Supplementary Material

S.1. Profiles of Stream Types in Kharaa River Basin (KRB) and Corresponding German Stream

Types (LAWA River Types)

KRB River Type

Small Siliceous Highland Rivers Dominated by Coarse Substrate
(LAWA River Type 5)

Ecoregion

Western slopes of the Khentii Mountains

Water Body Group

Kh:Trib_2 (Sugnugr, Tunkhelin; Bayangol | and Ulgiin Gol)
and Kh_Trib_4 (Boroo Gol, upstream part)

River Type (LAWA Type 5,
[1.2]

Small coarse substrate dominated siliceous highland rivers

Picture 1: Churcheree Gol,
broad valley with coarse
material, view east to the
summit of Khentii Mts.

(2788 mas.l)

Date: 6 September 2012
Photo: Martin Oczipka
Device: Octocopter flying
Altitude: 120 m above ground;
Location: see Picture 2
Panorama view: see page S3 Y

Picture 2:
Vertical aerial photo of
Churcheree Gol,
river width ca. 10 m
Date 6 September 2012
Device: Octocopter
Flying altitude: 100 m
above ground
Location: 48.44818° N
107.19004° E
Ground level: 1478 m
(Photo: Martin Oczipka)
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KRB River Type

Small Siliceous Highland Rivers Dominated by Coarse Substrate
(LAWA River Type 5)

Picture 3:
Churcheree Gol, a tributary of
Sugnugr Gol, broad valley
section with small river islands,
view west in
downstream direction
Date: 5 September 2012
Photo: Jurgen Hofmann
Location: see Picture 2
Thermal IR panorama view:
see page S3 2

Picture 4:
Churcheree Gol, narrow valley
section with large boulders;
view west in downstream
direction
Date: 5 September 2012
Photo: Jurgen Hofmann
Location: 48.465° N 107.14° E
1406 m a.s.l.

General description

Rhitral tributaries of the Kharaa River that originate from the Khentii Mountains;

coarse material rich in low mountain creeks (elevation; >1100 to 2800 m a.s.l.);
northerly exposed slopes covered with dense taiga forest (Pinus sibirica, Larix
sibirica, Betula platyphylla) and a thick organic layer of mosses and small shrubs
(predominantly Ledum palustre, Vaccinium vitis-idaea), southerly exposed slopes
with steppe vegetation of herb-rich grasslands, valley floors dominated by deciduous
shrubbery, consisting mainly of Betula fusca and Dasiphora fruticosa, occasionally
accompanied by Salix rhamnifolia and Salix pseudopentandra.

River bed substrate

Granite and gneiss, crystalline, granular rocks of quartz,
feldspar crystals and glimmer.
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KRB River Type

Small Siliceous Highland Rivers Dominated by Coarse Substrate
(LAWA River Type 5)

Morphological
and hydrological

characteristics

Glacially and periglacially formed mountain section (>1100 to 2799 m a.s.l.).
Different kinds of valleys (depending on the distance to the source; v-shaped, troughs
or u-shaped); depending on the form of the valley, the river course features many
secondary channels and can be straight, sinuous or weakly meandering.

River banks: steep, slip-off slope and eroded banks (bank cliffs) are highly distinct
Floodplains: often marshy; mostly sand and fine gravel, less fine material
River bed: stones and gravel with local occurrence of rock and boulders; in pools
with low current finer substrate can be found.

Current: turbulent fast flowing waters; characteristic sequences
of fast flowing plain and deep calmer sections.

Abiotic profile

Size class: 10-800 km? catchment area; slope of the valley floor: 10%0:—50%o

Physico-chemical water
conditions

Siliceous, conductivity (uS/cm): 50-80, pH-value: 7.0-8.0, water temperature (June
to September) 7-8 °C Turbidity [Nephelometric Turbidity Unit NTU] 6—7 (Table 9)

Flow regime

High fluctuations in discharge over the year with pronounced discharge peaks in

spring after snow melt and in late summer, ice cover from October until April/May

Diatom assemblage

Dominant species Hannae arcus, Ulnaria ulna

Short description of the
macroinvertebrate

community

Very species rich, dominated by sensitive species in terms of water temperature,
current and oxygen concentration; species that colonize the gravel-rich river bed are
prevailing; main feeding types: mostly grazers and passive filterers, only a few
shredders; longitudinal zonation: species of the epi- and metarhithral dominate.

Characterization
of the fish fauna

Epi-, meta- and Hyporhithral: dominated by rheophilic species. Beside the Baikal
grayling (Thymallus baicalensis) and lenok (Brachymystax lenok) the fish community
is also characterized by stone loaches (Genus: Barbatula spp.) or common minnows
(Phoxinus phoxinus) as well as other cyprinide species.

Comparative literature

Panorama view 12

Spherical panoramas [3,4] have been created by stitching overlapping photos with the
software PTGui Pro [5]. The result is a panorama where the user can see the full
environment of the octocopter-mounted camera. The integrated Flash Viewer enables
the user to move the panorama in any direction and to zoom in.

D The spherical panorama view [5] of Picture 1 (6 September 2012) is available
online [6]

2 A spherical thermal IR panorama view [5] of Picture 3 was terrestrially collected
using an Infratec Variocam hr camera (spectral range 7.5-14 um, temperature
sensitivity < 0.08 K) on 6 September 2012, 8:30 p.m. local time, two hours after
sunset. The thermal IR view is available online [7]
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KRB River Type

Small Siliceous Highland Rivers Dominated by Fine Substrate (LAWA
River Type 5.1)

Ecoregion Western slopes of the Khentii Mountains
Mandalin, Zagdalin, Shivertin and Boroo Gol (WB: Kh_Trib_1; Kh_Trib_3;
Water Body Group . .
Kh_Trib_4; Kh_Trib_5)
River Type (LAWA Type5.1) . . . . .
[L.2] Small fine substrate dominated siliceous highland rivers
Picture 1

Upper reaches of Zagdalin Gol
ca. 12 km south of Jargalant,
view upstream
Date: 26 August 2008
Photo: Jirgen Hofmann
Location: 48.4132° N,
105.91777° E, 1100 m a.s.|

Picture 2
Lower reaches of Zagdalin Gol
with intense degradation of
grassland and high fluvial loads
of suspended fine sediment
Date: 17 May 2011
Photo: Jurgen Hofmann
Location: 48.86692° N,
106.06457° E, 796 m a.s..
Zagdalin_Gol_Bridge_ WQM_L
ogger
Sel Kh07 002, Table 1
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KRB River Type

Small Siliceous Highland Rivers Dominated by Fine Substrate (LAWA
River Type 5.1)

Picture 3
Lower reaches of Boroo Gol
ca. 5 km upstream of the
confluence with Kharaa Gol
Date: 26 August 2007
Photo: Jurgen Hofmann
Location: 48.83203° N,
106.2775° E, 836 m a.s.l.

General description

Rhitral tributaries of the Kharaa River that originate from the Khentii Mountains.
Fine material dominate these low mountain creeks (elevation: >900 m a.s.l.).
Northerly exposed slopes covered with dense taiga forest (Pinus sibirica, Larix
sibirica, Betula platyphylla) and a thick organic layer of mosses and small shrubs
(predominantly Ledum palustre, Vaccinium vitis-idaea), southerly exposed slopes
with steppe vegetation of herb-rich grasslands, valley floors are dominated with
deciduous shrubbery, consisting mainly of Betula fusca and Dasiphora fruticosa,
occasionally accompanied by Salix rhamnifolia and
Salix pseudopentandra.

River bed substrate

Granite and gneiss, crystalline, granular rocks of quartz,
feldspar crystals and glimmer.

Morphological
and hydrological
characteristics

Glacially and periglacially formed mountain section.

Different kinds of v-shaped valleys, depending on the distance to the source and the
form of the valley, the river course features many secondary channels and can be
straight, sinuous or weakly meandering.

River banks: steep, slip-off slopes and eroded banks (bank cliffs) are highly distinct.
Floodplains: often marshy; mostly sandy or with fine gravel, less fine material.
River bed: high variance in depth and width; in general flat channel profile with
locally occurring marginal sand or gravel bars.

Current: slow flowing water that is locally fast or turbulent.

Abiotic profile

Size class: 10-100 km? catchment area; Slope of the valley floor: 4%0—50%o




Water 2015, 7 S6

Small Siliceous Highland Rivers Dominated by Fine Substrate (LAWA

KRB River Type .
River Type 5.1)

Physico-chemical

o Siliceous, Conductivity (uS/cm): 300-550, pH-value: 8.0-9.0
water conditions

High fluctuations in discharge over the year with pronounced discharge peaks in
Flow regime spring after snow melt and in late summer, ice cover from
October until April/May.

) Dominant species Nitzschia palea, N. pura, Navicula riparia and
Diatom assemblage

Cocconeis placentula lineata.

Relatively poor in species richness compared to other low mountain creeks;

o rheophilic species dominate the flowing water sections, while cold stenothermic
Short description of the

] species that are adapted to the current dominate the stable sand deposits, in slow
macroinvertebrate

flowing areas with phytal habitats limnophilous taxa (e.g., swimming beetles or

community damselflies (Zygoptera) are common; main feeding types:
collectors and shredders.
Relatively poor in species richness; nearly the entire population is represented by
Characterization of the fish Siberian dace (Leuciscus baicalensis), Baikal grayling
fauna (T. baicalensis), lenok (B. lenok) and common minnows (P. phoxinus), stone
loaches (Barbatula spp.) occur in suitable habitats.
KRB River Type Large gravel rich highland rivers (LAWA River Type 9.2)
Ecoregion Western slopes of the Khentii Mountains
Water Body Group Middle and upstream Kharaa (WB: Kh_Main_1; Kh_Main_2)
River Type (LAWA Type 9.2) ] ]
Large highland rivers
[1.2]
Picture 1)

Widening of the Kharaa River
valley with a broad floodplain
after the passage of the
mountainous relief; view
downstream to Zuunkharaa city
Date: 8 September 2012
Photo: Martin Oczipka Device:
Octocopter
Flying altitude:

130 m above ground
Location: 48,82947° N,
106,65775° E, 920 m a.s.l.
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KRB River Type

Picture 2
Kharaa River with steep valley
flanks cut into bedrock, view
upstream to Mandal village
Date: 8 September 2012
Photo: Martin Oczipka Device:
Octocopter
Flying altitude: 130 m above
ground
Location: 48.82947° N,
106.65775° E, 920 m a.s.l.

Picture 3
Riparian zone with relict trees
and bushes on the river
floodplain
Date: 14 September 2011
Photo: Melanie Hartwig
Location: 48.80335° N,
106.6922° E, 915 m a.s.l. Kh8

Large gravel rich highland rivers

Picture 4
Typical eroded river bank
Date: 28 May 2009
Photo: Melanie Hartwig
Location: 48.8346° N,
106.50909° E, 865 m a.s.l.
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KRB River Type

Large gravel rich highland rivers (LAWA River Type 9.2)

Picture 5
The river bank in the lower
reaches with severe degradation
of vegetation coverage and high
levels of erosion downstream of
Baruunkharaa city, view
upstream.

Date: 17.09.2011
Photo: Melanie Hartwig
Location: 48.91589° N,

106.06043° E, 787 m
Panorama view: see page S12 %

General description

Hyporhithral, rubble and gravel dominates low mountain range rivers (elevation: 900
to 1100 m a.s.l.). Daurian forest steppe with typical forest types (Siberian larch
forest; mixed forests of birch-pine and birch-larch trees; shrub forests), and
extended steppe vegetation in the southern reaches that are represented by grass
associations such as Carex-Poaceae meadow steppe, Compositae-Gramineae-
herbs steppe and sandy versions of saltmarsh-tussock steppe.

River bed substrate

Paleozoic graywacke with intrusions of granite.

Morphological
and hydrological
characteristics

Transverse valleys with narrow sections in the low mountains, U-shaped valleys.
Depending on the slope, dominated by meandering sections of narrow valleys or
complex braided river sections with extensive floodplains.

Very dynamic river course development.

River bed: Stones and gravel with large low-current
sections dominated by fine material deposits.

Current: Mostly fast flowing, with longer stream sections.

Abiotic profile

Size class: 10-10,000 km? catchment area; Slope of the valley floor: 1%0—4%o

Physico-chemical
water conditions

Conductivity (uS/cm): 150-450, pH-value: 7.5-9.0

Flow regime

Medium fluctuations in discharge over the year with pronounced discharge peaks in
spring after the snow (May) melt and in late summer (August), ice coverage from
October until April.

