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Abstract: Water quality assessment in pastoral of Tibetan Plateau, which is water sources for about
40% of world's population and the runoff-yield area of Yellow rivers, is very important. In this
paper, Xiahe county which belongs to Tibetan Plateau pastoral was investigated. Six parameters(via,
chloride, COD, ammonia nitrogen, nitrate, fluoride, sulfate) were selected to assess the water quality
and health degree by using fuzzy comprehensive evaluation methods. The hydrochemical type in
surface water was of HCOs-Mg?-C2?* type. The cations and anions in surface water were mainly
from weathering and dissolution of carbonate rock. Results showed that the water quality in all 69
sampling sites was all of class . The integrated health degree reached more than 0.85 and the
health rate were 100%. Although ammonia nitrogen was regarded as the main contamination factor,
but it had a little effect on the entire body of water. Overall, the surface water qualities of most
samples in Xiahe County was good condition.

Keywords: Surface water; Tibetan Plateau pastoral area; Xiahe County; Hydrochemical
characteristics; Fuzzy comprehensive method; Water quality
PACS:J0101

1. Introduction

The Tibetan Plateau is water sources for about 40% of world's population!! so that it is called the
"Water Tower of Asia" which feeds the Indus, Ganges, Brahmaputra, Yangtze and Yellow rivers23.
As for water will become, o0il and an important controlling component in restricting the development
of the global economy and society of the 21t century!*l. Although climate warming has caused to
increasing amounts of meltwater on the Tibetan Plateau, but much of this water can't used, reducing
the water available for downstream areas and limiting the water consumption of these areas!'®
8. There is a lack of understanding and knowing concerning the water quality of these water resource
except its importance, Barnett and Huang found that the resultant changes in hydrological
conditions on the quality and availability of the water from the Plateau. In recent years, a great many
survives have been demonstrated runoffl’], precipitation, etc, on the water cycle components of the
plateaul®, alpine lake water environment changes on the Tibetan Plateaul'?. But for surface water,
only Zheng carried out the Tibetan surface water in 1956 which studies mainly focused on major ions
in saline lakes on the Tibetan Plateau is the most comprehensive study!'l and surface water quality
of Yangtze Estuaryl'2.

Surface water is the most momentous resource for people's lives, irrigation and industry in
Tibetan Plateau pastoral area of Gansu Province. Surface water consists of water that flows in the
form of rivulets, springs, streams and rivers or gets it collect to form ponds, lakes and seal. In
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1981,surface water was considered to be able to solve the problem of drinking water, However, by
the end of 20t century the issues of the severe drought and desertification of surface are becoming
more and more serious, groundwater is now considered as one of the most momentous ways to
resolve the drinking water problem!'. Additionally, there are two main reasons for problem related
to surface water. Firstly, surface water can be contaminated by anthropogenic activities!'>'¢l in: non-
point sources and point sources. non-point source pollutants are washed from the earth's surface by
storm runoff and enter water bodies of their own accord!"”], whereas point sources pollutants are
directed and released into water bodies in man-made pipes!’'%l. Secondly, agricultural activities
degrade water quality directly or indirectly by increasing a mass of fertilizers, pesticides and dairy
manures in the cropland to fulfill human food demand 2021. So surface water quality is a hot topic as
well as a matter of serious concern today. Also, it is vital to human health and because the quality of
crops(and thus grains) is being effected by the soil and the environment is getting polluted.[22231,
Surface water quality and availability have been deteriorated due to ongoing increase in population,
industrialization, and anthropogenic activitiesi?*2¢.Increase in water pollution not only deteriorate
the water quality but also endangers human health, balance in ecosystems, economic development,
and social prosperity?3.The surface water quality is one of the most sensitive issues all over the
world and is potentially being influenced by many anthropogenic and natural factors?”21. Due of this
reason, water quality assessment has become a significant part of water resource management,
research and programming. besides, providing a representative and reliable estimation of the quality
of surface water is necessary?6®l. A certain surface water quality may be good enough for irrigation
purpose but not be good for drinking purpose. Consequently, water quality monitoring is important
to the protection of people's health, agriculture, industry, recreation, tourism and ecosystems*! and
the water quality assessment is mostly based on hydrochemical analysis/?l.

