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Abstract: The use of water resources in arid lands is strongly limited by their quantity. To add to such knowledge, this study
evaluates the natural water quality and its suitability for drinking, agricultural and industrial purposes in the northern Tianshan
catchments (Central Asia), using chemical-physical indicators. The waters are neutral to alkaline and most of them are soft-fresh
waters. The total dissolved solid (TDS) varies over two orders of magnitude. Much of the solutes and physicochemical
parameters in water are under the highest desirable limits of the World Health Organization (WHO) for drinking purpose and
most waters are of good water quality for irrigation. The effects of local pollution are minimal in the montane and piedmont areas
of these watersheds but are significant in the oases and central areas of the drainage basins. Although the headwaters of the
northern Tianshan catchments represent natural background conditions (soft-fresh water in salinity and hardness) and population
densities within the catchment are relatively low, the river basin is facing relatively high anthropogenic pressure on water quality
in the low reaches. The main contributors to the nutrient emissions are agricultural land use and, to a lesser extent, unban
settlements with a high proportion of households without connection to wastewater treatment plants. Proposals for regional water
resources management are advised, i.g. the geographic data and information should be detailedly included in the assessment and
monitoring procedure, a water quality model should be built, and information technology such as visualization technology and
the internet should be used.
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various purposes [4] [5] [6]. Water quality is an indicator of
water pollution. Natural water (surface water and groundwater)
quality in an area is a function of physical, chemical,

time ago. Not only the developed countries have been affected biological, 'and radiological char.acteristics ,Of wate.:r [7] that
by this environmental problem, but also the developing 3¢ greatly influenced by geological formations, climate, and

nations suffer the impact of pollution [1] [2] [3] [4], due to topography [3] [4] [8] [9] [10] [11] [12] [13] [14] [15] [16]
[17] [18] [19] [20]. In addition, human activities such as

industrialization, agriculture, mining, and urbanization
produce effluents affect natural water quality [3] [4] [11] [21]
[22] [23]. Normally, natural water contamination occurs
gradually with little impact in the initial period of
deterioration, but if it is not controlled at the right time, this

1. Introduction

Environmental pollution has become of public interest long

disordered economic growth associated with the exploration
of virgin natural resources.

Among the environmental issues, water pollution affects
human health and agricultural production to a high extent.
Knowledge of water pollution and its environmental
characteristics is thus vital to understand water suitability for
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water may not be suitable for any purpose for a long time [3]
[6] [24]. Thus the importance of regular monitoring of natural
water quality should be underlined, especially when there are
significant changes in industrial, agricultural, and
urbanization activities.

Over the past century, the world has experienced an
undeniable temperature increase and thereby inevitably is
faced with water environmental problems, which accelerate
greatly in global water cycle processes [25] [26] [27] [28].
This is especially significant in arid lands of Central Asia,
because most of natural waters in Central Asia originate from
peripheral mountain glaciers [12] [13] [19] [20] and are
fragile to global warming. Both of the quantity and quality of
water resources in this context are the most important issues
threatening the economic and social development of the
Central Asian countries [29] [30] [31] [32], such as Nepal,
India, Bangladesh and China, the pollution of rivers is severe
and critical near urban stretches due to huge amounts of
pollution caused by urban activities [31] [33]. An estimated
580 people in India die of water pollution related illnesses

every day [34]. With the rapid economic growth in China,
urban water quality is now facing serious challenges [35].
Approximately 90% of the water in the cities of China is
polluted to varying degrees [36]. According to the 2009
statistics from the Ministry of Environmental Protection
(MEP) of China, there were 80 water pollution accidents that
year. In China's key cities, 27% of the centralized drinking
water sources did not meet official standards, and half a billion
Chinese had no access to safe drinking water [37]. Not only in
Asia, water pollution is the leading cause of deaths and
diseases worldwide. Across the globe, 6000 children die of
diseases and 30 million people die of cancers caused by
drinking polluted water each year [38]. In developing
countries, 80% of human diseases is associated with polluted
drinking water. Therefore, the quality of natural water is a
powerful environmental determinant of health. The assurance
of water use safety is a foundation for the prevention and
control of waterborne diseases. Safe and clean water is a vital
resource for everyone.
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Figure 1. Geographical distribution of drainage systems in China. The 3 watersheds in northern Tianshan catchments of Central Asia, numbered 23, 30 and 31,