Diatom assemblage

Dominant species Navicula capitatoradiata, Diatoma vulgaris,
Encyonema silesiaceae

Short description of the
macroinvertebrate

community

Species rich biocoenosis due to the high habitat diversity; Rhithral species
(rheophilous) are dominating but are supplemented by potamal (limnophilous)
species in depositional areas; Some species are eurytherm.
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KRB River Type

Large gravel rich highland rivers (LAWA River Type 9.2)

Characterization of
the fish fauna

Species rich biocoenosis due to the high habitat diversity; Depending on local
conditions dominated by hyporhithral or metapotamal species; the fish community is
dominated by rheophilous species such as T. baicalensis, B. lenok, Barbatula spp.,
Phoxinus phoxinus and L. baicalensis. Suitable habitats also exist for the endangered
taimen (Hucho taimen). Depositional sections are regularly colonized by spined
loaches (Cobitis melanoleuca), burbot (Lota lota) and catfish (Parasilurus asotus).

Panorama View ¥

% The spherical panorama view [5] of Picture 5 (12 September 2012, 17:30 local
time) is available online [8]

KRB River Type

Small Lowland Rivers Dominated by Sand (LAWA River Type 14)

Ecoregion

Eastern foothills of the Selenge-Orkhon highlands

Water Body Group

Bayangol (WB:Kh_Trib_7)

River Type (LAWA Type 14)
[1.2]

Small sand-dominated lowland rivers

Picture 1:

Lower reaches of Bayan Gol
at the bridge (road Darkhan-
Baruunkharaa), under wet
conditions, view upstream
Date: 18 September 2010
Photo: Jurgen Hofmann
Location: 49.02805° N,
106.044138° E, 801 m a.s.l.

General description

Hyporhitrhal to epipotamal, sand and gravel dominated river.

River bed substrate

Holocene/Quaternary sediments above palaeocoic metamorphic rocks and sandstone.

Morphological
and hydrological
Characteristics

Highly meandering river course, passing broad u-shaped valleys with both vertical
and horizontal erosion. The profile is generally plain, but deep side channels are also
possible. River banks: Slip-off slopes and stable bank cliffs are common,
eroding bank cliffs and slightly undercut banks also occur.

River bed: Dominated by different sand fractions, often mixed with fine and coarse
gravel, clay and marl, locally small but well-established gravel bars, secondary habitat
structures include coarse woody debris, roots, macrophytes and fallen leaves.
Current: Long slow flowing sections alternate with short fast/turbulent flowing

sections around wood and root barriers.
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KRB River Type

Small Lowland Rivers Dominated by Sand (LAWA River Type 14)

Abiotic profile

Size class: 10-100 km? catchment area; slope of the valley floor: 2%0—7%o

Physico-chemical

water conditions

Siliceous, conductivity (uS/cm): 150-250, pH-value: 7.5-8.8,
high turbidity due to high sediment loads.

Flow regime

Medium to high fluctuations in discharge over the year.

Diatom assemblage

No data
Short description of the
. ] No data
macroinvertebrate community
Characterization of
) No data
the fish fauna

KRB River Type

Mid-Sized and Large Lowland Rivers Dominated by Sand and Loam
(LAWA River Type 15)

Ecoregion

Eastern foothills of the Selenge-Orkhon highlands.

Water Body Group

Middle and downstream Kharaa (WB: Kh_Main_3; Kh_Main_4)

River Type (LAWA Type 15)
[1.2]

Mid-sized and large sand and loam-dominated lowland rivers

Picture 1:

Lower reaches of the Kharaa
River ca. 7 km upstream of the
confluence with the Orkhon River
Date: 9 June 2009
Photo: Melanie Harwig
Location: Gauge station Buren
Tolgoi of IMHE (Sel_Kh10_ 001

in Table 2) view upstream.

S —

Picture 2:
Confluence of the Kharaa River
(right corner) and Orkhon River

(large stream in center). The
sediment load of the Kharaa
River, with its dark brown color,
is clearly visible. Patches of
riparian forest in the river
floodplain are the remnants of the
formerly dense meadow forest.
Date: 11 September 2012
Photo: Martin Oczipka
Location: see Picture 3

Panorama view: see page S12 %
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KRB River Type

Mid-Sized and Large Lowland Rivers Dominated by Sand and
Loam (LAWA River Type 15)

Picture 3:

Aerial photo of the confluence of the
Kharaa River (left) and the Orkhon River
(right), view upstream
Date: 11 September 2012
Photo: Martin Oczipka
Device: Octocopter
Flying altitude: 120 m above ground
Location: 49.63162° N,
105.83357° E, 657 m a.s.l.
Panorama view: see page S12 ¥

Picture 4: Aerial photo of detached side
arms (right) of the Kharaa River at Deed
Guur, view upstream.

Date: 12 September 2012
Photo: Martin Oczipka
Device: Octocopter
Flying altitude: 110 m above ground
Location: 49,3899° N,
105,8971833° E, 703 m

Picture 5: Aerial photo of the river
meadow plain at Deed Guur bridge,
monitoring site of IMHE, view
downstream to the city of Darkhan
Date: 12.09.2012
Photo: Martin Oczipka
Device: Octocopter
Flying altitude: 110 m above ground
Location: 49,3899° N, 105,8971833° E,
703 m Sel_Kh10 008 in Table 2

General description

Epipotamal, sand and loam-dominated lowland river (elevation; 600 to
900 m a.s.l.). Daurian forest steppe with typical forest types (Siberian
larch forest; mixed forests of birch-pine and birch-larch trees; shrub
forests), and extended steppe vegetation in the southern reaches that are
represented by grass associations such as Carex-Poaceae meadow
steppe, Compositae-Gramineae- herbs steppe and sandy versions of
saltmarsh-tussock steppe
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. Mid-Sized and Large Lowland Rivers Dominated by Sand and Loam
KRB River Type .
(LAWA River Type 15)
] Holocene/Quaternary sediments above palaeocenic
River bed substrate

sandstone with isolated volcanic rocks

Highly meandering river course, passing broad u-shaped valleys with both, vertical
and horizontal erosion. River banks: Pronounced slip-offs and stable bank cliffs.

Floodplains: Extensive (over 300 m wide), outwash plains, sandy deposits, loess
Morphological regions, ground moraines, also in sandy regions of river terraces; numerous
and hydrological drainage channels, detached side arms and backwaters of varying ages are likely.

Characteristics River bed: Dominated by sands of varying grain sizes or loam; often supplemented

by gravel, in parts by clay and marl, gravel bars can occur, secondary habitat
structures include coarse woody debris, roots, macrophytes and fallen leaves.

Current: Mainly slow flowing.

Abiotic profile Size class: 10-1000 km? catchment area; slope of the valley floor: 0.8%0—1.1%o

Siliceous, conductivity (uS/cm): 200-450, pH-value: 8-8.5, turbidity 70-80 NTU,

mean water temperature (June to September) 14-15 °C

Physico-chemical

water conditions

Medium fluctuations in discharge over the year with a pronounced discharge peak
Flow regime in spring after snow (May) melt and a more steady high discharge in late summer
(August to the beginning of October), ice cover from October until April/May

Dominant species Nitzschia agnita, N. heufleriana, Cocconeis placentula

Diatom assemblage

Relatively rich in species but mostly euryoecious; benthic habitats are sparsely

Short description of the inhabited by taxa adapted to fine and mobile sediments; littoral regions

macroinvertebrate community characterized by submerged riparian vegetation, macrophytes,

dead wood or pebble zones are colonization hotspots.

Characterized by epirhithral or metapotamal species, mainly cyprinids; Dominated
by rheophilous species preferring sandy and gravelly habitats, i.e., Siberian dace
o (L. baicalensis) and spined loach (C. melanoleuca), beside that many euryoecious
Characterization of . o . ] .
) species e.g., European perch (Perca fluviatilis), roach (Rutilus rutilus), Prussian
the fish fauna o ) ) ) o
carp (Carassius gibelio) or carp (Cyprinus carpio) can occur; higher riparian
vegetation delivers refuge for larger (predominantly nocturnal) predatory species
such as burbot (L. lota) and catfish (P. asotus).
4 The spherical panorama view [5] of the confluence of the Kharaa River and the

Orkhon River (Pictures 2 and 3, 11 Sept. 2012, 1:30 p.m.

Panorama view 9

local time) is available online [9]
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S.2. Measurements from the Automated Water Quality Monitoring Stations (Data Loggers,
Table 1, Figure 3)
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Figure S1. Variations of (a) water level; (b) water temperature and (c) electrical
conductivity during the summer periods in 2011-2012 at the automatic water quality
monitoring stations Buren Tolgoi, Baruunkharaa and Sugnugr (Sel Kh10 001,
Sel_Kh10 012 and Sel_Kh03 009 in Table 1, Figure 3).
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Figure S2. Variations of (a) oxygen concentration; (b) oxygen saturation and (c) pH-value
during the summer periods in 2011-2012 at the automatic water quality monitoring
stations Buren Tolgoi, Baruunkharaa and Sugnugr (Sel_Kh10 001, Sel Kh10 012 and
Sel_Kh03_009 in Table 1, Figure 3).
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S.3. Evaluation Matrix for the Initial Assessment of Individual Water Bodies in the

Kharaa River Basin

Table S1. Evaluation matrix of the river water at Kh_Main_1 (Upper Kharaa);
Upper Kharaa River basin, downstream of the confluence with Mandalin Gol (ca. 7 km N
of Batsumber), until upstream of the confluence with the Shivertin Gol (ca. 5 km NW of
Unikht); Biocenotic region: Hyporhithral.

Quality Component

Indicators

Range
(incl. Arithm. Mean of
Physico-Chemical
Quality Parameters)

Assessment

(n-Fold Exceedance of

Natural Background
Physico-Chemical
Quality Parameters)

Colour Comment

Biological Quality

Macroinvertebrates

Ecological status based
on multimetric
assessment:
“moderate” to
“very good”

“not at risk”

Fish

Ecological status based
on multimetric
assessment: “good”

“not at risk”

Hydromorphology

Morphological

structure under

consideration of
riparian vegetation

“not at risk”

EC (n=14) 102-280 puS/cm
Arithm. Mean 175 pS/cm “possibly at risk”
Physico-chemical Chloride (n = 14) 1.2-3.76 mg/L CI” 4.0 yellow
quality Arithm. Mean 2.3 mg/L CI” 25 yellow )
Bor (n=4) 16-30 pg/L B 25 yellow
Arithm. Mean 24 ng/L B
Specific non- Heavy metals Arsenic; .
L . “not at risk”
synthetic priority (e.g., As) Arsenic 0.5-2.5 pg/L 11 - -
substances (n =6) Mean 1.83 pg/L
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Table S2. Evaluation matrix of the river water at Kh_Main_2 (Middle Kharaa);
Middle Kharaa River basin, downstream of the confluence with Shivertin Gol until
upstream of the confluence with Zagdalin Gol.; Biocenotic Region: Hyporhithral,
Water quality monitoring Station: Baruunkharaa (ID: Sel_Kh10_012) Table 2.

Quality
Component

Indicators

Range

(incl. Arithm. Mean of

Physico-Chemical
Quality Parameters)

Assessment

(n-Fold Exceedance of

Natural Background
Physico-Chemical
Quality Parameters)

Colour

Comment

Biological Quality

Macroinvertebrates

Ecological status based

on multimetric
assessment:
“unsatisfactory” to
“very good”

“possibly at risk”

yellow

Biological Quality

Fish

Ecological status based

on multimetric

“not at risk”

assessment:
“good”
Morphological
Hydromorphology strU(.:ture L.mder 3-4 “possibly at risk” yellow -
consideration of
riparian vegetation
EC (n=61) 120-689 pS/cm
Arithm. Mean 251 pS/cm “possibly at risk”
Physico-chemical Chloride (n = 36) 1-14.58 mg/L CI~ 5.7 yellow
quality Arithm. Mean 431 mg/L CI- 33 yellow ]
Bor (n =18) 5-41 yug/L B 2.5 yellow
Arithm. Mean 24.24 ng/L B
Specific non- Heavy metals (e.qg., Arsenic: . .
L . “possibly at risk”
synthetic priority  As) Arsenic (n = 21) 0.5-8.5 pg/L 19 yellow
substances Arithm. Mean 2.11 yg/L
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Table S3. Evaluation matrix of the river water at Kh_Main_3 (Middle/Lower Kharaa);
Middle Kharaa basin, downstream of the confluence with the Zagdalin Gol until upstream
of the road bridge at Deed Guur; Biocenotic Region: Epipotamal.

