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Alexander Koutsouris 

Abstract: 
Karakalpakstan, Uzbekistan, has faced water scarcity and low water during several 
years as a consequence of Uzbekistan’s extensive irrigation of cotton fields. The 
environmental status of the Mejdurechye Reservoir, which is the largest in the lower 
Amudarya Delta, is therefore of great local importance. This thesis quantifies pollutant 
mass flows through the reservoir, concidering for instance salt, DDT and Lindane (γ-
HCH). Surface water flow paths through Mejdurechye Reservoir are also 
conceptualized in order to provide suggestions for future a possible monitoring 
program.  
    Results show that chloride concentrations have decreased during July 2007-2008 with 
at least 10% in spite of a large specific evaporation and a reservoir volume reduction of 
at least 60%. The most important implication of this is that pollutants in the reservoir 
cannot have been subject of evapoconcentration during this period. DDT and Lindane 
have on the other hand increased with up to 50000% in concentration and 20000% mass 
compared to measurements dating back to 2002. A rough age estimation of DDT shows 
that the DDT has been mobilized recently. The results of this thesis may prove valuable 
when forming environmental policy plans and setting up future monitoring programs. 
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1. Background 
During the 1950’s the Soviet Union undertook an enormous expansion of the cotton 
production in the Aral Sea Drainage Basin. Extensive irrigation, crop-spraying of 
biocides and regional arid climate has led to a deterioration of water quality and water 
availability in lower part of Aral Sea Drainage Basin As a result, safe drinking water 
have deteriorated and fish stocks have dropped to catastrophically low levels (Papa et 
al., 2004; Karimov, et. al, 2005; Bersimbaev, 2004). Amudarya is one of the two main 
rivers of the Aral Sea Drainage Basin. It originates mainly in Tajikistan and 
Afghanistan and then flow through Uzbekistan and Turkmenistan in two main branches 
(fig. 1). The two branches join in Turkmenistan and then flows back in to Uzbekistan 
towards Amudarya Delta and the Aral Sea. 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
Figure 1: Top: Map of Central Asia, Uzbekistan indicated with green (Sairam Tourism, 2008) Left: 
Uzbekistan indicated with green. The grey area with a bold outline show Amudarya drainage basin. 
Monitoring stations and Mejdurechye Reservoir are marked with small black squares. The Aral Sea 
shoreline is from 1960, prior to its shrinkage. (modified from CAWATERinfo, 2008) 

 
Amudarya has been subject to a significant decrease in water flow as a result of 
irrigation. Due to the extensive irrigation along the whole stretch of Amudarya, the 
water reaching the lower delta has been used and reused several times. The water thus 
carries pollutants of all upstream activities (Mullabaev, 2005). The importance of 
reservoirs for fresh water supply has increased as the environmental status of the Aral 
Sea and the Amudarya River has deteriorated. The Mejdurechye Reservoir 
(alternatively; Mezdureche Reservoir), is one of the largest reservoirs in the Amudarya 
delta and is considered as the principal source for water distribution and management in 
the lower delta. This as it regulates the water flow to Muynak and Sarbas/Rybachie 
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Reservoir, which are located just downstream of Mejdurechye Reservoir (Schutter and 
Dukhovny, 2003). It also serves as a fresh water reservoir as well as a water flow 
regulator to smaller reservoirs and lakes located downstream of Mejdurechye Reservoir 
(Jarsjö and Destouni, 2008).  
    From a socio-economical perspective the environmental status of this reservoir is of 
importance since it may assist in decreasing the regional nutrient shortage. It also aids in 
increasing the regional economical status through fishing. This is of great aid as income, 
food production and the health status in the autonomous republic of Karakalpakstan, 
where Mejdurechye Reservoir is located, has been and are still low (Medecins Sans 
Frontiers, 1999). Restoration of Mejdurechye Reservoir has been identified as a prime 
target in order to increase health and income status (Schutter, and Dukhovny, 2003). In 
other words; food production such as agriculture and fish-farming will continue to 
increase in importance considering the current low socio-economical status and the 
expected population increase, (Karimov et al., 2005).  
    In 2001, a study showed that there is a total annual mass flow of 17 tons of biocides 
into the water bodies of the Amudarya Delta (Karimov, et al., 2005 referring to 
Ataniyazova et al., 2001). This is, to the extent of my knowledge, the only pollutant 
mass flow quantification that has been made for this region. Due to lack of 
measurements it is unsure how much this value fluctuates, though it probably varies 
significantly due to the annual water flow fluctuations of the Amudarya River. Also, 
since the pollutant out flow from the water bodies is uncertain, the accumulation in the 
reservoir of biocides used in cotton production is unknown. Biocides often have high 
lipid solubility, causing food such as fish, sheep and chicken to serve as an important 
exposure pathway to humans (Muntean et. al., 2003).  
    Pollutant measurements in Mejdurechye Reservoir from 2007 show that pollutants 
such as DDT and Lindane, which previously were found in hazardously high 
concentrations, have decreased to near or below detection levels. Concentration 
measurements from October 2007 and May 2008 indicate an increasing trend of these 
substances (Jarsjö and Destouni, 2008; Karimov, et. al, 2005; Kangas and Whitlock 
2007).  
   Monitoring pollutant flows is necessary to assure that the water status does not 
deteriorate. Additionally, monitoring of previously banned pesticides such as DDT and 
Lindane continues to be of importance as detectable concentrations having been found 
in soils and there is still a risk that hidden unused stocks of such pesticides exists 
(Branger, 2003). 
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2 Introduction 

2.1 Aim 
The aims of this thesis are to: 

• Gather and compile existing hydrological and hydrochemical data relevant for   
quantification of the environmental status of Mejdurechye Reservoir 

• Conduct field measurements to obtain updated hydrochemical data 
• Quantify input/output mass flow of chemical compounds and substances 
• Analyze possibilities of a future hydrological monitoring program in the Mejdurechye 

Reservoir in the perspective of literature recommendations and ISO-standards.  
 

2.2 Previous studies 
Extensive water quality monitoring has been conducted at several sites along the 
Amudarya River by UzHydromet (The Government committee of USSR, 
hydrometeorology and environmental monitoring, Uzbek department of 
hydrometeorology and environmental monitoring) as a part of OGSNK (The network of 
Nation-wide service of supervision and the control over condition of the surrounding 
natural environment). However, few measurements and only limited research activities 
have been conducted in the Mejdurechye Reservoir specifically. The first time a large-
scale study of the water bodies in the Amudarya Delta, including the Mejdurechye 
Reservoir, was initiated in 1987. The study was an initiative by SANIIRI (Central Asian 
scientific research institute of Irrigation) (Karimov et al., 2005, referring to: Razakov et 
al. 1988; Karimov and Borodin 1990). Research activities included two campaigns and 
analysis of organic pesticide concentrations in the reservoir water, fish and sediment in 
1989.  
   During 1992-1996 research regarding the Mejdurechye Reservoir was carried out as a 
part of an UNESCO Aral Sea Project (Karimov et al., 2005, referring to: Borodin et al. 
1998). Measurements were thereafter not conducted due to lack of funding until 2002 
(Karimov et al., 2005). In 2002 investigations of ecological impacts were resumed 
within the framework of INTAS (The International Association for the Promotion of 
Cooperation with Scientists from the New Independent States of the former Soviet 
Union). Also, the water level of Mejdurechye Reservoir and its salt concentration was 
modeled as a part of NATOS project “science for peace” (Schutter and Dukhovny, 
2003).  
Resent research are funded by SIDA and concerns the environmental status and health 
risk analysis of the water in Mejdurechye Reservoir (Kangas and Whitlock, 2007; 
Thörnqvist, 2008) as well as field campaigns (Mullabaev, unpublished, 2008).  
 