are investigated in this study.
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The northern Tianshan catchments, including the Erlqis,
Jungar and Yili watersheds in northern Xinjiang, northwestern
China (No. 23, 30 and 31, respectively, in Figure 1), are large
watersheds in Central Asia. These watersheds are extremely
arid in climate and together represent one of the least-studied
areas in China. At present, the northern Tianshan catchments
is facing a tremendous change in climate and land-use
intensification due to expansions in the agricultural sector, an
increase of cattle and livestock and a growth of urban
settlements due to migration of the rural population to the
cities. It is expected that these may lead to unfavourable
changes in natural water quality. In future, a possible strong
need of water coming from other than mountain glaciers
would result in a very expensive water collection system to
supply the local population and economy. Therefore, it is
essential to diagnose the quality of natural water for the
regional water resource management. A key challenge is the
identification of the main anthropogenic pollution sources and
the assessment of their spatial distribution. Until now,
however, despite continuing speculation about the evolution
of water resource quantity in the northern Tianshan
catchments, very little is known about the water quality of
natural waters in these watersheds, because little information
and chemical data are available within the international
scientific literature with regard to this drainage system.

?8 ° 810 ° 812 °

84°

Natural Water Quality and Its Suitability in the Northern Tianshan Catchments (Central Asia)

In order to add to such knowledge, this study investigates
the geochemical solutes from the river water, groundwater,
lakes and reservoirs in the northern Tianshan catchments and
identify the main anthropogenic pollution sources and their
spatial distribution. The water quality and its suitability for
drinking, irrigation and industrial purposes in this region are
emphasisly evaluated.

2. Materials and Methods

This study focuses on the northern Tianshan catchments in
Central Asia. The drainage basin includes three watersheds,
namely the Yili, Jungar and Erlqis watersheds. The study areas
investigated lies between 78° and 90°E and 42° and 50°N,
covers an area of approximately 603,000 km” and is bounded
by the Tianshan Mountains to the south and by the Altai
Mountains to the north. The Jungar watershed is the central
part of the study area. It is formed by a structural depression
filled with Quaternary and Tertiary unconsolidated sediments
as much as 500-1000 m thick [11]. The large geographic
distance from the surrounding oceans and the presence of the
rain-shadow effect due to the surrounding orographic
conditions are responsible for the arid climate of these
watersheds [12] [20].
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Figure 2. Map of the river distributions and sampling site locations of the 3 studied watersheds in the northern Tianshan catchments in Central Asia.



Hydrology 2018; 6(1): 32-42 35

These watersheds in Central Asia are controlled by an arid
temperate continental climate. The mean annual air
temperature is about 5°C, with a minimum of -10°C to -20°C
in January and a maximum of 28°C to 33°C in August [12].
The regional precipitation is derived mainly from the westerly
winds, with a mean annual precipitation rate of 60-150 mm in
the center desert and 200-500 in the surrounding mountainous
areas [12] [13]. The potential evapotranspiration is
approximately 1000-3500 mm/a [12]. The Yili and Jungar
watersheds are inland watersheds and the Erlqis watershed is a
tributary of the Ob River which drains into the Arctic Ocean
[11].

Water sample locations were selected from various parts of
the Erlqis, Jungar and Yili watersheds (Figure 2), including
river stems, stream channels, hill slopes, wells, lakes, ponds,
man-made trenches and reservoirs. The sampling sites were
chosen carefully in order to maximise representation of the
diverse ecohydrological environments within the river
systems. Taking into account that the tributaries reflect a much
broader variety of geologic, biologic, and population patterns
than do main stem rivers [13] [39], it was of interest to sample
tributary water to look for common features reflected in their
hydrochemistry.

The physicochemical parameters such as temperature (T),
pH, electrical conductivity (EC), electrical potential (EP/Eh)
and total dissolved solid (TDS) were measured in situ with a
calibrated portable Multi-Parameter Analyzer (Eijkelkamp
18.28). The bias of the analytical procedures is <2% for pH

and EP, <1% for EC, TDS and T. Alkalinity (as HCO;") was
determined with a Hach digital titrator using the Gran method
(Wetzel and Likens, 2000) The concentrations of major
cations (Li", Na*, NH,", K", Mg®*, Ca*") and anions (F, CI,
NO,, Br, NOs, H,PO,, SO42') were determined by ion
chromatography (Dionex 600 IC) with deionized water (EC <
2.1 pS/cm) as the dilute base. A balance of ionic charge and a
conservation of mass occur, respectively, indicating a high
reliability of the analytical data.

