M34233Mang YHA3CNSH
2019 oHO XWWCOH caB ras3pblH HArAC3H
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YHONraaraap Tyyn ronblH caB rasap HUNTA33

“‘C” 6ywy ayHopkaac [ooryyp TyBLUMHA
YHaNaracaH 6anHa [3].

Tyyn ronblH ragaprblH  YCHbl  4YaHap,
6oxmpaneir NNIPXUANIAX YHOCSH
y3yynanTyyaumr YnaaH6Gaarap XOoT

opuMma ypcay garyy OycunaH cyanax Hb
ady xonboraonTon X3MI3H Y33X IHAXYY
cyganraar XMncaH [1, 8J.

3opunro

Tyyn ronblH yCHbl 6GOXVMPANbLIr  TYBLUMHT
XUMUAH  LUMHXWUATI3HUIA  OYHO  YHOICN3H
OycunaH  cygnax,  YHanaxsag  3HOXyy
cyganraaHbl 30pUIIr0 OpLLUMHO.

MaTepuan, apra 3ymn

Llar yyp, OpYHbl LUWMHXWUITA9HUA ra3pblH

2022-2024 oHp Tyyn ronblH YCHbl 0334,
XUNC3H XUMUWNH LLUNHXUITTA9HUIA M3A33NNUIAr
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alurnaH 4eckpunTme cyganraaHbl arlMHIMnH
3arBapaap rymudTracaH. Tyyn ronblH YCbIr
YnaaH6aaTtap xOT opuumAa ypcau garyy 3 ycag
XyBaaH, 14 6anpwnng XstHanTbiH L3 TOITOOH,
TROr3p UIryy4d3C aBCaH YCHbl  O39XuA
TOLOPXOWNCOH  YCHBbI OpPYMH, LaxunraaH
Jamxyynax 4aHap, ymbyyp 6oguc, yycaH
Xyuunrteperd, OUOXMMUAH XyYUNTOPErdniH
X3parua’d, XMMWUWH X3P3rudaT Xydunteperdy,
aMMOHW, HUTPUT, HUTpPaT, docdar, Temep,
xnopuva, cynbdart, 6 BaneHTTam xpom, Top
33par 15 y3yynanTyyaunr COHroH 3 >KUIWIAH
AyHOaxaryynawx, ctaHgapT xasannTbir Exsel,
SPSS22 nporpamm awumrinaH TooL00soB.

CypanraaHbl xamaapax xyrauaaHg 3 6ycuiH
14 xaHanTblH UAraac 373 yCHbl 433X aBd
nabopatopng XMMWUIAH LWNHXUIT33 XUIAC3H Ba
Yp AyHr MoHron yncbiH “YcaH Op4YHbl YaHap.
EpeHxun waapgnara. MNS 4586:2024-tan
XapbLUyynaH YHamnnaa.

Table 1. Classification of zones, monitoring sites, study period, and number of water

samples
Zone Monitoring site Year Total
2022 2023 2024
Tuul-Uubulan
Tuul-Nalaikh
Z 1 7 7 42 11
one Uliastai-Ulaanbaatar 3 3 6
Tuul-Bayanzurkh Bridge
Dund Gol-Ulaanbaatar
Tuul-Zaisan
Zone2 | Juul-Shine Bridge 43 47 56 146
Tuul-Sonsoglon
Tuul-Songino Upper
Tuul-Songino Lower
Tuul-Zaamar
Tuul-Lun
Z 3 35 34 42 111
one Tuul-Altanbulag
Tuul-Khadan Khyasaa
Total 115 118 140 373
Ec ayn cyfanraaHbl M3439M35 awmrnax 3esLleepern

Cypanraar axnaxunH emHe “A4” AHaraax
yXaaHbl UX CYpryynuitH Ec 3ylH XOPOOHbI
Xyprnaap apra, apraudnanbir XananuyynaH
€C 3yWH 3eBLleepen aBcaH. Llar yyp, Op4HbI
LWMHXUNII3HUIA ra3apT anbaH oumuur nnraax,

aBCaH.