2.3 Study site 
The Mejdurechye Reservoir is located in the lower Amudarya Delta (also called South 
Prearalie), Uzbekistan. Its location on a regional scale can be seen in figure 1 above. 
Figure 2 (below) shows its position in regards to surrounding water reservoirs and 
channels, it is located between two channels; Kipchakdarya in the west and north and 
Akdarya in the east. 
   The Mejdurechye Reservoir is formed by an earth dam along Akdarya channel in the 
east and Kipchakdarya channel in the west and north, see further details in section 3.2. 
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The crest of the earth dam is at an elevation of 59 m +BSL1. The dam has collapsed 
several times, most recently in 2006 (Kangas and Whitlock, 2007 referring to: 
Mullabaev, 2007). The bathymetry of the Mejdurechye Reservoir is relatively flat and 
therefore the reservoir has a large surface area per unit volume (Kangas and Whitlock, 
2003). There are deeper trenches in the eastern part of the reservoir formed by 
Amudarya River prior to the damming of the reservoir; these are indicated with dark 
blue lines in figure 2. The reservoir consists of two main basins; one in northeast and 
one in northwest and they are known to separate during low water levels. The two 
basins are indicated with dark blue areas in the Mejdurechye Reservoir in figure 2. 
   The Mejdurechye Reservoir has been known to dry out completely during severe 
droughts, as was the case in 2000 and 2001 (Kangas and Whitlock, 2007). The flow 
inlet and outlet of the Mejdurechye Reservoir are located close to each other and thus do 
not stimulate mixing within the water reservoir. Thus one can expect horizontal 
heterogeneity in hydrochemical parameters and local water quality deterioration 
(Karimov, 2008; Schutter, and Dukhovny, 2003).  
During high water levels one may also expect vertical stratification (Kangas and 
Whitlock, 2003 referring to Mullabaev, 2007). During the most recent measurements 
the median water depth in the northeastern basin was coarsely estimated to 10-20 cm 
with a maximum depth of 5.5 m in the deeper trenches. 
   There are three monitoring stations that are of particular interest when studying the 
Mejdurechye Reservoir; Nukus Kirziljar and Temirbay (see fig. 1 for locations). 
Kirziljar is of interest since it is the closest upstream monitoring station and thus can be 
approximated as an inlet. Nukus, which is located further upstream of Kirziljar, is of 
interest due to the data availability. And finally, Temirbay since it is located 
downstream of the Mejdurechye Reservoir and thus can be approximated as an outlet 
point.  
    The local climate can be characterized as arid continental with temperatures varying 
between +45°C and -30°C in summer- and winter time respectively (Kangas and 
Whitlock, 2007, referring to Zholdasova et al., 1998). The low winter temperature 
causes the lakes in the lower Amudarya delta to freeze during December to March 
(Schutter, and Dukhovny, 2003). 
   Precipitation amounts to 133 mm/yr while potential evaporation ranges from 1300 
mm/yr to 1600 mm/yr (Schutter, and Dukhovny, 2003). The region in which 
Mejdurechye Reservoir is located consists of Quaternary and upper neogene deposits, 
with a thickness varying between 30-50 m. The uppermost 10 m consists predominantly 
of alluvial-lacustrine sediments of loamy sands and clays (Schutter, and Dukhovny, 
2003).  
    In 1990 the agricultural water demand amounted to 92% of the total water demand in 
the Amudarya Basin. Since then, the relative agricultural water demand has slightly 
decreased and it is predicted to decrease to 87% in 2010 -the accuracy of the predictions 
are however unknown since there is no information as of when they were made 
(CAWATERinfo, 2008). The irrigated area in the Amudarya Basin amounts to 22750 
km3 in 1990 and 45470 km3 in 1998- This is equal to 4.25‰ and 8.50‰ respectively of 
the total drainage basin area (CAWATERinfo, 2008).  
 

 
1 BSL refers to ”Baltic Sea Level” Baltic Sea Level is a datum plane that was used in the former Sovjet 
Union and is still used in former Sovjet states (Asian Development Bank, 2003).  
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2.3.1 Main Pollutants found in Mejdurechye Reservoir: 
DDT (Dichloro-Diphenyl-Trichloroethane) is on the Stockholm conventions list of the 
12 most hazardous organic pollutants. The abundance of DDT and its derivatives have 
decreased significantly to near detection limits in Uzbek water reservoirs since its ban in 
1983 (Karimov, 2005). DDT is a persistent substance with a reported half-life of 2-15 
years in soils, 56 days in lakes and 28 days in rivers (Extoxnet, 2008). The long half-life 
in soils implies that it may be transported to ground- and surface water in spite of its 
low mobility, particularly in soils with low organic content (Extoxnet, 2008). It 
degrades through photolysis and aerobic- and anaerobic biodegradation. Breakdown 
products are DDD and DDE, which have similar properties as DDT (Extoxnet, 2008). 
Mass removal of dissolved DDT and its derivatives occur through volatilization and 
adsorption to sediment particles.  
    DDT is highly toxic to aquatic invertebrates as well as fish, reported 96-hour LC502 
are less than 2.7 μg/L on Northern Pike (Extoxnet, 2008). DDT has a strong tendency to 
bio-accumulate in aquatic species through uptake from sediment and water. The 
degradation rate of DDT and DDE seems, for some reason, to be higher in Mejdurechye 
Reservoir than in other reservoirs in the vicinity (Banchloud, 2004).  
 
HCH (hexachlorocyclohexane) is a group of isomers called α-HCH, β-HCH and γ-HCH 
(Lindane). HCH is also on the Stockholm conventions list of the 12 most hazardous 
organic pollutants. Lindane (γ-HCH) came into use as a replacement for DDT until 
1990 when it was banned in the Soviet Union (Banchloud, 2004). This caused 
concentrations in the environment to increase until 1993 in Uzbekistan and then rapidly 
decrease (Banchloud, 2004). Lindane has a field half life of 15 months and tends to be 
mobile in soils with low organic matter. It has thus a high potential for contaminating 
groundwater systems (Kamrin, 1997). The degradation and photo-degradation of 
Lindane in freshwater systems are limited but it tends to be removed from the water 
column through biological breakdown, adsorption on sediment and accumulation in 
fish. The toxicity level is defined as “highly to very toxic” to fish as well as 
invertebrates with a reported 96-hour LC50 value of 1.7-90 μg/L in trout (Kamrin, 
1997).  
 
Metal ions can often be complex with regard to their environmental fate. It is often 
difficult to separate transformation of metal complexes from transport and partitioning. 
Metal ions form different complexes depending on which substances that are present 
and other hydrochemical parameters such as pH and redox-potential. Formation of 
various complexes implies increased or decreased mobility depending on the strength of 
the bonds in the formed complex. Both increased and decreased binding strength may 
cause absorption onto sediments (ATSDR, 2005). In the case of many heavy metals, the 
absorption on sediment is the main removal process from water and is an important 
factor in controlling the concentrations (ATSDR, 2005). Many heavy metals, such as Ni 
and Pb are mainly transported undissolved as colloidal or large particles (ATSDR, 
2005).   
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3. Method 
The aims that are defined in section 2.1 are defined based on an semi-inductive research 
approach; though the aim to quantify input/output mass flow of chemical compounds 
and substances were set a priori, the final spatial and temporal delimitation were then 
defined based on publicly available data. Thus all hydrochemical and hydrological data 
from Mejdurechye Reservoir and Kirziljar-, Temirbay- and Nukus monitoring station 
was gathered and compiled. In other words; the aims of the thesis (and thus also the 
methods and parameters) were decided once it was known which type of data that was 
available.  
There are three main parts of this study; the first part covers conceptualization of flow 
paths through the Mejdurechye Reservoir based on hydrological and hydrochemical 
data. Pollutant mass flows are quantified in the second part and suggestions for further 
monitoring are analyzed in the third and last part. 

3.1.2 Conceptualization of flow paths to and from Mejdurechye 
Reservoir 
The flow paths to and from the Mejdurechye Reservoir are conceptualized based on an 
interview with a local researcher combined with qualitative analysis of satellite images, 
bathymetrical and hydraulic maps and field observations. Geographical information 
system (GIS) was used for the analysis of the satellite images and the bathymetrical and 
hydraulic maps. The program used was ArcGis 9. The satellite images were adapted to 
fit the maps based on key landscape features since there were no information available 
regarding neither projection method used for the maps nor coordinate frame. 

3.1.3 Concentrations and mass flow 
Concentrations 
Four locations were sampled during the field campaign in the Mejdurechye Reservoir, 
July 2008. Three samples sites were located in the northeastern water body at or near 
the sampling sites of July 2007 to maintain historical comparability and to elongate the 
resent monitoring time series. The fourth sample site was located in the shallower parts 
of the lake in order to increase spatial resolution (see section 3.2 for details). No 
samples were taken in the northwestern basin due to time limitations. At each location 
two surface grab samples were taken using 1.5L bottles of polyethylene; the bottles 
were rinsed three times before they were completely filled. The samples were taken 
through dipping the bottle in the reservoir to a depth of approximately 10 cm. The 
method used is the same method that has been used in previous campaigns, it hence 
allows for historical comparability. Unfortunately, neither water temperature nor 
electro-conductivity could be measured in situ due to technical failures.  
    The bottles were then stored in air temperature (~30°C) during 24h before being 
delivered to the Hydro- metrological laboratory at the Academy of Sciences in Tashkent 
where the samples were stored in a refrigerator an unknown amount of days until being 
analysed. The samples were divided into subsamples prior to analysis. Same 
instruments were used for chemical analysis in 2008 as in 2007 but information about 
method and instrument for the additional compounds in the July 2008 campaign have 
not been possible to obtain. The method and instrument for the different substances are 
summarized in Kangas and Whitlock (2007) and shown in table 1.  
    The results from all sample sites were then averaged for each pollutant and compared 
with mean values from previous years. Concentration indexes, where concentrations of 
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previous years were divided with concentration results of July 2008, were then created 
and analyzed. Measurements below detection limit are assumed to be equal to the 
detection limit. 
 
Table 1: Analyzed substances, detection limits, method and name of instrument (from Kangas and 
Whitlock, 2007) 

Component Detection limit Method of analysis Name of instrument 
Clarity 0.01 m * * 
Sediment suspended 0.0001 mgl-1 * * 
pH  * pH-METP-MИΛΛИOΛЬMĒIP 
Mg2+, Cl-, SO4

2-, HCO3-, Ca2+ 0.01 mgl-1 Titrimetry * 
Na+, K+ 0.1 mgl-1 Flame photometry FOKOL 
F-, NH4

+, Si, Fe-total 0.01 mgl-1 Photometry MERCK SQ118 
As 0.5 µgl-1 Photometry MERCK SQ118 
Cu 0.001 µgl-1 Atomic absorption * 
Hg 0.0001 µgl-1 Absorption chromatography AAS-3 
α-HCH , γ-HCH, DDT 0.0001 µgl-1 Gas chromatography * 
 Petroleum products 0.0001 mgl-1 *  Schimadzu RF-1501 

* Not specified. 
 
