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Abstract: 

    Water quality deterioration in surface water is the impact of anthropogenic activities 

due to rapid industrialization. Tigris River within Baghdad city is of particular 

importance in the study of surface water quality because; industrial and municipal wastes, 

agricultural and runoff from developing areas were mixing with river flow and 

surrounding water body thereby deteriorating the quality. The aim of the study was to 

assess the WQI on the basis of Weighted Arithmetic Index in order to evaluate the water 

quality of the Tigris River for drinking purposes from three stations within Baghdad city 

during 2013. The WQI was calculated based on the concentration of eleven parameters 

(pH, Total Dissolved Solid (TDS), Total Hardness, Calcium, Magnesium, Chloride, 

Turbidity, Nitrite (NO2), Nitrate (NO3), sulphate (SO4) and Zinc). The calculation of WQI 

showed that the water quality of Tigris river can be rated as very poor and unsuitable 

conditions at winter and summer, respectively, in the 1st site which is situated at the north 

of the study area while the water quality of the 2nd site can be categories as unsuitable 

conditions at all season of study and for 3rd site can be rated as poor and very poor 

conditions at winter and summer season, respectively. Therefore, there is need a regular 

monitoring of water quality in order to detect the changes in physio-chemical parameter 

concentrations. 

 

Keywords: Weighted Arithmetic Index, WQI, Drinking water, Tigris River, and 

sulphate. 
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 تٔ ٗذحٍط اىْٖش ذذفق ٍغ ٗاىرً ذخيط اىْاٍٍح اىَْاطق ٍِ اىرصشٌفػادج ٗا حٍاىضساػٗ حَْضىٍٗاى اىصْاػٍح

تأسرخذاً دىٍو  WQI ذقٌٍٍ ٕ٘ اىذساسح ٕزٓ ٍِ اىٖذف . ٗماُاىٍَآ حّ٘ػٍ ذذٕ٘سٌؤدي رىل اىى  ٗتاىراىً

ٍِ شلاز ٍحطاخ داخو ٍذٌْح  اىششب لأغشاض دجيح ْٖشى اىٍَآ ّ٘ػٍح ابحس أجو ٍِاى٘صًّ اىحساب 

 ،pH اىحَ٘ضح دسجحأحذ ػشش ٍرغٍش ) ذشمٍض أساط ػيى WQI احرساب . ذ1023ٌػاً  خلاه تغذاد

 اىْرشٌد اىؼناسج، ني٘سٌذ،اى اىَغٍْسًٍ٘، اىناىسًٍ٘، ،اىؼسشج اىنيٍح ،TDS اىزائثح اىصيثحاىَ٘اد  ٍجَ٘ع

NO2، ْرشاخاى NO3 ، نثشٌراخاى SO4 ٗاىضّل Zn.  أظٖش حسابWQI  ِأُ ّ٘ػٍح ٍٍآ ّٖش دجيح ٌَن

اىشراء ٗاىصٍف، ػيى  فصيً فً (unsuitable)ٍلائَح ٗغٍش   (very poor) جذا مٍَآ فقٍشجصْف ذأُ 

فٖ٘  ًّاىصا٘قغ اىَاىزي ٌقغ فً شَاه ٍْطقح اىذساسح فً حٍِ أُ ّ٘ػٍح اىٍَآ فً  الاٗهَ٘قغ اىاىر٘اىً، فً 

اىصاىس ٌَنِ ذصٍْفٖا مٍَآ  ىَ٘قغٍٍٗآ اه اىذساسح ٘فً مو فص (unsuitable) َلائَحاىغٍش ٍِ اىْ٘ػٍح 

ْٕاك حاجح ىزىل اىشراء ٗاىصٍف، ػيى اىر٘اىً.  ًفً فصي (very poor)ٗ ٍٍآ فقٍشج جذا  (poor)فقٍشج 

 اىفٍضٌائٍح ٗاىنٍٍَائٍح. رغٍشاخمٍض اىَاشإىى اىشصذ اىَْرظٌ ىْ٘ػٍح اىٍَآ ٍِ أجو اىنشف ػِ اىرغٍشاخ فً ذ

