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ABSTRACT 

The aim of the research is to study water quality in Al-Mustansiriya university, 

which is supplied by water through a4 inch diameter pipe, water collected in a very old 

ground tank supplying water to the university departments which have their only tanks. 

Samples of water from the main pipe and for each department in the university were 

taken for seven months (Jan. 2011 -Jul. 2011) Physical, chemical and bacteriological 

tests have been done. 

Residual chlorine reduced as the temperature increased during the year .Samples 

from Arabic language department show the less residual chlorine content. Turbidity 

readings did not apply to the Iraqi and WHO standards because the ground tank 

contains large amount of sediments and was not cleaned for a long time , maximum 

turbidity reading was 6.8 NTU. 

The samples were analyzed also to find the chemical properties such as heavy 

metals (Fe, Cu, Pb, Zn) and other parameters of water (TDS, CL, Na, S.S, pH, Mn, Ca) 

.Iron was the heavy metal which was found in large concentrations that exceeded the 

Iraqi and WHO standards because of the corrosion inside the ground tank, maximum 

iron reading was 8.4 mg/l. The percent of samples exceeding the standard limits for 

sodium, sulphate, chloride, hardness 55, 9.04, 6.19, and 5.71 % respectively.      

Bacteriological examinations of water (total coli form, E coli, and total plate count) 

show good results although some bacteria were detected but still within the allowable 

limits, this is attributed to the present of residual chlorine and the continuous feeding 

of water supply due to high consumption of water. 
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الهدف من البحث  وثد دسا ثو يد مثو ممثشر اللثسم ل اشمسثو الم حيثثسمو حمث  ححعثدم الاشمسثو مثن 
 ثن طسمثخ نقايثش  ايث  مثثا الثز نثقان قثدم  اثدا مثثا الثز  اق ثش  الاشمسثو معث     4 ايبدم قطثسر

يمش ج المشء امس  من مثدس المشء السئم ي دمن دانا  كثا  مداددة في  طح  كا ق   من  الاق ش  .
محعمثس   بمي  ان حسكمثق الك ثدس فحدثش  فمقمشدمو,كمممشدمو دبكحسمدلدامو,يحشئ  ال ق   من اق ش  الاشمسو

 .لق   ال عو السسبمو ساو الحساسة دمكدن ق ما بشلي بو بشلي بو ل مشء الماهق دمقا  بشسحفشع د
د لث   فقد  ا   قساءا  منشلفثو ل مداثثفش  الثثحو السشلممثو دالمداثثفش  السساقمثوامش بشلي بو ل كدسة 

دل  ميظف مي  فحسة طدم و ,  ثا   ا  ثز  حد    ز كممش  من الاطمشن  مح ال ب بم النقان الاسضي
قم ثثو  . حثث  حح مثثا اليمثثش ج لاماثثشد النثثداي الكمممشدمثثو  ممثثا حساكمثثق المسثثشدن الم6.8NTUقممثثو  ل كثثدسة 

, الثددمد  ,  مددالمحعمسا  الانسم  المداد الث بو الك مو ,الك دس دمد ,اليحشس , السثشي , القي  الح
حدمثد اكمثس السيشثثس المقم ثو الث    ثاا فقد كشن  يثثس ال  دالميعمقالمداد السشلقو , السق  الهشمدسداميي 

 mg/l  8.4 ا  ز قم  منشلفو ل مداثفش  الثحو السشلممو دالسساقمو  حمث   ثا   ا  ثز قممثو ل حدمثد 
ثثددمد  , الكبسمث  , الك دسمثد ,  النشساثو  ثن الحثددد الم ثمدا بهثش ل ثثحو ل سيشثثس دد اليمش ج مشا

 مثثو ل مثثشء دالحثثي لثثم   الفحدثثثش  البكحسمدلدا. ع بشلححثثشب % 5.71, 6.198, 9.041, 55الس ثثسة 
بمي   يحشئاهش  بشيهش امدة  بشلسغ  من ظهدس  دد ق ما  شش القدلدن , السدد الك ي ل بكحسمبكحسمالكدلمفدس  , 

الحددد الم مدا بهش دو ا مساع الز دادد الك دس كسشما سئم ي في قحا من البكحسمش دالحي كشي  ضمن 
 حماو الا حها  المدمي.البكحسمش دحادد المشء ي

