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ABSTRACT: With climate change and the aridization of the territories of the Central Asian region, inevitably 

increasing the burden on surface waters. Especially both in terms of water scarcity, so reuse and saturation with various 

chemical elements, often of man-made origin. Ultimately, it will lead to unavoidable consequences for public health. At 

the moment, in connection with climate change and urbanization processes, population growth and increased processes 

of anthropogenic activities, the impact of the agricultural load on water resources, as well as its quality, is being 

considered. Studying the impact of water quality on public health is necessary to directly predict the real health effects 

of water pollution on human health over the near and distant future. The state of health of the population is a reflection 

of a complex set of phenomena in the environment. The process of its formation is influenced by a number of 

biological, socio-economic, man-made, natural-climatic and other factors. The most industrially developed in 

Uzbekistan is the Tashkent region and studies show that its territory has the highest levels of pollution due to man-

made activities. Hydrochemical analysis of surface watercourses of the Tashkent region, basins of the Chirchik river 

has been carried out and apparent the territorial features of the spread of morbidity in the administrative regions of the 

Tashkent region. The statistical and multifactorial analysis was carried out to identify possible links of disease risk 

from hydrochemical characteristics of watercourses. The use of nozogeographical analysis and the identification of 

possible links between surface water chemistry and public health will allow monitoring and predicting the spread of 

certain types of diseases and applying preventive measures to reduce the risk of impact, and as a result, increase 

environmental safety. The results of the scientific analysis will allow applying the model of research to other areas of 

the republic.  
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I. INTRODUCTION 

 

The problems of the human relationship with the environment have attracted attention since historical times. 

The relationship between humans and their environment was particularly deeply investigated due to the risk of various 

diseases. According to available data, the term "Medical Geography" (more MG) was proposed by the Italian physician 

Bernardino Ramazzini (1633-1714). However, as an independent science, it took shape in the mid-19th century. 

Among other scientists who worked in the field of MG, we can mention the names of S.M.Malkhazova (2005-2019)[1], 

S.A.Kurolap (2000-2017)[2], A.S.Saliyev (1994)[3], N.K. Komilova(2012)[4] and others. In particular, in 2012 N.K. 

Komilova[4] considered the territorial analysis of the medical conditions of Uzbekistan and the health problems of the 

population. Scientists geographers, ecologists, physicians, biologists, and hygienists confirm the heterogeneity of the 

natural environment, which necessitates comprehensive and systematic research, based on nozogeography and analysis 

of the ecological condition of the territories  R.M.Razakov[5], A.A.Rafikov(1990)[6]; O.A.Ataniyazova(2007)[7], 

T.I.Iskandarov (2016)[8]). Geographical problems of public health, urban environmental research were highlighted in 

the works of H.T. Tursunov (1994)[9], I.R.Turdymambetova (2005)[10], M.O.Hamroev 2009[11] 

In the arid climate of Central Asia, water resources are a key factor in maintaining a sustainable natural 

equilibrium of natural ecosystems of the socio-economic natural equilibrium of natural ecosystems of social-economic 

development in any part of the regions. One of the acute environmental problems is the problem of freshwater. 
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Groundwater plays an important role in the water supply and ecology of arid and semi-arid areas. The quality of 

groundwater is essential to sustain life in the region, and the amount of available clean water in the region is gradually 

decreasing due to its extensive use. Groundwater is controlled by natural and anthropogenic factors, such as geological 

structure, composition of precipitation [12]. In recent years, the country has experienced severe water shortages, which 

in turn have a negative impact on food and public health[13]. The proportion of human pollutants entering water 

facilities is provided as follows[14].The largest share of pollutant inflows to surface waters is in agriculture, which is 

93 percent, then other sectors of economy.Water resources are the main component of the sustainable development of 

Uzbekistan's economy, most of which is located in an arid climate.  Observed global climate change can lead to 

changes in the current balance of the climate system - water resources, in general to changes in the characteristics of the 

hydrological cycle. In these circumstances, the assessment of the water resources emerging from the rivers of the Aral 

Sea basin and the changing characteristics of the hydrological cycle due to climatic and man-made factors are 

particularly relevant.[15] Changes in water formation and hydrological regimes have a strong impact on the pace of 

economic development, vitality, environmental management, environmental and food health and health, especially in 

rural areas.[16] 

Changes in water resources and hydrological characteristics are determined by two main factors: changes in 

climatic characteristics and human economic activity. Widespread quantitative and qualitative changes in the formation 

of natural surface water in the runoff consumption zone due to their regulation and pollution predetermined 

anthropogenic metamorphosis or degradation of most water and associated terrestrial ecosystems.[17] 

The ongoing climate change, combined with man-made stress, is causing additional negative trends in aquatic 

ecosystems, disrupting their unsustainable ecological balance, reducing or losing their biosphere and social functions. 

