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Abstract  

     Water is crucial for all known forms of life without providing any calories or 

organic nutrients, while many people, especially in developing countries, may not be 

able to access pure and safe drinking water. They could lose their lives or become 

sick because waterborne diseases could contaminate the water, and when the 

chemical and/or physical properties of the water are not within the national and 

international standards. Thus, the present study aimed to evaluate water quality of 

the Halabja drinking water and Sirwan river. Halabja city is located to north of Iraq, 

north-east of the capital Baghdad. Every week of the year 2019, apart from official 

holidays, water samples were collected from each of river and several areas (4-10 

sections) in Halabja for the bacteriological analysis, while chemical and physical 

water quality was monthly checked. The results showed no detectable waterborne 

pathogens in all drinking water samples. Additionally, values of pH, turbidity, total 

dissolved substances, and electrical conductivity of the purified water samples had 

ranges of 7.97–8.5, 0.02-0.8 NTU, 246–362 mg/L, and 383–566 µS/cm, respectively. 

The treated drinking water was free of Free Residual Chlorine (FRC) and nitrite. 

The amounts of chloride, sulfate, and nitrate varied during the year 2019, with 

ranges of 48.2- 73.8, 36-141.5, and 1-5 mg/L, respectively. The values of water 

hardness and Ca
+2

 and Mg
+2

 concentrations ranged 132- 344, 48–89.5, and 2.2-29.2 

mg/L, respectively. Based on the results, values of all the above parameters were 

within the Iraqi and the World Health Organization (WHO) drinking water standards, 

although the value of water hardness and the concentration of Ca
+2

 were near the 

upper limits of the standards, which might cause harm to the human body. 

Keywords: waterborne disease, microbial indicator, physico-chemical properties, 

drinking water quality, coliform bacteria, gastroenteritis  

 

الكيميائية لمحطة معالجة مياه الحلبجة الصفات البكتريولوجية والفيزيائية و  
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 الخلاصه

في  .یع أشكال الحیاة السعروفة دون تؽفير أي سعرات حرارية أو مغذيات عزؽية لساء ضروري لجسا     
 حيؼ أن الكثير مؼ الشاس، وخاصة في البلدان الشامیة، لا يدتطیعؽن الؽصؽل إلى میاه الذرب الشقیة او

خرائص قد يفقدون حیاتيػ أو يسرضؽن لأن السیاه قد تكؽن ملؽثة بأمراض تشقليا السیاه، ولأن الو . الآمشة
تقيیػ  الى الدراسة الحالیة ىدفتالكیسیائیة و الفيزيائیة للسیاه لیدت ضسؼ السعايير الؽطشیة والدولیة. وبالتالي ، 

ماعدا ، ٩١٠٢محطة معالجة میاه حلبجة ومیاه نير سيروان. في كل أسبؽع مؼ عام فی ىذه الخرائص 
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مديشة حلبجة للتحليل البكتريؽلؽجي، بيشسا تػ مؼ  اقدام  ٠١-٤ ، تػ جسع عيشات السیاه مؼةالرسمی ةعطلال
فحص جؽدة السیاه الكیسیائیة والفيزيائیة شيريًا. أظيرت الشتائج عدم وجؽد مدببات الأمراض السشقؽلة بالساء في 

وإجسالي السؽاد الذائبة  العكؽرة الييدروجيشي  قیػ الأس جسیع عيشات میاه الذرب. بالإضافة إلى ذلغ، تراوحت 
-٢٥٢ػ / لتر و لغم ٢٢٩-٩٤٢، ١.٥-١.١٩، ٥.٨-٧.٢٧ ل الكيربائي لعيشات السیاه الشقیة بيؼوالتؽصي

ا / سػ على التؽالي. كانت میاه الذرب السعالجة خالیة مؼ كل مؼ الكلؽر الحر الستبقي مايكروسیسشز  ٨٢٢
-٢٢، لترػ /غمل ٧٢.٥ -٤٥.٩مؼ  ٩١٠٢والشتريت. اختلفت كسیة الكلؽريد والكبريتات والشترات خلال عام 