Yp AYH

Tyyn ronbiH ypcay paryyx 1 gyraap 6ycag
Tyyn-YybynaH, Tyyn-Hananx, VYnancram-
YnaaH6aatap, Tyyn-basiH3ypxuiiH ryyp racaH
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4 xaHanTbiH Uar, 2 gyraap 6ycag OyHa ron-
YnaaH6aartap, Tyyn-3ancaH, Tyyn-lUuH3
ryyp, Tyyn-CoHcornoH, Tyyn-CoHrnHo 093,
Tyyn-CoHrMHO [oo0p4 recoH 6 XAHanTbiH L3,
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3 pyraap 6ycag Tyyn-3aamap, Tyyn-JlyH,
Tyyn-Antan6ynar, Tyyn-XagaH xsicaa racaH
4 XAHanTblH U3, HUAT 14 XAHANTbIH L3r
TOrTOOCOH.

Table 2. Mean concentrations of water quality indicators at monitoring sites in Zone 1

(2022-2024)

Ne | Indicator (unit) Tuul- Tuul-_ Uliastai- Tuul- .
Uubulan Nalaikh Ulaanbaatar |Bayanzurkh Bridge

1 |pH 7.01+013 |717+0.16 |7.56+0.23 |7.19+0.07

2 |Suspended solids (mg/L) 3.78+0.71 |514+165 |6.26+2.67 |4.25+0.83

3 |Dissolved oxygen (mg/L) 8.78+0.17 |8.86+0.23 |9.47+0.44 [9.34+0.26

4 |BODs (mg/L) 1.99+0.15 |2.01+0.25 |2.35+0.30 [2.20+0.31

5 |COD (mg/L) 226+0.77 |3.81+0.69 |6.42+1.42 |4.37+1.43

6 |[NH," (mg/L) 0.11+0.02 |0.10+0.02 |0.18+0.02 |0.11+0.03

7 |NO,™ (mg/L) 0.004 £ 0 0.003+0 0.01%0 0.005+0

8 [NO;™ (mg/L) 0.26 £0.06 |0.30+0.03 |0.27 +0.07 |0.41+0.17

9 |P,0Os5 (mglL) 00 00 0.01 £0.001 |0.01 +0.001

10 |Fe (mg/L) 0.19+0.06 |0.22+0.04 |0.19+£0.09 |0.31+0.04

11 |CI” (mg/L) 296+045 |344+040 |4.05+0.19 |[3.62+0.08

12 |SO,* (mg/L) 436+1.15 |6.70+£046 |4.11+0.87 |[6.32+1.66

13 | Cr®* (mg/L) 0.26+0.18 |0.20+0.16 |0.02+0.01 |0.04 £0.02

14 | Fluoride (mg/L) 3.67+0.15 |3.73+0.12 |4.13+044 |3.94+0.13

15 | Electrical conductivity (uS/cm) [67.6 £ 6.53 |75.66 £ 6.60 |120.78 + 3.91|92.93 £ 17.94
Tyyn ronbiH ypcay paryyx 1 gyraap 6yceg  aryynamx  MNS  4586:2024-g  3aacaH

xamaapax Tyyn-YybynaH, Tyyn-Hananx,
Ynuactan-YnaaHbaatap, Tyyn-basH3ypxuiH
rYyp rocaH 4 xsHanTbliH UarkniH 116 g3sxua
XUAC3H XMMWWH  LUMHXWUTO3HUA  OYHIA3C
Y39X34 ragaprblH YCHbl 4YaHap, Goxupanbir

36BLUOOPOIOASOX X3IMXKIOHA TOAOPXOWMNOrACOH.
XapuH (OTOpbIH aryynamxwinH gyHoaxk yTra
3.87+£0.21 mr/n Ganraa Hb A33pX CTaHOapTag
36BLUGSPOIOeX 03390 XOMXKI3HIIC 2.5 gaxuH
nx GanHa.

