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Abstract 
Evaluation of water quality is important for the management of water re-
sources. The current study is focused on the interpretation of the water qual-
ity monitoring data of the Tigris River in Iraq by the application of the prin-
cipal component analysis (PCA), cluster analysis (CA), and water quality in-
dex (WQI). Twelve water quality parameters were taken from 14 stations 
along the river Ca2+, Mg2+, Na+, K+, Cl−, 2

4SO − , 3HCO− , 3NO− , TH, TDS, 
BOD5, and EC to apply the PCA and CA. The results show that the mean of 
all the parameters was under the standards except Ca2+, EC, Mg2+, TH, and 

2
4SO − . The amount of EC is the critical factor that affects the river water 

quality. The PCA obtained one principal component responsible for 97% of 
the variation caused by different pollution sources. The CA divided the river 
into three regions of sampling stations with similar water quality, the best in 
the north, and the worst in the far south. In this paper, the comput-
er-automated tool (IraqWQI) was presented and evaluated, which has been 
developed by authors to classify and measure the quality of Iraqi surface wa-
ter. The proposed index is of hundred degrees and includes six variables for 
drinking water quality Cl−, TH, TDS, COD, DO, and total coliform (TC) ac-
cording to the Iraqi specifications. The result of the IraqWQI application 
showed a decrease in the water quality of the river and its suitability for 
drinking in the south of the country. The best value of the index was (81.48, 
Good) in Fishkhabour during winter, and the worst value was (46.23, Bad) in 
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Qurnah during summer. The result of this study proved the success and im-
portance of using statistical techniques and WQI as useful tools for the man-
agement, control, and conservation of surface water.  
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1. Introduction 

The quality of surface water, including rivers, depends on natural processes 
(erosion, weathering of soil, rainfalls, etc.), and human activities (agricultural, 
urban, and industrial activities [1]. Rivers are the most vulnerable water bodies 
to contamination due to their simple openness to industrial, agricultural, and 
domestic discharges [2]. Tigris River is the second major river in Iraq; its basin is 
a heavily populated area due to its fertile soil and the availability of water [3]. 
River water is used for irrigation, manufacturing, and domestic and acts as a re-
ceiver of industrial and municipal wastewater, and the quality of river water has 
declined as a result during the recent several decades [4].  

The assessment of water quality is based on a large number of chemical, phys-
ical, and biological data, using descriptive methods of little benefit to deci-
sion-makers, and the analysis of water quality data using these basic methods, 
becomes more complicated as the number of variables increases [5] [6]. Statis-
tical approaches such as multivariate and WQI methods are required to obtain 
suitable outcomes; these methods provide greater opportunities to help the deci-
sion-making process and be effective for environmental quality assessment [7] 
[8] [9]. 

The principal component analysis (PCA), cluster analysis (CA), and water 
quality index (WQI) goals are to better interpret the broad data from several va-
riables identify the factors that cause variations in water quality, and provide a 
valuable tool for developing appropriate strategies for the effective management 
of water resources [10]. Water quality indices are important to convert the long, 
multi-parameter water analysis reports into a single number or word. This, in 
turn, is easy to understand and useful for comparing the water quality of the 
various sources and for tracking changes in the water quality of the source as a 
function of time and other factors of influence [11]. 

Chabuk, et al., 2020 [12] studied the WQI along the Tigris River using the 
Weighted Arithmetic Method. They selected 12 parameters that were measured 
at 14 stations. The results showed that the water quality index was classified as 
good quality, although the WQI values of stations along the Tigris River showed 
the degradation of the water quality of the river from upstream at Fishkhabour 
until Shuhada Bridge, Baghdad. The WQI values indicated the degradation of 
the Tigris River and were rated as poor water quality starting from Aziziyah to 
the last station in the south of Iraq at the Quanah, Basrah. Another study using 
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the WQI method of the Tigris River water in Baghdad city through measuring 
18 parameters at 10 stations found that it was inadequate for main uses (drink-
ing, irrigation, and industrial) [13]. The WQI model was adopted by Kamil, 
(2009) [14] to evaluate the water quality of the Tigris River from upstream of the 
river in Iraq (Feeshkhabour) to Qurnah, Basrah (downstream of the river) by 
measuring eight parameters (pH, TDS, EC, Ca, total hardness, Cl, SO4, SAR, and 
BOD) from thirteen stations during 2007-2008. The results showed that the cat-
egories (90 - 100) and (65 - 89) were classified for drinking use, while the cate-
gories (65 - 89), (35 - 64), and (11 - 34) were classified for irrigation use, the 
categories of (35 - 64) and (11 - 34) were classified for industrial use [14]. The 
water quality of the Tigris River within Baghdad (the capital of Iraq) was studied 
by Alobaidy et al. (2010) [15] by selecting 13 parameters (pH, Ca, Mg, Cl, SO4, 
TDS, Alkalinity, Turbidity, Total Hardness, NH3, F, Al, and Fe) from 2002 to 
2008, the study showed that the water quality in north Baghdad was poor, while 
midpart and downstream of the river was poor and very poor. Another variety of 
Tigris River hydrochemistry studies has been performed [16]-[21]. These studies 
demonstrated major spatial and temporal changes in the parameters along the 
river; thus, it is important for continuous monitoring to clarify the key changes 
and the cause of these changes using appropriate methods and techniques [22]. 

The current study aims to apply two statistical techniques (PCA and CA) to 
identify the important water quality parameters that cause pollution to use this 
information by the water management authority and society. Also, software 
named the Iraq Water Quality Index (IraqWQI) for assessing surface water 
quality for drinking demand was developed and applied to the Tigris River from 
north to south Iraq as a case study. To develop this proposed new WQI, the Iraqi 
specifications for drinking water [23], and the World Health Organization 
(WHO) were adopted [24]. 

2. Data and Methods 
2.1. The Study Area 

Iraq is part of the Middle East, it occupies an area of 433,970 km2, has around 39 
million inhabitants, and is well known for its two major rivers the Euphrates and 
Tigris [25], (Figure 1). The Tigris River rises in the southeastern part of Turkey 
on the southern slopes of the Taurus Mountain range and drains an area of 
472,606 km2 shared by Turkey, Syria, Iran, and Iraq. The total length of the river 
from its sources to its meeting with the Euphrates in Qurnah to form Shatt 
Al-Arab is 1900 km, of which about 1415 km are inside Iraqi lands, and about 
58% of the basin lies in Iraq [26]. 