 
 

INTRODUCTION           
ater is an essential element in the maintenance of all forms of life, and most 

living organisms can survive only for short period without water. This fact 

has resulted in the development of direct relationships between abundance 

of water, population density, and quality of life[1].The water supply for  domestic and 

public purposes should be  high in quality concerning its, physical, chemical, 

biological and radiological properties[2]. Distribution systems are especially 

vulnerable to contamination when the pressure falls, particularly in the intermittent 

supplies of many cities in developing countries. Suction is often created by direct 

pumping from the mains to private storage tanks, a practice which should be prohibited 

[3]. Water storage tanks are widely used which are fed with tap water from the main 

distribution system. These tanks must be inspected for deterioration and for infiltration 

of surface water and ground water. It is desirable for the land enclosing underground 

storage tanks to be fenced off, both to prevent access by people and animals and to 

prevent damage to the structures [4]. 

 
WATER QUALITY AND HEALTH                                                     
       The term ‘Water Quality’ is a widely used expression which has an extremely 

broad spectrum of meanings .Water, must be aesthetically acceptable for drinking as it 

should be free from  apparent turbidity, odor and from objectionable taste  with  

reasonable temperature. Such water is termed ‘potable’, meaning that its quality has no 

concern for adverse effect on health [5]. The relationship between water quality and 

health effect has been studied throughout;     

 Physical health effect 

W 
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 Chemical health effect 

 Bacteriological health effect 

 

 

 

 

Physical Health Effect                                         

     The fact that physical contamination is normally associated with acute effects, 

places them in a lower priority category than microbial contaminants .The physical 

indicator involves taste, odor, turbidity and color. [5]                                                 

Temperature  

     The ideal temperature of drinking purpose in 15-12Co above 25Co water is not 

recommended for drinking [6]. 

Turbidity  

    The appearance of water with turbidity of less than 5NTU is usually acceptable to 

consumers, although this may vary with circumstances. The consumption of highly 

turbid water may constitute a health risk because excessive turbidity can protect 

pathogenic microorganisms from the effects of disinfectants. [7]. 

Odor and Taste  

    The taste and odor of drinking water should not be offensive to the consumer 

.However there is enormous variation in level and quality of taste and odor that are 

regarded as acceptable [8]. 

Chemical Health Effect   

    The health risk due to toxic chemicals in drinking water differs from that caused by 

microbiological contaminants. There are few chemical constituents of water that can 

lead to acute health problems expect through massive accidental contamination of 

supply [9].  

Chlorine  

    Exposure to chlorine, hypochlorous acid, and hypochlorine ion through ingestion of 

household bleach occurs most commonly in children [10]. Intake of a small quantity of 

bleach generally results in irritation of esophagus, burning sensation in mouth and 

throat, and spontaneous or the extremely causic nature of the bleach that causes the 

tissue injury [11].A increased risk of bladder cancer appeared to be associated with the 

consumption of chlorinated tap water in a population based case control study of a 

adults consuming chlorinated or non chlorinated water for half of their lifetimes [12]. 

PH  

     Eye irritation and exacerbation of skin discords have been associated with pH 

values greater than 11 [13]. 

Total Dissolved Solid (TDS) 

   Inverse relationships were reported between TDS concentration in drinking water 

and incidence cancer, coronary heart diseases, atherosclerotic heart disease and 

cardiovascular disease [14]. 

Suspended Solid (SS) 
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Reliable data on possible effects associated with the ingestion of suspended solid in 

drinking water are not available. The result of early epidemiological studies suggested 

that even low contentions of SS in drinking-water may have beneficial effects and 

defects in lipid and carbohydrate metabolism [15]. 

Hardness  

  Studies have suggested that a variety of diseases are also inversely correlated with 

hardness of water, including an encephaly and various types of cancer [16]. 

Sulfate  

   The major physiological effects from the ingestion of sulfate are cantharis, 

dehydration and gastrointestinal irritation. Water containing magnesium sulfate at level 

above 600mg/l acts a purgative in humans [17][18].  

Chloride (Cl) 

    Chloride toxicity has not been observed on humans except in the special case of 

impaired sodium chloride metabolism e.g. incongesive heart failure [19]. 