 
Water flow quantification 
When calculating pollutant mass flows one should ideally link flow and concentration 
measurements taken at the same point of time. However, there were no surface water 
flows due to drought through the Mejdurechye Reservoir during the field campaigns in 
July 2007 and July 2008, nor are there any data on inflow available after 2003. As a 
substitute to in- and outflow data, chloride concentrations and mass estimates are 
coupled with known hydrological data in order to assess minimum surface water inflow 
and outflow from Mejdurechye Reservoir during the period July 2007 to July 2008, as 
described below. The above mentioned period July 2007 - July 2008 is selected based 
on data availability -water surface elevation estimates are only available for these two 
field campaigns.  
    Surface- and groundwater flows are not estimated separately due to lack of data 
concerning groundwater flows and -concentrations since it is beyond the scope of this 
thesis. The exception is DDT where estimated age of DDT is used to draw conclusions 
about its source (see discussion in section 4.2). The water balance used is thus as 
described equation 1. Qout is the combined surface water- and groundwater outflow 
from Mejdurechye Reservoir, Qin is the combined surface water- and groundwater 
inflow, P and E is the specific precipitation and evaporation, A is the surface area of the 
reservoir and ΔS is storage change. 
 
 Qin=Qout-P A +E A +ΔS  (Eq.1) 
 
When estimating the annual precipitation and evaporation volume, precipitation and 
evaporation data is multiplied with the mean value of the surface area in July 2007 and 
2008. The surface area is estimated based on a linear interpolation of water level - 
surface area data given in the report “South Prearalie –New perspectives” (Schutter and 
Dukhovny, 2003; see appendix 1, table 1 and fig.1). This model for surface area 
estimations, as well as the model for reservoir volume estimations described below, 
assumes equal water level in both basins of Mejdurechye Reservoir.  
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    The water level in July 2008 is estimated based on geo-referencing the shoreline of 
Mejdurechye Reservoir. The geo-referenced data are then coupled with a bathymetric 
chart (appendix 1 fig. 3), rendering a maximum and minimum water level estimation. 
The vertical resolution of the bathymetric chart is 0.5 m in most areas and 0.25 m in a 
limited set of areas. The result was then compared with information given by a local 
hydro engineer.  
    The decrease in water level between July 2007 and 2008 is delimited based on field 
observations of shoreline regression as well as through comparison of photographs. 
Interpretation uncertainties are handled through scenario analysis. Four scenarios for the 
water level in July 2007 could then be identified based on the water level decrease and 
the July 2008 water level. The scenarios are; maximum 2008 water level + max and min 
water level decrease and minimum 2008 water level + max and min water level 
decrease.  
    The storage change ΔS is estimated based on the difference in reservoir volume in 
July 2007 and July 2008. The reservoir volume for both years were estimated based on 
the water level - volume data given in the report “South Prearalie –New perspectives” 
(Schutter and Dukhovny, 2003; see appendix 1 fig.2). Interpolation was done in Excel 
with a third grade polynomial trend line where x is water level in m +BSL for (Eq. 2).  

 
 Vreservoir = 4x106(x-53)3 - 838978(x-53)2 – 2x107(x-53) + 2x107  (Eq.2) 
 
Minimum inflow (Qin) can then be estimated as follows; In the case of an unchanged 
concentration of an inert substance, between two different points of time, the 
concentration can only be maintained if loss of water due to evaporation is compensated 
by inflow in the form of surface- and ground water (Qin) and precipitation (P). Under 
the assumption that the pollutant concentration is 0 for both Qin and P, Qin can be 
estimated as:  
 
 Qin = (E-P)A  (Eq.3) 

 
Eq.3 thus gives an estimate of minimum inflow needed to explain an unchanged 
concentration in the reservoir in the hypothetical case of unpolluted inflowing water 
(Qin is larger in the case of polluted inflowing water). The substance used is in this case 
chloride, which can be considered to be inert in the low concentrations found in the 
Mejdurechye Reservoir.  
The requirement of a water balance is then used to estimate the surface water outflow 
(Qout), where the outflow needs to be large enough to explain the observed reservoir 
volume decrease. If the relation given in Eq.3 is used to solve the water balance in Eq.1, 
then the surface water outflow can be estimated as in Eq.4 below.  
 
 Qout = -ΔS  (Eq.4) 

 
Equation 4 above is true under the assumption of a constant area. As shown in the 
results in section 3.2.3., the area varies greatly during this period. The mass index of 
chloride present in the reservoir during the two points of time is compared with the 
volume index of the reservoir for the same two points of time can be used to test this. 
Eq. 4 is assumed to be true if (mCl-07/ mCl-08)/(VRes.-07/ VRes-08)=1, as the mass reduction 
of chloride have occurred that is of the same order of magnitude as the volume change. 
The mass can thus be assumed to have been removed through discharge. 
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Mass flow quantification 
Once all water flows are known, mass flow quantification is done by calculating the 
pollutant mass present in the Mejdurechye Reservoir at the two different points of time. 
m2007 and m2008 are estimated based on Eq.5 below, where m is the mass of the 
pollutant, C   is the mean summer concentration and V is the reservoir volume. The 
ratio of m2007/m2008 is then used to identify whether a net loss or a net increase of a 
pollutant has occurred.  
 
 m = C V (Eq.5) 

 
The changes in the ratio of the concentration of DDT and ΣDDT (ΣDDT = CDDT+CDDD 
+CDDE) can be used to estimate whether new DDT is added to the system. This is done 
for the results of the measurements in October 2007, May 2008 and July 2008, which 
are the most resent measurements where all these compounds were measured. 

3.1.4 Suggestions for future monitoring 
Suggestions on future monitoring program are based on international standards and 
literature recommendations, interpreted in the context of local conditions. 
 

3.2 Data synthesis 
Data to be synthesized were mainly selected based on relevance for a quantification of 
pollutant mass flow through the Mejdurechye Reservoir. Additional hydro chemical 
data relevant for assessment of environmental status were gathered and compiled in 
order to provide an overview, which is the foundation to suggestions of future 
monitoring strategies.  
Based on the aims of the thesis, three monitoring stations along Amudarya, apart from 
Mejdurechye Reservoir, was identified as of particular interest. Monitoring stations 
relevance for this thesis was judged based on geographical closeness to the 
Mejdurechye Reservoir and data availability.  
    The first monitoring station is Kirziljar, located approximately 30 km south of the 
Mejdurechye Reservoir centre (see fig. 1 for regional location). Kirziljar monitoring 
station is the closest monitoring station upstream of the inlet of the Mejdurechye 
Reservoir. Concentrations of pollutants in the water at this monitoring station can due to 
its proximity to be approximately equal to the reservoir inflow concentration. The 
second monitoring station is Temirbay, located approximately 30 km north of the 
middle of the Mejdurechye Reservoir. Temirbay monitoring station is the closest 
monitoring station downstream of Mejdurechye Reservoir. Data from Temirbay can be 
used as an approximation for outlet concentrations. The third monitoring station 
identified is Nukus monitoring station located approximately 120 km south of 
Mejdurechye Reservoir. Nukus monitoring station is located upstream of Mejdurechye 
Reservoir. This monitoring station is of interest since sampling has been conducted 
more frequently here than in Kirziljar and since the data availability for public usage is 
higher. The data was gathered from various sources (see below for details) and 
compiled in separate spreadsheet for each monitoring station, including the 
Mejdurechye Reservoir, respectively.  
     The oldest historical measurements of pollutant concentrations in the Mejdurechye 
Reservoir are July and September measurements in 1989 and 1993 (Karimov and 
Borodin 1990; Borodin et al. 1998). During 2002-2004 and 2007-2008 two or three 
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measurements were conducted each year. During both these periods organic pesticide 
concentrations as well as many other pollutants, such as metals, cations and anions, 
were analyzed. Resent measurements in the Mejdurechye Reservoir was conducted in 
July 2007 (Kangas and Whitlock, 2007), October 2007 and May 2008 (Mullabaev, 
unpublished data, 2008). The latest measurements were conducted within the 
framework of this thesis in July 2008 as a part of a SIDA-project. All measurement 
results are presented in Appendix 2.  
    UzHydromet have monitored hydrochemical parameters and discharge at Kirzijar, 
Temirbay and Nukus monitoring stations since 1950’s. However, only parts of this data 
set are publicly available. Data from Kirziljar monitoring station is available in the form 
of interrupted monthly hydrochemical data and discharge for the period 1974-1983 
(UzHydromet, 1983). An almost uninterrupted monthly data set for a smaller set of 
hydrochemical parameters is available for the period 1981-1990 (Savitsky and Nasrulin, 
2003). The database was compiled by Savitsky and Nasrulin based on data originating 
from UzHydromet. Additionally, interrupted literature data on hydrochemistry for the 
periods 1982-1989 and 1998-2006 was publicly available as annual means for an even 
smaller set of hydrochemical parameters (UzHydromet, 2006). Finally, uninterrupted 
estimated monthly discharge data was available for the period 1950-2000 (Mamatov, 
2003). All in all: results from pollutant concentration- and discharge measurements are 
publicly available with various frequencies during 1974-2006 (UzHydromet 1983; 
UzHydromet, 2006).  
    The only available data from Temirbay monitoring station is interrupted literature 
data for hydrochemical parameters and discharge for the period 1974-1983 
(UzHydromet, 1983).  
Monitoring data from Nukus monitoring station (in the village Samanbay or Chakli) is 
available for the period 1974-2006 (UzHydromet 1983; Uzhydromet 2006). Interrupted 
monthly literature data of discharge and a large set of hydrochemical data are available 
for the period 1974-1983 (UzHydromet, 1983). Near uninterrupted monthly data was 
available for the period 1980-2002 in a database compiled by Savitsky and Nasrulin 
(2003). The data originates, once again, from UzHydromet. During 1982-1989 and 
1998-2006 interrupted hydrochemical data was publicly available as annual means for 
even smaller set parameters (UzHydromet, 2006). 
 

