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Abstract 

 

Water treatment for bottled water 
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The University of Texas at Austin, 2013 

 

Supervisor:  Isaac C. Sanchez 

 

Without water, as is known, there is no life. A person uses about 75 tons of water for the 

whole life. Thereby, about 80% of diseases come with water people drink because it is 

simply dirty, according to Louis Pasteur. The fact is that consuming tap water leads to 85 

known diseases that result in twenty-five million deaths each year. In addition, dirty 

water consumption accelerates the aging process by 30%.  

Tap water is drinkable, but not necessarily beneficial. The fact that the dirty water flows 

out of the tap means that the water contains a large quantity of chemical and mechanical 

impurities as well as a variety of viruses and bacteria. For example, if a person drinks 

water with high content of iron for a long time, the possibility of getting liver disease is 

high.  

The tap water quality that has always been consumed by people from Zhezkazgan, 

Republic of Kazakhstan violates even the required standards for tap water. Therefore, any 

kind of water business is encouraged in that area. The most viable way to help this 

problem is bottled water production. 

The great number of papers and materials was used, analyzed and delivered in this report. 

In addition, a Russian company, Ecodar LLP, was contacted to acquire information about 

the most advanced technology in water treatment field. This report provides general 



 v 

description of water treatment technology to start a bottled water production business in 

Zhezkazgan. 
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Chapter 1 Introduction 

Water is one of the essential, if not the most, human needs. To maintain immunity and 

prevent the development of serious diseases a person needs to consume at least 2 L of clean 

drinking water per day. Even a slight reduction in water consumption of this rule can lead to 

dehydration. What kind of water a person consumes is not less important as well. There is no 

doubt that the consumption of technical water instead of drinking not only will not bring the 

expected benefits but also will seriously harm human health. As shown by a number of studies, 

the quality of tap water supplied to the apartments, leaves much to be desired.  

The main sources of water contamination are the waste water, acid rain, municipal solid 

waste, oil spills, dumped waste from thermal and nuclear power plants and other pollution 

origins such as unauthorized emissions of factories or the consequences of agricultural works 

that are difficult to determine. The sources of water pollution can be found even at home, for 

instance, water pipes. In the pipes water may react with the metal to form substances hazardous 

to the human health. In the past, Kazakhstan used black steel pipes for the water supply system, 

but they are very susceptible to corrosion, which negatively affects the quality of water. They 

were replaced by galvanized steel pipes, but they are proved to be effective only in a lime-carbon 

equilibrium environment. Copper and chromium-steel has the highest corrosion resistance, but 

the copper pipes are not suitable for drinking water.  

Plastic pipes seem more reliable, but organic substances that can be brought into the 

water are involved in plastic production. Moreover, microorganisms have the ability to grow in 

the pores of the pipes.  

In order to protect health it is recommended to either install a water treatment system for 

house, or buy bottled water. 

Preparation of water for bottling goes through several stages. Produced water for bottling 

must comply with all standards and requirements of its quality. Under current law of Kazakhstan, 

bottled drinking water imposes strict requirements, and they are significantly higher than for 

ordinary drinking or tap water. According to the government standards of quality bottled water 
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may be the first or the highest category. The process of preparing the water of the highest 

category is characterized by the fact that special attention, in addition to meeting the basic 

parameters, to the absence of nitrates, calcium and sodium is paid. 
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Chapter 2 The Design of Water Treatment System 

In Zhezkazgan with 90 000 population tap water for drinking has not been acceptable. 

Zhezkazgan is an industrial city with one of the world’s largest copper production operated by 

Kazakhmys, a UK-registered copper mining company whose main assets are in Zhezkazgan, and 

located close to the area of Baikonur Cosmodrome, which has the largest operational space 

launch facility. . Therefore, Zhezkazgan’s water pollution sources are Kazakhmys and Baikonur 

Cosmodrome activities. In addition, Zhezkazgan is not rich in natural water resources such as 

lakes, groundwater and rivers so it has few water storage reservoirs to supply people with 

drinking water. 

Initial information on the water treatment system:      

1. Source water is tap water of Zhezkazgan; 

2. The quality of the source water should be in accordance with drinking water protocol 

# 1290, 18 July 2013, Kazakhstan; 

3. The quality of the produced bottled water  must comply with Sanitary Regulations 

and Standards #  2.1.4.1116 - 02 "Drinking Water of Republic of Kazakhstan. 