 ، کالديؽماختلفت كسیة تراوح تركيز عدر الساء،  ػ /لتر على التؽالي.غمل ٨-٠ػ /لتر و غمل ٠٤٠.٨
بشاءً على  ملجػ /لتر على التؽالي. ٩٢.٩-٩.٩ملجػ /لتر و  ٨-٥٢-٤٥ػ /لتر، غمل  ٢٤٤-٠٢٩ مغشیديؽم

على .لذرب العراقیة ومشعسة الرحة العالسیةالشتائج، كانت جسیع السعايير السذكؽرة أعلاه ضسؼ معايير میاه ا
السحتسل أن يكؽن ليا  مؼ للسعايير والتيالحدود العلیا  قرب الساء و الكالديؽم كانا تركيز عدرةالرغػ مؼ أن 

 على جدػ الإندان تأثير ضار
Introduction   

     Water is an inorganic chemical substance that is essential for all known living organisms. 

Drinking water can compensate for any water loss and regulate all metabolic processes within 

the human body. Safe and pure drinking water is required for human health worldwide. Based 

on the United Nations International Children's Emergency Fund (UNICEF) (2004), safe 

drinking water has to be accessible to all people, while approximately 30% of the world 

population have safe drinking water [1, 2].  Many human diseases, such as diarrhoea and skin 

diseases, are water-related [3]. The high ratio of diarrhoea in developing countries is linked to 

unsafe water and poor hygiene. Waterborne diseases are caused by microscopic organisms, 

including viruses, parasites, and bacteria, that are ingested through water contaminated with 

human or animal faces or urine. A number of the most common waterborne diseases are 

diarrhoea, cholera, cryptosporidiosis, viral gastroenteritis, amebiasis, hepatitis, malarial fever, 

and typhoid fever [4]. Furthermore, water may contain an excessive amount of organic or 

inorganic materials that might have a detrimental effect on human and animal health.   

     The contamination of drinking water in urban water distribution systems is still 

continuously happening. Water is usually contaminated due to different causes, such as 

improper sanitation process, leakage of sewage water, and commercial, industrial, agricultural, 

and other human activities which affect water distribution networks [5]. Additionally, leakage 

and improper maintenance of drinking water distribution and chlorination systems can 

influence the quality of potable water. Supplied water could also be contaminated through the 

distribution pipes because of leakage [6]. These factors can pose remarkable challenges to the 

efforts of city authorities or governments to protect the water system from sources of 

microbiological and chemical contaminants. Within the developing world, particularly in rural 

and industrial areas, over three million people, predominantly among newborns and 

youngsters in poor communities, die per annum due to waterborne diarrheal diseases [7, 8]. In 

addition, it is estimated that water, poor sanitation, low-level hygiene education, poor 

supervision, and improper disinfection cause 4% of deaths and 5.7 % of the entire diseases 

occurring in the world [9]. Therefore, continuous analysis of water quality is required. 

     Different parts of the world, especially developed countries, perform regular assessment of 

drinking water quality. Many research studies have been performed to examine water quality 

worldwide [10, 11]. In Iraq, some studies were conducted to assess drinking water quality and 

any possibility of human health problems resulting from the consumption of unsafe water, 

especially in large cities like Baghdad where access to safe water may be a big challenge [12- 

14]. Similarly, in several other cities in Iraq, the quality of drinking water may not be 

regularly assessed. So far, there is no sufficient number of studies published on the physico-

chemical and bacteriological quality of the water consumed by the population of Halabja, 

north Iraq. For this reason, it is important to test the water quality of both Sirwan River and 

https://en.wikipedia.org/wiki/Chemical_substance
https://en.wikipedia.org/wiki/Organism
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Halabja drinking water to determine their qualities in relation to both Iraqi and WHO 

standards.  

     Microbiological and physico-chemical parameters, including water content of fecal and 

total coliform bacteria, Escherichia coli (E. coli), nitrate, water turbidity, and others are 

normally accepted as critical drinking water quality parameters [1, 15]. The presence of E. 

coli and coliform bacteria in the water is assumed to be a definitive indicator of fecal 

pollution because these microorganisms are naturally occurring within the intestinal tract of 

humans and animals [16].  