NNIPXUNIIIX

Y3YYNanTyyauiiH

AyHaoax

Table 3. Average concentrations of water quality parameters at monitoring sites in Zone

2 (2022-2024)

. |Dund Gol- |Tuul- |Tuul-Shine |Tuul- Tuul Tuul
Ne |Parameter (unit) ) A Songino Songino
Ulaanbaatar |Zaisan |Bridge Sonsoglon
Upper Lower
1 |pH 7.57 £ 0.07 g;g * 7.16+£0.10(7.29+0.22 |7.30+0.18 (7.21 £0.14
Suspended solids 526+ |23.65% 15.36 + 85.11 %
2 (mgiL) 22.95+5.99 168 426 9.14+4.74 704 2130
3 |Dissolvedoxygen g 01,057 [923% 15444004/870+0.00 |8.91+0.32(6.35+044
(mg/L) 0.30
229+ |27.07+ 92.67 +
4 |BODs (mg/L) 3.16 £ 0.07 023 769 1.65+0.06 |3.06 £ 0.53 707
486+ [11.88+ 2942 +
5 |COD (mg/L) 5.70 £ 0.07 1.01 0.28 496 +0.15 |{4.98 £ 1.30 392
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6 |NH,* (mgiL) 0.17 £0.03 8:(1)? * 1510+0.68(0.14 £ 0.02 |0.68 £ 0.51 1?8';9 *

7 INO,” (mg/L) 0.05 + 0.01 8:88 * 10.06£0.02(0.01 £ 0.00 |0.05 +0.02 |0.06 + 0.01

8 |NO; (mg/L) 7.46 £ 0.63 8:3’2 * 10.46£0.10(0.60 £ 0.12 |1.41 £ 0.26 |0.45  0.08

9 |P,0s (mgiL) 0.02 £ 0.001 8:8(1) * 10.4940.05(0.01+0.00 |0.17 £0.04 |1.16 + 0.13

10 | Fe (mg/L) 0.24 +0.07 8:5; * 1047 +0.15]0.23 £ 0.04 |0.38 + 0.18 | 0.42 + 0.08

11 | CI (mg/L) 36.42 + 1.04 ‘1‘:?2 * 2)?8'22 * 1436+1.20 |7.86+055 3.37'34 *

12 |80, (mg/L) 64.82 + 5.32 ‘1‘:2‘7‘ * g%y * 1519+ 1.24 1_27'80 * 8%527 *

13 |Cre* (mglL) 0.03 + 0.01 8:8‘1‘ * 10.15+0.01/0.06 £ 0.02 |0.09 + 0.02 |0.30  0.12

14 |F~ (mg/L) 5.03 + 0.24 g:ggi 511+ 1.04(3.71+0.19 |4.19 £ 0.16 |6.14 + 1.07

.5 E(';‘jﬂgﬁ\'{ity s/ |52173%  |78.56%|25850+ |9085+ |13206% 52179+
o) 50.89 18.75 [11.73 16.10 14.65 22.86

Tyyn ronblH yCHbI ypcay, aaryy 2 gyraap 6ycag
Xamaapax 6 XdHanTblH U3rasac 3 >KUIUIAH
xyrauaaHg 146 ycCHbl 039X aB4 XUMWIAH
LUNHXMNTE3  XUWC3H. LUuHxnnrasHun ayHAa
YHOSCN3H ragaprbiH YCHbl YaHap, 6oxupanbir
NNIPXMIANAX Y3YYNanTyyaunH AyHOax
aryynamxuwir — togopxownoxog HOyHg ron
-YnaaH6aatap, Tyyn - 3ancaHn, Tyyn - LLUuHa
ryyp, Tyyn - CoHcronoH, Tyyn - COHIMMHO
09390 racoH 5 xaHanTbliH UarT pH, yyccaH
xyuunteperd (O,), HnTput (NO,), HuTpaT (NO3),
docdopbiH Hargan (P,0s), xpom (Cré*) 3apar
y3Yynantyya xonborgox craHgapTag 3aacaH
36BLLOBPOIOeX XaMXI3HI3C XaTPaaryn barHa.
XapuH ymbyyp 60amc, BUOXMMUIAH X3parLaaT
xydamnteperd (BXXs), XUMWAH X3paryaat

