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Abstract 
 
The fundamental gual of water treatment is to produce suitable water for 
human consumption in term of physical, chemical and biological treatments. 

The treated water should be free of brownness, colors and smell. The purpose 

of this research is to evaluate the performance of Kut central water project by 
assessing efficiency of the sedimentation basin as well as for the filters and 

identify the problems and negatives suffered by the project. The results 

demonstrate that all values of turbidity, pH, alkalinity, total hardness, 
aluminum, calcium, magnesium and sodium, despite the differences in their 

values throughout the year, showed that the values of the variables exiting 

the water purification plant were within the permissible limits under the 

Drinking Water Limits. While the variation of total dissolved solids and 
residual chlorine values was with limits for most of the year. It was found 

that the sulfates values were out of the limits for most of the year. 

 
Key words: Evaluation, removal efficiency, water purification, water 

properties, and water treatment plants. 

 

1 Introduction 
 

The elimination of pollutants from raw water is essential to produce 

water in which pure. This water should be pure enough for public purposes 
such as human consumption and it should have no effect on health. The  
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 The removal of substances should be performed by treatments for 

drinking water production [1].    

Total suspended solids, bacteria, algae, fungi, and minerals such as iron 
and chlorine are examples for materials that are removed through the 

procedure of water treatment [2]. The processes of drinking water treatment 

include: physical treatment such as settling and filtration. Also, chemical 
treatment such as disinfection and coagulation, and biological treatment such 

as slow mix and filtration. Regrading to the water treatment, its transmission 

and delivery after treatment are important parameters to ensure water quality 
[3]. It is considered to be a usual practice to kill bacteriological 

contamination during distribution and to keep residual disinfectants in the 

treated water [4].   

Typically, the water treatment has many purposes in order to alter, and 
eliminate unwanted contaminations. In addition, it is to produce desirable, 

acceptable and pure water to the consumers. For the expected purpose of 

treating water, different regulations are required for water treatment. The 
water must be treated in order to reach the acceptable and permissible limits 

for the standard regulations in case of the existing of the maximum 

contaminant levels [5]. Treatment is required, if aesthetic qualities of the 

water are affected by some impurities. The water may need to be treated if 
these impurities exceed secondary regulations established by standards 

ministry of environment [6].   

Thus, water pollution is existed. There are four types of water pollution 
in which: physical pollution, chemical, physiological, and biological 

pollution. Each type can be affected on the water characteristics by one 

approach or others. As a result of water pollution, water treatment is essential 
in order to treat the water. In addition, the main sources of water pollution 

are considered to be as domestic sewage and industrial sewage. Thus, water 

treatment is acquired in which bring the treated water to the qualifications of 

requirement to produce safe water to the consumer. Therefore, studying the 
qualifications of the treated water and making an evaluation of the water 

performed such fundamental analysis for the water properties. 

The main purpus of the study is evaluat of characteristics of water quality 
such as pH, CA, mg, TDS, turbidity and other elements and comparison with 

Iraqi criteria for water drinking produced by Al-Kut Water Treatment Plant. 

 

2 Literature Survey  
      

Water is necessary substance for life. The total water that is available for 
drinking is 0.3% from the total water that is found on the surface of the earth. 

Examples of important source of drinking water are rivers, streams, lakes and 

reservoirs. In some case, these sources are considered to be heavily 
contaminated by sewage diseases and are significant in the transmission of 

infectious illnesses [7]. 
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Both streamflow and water quality characteristics are considered to be as 

examples for surface water characteristics. Several physical variables such as 

geography, land cover, soil conditions, and ground-water conditions are 
affected by surface-water characteristics and other geologic conditions. 

However, climatic variables such as timing, intensity, and amount of 

precipitation and other variables are affected by streamflow and other 

evaporative processes [8,9].  
Several varaibles are affected by surface water characteristics. For 

instance, increasing in the concentration of impurities related to increasing in 

silt, debris and other mineral carried by runoff and surface water resulting to 
turbid streams is considered to be a major impact on water quality. Other like 

wastes is considered to have an effect on water quality [7].  

Water pollution unwanted alteration in physical, chemical, and biological 
characteristics of water due to improper human activities produced as a result 

of the discharge of industrial and domestics' wastewater into streams [10,11]. 

The limiting factor of water use of surface water is its quality. If water 

becomes unacceptable, it will need special developments before being used 
again [12]. 