Assessment
Range
i . (n-Fold Exceedance of
. ) (incl. Arithm. Mean
Quality Component Indicators . . Natural Background  Colour Comment
of Physico-Chemical . )
; Physico-Chemical
Quality Parameters) .
Quality Parameters)
Ecological status
S . . based on multimetric . .
Biological Quality Macroinvertebrates “possibly at risk” yellow -
assessment:
“moderate”
Ecological status
Biological Qualit Fish based on multimetric ., <ibly at risk” ellow
J y assessment: P y o
“moderate”
Morphological
Hydromorpholo structure under 3 “possibly at risk” ellow
y prology consideration of P y y
riparian vegetation
EC (n=50) 213-476 pS/cm
Arithm. Mean 324 pS/cm “possibly at risk” sllow
Physico-chemical Chloride (n = 31) 2.9-93.8 mg/L 7.4 yellow
quality Arithm. Mean 10.83 mg/L 8.3 yellow
Bor (n = 21) 5-98 pg/L 35 o
Arithm. Mean 33.53 ug/L
Heavy metals (e.g., Arsenic i
Specific non-synthetic y _( g “not at risk”
o As) Arsenic 0.5-3.8 pg/L - -
priority substances 11
(n =23) Mean 1.92 pg/L
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Table S4. Evaluation matrix of the river water at Kh_Main_4 (Lower Kharaa);
Lower Kharaa River basin, downstream of the road bridge at Deed Guur until the confluence
with the Orkhon Gol; Biocenotic Region: Epipotamal; Water quality monitoring station:
Buren Tolgoi (Station ID: Sel_Kh10_001) Table 1.

Ranae Assessment
. . . g (n-Fold Exceedance of
Quality . (incl. Arithm. Mean
Indicators . . Natural Background  Colour  Comment
Component of Physico-Chemical . .
. Physico-Chemical
Quality Parameters) .
Quality Parameters)
Ecological status
based on multimetric
Macroinvertebrates assessment: *“ possibly at risk” yellow -
Biological Oualit “unsatisfactory” to
iologi uali
gical Quality “very good”

Fish

Ecological status
based on multimetric
assessment: “good”

“not at risk”

Morphological
structure under

Hydromorpholo 2-4 “possibly at risk” ellow -
y P i consideration of P y i
riparian vegetation
EC (n=68) 231-592 uS/cm
Arithm. Mean 359 puS/cm “at risk”
Physico-chemical Chloride (n = 31) 2.4-14.9 mg/L 8.2 I
quality Arithm. Mean 9.15 mg/L 7.0
yellow
Bor (n = 22) 13-97 pg/L 4.1
Arithm. Mean 38.7 ug/L
e Heavy metals ]
Specific non- Arsenic: )
. (e.g., As “at risk*
synthetic priority . 0.5-9.7 pg/L . -
Arsenic (n = 24) 3.3
substances 2.29 pg/L

Arithm. Mean
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Table S5. Evaluation matrix of the river water at Kh_Trib_1 (Mandalin Gol).
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Range
(incl. Arithm. Mean

Assessment

(n-Fold Exceedance of

Quality Component Indicators ) . Natural Background  Colour Comment
of Physico-Chemical i .
. Physico-Chemical
Quality Parameters) .
Quality Parameters)
Ecological status
i based on multimetric i .
Macroinvertebrates “possibly at risk” yellow -
assessment:
. . . “moderate”
Biological Quality -
Ecological status
. based on multimetric i .
Fish “possibly at risk” yellow -
assessment:
“moderate” to*‘good”
Morphological
Hydromorpholo strueture under 3 “possibly at risk” ellow
y pnology consideration of P y 4
riparian vegetation
EC (n=68) 113-654 pS/cm
Arithm. Mean 332 pS/cm “possibly at risk” ellow
Physico-chemical Chloride (n = 31) 1-19.6 mg/L CI 7.5 yellow
quality Arithm. Mean 4.9 mg/L CI 3.8 yellow
Bor (n = 22) 5-62 ug/L B 2.5 4
Arithm. Mean 24.3 ug/L B
Arsenic: 1,6-fold
. Heavy metals (e.g., )
Specific non- i concentration of . .
L Arsenic) “possibly at risk”
synthetic priority . natural background yellow -
Arsenic (n=7) 1.6
substances . 1.2-4.6 pg/L
Arithm. Mean

2.81 pg/L
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Table S6. Evaluation matrix of the river water at Kh_Trib_2 (WK Khentii Reference);
Water body (WB)-Group of rhitral tributaries with natural background conditions in the
Khentii Mts. (sub-basin 2 to 5, e.g., Bayangol-I, Sugnugr Gol, Tunkhelin, Ulgii Gol)
orographically right of the Kharaa River main channel; Water quality monitoring station:
Sugnugr (Station ID: Sel_Kh03_009) Table 1.

Range Assessment
n-Fold Exceedance of
. . (incl. Arithm. Mean (
Quality Component Indicators Natural Background  Colour Comment

of Physico-Chemical

: Physico-Chemical
Quality Parameters)

Quality Parameters)

Ecological status
based on multimetric
Macroinvertebrates assessment: “not at risk” - -
“moderate” to “very
good”
Ecological status
based on multimetric

Biological Quality

Fish assessment: “not at risk” - -
“very good” to
ngood”
Morphological
structure under
Hydromorpholo 1-2 “not at risk” -
y PAOIOGY consideration of -
riparian vegetation
EC (n=45) 22-61 pS/cm
Arithm. Mean 44 uS/cm
Physico-chemical Chloride (n = 35) 1-3.54 mg/L CI i
. . “not at risk” -
quality Arithm. Mean 1.30 mg/L CI
Bor (n = 16) 5-33 ug/L B
Arithm. Mean 9.5 ug/L B
. Heavy metals
Specific non- (g, AS) 0.7-3.2 Lug/L
synthetic priority 9 S “not at risk” - -
Arsenic (n = 15) 1.72 pg/L
substances

Mean




Water 2015, 7

S21

Table S7. Evaluation matrix of the river water at Kh_Trib_3 (WK Khentii modified);
WB-Group of rhitral, anthropogenic influenced tributaries from the Khentii Mts.
orographically left (Gatsuurt Gol, sub-basin 4) and right (Shivertin Gol, sub-basin 8) of
Kharaa River main channel.

Quality Component

Indicators

Range
(incl. Arithm. Mean
of Physico-Chemical
Quality Parameters)

Assessment

(n-Fold Exceedance of
Natural Background

Physico-Chemical
Quality Parameters)

Colour

Comment

Biological Quality

Macroinvertebrates

Ecological status
based on multimetric
assessment: “good”

“not at risk”

Fish

Ecological status
based on multimetric
assessment: “good”

“not at risk”

Hydromorphology

Morphological
structure under
consideration of

riparian vegetation

“not at risk”

EC (n=16) 137-350 uS/cm
Arithm. Mean 260 pS/cm “possibly at risk” sllow
Physico-chemical Chloride (n =12) 1-11.3mg/L CI 5.9 yellow
quality Arithm. Mean 3.4 mg/L Cl 2.6 yellow
Bor (n = 10) 5-66 pg/L B 2.2 o
Arithm. Mean 20.56 pg/L B
Arsenic: Arsenic:
. Heavy metals 11.2-fold
Specific non- . i
svnthetic oriorit (e.0., As) concentration of “at risk” .
y P Y Arsenic (n = 13) natural background 11.2
substances .
Arithm. Mean 9.7-37.8 ug/L

19.23 pg/L
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Table S8. Evaluation matrix of the river water at Kh_Trib_4 (Boroo Gol).

S22

Quality Component

Indicators

Range
(incl. Arithm. Mean
of Physico-Chemical
Quality Parameters)

Assessment

(n-Fold Exceedance of

Natural Background
Physico-Chemical
Quality Parameters)

Colour

Comment

Biological Quality

Macroinvertebrates

Ecological status
based on multimetric
assessment:
“moderate”

“possibly at risk”

yellow

Fish

Ecological status
based on multimetric
assessment: “good”

“not at risk”

Hydromorphology

Morphological
structure under
consideration of

riparian vegetation

“possibly at risk”

yellow

EC (n=15) 271-565 pS/cm
Arithm. Mean 440 uS/cm “at risk”
Physico-chemical Chloride (n = 13) 9.69-18.4 mg/L 10.0
quality Arithm. Mean 14.2 mg/L 10.9
Bor (n=8) 22-110 pg/L 53
Arithm. Mean 50.1 pg/L
Arsenic: 3.7-fold
- Heavy metals .
Specific non- concentration of i
. (e.g., As) “at risk”
synthetic priority ) natural background . -
Arsenic (n =12) 3.7
substances . 1.2-10.3 pg/L As
Arithm. Mean

6.34 ng/L As
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Table S9. Evaluation matrix of the river water at Kh_Trib_5; (Zagdalin Gol upstream of
Zagdalin infiltration).

Assessment
(n-Fold Exceedance of
Natural Background  Colour Comment
Physico-Chemical
Quality Parameters)

Range
(incl. Arithm. Mean
of Physico-Chemical
Quality Parameters)

Quality Component Indicators

Ecological status
Macroinvertebrates  based on multimetric no data grey -

. . . assessment: No data
Biological Quality

Ecological status
Fish based on multimetric no data grey -
assessment: No data

Morphological
structure under
Hydromorphology consideration of - no data grey -

riparian vegetation

EC(n=3) 215-250 uS/cm
Arithm. Mean 230 pS/cm “not at risk”
Physico-chemical Chloride (n =3) 1.48-4.14 mg/L CI 5.2
quality Arithm. Mean 2.6 mg/L CI 2.0
Bor (n=2) 25-26 ug/L B 2.7
Arithm. Mean 25.5ug/L B
- Heavy metals ]
Specific non- Arsenic . .
. (e.g., As) “possibly at risk”
synthetic priority ] 1.8-2.5 pg/L yellow -
Arsenic (n=2) 1.3
substances 2.15 pg/L

Arithm. Mean
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Table S10. Evaluation matrix of the river water at Kh_Trib_6; (Zagdalin Gol downstream
of Zagdalin infiltration).

Quality Component

Indicators

Range
(incl. Arithm. Mean
of Physico-Chemical
Quiality Parameter)

Assessment

(n-Fold Exceedance of
Natural Background

Physico-Chemical

Quality Parameters)

Colour

Comment

Biological Quality

Ecological status
based on multimetric

assessment: “good”

Macroinvertebrates assessment: “at risk” . -
“moderate” to
“unsatisfied”
Ecological status
Fish based on multimetric “not at risk“ - -

Morphological
structure under

Hydromorpholo 4 “possibly at risk” ellow -
y protogy consideration of P y Y
riparian vegetation
EC (n=29) 186-602 uS/cm
Arithm. Mean 471 pS/cm “at risk”
Physico-chemical Chloride (n = 14) 4.65-27,4 mg/L Cl 10.7
quality Arithm. Mean 12.5 mg/L CI 9.6
Bor (n=9) 25-128 ug/L B 6.9
Arithm. Mean 65.8 ug/L B
- Heavy metals .
Specific non- Arsenic; ) .
. (e.g., As) “possibly at risk”
synthetic priority ) 0.5-4.7 pg/L As yellow -
Arsenic (n = 10) 1.6
substances 2.71 pg/L As

Arithm. Mean
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Table S11. Evaluation matrix of the river water at Kh_Trib_7 (Bayangol); Bayangol.
Assessment
Range (n-Fold Exceedance
. . (incl. Arithm. Mean of Natural
Quality Component Indicators ) . . Colour  Comment
of Physico-Chemical  Background Physico-
Quality Parameters) Chemical Quality
Parameters)
Ecological status
Macroinvertebrates  based on multimetric no data grey -
. . . assessment: No data
Biological Quality .
Ecological status
Fish based on multimetric no data grey -
assessment: No data
Morphological
Hydromorpholo structure under No data no data re
y P i consideration of arey
riparian vegetation
EC (n=29) 141-293 puS/cm
Arithm. Mean 204 pS/cm “possibly at risk” sllow
Physico-chemical Chloride (n = 14) 0.89-5.73 mg/L ClI 4.6 yellow
quality Arithm. Mean 3.2mg/L CI 2.5 yellow
Bor (n=9) 5-33.2 ug/L B 1.8 o
Arithm. Mean 17.1 wg/L B
Arsenic: 25-fold
. Heavy metals .
Specific non- concentration of .
. (e.g., As) “At risk”
synthetic priority . natural background . -
Arsenic (n=4) 25
substances . 1.1-150 pg/L
Arithm. Mean

43 pg/L As




water 2015, 7

S.4. Nexus of Deficits, Causes, Countermeasures and Stressor Complexes in KRB

Table S12. Nexus of Deficits, Causes and Countermeasures in KRB.
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Parameter

Deficit

Cause

Measure

Hydromorphology

Hydromorphology

Riverbank instability and river bank
erosion [10] Riparian vegetation
(decreasing biomass, soil compaction by
(livestock) trampling, decline of wooden
vegetation etc.).