xyuunrteperd (XXX), ammonun (NH,*), Temep
(Fe), xnopua (CI7), cynbdpat (SO,*), dTop
(F7) BonoH uaxunraaH Jamxyynax 4daHap
33par y3yynanTtyya craHpaprtag  3aacad
36BLUEOPOraeX A330 XIMXIIHIIAC XITIPCIH.
OH3 0Oycop (pTopblH  AyHOaX aryynamx
ragaprblH  yCHbl ~ CTaHgapTag  3aacaH
XOMX33HI3C 2 fJaxvH UX TO4OPXOMNOrAnoo.
Tyyn—CoHrnmHo goopa XSAHaNTbIH  LBIMMNH
ycHbl gasxmHg BXXs, XXX, NH,*, P,Os,
Cr®*, F~ GonoH uaxunraad gamxyynax JaHap
33par Y3yynanTyyauiH — gyHAax aryynamx
MoHron yncblH “YcaH opyHbl YaHap. EpeHxun
waapgnara. MNS 4586:2024 craHgapTan
3aacaH ragaprbiH YCHbl YaHapblH aHrunanbiH
V 33parnanuiiH TyBWKWHA 6anHa.

Table 4. Average concentrations of water quality parameters at monitoring sites in Zone

3 (2022-2024)

Ne | Parameter (unit) Tuul-Zaamar | Tuul-Lun Tuul-Altanbulag Tuul-Khadan
Khyasaa
1 |pH 7.81+0.18 7.59+0.14 7.29+0.24 7.22+0.15
2 |Suspended solids 47.29+16.70 |20.43+6.71 31.40+10.03 |34.55+9.51
3 | Dissolved oxygen (mg/L) | 0.00 £ 0.00 6.75+2.49 5.60+1.13 4.63 +0.48
4 |BODs (mg/L) 0.00 + 0.00 4.82 +0.50 15.69 + 10.88 |42.05 + 8.21
5 |COD (mg/L) 7.03+£0.89 3.93+0.13 7.88 +1.22 15.51 £ 2.02
6 |NH,* (mg/L) 0.39 £ 0.05 0.47 £ 0.07 543 +295 9.64 +0.13
7 |NO,™ (mg/L) 0.03 £ 0.01 0.04 +0.02 0.13+£0.08 0.09 £ 0.03




98

MOHTOJBIH AHATAAX YXAAH, 2026-1 (215)

8 [NO, (mglL) 0.81+0.35 |1.24+0.38  |0.33+0.07 0.39 +0.03
9 |P,Os (mglL) 0.05+0.02 |0.07+0.01 |0.48+0.29 0.70 + 0.09

10 |Fe (mg/L) 0.15+0.09 |0.12+0.08 |0.33+0.14 0.47 + 0.06

11 |CI- (mg/L) 17.64£1.70 |15.06+1.20 |25.84+12.45 |35.56 +5.07
12 /S0, (mg/L) 38.34+10.82 |25.74+4.29 [29.20+19.73 |46.53+9.75
13 |Cr** (mglL) 0.00£0.00 |0.00+0.00 |0.08 +0.07 0.29 +0.12

14 |F~ (mglL) 0.17£0.07 |017+0.08  |5.14+0.80 5.94 + 1.07

15 | Electrical conductivity | 307.89 + 42.71|301.34 + 19.83 | 326.74 + 131.63 | 444.80 + 27.69