Sodium (Na) 

   Sodium level is typically less than 200 mg/l .On the basis of exceeding this limit ,no 

firm conclusions can be drawn concerning the possible association between sodium in 

drinking water and the hypertension[20] 

Manganese (Mn) 

   Although no specific manganese deficiency syndrome has been described in humans, 

an association between manganese deficiency and disorders such as anemia, bone 

changes in children, and lupus erythematosus has been suggested [21][22] 

Nitrate (NO3) 

   Congenital malformations has been related to high nitrate level in drinking water 

,however their observations were not confirmed, other studies also failed to 

demonstrate a relationships between congenital malformations and nitrate 

intake[23].Studies relating cardiovascular effect to nitratate level in drinking water 

gave in consistent results[24 ].    

Iron (Fe) 

  The average lethal dose of iron is 200-250 mg/kg of body weight, but death has 

occurred following the ingestion of doses as low as 40mg/kg body[25].Autopsies have 

shown hemorrhagic necrosis and sloughing of areas of  mucosa in the stomach with 

extension into the submucoasa [26]. 

Lead (Pb) 

     Lead is accumulative general poison infants, children up to 6years of age, the fetus 

and pregnant women being the most susceptible to adverse health effects. Its effects on 

the central nervous system can be particularly serious [27]. 

Zinc (Zn) 

    Auto toxicity results from the ingestion of excessive amounts of zinc salts, either 

accidentally or deliberately as an emetic or dietary supplement [28]. It was concluded 

that in the light of recent studies on humans derivation of health based  guideline value 

is not required at this time .However drinking water containing zinc at  levels above 

3mg/l tends to be opalescent develops a greasy film when boiled and has undesirable 

astringent taste [29 ] . 
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Copper (Cu) 

   The copper status of healthy liver during the first few months of life is comparable to 

a person suffering from disease. Infants are more sensitive to factors that threaten 

copper homoeostasis than are older children and adults [30]. 

Bacteriological Health Effect  

   The bacteriological imputes are caused by the presence in water of the pathogenic or 

disease. Producing any type of bacteria makes water dangerous for patient’s 

consumption and health [31]. The pathogenic bacteria are generally inherent 

coliaerogenous or coliform group of bacteria called the Escheria coli (E.coli) [32]. 

Coliform bacteria  

   Coli form bacteria may not cause disease but is an indicator of pathogenic organisms 

that cause diseases. The latter could cause intestinal infections dysentery hepatitis, 

typhoid fever, cholera and other illness [33]. 

Escherichia coli (E.coli) 

   The detection of pathogenic subtypes of E.coli in water supply has seldom been 

attempt. Although this may be necessary in epidemiological research, the available 

methods are not suitable for the routine examination of water sample [34]. 

 

WATER QUALIY STANDRDS 

   Water quality criteria and standards are therefore necessary to ensure that the 

appropriate quality of resource is available to a particular consumer process.  The 

related legislation is used as an administrative mean to manage and maintain water 

quality for the maximum number of users of the water body. Water quality vary and 

standards originate in a number of possible ways; there are international standards set 

by the World Health Organization WHO [35] and Iraqi Central for Standardization and 

Quality Control [36]. 

 

 

 Table (1) Water Quality Standards WHO 2010and (ICSQ) 2001. [35] [36]. 

Characteristics Units WHO Iraqi 

Physicals    

Color C.U 20 10 

Temperature Co 25  

Turbidity NTU 5 5 

Chemicals    

Chorine mg/l 0.1-2 0.1-1.5 

Total dissolved solid mg/l 1500 1500 

Sodium mg/l 150 200 

Sulphates mg/l 100 200 

pH  6.5-8.5 6.5-8.5 

Nitrates mg/l 50 50 

Manganese mg/l 0.5 0.1 

Chloride mg/l 250 200 

Suspended solid mg/l 0 0 
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Hardness mg/l 60 500 

Iron mg/l 0.5 0.2 

Copper mg/l 0.1 0.1 

Zinc mg/l 0.1 0.1 

Fluoride mg/l 1 1 

Lead mg/l 0.01 0.01 

Microbiological    

Total coliform MPN/100ml 0 5 

E.coli MPN/100ml 0 0 

Total plate count Number 50 10 

 

FIELD WORK AND SAMPLING 

   Samples of water have been taken from Al-Mustansiriya University in order to study 

the water quality of the supplied water to the different departments. Water is pumped 

from the main distribution system through a 4inch pipe to an old ground tank with a 

storage capacity of100 m3 then pumped to each department having two upper storage 

tanks with capacity 1m3 .Chemical and physical tests have been done by the Sanitary 

laboratory/ University of Technology, where the bacteriological and heavy metal tests 

were done at the Ministry of Environment laboratory. The tube fermentation method 

was performed    to estimate the bacterial quantities of water recording the result as 

most probable number MPN [37]. Heavy metals Fe, Zn, Cu, Pb were tested by using 

spectrophotometer according to the standard method examination [38]. 