3. Results

The pH values of the selected water samples vary from 7.0
to 9.81 with an median value of 7.85 indicating that the waters
are generally neutral to slightly alkaline. The TDS range
between 24.6 mg/L and 6200 mg/L, varying over two orders
of magnitude from fresh (TDS < 1,000 mg/l) to brackish
(1,000 mg/l < TDS < 10,000 mg/1).

The variation of major cation (Na*, K, Ca*" and Mg*") and
anion (CI, HCOy5/, SO42' and NO;") concentrations measured
in the studied water samples is illustrated in the Box and
Whisker plot (Figure 3), where Ca’* and HCO; are the
dominant cation and anion, respectively. Nevertheless, many
of the water samples contained high SO, concentrations. The
order of relative abundance of major cations in these waters is
Ca’*>Na">Mg* >K" (on mg/L basis) while that of anions is
HCO;5 > SO4* > CI > NO5". Large percentages of contribution
to the TDS of water samples are from HCOs’, Ca’ and SO42'.
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Figure 3. Box and Whisker plots showing the variation of major ion concentrations in the studied water samples.

The concentrations of major ions measured in the studied
water samples are presented in the Piper Trilinear Plot (Figure

4). This figure shows that the natural waters in the study area
can be broadly divided into 4 major types: type-1, Ca-HCOs;
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type-2, Ca-Mg-HCO;-SOy; type-3, Ca-Mg-SO,4 and type-4,
Na-SO,4. Major waters are of Ca-HCO;, Ca-Mg-HCO;-SO,
and Ca-Mg-SO, types and their chemical properties are
dominated by alkaline earths and the HCO;™ and SO42' anions.
The Na-SO, type water occupies the section near the right
corner of the central diamond. These waters are of the saline
water type. Water types distributed in the Erlqis and Yili
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watersheds are mainly type-1 and type-2, while those in the
Jungar watershed are type-1 and type-2 in the mountain areas
and type-3 and type-4 in desert plain areas. In general, water
types of the 3 watersheds display a kind of zonal distribution
from mountainous area to pediment, to oases and to desert
plain, namely a variational trend in rough order of type-1,
type-2, type-3 and type-4.
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Figure 4. Piper diagram showing major ion composition of the natural waters in the northern Tianshan catchments in Central Asia.

4. Discussion

4.1. Water Quality and Its Suitability for Drinking,
Irrigation and Industrial Purposes

Water quality refers to the chemical, physical, biological,
and radiological characteristics of water [7] [40]. It is a
measure of the condition of water relative to the requirements
of one or more biotic species and or to any human need or
purpose [40] [41] [42]. It is most frequently used by reference

to a set of standards against which compliance can be assessed.

The most common standards used to assess water quality
relate to health of ecosystems, safety of human contact and
drinking water. The World Health Organization (WHO) has
produced international norms on water quality in the form of
guidelines, which are used as the basic regulations and
standards in developing and developed countries.

In this study, the natural water quality for drinking,
irrigation and industrial purposes in the northern Tianshan
catchments is assessed based on the recommended standards

of the World Health Organization [38], the National Standard
of the People's Republic of China [43] and the water quality
criteria adopted by [44] and [45].

4.1.1. Drinking Water Quality

The total dissolved solids (TDS) versus the total hardness
(TH) plot (Figure 5a) shows that most surface and
groundwater samples in these watersheds are soft-fresh and
hard-fresh water. Several water samples with high TDS
(>1000 mg/L) and TH (>300 mg/L) values, classed as
hard-brackish water in Figure 5a, are from the Jungar
watershed. TDS, TH, pH and the concentrations of Ca”’, Mg2+,
Na’, CI', SO,*, NO; and F~ in about 0~20% of the studied
water samples are higher than the highest desirable limits of
1000, 450, 8.5, 75, 30, 200, 250, 250, 50, and 1.5 mg/L
respectively, prescribed for drinking purpose by [38] and [43].
All groundwater samples in this study are below the limits of
the [38] and [43]. This means that most of the surface waters
(80%) and all of groundwaters in the study area are suitable
for drinking and domestic purposes.
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Figure 5. Natural water quality for drinking and irrigation purposes in the northern Tianshan catchments in Central Asia.