Tyyn ronblH YyCHbl ypcay paryy 3 gyraap
Oycag xamaapax 4 xsHanTblH Uarsac 3
XuUnninH xyrauaaHg 111 ycHbl 023X asd
XUMUNH LWWWHXWUNMS3 XUAC3H. LUNMHXnNrasHum
VP AYHrA3C Vy33Xd4 YyyccaH Xyyunrteperd
(0y), docdopbiH  Hargan  (P;0s5)-miiH
AyHpoax aryynamk Modron ynceliH  “YcaH
OpYHbl 4YaHap. EpeHxun waapgnara. MNS
4586:2024 craHgapTag 3aacaH YdaHapblH
aHrmnnblH 1V 33parnang xamaapax TyBLUMHA

TOAOPXOMNOIACOH. XapuH onoxnmMmnnH
Xaparyadat xyumnteperd (BXXs), aMMOHWIH
asor (NH,")-blH gyHOax aryynamk YaHapbiH
aHrMnNbiH V' 33parnang xamaapax TyBLUMHA,
GanHa. JH3 6ycag hTOpbIH AyHAAX aryyrnamx
Tyyn-3aamap, Tyyn-JlyH XxdHanTblH  UaIT
36BLUEEPOIOeX X3MXI3HO TOAOPXOWMNOrACOH
6on Tyyn-AntaHbynar, Tyyn-XagaH xscaa
LT 3eBlUeepergex 0394 X3MXKI3HI3C 3.4—
3.9 paxuH nx 6arHa

Table 5. Comparison of average concentrations of water quality parameters by zones

(2022-2024)

Ne | Parameter (unit) Zone 1 Zone 2 Zone 3

1 |pH 7.23+0.2 7.28+0.1 7.45+0.2

2 | Suspended solids (mg/L) |4.86+0.9 26.91+6.9 32.43+£9.9
3 |Dissolved oxygen (mg/L) [9.11+£0.3 7.94+£1.5 5.66 £ 0.9

4 | BODs (mg/L) 213 +041 21.65+33.0 20.83+15.6
5 |COD (mg/L) 421+15 10.30 £ 8.9 8.58 £4.3

6 |NH," (mg/L) 0.12+0.0 283+4.0 3.98+3.9

7 |NO;™ (mg/L) 0.00+0.0 0.03+0.0 0.07+£0.0

8 |NO;™ (mglL) 0.31+01 1.78+2.6 0.69+0.4

9 |P,05 (mg/L) 0.01+£0.0 03104 0.32+0.3
10 |Fe (mg/L) 0.22+0.0 0.33+0.1 0.26 £0.2
11 | CI” (mg/L) 3.51+04 19.37 £ 15.7 2352+8.0
12 |SO,* (mg/L) 53711 27.52 £ 23.9 34.95 + 8.1
13 | Cr®* (mg/L) 0.13+01 0.11£0.1 0.09+0.1
14 |F~ (mg/L) 3.86+0.2 468+0.8 28527
15 | Electrical conductivity 89.24 +20.4 267.24 + 189.1 345.19 + 58.3

Huat  GycyyaMiH  yCHbl 4YaHapblH  BONOH
6oxupanbiH Y3YYNanTyyaunH AyHAax
aryynamxuir xapbLyynaxag ym6yyp 6oamnceiH
ayHoax aryynamk 1 gyrasp 6ycag 4.86+0.9
mr/n Ganraa 6on 2 gyraap 6ycag 26.9116.9
Mmr/n 6ytoy 5:5 gaxun, 3 ayraap 6ycag 32.43+9.9
Mr/n 6yty 6.6 OaxvH uxX TOOOPXOWSOFACOH
GariHa. YyccaH XyuumnteperyuwnH AyHOax
aryynamx 1 gyrasp 6ycag 9.11+£0.3 mrO/n
TOOOPXOWNOr4oH, 2 ayraap 6ycag 7.94+1.5