Intensive livestock farming in the
floodplain (overgrazing), timber logging.

Floodplain recovery
Waste water treatment and recycling
systems with combined timber
production (e.g., decentralised
zero-outflow willow-based
wastewater treatment systems [11].

Erosion

Flowing water: decrease in the benthic
primary production, permanent function of
the hyporheic zone affected, impairments
of the hydraulic exchange, loss of habitat
function and the self-purification potential
concerning nutrient retention and
processing (fine-grained sediments may
reduce the vertical extend, but also
increase reactive surface).

Riverbank erosion generates 74.5% of the
suspended sediment load, whereas surface
erosion contributes 21.7% and gully
erosion only 3.8% [10]. Erosion due to
agricultural land use is of minor
importance.

Fine-grained sediment emission by
settlements is likely to occur (e.g.,
deterioration of water ecology downstream
of Zuunkharaa and Baruunkharaa) [12].

Comprehensive grazing management
Protective area concepts to support
the recolonization of natural river
bank vegetation Protection of all river
banks of the Kharaa middle reaches.
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Table S12. Cont.
Parameter Deficit Cause Measure
Water Quality
Increasing nutrient loads, high relevance of
phosphorus Lower relevance of nitrogen, Construction of a new WWTP in
NOTE: no data on primary production was Darkhan with separate treatment of
available, up to now only marginal signals i . . industrial sewage and municipal
F.) . y g g Diffuse emissions of nutrients from rural g P
for eutrophication (e.g., green growths of _ . sewage; Modular Concept for
. settlements and ger- districts without waste -
phytobenthos, increase of macrophytes, . Municipal Water and Waste
. . . water treatment. Emission peaks caused by .
first records of increased benthic algae Management [11] Decentralised
the release of untreated waste water due to . o
growth (observed at Kh_5 and Kh_8§, . waste water treatment in ger districts
. . . . a malfunction of the WWTP Darkhan and .
Nutrients Table 1), seasonal biological clogging due ) etc., Repair of sewers,
. . . to a minor extent from the WWTP . .
to benthic algae is possible (Kh_5, Implementation of an agricultural
. R Baruunkharaa, caused harmful events. . .
Table 1). Risk of eutrophication in river . . . ) nutrient management plan. Recycling
. . . Direct nutrient emission due to livestock .
sections with low slope and low shearing . L . . concept, reuse of nutrients from urban
. farming/grazing (increasing also in urban . .
forces: partially low slope due to areas) [13] areas in agriculture [11,14]
geomorphological characteristics quite low ' Implementation of inland watering
and fine-grained sediments (possibly points for livestock with an
enriched with phosphorous) appropriate distance to the river.
may clog the river bed.
Self-surveillance, precautionary
measures, supplementary sealing of

tailing basins (e.g., ash basins from
the Thermal Power Plant in Darkhan
and tailing pond at Boroo gold mine),
installation and operation of safety
wells and emergency plans in case of
urgent groundwater pollution.

Increase of the geogenic basic load in
particular due to gold mining and the ash
deposit basin of the thermal power plant in
Darkhan [13,15]

Increasing concentrations of As, Al, Pb,
Fe, and Mn. Detection of heavy metals
Heavy metals . -
(particularly in fish) and concerns of
accumulation within the food chain.
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Table S12. Cont.
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Parameter Deficit

Cause

Measure

Increased oxygen saturation in the middle
reaches and to a lesser extent at the
downstream reaches of the Kharaa River,
especially under low flow situations where
there is an indication of an increase in
photosynthesis and primary production and
therefore for enhanced eutrophication risk.

Oxygen as indirect
indicator for
eutrophication

Diffuse emissions of nutrients [13]

Protective area concept coupled with
the implementation of inland watering
points for livestock with an
appropriate distance from the river.

Significantly increasing concentrations in
the middle and downstream reaches with
long-term increases also recognisable in the
groundwater well gallery of Darkhan [16]

Chloride and Boron
as pollution indicator

Diffuse emissions of untreated waste water
and cleaning agents [17].

Decentralised waste water treatment
in ger districts etc., Sealing of sewers.

No monitoring data (No hygienic aspect in
MoMo-Monitoring), but reports of the
environmental agency Darkhan state that
downstream, the population suffers
frequently from gastrointestinal illnesses.

Organic pollution

Direct emission of faeces from livestock at
watering places in the Kharaa River.
Inappropriately treated municipal waste
water (low safety of wastewater disposal of
Darkhan’s WWTP).

Implementation of inland watering
points for livestock with an
appropriate distance from the river.
Increasing safety of wastewater
disposal by construction of a new
WWTP in Darkhan.

Biology

Significantly increasing abundance and
species richness in the muddy habitats and
high percentage of motile diatom
abundance in the middle and downstream
reaches. Highest motile abundance in the
Boroo River (personal communication
Bukhchuluun & Soninkhishig 2014)

Diatoms

Riverbank erosion and sediment deposition
were discussed to be the main causal factor
responsible (pers. comm. Bukhchuluun &
Soninkhishig 2014)

Riverbank protection along the
Kharaa River and its tributaries.
Grazing management.
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Table S12. Cont.

Parameter Deficit Cause Measure
. . Protective area concept coupled with the
The loss of macroinvertebrate biodiversity and . . . . . P P . .
. . . . Physical clogging of the implementation of inland watering points for
Macroinvertebrates increased abundance of fine sediment . . . .
hyporheic zone [13,20,21]. livestock at an appropriate distance from the

colonizers [13,18,19].

river, grazing management.

Decrease in biodiversity, Alteration of species
composition (e.g., loss of H. taimen in the river

i . U lated and illegal
basin) and age patterns Incorporation of heavy nreguiated and I1iega

Control and management of recreational

Fish . N . . recreational fishing _— .
metals incorporation in biota (especially in the . fishing, awareness raising.
. . Habitat loss [22,23]
middle and lower catchment in the
large bodied species).
Table S13. Identified stressor complexes and related main issues in the KRB.
Stressor Complex Issues Affected Water Body
Inefficient water supply due to severe leakages in the central water supply system Kh_Main_4
People Inefficient water treatment due to very poorly maintained treatment facilities Kh_Main_4 [11,24]
(urban centres) Extremely high per capita water demand in central urban areas due to a lack of public awareness Kh_Main_4 [11]
for water scarce resource, lack of metering and missing incentives to save water (e.g., pricing) - -
No connection to the central water supply or waste disposal system of the city centres Kh_Main_4 [25]
Socio-economic cut-off due to high distances, lack of infrastructure to the city centre and limited Kh Main 4
public services, facilities or employment options - -

Water supply infrastructure (water kiosks) is not efficient enough to provide all inhabitants with .

People PPl . .( L ) . g P Kh_Main_4
. sufficient drinking water to meet basic human needs

(urban ger districts) " ;
No safe sanitation or waste management Kh_Main_4
The proximity of latrines to shallow private wells bear high health risks for inhabitants due to Kh Main 4

potential microbiological contamination - -

No flood protection for areas located in the floodplain Kh_Main_4

S29



Water 2015, 7

Table S13. Cont.
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Stressor Complex Issues

Lack of drinking water supply or waste water disposal facilities
People (rural)

Affected Water Body
Kh_Main_1;
Kh_Main_2:
Kh_Main_3;
Kh_Trib_1;
Kh_Trib_4;
Kh_Trib_5/6

No flood protection for areas in the floodplains

Kh_Main_3;

Hydrological recharge zones in the Khentii Mountains are altered/disturbed by burnt forest cover

Kh_Trib_1; Kh_Trib_4
Kh_Main_1;
Kh_Trib_1; Kh_Trib_2;
Kh_Trib_5/6

Rising nutrient levels and eutrophication risk due to urban waste water
discharge and agricultural activities

Kh_Main_4

Contamination of surface waters and aquatic organisms with heavy metals
Water Resources

Kh_Main_4; Kh_Trib_4

Kh_Trib_4;
Extremely high and non-transparent water consumption at mining sites Kh_Trib_5/6;
Kh_Trib_7

Kh_Main_4;

High contamination risk due to inappropriate processing and storage of Kh_Trib_4;
waste and waste water from industries and mining Kh_Trib_5/6;

Kh_Trib_7
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Table S13. Cont.

Affected Water Body

Issues

Stressor Complex

Environment

Destruction of riparian vegetation and the river bank due to livestock grazing, which enhances
erosion and thus fine-grained sediment and nutrient input to rivers

Kh_Main_2;
Kh_Main_3

High fine-sediment loads are destroying the habitat function of the river bed
and thus altering the aquatic community (fish and macroinvertebrates)

Kh_Main_1;
Kh_Main_2;
Kh_Trib_2;

Kh_Trib_5/6

Decreased biodiversity and number of individual fish due to intensive
recreational and illegal fishing activities

Kh_Main_2;
Kh_Main_4; Kh_Trib_1
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Industries & Mining

Insufficient waste water treatment (mining), high water consumption

Kh_Main_4; Kh_Trib_4
[26,27]

Uncontrolled discharge of industrial waste water to the CWWTP

Kh_Main_4 [26]

Agriculture

Obsolete, inefficient or total lack of irrigation systems that limit
agricultural productivity while utilising lareg volumes of water

Kh_Trib_1

A absence of inland watering points for livestock farming, which promotes the concentration of

animals at small regions and restricts the development of new grazing grounds

Kh_Main_2;
Kh_Trib_1;
Kh_Trib_5/6;
Kh_Trib_7

Water Quality and
Quantity Monitoring

The existing monitoring network is not comprehensive enough

Especially Kh_Trib_7
All Water Bodies

Equipment used for measuring stations is often insufficient

Current monitoring activities are partly relying on foreign projects with limited project durations

(e.g., IWRM MoMo-Project) and thus are not sustainable for future data requirements

All Water Bodies
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S.5. Implementation of Management Recommendations
S.5.1. Upper Kharaa (Kh_Main_1)

The development goal for the upper Kharaa River will be to protect the vital forest cover and regenerate
the burnt areas to prevent surface erosion and safeguard the soils for further degradation (Table S14).

Table S14. Recommended implementation measures for water body Kh_Main_1.

Upper Kharaa (Kh_Main_1)
Deficit Parameter Planned Measures
Water Resources
Establishment of controlled forest protection areas to prevent
anthropogenic deforestation for timber production and
Forest fires prevent natural forest fires by early emergency
Reforestation measures in burnt forest areas
Forest management in the tributaries
Water and Environment
Installation of sand traps (low current pools) in the river course to
Elevated fine grained settle and extract the surplus of suspended sediments in the water
sediment loads Forest management and protection against natural and anthropogenic
induced forest fires in the upstream region
Decrease the fine-grained sediment loads due to surface erosion in burnt areas

Fish Educating the population about the risks of consuming contaminated fish tissues
Water quality Establishment of a decentralised waste water treatment concept
parameters in the upstream settlement of Batsumber (Mandalin Gol)
Heavy metals Regulations for middle catchment mining site

S.5.2. Middle Kharaa (Kh_Main_2)

In the upper part of this river reach, Tunkhel, has the only significant anthropogenic influence and
thus needs a more sophisticated and sustainable urban water management system to minimise its
impact and improve the hygienic situation for its inhabitants. Furthermore, it might be possible to
reduce the high sediment loads received from upstream, by trapping the transported sand (sand traps:
small settlement pools without water current).

Further downstream anthropogenic pressures increase. In order to stop additional destruction of the
river bank structure and vegetation by extensive livestock grazing, sustainable grazing strategies,
including inland watering points and safe river passes for animals should be implemented. To protect
the fish stocks it is necessary to increase awareness by educating recreational fishers and strictly
controlling illegal fishing by enforcing Mongolian fishing legislation (see Table S15).
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Table S15. Recommended implementation measures for the management unit in the middle
Kharaa River basin.