4. Water treatment system capacity is 2 m3/hr; 

5. Total estimated cost to start production is approximately $60 000. 
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Table 1. Water analysis 

 

Index Feed Water Standards, no more than 

pH 7.4 6.5-8.5 

Color, degrees 10 5 

Odor, points 1\1 0\1 

Taste, points 1 0 

Turbidity, NTU 0.52 1 

Iron, mg/l <0.1 0.3 

Sulphates, mg/l 482 250 

Chlorides, mg/l 282 250 

Nitrates, mg/l 0.58 20 

Nitrites, mg/l 0.004 0.5 

alkalinity, mg-eq/l n/a 6.5 

general hardness, mg-eq/l 9.4 7 

Calcium, mg/l n/a 130 

Magnesium, mg/l n/a 65 

Copper, mg/l 0.004 1 

Manganese, mg/l n/a 0.05 

Lead, mg/l <0.005 0.003 

Ammonium, mg/l 0.06 0.01 

Fluorides, mg/l 0.68 1.5 

Arsenic, mg/l <0.005 0.01 

Zinc, mg/l <0.005 5 

To achieve regulatory compliance the following design of water treatment system is 

recommended: 
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1. Coarse cleaning on the filter with a sieve; 

2. Sorption purification on activated carbon; 

3. Partial demineralization by reverse osmosis; 

4. Ultraviolet disinfection. 

 

Figure 1. Technological Design of Water Treatment System 
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Chapter 3 Coarse Water Treatment 

Coarse water treatment is used at the first stage of any water treatment system before 

proceeding to further finer water treatment. This type of treatment is carried out using a 

mechanical method of water purification.  

Thus, this stage of water treatment is considered pretreatment. Typically, this phase 

consists of the removal of large non-dissolved particles. The removal of the particles is achieved 

by straining water through a sieve with a certain mesh size, for example, for food production cell 

size is equal to 3 mm. Now there is an automatic scrubber on the sieve of this type of filters, 

which helps remove particles accumulated on the grid.  

This method of treatment is able to remove up to 90% of solid waste. Nevertheless, the 

efficiency of the filtration depends on water quality. For instance, in food production water 

comes with high concentration of fat, which reduces the efficiency. 

Filters for coarse water treatment are identical: they have a sieve with a certain mesh size, 

which prevents coarse non-dissolved particles such as sand and rust from moving further with 

water. It should be noted that a sieve is mounted in the direction of water flow. These filters are 

installed on any tube or pipe before finer water treatment. In addition to the sieve, there is a 

bypass in the filters, which helps clean the sieve when it is clogged. 
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Chapter 4 Filter with Activated Carbon 

A filter with activated carbon is the most popular water purification device. It removes 

harmful contaminants, such as mechanical impurities, chlorine and organic chlorine compounds, 

as well as disease-causing bacteria. Range of pollutants contained in the water is large enough, 

and most of them contain carbon. These are all decomposition products of living organisms, 

pesticides and organic compounds of industrial origin. 

  The filter with activated carbon is recommended as a further purification of tap water. As 

a result, water without odor or taste, and which is transparent and suitable for drinking and 

household needs, is obtained. Sorption properties of activated carbon have widely been used for 

several hundreds of years. 

  Harmful substances in the water like chlorine and chlorine-containing compounds have a 

negative impact on human health, and can cause hair loss, nail lamination and disruption of the 

gastrointestinal tract. A properly selected filter will help to avoid such unpleasant consequences. 

  A sorption filter is the most efficient and at the same time widespread device. It helps to 

clean the water from harmful organic and inorganic compounds such as petroleum products, 

heavy metals and residual chlorine. This carbon filter is very reliable and easy to use, and 

combines the best value for money and quality of the resulting water.  

The filter housing is made of fiberglass laminated inside with polyethylene, and is fully 

protected against corrosion. Drainage-distributive system is made of food grade plastic, non-

corrosive. The filter housing contains is charged with the underlying layer of gravel and the 

media of activated carbon made of coconut shell.  