mrO/n, 3 gyraap 6ycag 5.66+0.9 mrO/n 6omx
ByypcaH Hb YCHbl ©6pee L3B3IpLUNX YN SBL
Oycyyoag anraartan 6arraar xapyysmk 6anHa.
BroxnmninH xaparuaat xyumnteperd (BXXs)-
WAH AayHaax aryynamx 1 agyresp 6ycag
2.1310.1 wmrO/n TomopxonnorgcoH 6Gon 2
pyraap 6ycag 21.65+33.0 mrO/n 6yoy 10.2
JaxvH mnx, 3 gyraap 6ycag 20.83+15.6 mrO/n
Oytoy 9.8 gaxmH ux 6anHa. XUMUAH X3paruasT
xyumntepery (XXX)-unH gyHgax aryynamx 1
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ayraap 6ycag 4.21+1.5 mrO/n, 2 gyraap 6ycag
10.328.9 mrO/n, 3 pyraap 6ycag 8.5814.3
mrO/n  Byloy snraatanm TOLOPXOWNOMACOH.
AmmoHuH a3oT (NH,*)-bIH gyHaax aryynamx
1 gyrasp 6ycag 0.12+0.0 mr/n, 2 gyraap 6ycag
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2.8314.0 mr/n, 3 pyraap 6ycag 3.9813.9 mr/n
GanHa. UaxunraaH pgamkyynax 4aHapblH
ayHoax ytra 1 ayrasp 6ycag 89.24+20.4 uS/
cm BancaH Hb 2 gyraap 6ycag 3 gaxuH ux, 3
pyraap 6ycag 3.9 gaxvH nx TogopPXOMOrACOH.

Table 6. Results of Tukey’s post hoc test for differences in water quality indicators between

the zones of the Tuul River

Indicator | Zone 1 vs Zone 2 | Zone 1 vs Zone 3 | Zone 2 vs Zone 3 | Conclusion
EC Significant™** Significant*** Not significant Zone 1 <Zone 2 =Zone 3
SS Significant*** Significant*** Not significant Zone 1 <Zone 2=Zone 3
0, Significant™** Significant™** Significant™** Zone 1> Zone 2 > Zone 3
BOD Significant™* Significant*** Not significant Zone 1 <Zone 2=Zone 3
PICH Significant™* Significant* Not significant Zone 1 < Zone 3 < Zone 2
SO, Significant™* Significant*** Not significant Zone 1 <Zone 2=Zone 3
Cl Significant*** Significant*** Not significant Zone 1 <Zone 2=Zone 3
NH, Significant™** Significant*** Not significant Zone 1 <Zone 2=Zone 3
NO, Significant™* Significant™** Significant** Zone 1 <Zone 2 < Zone 3
NO; Significant™** Not significant Significant™** Zone 2 > Zone 3 = Zone 1
P,Os Significant*** Significant*** Not significant Zone 1 < Zone 2=Zone 3
F Significant® Significant*** Significant*** Zone 2 > Zone 1 > Zone 3
Fe Significant** Not significant Not significant Zone 2 > Zone 1 =Zone 3

* p<0.05

** p<0.01

*** p<0.001

Significant - ctatucTnkmitH a4 xondorgonTon anraa (p<0.05)
Not significant - ctatuctnkmitH ad xon6orgonryi (p>0.05)

bycyyamnmH  XOOpPOHA  WN3PCaH  qAnraar
HapuiBYnax 3opunroop Tukey-unH ONOH
XapbLUyynanTtblH TecT33p YHIMaXd4 MX3HX
y3yynanTyyamnH  xyebg 1  ayrasp Oyc Hb
2, 3 pyraap ©6ycaac CTaTUCTUKUMAH XyBb[,
anraatan (p<0.05) GawHa. XapuH?2 6Ga 3
ayraap OycuiH XOOPOHA WX3HX Y3YYIaNTUAH
XyBbf, CTaTUCTUKUMH ay xonborgon OGyxwui
anraa  WNpasryM Hb  3ara3p  OycyyauiH
YCHbl YaHapblH TYBLWWH OWMponuoo Gawraar
unTrana. Tyxamnban, EC, SS, BOD, SO,
Cl, NH,, P,Os y3yynantyya 1 ayreap ©ycan
bara, 2 6a 3 gyraap Gycsg eHgep yTrartam,
2, 3 pyraap OycuiH XOOPOHAOO Anraa
nnpaaryn 6arHa. OH3 Hb ronblH ypcay aaryy