Currently, studies on fuzzy comprehensive evaluation, hydrochemical characteristics and water
quality assessment of water are mainly concentrated on river, estuary wetland, and lake areas.[3.
However, The surface water study in Tibetan Plateau pastoral area was neglected and theory based
study is perfect and mature. Xiahe County is not only belongs to Tibetan Plateau and the National
Nature Reserve of Three Rivers Source but the runoff-yield area of the Yellow River. consequently,
this paper taking Xiahe county as an example to study hydrochemical characteristics and the quality
of surface water of the Tibetan Plateau pastoral area. In this research, 69 surface water sampling
points were used to analyze the quality of water in Xiahe County while keeping in mind the
distribution of major river systems and the characteristics of the surface water distribution
throughout the County. For this study, six important water quality indicators were used which
include chloride, chemical oxygen demand(COD), ammonia nitrogen, nitrate, fluoride, and sulfates.
These parameters are widely used in surface water analysis. The fuzzy comprehensive evaluation
method, water quality index (WQI), field research, multivariate statistical methods (such as
Spearman’s correlation coefficient), and the piper's trilinear diagram, for comprehensive evaluation
were applied to analyze the hydrochemical characteristic and quality of surface water. These
multivariate statistical methods have successfully used in numerous studies 1% for the hydro-
chemical characteristic of surface water and to evaluate surface water quality. This study reveals the
correlation between surface water samples of anions and cations. Determined hydrochemical type of
the surface water, ralates surface water quality with health and analyzed its main pollution factor to
evaluate the suitability of their waters for drinking and agricultural purpose. In addition, effective
measures were put forward to protect the quality of the surface water. The findings of the study could
be used as recommendations to prevent/manage surface water pollution and to preserve ecological
balance in Tibetan Plateau pastoral area.

2. General Situation of Study area

Xiahe County (101°54'-103°25'E, 34°32°-35°34’N)is located in the southern part of Gansu
Province, the eastern edge of the Qinghai-Tibetan plateau, east of Hezuo city , north of Linxia state,

west side of Qinghai province at an altitude of approximately 3000-4200 m above the sea levell3333],
it is a pure animal husbandry county with a population of 2.56 million, is one of the province in the
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north-western region®!. The average annual temperature is 2.6°C with the highest being 28.9°C , the
lowest being -24.6°C and with a harsh , cold and wet climate. The average annual precipitation is
approximately 516 mm, and is concentrated in the months of July and Augusti®!.On account of the
many abundant storm water, tributaries the snow-capped mountains and lakes that constitute a
integral water conservation system of the Yellow River, as the Yellow River 'reservoir'?]. Daxia and
Tao rivers, which flow through Xiahe County, belongs to the Yellow River 'reservoir'. Grass industry
is a crucial advantage resource of Xiahe County.

3. Materials and Methods

3.1. Water sampling

In total, 69 surface water sampling sites were chosen throughout Xiahe County of Tibetan
Plateau pastoral area, As for each sampling point, triplicate water samples, which were collected in
500 ml plastic bottles. The collected samples of surface water were immediately transferred, without
any addition of a chemical stabilizer, to the laboratory at Lanzhou university environmental science
research institute for the chemical analysisi®l. All water samples were stored below 4°C. The spatial
distribution map of surface water sampling sites in Xiahe County is shown in Figure 1.
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Figure 1. Distribution map of surface water sampling sites
3.2 Analytical techniques

Table 1. Analytical method used to the surface water

Quality parameter Symbol Method used
Turbidity Turbidity Turbidity meter
Chemical Oxygen Demend COD Potassium dichromate method
PH PH PH meter