     During this research article, the bacteriological, physical, and chemical parameters were 

used for the analysis of water quality of Sirwan River and/ or Halabja drinking water. These 

drinking water characteristics provide information on the quality of water consumed by the 

people living in the city of Halabja. These data might motivate other researchers to conduct 

more research on all sources of drinking water for Halabja and its surrounding rural area. 

Materials and Methods 

Study Area 

     The study was performed on the Halabja drinking water and Sirwan river water, located in 

Halabja city, Kurdistan region of Iraq. It is located 240 km north-east of the capital Baghdad 

and 14 km from the Iranian border. Geographically, the city is located between 35°11′11″N 

latitudes, 45°58′26″E longitude, and 900 m elevation above sea level. The population of the 

city is estimated to be 247,000. They fundamentally depend upon three sources of drinking 

water, which are Halabja drinking water, Water fall Ahmad Awa, and wells. Halabja drinking 

water provides approximately 75% of drinking water for the Halabja province. The water 

source of the Halabja drinking water is Sirwan River. This river is located in the south-west of 

Halabja city, 12 km from the city center (Figure 1). Approximately 25,000 m
3
/day of Sirwan 

river water are currently purified. 

   
Figure 1-Map of the study sites, Halabja city, 2019. Samples were collected from both 

Halabja Drinking Water project and Halabja city cites.  

 

Sample Collection 

     For bacteriological analysis, 248 purified water samples from drinking water of Halabja 

were collected almost every week from January to December 2019; sample collection was not 

performed in one week in each of July, August, and October, and in several weeks in March. 

In each week, treated water samples were analyzed from several area (4-10 sections) in 

Halabja. These parts of Halabja city were randomly chosen. For the next week, the samples 

were taken from some of these parts or from totally different parts of the city. Regarding the 
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physico-chemical analysis, water samples from both Halabja drinking water and Sirwan River 

were monthly collected, from January to December 2019. Analyzed water samples were 

compared to the Iraqi and WHO drinking water standards  [1, 17]. A volume of 100-200ml of 

water was collected from each source. They were labelled and kept in an icebox during 

transportation and analysis. In the end, the samples were analyzed to determine the degree of 

contamination.       

Bacteriological Analysis 
This parameter is measured by the occurrence of a specific group of coliform bacterial 

indicators of water pollution. Fecal contamination is determined by the most important 

bacterial indicator E. coli [18]. The multi-tube method, or the Most Probable Number (MPN), 

was selected for the isolation, enumeration, and identification of coliform bacteria. 

MacConkey broth medium was used to culture bacteria. The cultures were incubated at 37°C 

for 24-48h. The number of tubes at each concentration of the inoculated samples showing 

acid and gas production was recorded. McCrady's probability tables were employed to 

determine the MPN of coliform bacteria in the samples of 100ml water from Halabja drinking 

water.      

Physico-chemical Analysis 

     Physico-chemical parameters were also analyzed following standard procedures [1]. 

Physico-chemical tests included the determination of turbidity using Eutech turbidity meter, 

pH using pH meter (Fisher Scientific XL 150), and conductivity using EC meter (Inolab- 

cond7110). The remaining water quality parameters, including the contents of total dissolved 

solids, chloride, FRC, calcium, magnesium, sulfate, nitrite, and nitrate, as well as total 

hardness, were determined following standard methods using an Orion aquamate 8000 

spectrophotometer (Thermo Fisher). 

Results and Discussion  

     To examine the quality of water from Halabja water treatment pant and Sirwan River, 

some physico-chemical properties were examined. Along with these parameters, the microbial 

contamination including coliform bacteria and fecal E. coli were tested as they are important 

indicators of water quality [1]. Iraqi and WHO standards of these parameters are listed in 

Table 1.  

Table 1-Iraqi and WHO drinking water standards of bacteriological and physico-chemical 

parameters. 