The Tigris River in Turkish territory consists of five tributaries; these tributa-
ries pass over rocky lands of various types and are a major source of many types 
of salts and minerals. In Iraq, the river has five main tributaries; called Fishkha-
bour, Greater Zab, Lesser Zab, Adhaim, and Diyala, in addition to tens of 
sub-tributaries [27] [28]. The Tigris River is exposed to erosion like the rest of  
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Figure 1. Iraq map showing the sampling stations on the Tigris River [11]. 
 
the rivers of the world, especially in the twisting areas of the river, and the depth 
of the riverbed changes, and the main course of the river is altered by the hydro-
logical and hydraulic variables [29] [30]. The construction of dams on the tribu-
taries of the Tigris River by the Turkish and Iranian governments reduced the 
amount of water and negatively affected its quality [31] [32]. 

To track and monitor the water quality of the Tigris River, the National Cen-
ter of Water Resources Management of the Iraqi Ministry of Water Resources 
(NCWRM) has launched a monitoring program to monitor the water of the Ti-
gris River for several years. The trained staff of the laboratories in the NCWRM 
collect and analyze the water samples by the standard methods of Rice et al. 
(2017) within the continuous monitoring program during the study year at the 
14 stations along the river [32]. The 14 stations are Fishkhabour, Mosul Dam, 
Mosul, Shraqat, Tikrit, Samarra, Tarmiyah, Muthanna Bridge, Shuhada Bridge, 
Aziziyah, Kut, Ali Garbi, Amarah, and Qurnah (Figure 1). 

2.2. Data Pretreatment and Analysis 

In this study, the two 2017 seasons dry (summer and autumn) and wet (winter 
and spring) monitoring dataset obtained from the National Center of Water Re-
sources Management of the Iraqi Ministry of Water Resources (NCWRM) has 
been tested by some statistical techniques using twelve water quality parameters 
i.e. calcium (Ca2+), chloride (Cl−), magnesium (Mg2+), electrical conductivity 
(EC), sulfate ( 2

4SO − ), total dissolved solids (TDS), nitrate ( 3NO− ), biochemical 
oxygen demand (BOD5), sodium (Na+), potassium (K+), total hardness (TH) 
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and bicarbonate (HCO3). The SPSS 25 statistical software package for Windows 
was used for descriptive and statistical data analysis. All 12 variables were stan-
dardized by log transformation to achieve normality and to recover the effect of 
variables with very small or very large variance values [33]. The Kolmogo-
rov-Smirnov (K-S) experiment was used to test the goodness of proper data for 
the distribution. According to the K-S test, all the variables’ values had a normal 
distribution with 95% certainty [34]. 

2.3. Principal Component Analysis (PCA) 

This method of analysis can identify the most important parameters characte-
rizing all datasets and generating variables [35]. Factors with >1 variance are in-
cluded only because any factor can explain more variance than any single varia-
ble [36]. The PCA is used to describe the datasets and data reduction, giving the 
correlation between water variables without changing the original data [37]. In 
this analysis, the normalized variables were extracted from the significant prin-
cipal components and minimized the effect of variables of limited significance 
by using varimax rotation by extracting the eigenvalues from the matrix of the 
correlation [37]. Bartlett’s and Kaiser-Meyer-Olkin’s (KMO) tests were used to 
check the fitness of data for PCA. The KMO is a degree of sampling competence, 
which indicates the amount of variance produced by the causal factors [36]. A 
high value of KMO (close to 1) indicates that PCA may be useful. Bartlett’s test 
of sphericity tests the identity of the correlation matrix and the connection 
among variants. In this study, KMO = 0.675 and 0.702 for dry and wet seasons 
respectively, the significance level is (0 < 0.05) showing the significant relation-
ships among variables (Table 1). 
 
Table 1. Loadings of the 12 variables on one significant PC in the component matrix and 
the Kaiser-Meyer-Olkin (KMO) and Bartlett’s Test, (for both 2017 seasons).  

Variables Principal Component 

TH 0.999 

Na+ 0.995 

Mg2+ 0.993 

3NO−  0.993 

TDS 0.989 

EC 0.989 

Cl− 0.987 

K+ 0.986 

BOD5 0.986 

Ca2+ 0.977 

3HCO−  −0.970 

2
4SO −  0.956 
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Continued 

The KMO and Bartlett’s Test Dry Season Wet Season 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.675 0.702 

Bartlett’s Test of Sphericity 

Approx. Chi-Square 646.715 614.214 

df 66 66 

Sig. 0.000 0.000 

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with 
Kaiser Normalization. One principal component was extracted. 

2.4. Cluster Analysis (CA) 

Cluster analysis (CA) is a multivariate statistical analysis methodology that clas-
sifies all dissimilar objects into separate classes with an unsupervised pattern 
based on their characteristics. High internal (within the group) homogeneity and 
external (among the groups), in the resulting groups of objects, heterogeneity 
should be observed [38] [39]. 

Cluster analysis was used here to examine the dataset to define the spatial si-
milarity of the water quality of river stations. The hierarchical CA was achieved 
on the standardized dataset using the Pearson correlation technique as a similar-
ity measure using linkage distance by showing an illustrated dendrogram [40] 
[41]. 

2.5. The Iraqi Water Quality Index (IraqWQI) 

The IraqWQI was developed using these four steps [20]. 
1) Selection of suitable parameters. 
2) Weight assignment for the selected parameters. 
3) Sub-indexes’ functions development using the Iraqi specifications. 
4) Formation of the final equation of the index by aggregation of the sub-indices. 
The authors’ experiences, information from previous studies, and two statis-

tical methods (the PCA and the modified Delphi method in the survey of expert 
opinions) were used in the first and second steps. 

Based on the foregoing, the index is based on six important water variables 
according to the Iraqi standard, the final list of parameters from which the index 
was derived was COD, DO, TC, TDS, TH, and Cl−. Accordingly, the final for-
mula for the Iraqi Water Quality Index was as follows: [20]. 