 

 .ٍٍآ اىششب، ّٖش دجيح، اىنثشٌراخ: دىٍو اىحساب اى٘صًّ، دىٍو ّ٘ػٍح اىٍَآ، الكلمات المرشذة

 
INTRODUCTION  

ater resources are of great environmental issues and studied by a wide range 

of specialists consisting hydrologists, engineers, ecologists, and geologists 

[1]. It has become an important issue for them as it affects not only human 

uses, but also plant and animal life. Potable safe water is absolutely essential for healthy 

living. It is a basic need of all human beings to get the sufficient supply of safe and fresh 

drinking water [2]. Rivers in urban areas play a main role in carrying of industrial and 

municipal wastewater, manure discharges and run-off from agricultural fields and streets, 

which are responsible for river pollution [3,4].  Nowadays, surface water quality became 

a critical issue in many countries; therefore, water quality monitoring is necessary for the 

protection of freshwater resources [5]. Water quality is usually used to describe the 

condition of the water, including its chemical, physical and biological characteristics, 

with respect to its suitability for a particular purpose (i.e., drinking, fishing or irrigation) 

[6,7]. Water quality Index (WQI) is a dimensionless number that combines multiple 

water-quality factors into a single number and simple terms (e.g., excellent, good, bad, 

etc.) for reporting to managers and the public in a consistent manner [8]. Factors to be 

included in WQI model could vary depending on the designated water uses and local 

preferences. Water quality indices (WQIs) have been developed to combine water quality 

variables [9- 11]. There  are  four  stages  in  the  development  of  WQI: 1st-parameter 

selection 2nd - the transformation of parameters  to  the  same  scale 3rd - the development 

of parametric  weightings,  and 4th - the  selection of an appropriate  aggregation  function 

[12,13]. Numerous studies of water quality index for the Tigris River have been 

recommended by many researchers under different condition [14-17]. However, this 

research was conducted to evaluate the water quality of the Tigris River for Iraqi standard 

guideline for drinking water by using the Weighted Arithmetic Index method [9]. 

 

Materials and Methods 

Study Area 

w 
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   Baghdad is the capital of Iraq at latitude 33° 18′ 0″ North, longitude 44° 24′ 0″ 

East. Tigris River is the main source of drinking water in Baghdad. It stretches of 

the Tigris River extends from Al-Tajee in the north of Al-Zafaraniah in the south 

before the river confluence with Diyala River. The River divides the city into a right 

(Karkh) and left (Risafa) sections with a flow direction from north to south. The area 

is characterized by arid to semi-arid climate with dry, hot summers and cold winters; 

the mean annual rainfall is about 151.8 mm [18]. 

In order to determine the water quality index, three sites were chosen for sample 

collection in the study area along the Tigris River from January to June 2013 (Figure 

1). As it is described in Table (1), the 1st sample station (S1) was located north of 

Baghdad, the 2nd station (S2) at the middle part of the city and the 3rd station (S3) 

was located at the south part. 

 

Table (1). Description of water quality sampling sites 

 

Station 

No. 
Description Longitude Latitude 

S1 Near to Al-Muthana Bridge 44°20'47.35"E 33°25'41.51"N 

S2 
Near to Wathba WTP and 

The Medical City 
44°22'20.56"E 33°21'0.64"N 

S3 

Near to Al-Rasheed Power 

Plant-2 and State 

Company for Vegetable 

Oils Industry 

44°27'22.95"E 33°14'0.74"N 

 

 

Figure (1). Map of Bagdad City illustrates the study sites on Tigris River 

 

Sampling and Analysis 
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   Water sample collection was made monthly from January to June 2013 from three 

selected sites in the Tigris River. Water samples were collected in stopper fitted 

polyethylene bottles and refrigerated at 4°C in order to be analysed as soon as possible. 

pH was measured on the site using portable measuring devices. Procedures followed for 

analysis have been in accordance with the Standard Method for Examination of Water 

and Wastewater [19]. 