  

RESULTIS AND DISCUSSION 

   The results obtained from fieldwork investigations of seven months in different 

weather conditions winter, spring and summer   for the water supply systems in the 

university were analyzed using statistical programs. Relations between water 

parameters were obtained in order to know what is that most influencing parameter 

concentration in potable water and storage tanks.  

   Figures (1to7) show the residual chlorine for different locations in the university 

during the period of research from January to July .Residual chlorine values 1.3-0.7 

mg/l this is attributed to the consumption of chlorine in water supply. The lowest 

residual chlorine observations are clear in the Arabic dept. The increase in temperature 

leads to decrease in the value of residual chlorine.  

     The wide variation in the level of turbidity throughout this period could be seen for 

the different units of the university. Figure (8) shows this variation, this clearly 

indicates that there is a high accumulation of sediments inside the ground storage tanks 

and roof tanks which need to be cleaned urgently.  It is easy to see the high suspended 

solid (SS) observation which occur from January to July ,the maximum value of 

SS1reached  5.90  mg/l inside the university pipe system because of high accumulation 

of sediments inside the ground storage tank and roof tanks.   

    Figure (9) represents the average heavy metals concentrations during the study 

period .The average iron concentration increased from 4.5 to 7.5 mg/l  indicating the 

corrosions in the ground tank and the concentration increased with temperature 
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increasing .This concentration exceeded the Iraqi and WHO standards. Concentrations 

of other heavy metals were within the standards. 

Figure (10) represents the average concentrations parameter TDS, SO4, Mn, Cl, 

hardness, during the study period. Seepage also may happen to ground water tanks 

when increase the concentrations of element.  

Figure (11) shows the relationship between TPC, turbidity and chlorine the raise of 

total plate count due to the raise of turbidity because of the sediment accumulation in 

the ground of the storage tank as this may lead to decrease residual chlorine 

concentration.  

   Table (2) shows the statistical description of the data for  Al-Mustansiriya University 

. It has be notated the variation in the maximum total dissolved solid inside the 

university reached TDS1 97 mg/l and the maximum total dissolved solid TDS2  980 

mg/l because of the large size of tanks which fill with water continuously  and then 

evaporated leaving concentrated perecent of salts. 

   The percent of samples that exceeded  the health limits for  sodium ,sulphats , 

chloride , hardness  were 55, 9.04 ,6.19 ,5.71  % respectively . 

   The manganese (Mn) concentration was within the allowable limits.  

   It has been noted the variations in the pH values measured were very little, values of 

the of main supply these values are within allowable limits. Maximum value for pH1 

inside university 8.9, the increasing in the pH value because of  the corrosions in the 

ground tank.[5] 

As for temperature, it varied through the study period and reached 40-56Co in July. 

   Table (3) shows the statistical analysis for the heavy metals Fe, Cu ,Pb, Zn  for the 

inside and main water supply for Al-Mustansiriya University, the maximum value for 

Fe1 inside university 8.4 mg/l because the storage tank manufactured from iron and  the 

corrosions in the ground tank.   , while the variance 1.2225 and standard division 

0.5477. 

    Table (4) shows the bacteriological examination frequency analysis of the water 

supply for Al-Mustansiriya University and figure12 shows the frequency of the results. 

The results show that no coliform and E.coli bacteria were dictated in the supply water.  

As for the total plate count  a maximum of 49 count /100 ml  was measured .This is 

more than the standard limits which may be due to the sediment accumulate  in the 

ground storage tank as this may affect the  decrease  residual chlorine recommended by 

lechavellier (1980).  

 

CONCLUSIONS 

   According to the results, the conclusions can be summarized in the following items: 

1- Residual chlorine values reached (0.1-0.2) mg/l, and these values are 

acceptable as the minimum allowable limits. 