The classification of the studied natural waters based on
total hardness (TH) shows that 50 % of the water samples fall
in the soft category (Figure 5a, TH < 100 mg/L) and 50 % in
the moderately to very hard (Figure 5a, TH > 100 mg/L). In
most of the water samples (> 87%), the alkaline earth metals
exceed the alkalis metals (Ca + Mg > Na + K) (Figure 4) and
also in a large part of water samples (40 %), the weak acid
exceeds strong acids (HCO3 > SO4 + Cl) (Figure 4).
Therefore, such water has only temporary hardness according
to Handa’s classification [46]. The maximum allowable limit
of TH for drinking purpose by WHO is 500 mg/L and the most
desirable limit is 100 mg/L [38]. According to this standard,
50 % of the water samples in the northern Tianshan
catchments is under the desirable limit and 90% of the water
samples is under the maximum allowable limit, respectively.

4.1.2. Irrigation Water

To assess the water quality for irrigation purposes, the Na or
alkali-hazard expressed in terms of sodium adsorption ratio
(SAR) is widely used. If waters used for irrigation are high in
Na' and low in Ca®*, the ion-exchange sites may become
saturated with Na', which destroys the soil structure, because
of dispersion of the clay particles. Such soils reduce plant
growth. The SAR for the studied waters is computed, using the
formula (Hem, 1991): SAR = Na™ / ((Ca*" + Mg™") / 2)°°,
where the ion concentrations are expressed in meq/L. The
computed SAR values for water samples in the 3 watersheds
range from 0.06 to 28.3, with an average value of 1.97. The
SAR versus EC plot (Figure 5b) shows that most surface water
samples are of good water quality (75%). A small number of
surface water samples are of moderate quality (7%) and poor
quality (18%) types. The 4 groundwater samples analyzed are
all of good water quality. The moderate to bad quality waters
have higher Na" concentrations.

It is generally known that agricultural practices can pose a

serious threat to natural water, particularly groundwater
quality. It is especially true in arid areas as the growing season
with its high water demands coincides with the dry period. In
addition, the use of fertilizers with a strong polluting effect on
groundwater is a widespread agricultural practice in
northwestern China. The use of N fertilizers in particular is
well established throughout the world and increased use has
led to extremely high NO; concentrations in groundwaters
[47] [48] [49]. Compared with the NO; contents (0.5~7.7
mg/L) in the studied surface waters, groundwater samples
(such as samples 16, 25, 26) collected from different irrigated
oases in the Jungar watershed have evidently higher
concentrations of NO;™ (22-37 mg/L), indicating the strong
influence of local agricultural practices in these zones.

The three inorganic N species (NO;’, NO,, NH,") have
different measured distributions in the studied waters. Nitrite
was not detected in any sample, and NH," only occurred in a
few samples in this study. Nitrate was detected in most of the
studied samples. Its concentrations do not show any
systematic variations with any ion concentrations and
parameters or along the river courses, suggesting that point
sources, presumably of anthropogenic origin, play an
important role. In comparison with the mean value (2.46 mg/L)
of NOj3 in this study, somewhat higher concentrations of NO;
(7~37 mg/L) were observed in several studied samples
collected from oases with a dense population or farming,
particularly groundwater and river water taken from
agricultural and residential regions. This indicates an evident
anthropogenic input of NOj in these places, probably from
agricultural activities (fertilizers) or municipal and industrial
discharges. These inputs are possibly modified by biological
processes in the river itself, with oxidation of NH," to NO,’
and subsequently to NO; [39] [50] [51], which could explain
the distribution patterns of the 3 inorganic N species in the
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studied waters.

4.1.3. Water Quality for Industrial Use

Industries frequently suffer from the common undesirable
effects of incrustation and corrosion, which are the chemical
reactions caused by inferior water quality. The incrustation
involves a deposition of undesired material of CaCO; on
surface of metals, while the corrosion is a chemical action on
metals that results in the metal being eaten away.

The quality requirements for industrial water supplies range
widely. In this study, the following water quality criteria
adopted by [44] and [45] are used to evaluate the incrusting
and corrosive properties of the natural waters in the northern
Tianshan catchments:

(1) Water, with HCO; more than 400 mg/1 or SO4 more than
100 mg/1, may cause incrustation, and

(2) Water, with pH < 7 or TDS more than 1,000 mg/1 or CI
more than 500 mg/l, may cause corrosion.