Middle Kharaa (Kh_Main_2)
Deficit Parameter Planned Measures
Water and People (Urban Center)
Establishment of water resource protection zones surrounding the
drinking of well water in Zuunkharaa
Establishment of a constant drinking water quality monitoring
regime to detect possible contaminations as early as possible
Installation of water meters at each household
Reduction of leakages in the water supply pipelines
Reducing the oxygenation in the sludge activation
Improvement of the communications among the operators and the
cooperation of their activities
Water and People (Urban Ger Districts)
Construction of 86 “Comfort Islands” with an attraction radius
of ca.250 m and a capacity for 140 inhabitants
Hygiene and Constant monitoring or restriction of shallow
sanitation private wells in close proximity to latrines
Education and capacity building concerning
hygiene and water- borne/related diseases
Water and People (rural)
Research on possible drinking water supply sources upstream of Tunkhel
Establishment of water resource protection zones around
the located drinking water sources upstream of Tunkhel
Installation of sufficient drinking water extraction wells in the protection zone
Implementation of an adjusted water supply system
Development of a decentralized waste water management solution (willow-
Lacking waste water based waste water treatment plant to supplement natural timber resources)
management Implementation of a sewer network to connect the
households to the waste water treatment plant
Water Resources

Drinking water supply

Water consumption

Waste water treatment
efficiency

Lacking supply of
safe drinking water

Slightly elevated Installation of sand traps (low current pools) in the river course
sediment loads to settle and extract the surplus of suspended sediments in the water

Slightly elevated Forest management and protection against natural
sediment loads and anthropogenic induced forest fires in the upstream region

Water and Environment
Establishment of rehabilitation and protection zones for the riparian
vegetation in close cooperation with local livestock farmers

Hydromorphology
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Table S15. Cont.
Middle Kharaa (Kh_Main_2)

Deficit Parameter Planned Measures
Reducing the fine-grained sediment input to prevent habitat
Macroinvertebrates destruction by the clogging of the river bed

Improvement of the hydrological status
Control recreational fishing activities (i.e., overfishing)

Fish Raise public awareness and knowledge regarding ecological issues of excess
fishing to improve the compliance of fishing regulations
Water quality Establishment of a decentralised waste water treatment
parameters concept in the settlement of Tunkhel
Nutrient levels Limit livestock entering the river with the construction of special crossing areas

Regulations for upstream mining site
Educating the population about the risks of consuming contaminated fish tissues
Water and Agriculture
Restricting livestock numbers according to the grazing capacity of the region
Establishment of an inland network of livestock watering points to increase the
Livestock farming steppe’s capacity by enable the development of formerly abandoned areas
Education and build capacity concerning sustainable livestock grazing among
herders in order to raise awareness of sustainable practices
Development and establishment of efficient irrigation systems
Establishment of a sustainable nutrient cycle

Heavy metals

Crop farming

S.5.3. Middle /Lower Kharaa (Kh_Main_3)

Development goals for the river stretches at Kh_Main_3 include the protection and restoration of
the degraded river banks and their adjoining environment by establishing sustainable livestock farming
management strategies that are accepted and implemented by local herders. The fine-grained sediment
load needs to be reduced to natural levels by installing sand traps along the river course. The river
surface water should be free from specific pollution and the overall water quality should be improved.
To do so, it is important to identify the actual entrance pathways and sources with specific monitoring.
As the settlement centres are expected to be the most important sources for pollution, the wastewater
disposal systems need to be analysed and equipped with appropriate facilities to ensure an efficient and
ecologically friendly management (see Table S16).
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Table S16. Recommended implementation measures for the management of the
Middle/Lower Kharaa River basin.
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Middle /Lower Kharaa (Kh_Main_3)

Deficit Parameter

Planned Measures

Water and People (Urban Center)

Drinking water
supply

Establishment of water resource protection zones surrounding the
drinking water wells of the Salhit and Baruunkharaa

Establishment of constant drinking water quality monitoring in Salhit and
Baruunkharaa to detect possible contaminations as early as possible

Water consumption

Installation of water meters at each household (Salhit and Baruunkharaa)

Reduction of leakages in the water supply pipelines (Salhit and Baruunkharaa)

Waste water
treatment efficiency

Replacement of the return sludge pump at the secondary
treatment in Salhit as a short term measure

Construction of a willow-based WWTP as a long term measure (Salhit)

Replacement of the old dysfunctional plant in Baruunkharaa
by an adjusted decentralise solution

Water and People (Urban Ger Districts)

Hygiene and
sanitation

Construction of 7 “Comfort Islands” with an attraction radius of ca. 250 m and a
capacity for 140 inhabitants in Salhit and Baruunkharaa

Constant monitoring or restriction of shallow private
wells in close proximity to latrines

Education and capacity building concerning hygiene and
water- borne/related diseases

Water and Environment

Hydromorphology

Establishment of rehabilitation and protection zones for
the riparian vegetation in close cooperation with local herders

Macroinvertebrates

Reducing the fine-grained sediment input to prevent habitat
destruction by the clogging of the river bed

Improvement of the hydrological status

Fish

Control recreational fishing activities (i.e., overfishing)

Raise public awareness and knowledge regarding ecological issues of excess
fishing to aid in the compliance of fishing regulations

Water quality
parameters

Sealing of sewer pipelines and dump sites for industrial deposits

Establishment of a sufficient number of ‘Comfort Islands’
especially in the ger areas close to the floodplain

Nutrient levels

Limit livestock entering the river with the construction of special crossing areas

Sealing of the sewer system

Decrease of nutrient content of the discharged waste water
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Table S16. Cont.
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Middle /Lower Kharaa (Kh_Main_3)

Deficit Parameter Planned Measures

Regulations for upstream mining site (“Bayangol” and “Zagdaling Gol”)

Heavy metals - - - - - .
Educating the population about the risks of consuming contaminated fish tissues

Water and Agriculture

Assessment of nutrient cycling and irrigation efficiency at the rapeseed

Crop farmin
P J production sites (15 ha around Baruunkharaa)

Limiting of livestock numbers according to the grazing capacity of the region

Establishment of an inland network of animal watering points to increase the
steppe’s capacity by enable the development of formerly abandoned areas

livestock farmin
J Development and implementation of sustainable grazing strategies

Education and capacity building concerning sustainable livestock farming among

the herders in order to raise awareness of sustainable methods

S.5.1. Lower Kharaa (Kh_Main_4)

The most important development objective for this water body is a detailed monitoring program to
eliminate persisting contamination sources in Khongor and all remaining residues in the river.
The establishment of a sufficient number of “Comfort Islands” (public sanitation stations) in the ger
areas of Khongor and Darkhan are of high importance to secure the provision of safe drinking water
and sanitation for all inhabitants. The reduction of grazing pressure, in the surrounding environment
and the direct reaches of the river would give the natural vegetation a chance to return. Additionally,
smaller numbers of animals that would enter the river would result in a decrease of nutrient emissions.
Further, a modernisation concerning the safety of the drinking water supply system and the efficiency
of wastewater treatment and disposal in Khongor and Darkhan is important to improve both the
hygiene and sanitation conditions for the human population, but also the habitat functions for the local

macroinvertebrate and fish communities (see Table S17).

Table S17. Recommended implementation measures for water body Kh_Main_4.

Lower Kharaa (Kh_Main_4)

Deficit Parameter Planned Measures

Water and People (Urban Center)

Establishment of water resource protection zones surrounding the
Drinking water drinking water wells of Khongor & Darkhan

supply Establishment of a constant drinking water quality monitoring scheme
to detect possible contaminations as early as possible

Eventually introducing drinking water purification programs due to the high
concentration of specific pollutants contaminating the water resources

Water consumption ]
P Installation of water meters at each household

Reduction of leakages in the water supply pipelines
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Lower Kharaa (Kh_Main_4)

Deficit Parameter

Planned Measures

Waste water
treatment efficiency

Repair of sludge discharge between primary and secondary
treatment as a short term measure

Construction of a willow-based WWTP as a long term measure

Waste water
treatment efficiency

Repair of sludge discharge between primary and secondary treatment as a short
term measure to ensure waste water treatment in Darkhan

Construction of a willow-based WWTP as a long term measure in Darkhan City

Water and People (Urban Ger Districts)

Construction of 13 ‘Comfort Islands’ with an attraction radius of ca. 250 m and a
capacity for 140 inhabitants in Khongor and approximately 256 in Darkhan City

Hygiene and Constant monitoring or restrictions for shallow
sanitation private wells in close proximity to latrines
Education and capacity building concerning
hygiene and water- borne/related diseases
Water and Environment
Establishment of rehabilitation and protection zones for the riparian
Hydromorphology

vegetation in close cooperation with local herders

Macroinvertebrates

Reducing the fine-grained sediment input to prevent habitat
destruction by the clogging of the river bed

Improvement of the hydrological status

Control recreational fishing activities (i.e., overfishing)

Fish Raise public awareness and knowledge regarding ecological issues
of excess fishing to improve compliance of fishing regulations
. Sealing of sewer pipelines and dump sites for industrial deposits
Water quality g : Pip — P " P .
Establishment of a sufficient number of “Comfort Islands
parameters

especially in the ger areas close to the floodplain

Nutrient levels

Sealing of the sewer network and dump sites

Improve agricultural nutrient management

Heavy metals

Sealing and observing the storage sites of all industrial
waste especially at the thermal power plant and the local dump site

Constant monitoring and inspection at contamination sources (illegal mining sites)

Reduction of the concentrations in industrial waste water

Educating the population about the risks of consuming contaminated fish tissues

Water and Industry

Water consumption

Introduction of water pricing strategies to promote incentives for efficient water
use

Development and introduction of waste water
reuse concepts for industrial processing

Allocation of limited water use licenses

Waste water disposal

Incorporation of the polluter-pays principle in the water pricing system

Establishment of legally prescribed external and internal quality
management of the discharged waste water

Legal prescription to install specific waste water treatment
facilities at each industry
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Lower Kharaa (Kh_Main_4)
Deficit Parameter Planned Measures
Water and Agriculture
Limitation of livestock numbers according to the grazing capacity of the region
Establishment of an inland network of animal watering points to increase the
steppe’s capacity by enable the development of formerly abandoned areas
Development and implementation of sustainable grazing strategies
Education and capacity building concerning sustainable livestock farming among
the herders in order to raise awareness of sustainable methods

Livestock farming

S.5.5. Mandalin Gol (Kh_Trib_1)

The development goals for this upstream water body include the conservation and rehabilitation of
the fish stocks by educating the local residents about the consequences of overfishing and simultaneously
strictly regulating and controlling illegal recreational fishing gears and activities during protected
spawning periods. The surrounding environment can be protected by the prevention of forest fires
(observed conservation areas; reforestation) and sustainably managed livestock farming (buffer and
watering zones). These measures will also help to reduce the fine-grained sediment and nutrient loads
and thus the habitat functions of this river section. Further, the urban water supply and disposal system
of Batsumber has to be modified with adopted, decentralised solutions that are able to provide an
efficient use of water resources and safe hygienic and sanitary conditions for the inhabitants and
similarly release the ecological pressure by reducing the emission of pollutants to the surface and
groundwater resources (see Table S18).

Table S18. Recommended implementation measures for the water body Kh_Trib_1.

Mandalin Gol (Kh_Trib_1)
Deficit Parameter Planned Measures
Water and People (rural)
Research on possible drinking water supply sources upstream of Batsumber
Establishment of water resource protection zones around
the local drinking water sources upstream of Batsumber
Installation of sufficient drinking water extraction wells in the protection zone
Implementation of an adjusted water supply system
Development of a decentralised waste water management solution (willow-based
Lacking waste waste water treatment plant to supplement natural timber resources)
water management Implementation of a sewer network to connect t households
to the waste water treatment plant
Water Resources
Establishment of controlled forest protection areas to prevent anthropogenic
deforestation for timber production and prevent natural
forest fires via early emergency responses
Reforestation measures in burnt forest areas

Lacking supply of
safe drinking water

Forest fires
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Table S18. Cont.