3.3 Data reliability 
It is usually sufficient with one sample per separate lake basin in a monitoring program 
of a single lake (ISO, 1987). In the case of Mejdurechye Reservoir this implies two 
sample sites during low water levels, one in the northwestern basin and one in the 
northeastern. During the measurements in 2007 and 2008 three respectively four 
samples were taken, all in the northeastern basin. This implies that the accuracy is 
below international standards in terms of sampling both basins, but above in terms of 
spatial horizontal resolution in the northeastern basin. All samples were surface grab 
samples where the samples were taken by dipping a bottle. The accuracy of this method 
is assumed to be good since the median depth was approximately 20 cm in July 2008. 
The additional samples were taken in the deeper trenches further increases the accuracy.  
     Another uncertainty is the bathymetric chart of the Mejdurechye Reservoir provided 
in the NATO-report (Schutter, and Dukhovny, 2003), which was used as input to the 
surface level and reservoir volume quantification made here. When comparing satellite 
images from from Google Earth (image taken in June 2006) and Google Maps 
(unknown date) (2008) with the bathymetric chart; it is evident that the shoreline from 
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footage in June 2006 is not consistent with the isobaths of the bathymetric chart (see 
appendix 1 fig. 4). In June 2006 two peninsulas have been formed at the northwestern 
shore of Mejdurechye Reservoir as a result of a low water level. When overlaying a 
bathymetric chart with satellite footage, one of the peninsulas cuts through isobaths 
equivalent to 1.5 m. Even though the bathymetric chart and the satellite footage have 
not been properly geo-referenced (since the projection method for the bathymetric chart 
has been unavailable for this thesis) the misfit is large enough to question its accuracy. 
This affects the water level estimation which in turn may have a large effect on the 
volume calculations and volume and mass ratios. This uncertainty is however 
considerably reduced by comparing the estimated results with the information given by 
a local hydro engineer (personal communication). 
    Finally; assessing the evaporation volume from the Mejdurechye Reservoir provides 
with large uncertainties. Since the outlet is regulated and surface area is strongly 
dependent on the water level, the annual evaporation volume varies greatly depending 
on the management. Tapping prior to heat periods greatly decrease the evaporation 
volume from the Mejdurechye Reservoir compared to tapping after the heat period. In 
consequence, it is thus difficult to asses how much of the water outflow is due to 
discharge and how much is due to evaporation. Hence it is also difficult to assess how 
much a pollutant mass decrease is due to removal through discharge or due to decreased 
concentration in inflow. In order to decrease this uncertainty variation in salt is, as 
mentioned, used as a proxy for water flows. The uncertainty is considered through 
analysis of scenarios for different possible water flows. 
 

4. Results 

4.1 Conceptualization of flow paths to and from Mejdurechye 
Reservoir 
The data synthesis shows that the general flow direction of the water channels in the 
vicinity of the Mejdurechye Reservoir is north, towards the Aral Sea (fig.3). The two 
main water feeders during normal conditions are the Amudarya River and the 
Kipchakdarya channel. The latter is fed by the Kungrad-Muynak Channel which in turn 
is fed by Amudarya close to Kirziljar monitoring station. Parts of Kipchakdarya 
Channel contain water even during droughts since it is deep enough to be fed with 
groundwater (Karimov, 2007a). Amudarya continues to the Mejdurechye Reservoir and 
runs along its eastern shore where its two entry points to the Mejdurechye Reservoir are 
located. Kipchakdarya flows along the western shore of Mejdurechye Reservoir and 
continues along the northern shore where it has several entry points.  
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Figure 3: Bathymetric chart of the Mejdurechye Reservoir, channel flow directions indicated with arrows 
(modified from Schutter, and Dukhovny, 2003). Red numbers indicate sampling sites in July 2008, green 
numbers (including red #2) indicates maximum suggested sample sites during high water levels (see 
chapter 2.2). 

 
Just upstream of Amudarya's first inlet to the Mejdurechye Reservoir is a dam 
regulating its flow to the Mejdurechye Reservoir during low water levels. This dam is 
generally closed during low water levels, leading all water through Kungrad-Muynak 
Channel and Kipchakdarya. This dam is currently broken in a closed stage, which 
means that Amudarya always is routed through Kipchakdarya during low water levels. 
During the July 2008 measurements there were no inflow from either Amudarya or 
Kipchakdarya. 
    The outlet regulator to Akdarya Channel is used to regulate water flows during low 
and flood water conditions; it is also used as a water level regulator of the Mejdurechye 
Reservoir (Schutter, and Dukhovny, 2003). During normal conditions the outlet is 
through the dam controlling the discharge to Rybachie and Muynak Reservoir. All 
discharge from the Mejdurechye Reservoir is regulated and can be approximated to be 
of similar amount as its inflow. Consequently the outflow may be approximated to zero 
when its inflow is zero.  
    An emergency spillway at 57m +BSL is currently being constructed in the 
Mejdurechye Reservoir within a NATO-related project. The spillway will release water 
into the Dumalak lake system during high floods, protecting the earth dam from future 
collapses. At 57 m +BSL the surface area of the reservoir is 267.4 km2 and the volume 
is 421.2 m3 (Schutter and Dukhovny, 2003).  
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    As mentioned previously, the cross section of Mejdurechye Reservoir is relatively 
flat with two main water bodies and deeper trenches close to the eastern earth dam. The 
trenches can be up to 5m deeper than the median depth. A separation event of the two 
water bodies occurs at a water level within the range of 54.6-55 m +BSL, which is well 
above the water level during the measurements in July 2008.  

4.1 Water level estimation 
The water levels in the two basins may differ due to the location of the inflows and 
outlets. A small inflow from Kipchakdarya Channel could cause the two basins to be 
fed with different amounts of discharge. Also, since all outlets of Mejdurechye 
Reservoir are located in the northeastern water basin, tapping of the reservoir only 
affects the northeastern basin after the separation event. These outlets are however 
generally closed during low water levels. It is here assumed that the two water bodies 
had approximately the same water level based on the argumentation below:  
   The reference points taken during the field campaign in July 2008 were at the 
shoreline of the northwestern basin is inside or near the isobath of 54.5 m +BSL, which 
means that its shoreline is between 54-54.5 m +BSL. The geo-references of the 
shoreline in the northeastern water body indicates a water level between 53.5-54 m 
+BSL. Field observations also show water covered areas inside the 54.5 m +BSL 
isobath. This contradiction could be explained by a water level just around 54 m +BSL 
together with local variability that can be seen in satellite images (appendix 1 fig.5), 
(Google maps, 2008). The water level in the northwestern basin is thus estimated to be 
53.8-54.2 m +BSL. The two water bodies of Mejdurechye Reservoir are also assumed 
to have the same precipitation and evaporation rate considering the small geographical 
scale (~5*2.5 km) and the flat landscape. An assumption of equal water level is also 
preferred due to arbitrary reasons since that is the underlying assumption in the water 
level-volume relation used for further calculations.  
    The water level in July 2007 is qualitatively estimated to 1m higher than in July 2008 
based on field observations (Mullabaev, 2008). Further assessment of the water level 
based on pictures from the two field campaigns (see appendix 1, fig. 6) gives a water 
level decrease interval of 0.5-1 m compared to July 2008. The water level in July 2007 
is thus estimated to be between 55.2-54.8 m +BSL. The volume difference between 
2007 and 2008, fulfilling the requirements of a water level difference of 0.5-1m, renders 
a volume decrease estimation of 60-90% (see appendix 1 table 2). 

4.2 Concentrations and mass flow 

4.2.1 Concentrations 
The blue columns in table 2 (below) show the concentrations measured in the here 
reported July 2008 field campaign. The elements can roughly be categorised in two 
main groups based on comparison with 2007 concentrations (indicated with colour 
coding in table 2; green = lower concentrations in 2008 than in the compared year, red = 
higher concentrations and yellow = no measurable difference): In the first category 
there are several elements and compounds that have decreased in concentration. This 
category includes Cl, Ca, Mg, As, conductivity and oil products. The chloride 
concentration together with Mg, Ca and conductivity has decreased with approximately 
10%. Oil products and As have both decreased to below detection limits. A comparison 
with previous years does however show that many of these substances show a long term 
trend of increasing concentrations considering the period 2002-2004. Such is the case 
for e.g. Mg, Ca and Cl, as well as electrical conductivity. 
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Table 2:  Mean summer concentrations. Values below 1, marked with red, indicate higher concentrations 
in 2008 than in the compared year (i.e. the status have deteriorated), values above 1, marked with green, 
indicates lower concentrations in 2008 than in compared year and yellow indicates no measurable 
difference. Blue is the July 2008 concentrations. The month and amount of samples concerns the 
compared year. The ratios have here been rounded off to 2 significant figures. 