According to the above two standards, the content of HCO;
exceeds the limit of 400 mg/] in approximately 4.17 % of the
natural water samples in the northern Tianshan catchments.
The concentration of SO, is more than 100 mg/l in
approximately 25.0 % of the natural water samples in the
northern Tianshan catchments. Such natural water quality can
develop incrustation on metal surfaces and hence is not
recommend for industrial use.

The natural waters studied are free from corrosion, as the
pH is more than 7 for all of the water samples. However,
highly mineralized water, with TDS more than 1,000 mg/l, is
observed from approximately 16.67 % of the total water
samples in the northern Tianshan catchments. Therefore,
water sample S12-S15, S19 and S21-S23 can cause corrosion
on metal surfaces. In addition, except for the water sample
S13-14 and S19, the concentration of Cl does not exceed the
limit of 500 mg/l in the other water samples in the northern
Tianshan catchments.

4.2. Implication for Regional Water Resources Management

The chemical speciation and fractionation of ions and
nutrients fluxes in the natural waters in this study demonstrate
the wide variety of point and diffuse sources impacting upon
the water quality of the northern Tianshan catchments. The
analytical dataset indicates that chemical solutes and nutrient
inputs to the oasis areas in the central basin are significantly
impacted by diffuse agricultural sources, which suggesting the
mobilization of N-rich pore water from the surrounding
agricultural catchment via through flow and groundwater flow
pathways. Such relationships are well documented in the
literature in agricultural catchments [52] [53] [54] [55] [56]
[57] [58] [59]. However N flux from major point source
discharges is also important in the northern Tianshan
catchments, as is shown in the data for groundwater in the
central Jungar watershed. At these sites the impact of this
discharge on background hydrochemistry is evident with all N
species concentrations.

In general, the basin-scale investigation for natural water
quality in the northern Tianshan catchments shows that even

Natural Water Quality and Its Suitability in the Northern Tianshan Catchments (Central Asia)

though most rivers in the basin are in relatively pristine
condition, at least 20 % water samples in forty-eight
rivers/lakes are potentially changed and/or polluted due to
natural and anthropogenic factors, including the central Jungar
oasis and surrounding tributaries. Physical-chemical analyses
of the water samples taken in the Yili, Jungar and Erqis
watersheds show a relative enrichment in total hardness
(Figure 5) in comparison to natural background conditions and
maximal permissible concentrations of the international
standard of [38]. The remarkable increase of Nitrate-N
concentration from 2.46 to 37 mg/L in the natural waters is an
indication for the increasing nutrient release into oasis areas
by diffuse sources, mainly urban areas without connection to
treatment plants in the northern Tianshan catchments. For
nutrients concentrations and loads, such as nitrogen and
orthophosphate-P in arid land rivers, a similar trend between
them has been observed [60]. As revealed by a nutrient
emission modelling, urban settlements are generally the main
sources for nitrogen and phosphorus emissions contributing
about 55% (nitrogen) and 52% (phosphorus) of the total
emissions [61]. The proportion of point sources (PS) was
much higher for nitrogen (30% of total N emissions) than for
phosphorus (15% of total Permissions). Since only about 35%
of the total population in a river basin are connected to PSs,
thus unconnected urban areas represent an important
proportion of the total emissions (38% of phosphorus and 25%
of nitrogen emissions) [61]. However, this unconnected part is
often disturbed by river bank erosion, which is another
significant source of nutrient release [62] [63]. This process is
triggered by an increasing degradation of riparian vegetation
due to high livestock densities with free access to the running
waters. Once the trends occur upstream, it help to explain the
nutrient enrichment further downstream in the main stem,
such as in the Selenga river [61].

The northern Tianshan catchments are an international
drainage system in terms of water resources, which is shared
between China (upstream) and Kazakstan (downstream) for
the Yili watershed and between China (upstream) and Russia
(downstream) for the FElqis watershed, respectively. By
international standards, the northern Tianshan catchments is
characterized by a relatively low mean population density of
around 13.8 people/km® (< 83.6 people/km® in Asia) [64].
However, localized concentrations of population (such as
177.3 people/km? in the Urumgqi City in the Jungar watershed),
an often poor state of urban waste water infrastructures, high
livestock densities in the riverine floodplains and large-scale
mining activities are potential threats to the aquatic
ecosystems in the northern Tianshan catchments. In the recent
past, water quality monitoring in the China parts and the
Kazakstan parts of the river basin was not harmonized, which
is maybe best reflected by the fact that the two countries are
located in the upstream and downstream sections of the Yili
river watersheds, and thus faced different water resources
problems. This followed by discrepancies in water policy
objectives and understanding of monitoring purposes.