Iraq WQI =  
[(−0.019 TDS + 84.587) × 0.2] + [−0.006 TC + 86.231) × 0.2] + [10 DO × 

0.2] + [(−0.119 TH + 113.68) × 0.15] + [−5.886 COD + 99.846) × 0.1] + 
[(−0.12 Cl + 106.58) × 0.15] 

2.5.1. The Specification of the IraqWQI V.1 Software 
The Iraqi water quality index (IraqWQI V.1) is computer software for evaluating 
surface water quality for drinking purposes and is programmed using the C 
Sharp programming language with XAML and Xamarin languages in both ver-
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sions (Windows and Android). It contains a simple user interface to enter the 
data and calculate the results (Figure 2 and Figure 3). The program contains a 
studio that connects the user to the program’s social networking sites for help or 
to view the details of the authors. The design of the program is based on a kind 
of artificial intelligence to perform the job on behalf of the user. 

The IraqWQI is developed to classify the river’s water into five categories, viz. 
Very good (90 - 100), Good (70 - 90), Acceptable 50 - 70, Bad 20 - 50, and Very 
bad (0 - 20) [20]. 
 

 

Figure 2. The Windows start and main menu of the graphic user interface of the IraqWQI for entering, calculating, and 
saving results. 

 

 

Figure 3. The Android icon and main menu of the user interface of the IraqWQI for en-
tering and calculating the results. 
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The IraqWQI V.1 user-friendly software was developed based on the Iraqi 
specifications for drinking water and includes features that help researchers, 
specialists, organizations, and ministries set up their water assessment and pro-
pose management methods. The authors provide free access to the software, the 
Android free version is available on the Google Play market under the name 
(IraqWQI) (https://play.google.com/store/apps/developer…) and the Windows 
version is available here: (http://water2irrigation.net/download.php).  

This index will be of help to researchers and state departments concerned with 
the quality of the Iraqi surface water and its suitability for drinking and is an al-
ternative to foreign models or indices designed for the waters of other countries. 
The index is characterized by a simple and easy-to-use interface. Figure 2 and 
Figure 3 show the program interface on Windows computers and Android 
phones. This application has been developed to save time and avoid errors re-
lated to manual calculations. 

2.5.2. How to Use the IraqWQI 
After installing and running the application, the user interface for calculating the 
quality index pops up. It consists of a menu to calculate the Iraq water quality 
index (IraqWQI). The user must have raw data on water quality parameters in 
mg/l for chemical parameters and the most probable number per 100 ml 
(MPN/100mL) unit for the total coliform. Once the raw data is entered for the 
parameters, the “Calculate” button in Windows and “Results” in Android allow 
us to immediately calculate the numerical value and the class matching the in-
terpretation of this numerical value. The “Remove” button allows the user to 
clean up the operation previously performed and repeat the data entry. The “Ex-
it” button allows the user to exit the application. Figure 2 and Figure 3 show the 
different functionalities of the application. 

3. Results and Discussion 

The General status of the river water: The descriptive statistics with the range, 
minimum, maximum, mean, standard error (SE), standard deviation (SD), and 
variance values of the 12 physicochemical parameters during the year 2017 are 
tabulated in Table 2 and Table 3.  

The study of the physicochemical parameters (TH, Ca2+, Cl−, Mg2+, EC, 2
4SO − , 

K+, 3NO− , BOD5, Na+, 3HCO− , and TDS) of the river water gives a more under-
standing of water quality and discriminates the parameters which are responsi-
ble for diminishing the water quality. In this study, the mean values of the para-
meters were compared with the Iraqi standards for drinking purposes (COQS, 
2009). The results showed that the parameters were within the standards except 
for Mg2+, TH, and Ca2+, which were always more than the standards, and some-
times the EC and 2

4SO −  were (Table 2 and Table 3). 
It seems that the amount of EC and TH are the critical factors, which affect 

the river water quality, especially in the middle and south of the country. The  
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Table 2. Descriptive statistics of the year 2017 Tigris River data (dry season). 

 Range Min Max Mean 
Std. 

Error 
Std. 
Dev. 

Variance 
Iraqi 

Standard 

Ca2+ 43.00 79.00 122.00 102.35 3.42 12.79 163.78 50 

Mg2+ 56.00 54.00 110.00 80.35 4.51 16.89 285.47 50 

Na+ 156.00 34.00 190.00 97.57 12.09 45.24 2046.72 200 

K+ 3.10 5.10 8.20 6.62 0.24 0.92 0.85 - 

Cl− 337.00 33.00 370.00 155.00 29.86 111.74 12486.76 250 

2
4SO −  170.00 360.00 530.00 457.07 12.83 48.03 2306.99 250 

3HCO−  30.00 164.00 194.00 182.00 2.77 10.37 107.69 - 

TH 587.00 726.00 1313.00 986.87 47.87 179.11 32081.76 500 

TDS 947.00 438.00 1385.00 833.42 78.19 292.58 85604.11 1000 

BOD5 3.90 3.20 7.10 4.52 0.30 1.149 1.32 5 

3NO−  11.40 5.90 17.30 10.21 0.96 3.59 12.94 50 

EC 1457.00 674.00 2131.00 1282.2 120.29 450.11 202603.1 1000 

Note: All parameters in mg/l except for EC in (μS/cm) unit. 
 
Table 3. Descriptive statistics of the year 2017 Tigris River data (wet season). 

 Range Min. Max. Mean 
Std. 

Error 
Std. 
Dev. 