The data were merged (seasonal average values for each parameter) to obtain a data set 

covering two seasons of data for three sites. Water Quality Index was calculated based on 

the concentration of eleven water quality parameters: pH value, Total Dissolved Solid, 

Total Hardness, Calcium, Magnesium, Chloride, Turbidity, Nitrite, Nitrate, sulphate, and 

Zinc 

 

Calculations Water Quality Index (WQI) 

   Water Quality Index (WQI) is a very useful and efficient method, can provide a simple 

indicator of water quality and it’s based on some very important parameters. In this study, 

Water Quality Index (WQI) was calculated by using the Weighted Arithmetic Index 

method as described by [9]. In this model, different water quality components are 

multiplied by a weighting factor and are then aggregated using simple arithmetic mean. 

In assessing the quality of water in this study, firstly, the quality rating scale (Qi) for 

each parameter was calculated by using the following equation: 

 

                                                                                (1) 

 

Where, 

Qi = Quality rating of ith parameter for a total of n water quality parameters. 

Vactual = Actual value of the water quality parameter obtained from laboratory analysis. 

Videal = Ideal value of that water quality parameter can be obtained from the standard 

Tables. 

Videal for pH = 7 and for other parameters, it is equal to zero, but for DO Videal = 14.6 mg/l 

Vstandard = Recommended Iraqi standard guidelines of the drinking water [20]. 

   This equation ensures that Qi = 0 when a pollutant is totally absent in the water sample 

and Qi = 100 when the value of this parameter is just equal to its permissible value. Thus 

the higher the value of Qi is, the more polluted is the water. 

Secondly, after calculating the quality rating scale (Qi), the Relative (unit) weight (Wi) 

was calculated by a value inversely proportional to the recommended standard (Si) for 

the corresponding parameter using the following expression: 

 

                                                                                                                   (2) 

 

Where, 

Wi = Relative (unit) weight for nth parameter. 

K = Proportionality constant, K=1/∑ (1/Si). 



Eng. &Tech. Journal, Vol. 34, Part (A),  No. 4, 2016 Impact of Medical City and Al-Rasheed Power           

                                                                                      Plant Effluents on the Water Quality Index 

                                                                                   Value of Tigris River at Baghdad City 

                     
 

719 

 

That means, the Relative (unit) weight (WI) to various water Quality parameters are 

inversely proportional to the recommended standards for the corresponding parameters. 

 

Finally, the overall WQI was calculated by aggregating the quality rating with the unit 

weight linearly by using the following equation: 

 

                                                                                                         (3) 

Where, 

Qi = Quality rating, Wi = Relative weight. 

   In this study, the water quality index was applied and tested for all the sites on the 

Tigris River using of Iraqi standard guidelines for drinking water [20]. The standards 

(permissible values of various pollutants) for the drinking water and unit weights are 

given in Table 2. 

 

Table (2). The Iraqi standard guidelines for drinking water [20] and Unit Weights 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results and Discussion 

   In general, WQI is defined for a specific and intended use of water. In this study the 

WQI was considered for human consumption or uses and the maximum permissible WQI 

for the drinking water was taken as 100 scores. The classification of water quality types is 

given according to [21] as shown in Table 3. 

 

Table (3). Water Quality Index categorization schema [21] 

Score 0-25 26-50 51-75 76-100 >100 

Water 

Quality 

Index 

Excellent Good Poor Very Poor Unsuitable 

 

 

Parameters Iraqi Standard [20] 
Unit Weights (Wi) 

pH 6.5-8.5 0.117629 

TDS (mg/L) 1000 0.000941 

Total Hardness (mg/L) 500 0.001882 

Calcium (mg/L) 50 0.018821 

Magnesium (mg/L) 50 0.018821 

Chloride (mg/L) 250 0.003764 

Turbidity (NTU) 5 0.188206 

Nitrite (mg/L) 3 0.313676 

Nitrate (mg/L) 50 0.018821 

Sulfate (mg/L) 250 0.003764 

Zinc (mg/L) 3 0.313676 
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Applying the equations on the results of water analysis data of the Tigris River, 

seasonally WQI for three sites in 2013 have been plotted in Figure 2. The results of water 

quality index showed values in winter 96.1, 129.3, and 77.4, while in summer the values 

were 127.27, 137.25, and 94.6 in sites 1, 2, and 3, respectively.  