 

3 Methodology                                                                                                                       
 

To evaluate the operation of water treatment plant, two objectives are 

appeared of great importance. The first is attaining water quality objectives 
and second is operation efficiency. The optimum goal of operation is to 

maintain best quality of treated water by minimum costs. It could be said that 

evaluation of treatment plant is quite important. This evaluation will assure 
safe and uncostly water to the consumers and longer life time of operation of 

the plant as it was designed [13]. Improper operation of the plant may lead to 

many difficulties such as affecting consumer's health and plant efficiency. 

Therefore, water treatment plant evaluation may consist of the following 
steps: 

 Evaluation of unit operations which include, adequacy of flow 

rates, chemical doses and points of applications, type of chemicals, sludge 

flow, detention time, filter run, filter washing, etc.. 

 Evaluation of the adequacy of operation which leads to the 

production of treated water having quality at least equal to or better than the 

permissible limits of drinking water [14]. 

 Evaluation the plant by the cost-benefit analysis. 

 Evaluation the design of the plant units and their suitability to 

treat raw water of certain quality [15]. 
The purpose of some or all of the above points can be stated as: "Better 

quality of water produced at lower cost".  
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3.1 Water Sampling  
         

First of all, collect the measure of the water quality of the river which 
across the city (Tigres river) is performed that water treatment plant 

withdraw the water from it. As well as, the measurements of samples from 

water production to network are collected and then making a number of visits 
to water treatment plant to read on the treatment unit is done and then 

evaluating of characteristics of water quality such as pH, CA, mg, TDS, 

turbidity and other elements and comparison with Iraqi criteria for water 
drinking standards.  

 

3.2 Raw Water Quality Criteria 
 

Natural sources of drinking water contain contaminants and many 

substances can be dissolved upon contact because water is considered to be a 

universal solvent. In most cases [16], these contaminants normally are 
dangerous in our drinking water. But, at low levels, these are considered to 

be not harmful in drinking water. Thus, removing all these contaminants is 

required. In some cases, removing all substances can be expansive and not 

provide greater protection of health. The improvement of the taste of 
drinking water may be happed by a few of natural occurring substances and 

those may have nutritional values at low levels [17].       

In 1967, the regulation of rivers and urban waters from the contamination 
is set by (the Iraqi directorate general of human environment).  These 

limitations of regulations and criteria have been compared with those of USA 

in which set by federal water pollution control administration, as shown in 
table 1.  

The European Economy Community (EEC) and "the American Society 

of Civil Engineering" (ASCE) listed the classification on the surface water 

quality as a source of drinking purposes. These classes are listed below in 
table 2.  

 

3.3 Iraqi Drinking Water Standards 
 

In 1993 The Environmental Protection Agency (EPA) listed a primary 

and secondary standard for maximum contaminant level (MCL) for drinking 
water, which is shown in table 3.  

Iraqi Central Organization for standardization and quality control (2001) 

set down standards for drinking water. These are shown in table 4. There are 

some differences between (WHO) and Iraqi standards such as those appeared 
in color, copper, iron and turbidity levels [18].  
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Table 1:  Raw Water Quality Criteria (After Abd-Ali, 1993) 
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Table 2: Classification on the Surface Water Quality as a Source of Drinking 

Purposes 

 
 

3.4 World Health Organization Guidelines 
     

The guideline for drinking water is set by World Health Organization, 

WHO, (1993) in which envisioned superseding both the European and 
international standards. These criteria are shown in table 4.   

EPA. The properties of water quality and there characteristics are 

presented. The permissible limits are explained in details with this table. For 

example, the Aluminum limits for drinking water is between 0.2 mg/L to 0.5 
mg/L. chloride must be less than 250 mg/L. The manganese must be less than 

0.05 mg/L. The color must be less than 15 units. And other limited 

concentrations for other materials such as turbidity, pH, silver and zinc. 
Salvato (1982) stated that the color should be less than 15 color units, 

although persons accustomed to clear water may notice a color of only 5 

units [10]. Water for industrial uses generally has a color of 5-10 or less. 
Furthermore, coagulation, settling and rapid sand filtration should reduce 

color, causing substances in solution to less than 5 units. Slow sand filter 

should remove about 40% of the total color considered to be examples for 

physical properties. For instance, the turbidity limits are less than 5 NTU.  
Also, for the chemical properties limitation are presented such as pH, 

Aluminum, Zinc, Lead, Iron and others. For example, the limitation of 

Nitrate must be less than 50 mg/L. The Aluminum must be less than 0.2 
mg/L. The total dissolved solids must be less than 500 mg/L. 