2- Seepage and evaporation lead to increase concentration levels of different 

measured parameters chloride, total suspend solid, hardness, sulphate , sodium 

,manganese inside university .  
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3-  Iron was the heavy metals which found in large concentrations that exceeded 

the Iraqi and WHO standards because of the ground tank manufacture from 

iron and  corrosion inside the ground tank  

4- Turbidity level showed a wide variation and values not within the Iraqi and 

WHO standards for January to July ,this clearly indicates that there is a high 

accumulation of sediments inside the ground storage tank which needs to be 

cleaned urgently .   

5- Bacteriological examination of water shows that water supply is with the 

allowable limits because of the presence of residual chlorine and the 

continuous feeding of water due to high consumption. 

6-  The water quality of Al-Mustansiniy University was with the allowable limits 

except for turbidity which reach 6.95 NTU and Fe concentrating reaching 8.4 

mg/l.    
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Figure(1)Shows residual chlorine for different locations in the  

university in Jan 2011. 
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Figure(3) Shows residual chlorine for different locations in the 

 University in March 2011. 
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Figure(2), Shows residual chlorine for different locations in the University in Feb2011. 
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Figure (4) Shows residual chlorine for different locations in the 

University in April 2011. 

 

 
 

Figure(5) Shows residual chlorine for different locations in the 

university in May2011. 
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Figure (6) Shows residual chlorine for different locations in the 

 University in June1 2011. 

 

 
 

Figure (7) Shows residual chlorine for different locations in the 

university in July 2011. 
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Figure (8) Average Turbidity of Drinking Water during (Jan-Jul). 

 

 
 

Figure (9) Average Heavy Metals of Drinking Water During (Jan-Jul). 
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Figure (10) Average Parameters of Drinking Water during (Jan-Jul). 

 

 
 

Figure (11) Relationship between TPC, Turbidity and Chlorine of Drinking 

Water During (Jan-Jul). 

 

 
Table (2) Descriptive Statistics for Al-Mustansiriya University. 

 

 N Range Minimum Maximum Sum Mean Std. Deviation Variance 

Total Dissolved 

Solids1 

420 952.00 28.00 980.00 92193.00 219.5071 183.72447 33754.680 

Total Dissolved 

Solids2 

14 92.00 5.00 97.00 312.00 22.2857 23.46988 550.835 

Sodium1 420 693.00 17.00 710.00 72334.00 172.2238 84.87999 7204.613 

Sodium2 14 30.00 3.00 33.00 229.00 16.3571 8.50888 72.401 

Sulphates1 420 758.00 22.00 780.00 74562.00 177.5286 67.21132 4517.362 

Sulphates2 14 34.00 10.00 44.00 323.00 23.0714 9.82512 96.533 

Manganese1 420 .19 .01 .20 32.78 .0780 .04618 .002 

Manganese2 14 .01 .01 .01 .13 .0096 .00134 .000 

Chloride1 420 656.00 11.00 667.00 63900.00 152.1429 86.76605 7528.347 

Chloride2 14 24.00 12.00 36.00 320.00 22.8571 8.62784 74.440 

Hardness1 420 180.00 10.00 190.00 14882.00 35.4333 20.81141 433.115 

Hardness2 14 21.00 2.00 23.00 147.00 10.5000 6.09855 37.192 

Chlorine1 420 .90 .10 1.00 199.70 .4755 .21438 .046 

Chlorine2 14 .60 .70 1.30 12.90 .9214 .14239 .020 

Temperature1 420 44.00 12.00 56.00 13302.00 31.6714 9.96517 99.305 
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Temperature2 14 30.00 10.00 40.00 383.00 27.3571 10.95871 120.093 

pH1 420 2.50 6.40 8.90 3117.79 7.4233 .48500 .235 

pH2 14 1.40 6.50 7.90 97.90 6.9929 .41037 .168 

Suspended Solids1 420 5.90 .00 5.90 935.98 2.2285 1.26576 1.602 

Suspended Solids2 14 .00 .00 .00 .00 .0000 .00000 .000 

Turbidty1 420 6.80 1.00 7.80 2169.60 5.1657 1.33347 1.778 

Turbidty2 14 2.19 .70 2.89 20.75 1.4821 .70308 .494 

Nitrate1 420 .89 .01 .90 28.83 .0686 .04431 .002 

Nitrate2 14 .02 .01 .02 .22 .0161 .00561 .000 

         

N= No. of samples. 