Characteristic 
Iraqi standards [17], 

Maximum Allowable Limit 
WHO standards [1] 

Natural Characteristics 

pH value 6.5-8.5 6.5-8.5 

Turbidity, nephelometric turbidity units 

(NTU) 
5 5 

Condutivity μS/cm - 1500 

Chemical Characteristics (mg/L) 

Total hardness (T.H) 500 500 

Magnesium (Mg
+2

) 100 30 

Calcium (Ca
+2

) 100 100 

Nitrate (NO3
-1

) 50 50 

Nitrite (NO2
-1

) 3 3 

Sulfates (SO4
-2

) 400 250 

Chloride (Cl
-
) 30 250 

Total dissolved solids (TDS) 1000 600 

FRC (Cl) - 0.3-5 

Biological Characteristics, Colony Forming Unit (CFU) 

Coliform bacteria <1.1 0 

E. coli <1.1 0 
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Bacteriological Load of Drinking Water Source  

     A large area of the earth's surface is covered by surface water. The predominant water 

surfaces in rural areas of developing countries are rivers, pans, springs, and dams [19]. Open 

exposure of those water sources renders them vulnerable to contaminants that come from the 

environment [20]. The population of Halabja city, which mainly uses river water for drinking 

and food processing, might therefore be exposed to health risks, possibly arisen from 

contamination with coliform and E. coli bacteria. The presence of these microorganisms 

indicates that water could be contaminated by fecal matter and/ or other microbial pathogens. 

In this case, this water is not safe for drinking [21].  

     The microbial quality of drinking water can be monitored by investigating the coliform 

bacteria [20]. To decrease human health risks resulting from the consumption of contaminated 

water, suitable treatment processes need to be performed for the disinfection of water to 

become safe for drinking and usable in food processing [22]. The number of coliforms and E. 

coli should not exceed zero CFU per milliliter as a recommended standard [1]. It is 

recognized that the majority of the sporadic cases of intestinal illness might not be 

investigated or even detected, but they are recognized as being probably water-related. 

Several researchers have attempted to find diseases associated with waterborne microbes. It 

was found that these microbes might account for 33% of intestinal infections worldwide [8]. 

Thus, treatment of river water by utilizing disinfection substances is required.   

     In the current study, bacteriological analysis of water samples showed that all the tested 

samples had no indication of bacterial contamination (Table 2). All of the water samples were 

found to be negative or free-from coliform bacteria and E. coli. Hence, in all cases, bacterial 

counts were within the recommended levels set by the WHO [1]. This means that the quality 

of the water in Halabja drinking water was high, with no indication of fecal or other water 

contaminants. These data excluded any possibility of water contaminations that might come 

from the purification station until reaching the city center, main tanks, distribution pipes, and 

unhygienic handling of the water after chlorination. In addition, there was no evidence of an 

inadequate sewerage system along the treated water supply chain, nor leakages that could 

contaminate the water with bacteria. 

     The absence of coliform pathogens is due to applying liquefied chlorine gas to Sirwan 

river water in the treatment plant to disinfect and kill any microbial organism. FRC can 

protect the water against reinfection from the point of chlorination to the point of use. FRC 

levels in the chlorinated Sirwan river water was in the range of 0.4-0.94ml/L over the year 

2019. This was less than the recommended level for piped water. Generally, the results 

suggest that the possibility of infection by microbes that cause severe diseases to humans, 

such as gastroenteritis, typhoid fever, hepatitis, and dysentery, might be low [23].  

 

Table 2-Bacteriological parameters of Halabja drinking water. The samples were weekly 

collected in year 2019. However, the samples were not collected in one week during July, 

August and October, and several weeks in March. 

Month Weeks in a month 
Number of  

replicates* 

Coliform bacteria 

CFU/100ml 

E. coli 

CFU/100ml 

January 

1 6 0 0 

2 6 0 0 

3 5 0 0 

4 6 0 0 

February 

1 3 0 0 

2 4 0 0 

3 4 0 0 

4 5 0 0 

March 
1 4 0 0 

4 5 0 0 
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April 

1 4 0 0 

2 4 0 0 

3 7 0 0 

4 6 0 0 

May 

1 10 0 0 

2 5 0 0 

3 10 0 0 

4 10 0 0 

June 

1 10 0 0 

2 5 0 0 

3 4 0 0 

4 5 0 0 

July 

1 4 0 0 

3 8 0 0 

4 6 0 0 

August 

1 7 0 0 

3 5 0 0 

4 7 0 0 

September 

1 6 0 0 

2 7 0 0 

3 5 0 0 

4 7 0 0 

October 

1 8 0 0 

2 5 0 0 

3 5 0 0 

November 

1 5 0 0 

2 5 0 0 

3 5 0 0 

4 4 0 0 

December 

1 4 0 0 

2 5 0 0 

3 6 0 0 

4 6 0 0 
 

* These parameters were weekly analysed. In each week, 4 to 10 replicates of water samples 