Sampling Abs. Conc. Unit Concentration ratio (fraction of 2008 conc.) 
year 2008   2007/2008 2004/2008 2003/2008 2002/2008 

month 7   7 8 8 7 
#samples 4   3 3 4 2 

pH 7.9   1.0 1.0 0.80 1.1 
Mg 70 mg/l 1.0 0.70 0.60 0.40 
Ca2+ 130 mg/l 1.0 0.60 0.80 0.80 
HCO3 120 mg/l     1.3 1.9 
Cl- 300 mg/l 1.1 0.50 0.70 0.30 
SO4^2- 540 mg/l 0.92 0.60   0.50 
Hardness 12 meq/l   0.60 0.70 0.60 
miniralization 1000 mg/l   0.80 1.0 0.80 
Conductivity 2000 10^-4 cm/cm 1.2 0.60 0.70 0.60 
Na+ 220 mg/l 0.90 0.60   0.50 
K+ 13 mg/l 0.70 0.00 0.30 0.30 
Fe 0.010 μg/l   38 5.3 3.5 
P (mineral) 0 mgP/l   inf (0,0050)* inf (0,0010)* inf (0,010)* 
P (tot) 0.012 mgP/l   0.70 0.30   
NH4 0.70 mgN/l 0.10 0.20 0.00 0.05 
NO2 0.40 mgN/l   0.10 0.010 0.01 
NO3 0.50 mgN/l   0.40 0.020 7.4 
Cu 0.020 μg/l 63 60 41 0.10 
Zn 4.3 μg/l   0.70 2.3 1.2 
Hg 0 μg/l 1.0 1.0     
As 0.50 μg/l 5.0       
Pb 0 μg/l   1.0 1.0 1.0 
F 0.40 μg/l   1.3 1.0   
oil products 0.0001 mg/l 40     50 
Phenols 0 mg/l     inf (0,009)* inf (0,002) 
A-HCH 0.050 μg/l 0.0020 0.002 0.002   
G-HCH 0.020 μg/l 0.0070 0.007 0.007 0.007 
DDE 0.0020 μg/l   0.05 0.05   
DDD 0.0060 μg/l   0.018 0.018   
DDT 0.050 μg/l 0.0020 0.002 0.002 0.002 
DDT+DDE+DDD 0.060 μg/l 0.0020 0.002 0.002 0.002 
Cd 3.8 μg/l   0.003 0.003 0.044 

*Absolute concentration for the compared year 
 
The second group includes elements that have increased in concentration compared to 
2007 and previous years. Na and K have increased slightly compared to 2007 
concentrations while the ammonium concentration has increased with a factor of 10. 
Cadmium, DDT, DDD, DDT, α-HCH and γ-HCH have all been below detection limits 
in summer measurements since at least 2002 (2004 for Cd) before measurements in 
2008. In the measurements in July 2008 these compounds had concentrations far above 
detection limits. γ-HCH has increased with at least a factor of 150 and DDT and α-HCH 
have increased with a factor of 50. This is a radical trend shift that was first measured in 
May 2008.  
    A comparison of the DDT concentration with the concentration of ΣDDT one finds 
that the ratio DDT/ ΣDDT have increased since October 2007. The ratio was 0.28 in 
Oct. 2007, 0.72 in May 2008 and 0.86 in July 2008. This indicates that new DDT have 
been released or mobilized since at least Oct. 2007. 
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4.2.2 Flows 
Water flow 
Water levels from section 3.1 and equation 2 gives a reservoir volume of was 20-80 
Mm3 in July 2007 and 15-45 Mm3 in July 2008 (see table 3 below for details). When 
fulfilling the requirement of a water level difference of 0.5-1m lower in 2008 than in 
2007, the mean difference ΔS is -30 Mm3. The reservoir volume in 2008 is 10-40% of 
the volume in 2007.  
     The mean area of Mejdurechye Reservoir for the period July 2007 - 2008 is 
estimated to 8*107 m2 (see appendix 1 table 2 for details). A specific potential 
evaporation of 1300-1600 mm/yr hence amounts to a mean annual evaporation volume 
of a minimum of approximately 70 Mm3 and a specific precipitation of 133 mm/yr 
amounts to a minimum annual precipitation volume of approximately 10 Mm3.  
     The inflow (Qin) can now be estimated as in Eq.3, rendering a reasonable minimum 
inflow estimate of 60 Mm3 (mean value of the results from the different water level 
scenarios).  
In order to asses the outflow from Mejdurechye Reservoir (Qout) the relation between 
chloride mass ratio and reservoir volume ratio for 2007/2008 is first analysed. In the 
case of the period July 2007-2008 (mCl-07/mCl-08)/(VRes.-07/VRes.-08)=1.2 which can be 
approximated to 1. A minimum discharge can thus be assumed to be equal to -ΔS, 
resulting in a mean discharge of 30 Mm3.  
The detailed results from the different water level scenarios are summarised in table 3 
below. 
 
Table 3: Summarized reservoir volume and area estimations as well as water flow estimations 

Volume (Mm3): Scenario Mean max min 
  2007 (2008+1.0m)   80 45 
  2007 (2008+0.5m)   40 20 
  2008   15 5 
Volume ratio 2007/2008     2.7 9.8 
Area (m2) 2007 (2008+1.0m)   100 70 
  2007 (2008+0.5m)   60 40 
  2008   90 15 
  2007-2008 80     
dS (2007-2008)   -30 -40 -20 
Evaporation (mm)     1600 1300 
Volume (Mm3)   70 70 60 
Precipitation (mm)   133.00     
Volume  (Mm3)   6     
Discharge (Mm3)     40 20 
Inflow (Mm3)   60 80 40 

 
Pollutant mass flow 
The mass of the different pollutants can be estimated by using equation 5 once the 
reservoir volume and concentrations in 2007 and 2008 are known. The results are 
presented in table 4  
There are three main results that are of interest regarding the mass ratios 2007/2008 
(table 4): To begin with; Mg, Ca, Na, K and sulphates show a similar behaviour as 
chloride. Their relative change in mass has to be approximately the same as the 
reservoir water volume change for the same period. This as their concentrations has not 
changed considerably during 2007-2008 (table 2). The interval shown in mass ratios are 
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due to uncertainties in volume change estimates. Furthermore, the mass of Cu and As 
present in the water column have decreased with a minimum of 99% while oil products 
have decreased with 92%. Finally: the mass of DDT, DDD, DDT, α-HCH and γ-HCH 
have increased in mass with a factor of 50 to 200 in spite of a reservoir volume 
reduction of 60-90%. 
 
Table 4: Mass index, values below 1 indicates a net inflow of the specific pollutant during the period July 
2007-2008 (marked with red), values above 1 indicates a net outflow (marked with green). Detection 
limit is used for chemicals below detection limits. Values represent mean estimations. See appendix 1, 
table3 for details on the source of the ratios. 

Total mass (ton) Mass 2007/2008 
  max 2007 min 2007 max 2008 min  2008 min max 
Mg 5900 1400 1000 320 2.7 11 
Ca2+ 10000 2400 1900 590 2.7 10 
HCO3     1800 550     
Cl- 26000 6000 4300 1400 3.0 11 
SO4^2- 39000 9000 7900 2500 2.4 9.0 
Total ion content     15000 4700     
Na+ 16000 3600 3200 1000 2.4 8.7 
K+ 720 170 180 57 2.0 7.2 
Fe     0.15 0.05     
P (mineral)     0 0     
P (tot)     0.18 0.06     
NH4 5.2 1.2 10 3.2 0.26 0.94 
NO2     6.2 2.0     
NO3     7.4 2.4     
Cu 0.07 0.02 2.0*10^4 6.5E-05 170 620 
Zn     0.06 0.02     
Hg 0.00 0.00 1.5*10^-6 4.6E-07     
As 0.20 0.05 0.01 0.00 13 50 
Pb     0 0     
F     5.8 1.8     
oil products 0.31 0.07 1.5*10^-3 4.6E-04 105 390 
Phenols     0 0     
Surfactants     0       
α-HCH 7.8*10^-6 1.8E-06 7.1*10^-4 2.2E-04 0.005 0.020 
γ-HCH 7.8*10^-6 1.8E-06 2.1*10^-4 6.7E-05 0.018 0.068 
DDE     3.0*10^-5 9.2E-06     
DDD     8.0*10^-5 2.5E-05     
DDT 7.8*10^-6 1.8E-06 7.0*10^-4 2.2E-04 0.006 0.020 

 