AooWmox uurmang OGoxvpaon  HAaMargax
Gavraar wunTroH3. YyccaH  XyuyunTtepery
(O3), Hutput (NO,7) 33par y3yynanTunH

XyBbg OyCYyyAWMH XOOpPOHZ CTaTUCTUKUIAH ad

xonborgon Oyxui anraa UNsapcaH Hb 34raap
Y3YYNanTyy4 OpPOH 3alH eepunenten wunyy
magpar 6Haunraar unapxmmnHa. XapuH NO3~
6ornoH Fe 33par y3yynanTt 3apum GycyyaunH
XO0pOoHA, fAnraatan GawHa. Tukey TecTuiiH
YP AYH Hb YCHbl YaHapblH 60NoH 6oxupanbIH
Y3YYnanTyyamiH 6ycyyamiH XOOPOHAbIH
Anraar HapuUMBYNaH TOQOPXONIMK, BOXMpPANbIH
OPOH 3alH TapxanTbiH 3yW TOrTAbIr UNPYYITK
GawHa.

Xanuamx

CypanraaHbl yp OyHraac y3axag Tyyn ronbiH
yC YnaaHGaatap XOT pyy ypcaH Upax 4334
ypcrang 6Goxupgonryn 60noBdY XOTblH TeB
X9CTUIAr JanpaH eHrepex yen Mafargaxymny,
B6oxmpaox, goopn ypcrang 6o0xupaon xaMrumH
eHaep TyBwuHA ©Ganraar TOrToonoo. O3HI
Hb Oycapg cymanraaHyyoTanm HunUSX Oairaa



Bereeq XOTXWMT, XYH aMblH TOBMOPesi, XYHUI
yin axunnaraa, xaTyy LWWHIOH XasaranibiH
MEHEXMEHT XaHranTryuTan wyyn xonbooTtown
[9, 10].

Cypanraaraap ammoHu (NH,*), GuoxmmuiH
XyuunreperdnnH - xaparuss  (BODs), Huat
yyccaH xatyy 6oguc (TDS) 33par y3yynantyya
XOTbIH Oycag cTaHAapTaz 3aacaH XaMKI3HI3C
X3T3PCIH Hb axyMH GONOH ynNnaeapuiiH 6oxup
YyC, XYHWA YWN axunnaraa, XOTXWUMTTON
xonbooTon  HeneennuAr  unTrax GanHa.
OH3 yp AyH Hb [OOMB-bH YHOHbI YCHBbI
YaHapblH 36BNeMXWa 3aacaH 3eBLUeepergex
X3M)XX33HI3C [aBCaH TOXMONOONL 9KOCUCTEM
GONOH XYyHM 3pYyn M3HO34 Ceper Hernee
Y3YYNA3r racaH AYrHaNTTaM HUNUIX GanHa
[11].