Variance 
Iraqi 

Standard 

Ca2+ 35.00 75.00 110.00 93.57 2.64 9.91 98.26 50 

Mg2+ 45.00 50.00 95.00 72.28 3.78 14.14 200.06 50 

Na+ 140.00 30.00 170.00 87.35 11.12 41.62 1732.70 200 

K+ 3.10 5.30 8.40 6.85 0.24 0.92 0.86 - 

Cl− 328.00 32.00 360.00 148.14 28.82 107.86 11635.82 250 

2
4SO −  164.00 353.00 517.00 446.57 12.31 46.06 2121.80 250 

3HCO−  30.00 168.00 198.00 184.71 2.77 10.36 107.45 - 

TH 555.00 712.00 1267.00 955.21 44.75 167.43 28036.02 500 

TDS 951.00 443.00 1394.00 843.35 77.94 291.64 85057.63 1000 

BOD5 3.80 3.10 6.90 4.40 0.30 1.12 1.27 5 

3NO−  11.40 5.70 17.10 10.01 .96 3.62 13.15 50 

EC 1463.00 682.00 2145.00 1297.60 119.92 448.72 201356.26 1000 

Note: All parameters in mg/l except for EC in (μS/cm) unit. 
 

Tigris River has a real shortage of water and annual fluctuations in water 
quantity and quality; this is because of climate change and the many dams con-
structed by neighboring countries and the river does not follow the pattern of 
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the river’s annual discharge. In summer and autumn (dry seasons); water comes 
from the reservoirs in the north, filled with dark organic materials, causing a 
shift in the consistency of the water (Al-Sharqi, 2020). 

3.1. Principal Component Analysis (PCA) 

The PCA is calculated in this study for the 12 variables from the 14 sampling 
stations on the river during 2017, to identify the most important water quality 
variables by knowing the eigenvalues that give the highest degree of significance. 
Eigenvalues of 1.0 or more are considered significant (Table 1 and Figure 4) 
[42]. The PC which had an eigenvalue of more than one used to assess the im-
portant parameters in the river water [43]. 

In the obtained PCA data (for both seasons); one component was extracted, 
explaining 97% of the total variance which helps clarify the results and find out 
the sources of pollution from the water quality data. Table 1 and Figure 4 in-
clude the eigenvalues and loadings of the PC, explaining the total variance. 

The rotation, which increased the factors number, is necessary to clarify the 
same variance amount in the original dataset, here, only one component was ex-
tracted, and the solution cannot be rotated [42].  

The extracted PC explained 97% of the variance and loaded heavily on all the 
12 variables, it is a result of the point and non-point source pollution of the hy-
dro-geochemical and mineralization processes of the soil components.  

Cl−, TH and Mg2+ represent the contribution of point pollution and the che-
mistry of the river [44]. The BOD5, Na+, and TDS represent the role of the 
non-point source of organic pollution from agricultural areas and the point’s 
source of pollution from domestic sewage [45]. The rest variables represent the 
runoff the municipal sewage and the contribution of the geological components 
of soil [46]. 
 

 

Figure 4. Scree plot of the eigenvalue of the extracted component. 
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3.2. Hierarchical Cluster Analysis (HCA) 

The HCA gathered sampling stations in the river into 3 clusters of similar water 
quality features (there is no significant difference between the dry season and the 
wet season). Figure 5 illustrates the dendrogram output by using Ward’s linkage 
method and square Euclidean distances. 

Cluster 1 (stations 1, 2, 3, and 4), Cluster 2 (stations 5, 6, 7, 8, 9, 10, and 11), 
and Cluster 3 (stations 12, 13, and 14) correspond to the relatively low pollution, 
moderate pollution, and high pollution regions respectively from north of the 
country to south.  

In Cluster 1, which contains relatively less polluted sites (Feeshkhabour, Mo-
sul Dam, Mosul, and Shraqat stations), this could be accredited to the fact that 
fewer human activities were taking place at stations upstream of the river; they 
are far from the discharge of effluent. The river’s water here is close to its springs 
in the mountains, and there are no big cities that drain their waste into the river. 

Cluster 2 is made up of moderately polluted sites (the seven stations; Tikrit, 
Samarra, Tarmiyah, Muthanna Bridge, Shuhada Bridge, Aziziyah, and Kut) are 
located in the middle of the country, the river here is characterized by agricul-
tural fields on both sides, incidence under the influence of the human activity of 
many towns as the untreated domestic wastewater is added directly to the river.  
 

 

Figure 5. The CA Dendrogram of the study stations on the river (the dry season). 
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Cluster 3 contains the last three southern stations (Ali Garbi, Amarah, and 
Qurnah) which are located downstream of the river where the river region is 
characterized by a significant reduction in water level, high population density, 
under the influence of agricultural drainage projects as well as high evaporation 
that increases salinity and pollutants. 

3.3. Application of the IraqWQI V.1 Software 

In this study, to ensure the validity of the proposed IraqWQI, it was applied to 
estimate the two-season water quality of 14 sites on Tigris from north to south. 
The data of these sampling locations are taken from the National Center of Wa-
ter Resources Management of the Iraqi Ministry of Water Resources [11]; the 
total coliform values were assumed to be zero due to the unavailability of data, 
the COD values calculated by this equation: BOD/COD = 0.40 [46] [47], (Table 
4 and Table 5). 

It is observed from Table 4 and Table 5 that the IraqWQI values are gradually 
descending as we head downstream. In the dry season, three regions can be dis-
tinguished on the river, in which the index values of water quality converge. The 
northern region includes the first four stations, where the values of the index 
were (74.94, 73.81, 72.32, and 71.20 respectively) in the category “Good”. 

The second region includes eight stations with a value index ranging between 
68.28 and 51.60 in the category “Acceptable”. There are two stations in the south 
of the country with a value index of 48.28 and 43.55 in the category “Bad”. 
 
Table 4. The IraqWQI values of the 14 stations along the Tigris River during the dry sea-
son. 

Stations Cl− TH TDS COD DO TC Iraq WQI 

1) Feeshkhabour 33 726 438 4.8 9 0 74.94 Good 

2) Mosul Dam 39 777 490 4.95 8 0 73.81 Good 

3) Mosul 54 822 560 5.25 8 0 72.32 Good 

4) Shraqat 66 852 634 5.4 8 0 71.20 Good 

5) Tikrit 78 875 710 5.4 7 0 68.28 Acceptable 

6) Samarra 92 912 720 5.85 7 0 67.07 Acceptable 

7) Tarmiyah 110 942 755 6.3 7 0 65.81 Acceptable 

8) Muthanna Bridge 128 974 790 6.75 6 0 62.52 Acceptable 

9) Shuhada Bridge 158 1012 844 6.9 6 0 61.01 Acceptable 

10) Aziziyah 190 1056 890 7.5 6 0 59.12 Acceptable 

11) Kut 230 1115 952 7.8 5 0 54.93 Acceptable 

12) Ali Garbi 284 1185 1152 8.4 5 0 51.60 Acceptable 

13) Amarah 338 1255 1348 9 5 0 48.28 Bad 

14) Qurnah 370 1313 1385 10.65 4 0 43.55 Bad 

Note: All parameters in mg/l except for the total coliform (TC) in (MPN/100mL) unit. 
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Table 5. The IraqWQI values of the 14 stations along the Tigris River during the wet 
season. All parameters in mg/l except for the total coliform (TC) in (MPN/100 mL unit. 