4.3 Monitoring program analyzed in perspective of ISO-
standards 
The existence of two main basins and inflow/outflow points that are located close to 
each other reduce horizontal mixing in the Mejdurechye Reservoir (ISO, 1987). Spatial 
horizontal heterogeneity in can thus be expected. A smaller study, investigating the 
horizontal spatial variation regarding hydrochemistry is therefore recommended 
according to international standards (ISO, 1987). This implies evaluation of at least two 
sample sites, one in the northeastern and northwestern water basin respectively is 
sufficient for analysing horizontal spatial heterogeneity during low water levels (green 
#1 and red #2 in fig 3). During water levels above 55 m +BSL Mejdurechye Reservoir 
form two additional, less distinct, water basins. The sampling program can hence be 
expanded to include one additional sample site in the southwestern and southeastern 
basins respectively (green #3 and 4 in fig 3).  
    One sample at a depth of 1m is sufficient vertical spatial resolution in lakes shallower 
than 5m without stratification (ISO, 2006). Since the Mejdurechye Reservoir has been 
known to have vertical stratification during high water levels a preliminary depth-
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temperature investigation is recommended prior to sampling. In the case of stratification 
a depth integrated sample hypolimnion and epilimnion is recommended. At the sample 
site in the northeastern water body it is recommended to take both a surface sample and 
a sample at 1 m depth until a correction value for the historical measurements can be 
calculated. This is so that the two different sampling techniques can be compared and 
the resent monitoring series can be elongated.  
     Additionally, samples representative for the concentration in the water that flows 
through the Mejdurechye Reservoir inlet and outlet should be taken upstream 
respectively downstream of the Mejdurechye Reservoir. This so that mass flow 
calculations valuable for environmental monitoring are enabled. The inflow should 
ideally be sampled as two points; one in Kipchakdarya Channel (green #5, fig 2) and 
one in Amudarya (green #7, fig 2).  
     The outlet is well defined during normal conditions in the form of the dam 
controlling the outflow to Muynak and Rybachie Reservoir (fig.2), samples representing 
the outflow should be taken downstream of this dam. When sampling in a river or a 
stream one sample at a depth of 0.25 in the middle of the stream is usually sufficient 
(ISO, 2005).  
Sampling should be conducted 4-6 times annually when the lake is dimictic and if 
annual changes are of interest according to international standards (Swedish EPA, 
1996). This means that the historical pollutant measurements of 2-3 measurements/year 
do not provide sufficient accuracy with respect to annual means. If annual concentration 
means are of interest then the monitoring should at least be expanded to a winter 
campaign. One problem in having quarterly measurement, or even monthly, is that high 
flows tend to be missed. Jones (1997) recommends a sampling strategy proportional to 
flow rather than a random or regular strategy. This improves the accuracy of the results 
by 15-20%. Though flow proportional sampling may improve the accuracy but also 
decrease the statistical comparability and requires more capital- and human resources 
(Swedish EPA, 1985).  
    Flow (Q) measurements should also be conducted at the same sites as concentration 
measurements, enabling mass flow to be calculated as m=CQ, if environmental status is 
of interest. Accurate discharge measurements are far more important to properly asses 
the discharge rather than focusing heavily on water quality measurements when 
assessing pollutant transports (Bydénet et. al., 2003).  
Furthermore, accurate water level measurements could fairly easy be enabled to assess 
ΔS since there are stable constructions in the reservoir. E.g. the dam controlling the 
outlet can be used as reference point. This would of course only enable measurements in 
the northeastern water body during low water levels, the data should hence be 
complemented with water level estimations of the northwestern basin through e.g. geo-
referencing the shoreline. Another key uncertainty is the bathymetric chart where its 
projection method is needed to enable proper GIS-analysis.  
    Finally, the data synthesis shows that measured hydrochemical parameters often vary 
between campaigns, therefore it is recommended that a set of key parameters are 
identified as a base program which will increase the environmental monitoring 
capability. 
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5. Discussion 

5.1 Flows 
Most analyzed chemicals indicate improved environmental status since the summer 
campaign in 2007. Most important is that even though the water volume decreased with 
60-90% between 2007 and 2008, many elements and compounds have decreased in 
concentration. Considering that potential evaporation strongly dominates over 
precipitation, one can expect a large evapoconcentration of the chemicals present in the 
water reservoir. This is unless a large enough amount of water flows through the 
reservoir. Also, the only possible explanation for a decrease in concentrations is that the 
concentrations in inflowing water have decreased. All in all, this suggests an 
improvement in water quality since 2007 regarding the compounds that have decreased 
in concentration, especially since the estimated inflows are minimum values. If changes 
in water management strategies have been done during the last year, aiming at 
decreasing salt concentrations in surface- and groundwaters, then this may be an 
indication of success. It also indicates that the turnover time is short enough, at least 
during low flows, to flush the Mejdurechye Reservoir, thus avoiding aquatic 
environmental deterioration due to evapo-concentration. This is of importance of 
potential fish farming plans. The environmental status does however seem to have 
deteriorated over all in comparison with the period 2002-2008. Measurements are still 
to few to asses whether the improvement since 2007 is a trend shift or an anomaly. Iron, 
copper, oil products and phenols are among the elements that have improved shows a 
opposite, decreasing trend.  
Cadmium HCH-isomers and DDT and its derivatives show a strong negative trend since 
2007. DDT have for instance increased in concentration with a factor of approximately 
500. All of these compounds are however still well below the WHO human health risk 
guideline values for drinking water. The mass of these pollutants have increased in spite 
of the reservoir volume reduction; the behaviour of chloride concentrations indicates 
that evapoconcentration is not a plausible cause for any concentration increases.  
    The increasing ratio between DDT and ΣDDT since October 2007 suggests that new 
DDT is released. Hidden stocks have been pointed out as a potential risk for DDT still 
being used (Branger 2003). There are however indications that this is not the cause; the 
fact that and α-HCH (and to some extent Lindane) have increased with the same rate 
implies that there could be another cause. In any case, the fast increase in the rate 
DDT/ΣDDT is cause for worrying and research should be done to assess whether the 
source is surface- or groundwater.  
    Put in a larger context, results from such an analysis would give an indication as of 
whether this is a local or regional phenomena. High concentrations in inflowing surface 
water would imply that the leakage is upstream of the Mejdurechye Reservoir, which 
have the potential to affect more people. If the source is found to be the groundwater 
then the groundwater probably have even higher concentrations since it is diluted in the 
Mejdurechye Reservoir and measurements in well water of the people living in the 
vicinity should then analysed in order to assess human health risk. 

5.2 Future monitoring program 
Two main basins and two less defined basins have been identified in the Mejdurechye 
Reservoir. Previous campaigns (including the campaign here presented) have had all 
three sampling sites located in the northeastern water body. Higher resource efficiency 
can be reached if only sample site #2 is kept to represent the northeastern water body 
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and the freed resources are used to sample in the northwestern water body as well as 
upstream and downstream of the Mejdurechye Reservoir. This would increase the 
accuracy as well as allow for mass flow calculations.  
    The horizontal spatial heterogeneity caused by the two less defined southern basins 
may prove valuable to assess in a minor study during a limited set of time. The 
importance of a possibly heterogeneity does however depend on the long term goal of 
the monitoring. i.e. one may argue that they are of less importance if human health is of 
interest since most communities are located close to the northern shore and thus use 
water from the northern basins.  
    Regarding sampling inlets and outlets, representative for inflowing- and out flowing 
water, tree sample sites should ideally be sampled. One in Kipchakdarya and Amudarya 
(inlets), and one in the channel leading to Rybachie reservoir (outlet). However, due to 
the low accessibility to a sample site in Amudarya, priority should be given to sampling 
in Kipchakdarya (e.g. from the bridge at green #5 in fig) regarding the inlets. Data from 
UzHydromet from Kirziljar monitoring station can be used as complementary inflow 
concentration data to the extent that it is available.  
    A minimum of four sample sites with 5 samples are thus suggested. The fifth is a 
surface grab sample at sample site #2 that allows for comparability with previous 
measurements. Three additional sample sites can be added if higher horizontal 
resolution is wanted and resources are available. The suggested minimum of five 
samples mean that more samples are taken compared to in previous campaigns. Usage 
of above suggested sample strategy does however imply an increase in accuracy and 
information obtained by the campaigns.  
In terms of temporal resolution, it has been stated that flow proportional sampling 
improves the accuracy (Jones, 1997). Though it may improve the accuracy it also 
decrease the statistical comparability and requires more capital- and human resources. 
Additionally, concentration changes due to high flows are implicit in the mass balance 
model used in this thesis. A regular seasonal sampling strategy is therefore 
recommended. Also if annual mean concentrations are of interest, then a winter 
campaign needs to be added. It is recommended to expand the campaigns to include a 
winter campaign since accurate annual means increases the accuracy of temporal 
concentration/environmental status variation analysis.  
    Finally, which chemicals, and how many, that should be included in a base program 
depends on the long term aim of the monitoring. Different substances are to be 
prioritized depending on whether the main interest is e.g. the potential of fish farming, 
environmental status or human health. Suggested chemicals for the latter are nutrients, 
salts, organochloride pesticides as well as Ni, Mn, Cr, Cu and Pb which have been 
identified main human health hazards of concern (Thörnqvist, 2008). Cd should be on 
the list of priority substances considering its high concentrations during the latest field 
campaign (July 2008). 
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6. Conclusions 
Analysis of concentration ratios in the Mejdurechye Reservoir shows that the 
environmental status of the Mejdurechye Reservoir have improved concerning most 
chemicals during the period 2007-2008. The environmental status can however be 
considered to have deteriorated during the period 2002-2008 concerning most 
chemicals. The fact that chloride concentrations have remained at approximately the 
same level implies that the water flow through the Mejdurechye Reservoir is large 
enough to avoid evapoconcentrations during low water levels. This is important in 
developing water management strategies.  
    Furthermore there have been a large and rapid increase in concentrations of 
organochloride pesticides and cadmium. γ-HCH has increased with a factor of 150 and 
α-HCH and DDT with a factor of just below 500. Mass calculations show that the 
increase can not have occurred due to evapotranspiration. Since the ratio of DDT/ΣDDT 
have increased rapidly since October 2007 new DDT can be assumed to have been 
released or mobilize. Even though reservoir concentrations are still way below WHO 
human health guideline further research on surface- and groundwater is needed to 
investigate the implications of this on human health.  
Changes in salt concentrations and reservoirs water level were used to set up an annual 
water balance with estimated water in- and outflow. The results show a storage change 
(ΔS) amounting to -30 and a minimum outflow (Qout) amounting to 30 Mm3. Mean 
precipitation volume amounts to 10 Mm3 and mean evaporation to 70 Mm3. The mean 
inflow (Qin) amounts to 60 Mm3.  
This thesis has shown that volume change and salt concentrations can be used to enable 
mass flow analysis even when data availability is limited and when there is no in- or 
outflow. However, upstream- and downstream concentration and discharge 
measurements greatly increase the accuracy and potential of mass flow calculations. 
The usage of mass flow ratios as a method to approximate mass flows can however 
render statisfactory results for analysis of temporal change in environmental status. 
Also, ground water concentrations should ideally be taken into account in order to 
further complete the mass balance.  
In terms of the monitoring program, there are several improvements that can be made in 
order to increase accuracy and efficiency. The suggested changes are summarized 
below: 
 

• Do a smaller study analyzing the horizontal and vertical spatial variation.  
• Increase resource efficiency by reducing the sample sites in the northeastern basin 

to one sample site and ad sample sites representing the northwestern basin and in- 
and out flowing water. 