 

 

 

 

 
 

Figure (2). Water quality index for drinking water at different locations along  

Tigris River 

 

   Average values of WQIs indicate that water quality index for drinking uses can be rated 

as very poor conditions at winter season and unsuitable conditions at summer season in 

the 1st site which is situated at the north of the study area before entrance the river into 

Baghdad city, which it means that Tigris river are uploaded by contaminants before its 

entering the city; while the water quality index on the 2nd site can be categories as 

unsuitable conditions (> 100) for the human uses during all season of the study, that 

denoted an increase in pollution due to the discharge of various domestic and industries 

wastewater and also other anthropogenic hazardous waste from the Medical City.  

   WQI values indicate that the water quality index can be rated as poor conditions at 

winter season and very poor conditions of summer season in the 3rd site. Exceeding the 
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WQI values refer to the following parameters: Calcium, Turbidity, and Sulfate were 

exceeding the standard value for drinking uses all the time in all sites. Descriptive 

statistics: the range and (average±standard deviation) of water quality parameters of the 

study area are presented in Table 4 

 

Table (4). The range and (average±standard deviation) of water quality parameters 

of study area 

Parameter Site 1 Site 2 Site 3 

pH 
8.10 - 8.40 

8.27±0.126 

7.80 - 8.70 

8.23±0.44 

8.00 - 8.40 

8.13±0.19 

TDS (mg/L) 
10.00 - 641.00 

175.25±310.64 

10.00 - 584.00 

168.50±277.36 

6.00 - 600.00 

162.25±291.95 

Total Hardness 

(mg/L) 

340.00-950.00 

576.25±267.99 

340.00-910.00 

573.75±246.35 

310.00-580.00 

462.50±112.36 

Calcium (mg/L) 
80.00-188.37 

128.71±44.87 

80.10-228.45 

140.26±64.40 

76.15 - 148.29 

111.22±29.52 

Magnesium (mg/L) 
34.02-116.64 

61.96±38.95 

34.02-82.62 

54.37±20.84 

29.16 - 51.03 

44.96±10.59 

Chloride (mg/L) 
34.99 - 94.97 

69.98±26.45 

24.99-149.00 

69.74±54.75 

24.99 - 274.90 

114.96±110.04 

Turbidity (NTU) 
14.50-30.90 

23.15±6.74 

18.80-37.20 

28.75±8.88 

6.64 - 23.10 

16.59 ± 7.32 

Nitrite (mg/L) 
0.00 - 0.06 

0.036±0.027 

0.00 - 0.089 

0.039±0.037 

0.00 - 0.487 

0.138±0.233 

Nitrate (mg/L) 
0.00 - 21.70 

8.19 ± 9.58 

0.00 - 2.66 

0.886±1.253 

0.00 - 4.43 

1.77±2.17 

Sulphate (mg/L) 
180.0 -1120.0 

473.75±437.36 

142.00-2000.00 

705.50±868.19 

144.00-1960.00 

733.50±828.08 

Zinc (mg/L) 
ND - 0.097 

0.061±0.045 

ND  - 0.368 

0.143±0.158 

ND - 0.368 

0.143±0.158 

 

   The pH value is a measure of the intensity of acidity or alkalinity and the concentration 

of hydrogen ion. pH value has no direct adverse effects on health; however, High pH 

value induces the formation of tri-halo methane which is toxic. pH value below 6.5 starts 

corrosion in pipes, thereby releasing toxic metals such as Cd, Cu, Zn, and Pb etc. [22]. 

The pH values of water samples of present study varied from 7.8 to 8.7 for all sites. 