Therefore, the water quality analysis in this study indicates
that water management in the northern Tianshan catchments
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faces several challenges. Such as in the Yili watershed, one of
the three watersheds in the northern Tianshan catchments, the
Yili River and its tributaries do not only constitute a
transboundary river basin with a lack of harmonized
monitoring; the large size, low population densities and
challenges related to the political and economic
transformation also result in a scarcity of environmental data.
In such a situation, a comprehensive monitoring of
water-resources is almost prohibitive. Therefore, one
promising approach is to combine intensive monitoring in a
representative model region with a more synoptic monitoring
in the larger basin. This strategy seems plausible for the other
two watersheds in the northern Tianshan catchments, which
are comparable with regard to the (bio-) physical and
socio-economic environment [11].

The current situation of natural water quality in the northern
Tianshan catchments has potential implications for regional
water resources management. It can be summarized briefly
below.

(1) Natural water quality in the northern Tianshan
catchments is characterized by geography, which depends on
the location, and the conditions of the water source from
which it is treated and transferred. The geographic data and
information, which are strongly correlated with natural water
quality, should be included in the assessment and monitoring
of drinking, agricultural and industrial water quality in the
regional and local management of water resources.

(2) With the development of infrastructure, natural water
data are abundant in the northern Tianshan catchments, but the
value of the information about water quality is poor. The
comprehensive assessment and monitoring based on a water
quality model should be built, as which will play an important
role in ensuring safe and clean drinking, agricultural and
industrial water in the future. For example, we can build a
model based on combinational weighted aggregative index
methods, which include two processes — the weight
distributions of drinking, agricultural and industrial water
indexes and comprehensive scores of these water qualities. In
this model, the distribution of proper weights is a crucial
procedure that greatly affects the comprehensive evaluation
results. A small change of weight may cause a significant
variation of the evaluation results. Subjective and objective
weighting methods should be employed to obtain a new and
robust weight distribution.

(3) The openness and transparency of water quality
information to the public is beneficial to the improvement of
water quality. For example, the United States has one of the
safest water supplies in the world [7]. However, the national
statistics in China do not specifically inform citizens on the
quality and safety of the water coming out of the tap.

(4) Information technology, such as visualization technology
and the internet, will make the assessment and monitoring of
water quality more intuitive and convenient. The comprehensive
assessment and monitoring of the drinking, agricultural and
industrial water qualities in the northern Tianshan catchments
will provide a powerful tool for government and health
supervision agencies that need to make informed decisions.

5. Conclusions

This paper focused on the major ion chemistry of natural
waters in the northern Tianshan catchments in northwestern
China (Central Asia) to characterize their
hydrogeochemistries and water qualities. Results show that
the natural waters in the study areas are neutral to slightly
alkaline in nature and most of them are soft-fresh water. The
water salinities vary from fresh to brackish. Total dissolved
solids (TDS), total hardness (TH), pH and the concentrations
of Ca*", Mg*", Na', CI', SO,*, NO5™ and F in about 0~20% of
the studied water samples are higher than the highest desirable
limits of drinking water prescribed for drinking purpose by
[38] and [43]. Most groundwater samples are below the limits
of the [38] and [43]. Regards to the water quality for irrigation
purposes, most surface water samples are of good water
quality (75%). A small number of surface water samples are of
moderate quality (7%) and poor quality (18%). The
groundwater samples are all of good water quality for
irrigation purposes. The moderate to bad quality waters have
higher Na® concentrations. Inorganic N demonstrates no
statistically significant change in the study areas, but an
increase in the lower reaches downstream from the Jungar
watersheds, which may be due to urban expansion in the lower
catchment. Point sources, presumably of anthropogenic origin,
play an important role in oasis areas, but the effects of local
pollution are minimal in the montane and piedmont areas. The
current situation of natural water quality in the basin has
potential implications for regional water resources
management, i.g. the geographic data and information should
be included in the assessment and monitoring of natural water
quality in the regional and local management of water
resources, a comprehensive assessment and monitoring based
on a water quality model should be built, the water quality
information should be open and transparent to the public and
information technology such as visualization technology and
the internet should be used for the assessment and monitoring
of water quality in the basin.
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