• Enable mass flow quantification by measuring discharge at the same sites as 
concentration measurements representing in- and out flowing water. 

• Use stable structures such as the dam controlling the outlet to estimate water level, 
enabling reservoir volume quantification 

• Ad winter measurements so increase accuracy in mean annual concentration 
estimates 

• Define the long term aims of the monitoring and identify key chemical parameters 
that are to be monitored, thus increasing the consistency in measurements and 
monitoring potential. 
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Appendix 1 
 
 
Level dS (m2) Sum S (m2) W (m3) Sum S (ha) W (Mm3) 

53 770,000 770,000 770,000 77 0.8 
54 16,900,000 17,600,000 9,980,000 1,760 10 
55 65,600,000 83,300,000 60,500,000 8,330 60 
56 108,000,000 192,000,000 198,000,000 19,200 198 
57 77,300,000 269,000,000 428,000,000 26,900 428 

Table 1: Modelled data regarding Mejdurechye Reservoir (from Schutter and Duchovny, 2003) 
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Figure 1: Relationship between water level and surface area, Mejdurechye Reservoir 

 

Mejdurechye, surface-volume relation
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Figure 2: Relation between water level and volume, Mejdurechye Reservoir 
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Figure 3: Bathymetric chart of the Mejdurechye Reservoir from Shutter and Dukhovny (2003) 

 

 
Figure 4: Left: Two peninsulas have been formed in the northwestern corner of Mejdurechye due to low 
water levels. The peninsulas do not concur with the bathymetric chart. Right: The remaining water body 
during low water level, the water body do not concur with the bathymetric chart. The images are not 
properly geo-referenced but have been overlain and adapted to fit in an image processing program 
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Figure 5: Satellite image of Mejdurechye during drought, date is unknown (Google maps, 2008) 

 

  
Figure 6: Images of Kipchakdarya, close to the main inlet to Mejdurechye. The images are from July 
2007 (left), and July 2008 (right). The boat in the right picture can be seen in the background in the left 
picture. 

 
Scenario Max area Min area 

 (2008+1.0m) 78,480,865 45,230,412
 (2008+0.5m) 38,615,850 18,229,806

2008 14,531,346 4,609,711

Table 2: Calculated surface area [m2] of Mejdurechye during summer measurements. Four scenarios 
were postulated for July 2007 based on minimum and maximum estimations of July 2008 water level 
estimates 
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Appendix 2 
 
Hydrochemical data, Mejdurechye 1989-2008 
 

Year 1989 1993 
Month 7 9 7 9 

Site inflow 
Catastrophic 

outflow 
Catastrophic 

outflow 
inflow, canal 

Glavmias 
α-HCH µg/l 0.048 0.223 0.222 0.093 
γ-HCH µg/l 0.089 0.067 0.0334 0.0135 
DDE µg/l 0 0.58 0.67 0.021 
DDD µg/l 0.107 0.103 0 0 
DDT µg/l 0.174 0.375 0.415 0.046 
DDT+DDE+DDD 0.281 1.058 1.085 0.067 
Cd μg/l         
Mn μg/l         

 
Year 2002 
Month 4 7 9 

Site 
inflow, 
Kipchakdarya 

inflow, 
Kipchakdarya   

inflow, 
Koksu 
Chanel 

Outflow, 
Marinkin 
Cha0el 

inflow, 
Kipchakdarya 

Visability (cm) 22 6 12 18 19 17 
pH 7.7 8.3 8.3 8 7.9 7.9 
Temperature (°C) 10 25.1 25.7 20.2 20.1 19.8 
O2 mg/l 10.6 10 10.2 10.3 10.9 11 
Mg mg/l 126 32.8 23.1 32.8 30.6 46.7 
Ca2+ mg/l 172 116 80.2 90.2 88.2 108 
HCO3 mg/l 104 255 191 113 122 140 
Cl- mg/l 574 99.3 83 117 114 142 
SO4^2- mg/l 816 307 230 250 240 346 
Hardness meq/l 19 8.5 5.9 7.2 6.92 9.2 
Miniralization mg/l 2174 954 730 683 674 885 
Conductivity 10^-4 cm/cm   1400 940 1200 1200 1500 
Na+ mg/l 372 120 106 77.6 77.2 100 
K+ mg/l 10 4 3 2 2 3 
Si mg/l 2.2 0.8 0.9 1.7 1.7 2.2 
Fe  μg/l 0.1 0.04 0.03 0.01 0.01 0.02 
COD mgO/l 30.2 6.4 6.4 22.8 22.4 32 
BOD5 mg 4.9 0.85 0.84 1.14 1.12 1.6 
P (mineral) mgP/l 0.05 0.01 0.01 0.062 0.058 0.063 
NH4 mgN/l 0.03 0.04 0.03 0.04 0.01 0.09 
NO2 mgN/l 0.006 0.004 0.003 0.002 0.002 0.002 
NO3 mgN/l 0.22 4.6 3 2.48 2.31 2.42 
Cu μg/l 0.001 0.002 0.001 0.001 0.001 0.001 
Zn μg/l 4 5 4.9 3.8 3.8 3.8 
Ni μg/l 0 0 0 0 0 0 
As μg/l             
Pb μg/l 0 0 0 0 0 0 
Cr (tot) μg/l 0 0.001 0.001 0.003 0.002 0.004 
Oil products mg/l 0.01 0.01 0     0.03 
Phenols  mg/l 0.001 0.002 0.001 0.001 0.001 0.002 
Sediment content mg/l 0.9 57 30 30   36 
γ-HCH µg/l 0 0 0 0 0 0 
DDT µg/l 0 0 0 0 0 0 
Cd μg/l 0.13 0.17 0.16 0.24 0.24 0.26 
Mn μg/l 0.003 0.004 0.004 0.01 0.01 0.03 
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Year 2003 
month 4 8 11 
Date                     

Site inflow middle outflow middle outflow inflow 
inflow, canal 
Glavmias inflow middle outflow 