were collected for analysis from several areas (4-10 sections) in  Halabja.     . 

 

Physical-chemical Analyses 

     The results of the physical-chemical analyses of water from both the raw pre-treated 

Sirwan water and Halabja drinking water are presented in Figures 2 and 3. The monthly 

values of these parameters over the entire year of 2019 are presented. . 

     One of the essential parameters that is often employed to test water quality is pH. It affects 

both the physical and chemical properties of water. The pH value of water samples was within 

the range of 8.11–8.5 in the raw water and 7.97-8.5 in the treated water (Figure 2). This value 

is near to neutrality, and within the Iraqi and WHO recommended standard of 6.5–8.5 [1]. pH 

differences are probably due to geological conditions of types of water.  

     The turbidity of water was also assessed as one of the measurements of the quality of 

water. The desirable level of water turbidity is up to 5 NUT, s recommended by the WHO [1]. 

Turbidity values higher than 5 NUT might correlate with increasing pathogenic 

microorganisms, including coliform bacteria [24]. There was an enormous difference in 

turbidity of water within the untreated river water over the year 2019, ranging from 3.3 NTU 

in June to 57 NTU in September. However, the turbidity of the treated water was dramatically 

decreased to 0.02 NTU in October and November, but increased to 0.8 in April (Table 1). The 

turbidity value in the present study was found to be below the standards [1].  

     Electrical conductivity in aquatic environments is taken into account to be a crucial 

indicator of total dissolved solid substances to test the purity of water [25]. This parameter 
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essentially examines a number of dissolved salts, including potassium chloride and sodium 

chloride. Over the year 2019, the electrical conductivity in both types of water increased from 

383μs in July to the highest level of 566μs in December. Although there was a variation in 

this parameter over the year, which could be due to agricultural activities, geological factors, 

and environmental factors, this value was also within the Iraqi and WHO standards [1, 17, 26].  

     Total dissolved solids measurement did not show dramatic differences in the Sirwan river 

and treated water samples. This might relate to the absence of any factor that would 

participate to make differences in this parameter in both types of water. Values of total 

dissolved solids were between 246 mg/L in late spring and at the beginning of summer to 362 

mg/L at the beginning of winter. These values are below the maximum acceptable standard of 

600 mg/L [1]. It is generally accepted that the flavor of drinking water is good when it 

contains 600 mg/L dissolved solids or lower. By increasing the solids to a level of 600 mg/L 

or higher, the water will not be suitable for drinking. 

   

  

  

Figure 2- Distribution of the PH, Turbidity, Conductivity and Total Dissolved Solids values 

of physico-chemical parameters within the drinking water of Halabja and raw Sirwan river 

water over the entire year of 2019. 

     

      FRC levels of water samples from Sirwan river water and the treated water were 0.0 mg/L 

and 0.4 to 0.94, respectively (Figure 3). The quantity of this substance was lower than the 

maximum concentration determined by the WHO. Surface water bodies generally have a low 

concentration of chlorides compared to groundwater. This compound has an important role in 

metabolic and physiological processes within the human body. An excessive amount of 

chloride can damage metallic pipes and structures. According to WHO standards, the amount 

of chloride has to be less than 250 mg/l [1]. The concentration of chloride within Sirwan river 

was 31.2 to 65.3 mg/L and in the treated water was 48.2 to 73.8 mg/L. These values are 

permitted by both the Iraqi and WHO drinking water standards.  