In the table 3, it represents the drinking water standard according to the  

For table 4, it displays the characteristics of water quality and the permissible 

limits for WHO standards. Color, turbidity and temperature are  
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Table 3: Drinking water standard according to The Environmental Protection 

Agency 
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Table 4:  Iraqi and World Health Organization Drinking water Quality Standards 

(After ICSQC, 2001) 
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4 Description of the Study Area  
 

The study area is performed in Al-Kut city in which it is located on the 
banks of the (Tigris River) with a population of 374 thousand people, 

according to the census in 2003. It is the managerial center of the Iraqi 

jurisdiction of Wasit, a border province with the Islamic Republic of Iran 

through the Badra-Mehran crossing [19].  
The city of Kut is the center of the province of Wasit, which consists of 

several districts other than Kut district is the district of Azizia, Essaouira, 

Nu'maniyah, Badra and other. The Kut district is administratively followed 
by Sheikh Saad and Wassit including the Central Kut Water Project.  

The Kut Central Water Project was established by a Polish company in 

1978 with a design period of 30 years. It is the largest water project to date in 
the city center with a design capacity of 2000 m3 / h and a work of 24 hours / 

day. The project is located on the left side of the (Tigris River) at the city of 

Al-Kut with coordinates E = 450 48'05 0.8 "; N = 320 30'59'' (see Figure 

3.1).  
The project supplying the drinking water to all neighborhoods on the left 

side of the city such as: Zahra, Kafaat, Al-Hawrah, Abbasid, Jaafariyah, 

Tammoz, Salam, Sharqiya and Al-Khalij District.  
The project draws the raw water from the Tigris River by means of the 

intake system which contains 5 pumps to the water treatment plant [20]. The 

water treatment project has the following processing stages:   

1. Flash Mixer (Single Mixer)  
2. Settling Tank.  

3. Filter tanks (two filters running in 4 cells each)  

4. Chlorination.  
 

 
Figure 1:  Location of central water treatment plant in Al-Kut. 
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5 Result and Discussion  
 

As mentioned earlier in previous chapters, the collected data was 

analyzed to evaluating of characteristics of water quality.  

 

5.1 The turbidity  
 

Figure 2 shows that the turbidity in the river was very high because of 

the pollution of the river with many pollutants resulting from the flowrate of 
liquid leftover to the river in areas that are a highest source of nutrition as 

well as the erosion of soil. When entering the raw water to the water 

treatment plant decreased turbidity values to the permissible limits for all 
months of 2016 which indicate the work of sedimentation basins and filter 

unit [21]. As shown in the figure below, the variation for turbidity unit for 

both raw and treated water and it displays a reduction in turbidity values to 
the permissible values. 

 

 
Figure 2: Monthly turbidity variation for raw and treated water of Al-Kut Central 

treatment plant 

 

5.2 The Temperature  
 

Temperatures are calculated throughout the year depending on the 

temperature of the study area. Water in the river is affected by the 

temperature of the climate [22]. As indicated in the chart, temperature values 
are high in the summer months and low in winter times for both the water of 

the water station and the river water. For water entering, there is a slight 

alteration in temperature of water inflowing and leaving the water 

purification plants as shown in the Figure 3.   
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Figure 3:  Monthly variation of temperature of raw water and treated water for Al-

Kut water treatment plant 

 

5.3 PH Values  
 

In the figure 4, it represents the values of the pH of the plan in both cases 

for the raw water of the river and for the treated water from the water 

purification plant if all values were within the permissible limits in the Iraqi 

drinking water law [23]. However, all the values of the pH coming out of 
treatment plant are less than the raw water due to filter unit that have reduced 

their values as in Figure 4.  As shown in the figure below, it displays the 

monthly variation for pH in and pH out for raw and treated water and the pH 
values expressed a reduction for treated water compared to the raw water.   

 

 
Figure 4: Monthly variation of pH values for Al-Kut central water treatment plant. 
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5.4 Base Calcium Carbonate  
 

The values of basal calcium carbonate for raw water as well as water out 
of the filter stations are all within the permitted limits throughout the year. It 

has also been noted that the values are high in the months of the summer, 

especially in July and August, which may be due to high temperatures [24], 
Was significant in basal values in January, which may be due to rainfall and 

soil erosion, which affected river water as in Figure 5. The figure indicates 

the monthly variation the basal calcium carbonate for raw and treated water 
and it shows a reduction in the basal values for inlet compared to the outlet 

one due to the treated water. 