Visability (cm) 21 21 21 14 13 18 14 18 20 13 
pH 8.8 8.2 8.5 7.03 6.73 6.79 6.54 7.38 5.96 6.26 
Temperature (°C) 12.9 12.7 12.9               
Eh (mb) 253 237 217 285 239 239 281 191 241 246 
O2 mg/l 11.16 11.97 10.61         12.9 14.7 11.6 
O2 % 103 111 98               
Mg mg/l 68.1 37.69 52.29 40 38 32 62 52 54 54 
Ca2+ mg/l 112 88.18 94.19 92 92 92 148 106 110 106 
HCO3 mg/l 142 137 139 143 145 136 214 122 126 126 
Cl- mg/l 169 113 132 156 148 147 326 225 230 225 
SO4^2- mg/l 528 442 480         415 537 394 
Hardness meq/l 11.2 7.5 9 7.9 7.7 7.2 12.5 9.6 9.9 9.7 
Miniralization mg/l 1329 926 1091 841 858 826 1383 1019 1029 999 
Conductivity 10^-
4 cm/cm 2127 1481 1745 1345 1372 1372 2212 1631 1646 1598 
Na+ mg/l 314 210 240         178 186 166 
K+ mg/l 5 4 4 4 4 4 6       
Si mg/l 0.62 0.28 0.32 2.54 1.89 2.38 3.53 0.6 0.26 0.51 
Fe  μg/l 0.02 0.01 0.01 0.06 0.05 0.05 0.05 0.01 0.01 0.01 
COD mgO/l 46.4 32.4 43.5         62 62.3 62.1 
BOD5 mg 0.76 0.87 0.62         1.78 2.78 2.19 
P (mineral) mgP/l 0.002 0.002 0.002 0 0.002 0.002 0 0.008 0.004 0.006 
P (tot) mgP/l 0.01 0.01 0.006 0.006 0.002 0.002 0.004 0.014 0.016 0.01 
NH4 mgN/l 0.02 0.05 0.05 0 0 0 0 0.06 0.01 0.034 
NO2 mgN/l 0.005 0 0.002 0.004 0.004 0.003 0.005 0.002 0.002 0.002 
NO3 mgN/l 0.31 0.02 0.08 0.01 0.01 0.01 0.01 0.2 0.07 0.09 
Cu μg/l 1.6 6.7 0 0.61 0.75 0.75 0.21 0 0 1.21 
Zn μg/l 2.2 0 2.3 3.14 16.42 16.42 2.9 58.5 55.65 37.43 
Pb μg/l       0 0 0 0       
Cr6+ µg/l 3.7 3.6 3.4 0 0 0 0 0 0 0 
Cr3+ μg/l       3.2 2.9 2.9 0       
Cr (tot) μg/l               2.2 2.2 3 
F mg/l 0.41 0.16 0.32 0.5 0.32 0.32 0.33 0.11 0.19 0.1 
Oil products mg/l 0.03 0.04 0.05         0 0 0 
Phenols  mg/l 0.001 0 0.02 0.03 0 0 0.007 0 0 0 
Sediment content 
mg/l 9 8 7 51 69 34 51 26 12 57 
α-HCH µg/l 0 0 0 0 0 0 0 0 0 0 
γ-HCH µg/l 0 0 0 0 0 0 0 0 0 0 
DDE µg/l 0 0 0 0 0 0 0 0 0 0 
DDD µg/l 0 0 0 0 0 0 0 0 0 0 
DDT µg/l 0 0 0 0 0 0 0 0 0 0 
Cd μg/l       0 0 0 0       
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Year 2004 
Month 4 8 10 
Site inflow outflow inflow middle outflow inflow middle outflow 
Visability (cm) 21 20 20 13 26 21 26 18 
pH 7.25 6.6 7.4 7.6 7.5 7.2 7.4 7.7 
Eh (mb) 243 257 218 223 236 212 215 229 
Mg mg/l 61 63 46 50 49 49.9 45.3 49.9 
Ca2+ mg/l 112 120 70 76 74 100 104 104 
HCO3 mg/l 134 146             
Cl- mg/l 251 277 142 144 142 191 184 188 
SO4^2- mg/l 538 538 237 355 327 341 317 293 
Hardness meq/l 10.6 11.2 7.3 7.9 7.7 9.1 9 9.3 
Miniralization mg/l 1165 1254 815 824 802 998 995 1011 
Conductivity 10^-4 cm/cm 1864 2007 1304 1318 1283 1596 1592 1617 
Na+ mg/l     140 139 134 62.1 58.3 48.3 
Si mg/l 0.06 0.13 0.81 1.18 1.92 0.72 0.72 0.71 
Fe  μg/l 0 0.01 1.12 0.01 0.01 0 0 0 
COD mgO/l 50.8 53.9 37.4 40.4 42.1 50.6 45.6 49.1 
P (mineral) mgP/l 0.001 0.003 0.005 0.007 0.004 0 0.001 0.001 
P (tot) mgP/l 0.002 0.003 0.005 0.01 0.01 0.02 0.004 0.01 
NH4 mgN/l 0.13 0.11 0.1 0.11 0.16 0.18 0.09 0.15 
NO2 mgN/l 0.002 0.002 0.068 0.037 0.059 0.01 0.001 0.001 
NO3 mgN/l 0.04 0.14 0.26 0.2 0.14 0.05 0.02 0.01 
Cu μg/l 0 0.84 0 1.4 1.2 0 0.08 1.7 
Zn μg/l 0.62 4.12 2.6 3.8 2.8 1.1 2.6 3.2 
Hg μg/l 0 0 0 0 0       
Pb μg/l 0 0 0 0 0 0 0 0 
Cr6+ µg/l 0 0 0 0 0 0.7 2.2 2.7 
Cr (tot) μg/l 0 0 2.3 1.9 2.4 0 0 0 
F mg/l 0.26 0.26 0.4 0.6 0.54 0.19 0.16 0.18 
Oil products mg/l 0 0             
Phenols  mg/l 0 0             
Sediment content mg/l 4 13 8 66 43 6 37 24 
α-HCH µg/l 0 0 0 0 0 0 0 0 
γ-HCH µg/l 0 0 0 0 0 0 0 0 
DDE µg/l 0 0 0 0 0 0 0 0 
DDD µg/l 0 0 0 0 0 0 0 0 
DDT µg/l 0 0 0 0 0 0 0 0 
Cd μg/l 0.88 6.88 0 0 0 0.4 0 0.3 
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year 2007 
month 7 10 
date 15 15 15 15 15 15 
Site inflow middle outflow inflow middle outflow 
Depth of sampling 0.1 0.1 0.1 0.1 0.1 0.1 
pH 7.94 7.54 7.84 7.82 7.92 7.84 
Temperature (°C) 27.2 27.5 27.3       
Mg mg/l 68.09 83.90 72.96 82.08 82.08 82.08 
Ca2+ mg/l 136.3 130.3 128.3 100 95.2 95.2 
HCO3 mg/l       122 126 126 
Cl- mg/l 327.9 332.8 326.4 285 277 276 
SO4^2- mg/l 489.5 509.6 485.1 438 436 424 
Hardness meq/l       11.75 11.5 11.5 
Miniralization mg/l       1207 1197 1177 
Conductivity 10^-4 cm/cm 2340 2360 2330       
Na+ mg/l 207.7 192.4 198.0 178 179 173 
K+ mg/l 9.0 9.2 9.2 12 12.8 12.4 
Si mg/l       1.15 1.11 1.19 
Fe  μg/l       0 0 0 
P (mineral) mgP/l       0.048 0.009 0.009 
P (tot) mgP/l       0.048 0.01 0.012 
NH4 mgN/l 0.09 0.04 0.07 0.11 0.12 0.09 
NO2 mgN/l       0.048 0.009 0.006 
NO3 mgN/l       0.38 0.18 0.19 
Cu μg/l 1.28 0.74 0.63 0.39 0.77 0.33 
Zn μg/l       0.88 1.35 0.24 
Hg μg/l 0.00 0.00 0.00 0 0.001 0.001 
As μg/l 2.5 2.5 2.5 0 0 0 
Pb μg/l       0 0 0 
Cr6+ µg/l       0 0 0 
Cr (tot) μg/l       1.15 1.3 1.05 
F mg/l       0.62 0.56 0.52 
Oil products mg/l 0.00 0.00 0.01 0 0 0 
Phenols  mg/l       0 0 0 
α-HCH µg/l 0.00 0.00 0.00     0.0026 
γ-HCH µg/l 0.00 0.00 0.00     0.0138 
DDE µg/l           0.0019 
DDD µg/l           0.0012 
DDT µg/l 0.00 0.00 0.00     0.0012 
Cd μg/l       0 0 0 
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year 2008 
month 5 7 
date 25 14 

Site inflow middle outflow inflow middle outflow 
middle, 
shallow 

Depth of sampling 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
pH 6.63 7.37 7.3 7.75 7.82 7.9 7.92 
O2 mg/l 45.6 35.6 23.5 34 14.28 8.67 8.67 
Mg mg/l 66.9 49.6 57.2 72.11 71.5 64.45 70.53 
Ca2+ mg/l 110.2 94.2 58.1 132.66 124.65 124.25 130.26 
HCO3 mg/l 56.42 61 32 118.34 122 122 115.9 
Cl- mg/l 260.2 180.8 158.5 303.72 299.33 279.31 302.75 
SO4^2- mg/l 504 352 173 546.1 553.8 507.3 553.8 
Hardness meq/l 11 8.8 7.6 12.55 12.1 11.5 12.3 
Miniralization mg/l 1183 848 502 1033 1024 966 1036 
Conductivity 10^-4 cm/cm 2014 1581 1453 2090 2050 1940 2070 
Na+ mg/l 186 110 23.9 211.2 225 227 219.9 
K+ mg/l 6.3 11.6 7.6 12.7 12.4 12.1 12.6 
Si mg/l 0.002 0 0         
Fe  μg/l 0 0 0 0 0 0 0 
P (mineral) mgP/l 0.005 0.007 0.003 0 0 0 0 
P (tot) mgP/l 0.05 0.011 0.022 0.012 0.013 0.01 0.014 
NH4 mgN/l 0.53 0.39 0.429 0.62 0.642 0.651 0.859 
NO2 mgN/l 0 0 0 0.677 0.674 0 0.355 
NO3 mgN/l 0.109 0.032 0.033 0.748 0.802 0.075 0.425 
Cu μg/l 0.00448 0.0065 0.00463 0.00662 0.00968 0.0118 0.02788 
Zn μg/l 2.75 2.19 0.33 4.96 6 3.54 2.56 
Hg μg/l 0 0 0 0 0 0 0 
As μg/l       0 0 0 0 
Pb μg/l 0 0 0 0 0 0 0 
Cr6+ µg/l 0.4 0.3 0.4         
Cr3+ μg/l 2.1 2.1 2.8         
F mg/l 0.19 0.24 0.22 0.39 0.4 0.4 0.4 
Oil products mg/l 0 0.0004 0 0 0 0   
Phenols  mg/l 0 0 0 0 0 0 0 
α-HCH µg/l 0.013 0.011 0.033 0.027 0.087 0.023 0.057 
γ-HCH µg/l 0.03 0.028 0.048 0.023 0.01 0.015 0.01 
DDE µg/l 0.004 0.006 0.008 0.002 0.002 0.002 0.002 
DDD µg/l 0.003 0.002 0.003 0.007 0.006 0.004 0.005 
DDT µg/l 0.016 0.019 0.033 0.064 0.061 0.04 0.028 
Cd μg/l 0 0 0 3.52 3.74 3.34 4.44 
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