Pollution and water scarcity have a significant impact on public health. The quality of freshwater coming from 

mountainous areas is very high, they are virtually uncontaminated and their mineralization is very small.[18-23] 

However, as the water goes down, the water quality deteriorates dramatically. Most rivers in the region have 

increased mineralization of water in the middle and lower currents- from 1-1.5 g/l in the average current to 2 g/l or 

more in the lower reaches.[24] 

In some places in rural areas, sewage is still used, rather than tap water. People continue to use cesspool. In 

Chigirik, Tashkent, untreated sewage continues to be discharged into the river. In the area of sewage discharge from 

Bektemir wastewater treatment plants in the Chirchik River. It was noted that the drains descend into the river with a 

strong smell and very frothy, which indicates the presence of SPAV - synthetic surface-active substances. They are part 

of municipal and industrial wastewater. SPAV is considered one of the most harmful pollutants of the aquatic 

environment. Getting to the city treatment plants, makes it difficult for the sediments to work, reducing their efficiency. 

Similarly, at the “Salar Aeration Station”. Experts say that the reason is in those untreated drains, which are dumped by 

uncontrolled enterprises of small and medium-sized businesses[25]. 

Characteristically, all of the above studies in other countries indicate the need for in-depth studies of the 

impact of pesticide pollution on human health.Different types of agricultural production increase the risk of nitrogen 

compounds entering groundwater. The impact of water quality on human health is directly related to the effectiveness 

of existing preventive measures to protect water bodies from pollution and the way drinking water is cleaned. In our 

opinion, in the Tashkent region, which is characterized by a large man-made load (a large number of industrial 

enterprises, cities, farmland, livestock farms, capture fishery etc.), in addition to environmental factors that influence 

impact on the nozogeographical situation, the most important component of the natural environment - water resources - 

comes to the fore.[26]. Based on the above, we can see that the health of the population is very urgent and complex 

problem which was solved and investigated by scientists of different fields. 

 

II. MATERIALS AND METHODS 

 

Preliminary inventory. In the 1920s, after the state self-determination of the Central Asian republics, a unified 

system of observations, dissemination, and publication of data, as well as a system of Hydrometeorological forecasting, 

remained. The maximum number of Hydrometeorological stations and points was in the 1980s. Subsequently, the 

number of points and the volume of observations began to decrease. However, even during the period of greatest 

development, the observation network of Uzbekistan, as well as other republics of the region, was not dense enough. 

Currently, in the research work we were monitored(inTable 1) Chirchik watershed where observed 12 

hydrochemical points. The number means point of observation.  
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Table 1. The name of  observed posts in Chirchik watershed. 

 

№ Chirchik river 

I.  89. Chirchik river, Gazalkent 

II.  90. Chirchik river, Gazalkent 3.5 below town 

III.  91. 25 km above wastewater discharges of the Chirchik transformer plant 

IV.  92. 3 km below the wastewater discharge "Electrokhimprom" plant 

V.  93. Troitssky target 3 km below the sewage discharge "UzKTZhM" plant 

VI.  94. Chirchik river, Tashkent cityis 1 km away 

VII.  95. In the city, 3 km below the wastewater discharges of the Sergelian KSM 

VIII.  97. Chirchik river, Novomihaylovka 1.6 km below of the village 

IX.  98.,Chirchik river, city Chinaz 

X.  101. Pskem river, village Mullala, point 01. 7 km below 

XI.  106. channel. Salar, city Yangiyul (below City) point 02. 4 km to South-West 

XII.  109. channel. Karasu (right-bank), city of Tashkent (station 01 km above the 

city 

 

Points in the Chirchik Basin was selected for the hydrochemical study. We created a database on 

hydrochemical indicators, 12 posts of the Chirchik basin. Then, using a statistical method, the data on the anion and 

cation group, as well as mineralization, were summarized.  The task was taken into account the values of changes in the 

amount of water mineralization, the content of the main ions, organic substances, dissolved gases and trace elements at 

observation posts. Data from the hydrochemical composition of surface watercourses (chlorine, calcium, magnesium, 

hydrocarbons, magnesium, sodium, sulfate and general mineralization) were compared with statistics of the total 

incidence of the rural population. 