1= samples inside the university.  

2= samples for main water supply outside the university.  

 

 

 

 

 

 

 

 

Table (3) Heavy Metals Descriptive Statistics. 

 

Heavy 

metals N Range Minimum Maximum Sum Mean 
Std. 

Deviation Variance 

Statistic Statistic Statistic Statistic Statistic Statistic Std. Error Statistic  
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Table (4),  Bacteriology data Frequency Analysis  
 
Statistics 

 T.P.C. Coli form E.Coli 

N Valid 217 217 217 

Missing 0 0 0 
Std. Error of Mean .77688 .00000 .00000 
Std. Deviation 11.44412 .00000 .00000 
Variance 130.968 .000 .000 
Range 49.00 .00 .00 
Minimum .00 .00 .00 
Maximum 49.00 .00 .00 

 
Frequency Table 

 
Coli form 

 
Frequency Percent Valid Percent 

Cumulative 
Percent 

Valid .00 217 100.0 100.0 100.0 

 

 
E.Coli 

 
Frequency Percent Valid Percent 

Cumulative 
Percent 

Valid .00 217 100.0 100.0 100.0 

 

 

Fe1 420 4.40 4.00 8.40 2623.20 6.2457 .05477 1.12250  
Fe2 14 .05 .01 .05 .24 .0171 .00318 .01188  
Pb1 420 .68 .02 .05 28.62 .0681 .00216 .04432  
Pb2 14 .04 .01 .04 .25 .0175 .00291 .01088  
Zn1 420 .99 .01 .09 199.11 .4741 .01447 .29660  
Zn2 14 .04 .01 .05 .34 .0243 .00416 .01555  
Cu1 420 .08 .01 .09 17.71 .0422 .00069 .01422  
Cu2 14 .04 .01 .05 .32 .0229 .00339 .01267  

          
          

          
          
          

Total Plate Count  

 
Frequency Percent Valid Percent 

Cumulative 
Percent 

Valid .00 7 3.2 3.2 3.2 

2.00 1 .5 .5 3.7 

3.00 4 1.8 1.8 5.5 

4.00 5 2.3 2.3 7.8 
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5.00 5 2.3 2.3 10.1 

6.00 5 2.3 2.3 12.4 

7.00 9 4.1 4.1 16.6 

8.00 10 4.6 4.6 21.2 

9.00 9 4.1 4.1 25.3 

10.00 12 5.5 5.5 30.9 

11.00 12 5.5 5.5 36.4 

12.00 16 7.4 7.4 43.8 

13.00 10 4.6 4.6 48.4 

14.00 10 4.6 4.6 53.0 

15.00 2 .9 .9 53.9 

16.00 12 5.5 5.5 59.4 

17.00 3 1.4 1.4 60.8 

18.00 10 4.6 4.6 65.4 

19.00 11 5.1 5.1 70.5 

20.00 7 3.2 3.2 73.7 

21.00 2 .9 .9 74.7 

22.00 2 .9 .9 75.6 

23.00 2 .9 .9 76.5 

24.00 3 1.4 1.4 77.9 

25.00 2 .9 .9 78.8 

26.00 3 1.4 1.4 80.2 

27.00 2 .9 .9 81.1 

28.00 4 1.8 1.8 82.9 

29.00 5 2.3 2.3 85.3 

30.00 3 1.4 1.4 86.6 

31.00 1 .5 .5 87.1 

32.00 1 .5 .5 87.6 

33.00 1 .5 .5 88.0 

35.00 2 .9 .9 88.9 

36.00 1 .5 .5 89.4 

38.00 2 .9 .9 90.3 

39.00 4 1.8 1.8 92.2 

40.00 3 1.4 1.4 93.5 

41.00 2 .9 .9 94.5 

42.00 3 1.4 1.4 95.9 

44.00 3 1.4 1.4 97.2 

45.00 2 .9 .9 98.2 

46.00 3 1.4 1.4 99.5 

49.00 1 .5 .5 100.0 

Total 217 100.0 100.0  
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Figure (10) Bacteriological Tests of Water Supply in 

Al- Mustansiriya University. 