Inductively coupled plasma optical emission

. s : 3 + 2+ + 2+
Potassium/Calcium/Sodium/Magnesium  K*/Ca?/Na*/Mg spectroscopy(ICP-OES)

Ammonium(or ammonia cation) NHq4* Nesslers reagent photometry
Fluorine/Nitrate nitrogen F/NOs Fluorine ion electrode
Chloride(or chlorine anion) Clr AgNOS titration
Bicarbonate HCOs Acid-base titration
electrical conductivity EC electrical conductivity meter

Barium chromate indrict atomic absorption

Sulphate SO4x
spectrophotometry
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The water quality parameters monitored each water sample includes, turbidity, COD, pH,
calcium, potassium, sodium, magnesium, ammonia, nitrate, fluoride, EC, etc. Along with the on-site
measurement of the pH and conductivity was done due to expected change in the measurement
during the process transport and storage 341, Analytical methods and parameters summarized in
Table 1 are based on standard methods founded for surface water monitoring in Chinal#2.

3.3. Assessment methods of surface water

Fuzzy comprehensive evaluation (FCE) is a quantitative scientific evaluation method, proposed
by LA. Zadeh, an U.S.expert in control theory!*], and the contributions of multiple related factors are
comprehensively considered according to weight factors, and the fuzziness is decreased by using
membership functions*#lwhich is suitable for making decisions in vague and imprecise system. FCE
has been widely applied in many fields, such as environmental field®##, agriculture field34],
engineering field*%, and other fieldsi*>51%% as well as to solve the fuzzy and difficult to quantify
characteristics of the problem®. Water quality management is characterized by imprecision in
objectives and water quality standards. The application of fuzzy comprehensive evaluation method
involves making of the evaluation theory and method based on comparing the rigorous mathematical
model, by fuzzy level of judgment and comprehensive health degree calculation. Therefore, the
advantage and disadvantage of water quality can be observed visually.

The principle procedure of FCE includes establishing the evaluation factor (via
U={Us1, Uz, Us,...Unf) set and grading level (via V={Vi,V,Vjs,...Vuf)set of evaluated object. This
membership function with each category is expressed as!®

The membership function of level 1 is :

1 (Ci < Sij)
(Sije1 = €0
rij = 1 l/(sl.j+1 _ Sl’]') (Sij < C; < Si]'+1) (1 - 1)
t 0 (c; = 5ij+1)

The membership function from level 2 to (n-1) is:

(ci— Sij—1)
( /(Sij — Sij-1) (S”_l <as Sij)

i =4 (Sij+1 =€) 1-2
! ! l/(sij+1 — Sij) (syy <0 < sip41) ( )

0 (¢; < sjj_q0r ¢ = sij+1)

The membership function of last level (level n) is:

1 (Ci > Sij)
(6 = 5y-1)
TR /(Sij —sy1) (sij-1 < ¢ <sij) (1-3)
0 (Ci < Sij—l)

Where, Tj is the fuzzy membership of indicator i to class j; Ci is the monitoring value; Sj is the
allowable value of water quality indicator.

The fuzzy evaluation matrix R is the comprehensive survey to the index of safety evaluation of
surface water and would have i rows and j lines, that's to say R=[r:j]I5¢].

1 Tz e T

T'21 Tzz e sz
R=[r]=]| .

Til riZ ri}'
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The water quality index, developed by the National Sanitation Foundation(NSF)i57% is an
important tool to interpret the overall status of water quality in a simple and understandable manner.
Water quality index (WQI) has been extensively applied to monitor water quality in recent years, and
is indeed a practical method considering critical environmental variables, which represent the
pollution conditions of a water body(15561l. It depicts the composite influence of different water
quality parameters/?!. The weight of the water quality indicator is expressed as

G
Pe="s, (1-4)

Where Pi is the weight of water quality indicator i, Ci is the monitoring value of water quality
indicator i, Si is the mean of kinds of water quality standards limit. The normalized weight of each
indicator can be calculated by using the formula:

C:
<l/5.>/ ,
wi=" ") o =P p a-5)
Xty L/Sl. /Zizlpl

Where Wi means the normalized weight of indicator i, Y,j2, P means the sum of weight to all
water quality indicators. The fuzzy W consists of weight each water quality indicator. The water
quality assessment by fuzzy evaluation matrix R and weight coefficient matrix W,

B=W xR (1-6)

The fuzzy B is the matrix of membership to each water quality class. Water samples classified to

the class with the maximize membershipl?2..