The salt composition of the natural waters was identified by the cations of Ca
2
, Mg

2
, Na

2
, K and Anions of 

HCO
-
, CL

-
, SO4

-2
, NO

-2
, NO

-3
. According to these chemical elements and determined the chemical type of water[28]. 

The amount of chlorine-ion, sulfate ions, and hydrocarbon ions reach large values, so determine the chemical type of 

water. According to the prevailing anion, the Сhirchik riveris divided into three classes: hydrocarbonate, sulphate, and 

chloride[29]. The waters of each class are divided into three groups, calcium, magnesium, and sodium. In terms of 

water severity. 

 

III.RESULTS AND DISCUSSION 

 

According to National Standard (GOST 4151-72), the total water hardness should not exceed 7 mg/l. Very soft 

- until 1,5  mg/l, soft-1,5 mg/l, мoderately hard-3-6 mg/l, hard- 6-9 mg/l, very hard-9 mg/l. According to National 

Standard Drinking water should contain a mineralization of 1000 mg/l, sulfates -100 mg/l, chlorides 300 mg/l, calcium 

180 mg/l, sodium 120 mg/l. Have a hardness of 7 mg/l. [30] According to the assessment of polluted surface water 

according to Uzhydromet standards.  Usually, the composition of water in the Tashkent region according to the anion is 

sulfate and chloride. Sulfate waters with a salinity of 5680 mg/l are scattered at certain points of the flat areas[31,32,33] 

Based on the database on surface water mineralization of the Chirchik basins, a map was drawn using GIS 

tools for 2004(Figure.1). Using this method, histogramm were created for the entire period from 2004 to 2016 year as 

with mineralization and with other chemical elements as well,for instance with Ca
+2

. 
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Figure1.Histogram of calcium hydrochemical posts for 2004 in the Chirchik river. 

                  
 

To analyze the risks to public health (Figure.2), nosogeographicstudies were conducted based on statistical 

materials in the Tashkent region on each administration region. In this figure, we show the types of diseases for 2012. 

We also consider elements that may affect the occurrence of these diseases. For example, we compared the statistics of 

the types of diseases for 2012 and the data of chemical elements for the same period. Thus, exploring the relationship 

of chemical elements in water and the spatiotemporal distribution of diseases. To compare chemical elements with 

diseases, 7 types of diseases were selected. This is infectious parasitic, metabolism and endocrine glands, organs 

producing blood and affecting immune mechanisms, blood circulatory system,    digestive system, genitourinary system, 

neoplasms. The distribution of the number of total morbidity by districts of the Tashkent region for the period 2004-

2016 were loaded to data.  

 

Figure2. Total morbidity of the Tashkent region for the period 2012. 

 

           
 

According to our observations,(Figure 3) in the upper sections in the formation zone of the Chirchik river, 

mineralization is low since this is meltwater and does not have any impurities of elements and mineralization is very 

small. In the lower sections of the Chirchik River, at the mouth it this situation is the opposite. In these areas, the river 

is very high mineralization. In the middle of the river, it was noted that the mineralization readings were average. We 

compared two sections of the river and the incidence of the population. That revealed there is a connection, both of 

these sites showed a higher incidence of the population than in the middle of the Chirchik river section. We can say that 

the rural population located in the upper parts of the mountains suffers from a lack of necessary elements in the water. 

As well as the population located in the lower sections of the river that suffer from an excess of mineralization in the 

water. The color brightness indicates areas with a high incidence across the territory corresponds to a larger number of 

recorded cases. 
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Figure. 3. Comparison of mineralization and the total number of diseases along the Chirchik river. in the 2004 year. 

 

                
 

The territories most at risk of increasing the general morbidity of the population were identified: - maximum 

disease risk values in Tashkent, Zangiatinsky, Yangiyul, and Chinaz districts, the average risk of morbidity in Kibray, 

Yukarichirchik, Urtachirchik, Kuyichirchik, Akkurgan, Bukinskiy regions.This is due to the geographical location of 

the areas. Mountain and foothill areas are far from industrial zones and areas of dense agricultural use and are located 

in the upper reaches of rivers. In the middle and lower reaches of Chirchik, the population is forced to use water from 

sources already saturated with chemical elements, but not exceeding the threshold value (PDK)1. In areas close to the 

Tashkent metropolitan area and industrial centers, the risk of morbidity from the concentration of harmful substances 

increases. 