Stations Cl− TH TDS COD DO TC Iraq WQI 

1) Feeshkhabour 32 712 443 4.65 11 0 81.48 Good 

2) Mosul Dam 38 762 500 4.8 11 0 80.16 Good 

3) Mosul 52 804 575 5.1 10 0 76.71 Good 

4) Shraqat 64 831 650 5.25 10 0 75.62 Good 

5) Tikrit 74 855 725 5.25 9 0 72.74 Good 

6) Samarra 88 888 730 5.7 9 0 71.62 Good 

7) Tarmiyah 105 908 764 6.15 8 0 68.57 Acceptable 

8) Muthanna Bridge 120 941 800 6.45 8 0 67.31 Acceptable 

9) Shuhada Bridge 145 972 850 6.75 7 0 64.02 Acceptable 

10) Aziziyah 180 1014 900 7.2 7 0 62.18 Acceptable 

11) Kut 220 1072 960 7.65 6 0 57.94 Acceptable 

12) Ali Garbi 270 1136 1160 8.25 6 0 54.78 Acceptable 

13) Amarah 326 1211 1356 8.65 6 0 51.54 Acceptable 

14) Qurnah 360 1267 1394 10.35 5 0 46.23 Bad 

Note: All parameters in mg/l except for the total coliform (TC) in (MPN/100mL) unit. 
 

In the wet season, the river’s water quality improves a little, so the number of 
stations in the north becomes six stations and the index value varies between 
81.48 and 71.62 in the category “Good”. Next, come seven stations with an index 
value of between 68.28 and 51.60 in the category “Acceptable”. Qurnah is the last 
station in the south with an index value of 46.23 in the category “Bad”. Sure 
enough, the river water in all regions needs a traditional purification treatment 
(sedimentation, filtration, and disinfection) to make it drinkable. 

The WQI reached its maximum in the north sampling points during the wet 
season when the flow of the river was high. The values of the WQI in these 
points are the highest because there is no more pollution on the river. The values 
of the water quality parameters in this area never exceed the maximal except for 
the values for TH. 

The index smaller values were recorded in the south during the dry season 
when the flow of the river water was low, the values of the dissolved oxygen were 
low, and the values of Cl−, TH, TDS, COD, and TC were high. It can be seen that 
the values of all parameters except for dissolved oxygen increase as we head 
south, indicating the presence of more organic and mineral materials. The COD 
values are an important indicator of the efficiency of municipal wastewater 
treatment plants existing along the river. 

Iraq currently faces three forms of water quality problems, the first is the scar-
city of water, the second is salinity and the third is the accumulation of conta-
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minants in water linked to municipal, industrial, and agricultural activities (Rahi 
and Halihan, 2018). Water quality depletion is further exacerbated by drought 
events and is a significant contributor to agricultural land desertification [48] 
[49]. As the water flows downstream, the salinity of the Tigris River worsens be-
cause of local geological features, city waste disposal to the river, and agricultural 
irrigation and drainage activities [50]. 

From the above results, we notice a congruence between the cluster analysis 
and the IraqWQI in classifying the water quality of the river stations. Cluster 
analysis divides the river into three groups of stations with similar water quality, 
the index divides the stations on the river into three categories: “Good”, “Ac-
ceptable” and “Bad” of the five categories of the index: “Very good”, “Good, 
“Acceptable”, “Bad”, and “Very bad”. In the north of the country, the water is 
“Good” because it has not yet passed through sources of pollution such as large 
cities and industrial areas, as well as the riverbed is stony and erosion being little 
[51]. 

When the river leaves the mountainous region and enters the plains region in 
the center and south of the country, the water quality according to the index 
turns into “Acceptable” and in the far south to “Bad”, because the river passes 
through large cities such as Mosul and Baghdad and passes through a loose plain 
where erosion occurs frequently [52]. In the far south, according to the index, 
the water quality becomes “Bad” during the dry and wet season, due to the com-
bination of agricultural, industrial, and human pollution factors. The increase in 
evaporation due to the high temperature also helps to increase pollutants, salini-
ty, and dissolved solids [53]. 

4. Conclusion 

In this study, statistical techniques were applied to evaluate the complex water 
quality data along the Tigris River. The strong loading of all the 12 variables in 
the PCA identified the pollution sources’ inputs. This study will be supportive of 
controlling critical parameters existing in the river route and supportive of the 
application of techniques as per calculated parameters. Thus, for the improve-
ment of the river system, the managing authorities should consider the results of 
PCA, CA, and the IraqWQI for a complete valuation of the river ecosystem. The 
use of a water quality index based on Iraqi legislation is of great help to water 
resource managers. This computer application represents a key tool for public 
and private water resource managers, to determine the status of water intended 
for drinking.  