     Hard water is a type of water that contains high minerals that are usually not detrimental to 

the human body. This water hardness is usually associated with the presenting of both 
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calcium and magnesium metal cations. Water hardness is principally quantified as calcium 

carbonate (CaCO3). According to the WHO, the taste threshold for calcium ion is 100 mg/L 

and that for magnesium is possibly lower (Table 1). In some instances, consumers may 

tolerate water hardness to a level of 500 mg/L or more. In addition, water can be classified as 

soft (60–120 mg/L CaCO3), moderately hard (120–180 mg/L CaCO3), or very hard (over 180 

mg/L CaCO3) [1]. In the current study, the hardness of the treated water ranges from 132 

mg/L in July to 344 mg/L in December. Similarly, this parameter in the Sirwan River ranged 

from 180 mg/L in March to 332 mg/L in January (Figure 3). Although these data are below 

the highest limit of WHO standards, water hardness in this study area was moderately hard to 

very hard. This might have adverse effects on the human body and/or the environment [27]. 

The health influences of hard water are due to the effects of dissolved salts, such as 

magnesium and calcium. There is probably a positive correlation between the amount of 

magnesium and calcium in water and food with blood pressure [27]. 

     Calcium is the fifth most abundant element on the crust of the Earth and is essential for 

human bodies to function properly, especially cell physiology and bones. A proportion of 

95% of calcium is stored within the teeth and bones of animals. Deficiency of this mineral in 

humans may cause health disorders, such as poor blood clotting and bone fracture. Similarly, 

exceeding the limit of this mineral might produce cardiovascular diseases [28]. Magnesium  is 

the eighth most abundant element on Earth's crust and water. This is also important for a 

properly functioning human body. More than half of Mg
+2  

in humans is found in the bones 

and the remaining is in the muscles and tissues. The concentrations of Ca
+2

 and Mg
+2

 in the 

treated water were within the ranges of 48–89.5 mg/L and 2.2-29.2 mg/L, respectively. These 

were within the range of standards for concentrations of Ca
+2

 of 100 mg/ L and Mg
+2

 of 30-

100 mg/ L.  Nevertheless, the concentration of Ca
+2

 is close to the upper limits, which could 

be harmful to the human body [29]. The influence of water hardness on the kidney stone 

formation remains unclear, despite a weak correlation between water hardness and urinary 

calcium and magnesium is seen [27].  

     Nitrite typically has a lower level than nitrate in water bodies, which comes from the 

degradation of organic matter; especially, nitrite originates from the reduction of nitrate. 

Nitrate has a crucial effect on the quality of drinking water. Human or animal excreta, 

nitrogen fertilizers, and drainage of wastewater can increase the concentrations of these 

compounds, which can have health risks because of their toxicity. There was a variation in 

nitrate level over the year 2019 in the treated water, being approximately 1 mg/L in summer 

and increased to approximately 5 mg/L in autumn. Nevertheless, the value of this compound 

was largely lower than the recommended limits of 50mg/ L in drinking water [1]. Within the 

study area, results were free of nitrite due to the purification process of the river water. This 

process is vital because the standards have only permitted a maximum level of 3 mg/L nitrite. 

Exceeding this range might threaten the health of inhabitants. 

     Sulfate is especially obtained from the dissolution of sulphuric acid salts and is usually 

available in most types of water bodies. The concentration of sulfate in natural water is 

extremely low, while might be increased to several hundred milligrams per liter without 

serious negative impacts on human health. The highest permitted limit for sulfate in drinking 

water is 250 mg/L. Within the present study, the concentration of sulfate within the treated 

water was from 36 mg/L in September to 141.5 mg/L in December. This compound had an 

identical pattern in the river water, ranging from 28 to 84.3 mg/L. Both water types exhibit 

that the concentration of sulfate was within the standard limit and safe for human health. 
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Figure 3-Distribution of chloride, Cl2, Total hardness, Ca

+2
 hardness, Mg

+2
 hardness, SO4

2-
, 

Nitrate and nitrite in Halabja drinking water and  Sirwan river raw water over the year 2019.  

 

Conclusions  

     To conclude, this study indicates that the quality of the purification processes in the 

Halabja drinking water was good enough to purify the Sirwan river water to be suitable for 

drinking. Water samples were weekly or monthly studied in several sections of Halabja city. 