  To avoid the effect of caking coals at intervals of time washing the filter media is carried 

out without any chemicals by only feed water backflow. To do this, the filter is provided with a 

special valve that ensures the backwash of coal. This procedure can be performed automatically 

by timer or by the meter of water consumed. Setting the frequency and start time flushing is 

performed by the control unit. The signal for the washing comes from the built-in timer. At any 

time, the filter can be switched to regeneration manually. The filter is fully automated and does 
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not require permanent presence. Modern filters withstand greater number of regeneration cycles, 

resulting in greater efficiency of this design. Filter lifetime is determined by the absorption 

capacity of activated carbon. Modern activated carbons have a high abrasion resistance and kept 

a large number of cycles. 

  One of the disadvantages of a coal filter is that it does not remove bad salts of heavy 

metals. However, it is sufficient for removal of organic compounds and certain chemicals. Most 

filters with activated carbon are used in combination with mechanical filters, which help to 

extend the life of the filters. 
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Chapter 5 Reverse Osmosis Equipment 

This type of equipment is designed to remove excess amount of salt based on reverse 

osmosis. All of the devices that make up the reverse osmosis equipment are equipped with 

microfiltration units (the size of the filter element within 5 micron), washing circuit, stationary 

conductivity meter, and provided with protection against dry running and pressure shocks.  

All parts of the equipment in contact with water are made of stainless steel or other 

polymeric materials which are approved for use with food. Tying knots are made of PVC. The 

feed water should be carried out continuously at pressure of no less than 2 atm and preferably 

with no water hammers. Before reverse osmosis equipment is designed individual power 

calculations are done based on source water analysis, the estimated volume of consumption and 

customers’ requirements for the quality of the produced water.  

  Reverse osmosis or membrane water treatment system is by far the most advanced 

technology. Reverse osmosis membrane equipment is based on the method of water treatment, 

wherein the feed stream is separated into two liquid components, which are concentrate with 

higher salt content than that of the original liquid, and permeate, demineralized water with lower 

salt concentration than that of the feed water. Membranes act as the finest sieve. The smaller the 

pores of the membranes are, the greater the degree of purification is, but the higher the pressure 

applied is. The amount (flow rate) of permeate may vary with the capacity of equipment, as well 

as temperature and other parameters of the feed water. In most cases the amount of permeate is 

60-80 percent of the feed water. 

In the 18th century the phenomenon of spontaneous passage of the solvent through a film 

was discovered. If we take two solutions with different concentrations (less concentrated or more 

concentrated), and put a film between them, the solvent of the less concentrated is to be switched 

to a more concentrated solution. 

The phenomenon is called osmosis, and the film is a membrane. In the sixties, it was 

discovered that when the pressure of the concentrated solution will flow through the reverse 

process, the solvent molecules begin to move from a concentrated solution into a diluted one. 
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This is how reverse osmosis systems are used in the desalination of water. The degree of 

purification may be adjusted using a membrane filter with pores of different sizes.  

Compared with the conventional methods of chemical treatment and desalination of 

water, reverse osmosis equipment requires more capital investment, but it is eventually 

compensated by low operating costs. Reverse osmosis desalination in some cases is the best 

method for water treatment since there is no necessity to install equipment for the industrial 

waste treatment or construct special storage facilities for aggressive chemicals. In addition, there 

is less negative impact on the environment, which states that reverse osmosis system is 

environmentally safe. 

Modern reverse osmosis equipment includes the following devices: 

1. Fine mesh water filter with replaceable filter elements which are able to retain particles 

down to 5 microns. The filter is mainly used to remove suspended solids and particles.  

2. Devices for reagent preparation. Water with high pH may lead to salt precipitation on 

the membrane surface, which results in failure. Consequently, it is necessary to use a little 

hydrochloric acid and specific inhibitors. 

3. High pressure pump, in which all parts in contact with water are made of stainless 

steel. 

4. Block filter modules - a cylindrical body with multiple compartments to accommodate 

the membrane elements. Depending on the capacity of equipment such modules could be up to 

20 or more pieces. 