OnoH ynCbIH WXNN TECTaM cydanraaHyyaTan
XapbLUyynaxag vkun 3yn TOrTON axurnargax
6arHa. Tyxawn6an, ®ununnuHun Marilao
River-axmncaH cyganraaraap xort, YWnasapuimH
Oycunr pgampaH eHrepex xacart BOD, COD
GONoOH XyHA4 MeTansblH aryyrnamx Ooruom
H3MIrg9X, YCHbl 4YaHap “nx GoxmpgonTtomn”
aHrnang xypcaH 6ariHa [12]. MeH MekcukuiiH
Atoyac River-blH cypanraaHg axymH 60MoH
YNnaBapuinH 6oxup yc rong wyya HANNCHI3C
YCHbl YaHap 9pC AOPOMTOX, 3IKOCUCTEMUH
A0PONTON BOMOH XYHWI ApYYI MAHASA 9pcaan
yycrax Oanraar Tortooxaa [13]. Barasp
XULWA3HYYA Hb XOTXUNT eHaeptan 6ycaa
ronbliH yc 60XUpOoX HUWTAAM 3yW TOrTnbIr
B6aranx 6anHa.

Tyyn ronblH XyBbf YCHbl YPCUbIH X3MX33
XapbuaHryn 6ara, ynupnbiH  Xxan6an3an
OHAepPTaN Tyn eepee L3BIpLINX Yaasap (self-
purification capacity) xasraapnargman 6angar.
XapwuH EBponbiH Rhine river 33par TOMOOXOH
ronyyablH XyBbf, ypcal, MXTan Tyn 6oxmpanbir
TOOOPXOW X3MXI9HA LUMHII3X, CapHuynax
yagsap unyy engep Gawpar [14]. Nnmaac
Tyyn ron Hb 6OXMPANbIH HENeeHA UIyy aM3ar
aKocucTeM TOOLOFAOHO.

MeH Tyyn ronbiH caB rasapt 6oxvpafibiH 3x
YYCB3pYYy4 OMpXOH Oampriagar Hb GoXMpanbIH
XYpUMTan yycax Hexuenuir oypayyrk 6anHa.
OH3 Hb OMOH YNCbIH cydanraaHa Aypaaraaar

MOHTOJBIH AHATAAX YXAAH, 2026-1 (215)

“point source pollution”-nitH HartTpan exHgep
Yea yCHbl YaHap 60rMHO 3ang 3pc AOpPoUTaor
FACIHTIN HMNLSX BanHa [15, 16].

OyrHanT:
1. Tyyn ronblH YyCHbl YaHap, 6GoxupanbiH
TYBWWHI  UATFAX  XUMUWH  Y3YYNanTyyg

Oycyyoag snraatam Gyloy XOT pyy ypcaH
OpPX WP3aX [334 X3CAIT ragaprbiH ycC
BoXxmMpaonryn, XoT AyHAYYP ypCaH eHrepex
aBuan 0OXMpPAOXK, XOTOOC ragarwl ypcax
4oo4  xacarT 6oxupgon xypumTnargcad
bariHa.

2. lagaprelH  yCHbl  GoOXvpanblH  YHACSH
y3yynantyyg 2 6a 3 pgyraap 6ycag
ooxmpgon wux  (lY), maw 6oxup  (Y)
TYBLUMHA Banraa Hb XyHWUI YN axunnaraa,

XOTXKUITbLIH Hereer UNTrax barHa.

3. byx6ycagragaprbiH yCHbl (OTOPbIH AyHOAX
aryynamx xonborgox ctaHgaprtag 3aacaH
36BLUOOPOIaAeX XaMKa3H33C 2.5-3.9 gaxmH
nx GanHa. PTOpPLIH aryynamx eHOepTaun
ragaprblH  ycbil  XYH amblH  YHAAHA
X3parnaxag roopo3blH AMrar TOXMOnNgox
6on Tyyn ron garyyx annyyabiH Man yyxag,
awur WM Myyaax, SICHbl XaBUWH ByTunnr
anpargyynax HeneeTan.

Tanapxan

Cypanraar xapanKyynaxag A3MXnar y3yyrcaH
“‘AY” AHaraax yxaaHbl UX cypryynb, HuArmumH
3pyyn MIHOUMH TaHxum, Llar yyp, Op4HbI
LWMHXWITTI3HUA  raspbliH  XaMT OfIOHA4  YWH
COTranuiH Tanapxan uUnapxunnbe.
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