 
Figure 5:  Monthly variation of alkalinity for Al-Kut central water treatment plant 

 

5.5 The Total Hardness Values  
 

Despite variability and fluctuation in values throughout the year, were 

high and significant decreases in the main raw water source. However, all 
values were within the permissible limits of the Iraqi drinking water 

guidelines (500 mg / l) as shown in the figure 6.  The figure shows the 

variation of the total hardness values for both raw and treated water and the 
values were within the permissible limits and expressed a decreasing in the 

hardness for treated water compared to the raw water for Al-kut treatment 

plant.  

 
Figure 6: Monthly variation of hardness for Al-Kut central water treatment plant 
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5.6 The Residual Chlorine Values  
 

The residual chlorine values in the water are entirely dependent on the 
amount of chlorine added after the main filtration processes in the drinking 

water station. The fluctuation and variation in chlorine values were noted 

throughout the year [25]. The high chlorine values were observed in March at 

4 mg as in figure 7. The figure below shows the variation of residual chlorine 
values and the time. The variation was observed throughout the year and a 

reduction was displayed in the chorine values.  

 
Figure 7: Monthly variation of residual chlorine for Al-Kut central water treatment 

plant 

5.7 Values of Sulfates  
 

The sulfur values of the raw river water were fluctuated throughout the 

year, and it was also observed that some of the values of sulfates discharged 

from the treatment plant were higher than the raw river water values in all 

months except July and October due to aluminum sulphate added for 
precipitation purposes. Disposal of these chemicals in sintering processes as 

in figure 8. The figure indicates the variation of sulphates values for raw and 

treated water.  

 
Figure 8:  Monthly variation of SO4 for Al-Kut central water treatment    plant 
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5.8 Dissolved Salts  
 

All values of total soluble salts were fluctuated throughout the year. A 
rise in the values of total salts dissolved in the water discharged from the 

treatment plant was observed above the raw water of the river in all months 

of the year, except for the months of July and August. This indicates that the 
water treatment plant did not play its main role in reducing values of soluble 

salts as in figure 9. The figure indicates the variation of the total dissolved 

solids for raw and treated water. There was a variation in the TDS values 
throughout the year.   

 

 
Figure 9: Monthly variation of TDS for Al-Kut central water treatment plant. 43 

 

5.9 Calcium, Sodium, and Magnesiumum Values  
 

All values of calcium, magnesium and sodium, despite the differences in 

their values throughout the year, showed that the values of the variables 

exiting the water purification plant were within the permissible limits under 
the Drinking Water Law As in figure 10 A.B.C. The figures display the 

variation of calcium, magnesium, and sodium throughout the year. The high 

concentration of magnesium and calcium causes hard water; however, total 
hardness can be caused by other dissolved ions and salts. The values were 

within the permissible limits.  

Adding these metals to water depends on the amount of pollutants in 
water. Thus, the required concentrations of these metals depend on the 

concentrations of pollutants especially organic pollutants. For instance, if the 

water is filtered before disinfection, the less concentration of these metals 

such as sodium is needed in the treatment processes. Using these metals is 
required to reach the water purification and making the water softened. 
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Figure 10: Monthly variation of Ca, Mg, Na for Al-Kut central water treatment plant 

 

5.10 Aluminum Values  
 

It was observed that the values of aluminum were variable throughout 
the year and that the highest values were in October. However, all values 

were within the permissible limits of the Drinking Water Law As in Figure 

11.  This figure indicates the variation of Aluminum for treated water. The 

Aluminum is utilized as a coagulant in water treatment plant. Adding this salt 
is beneficial to reduce the organic matter and other impurities. Aluminum 

salts is used in "precipitation reactions" for setting pollutants and other 

microorganisms.   

 
Figure 11: Monthly variation of Aluminum for Al-Kut central water treatment plant 
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6 Conclusion  
 

It is unfortunate that not too many scientific research works have been 

done on the water quality data of rivers and public supplies in our country. 

However, it was possible to find some studies on the quality of water of the 
river. This paper presents the assessment of Al-kut water treatment plant 

performance, Results from the assessment for all tested parametes (except 

sulfate) where seen matching within Iraqi and WHO drinking water criteria.  
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