4. Results and discussions
4.1. Hydrochemical characteristics of surface water
4.1.1 Descriptive statistics method

Table 2. Descriptive statistics of surface water samples

Parameter Range Min Max Mean S.D C.vV ‘Z?cr;a skewness
K*/mg.L! 5.34 0.87 6.20 2.01 1.04 0.52 1.08 1.78
Ca*/mg.L" 71.6 2.8 74.4 13.1 8.51 0.65 724 5.53
Na*/mg.L! 45.6 2.9 48.5 7.69 6.89 0.9 47.4 3.82
Mg?/mg.L! 35.2 5.43 40.6 14.1 6.04 0.43 36. 1.92
F/mg.L* 0.3 0.064 0.36 0.13 0.063 0.48 0.004 2.05
Cl/mg.L 34 11.7 45.7 23.8 6.62 0.28 43.8 0.36
SO4+*/mg.L! 44.8 6.02 50.8 13.8 9.97 0.72 99.4 2.21
NOs/mg.L! 6.76 0.46 7.22 1.5 1.05 0.71 1.1 3.34
HCOs/mg.L* 213 24.6 238 73.6 36.8 0.5 1351 2.2
PH 1.49 7.16 8.65 8.09 0.29 0.036  0.085 -1.07
COD/mg.L! 16.6 2.08 18.7 6.43 3.72 0.58 13.8 1.43
EC/pS.cm™! 596 130 726 353 111 0.32 12394 0.7
T“rblclljlty/ N o7 2 w6 e 23 26303 334

Descriptive statistics method is used for hydrochemical characteristics of surface water as shown
in Table 2. Among the anionic concentrations (mg/l) :bicarbonate ranges from24.623 to 237.861(mean:
73.624) ;chloride ranges from 11.699 to 45.731(mean: 23.849); sulfate ranges from 6.022 to 50.801(mean:
13.778). So the major anions of surface water are dominated by HCOsand Cl- (via, HCOs> Cl> 504%)
The HCOs concentration in surface water is derived from carbonate weathering and dissolution of
carbonic acid 2. Among cationic concentrations (mg/l): magnesium ranges from 5.426 to
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40.636(mean: 14.082); calcium ranges from 2.791 to 74.389(mean: 13.104); sodium ranges from 2.908
to 48.520(mean: 7.685); potassium ranges from 0.866 to 6.201(mean: 2.008), Thus the major cations are
dominated by Ca*and Mg?/(via, Mg?*>Ca?>Na*>K*). Therefore, the analysis results showed that the
hydrochemistry types in the surface water in Xiahe County is type HCOs-Mg?*-Ca?".The standard
deviation of turbidity which is a colloidal matter that dependent on the light refractive
characteristics!® is the largest and F- is the least in surface water. The coefficient variation of turbidity
is the largest in surface water, it could be effluents from agricultural return flow!?”]; it did not meet
the World Health Organization(WHO1996) guideline for drinking water, which is set at 5 NTUI3,
EC ranging from 130 to 726uS/cm, with a mean of 596 uS/cm,24.6% samples exceed the desirable
limit 500pS/cm for EC. Geochemical process like evaporation, silicate weathering, sulphate reduction
and oxidation process and ion exchange are mainly contributors for the large variation in EC [64,
However, as for this study area may potentially be on account of anthropogenic activities and
agricultural activities.