Acknowledgements 

The authors would like to thank the staff of the National Center of Water Re-
sources Management of the Iraqi Ministry of Water Resources (NCWRM) for 
their help. Special thanks to the College of Science at the University of Al-Qadi- 
siyah and Lulea University of Technology for their kind support. 

https://doi.org/10.4236/eng.2024.166012


N. Al-Ansari et al. 
 

 

DOI: 10.4236/eng.2024.166012 163 Engineering 
 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Kumar, B., Singh, U.K. and Ojha, S.N. (2018) Evaluation of Geochemical Data of 

Yamuna River Using WQI and Multivariate Statistical Analyses: A Case Study. In-
ternational Journal of River Basin Management, 17, 143-155.  
https://doi.org/10.1080/15715124.2018.1437743 

[2] Ewaid1, S.H. and Abed, S.A. (2017) Water Quality Assessment of Al-Gharraf River, 
South of Iraq Using Multivariate Statistical Techniques. Journal of Al-Nahrain 
University-Science, 20, 114-122. https://doi.org/10.22401/juns.20.2.16 

[3] Varol, M., Gökot, B., Bekleyen, A. and Şen, B. (2011) Water Quality Assessment and 
Apportionment of Pollution Sources of Tigris River (Turkey) Using Multivariate 
Statistical Techniques—A Case Study. River Research and Applications, 28, 1428- 
1438. https://doi.org/10.1002/rra.1533 

[4] Rabee, A.M., Abdul-Kareem, B.M. and Al-Dhamin, A.S. (2011) Seasonal Variations 
of Some Ecological Parameters in Tigris River Water at Baghdad Region, Iraq. 
Journal of Water Resource and Protection, 3, 262-267.  
https://doi.org/10.4236/jwarp.2011.34033 

[5] Ling, T., Soo, C., Liew, J., Nyanti, L., Sim, S. and Grinang, J. (2017) Application of 
Multivariate Statistical Analysis in Evaluation of Surface River Water Quality of a 
Tropical River. Journal of Chemistry, 2017, Article 5737452.  
https://doi.org/10.1155/2017/5737452 

[6] Wong, Y.J., Shimizu, Y., He, K. and Nik Sulaiman, N.M. (2020) Comparison among 
Different ASEAN Water Quality Indices for the Assessment of the Spatial Variation 
of Surface Water Quality in the Selangor River Basin, Malaysia. Environmental 
Monitoring and Assessment, 192, Article No. 644.  
https://doi.org/10.1007/s10661-020-08543-4 

[7] Ahmad, W. (2018) Water Quality Assessment and Apportionment of Northern Pa-
kistan Using Multivariate Statistical Techniques—A Case Study. International Jour- 
nal of Hydrology, 2, 1-7. https://doi.org/10.15406/ijh.2018.02.00040 

[8] Patil, V.B.B., Pinto, S.M., Govindaraju, T., Hebbalu, V.S., Bhat, V. and Kannanur, 
L.N. (2020) Multivariate Statistics and Water Quality Index (WQI) Approach for 
Geochemical Assessment of Groundwater Quality—A Case Study of Kanavi Halla 
Sub-Basin, Belagavi, India. Environmental Geochemistry and Health, 42, Article No. 
2667-2684. https://doi.org/10.1007/s10653-019-00500-6  

[9] Herojeet, R., Rishi, M.S., Lata, R. and Dolma, K. (2017) Quality Characterization 
and Pollution Source Identification of Surface Water Using Multivariate Statistical 
Techniques, Nalagarh Valley, Himachal Pradesh, India. Applied Water Science, 7, 
2137-2156. https://doi.org/10.1007/s13201-017-0600-y 

[10] Abbasi, T. and Abbasi, S.A. (2012) Water Quality Indices. Elsevier.  

[11] Chabuk, A., Al-Madhlom, Q., Al-Maliki, A., Al-Ansari, N., Hussain, H.M. and Laue, 
J. (2020) Water Quality Assessment along Tigris River (Iraq) Using Water Quality 
Index (WQI) and GIS Software. Arabian Journal of Geosciences, 13, Article No. 654. 
https://doi.org/10.1007/s12517-020-05575-5 

[12] Flaieh, H.M., Abdul-Ahad, M.Y. and Mohammed-Ridha, M.J. (2014) Assessing Ti-
gris River Water Quality in Baghdad City Using Water Quality Index and Multiva-

https://doi.org/10.4236/eng.2024.166012
https://doi.org/10.1080/15715124.2018.1437743
https://doi.org/10.22401/juns.20.2.16
https://doi.org/10.1002/rra.1533
https://doi.org/10.4236/jwarp.2011.34033
https://doi.org/10.1155/2017/5737452
https://doi.org/10.1007/s10661-020-08543-4
https://doi.org/10.15406/ijh.2018.02.00040
https://doi.org/10.1007/s10653-019-00500-6
https://doi.org/10.1007/s13201-017-0600-y
https://doi.org/10.1007/s12517-020-05575-5


N. Al-Ansari et al. 
 

 

DOI: 10.4236/eng.2024.166012 164 Engineering 
 

riate Statistical Analysis. International Journal of Engineering Sciences & Research 
Technology, 3, 687-699. 

[13] Kamil, W.S. (2009) Construct a Program for Irrigation and Drinking Water Suita-
bility of Tigris and Euphrates Rivers, Master’s Dissertation, Baghdad University. 

[14] Alobaidy, A.H.M.J., Maulood, B.K. and Kadhem, A.J. (2010) Evaluating Raw and 
Treated Water Quality of Tigris River within Baghdad by Index Analysis. Journal of 
Water Resource and Protection, 2, 629-635.  
https://doi.org/10.4236/jwarp.2010.27072 

[15] Sulaymon, A.H., Ali, A.M. and Al-Naseri, S.K. (2009) Natural Organic Matter Re-
moval from Tigris River Water in Baghdad, Iraq. Desalination, 245, 155-168.  
https://doi.org/10.1016/j.desal.2008.06.017 

[16] Al-Ansari, N., Ali, A.A. and Knutsson, S. (2014) Present Conditions and Future 
Challenges of Water Resources Problems in Iraq. Journal of Water Resource and 
Protection, 6, 1066-1098. https://doi.org/10.4236/jwarp.2014.612102 

[17] Al-Obaidy, A.H.M., Al-Janabi, Z.Z. and Shakir, E. (2015) Assessment of Water 
Quality of the Tigris River within Baghdad City. Mesopotamia Environmental 
Journal, 1, 90-98. 