Mandalin Gol (Kh_Trib_1)

Deficit Parameter

Planned Measures

Water and Environment

Hydromorphology

Re-vegetation of the degraded riparian zone

Establishment of rehabilitation and protection zones for the riparian vegetation in
close cooperation with local herders

Macroinvertebrates

Reducing fine-grained sediment input to prevent habitat destruction
by clogging of the river bed

Improvement of the hydrological status

Fish

Control recreational fishing activities (i.e., overfishing)

Raise public awareness and knowledge regarding ecological issues of excess
fishing to improve compliance of fishing regulations

Improvement of the hydrological status

High sediment
loads

Installation of sand traps (low current pools) in the river course to settle and
extract the surplus of suspended sediments in the water

Establishment of grazing strategies that consider the steppe’s capacity

Protection and rehabilitation of burnt forest areas

Development and establishment of crop farming strategies
that prevent exposed top soil

Water quality
parameters

Sealing of sewer pipelines and dump sites for industrial deposits

Establishment of a sufficient number of ‘Comfort Islands’
especially in the ger areas close to the floodplain

Nutrient levels

Limiting livestock from entering the river through the
construction of special crossing areas

Surveillance of the nutrient management in agriculture

Heavy metals

Constant monitoring and inspection of the contamination source
(upstream mining sites)

Water and Agriculture

Livestock farming

Limiting livestock numbers according to the grazing capacity of the region

Establishment of an inland network of animal watering points to increase the
steppe’s capacity with the development of formerly abandoned areas

Development and implementation of sustainable grazing strategies

Education and capacity building concerning sustainable livestock farming among
the herders in order to raise awareness of sustainable farming techniques

S.5.6. Khentii Tributaries with natural background conditions (Kh_Trib_2)

In this tributary forest fires are threatening the natural conditions. Therefore, the establishment of
observed conservation areas may help to protect the forest cover and its important ecosystem
functions. In addition, development goals for this upstream water body also include the conservation
and rehabilitation of the fish stocks by educating the local residents about the consequences of
overfishing and simultaneously strictly regulating and controlling illegal recreational fishing gears and
activities during protected spawning periods. All measures that are recommended to maintain the
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overall ‘good’ ecological status of this management unit and improve the deficits for the fish
community status are presented in Table S19.

Table S19. Recommended implementation measures for the water body (Kh_Trib_2).

Khentii Tributaries with natural background conditions (Kh_Trib_2)

Deficit
Parameter

Planned Measures

Water Resources

Establish controlled forest protection areas to prevent anthropogenic deforestation for timber
Forest fires production and prevent natural forest fires by early emergency (Bayangoll & Tunkhelin Gol)

Reforestation measures in burnt forest areas (Bayangoll & Tunkhelin Gol)

Water and Environment

Control recreational fishing activities (i.e., overfishing)

Fish Raise public awareness and knowledge regarding ecological issues of excess fishing to aid in
the compliance of fishing regulations

S.5.7. Khentii Tributaries with anthropogenic impacts (Kh_Trib_3)

Both livestock farming and forest fires have currently only minor impacts on the monitored water
quality parameters in this tributary. To maintain this situation it is important to prevent an
intensification of the influencing pressures. The establishment of observed conservation areas along
the river course may help to protect the vegetation cover and its important ecosystem functions.
In addition, development goals for this upstream water body include the conservation and
rehabilitation of the fish stocks by educating the local residents about the consequences of overfishing
and simultaneously strictly regulating and controlling illegal recreational fishing gears and activities
during protected spawning periods (see Table S20).

Table S20. Recommended implementation measures for the water body Kh_Trib_3.

Khentii Tributaries with anthropogenic impacts (Kh_Trib_3)

Deficit

Planned Measures
Parameter

Water Resources
Establish controlled forest protection areas to prevent anthropogenic deforestation
Forest fires for timber production and prevent natural forest fires by early emergency
Reforestation measures in burnt forest areas
Water and Environment
Raise public awareness and knowledge regarding ecological issues of excess
fishing to aid in the compliance of fishing regulations
Fish Reducing fine-grained sediment input to prevent spawning
habitat destruction by clogging of the river bed
Improvement of the hydrological status
Water and Agriculture
Establishment of an inland network of animal watering points to increase the
steppe’s capacity with the development of formerly abandoned areas
Livestock farming Develop and implement sustainable grazing strategies that limit livestock numbers
Education and capacity building concerning sustainable livestock farming among
the herders in order to raise awareness of sustainable farming techniques
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S.5.8. Boroo Gol (Kh_Trib_4)

For the water body Kh_Trib_4 (Boroo Gol) the return of natural water flow regimes, the improvement
of river water quality (nutrients, specific pollutants) and normal sediment loads are the main development
goals. The most important measure will be a strict regulation of mining activities concerning both
water consumption and the disposal of processing waste water. Also sustainable livestock farming
strategies, including buffer zones along the river course, will contribute to the reduction of nutrient and

sediment emissions (see Table S21).

Table S21. Recommended implementation measures for the management unit encompassing Boroo Gol.

Boroo Gol (Kh_Trib_4)

Deficit Parameter

Planned Measures

Water and People (rural)

Lacking supply of
safe drinking water

Research on possible drinking water supply sources upstream of Bornuur

Establishment of water resource protection zones around the located
drinking water sources upstream of Bornuur

Installation of sufficient drinking water extraction wells in the protection zone

Implementation of an adjusted water supply system

Lacking waste water
management

Development of a decentralised waste water management solution (willow-based
waste water treatment plant to supplement natural timber resources)

Implementation of a sewer network to connect households to the WWTP

Water Resources

Fluctuating water
levels

Enforcement of regulations concerning the water consumption at mine sites

Water and Environment

Hydromorphology

Establishment of rehabilitation and protection zones for the riparian vegetation in close
cooperation with local livestock herders

Macroinvertebrates

Reducing the fine-grained sediment input to prevent habitat
destruction with the clogging of the river bed

Improvement of the hydrological status

High sediment
loads

Installation of sand traps (low current pools) in the river course to settle and extract the
surplus of suspended sediments in the water

Revegetation of the cleared land remaining post mining operations in order to minimise
sediment input via surface erosion

Water quality
parameters

Sealing of sewer pipelines and dump sites for industrial deposits

Establishment of a sufficient number of ‘Comfort Islands’
especially in the ger areas close to the floodplain

Nutrient levels

Limiting livestock from entering the river with the
construction of special crossing areas

Surveillance of nutrient management in agriculture regions

Heavy metals

Constant monitoring and inspection of contamination sources (upstream mining sites)

Water and Agriculture




Water 2015, 7 S42

Table S21. Cont.

Boroo Gol (Kh_Trib_4)

Deficit Parameter Planned Measures

Identify limits for livestock numbers according to the grazing capacity of the region
Establish an inland network of animal watering points to increase the steppe’s capacity
by enabling the development of formerly abandoned areas
Development and implementation of sustainable grazing strategies
Education and capacity building concerning sustainable livestock farming among the
herders in order to raise awareness of sustainable farming techniques

Livestock farming

Water and Mining

Allocation of limited water use licenses
Regulation and control of water consumption and waste water discharge for the Boroo
Goldmine and the smaller mining sites upstream
Introduction of adequate water fees that promote
a responsible use for economic reasons
Development and introduction of waste water reuse strategies at the Boroo Goldmine
and the smaller mining sites upstream

High water
consumption

Establishment and enforcement of strict regulations concerning the minimum quality of
discharged waste water
Implementation of waste water treatment facilities at the Boroo Goldmine and the
Water discharge upstream mining site centre
Introduction of filter systems that retain the washed sand
Constant monitoring of the quality of the discharged water to immediately
identify and stop contaminations

S.5.9. Zagdalin Gol (Kh_Trib_5 & Kh_Trib_6)

The most important development goals for Zagdalin Gol include the rehabilitation of the degraded
river substrate, to help facilitate a return to natural water flows as well as implement conservation
zones that protect the vital forest cover and assist with the reforestation process. The elevated
fine-grained sediment loads that are responsible for the habitat alterations are mostly caused by river
bank erosion and the discharge of processing water from the local gold mines. Therefore, it will be
most important to reduce the grazing pressure and control the water quality of discharged wastewater
from the gold mines (see Table S22).

Table S22. Recommended implementation measures for the management unit Zagdalin Gol.

Zagdalin Gol (Kh__Trib_5 & Kh_Trib_6)
Deficit Parameter Planned Measures
Water and People (rural)

Research on possible drinking water supply sources upstream of Jargalant
Establishment of water resource protection zones around the located drinking
water sources upstream of Jargalant
Installation of sufficient drinking water extraction wells in the protection zone
Implementation of an adjusted water supply system

Lacking supply of
safe drinking water
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Table S22. Cont.

Zagdalin Gol (Kh__Trib_ 5 & Kh_Trib_6)

Deficit Parameter

Planned Measures

Lacking waste water
management

Development of a decentralised waste water management solution (e.g., willow-
based waste water treatment plant to supplement natural timber resources)

Implementation of a sewer network to connect households to the WWTP

Water Resources

Fluctuating water

Enforce the regulations concerning water consumptions on mining sites

levels
Water and Environment
Re-establishing the degraded riparian vegetation
Hydromorphology  Establishment of rehabilitation and protection zones for the riparian vegetation in

close cooperation with local livestock herders

Macroinvertebrates

Reducing the fine-grained sediment input to prevent habitat destruction through
the clogging of the river bed

Fish

Raise public awareness and knowledge regarding ecological issues of excess
fishing to aid in the compliance of fishing regulations

Improvement of the hydrological status

Installation of sand traps (low current pools) in the river course to settle and
extract the surplus of suspended sediments in the water

High sediment loads

Re-vegetation of the cleared land remaining post mining operations in order to
minimise sediment input via surface erosion

Water quality
parameters

Establishment of a sufficient number of ‘Comfort Islands’ especially in ger
settlements close to the floodplain

Limiting livestock from entering the river with the
construction of special crossing areas

Nutrient levels

Improved waste water management with a decentralised solutions for Jargalant

Surveillance of nutrient applications in local agriculture

Sealing of sewer pipelines

Heavy metals

Constant monitoring and inspection of the contamination sources
(upstream mining sites)

Water and Agriculture

Livestock farming

Placing limitations on livestock numbers according to
the grazing capacity of the region

Establishment of an inland network of animal watering points to increase the
steppe’s capacity with the development of formerly abandoned areas

Development and implementation of sustainable grazing strategies

Education and capacity building concerning sustainable livestock farming among
the herders in order to raise awareness of sustainable farming techniques

Crop farming

Development and establishment of efficient irrigation systems

Establishment of a sustainable nutrient cycle

Water and Mining
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Zagdalin Gol (Kh__Trib_ 5 & Kh_Trib_6)
Deficit Parameter Planned Measures
Allocation of limited water use licenses
Regulation and control of water consumption and waste water discharge for the
small mining sites upstream
Introduction of adequate water fees that promote
responsible use for economic reasons
Development and introduction of waste water reuse
strategies at the small mining sites upstream
Establishment and enforcement of strict regulations concerning the minimum
quality of discharged waste water
Implementation of waste water treatment facilities at upstream mining sites
Introduction of filter systems that retain the washed sand
Constant monitoring of the quality of the discharged water to immediately
identify and prevent contaminations

High water
consumption

Water discharge

S.5.10. Bayangol (Kh_Trib_7)

Missing data is the main issue for this tributary. Incorporating it into the monitoring network is
therefore the most important objective. In this way the full impact of the previously identified pressure
sources can be assessed in detailed. Overall, mining as well as agricultural-use in this area needs to be
regulated to avoid further hydrological degradation (see Table S23).

Table S23. Recommended implementation measures for Bayangol (Kh_Trib_7).

Bayangol (Kh_Trib_7)
Deficit Parameter Planned Measures
Water resources
Fluctuating water levels Enforcement of regulation concerning of the water consumptions at mining sites
Water and Environment
Promoting the rehabilitation and protection zones for the riparian vegetation in
close cooperation with local herders
Installation of sand traps (low current pools) in the river course to settle and
extract the surplus of suspended sediments in the water
Conduct investigations to determine if there are any additional sources of Boron
other than the mining sites responsible for the high river concentration
Constant monitoring and inspection of the
contamination sources (upstream mining sites)
Water and Agriculture
Place limitations on the number of animals according to
the grazing capacity of the region

Hydromorphology

High sediment loads

Water quality parameters

Heavy metals

Establishment of an inland network of animal watering points to increase the
Livestock farming steppe’s capacity with the development of formerly abandoned areas

Development and implementation of sustainable grazing strategies

Education and capacity building concerning sustainable livestock farming among
the herders in order to raise awareness of sustainable farming techniques




Water 2015, 7

S45

Table S23. Cont.