According to the WHOI®! standard guidelines for the pH values for drinking water from 6.5 to
8.5 and that of irrigation water is in the range of 6.5-8.411l. Accordingly most of the surface water
samples have pH values from 7.16 to 8.65 indicating the suitability for drinking and irrigation.

4.1.2 Piper diagram

The piper's trilinear diagram!®! is useful for geochemical evaluation!’], and it is a graphical
presentation of the major ions to quickly determine the hydrochemical facies!®! of the surface water
in the study areal?’), see Figure 2. However, the main weakness of the piper's trilinear diagram is that
it shows the chemical character of surface water based on the relative concentration of its constituents
rather than the absolute concentrations. In this graph, the major cations and anions concentrations
are demonstrated in the bottom left and right triangles, respectively. It also showed the dispersion of
samples between Cl- and HCOs dominated waters, while the majority of samples were concentrated
in the Mg? field. Therefore, the results of water chemical characteristics showed that: the
hydrochemistry types in the surface water is HCOs-Mg?*-Ca?*. It is consistent with the hydrochemical
types of Qinghai Lake Basin®! .The anions and cations in surface water could come mainly from the
weather and dissolution of carbonate rock, and could also be associated with anthropogenic
activitiesl'3l,

Figure 2. Pirer's trilinear diagram of surface water in Xia he County

4.1.3 Spearman’s correlation coefficient
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Spearman’s correlation coefficient was used to test correlations between the parameter (Table
3). A significant correlation was found between pH and concentrations of K*, turbidity, fluoride. A
significant positive correlation was established between concentrations of K*, Ca?, Na*,Mg? ,HCOs
,NOs- and sulfate content of surface water. Concerning of the principal ions correlations were also
found between Mg?, Na*, and HCOs concentrations. The content of F- and K* ions were increased
with the decrease in pH. At the same time, concentrations of Ca?, Mg?, Na+ were increased with
increasing concentrations of HCOs and showed a significant positive correlation (r=0.409, 0.751,
0.641, respectively). The significant positive correlation suggests that the leading cations come from
all kinds of sulfates and bicarbonates. In general, speaking HCOs values were found to be highest in
the samples of all seasons and sites indicating that weathering of rocks plays a major role in the
geochemistry of groundwaterl62l.

Table 3. Correlation matrices of hydro-chemical parameters of surface water

HC Tubidi CO E
+ 2+ + 2+ 2- - - -
K Ca Na Mg SOs Cl O~ NO:s F PH ty D C
K+ 1
Caz 0.038 1
0.730 -
Na w002 L
0.382 - 0.615
Mgz+ *% 0.173 *% 1
0.635 0326 0.806 0.534
SO42. *% *% 3% 3% 1
CI- 0.065 0.070 0.157 0.131 0.030 1
0470 0.409 0641 0.751 0.690 )
HC03 *% *% *% *% *% 0.15 1
8
0.644 - 0.848 0502 0.742 0.17 0.403
NO3- *% 0.143 3% 3% 3% 9 *% 1
0.647 0527 0.336 0469 0.10 0458 0.489
E- $ok 0.152 ok ok ok 3 ok ok 1
PH 332 i ) Ry y 05 . 331 1
O** 0.122 0.108 0.087 0.200 08 0.109 0.095 0**
Tubid 0314 - - - 013 - 0492
ity ** 0.006 0.060 0.033 0.015 1 0.091 0.074 x* 0'335 1
0.318 - 0.08 - -
COD . 0.085 0.187 0.031 0.126 0 0.022 0.169 0.167 0122 -0.002 1
0.530 - 0.666 0801 0.617 0.07 0.723 0.511 0.408 - 0.19
EC *% 0.016 *3% *3% *3% 5 *% *% *% 0'163 _0'009 4 1

** Correlation is significant at the 0.0 1

4.2 Water quality assessment by fuzzy membership

A number of factors were considered for the assessment of water quality but only six
indicators(via, m=6) were selected from the list. This selection was based on their vital importance to
the water quality and potential influence on human health. The representative indictors included
chloride, COD, ammonia nitrogen, nitrate, fluoride, sulfates. Fuzzy comprehensive evaluation
method was used to assess water environmental quality and the water quality was described under
five class(Table 4) as according to China's water quality assessment standards.Through the formula