[18] Abdulwahab, S. and Rabee, A.M. (2015) Ecological Factors Affecting the Distribu-
tion of the Zooplankton Community in the Tigris River at Baghdad Region, Iraq. 
Egyptian Journal of Aquatic Research, 41, 187-196.  
https://doi.org/10.1016/j.ejar.2015.03.003 

[19] Omar, K.A. (2017) Prediction of Dissolved Oxygen in Tigris River by Water Tem-
perature and Biological Oxygen Demand Using Artificial Neural Networks (Anns). 
The Journal of Duhok University, 20, 691-700.  
https://doi.org/10.26682/sjuod.2017.20.1.60 

[20] Ewaid, S., Abed, S., Al-Ansari, N. and Salih, R. (2020) Development and Evaluation 
of a Water Quality Index for the Iraqi Rivers. Hydrology, 7, Article 67.  
https://doi.org/10.3390/hydrology7030067 

[21] Ewaid, S.H., Abed, S.A. and Kadhum, S.A. (2018) Predicting the Tigris River Water 
Quality within Baghdad, Iraq by Using Water Quality Index and Regression Analy-
sis. Environmental Technology & Innovation, 11, 390-398.  
https://doi.org/10.1016/j.eti.2018.06.013 

[22] COQS (2009) Iraqi Standard of Drinking Water No. 417. Second Modification, 
Central Organization for Quality Control and Standardization, Council of Ministers, 
Baghdad. 

[23] Cotruvo, J.A. (2017) 2017 WHO Guidelines for Drinking Water Quality: First Ad-
dendum to the Fourth Edition. Journal AWWA, 109, 44-51.  
https://doi.org/10.5942/jawwa.2017.109.0087 

[24] Sissakian, V.K., Jab’bar, M.F.A., Al-Ansari, N. and Knutsson, S. (2014) Meandering 
of Tributaries of the Tigris River Due to Mass Movements within Iraq. Engineering, 
6, 712-730. https://doi.org/10.4236/eng.2014.611070 

[25] Saleh, D.K. (2010) Stream Gage Descriptions and Streamflow Statistics for Sites in 
the Tigris River and Euphrates River Basins, Iraq (Vol. 540). US Department of the 
Interior, US Geological Survey, Reston. https://doi.org/10.3133/ds540 

[26] Al-Ansari, N.A. (2013) Management of Water Resources in Iraq: Perspectives and 
Prognoses. Engineering, 5, 667-684. https://doi.org/10.4236/eng.2013.58080 

[27] Ewaid, S., Abed, S. and Al-Ansari, N. (2019) Water Footprint of Wheat in Iraq. 
Water, 11, Article 535. https://doi.org/10.3390/w11030535 

https://doi.org/10.4236/eng.2024.166012
https://doi.org/10.4236/jwarp.2010.27072
https://doi.org/10.1016/j.desal.2008.06.017
https://doi.org/10.4236/jwarp.2014.612102
https://doi.org/10.1016/j.ejar.2015.03.003
https://doi.org/10.26682/sjuod.2017.20.1.60
https://doi.org/10.3390/hydrology7030067
https://doi.org/10.1016/j.eti.2018.06.013
https://doi.org/10.5942/jawwa.2017.109.0087
https://doi.org/10.4236/eng.2014.611070
https://doi.org/10.3133/ds540
https://doi.org/10.4236/eng.2013.58080
https://doi.org/10.3390/w11030535


N. Al-Ansari et al. 
 

 

DOI: 10.4236/eng.2024.166012 165 Engineering 
 

[28] Muratoglu, A. (2019) Water Footprint Assessment within a Catchment: A Case 
Study for Upper Tigris River Basin. Ecological Indicators, 106, Article 105467.  
https://doi.org/10.1016/j.ecolind.2019.105467 

[29] Ewaid, S.H., Abed, S.A. and Al-Ansari, N. (2019) Crop Water Requirements and Ir-
rigation Schedules for Some Major Crops in Southern Iraq. Water, 11, Article 756. 
https://doi.org/10.3390/w11040756 

[30] Ewaid, S.H. (2018) Irrigation Water Quality of Al-Gharraf Canal, South of Iraq. 
Journal of Physics: Conference Series, 1003, Article 012006.  
https://doi.org/10.1088/1742-6596/1003/1/012006 

[31] Ewaid, S.H., Abed, S.A. and Al-Ansari, N. (2020) Assessment of Main Cereal Crop 
Trade Impacts on Water and Land Security in Iraq. Agronomy, 10, Article 98.  
https://doi.org/10.3390/agronomy10010098 

[32] Rice, A., Baird, E.W. and Eaton, R.B. (2017) APHA 2017 Standard Methods for 
Examination of Water and Wastewater. American Public Health Association, 
Washington DC.   

[33] National Center of Water Resources Management (NCWRM) (2017) Water Quality 
Study of Main Rivers in Iraq, Ministry of Water Resources, Iraq, Annual Internal 
Report. National Oceanic and Atmospheric Administration. 

[34] Cronk, B.C. (2017) How to Use SPSS®: A Step-by-Step Guide to Analysis and Inter-
pretation. Routledge. https://doi.org/10.4324/9781315142999 

[35] Allen, P., Bennett, K. and Heritage, B. (2018) SPSS Statistics: A Practical Guide with 
Student Resource Access 12 Months. Cengage Australia. 

[36] Bouguerne, A., Boudoukha, A., Benkhaled, A. and Mebarkia, A.H. (2017) Assess-
ment of Surface Water Quality of Ain Zada Dam (Algeria) Using Multivariate Sta-
tistical Techniques. International Journal of River Basin Management, 15, 133-143.  
https://doi.org/10.1080/15715124.2016.1215325 

[37] Field, A. (2013) Discovering Statistics Using IBM SPSS Statistics. SAGE Publica-
tions Ltd.  