Bayangol (Kh_Trib_7)

Deficit Parameter

Planned Measures

Water and Mining

High water consumption

Allocation of limited water use licenses

Regulation and control of water consumption and waste water discharge

Introduction of adequate water fees that promote the
responsible use of water for economic reasons

Develop and introduce waste water reuse strategies

Water discharge

Establish and enforce stricter regulations concerning the minimum quality of
discharged waste water

Implement treatment facilities at the upstream mining site

Introduce filter systems that retain the washed sand

Conduce constant monitoring of the quality of the discharged water to
immediately identify and stop contaminations

Water Quality and Quantity Monitoring

Biological monitoring

Introduction of a comprehensive biological monitoring program of fish and
macroinvertebrates to enable a detailed assessment of the
ecological status of this management unit

Hydromorphological
monitoring

Expand the hydromorphological inventory according to methodology applied in
other management units (LaNUV 2012)

Water quality monitoring

Expand the existing monitoring to enable a comprehensive assessment of the
nutrient levels within the management unit
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S.6.Mongolian Summary

Mongolian Summary

Initial Characterization and Water Quality Assessment of
Stream Landscapes in Northern Mongolia

MOHI0J1 OpHBI X0i{ X3CTUHWH TOJIBIH JAHAIAPTHIH aHX1ar4
TOAOPXOMJIOJIT, YCHBI YAHAPBIH YHJIII)
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Abstract/Xypaanryii: MoHron OpHBI XOWJ X3C3r IPX Xapaa TOJIBIH CaB Tra3pbiH
nanamadT, OalraduitH HOXIJIUHT THUIPOJOTH, THAPOMOP(OJIOTH, yyp amMbCraj, YCHBI
(GU3MK-XUMUIH IIUHK 9aHap, FOJIbIH Xarmaac, EpooJblH C33PHYPYYTYHTIH OOJIOH 3aracHel
MOHHUTOPHUHI CyJalraaHj YHJISCI3H aHX yJAaa TOJOpXOWoH rapracaH. CaB raspblH
X3MXKI9H/I MEHEKMEHTHIH apra X3MX33T 30XHOH 0alryyiax XaMruiiH 0ara HIIKYYAMNAT
TOJIOPXOIIIOX YYZAH?IC aOMOTHK, OMOTHK XYYHMH 3YWIYYIUIH ysinaa Xou0oor xapraizaH
Y32 razaprbiH ycHbl “/I31 caHryyZ -bIH aHTWJIAJIbBII Tapracad. Y CcaH OpYHbI DKOJIOTUIH
TaajJaMXTal CTaTyCT XYp3X 30pWITHIT OapumTaipk Oy EBpombiH YcHBI TOTTOMIIOOHBI
VY aupaamxk (2000.12.22-uw1 eapuita 2000/60 TOOT yaupaamiK)-bIH Aaryy aBd y3Baj Xapaa
TOJBbIH YHJACOH TYyJAUpaiblH Jdaryy 4 134 caH, XapuH ILyTrajl TojdyyIblH 7 I3/ CaHr
TOOPXOIMIDK Oosox OaifHa. YcaH OpuHBI SKOCHCTEMHIH OaifranuiiH Tepxeepee Oaiiraa
HOXI16J1 OYI0y TYYHHH OHIUIOT IIMHX, TOJOPXOMIONT 33p3rT TYIATYYpJIaH OpYHBI YHAIT?),
HOXOH CIPr3I3X CTAHJAPTYYAbIr OO0JOBCpyysax OosoMKTOH O0iHO. Xapaa TOJBIH CaB
ra3pblH YCHBI HOOLl, YaHAPbIT Xaprajl3aH y3BaJI X HTUHMH yyjapxar My’)Kaac dX aBd ypcax,
TOJIBIH 9X OPYMUMJ SKOJOTUMH CTaTyC ‘‘TaalamM)KTail® TK YHIJIATIAMK OaitHa. DHIXYY
OaliranuiiH Tepxeepee Oaiiraa HOXLONTIH XapbIlyyIaH Y39K, IPCIUIMHH aHXAard YHAITIAT

XUUX3T TOJIBIH JYHJ X3CAIT X3 X3JIH, TOJIIH aJarT TYYH?3C OJIOH TOOHBI “‘XallyyH
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LPIYYA -UIr TofopxoitoB. MIHXYY Heseesnen epTCOH ycaH CaHTyy/blH XYBb/ ragaprblH
YCHBI XUMHIH OOJIOH 3KOJIOTUHH “‘TaajamKTail” TIX CTaTycaac JaBX XdIUIHID dPCATUNAH
TYBILIMHJ XYPCOH OaiiHa. DAra3p YHAITI9HUNA TOrcreii] Hb MIANTraaH-Xapuy YHITWIINRH
XapwWillaH XamaapJblH MaTPUKC, HOJIOOJIOX XYUYUH 3YWJICHMUT LOTHOOp Hb Xapyyiiaa. Cas
ra3pblH MEHEXMEHTUIH TOITBOPTOH TejeBereer OO0JIOBCpYyyJaxal IDMXKIAL Y3YYJIdX
YYAHAOC 3alITYH aBY X3PAKYYIIX MEHEKMEHTHHI apra XdMiKIHYYIUWT TycracaH
6omHo. baiiranuitn Tepxeepee 0aliraa HOXI©J, TYYHHH OHIUIOT IIWHXHJ TYJITYypJjaH
YHIDX apra aprawiajgl Hb XYHHM YW aXWUlaraaHbl HOJIOOJUIMUI YHAIIX IIMHXKIDX

yXaaHbl JIBIIMIATAT YHAICIAI OOJDK OTHe.
Figures/3ypar

3ypar 1. 3ypart CamsHruiiH caB ra3psiH (457,000 km? ye xypax Tan6aii 6yxmit CI'CI) yc
3yitH cymK33 60moH Xapaa ronsiH cas raspbiH (14,900 km? yc Xypax Tan6ait 6yxuit XI'CI')
OalpIIMIIBIT Y3YYII9B.

3ypar 2. Xapaa royibiH caB rasap gaxp raszap amuriaantsir 2010 onbl 6aiiqaap xapyysas.
Xap OHIHMIH TOOroop JjayraapilacaH /a37 caB Tra3pyylaa IIAM TKIIUNAH OOTUCHIH
SAnaTapayynaiaT 0a THApPONOTWHH 3arBapwiansir xuiiB [13,28]. Tazap TapuanaHruiin
TambaiiH aHTWJIAJ] aTaplicaH ra3pblH TajmOair Oarraacan 0o0iHO. baiirans HyypT IfyTrax
ComdHr? TOJI, TYYHMHA caB Tazap (Tamryy Iryramaap IypcdjicaH Tanbail) O0omoH Xapaa
TOJIBIH CaB ra3pbiH (0apaaH eHTreep MYpCAJICHH Tanbail) OyAayyBY 3ypruiir (6apyyH 1937
X3CAIT) Y3YYJIIB.

3ypar 3. Xapaa rojslH caB ra3ap Jaxb YCHbl YaHapblH OalHTUHH 00JOH OailHruitH Oyc
XSHANT MIHHXKWAIMI. Yyd yypxailH OoloH OOXUpIon[ epTceH Tanbai, IPBIPIIX
OairyymamkuifH Oalpmuiblr  OartaaB. [onyyAblH 1137 CaB Tra3phil’ TOOTOOp OOJOH
TEKCTIIP XapyyJIaB.

3ypar 4. Xapaa roabiH caB ra3psir 10 g9 caB rasap (1-10 gyraaprait) [13] xyBaapuink,
TOHJI COHTOH AaBCAaH XSIHANT MIMHXKWITOHUN LPTYYIUMH Oaipmmi, raxaprslH ycaH

CaHT'yyJbIH XaMT XapyyJIaB.

3ypar 5. Xoutuitn yynapxar myxaac (Cernerep roii, HeJIeeIel OpTOETYH LT IIX) X
aBy ypcan OpXoH rojj IyTrax XypTaixX Xapaa TOJbIH YPTBbIH JaryyxX XyHIDJIUIH
eopunent [Mkrt mi]-mitr 2011-2012 onsr 05 capaac 09 capa XuiicoH HMHT 4 ynaaruiia
(2011.05.21, 2011.09.06, 2012.05.18, 2012.09.09) X>MXWITUIH Yp AYHIIIP XapyyJiaB.
Cynanraanpl IPTYYIURH OalpUIMIIBIT I3 CAHTYYIBIH KOJOOP HIDPXHUIAB (XYCHAIT 5,
3ypar 4). XYHIDPIUAH 36BIIOOPOTIOX 3] XIMKIIT MOHTON yicaa Mepaeraex Oyi
Xadraan ycHbl yaHapbelH crangaptan (MNS 4943: 2000, Ycubl uyanap. Xasdrmana yc.
TexHUKUH epeHXMM Iaapjaiara) 3aacaH XdIMXKI3rI3p XOHIJIOH IIyramaap IypclidB
(MoMo TecnuiiH XSTHANT MUHKUAITIIHAA M3]I30).
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3ypar 6. Xapaa romeiH Opxon roix myrtrax opuuMm (bypauaronroi, Kh_Main_4,
Sel_Kh10_001) maxp xyua meramwibiH (As, Al, Fe, Mn, Cu, Zn, Cr) 3eeBepeyTHiiH
XMk [krt enept] 60108 GOXHPAOIBIH HHAUKATOPYY (XJ10p, 60p) -bir 2011-2012 oHBI
05 capaac 09 capa xwmiicon HuiiT 4 ymaaruitn (2011.05.21, 2011.09.06, 2012.05.18,
2012.09.09) xomkunaTHUHH Yp AYHrI3p xapyyhiaB. CyganraaHbl IPTUWH OadpIUIbIH
TRITIPIHTYH MyIummir 3ypar 4, XycHArt 1 6onoH 5-aac xapHa yy (MoMo TecnuitH

XSTHAT MAHXKUAITIOHANR M3JI9)).

3ypar 7. XoHTHIH yynapxar Mmykaac (CerHerep rois, Heiseeseil ©pTOeryid LT,
Kh_Trib_2) sx aBu ypcan OpxoHn ronn myrrax xypraix (Kh_Main_4) Xapaa ronsis ypTeiH
naryyx HuiT a3ot (TN)-bH aryymavkuiir [Mrp® m17l] 2007-2012 oHz XUHCIH XOMKUITIIP
xapyynaB. CynmanraaHsl 1PT Oyp33C aBCaH YCHBI JPKHHM TOOr (n) MeH Y3YYJIB.
Cynanraanbl IPTUHH OaWpIUIBIH IRATIPIHTYH MM umir 3ypar 4, XycHart 1 6osoH
5-aac xapHa yy (MoMo TecnuiiH XsiHaJIT IUHXUWITIHUNA M333).

3ypar 8. Xapaa romeiH Opxon roax myrtrax opuuMm (bypanarosroi, Kh_Main_4,
Sel_Kh10_001) maxs opro-(pochaTsin Huitnyymoar [Toru™ xuwr]-uiir 2007-2012 owHbl
XSHAAT [IHHKWITISHUK yp AyHrIp xapyynaB. Cynanraanbl [PTHAH —OalpHUIBIH
TRITIPIHTYH MyIumir 3ypar 4, XycHArt 1 6omoH 5-aac xapHa yy (MoMo TecnuitH
XSTHAJIT ITHHKHITIHUAN M3193).

3ypar 9. Xapaa roJfiblH caB ra3ap, TYYHHH J13]1 CaB Ta3pyyIblH XUMUWH SPCAIMNAH aHXaard
YH3I33. YT 3ypruiir Oycaj X3BIAIMAH M3I39H/ TYATryypiiaH 03itrs [15,27,29-31].

Tables/XycHarT

Xyenarr 1. l'mapomopdomnoru, ypearl, GU3NK-XUMH, [IAXHYPT 3aMar, MaKpOCIPHYPYYTYHTAH,
3aracHbl XOMXKWITHHH 1Pryya. Loryymuiin anmxmara kon, ID (3yyH Tamaac 2 myraap
Oarana) payraap Hb XO3J XO3J3H MIIPIuUmMAr Oartaana. JKummoamn6am: Sel Kh10 001;
Sel = Comanrs roneiH caB razap, Kh = Xapaa ronsia caB razap, 10 = Xapaa ToybIH caB
razapt Oarrax 10 myraapraii m31 caB raszap [13], 001 = ycan caH OOJIOH yC X3PATIIIIHIIC

xamaapax J3/i CaB ra3pyy/.