The data revealed that each of the bacteriological indicators and physico-chemical parameters 

was in a satisfactory status for drinking and use in food processing. The chlorination process 

was effective to disinfect the water and prevent the growth of waterborne pathogens. All 

parameters were within the limits of Iraqi and WHO drinking water standards. However, a 

number of these parameters, such as pH, total hardness, and Ca
+2

, were near the upper limits 
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of standards, which could indicate a critical situation. Thus, a continuous assessment of  

Halabja drinking water should be performed and a similar study can be performed on the 

other sources of Halabja drinking water.  

Conflict of Interest  
     The author confirms that there is no conflict of interest regarding the publication of this 

paper. 

 

References 
[1] WHO (World Health Organization). ― Guidelines for Drinking Water Quality", 4

th
 edn. 

Incorporating first addendum. World Health Organization, 20 Avenue Appia, 1211 Geneva 

27,Switzerland, 2017. 

[2] UNICEF (United Nations International Children's Emergency Fund). ―The Rights to Safe Water 

and to Sanitation‖. United Nations International Children’s Emergency Fund, New York, USA, 

2004. 

[3] Usman, A., Gerber, N. and von Braun, J. ―The impact of drinking water quality and sanitationon 

child health: Evidence from rural Ethiopia‖. The Journal of Development Studies, vol. 55, no. 10, 

pp. 2193-2211, 2019. 

[4] Ashbolt, N.J. ―Microbial contamination of drinking water and disease outcomes in developing 

regions‖. Toxicology, vol.198, no. 1-3, pp. 229-238, 2004. 

[5] Tabor, M., Kibret, M. and Abera, B. ―Bacteriological and physicochemical quality of drinking 

water and hygiene-sanitation practices of the consumers in bahir dar city, Ethiopia‖. Ethiopian 

journal of health sciences, vol. 21, no. 1, pp. 19-26, 2011. 

[6] Zuthi, M.R., Biswas, M. and Bahar, N. ―Assessment of supply water quality in the Chittagong 

city of Bangladesh‖. ARPN Journal of Engineering and Applied Sciences, vol. 4, no. 3, pp. 73-80, 

2009. 

[7] Kumar, D., Malik, S., Madan, M., Pandey, A. and Asthana, A.K. ―Bacteriological analysis of 

drinking water by MPN method in a tertiary care hospital and adjoining area Western UP, 

India‖. J Environ Sci, vol. 4, pp. 17-22, 2013. 

[8] Hunter R, Fewtrell L. 2001. Assessment of risk and risk management of water related infectious 

diseases. In Fewtrell L, Bardman J, editors. Water quality: Guidelines, Standards and 

Health.London: IWA Publishing, 2001, pp. 207-227.    

[9] Prüss, A., Kay, D., Fewtrell, L. and Bartram, J. ―Estimating the burden of disease from water, 

sanitation, and hygiene at a global level‖. Environmental health perspectives, vol. 110, no. 5, pp. 

537-542, 2002. 

[10] Wen, X., Chen, F., Lin, Y., Zhu, H., Yuan, F., Kuang, D., Jia, Z. and Yuan, Z.―Microbial 

Indicators and Their Use for Monitoring Drinking Water Quality—A 

Review‖.  Sustainability, vol. 12, no. 6, pp. 1-14, 2020. 

[11] Mulamattathil, G., Bezuidenhout, C. and Mbewe, M. ―Analysis of physico-chemical and 

bacteriological quality of drinking water in Mafikeng, South Africa‖. Journal of water and 

health, vol. 13, no. 4, pp. 1143-1152, 2015. 

[12] Al-Bayatti, K., Al-Arajy, .H. and Al-Nuaemy, S. ―Bacteriological and physicochemical studies on 

Tigris River near the water purification stations within Baghdad Province‖. Journal of 

Environmental and Public Health, pp. 1-8, 2012. 

[13] AL-Dulaimi, A. and Younes, K. ―Assessment of potable water quality in Baghdad City, Iraq‖. Air, 

Soil and Water Research, vol. 10, pp. 1-5, 2017. 