These values are within the prescribed limit of standard [20]. Dissolved Solids in natural 

water are generally consistent from bicarbonate, calcium, magnesium, chloride, sodium 

and sulfate [23]. The TDS in the Tigris river water in this study varies from 6 to 641 

mg/L. However, the results denoted that the mean concentrations of dissolved solid 

within permissible levels recommended by Iraqi standard guideline value for drinking 

water [20].  
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   Total Hardness concentration varies from 310 to 950 mg/l, However, the results 

showed that the mean concentrations of total hardness within permissible levels in all 

study area except 1st and 2nd sites at winter season, which exceed the permissible level 

(500 mg/L) recommended by Iraqi standard guideline value for drinking water [20]. The 

observed mean values of Calcium (Ca2+) concentrations were found well above all the 

time in all sites, where the values range from (76.15 to 228.45 mg/l). While the observed 

mean values of Magnesium (Mg2+) concentrations were found within the recommended 

values for Iraqi standard guidelines all the time except 1st and 2nd sites at winter season 

(75.33 mg/l) and (63.78 mg/l), respectively, which well above the permissible level (50 

mg/l). Chloride concentration varies from 24.99 to 274.90 mg/l, and the mean 

concentrations of Cl- ion was within the recommended values for Iraqi standard 

guidelines all the time. 

   Turbidity concentration varies from 6.64 to 37.2 mg/l, and the mean concentrations 

exceeded the recommended values for Iraqi standard guidelines for drinking water (5 

NTU) [20] all the time in all sites. 

Nitrite and Nitrate are naturally occurring ions in water system that are part of the 

nitrogen cycle. Nitrate is the stable form of combined nitrogen for oxygenated systems, 

and can be reduced by microbial action. Nitrite ion contains nitrogen in a relatively 

unstable oxidation state; many processes can reduce nitrite to ammonia or oxidize it to 

nitrate [24]. NO2 concentrations vary from 0.0 to 0.487 mg/l and NO3 concentration 

varies from 0.0 to 21.7 mg/l. The result showed that the mean value of NO2 and NO3 

concentrations within the recommended values for Iraqi standard guidelines all the time. 

While the mean values of Sulfate (SO4) concentrations were found to exceed the 

recommended values (250 mg/l) for Iraqi standard guidelines all the time, where values 

ranged from 142 to 2000 mg/l. 

   For the mean values of Zn concentration was within the permissible level (3 mg/l) 

recommended by Iraqi standard guidelines for drinking water [20] all the time, where 

value ranged between (ND- 0.368 mg/l). The degree of a linear correlation between the 

water quality parameters, as measured by the correlation coefficient (R), is presented in 

Table 5. pH display positive correlation with Ca (0.738) and total hardness display strong 

correlation coefficient with both Ca and Mg (0.962 and 0.953, respectively) which 

denotes a strong correlation at the 0.01 significance level, indicates that its occurrence in 

the surface water was mainly due to natural or anthropogenic sources. Calcium and 

Chloride are  also strongly correlated with Magnesium (0.833) and Sulfate (0.80), 

respectively. While Nitrite exhibited positive correlations with Zinc (0.755), suggesting it 

originated from some common sources. 

Table (5). The correlation coefficient matrix of all water quality parameters 

 pH TDS TH Ca Mg Cl Turb NO2 NO3 SO4 Zn 

pH 1           

TDS -0.469 1          

TH 0.658 -0.271 1         

Ca 0.738 -0.221 0.962 1        

Mg 0.510 -0.301 0.953 0.833 1       

Cl 0.101 -0.513 0.173 0.167 0.164 1      
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Turb 0.188 -0.062 -0.018 0.065 -0.109 -0.379 1     

NO2 0.311 -0.178 0.187 0.262 0.087 -0.087 -0.299 1    

NO3 0.235 -0.177 0.269 0.168 0.357 -0.072 0.042 0.101 1   

SO4 0.308 -0.272 0.631 0.650* 0.553 0.800 -0.256 -0.044 -0.089 1  

Zn 0.459 -0.122 0.303 0.382 0.189 -0.146 -0.253 0.755 0.058 -0.001 1 

Conclusions  

   Water Quality index (WQI) of the present study for Tigris river was calculated from 

important various physiochemical parameters in order to evaluate the suitability of water 

for drinking purposes. The water quality rating of the sampling sites clearly showed that 

the status of the water was poor and unsuitable for the human uses during the period of 

study. It has been concluded that the discharging of domestic and industrial wastewater, 

discharging stormwater, agriculture runoff and also other anthropogenic activities were 

the main factors for contaminating Tigris River.  
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