[38] Huang, F., Wang, X., Lou, L., Zhou, Z. and Wu, J. (2010) Spatial Variation and 
Source Apportionment of Water Pollution in Qiantang River (China) Using Statis-
tical Techniques. Water Research, 44, 1562-1572.  
https://doi.org/10.1016/j.watres.2009.11.003 

[39] Ali Abed, S., Hussein Ewaid, S. and Al-Ansari, N. (2019) Evaluation of Water Qual-
ity in the Tigris River within Baghdad, Iraq Using Multivariate Statistical Tech-
niques. Journal of Physics: Conference Series, 1294, Article 072025.  
https://doi.org/10.1088/1742-6596/1294/7/072025 

[40] Zhao, J., Fu, G., Lei, K. and Li, Y. (2011) Multivariate Analysis of Surface Water 
Quality in the Three Gorges Area of China and Implications for Water Manage-
ment. Journal of Environmental Sciences, 23, 1460-1471.  
https://doi.org/10.1016/s1001-0742(10)60599-2 

[41] Khaledian, Y., Ebrahimi, S., Natesan, U., Nejad, B.B. and Zeraatpisheh, M. (2018) 
Assessment of Water Quality Using Multivariate Statistical Analysis in the Gharaso 
River, Northern Iran. In: Sarma, A., Singh, V., Bhattacharjya, R. and Kartha, S., Eds., 
Urban Ecology, Water Quality and Climate Change, Springer, 227-253.  
https://doi.org/10.1007/978-3-319-74494-0_18 

[42] Zheng, L., Yu, H. and Wang, Q. (2015) Assessment of Temporal and Spatial Varia-
tions in Surface Water Quality Using Multivariate Statistical Techniques: A Case 
Study of Nenjiang River Basin, China. Journal of Central South University, 22, 
3770-3780. https://doi.org/10.1007/s11771-015-2921-z 

https://doi.org/10.4236/eng.2024.166012
https://doi.org/10.1016/j.ecolind.2019.105467
https://doi.org/10.3390/w11040756
https://doi.org/10.1088/1742-6596/1003/1/012006
https://doi.org/10.3390/agronomy10010098
https://doi.org/10.4324/9781315142999
https://doi.org/10.1080/15715124.2016.1215325
https://doi.org/10.1016/j.watres.2009.11.003
https://doi.org/10.1088/1742-6596/1294/7/072025
https://doi.org/10.1016/s1001-0742(10)60599-2
https://doi.org/10.1007/978-3-319-74494-0_18
https://doi.org/10.1007/s11771-015-2921-z


N. Al-Ansari et al. 
 

 

DOI: 10.4236/eng.2024.166012 166 Engineering 
 

[43] Bhardwaj, V., Singh, D.S. and Singh, A.K. (2010) Water Quality of the Chhoti Gan-
dak River Using Principal Component Analysis, Ganga Plain, India. Journal of 
Earth System Science, 119, 117-127. https://doi.org/10.1007/s12040-010-0007-8 

[44] Al-Sharqi, J. (2020) Personal Connection with the Chief Engineer Mrs. Jullanar 
Al-Sharqi the Director of Laboratories in Baghdad Water Authority.   

[45] Barakat, A., El Baghdadi, M., Rais, J., Aghezzaf, B. and Slassi, M. (2016) Assessment 
of Spatial and Seasonal Water Quality Variation of Oum Er Rbia River (Morocco) 
Using Multivariate Statistical Techniques. International Soil and Water Conserva-
tion Research, 4, 284-292. https://doi.org/10.1016/j.iswcr.2016.11.002 

[46] Lee, A.H. and Nikraz, H. (2015) BOD: COD Ratio as an Indicator of River Pollution. 
International Proceedings of Chemical, Biological, and Environmental Engineering, 
 .89-94 ,88

[47] Lee, J., Lee, S., Yu, S. and Rhew, D. (2016) Relationships between Water Quality Pa-
rameters in Rivers and Lakes: BOD5, COD, NBOPs, and TOC. Environmental Mon-
itoring and Assessment, 188, Article No. 252.  
https://doi.org/10.1007/s10661-016-5251-1 

[48] Rahi, K.A. and Halihan, T. (2018) Salinity Evolution of the Tigris River. Regional 
Environmental Change, 18, 2117-2127. https://doi.org/10.1007/s10113-018-1344-4 

[49] Al-Shujairi, S., Sulaiman, S. and Najemalden, M. (2015) Variations of Major Ionic 
Composition and Salinity of Tigris River within Iraq. Sulaimani Journal for Engi-
neering Sciences, 2, 64-73. https://doi.org/10.17656/sjes.10025 

[50] Amtair Rahi, K. (2018) Salinity Management in the Shatt Al-Arab River. Interna-
tional Journal of Engineering & Technology, 7, 128-133.  
https://doi.org/10.14419/ijet.v7i4.20.25913 

[51] Shihab, A.S. and Al-Rawi, S.M. (2005) Application of Factor Analysis as a Tool for 
Water Quality Management of Tigris River within Mosul City. Rafidain Journal of 
Science, 16, 56-64. https://doi.org/10.33899/rjs.2005.41398 

[52] Abbas, J. (2013) Assessment of Water Quality in Tigris River-Iraq by Using GIS 
Mapping. Natural Resources, 4,441-448 . https://doi.org/10.4236/nr.2013.46054  

[53] Al-Ansari, N., Adamo, N., Sissakian, V.K., Knutsson, S. and Laue, J. (2018) Water 
Resources of the Tigris River Catchment. Journal of Earth Sciences and Geotechnic-
al Engineering, 8, 21-42. 

 
 

https://doi.org/10.4236/eng.2024.166012
https://doi.org/10.1007/s12040-010-0007-8
https://doi.org/10.1016/j.iswcr.2016.11.002
https://doi.org/10.1007/s10661-016-5251-1
https://doi.org/10.1007/s10113-018-1344-4
https://doi.org/10.17656/sjes.10025
https://doi.org/10.14419/ijet.v7i4.20.25913
https://doi.org/10.33899/rjs.2005.41398
https://doi.org/10.4236/nr.2013.46054

	Tigris River Water Quality Quantifying Using the Iraq Water Quality Index (IraqWQI) and Some Statistical Techniques 
	Abstract
	Keywords
	1. Introduction
	2. Data and Methods
	2.1. The Study Area
	2.2. Data Pretreatment and Analysis
	2.3. Principal Component Analysis (PCA)
	2.4. Cluster Analysis (CA)
	2.5. The Iraqi Water Quality Index (IraqWQI)
	2.5.1. The Specification of the IraqWQI V.1 Software
	2.5.2. How to Use the IraqWQI


	3. Results and Discussion
	3.1. Principal Component Analysis (PCA)
	3.2. Hierarchical Cluster Analysis (HCA)
	3.3. Application of the IraqWQI V.1 Software

	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