[14] Barbooti, M., Bolzoni, G., Mirza, I.A., Pelosi, M., Barilli, I., Kadhum, R. and Peterlongo, G. 

―Evaluation of quality of drinking water from Baghdad, Iraq‖. Science World Journal, vol. 5, no. 

2, pp. 35-46, 2010. 

[15] Goel, S., Sood, R., Mazta, R., Bansal, P. and Gupta, A. ―Bacteriological quality of water samples 

of a tertiary care medical center campus in North Western Himalayan Region of India‖. Internet J. 

Third World Med., vol. 5, no. 1, pp. 1-7, 2007. 

[16] Kravitz, J.D., Nyaphisi, M., Mandel, R. and Petersen, E. ―Quantitative bacterial examination of 

domestic water supplies in the Lesotho Highlands: water quality, sanitation, and village 

health‖. Bulletin of the World Health Organization, vol.77, no. 10, pp. 829-836, 1999. 



Mohammed                                             Iraqi Journal of Science, 2021, Vol. 62, No. 11, pp: 3816-3826 
 

3826 

[17] Iraq, Ministry of Construction, Housing, Municipalities & Public Works, Emergency Operation 

Development Projects (EODP), (P155732), Environmental and Social Management Plan(ESMP), 

2017. 

[18] Edberg, S.L., Rice, W., Karlin, J. and Allen, J. ―Escherichia coli: the best biological drinking 

water indicator for public health protection‖. Journal of applied microbiology, vol. 88, no. S1, pp. 

106S-116S, 2000. 

[19] Suleiman, M., Saidu, S., Abdulrazaq, A., Hassan, B. and Abubakar, N. ―The dynamics of land use 

land cover change: using geospatial techniques to promote sustainable urban development in 

Ilorin Metropolis, Nigeria‖. Asian Review of Environmental and Earth Sciences, vol. 1, no. 1, pp. 

8-15, 2014. 

[20] Gangil, R., Tripathi, R., Patyal, A., Dutta, P. and Mathur, N. ―Bacteriological evaluation of 

packaged bottled water sold at Jaipur city and its public health significance‖. Veterinary 

World, vol. 6, no. 1, pp. 27-30, 2013. 

[21] Venkatesan, D., Balaji, M. and Victor, K. ―Microbiological analysis of packaged drinking water 

sold in Chennai‖. International Journal of Medical Science and Public Health, vol. 3, no. 4, pp. 

472-476, 2014. 

[22] Oyedeji, O., Olutiola, O. and Moninuola, A. ―Microbiological quality of packaged drinking water 

brands marketed in Ibadan metropolis and Ile-Ife city in South Western Nigeria‖. African Journal 

of Microbiology Research, vol. 4, no. 2, pp. 096-102, 2010. 

[23] Cabral, P. ―Water microbiology. Bacterial pathogens and water‖. International journal of 

environmental research and public health, vol. 7, no. 10, pp. 3657-3703, 2010. 

[24] McCoy, F. and Olson, H. ―Relationship among turbidity, particle counts and bacteriological 

quality within water distribution lines‖. Water Research, vol.20, no. 8, pp. 1023-1029, 1986. 

[25] Federation, E. and American Public Health Association, 2005. Standard methods for the        

examination of water and wastewater. American Public Health Association (APHA): Washington, 

DC, USA. Central Institute Bureau for Iraqi Measurement and Quality Control, Standard Quality 

For Drinking Water, 1996. 

[26] Sengupta, P. ―Potential health impacts of hard water‖. International journal of preventive 

medicine, vol. 4, no. 8, pp. 866-875, 2013. 

[27] Beto, A. ―The role of calcium in human aging‖. Clinical nutrition research, vol. 4, no. 1, pp. 1-8, 

2015. 

[28] Worcester, M. and Coe, L. ―Calcium kidney stones‖. New England Journal of Medicine, vol. 363, 

no. 10, pp. 954-963, 2010. 

[29] Sorensen, D. ―Calcium intake and urinary stone disease‖. Translational andrology and 

urology, vol. 3, no. 3, pp. 235-240, 2014.   