5. A chemical washing unit. After some time biological contaminants and sediments are 

formed on the components of the equipment, leading to overall poor performance of the reverse 

osmosis plant. Therefore, to avoid this situation chemical washing of the membranes should be 

performed periodically. Depending on the nature and extent of contamination weak solution of 

alkali or acid is used. Under normal conditions, washing should be carried out every 3-4 weeks. 
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Chapter 6 Ultraviolet sterilizer 

Any body of water that serves as a source of water for drinking, and is used for domestic 

purposes contains hazardous to human health bacteria. It often happens in rural areas, where 

there is no central water supply and local residents use water from wells and ponds. The use of 

this water is highly undesirable and dangerous, because it can cause many serious diseases. The 

traditional method of water treatment is its chlorination. But there is a more effective method, 

such as, for example, ultraviolet water sterilizers. These are devices that reduce the risk of 

bacterial infections and associated diseases. Unlike chlorination, ultraviolet (UV) sterilizers 

disinfect water and do not bring additional impurities. Furthermore, the use of UV sterilizers 

does not lead to the formation of different harmful carcinogens that might be in chlorinated 

water. 

A UV sterilizer for water is a simple, inexpensive, and very efficient method of 

disinfection of water. A mercury-quartz lamp emits shortwave ultraviolet rays. The rays are in 

turn able to change the structure of the DNA of different organisms and destroy all the bacteria 

in the water preventing breeding. 

UV sterilizers work the following way: water is fed into the reaction chamber where it 

flows adjacent to mercury lamp and thus sterilized. If for any reason a mercury lamp is disabled 

or malfunctioning, the alarm light on the sterilizer turns on. 

A UV water sterilizer is used in hospitals as well as in catering, pharmaceutical, chemical 

industries and residential complexes. It is directly installed on water supply pipes or tubes. Thus, 

it decreases the possibility of water contamination. 

UV sterilizers may have one or more lamps with 39 W each. The unit of an ultraviolet 

sterilizer is made of stainless steel. All models are equipped with a separate power supply. They 

are able to sterilize up to 300 l/h, and the temperature range they can operate in is +2 to +40 C. 

UV sterilizers can only disinfect clean water i.e. without any coarse or fine non-dissolved 

substances since they prevent penetration of UV rays into water. Therefore, certain pretreatment 

like installation of fine filters is required. 
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There are a lot of advantages of ultraviolet sterilizers. First, UV water sterilizers are 

considered fatal for most viruses, spores and bacteria. Second, UV disinfection is due to 

photochemical reactions that occur within the microorganisms. Under the influence of ultraviolet 

radiation there is no change in pH of water. Third, there is no formation of harmful organic 

substances in water after it is processed by a sterilizer. Fourthly, there is no need for different 

contact mixtures, as full-time disinfection occurs in1-10 seconds. Fifth, UV sterilizers and UV 

lamps are commercially available and have high performance due to recent advances. Sixth, such 

equipment is safe for people, so there is no need to create stores for toxic chemicals and chlorine, 

which are subject to strict environmental and technical safety standards. Seventh, the 

compactness of the equipment and the possibility of its implementation in existing processes 

minimize the volume of construction works. 
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Chapter 7 Conclusion 

Water is one of the most valuable resources that nature has endowed humanity with. 

Without water no single living organism can fully exist. Either way, the natural water is useful 

and is a great boon to mankind, although residents of large cities may argue with that statement. 

Of course, living in one of the large cities of Kazakhstan, people have certain benefits of 

advanced civilization. Nevertheless, at the same time they have to deal with low quality water, 

which can contain a lot of different health unsafe contaminants. Therefore, such a fluid, like 

water, which is essential to the human body, can harm human health, if not treated in a certain 

way. 

Many people, when asked what kind of water is useful to drink, do not hesitate to answer: 

"Boiled!". Of course, boiling removes some of the most important problems of water, but boiling 

benefits are negligible compared with the total number of contaminants. For this reason, the use 

of boiled water is unlikely that useful. 

Experts, when answering the question what kind of water is recommended to drink, say 

only filtered. Modern systems of water treatment include several steps to maximize the quality of 

tap water. Moreover, many of these systems are arranged in such way so that they only remove 

unwanted harmful substances or bring their content to the permissible limits. At the same time 

such systems do not alter the mineral content or the quantity of harmless elements. Due to this 

water becomes not just safe to use, but also useful for human health. 
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