(1-1) ~ (1-6) calculation, the results showed that the surface water quality was class I, and the
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integrated health degree exceeded 0.85, which means that water qualities of most samples were good
and suitable for drinking and irrigation according to the water quality assessment by Fuzzy
comprehensive evaluation. Some of the concentrations of ammonia nitrogen were between class [

and class III with the exception of three samples (XH34,XH43,XH52) which exceeded class III. Thus,
ammonia nitrogen was found to be the main pollutant in the water of Xiahe County but it was still
unsuitable for drinking.

Table 4 Standard of quality classification for surface water

Parameter/mg.L" | Il 11 N )
chloride < 250 250 250 250 250
COD < 15 15 20 30 40
Ammonia < 015 05 10 15 2.0

nitrogen

nitrate < 10 10 20 20 25
fluoride < 1.0 1.0 1.0 15 >1.5
sulfate < 250 250 250 250 250

As far as the ammonia of surface water is concerned, there are three main sources: Firstly,
biodegradable waste and the animals and plants residues; Secondly, local herders and tourists built
up on daily life garbage!”711; Thirdly, various agricultural waste production and increasing industrial
activities in Plateau pastoral area”?l. Additionally, excessive use of fertilizers, manure and pesticides
may be harmful although they are used for better production and protection of crops”>7l. However,
to ensure a better quality of surface water, attention need to be paid to the following
recommendations. a) The residues and dung generated by plants and animals should be recycled. b)
Domestic waste arising from tourism and daily life activities of local herdsmen should be separated,
recovered and treated properly. c) Related government departments should work on improving
people awareness about environmental protection. It is suggested that water supply is centralized
and water plants are built to ensure the quality of surface water in the pastoral areas by means of
controlling of the source. Furthermore, post-treatment processes are needed to remove nitrogen from
surface water by supplementing carbon resource”#7¢! allowing Plateau pastoral area people get as
less affected as possible from drinking water.

5. Conclusions

Investigations of the hydrochemical characteristics of 69 surface water samples from Xiahe
County revealed considerable variations between the analyzed parameters. Piper's Trilinear diagram
shows that the hydrochemistry types in the surface water of Xiahe County is HCOs-Mg?>-Ca? type.
Surface water chemical evolution, where the water-rock interaction processes are considered
momentous in the definition of the HCOs-Mg?-Ca? type visible in a Piper's diagram as shown by
the dispersion in the cation (Ca?*and Mg?") and anion (HCOs') contents of the surface water samples.
The presence of anions and cations in surface water could mainly be attributed to the weather and
dissolution of carbonate rock. It could be associated with anthropogenic activities and effluents from
agricultural return flow. Na* and K* are mainly due to anthropogenic input like excessive use of
fertilizers use, municipal waste, sewage-sewer leaking which can end up getting into water.

The fuzzy comprehensive evaluation method showed that the surface water quality of all
samples was class [, and the integrated health degree reached more than 0.85,which indicates that
water quality of most samples was in good to excellent category. The results also indicated the water
is suitable for irrigation directly but not suitable for drinking unless treated otherwise through
professional treatment method. Ammonia is found to be the main pollutant in surface water of Xiahe
County, Thus, authorities should give importance to the pollution of ammonia to prevent
deterioration of good water quality.

Additionally, this document may serve as a guide for future researchers to evaluate accurately
and precisely the surface water conditions, specifically for Plateau pastoral area subjected to water
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intrusion phenomenon. The established framework for quality assessment, by means of analysis of
its major physicochemical parameters, may serve as a basis for evaluating the suitability of water for
drinking and irrigation purpose. The Plateau pastoral area water environmental safety should protect
and maintain ecological balance as Plateau pastoral area has important theoretical and practical
values.
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