Using this method, we were comparison of mineralization and the total number of diseases along the Chirchik 

river, also for the entire period from 2004 to 2016 year.  

Conducting regular monitoring of the hydrochemical state of surface watercourses, it is possible to assess the 

risk of the health status of the population living in the Tashkent region. 

Studies of the major ions have been used to identify the hydrochemical facies of the water. Several researchers 

have evaluated the groundwater chemistry and consider hydrogeochemical processes by developing geochemical 

modelling and adopting graphical methods for the interpretation of water quality indices [34, 35,36]. In recent years, 

we used to  statistical data and Geographical Information Systems (GIS) [37,38] have been applied to detect important 

information from the hydrogeochemical data in complex systems. This multidisciplinary approach will be useful to 

identify and locate different physiochemical processes in the groundwater in complex aquifers. The combination of 

hydrogeochemical tools and statistical analysis is applied to investigate the properties of groundwater among the 

sampling sites. The application of GIS provides a unified way to represent the physiochemical characteristic in a 

specific area, as well as the presentation of spatial distribution of groundwater hydrochemistry parameters in the 

thematic maps. [39] 

In connection with the observed climate changes, which directly lead to the risk of an increase in the number 

of diseases associated with hydrochemical changes in surface watercourses and a change in the hydrological regime, 

there are also high risks of an increase in the total incidence rate. The hydrochemical indicators of rivers and canals 

flowing through the territory have particular importance for the rural population. In the absence of a water supply 

system in rural areas, residents use water directly from rivers, canals, irrigation ditches, springs, open wells, and 

shallow wells. The hydrochemical composition of the consumed water has its own characteristics at each point in space 

and has some effect on the state of public health. 

Medical research has established some facts on the effect of chemical elements on human health. Chemical 

models showed that thevital elements calcium, sodium, potassium, magnesium and sulfate ion are in chemical forms 

                                                 
1Hygienic criteria and water quality control of the centralized systems of economic drinking water supply of the population 
of Uzbekistan, №0211-06, 01 june 2006. 
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that are favorable for human health (Ca, Na, K, Mg, SO4
2-

) [40]. Having determined the territorial distribution of 

morbidity, it is possible toconduct special medical studies to identify the main causes of the occurrence and spread of 

certain types of diseases and determine the causes of their occurrence and develop methods for their 

elimination[41].Food requirements have a profound effect on the intake of both macro- and micronutrients, including 

trace elements, and therefore far-reaching consequences to health[42]. In future knowing the pathological level of 

carcinogenic loads coming through the water, air and food products, highlighting priority risk factors, taking into 

account the order of their significance in the occurrence of cancer, it is possible to build multi-component models for 

predicting the development of diseases on localization[43-46]. 

The study was also conducted with the chemical elements of the anion group and the cation group, using the 

example of calcium at the posts of the Chirchik Basin was made a statistical analysis of the amount of calcium in the 

water from 2004 to 2016, and then built a graph. On the graph, you can see that the amount of calcium in the water 

during this period fluctuated strongly.  Figure. 4. It can be concluded that during this period the amount of calcium in 

the water was not enough, (threshold level value 180 mg/dm3). On the graph, the minimum indicator is 15 mg/dm3 in 

2010 and the maximum indicator is 120 mg/dm3 in 2007 year. A graph was built and then was compared  calcium with 

diseases. 

Figure 4.The graph of calcium for 2004-2016 year. 

 

                           
 

A map with a calcium histogram has been built with the help of GIS tools. And analyzing it can be said that in 

the observed posts at the beginning of the river the amount of calcium in the water was very small, and in the lower part 

of flow the amount of calcium increased significantly (threshold level value 180 mg/dm3 marked in red columns). The 

most stable indicators in observation posts were in the middle of the riverbed. Figure. 5 

Figure 5. Spatio-temporal distribution of calcium over 2004 -2016 year 
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The most common mineral element in the human body is calcium. In the body of men and women, about 1200 

and 1000 were found.[47] More than 99% of the calcium is in the bones. It plays an important role in many 

biochemical and physiological processes.[48-50] The climatic and geographical conditions of forming drinking water 

and its mineral composition affecting the occurrence of dental caries and periodontal diseases.  Thus, at present, there is 

a need to study the relationship between the chemical composition of drinking water and the illness, in our situation -of 

caries.  It is well known that a lack of calcium in water leads to an increased incidence of dental caries. Dental damage 

also depends on the presence of trace elements that contain synergists, as well as on antagonists: copper, zinc, 

vanadium, manganese, strontium, titanium, chromium, molybdenum, cobalt, nickel, aluminum [51-53].  

