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1. Introduction

It 1s widely accepted that discharges from sewage treatment plants provide major fluxes of nutrients
to rivers, predominantly in populated urban areas [1]. The use of water quality index (WQI) simplifies
the presentation of results of an investigation related to a water body as it summarises in one value or
concept a series of parameters analysed. In this way, the indices are very useful to transmit information
concerning water quality to the public in general, and give a good idea of the evolution tendency of water
quality to evolve over a period of time [2].

This study has carried out a water quality of the Tuul River in surrounding area of Ulaanbaatar city,
Mongolia using WQI in order to assess the state of water quality and sources of pollution. This poster
presents the comprehensive analysis of chemical data of water quality in the Tuul River and identifies
spatio-temporal patterns in water quality from 1998 to 2008. The aims of this research are 1) to assess
spatio-temporal variability of water quality in the Tuul River and its tributaries; i11) to evaluate the
overall state of water quality, and ii1) to produce time series of water quality maps of the river using
surface water quality index (SWQI) in surrounding area of the city.

2. Study area and data

Study area

The Tuul River, flowing through the heart of the city, is an environmentally, economically and socially
significant natural resource. The study area covered the Tuul River and its two tributaries, Uliastai, Selbe
Rivers and discharge from CWTP. The river pertains to 6th order of the Strahler river classification system.

Figure 1: Maps of a) Mongolian territory and the catchment area, and b) The study area, Ulaanbaatar city
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Hydro-chemical dataset

Surface water quality in the surrounding area of :
Ulaanbaatar is being monitored at 14 points by 30 Pt T e fovs i
determinands in every month since 1980s. Thus in ¥
this Study, we focused on more recent datasets from Table 1: Spatio_temporal information of sampling
1998-2008, total 11 years, at those 14 sites, including : IEIIIII—S—,
the chemical monitoring location of CWTP discharge = Mo N E m____km__sampling

Monitoring sites along the Tuul River
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Method

The annual means of water quality datasets have been calculated by WQI, so that water quality classes
can be assessed (Figure 5). The following equations were used. In a main equation (1), WQI is calculated
as the sum of the different sub-index scores. Sub-indices of DO and BOD, receive different weights (W)
depend on concentration and calculate by slight different equations [3]. The results of index application
present quantitatively, are corresponding to a grade of 1-6, and qualitatively in Table 2.

[C Table 2: A Mongolian classification of SWQ
| — Water quality
WoIl=——= (1) Cop (2) 22 {3} WL degree class
n W sop DO <0.30 1  Veryclean
WQI water quality index Ci concentration of i variable 031-089 2 Clean
: : . : : 0.90-2.49 3 Slightly polluted
n number of variables Pli permissible level of 1 variable
2.50-3.99 4  Moderately polluted
3. Results 4.00-5.99 5  Heavilypolluted
6.00= 6 Dirty

Data analysis

Hydro-chemical primary datasets
were used in the secondary data (WQI)
calculation. The number of samples with

Table 3: Annual mean WQI at sampling sites

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14

critical values of the waters, excluding 1998  0.27 028 039 030 032 041 280 345 211 133 033 039 051 625
CWTP discharge, is shown in Table 4. 1999 036 034 034 0.29 0.55 031 1.26 221 1.71 142 0.44 066 0.68 8.20
2000  0.77 0.34 030 0.32 0.32 0.33 2.82 3.15 235 137 033 048 061 4.82

Table 4: The number of samples with 2001 0.45 038 035 034 032 031 453 271 184 132 042 0.60 066 7.70

2002 0.65 0.38 029 0.49 048 045 7.70 5.70 3.19 2.35 0.35 0.39 0.39 17.47

critical values 2003 0.75 050 0.38 0.38 0.39 058 799 559 7.54 2.59 0.40 053 0.65 27.21

Thicahold Nomber of e T 2004 037 0.41 036 035 037 052 7.72 6.02 3.13 1.94 051 0.74 0.79 29.52
e e e 2005 039 0.67 038 042 051 047 853 586 536 349 052 1.07 1.09 16.56
—gT e O6'E 2006 0.40 0.47 033 026 030 032 11.16 7.20 8.83 6.51 0.52 0.54 0.73 23.40
=1 # i 2007 030 0.46 047 0.34 035 035 11.91 10.15 3.07 243 na 0.69 na na

0.31-0.89 370 33.7 2008 114 1.14 1.14 0.65 039 0.70 6.01 517 325 273 na 114 272 na

0.90-2.49 242 22.1 e

2.50-3.99 70 6.4 Mean 0.53 0.49 0.43 0.38 0.39 043 6.58 5.20 3.85 2.50 0.42 0.66 0.88 15.68

4.00-5.99 35 3.2 std 027 024 024 0.11 009 0.13 3.45 229 238 1.50 0.08 025 0.67 9.45
6.00< 88 8.0 Min 027 028 029 026 030 031 126 221 171 132 033 039 039 482
Sum 1096 100 Max 1.14 1.14 1.14 0.65 0.55 0.70 11.91 10.15 8.83 6.51 0.52 1.14 2.72 29.52

The histogram shown in Figure 2a visualizes the distribution frequency of the WQI. Figure 2b shows
WQI variability at the sampling points along the Tuul River. A most dynamic one is a sampling point 7,
namely Tuul-Songino (down), the index strongly depends on how well water has been treated when
discharged from the CWTP. Then it is naturally purified along the river flow.