XycHart 2. Xapaa rojiblH CaB Ta3apT TapXCaH MAaKpOCIIPHYPYYTYHUTIHHUM Oylaramisiig
TYJTyypJlacaH 5KOJIOTUIH YaHAPBIH YHAII39HUM Manryyp 60cro y3yyJadiTyya.

Xycnarr 3. Xapaa TONBIH CaB Ta3apT TapXxcaH 3aracHbl 3YWIUHH OYpAIIdXYYHI

TYJTyypJlacaH dKOJIOTUIH YHIIII).

XycHarT 4. Xapaa roJsH caB ra3apT 0arrax rojyyablH TOpeJ, TAr3IPUNRH 3K0- O0JIOH 3]
oycyyauiir XBHI'Y-bin LAWA anrunansis [1,2] garyy T1o10pxoiios.

XycHart 5. Xapaa rofiblH caB ra3pblH TaJaprblH yCaH CaHryy[, OHMOILEHO3BIH OYCUIIAI
(Bypar 4). bapyyn Oarana pgaxp “MONERIS ma caB raspyyn’-aap MONERIS
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3arpapwiajgaap IIUM TIKIIIMAH OOJUCHIH sUIrapyyJIAITHII TOOLOXOJ AllUTJIarjicaH
THPOJIOTHIH I3 caB ra3pyyasir xapyynas [13]. Berner [32]-uitH 30XHOCOH OHOIIEHO3BIH

Oycuioi, runporpadbiH 3ypruir alurias.
XyceHarT 6. /{371 caB ra3pyyablH FoJIbIH CYJKIIHUN yPT

Xycnarrt 7. Baliranuiin Tepxeepee 0Oaiiraa cymanraansl mpruitH (Kh Trib 2, xapeiryynax
19T) QU3UK-XUMUWH XOMXKWJITHWH Yp AYHT MOHron yican mMepuernek Oyd cTaHmapTai
(MNS 900:2005, MNS 4586:1998) [33,34] 3aacaH 36BIIEOPOIAOX 331 XIMKIITIH

Xapbllyyjas.

XycHart 8. Cernerep ron (Kh Trib 2, xapsiyynax mpr), Xapaa rojisiH bapyynxapaa
(Kh_Main_3, Xapaa ronbsia nyHa xacar) 6omnoH bypanronroit (Kh Main 4, Xapaa ronsa
azar) OpuYMBIH YCHBI YaHApPhIH XSHAIT IMHHXWITIIHUNA aBToMar craHman 2012 oHbI
ypraMaJDKWITBIH XyranaaHg Oyroy 3yHbl capyynan (S5-aac 10 mgyraap cap) XWMTIacoH
GU3MK-XUMUIH XOMKWITHRH M3I9) (IyHIaK+CcTaHmapT xa3aiint). CTaHIBIH aHXard Kog,
ID pyraapbiH XYcHSIT 1-33C XapHa yy. 36BXOH YyCCaH XYYWJITOPOIYMIIH X3MKUITHWUT
2012 onbl 9 nyrasp capblH TyHI XYPTIJ XUUB.

XyceHarT 9. Xapaa roi TapxcaH YCHBI MaKpOCIIPHYPYYTYHTIHUIAT allTuriaH ycaH OpYHBI
AKOJIOTUHH YHAJIMAAT 6reX Hb. DKOJOTUWH YaHApbIH YHAIAT 1 “mam caitH” —33¢ 5 “mamn
Myy”’ XypTas oHooroop YHATH? (DY = DxonorwitH yanap. E = Ephemeroptera = ©nepu.
P =Plecoptera = XaBapu. T = Trichoptera = X00Broso).

Xycnarr 10. Xapaa rosig TapxcaH 3aracHsl MONYJIILUNAT allIMIIIAaH yCaH OPYHbI DKOJIOTUIH
YHDJIII3I €rex Hb. DKOJIOTMMH 4YaHapblH YHAIrAr 1 “mam caitH” -3¢ 5 “mam myy”
XYPT3JI OHOOTOOP YHAJIH? (“3yils1 60JI0H amMbipax OpUYHbI XOOPOH/bIH XamMaapayl” = TyXaiH
3YWIMIH aMblpax OpuHbl oHIpIor. Jlaryyn 3yin. HyymammitH 3yiin. AMbapax OpYHBI
xamaapair;, “HexeH yp>KUXYIH OOJIOH WD TIKIIIUIH Xamaapayr” = 30HXUJIOTY 3YHIHITH
XapbLUaHryld »a03rmmia. AJraHa 3aracHbl XapbLAHTyH an0armmil. AMbapax OpYHbI

TapxaiT; ‘“HacHbI OyT311” = 0+ HacTail 3yWIHIAH 33119X XYBb).
4. Conclusions / {yruaar

DHAXYY OpIAM MIMHXHUITISHUN eryyidiaa MOHTOI OpHBI XOWJ XICTMMH TONBIH JaHAMA(THIT
TOAOPXOUIIOX TyXall OWJITOJNT, CaB Ta3pblH MEHEKMEHTHUMH TOJIOBIIOTOOT OOJIOBCpYyYJaxad IIMIKIAT
00J10X YYIH?3C YCHBI MEHEKMEHTUHH apra X3MKIIHYYAMNUT aB4 X3PATKYYIIX SKUKUT HATKYYIUIT
30XMOH Oalryyiax YCHBI J3JI CaHTYYAbIH aHrwiaibr TanwiyyiaB. XbBHI'Y-n ammrnaranar, cas
ra3pblH TEOJIOTH, TeoMOpP(hOJIOTH, YpPraMallKHIT, Yyp ambCrajlaac XamaapyyJlicaH caB Ta3pbiH
HKOJIOTUMH OHIUVIOTHMHMI WIJITIXK YajaX TOJbIH TYJAPWIBIH X3JI03pP3YWH X5B IIHMHXKUIH aHTHIIAl,
MIANTYyp Y3YY/IATI TYATYypiaaH Xapaa Toj, TYYHUH IyTrajd rojyyIblH TYJAPWIBIH Japaax Xd9B
MIUHXXYYIUNT TOIOopX0oisioB: (i) €pOOsbIH Xarmaac Hb Xaipra, Oyn dyiyyraap 30HXHJIOX yyJapxar
ra3pblH TONYY/, (11) €pOOJIbIH Xarmaac Hb XOHTOH IaBpaHIlapaap 30HXHIOX yyjapxar ra3pblH royy/,
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(ii1) eHmep yyJBIH TOJ TOPXUHYY, (1V) EPOOIIBIH Xarmaac Hb 3JICI3P 30HXWIOX XOHIUHH roiyya, (V)
EpOOJIBIH Xarmraac Hb 3JIC, MaBpaHLapaap 30HXUIIO0X, X3JI09p, XOMKIIHHUNA XyBbJ XapwiIllaH aJuiryH,
XOHIUIreep ypcax ronyyna. TyyHWIdH OMOIEHO3, PU3NK-XUMH, TUAPOJIOTHIH OHIUIOTHIUT Xaprali3aH
Xapaa TOoJbIH YHACOH TyAPUIIBIT 4 134 CaHJl, TYYHUM IyTraja rodyyAablr 7 A3] CaHJ aHTUJIaB. DHIXYY
apra aprawiajbll YCHbl HOOIMMH YHOIJI33 XUIX, MEHEKMEHTHIH apra X3MK3d9HJ amuriax OypaH
OO0JTOMKTOH.

MoHroJ OpHbI 3YYH-XOMT X3CTUHH X3HTUIH yyjapxar My Hb caB Ta3pblH “YCHbI laMxar” 000X
0a XyHMH XY4dH 3YWIMHH HeJeeJej] epTeeryid, OaliranuiiH yHaraH Tepxee XaJrajaH YJACOH
Oalfraaraac IYTHIX3J 3HOXYY Oyc HyTar Hb HeOJIeeJel]l epTeeryi ycaH OpYHbl SKOCHCTEMHUT
Teneenex Oomomxkrol. UitMa Xapaa rofblH 3X IIK y39X yr rasap HyTarT TapXcaH TOIYYAbIH ycaH
Jlaxb XUMHUWH OOJWC, HATIIYYAMMH Oara XdMiKd9, suraaTail OMOIICHO3BIH OYJIIMIIYYHA, ‘‘Mall
TaajJaMyKTal” HKOJOTHIH HOXII®J Hb Xapaa ToJIbIH caB ra3apT Oarrax Oycaj rojyyablH yCHbI YaHAPBIH
CTAaTyCBIH YHJITIOT IIMHXKIDX YXaaHbl YHIICIDITIA XUHX JKUIIAT HOXIOJ, OOCTO Y3YYJIAIT OOIDK erd
yaaHa. XYHUN XYYHMH 3YWUIUNH HOJIOOJUIMUT CaB ra3pblH JOTOPX J3J yCaH CaHTyyJal YHIIXID 33D
OypJACaH HOXIUIMUT Ccyypb MarepHuai OOJTOH 36BLIOOPOrAeX 33 XIMXKIIHIIC XIIUH XIMKIIIIIP
UXICCOH OONIOXBIT YHIJDK TOOIOX, HOXOH COPrIdX CTAHIAAPTYYAbIT OOJOBCpYylaxas alllWuIJiaHa.
TyyawnH yr apra aprawiagsir MOHTON OpOHJ almMriargak Oyd cTaHAapTyyaaa AyTarmax Oaiiraa
OMOJIOTUITH YHAJITIAT OpYyJiaX, YHAITIHUM apraujialibil IKUHIP 00J0BCpYyiaxaj] Xaparidk 000X oM.

Xapaa roJiblH CaB ra3pblH raJaprblH YCHBI SPCIMAH aHX1ard YHAJITIAT SKOJIOTHIHH O0JIOH XUMHITH
cTaTycaac XxamaapyyJiaH y3YyJa03:

(i) TonpIH 3X3H XACOT JIPX HMXOHX YCaH CaHTYyJ Hb JKOJIOTHIH OOJIOH XMMHIH ‘‘TaamamKran”
HOXIIONTIM;

(ii) Combia 1yHI OOJOH ajar X3CTHIH TOJIBIH YCHBI YaHap Yyl yypXai, XOT)KHUIIT, O3 T433PIIAIIT, MO
OT'TJION, TaJl TYMMAPHUITH HOJIOOJUIHITH yJIMaac eepUJIelITOH]T OPCOH;

(iii) Hemeenenm epTcoOH TONBIH agar X3COIT IIUM TIKIIIUHAH OOMMCHIH XOMXKII TOJIBIH €6pee
IPBIPIINX YaTAMKHUIH XIMKIPHIAC XATIPCOH Oaiiraa Hb TIHA Oaiiranb OpUHBIT XaMraaiax apra

X3MXKIIT HAH fapaiTail aB4 X3pArKYYIIXTYH TOXHOIAON] al0yATall TYBIIMH] XYpPaX33p OaitHa.

DUACT Hb AYTHAXHJ TOJBIH CaB ra3pblH MEHE)KMEHTUWH TeJeBIereer O0JOBCPYyJax TacpalTryi
YIUI IBUAJ ASMIKIIAT O0JIOX CaB ra3pblH XAMXKI3H]I YCHBI 13/ CAHTYYABIT YHASCIAH Oaliryynaxaa XyHui
XYYMH 3YWIMAH adaajiall, SKOJOTUMH JTOPOMTOII, IadTraaH, HOXeH CIPIidX, Xamraajaax apra XdMKdIdT
OYX2JI1 Hb XaMaaTyyJiaH YH?JI9X €CToi. Xapaa roJIbiH CaB Tra3pblH JKUIINATIIP Xapaxaj XypadJdH Oy
OpYMH, HUWIDM-3IMWH 3aCTMHH XYBbJ TE€TEPOTE€H CaB Ia3apT TOJbIH CAaB Ta3pblH MEHEKMEHTUIH
TOJIOBJIOTO0, XIPIKUITHUT 3] CAHTYYIBIH XIMKIDH]I aBY XIPATKYYIIX Hb WIYY Yp AYHTOH OaiiHa.
EBponbin xonmb6oonsl Ycubel Tortonmmoonsl Ymaupnamxun (EU-WFD) 3aarncan, mpakTUKT epreH
amuriargax Oyl caB raspell’ JpA yCaH CaHTyyJajJ XyBaapwiaH, TIHJI MEHEKMEHTUHH apra
XOMXKIIT aBU X3PATXKYYIIST SHAXYY apra aprawiajgsll Xapaa TOJblH CaB rasapT amuriax OypaH
OOJOMKTOWT XapyyJiaB.
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