Calcium deficiency can develop under the following conditions: a lack of calcium in the body (starvation, 

exclusion from the use of dairy products), profuse sweating, pregnancy and breastfeeding of women, as a result of 

impaired absorption of calcium during unbalanced nutrition, strict vegetarianism), impaired formation of active forms 

of calcium.[48,51] 

Hypocalcemia[50] is observed with insufficient absorption of calcium as a result of diseases of the digestive 

system (enteritis, impaired exocrine function in case of stomach damage, bile secretion in diseases of the biliary tract, 

etc.). With excessive consumption of calcium and calciferol, preparations or excess of calcium in drinking water can 

develop with hypercalcemia[50,54,-56], taking into account the following symptoms: loss of appetite, thirst, nausea, 

risk, weakness, cramps, azotemia. Possible deposition of calcium in the internal organs (especially the kidneys), 

muscles, blood vessels.[51-53,57] 

Geographic differences in the structure of morbidity. Figure 7.  and life expectancy at the global, regional and 

national levels are also due to the territorial variability of the impact of natural and socio-economic factors on public 

health. 

Based on the work done, a map was created to compare the data with mineralization and the number of 

common diseases. The gradation of color starts from light to dark, which means that with the increase in the number of 

diseases in administrative areas, the color becomes darker. In the formation zone, the upper parts of the river 

mineralization are very small than in other parts along the length of the river. There are Pskem and Bostanlik districts, 

where the total number of diseases is much higher than in other areas. This shows that in this mountainous area small 

mineralization can also be the cause of an increase in the incidence of disease due to the lack of necessary elements in 

the water consumed. 

In the middle channel of the river, the Kibray, Parkent, Yukorichirchisk districts are stable and are stable in 

terms of mineralization and general indicators of the number of diseases. In the lower reaches of the river in the 

Yangiyul and Chinaz regions, one can see greater mineralization and again an increase in the number of general 

morbidities. 

Figure.7 Comparing water mineralization and thenumber of general morbidities. 
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Concluding, it can be said that in the upper parts of the river mineralization is very small, and in the lower 

parts of the rivers mineralization is very increased. Therefore, a lack or lack of necessary elements in the water leads to 

an increase in the number of diseases. 

IV.CONCLUSION 

 

Based on the work carried out, it can be said that the health of the population is affected by both the excess of 

mineralization and chemical elements and the lack of them in the water. The most comfortable location of settlements 

in the Tashkent region is in the middle of the river, where the state of settlements and the risks of disease growth are 

stable. In the middle of the river, the chemical elements in the water are quite stable, so the increase in the number of 

diseases is also proportional to this. 

In the Tashkent region, the observed points that are located in the upper reaches of the rivers are also prone to 

disease risks. Human settlements are vulnerable to an increase in the number of diseases due to the lack of chemical 

elements in the water in the river formation zone. To prevent an increase in the number of diseases associated with the 

lack of trace elements in the upper parts of the river in the area of the formation of the river, additional nutritional 

supplements including micro and macronutrients are needed for the full activity of the human body. 

Observed posts that are located at the mouth of the river are more prone to disease risks due to excess 

mineralization and chemical elements in the water. Increased mineralization and chemical elements in river waters have 

an impact on the human body and lead to poor health. Agglomeration of the Tashkent region with intensive production, 

transport, and agricultural land and the accumulation of settlements, is a combined complex multicomponent dynamic 

system. Industrial production is confined to surface waters (rivers, large canals), which are the source of their existence. 

With the growth of agglomerations and the development of production, water demand increases, which leads to an 

increase in the discharge of used water into rivers and canals. Mineral salts washed out from irrigated lands, often 

uncontrolled chemicals, phosphorus and nitrogen fertilizers pollute water bodies. Excess chemicals poison the flora and 

fauna of water bodies. Chemical substances that can accumulate in crops and livestock products pose a threat to the 

health status of the person who consumes these products. Significant anthropogenic impact on the environment has 

invariably led to a deterioration in the health status of the population living in this territory. Also, most agricultural 

products are sold directly within the Tashkent region, which has a significant impact on the health status of the region’s 

population as a whole. 

The property of watercourses self-cleaning due to the biological processes taking place in them allows self-

cleaning, but still, it is not enough. Accumulation or exceeding the maximum allowable concentrations of pollutants in 

water affect the food chain, the end link of which is the human body. 
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