Figure 2: a) Histogram of WQI and b) Spatial variable of WQI along the Tuul River
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quality of the Tuul River in Mongolia

Spatial water quality assessment

The spatial distribution of average values for the quality indices from 1998 to 2008 along the Tuul
River is given in Figure 3. General spatial pattern in the study area with lower values in the upper section
of the river, but then rapidly increase at point number 7, caused by CWTP discharge. From this point, there
is a gradual decrease to the last point due to dilution.

Figure 3: Spatial WQI fluctuation Based on the above analysis, the entire hydro-chemical dataset has

along the Tuul River been separated into two datasets, namely upstream (natural waters) and
downstream (waters affected by human activity) of the river. The
upstream part contains data from the Tuul-Uubulan (1) until the Tuul-
Songino upper (6), which is located in upper reach of junction of the
Tuul River and the CWTP discharge. The downstream part covers from
the Tuul-Songino down (7) until the last sampling point Tuul-
Altanbulag (10) of this study.

) Two point pollution sources out of five operate in the upstream,
¢ Nalaikh and Nisekh WTP. Total amounts of discharge release from those
% two sources are approximately 1800 m?/day. This amount of discharge
: | does not really have strong negative effect on the river water quality. In
i i addition, distance between two points is around 54 km along the river.
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The index has exceeded the maximum critical value. Three point sources are located in the downstream
portion. Total volumes of discharge from CWTP, Bio-industry and Bio-Songino WTP are approximately
191090 m3/day and distance between points is around 2.5 km. This is not enough distance for the river
self-purification process, especially after huge volume of effluent pours into the river. Pollution of the
river reduces along the downstream, but not completely purified even 50 km downstream of the city.

T 1 li :
emporal water quality assessment Figure 4: Annual average WQI 1998-2008

The general trend of WQI and variability
gradually increase in the study time steps. In the year 1200 7 .
1999, the water quality was good, but in 2007, the 10.00 1 )
index was highest. Besides of that, increased values 8.00 w & S
of the indices during the time could be due to rise of Ej 6.00 ; . . s : :
industrialization and increased the amount of 400 | ’ .
wastewater related to population growth. - . : . . - . . :
The following series of maps have shown spatio- IS TR TR T TN N NN R R B
temporal changes of water quality along the Tuul 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
River and its inflows in the selected research years. S

Figure 5: Spatio-temporal series of water quality index map of the Tuul River and its inflows
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Figure 6: Seasonal variability of the

Seasonal water quality assessment index along the Tuul River

a) Seasonal vartability of the ndex along the Tuul River

Average index values of each season were calculated and used
to seasonal assessment. The higher values of indices tend to occur L1~

in winter and lower values likely to occur in summer. There is a
05 ,/_‘\_/ ——ID1
—=—]D6

steady descend trend in the index value, means increment of water
ID7

quality from winter to autumn. The seasonal variability of index
depends on both natural and human processes. The higher values in 01 il
winter time are related to the river low flows and enormous amount F’%
of discharge from the CWTP. The river discharge reaches between 0.7 -
0-4 m3/s and the CWTP discharge reaches 2.2 m?/s, normally.

Almost same concentrations as winter in spring are derived from snow melt and surface runoff, plus
the treatment plant discharge. The lower values in summer are associated with not only normal flow of the

river, but also related to re-aeration and nitrification process. The increased concentrations in autumn are
derived from the rainfall-runoff process that washes away pollution elements from the catchment area.

Logl0 index value

Winter Spring Sununer Autumn

4. Conclusions

Human activity in the region has a significant impact on surface water quality. Increments of hydro-
chemicals are strongly associated with CWTP operation. Clearly, there is a need to improve the water
quality in the Tuul River system in surrounding arca of the Ulaanbaatar in order to bring it up to the class,
[ or II of the index assessment. The quality assessment suggests that the waters in the downstream section
of the river are unsuitable for drinking and recreational purposes. Among the pollution sources, the CWTP
is a biggest and strongest point source of pollution in the Tuul River in the study area, nowadays.

5. Discussion

In order to change this situation, improvement of the operation efficiency of the CWTP becomes crucial
to recover the water quality significantly. Accordingly, a modelling of water quality with different
scenarios such as certain limits on chemical concentrations of the CWTP discharge and artificial increment
of DO concentrations have important roles in the river system. DO concentrate can be artificially increased
using bull stone wall (not weir) which has big enough holes that fish and sediment can easily pass through.
The penetration theory by Higbie, 1935 and a surface renewal model that formalized Danckwerts in 1951
are theoretical part of the DO artificial increment method. This method can be more eco-friendly
(economically and ecologically) and works more effectively over the long period. Also, there are several
advantages of this method such as i) materials that can use to build the wall are natural, ii) no extra
operation cost after the wall built, ii1) no negative impact on river system, aquatic fauna and sediment can
easily pass through by holes between bull stones, iv) works efficiently for a long time, v) easy to stop
operation, just take out stones and vi) an artificial pond will not be created in upstream of the wall.
However, there are also some disadvantages, which include 1) not applicable to big rivers, 11) the wall may
collapse in the fact of strong flows, and ii1) heavy machinery such as a crane is required.
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