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An attempt has been made to evaluate the water quality of the Tigris River in the central of Iraq. 13 physical and chemical 

factors were monitored at 5 monitoring stations from October 2021 to September 2022. Water quality index (WQI) 

technique, namely, the Bascaron Water Quality Index (BWQI) was used to explore the quality of the river, which is one 
of the most applied indices to assess the river's water quality. The result presented was that the WQI final values dropped 

from the north to the south gradually and were determined to be between 57.08 and 70. The Jisr Diyala station had the 

lowest WQI rating, while the Balad station had the greatest value. The water quality of the Tigris River in the study area 
has been classified as "medium" water quality according to BWQI. This is mostly caused by the increase of agricultural, 

domestic, and industrial activities that increase the amount of pollution in the river when the water is flowing southward. 
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1. Introduction   

One of the best old ways to judge the quality of water is to compare the value of a parameter in a sample of water to the acceptable range for 

that parameter. For an accurate assessment of the river's water quality, it is important to find out a lot of different things. Even for professionals 

in the water industry, it might be hard to figure out how to interpret and list these parameters. In addition, it does not always provide a 

comprehensive view and an integrated understanding of the quality of the water [1, 2]. Consequently, several approaches, like multivariate 

statistical methods and water quality indexes, have been applied to address this issue [3-6]. In this research, the water quality index was 

employed as a supporting tool to give clear, straightforward, and intelligible information on the Tigris River's water quality state. 

The water quality index (WQI) is the total number of observations of water quality criteria that are used to make a single number that shows 

the overall quality of the water. This means that a lot of information about the quality of water is combined into a single value [7-9]. Most of 

the time, the WQI is measured on a scale from 0 to 100 [10], where higher numbers mean better water quality and lower numbers mean worse 

water quality [11-13]. It can also be used to describe the quality of water for different uses, such as drinking, farming, and industry. Important 

WQI phases are [14, 15]:  

▪ Choosing the parameters of the quality of water to be assessed. 

▪ Measurement or analysis of each selected water quality parameter 

▪ Transform the evaluation of water quality factors into a dimensionless value by employing sub-indices and presenting them on the same 

scale. 

▪ Assigning each water quality measurement weight. 

▪ The accumulation of WQI's component indices to get an overall value for the WQI. 

It is possible to divide the sub-indices, which are found in step 3, into the following four categories: linear, nonlinear, segmented linear, and 

segmented nonlinear [16]. In the case of such indices, the fourth step of the computation for WQI is completely disregarded. In addition, the 

last step (step 5) can be determined using a variety of methods, including additive aggregation (such as the arithmetic mean), multiplicative 

aggregation (such as the geometric mean), logical aggregation (such as the minimal operator of Smith indices), and logical aggregation (such 

as the geometric mean) (e.g., a combination of processes). Combining several methods of investigation is another way to arrive at Step 5. (e.g. 

square root harmonic mean). Several indices, including [17], the multiplication aggregation [18-20] the logic aggregation [21], and the merging 

of processes [22, 23], have been established based on addition aggregation functions. There have been numerous WQI models developed in the 

literature. Lumb et al. (2011) and Sutadian et al. (2016) [11, 24] provide an in-depth analysis of WQI's evolution. In the present investigation, 

the Bascaron Water Quality Index (BWQI) (Bascaron 1979) was chosen due to its widespread use around the globe [13, 25, 26] In this study,  

 

  

JOURNAL OF TECHNIQUES 
 

Journal homepage: http://journal.mtu.edu.iq 

https://doi.org/10.51173/jt.v5i4.1326
mailto:nalharbawee@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://journal.mtu.edu.iq/


Noor A. H et. al, Journal of Techniques, Vol. 5, No. 4, 2023 
 

142 

Nomenclature & Symbols   

BOD      Biochemical Oxygen Demand SO4       Sulfate 

Ca+       Calcium Ion TDS       Total Dissolved Solids   

CL         Chloride TH         Total hardness 

DO        Dissolved Oxygen TSS        Total Suspended Solids 

EC        Electrical Conductivity Turb.      Turbidity 

Mg+      Magnesium Ion WQI       Water Quality Index 

pH         Hydrogen Ion Concentration WT         Water Temperature 

 

the Bascaron water quality index model was used to find out if it was a good way to measure the quality of the water in the Tigris River Basin 

and to get direct and easy-to-understand information about the spatial variation.  

2. Methodology 

2.1. Study area 

One of the longest rivers in the Middle East, the Tigris River, has a catchment area of 235,000 km2 and a length of about 1,900 km, passing 

through Iraqi land nearly 1415 km. The river shares this role with the Euphrates River as the primary source of water for human consumption, 

particularly for water supply since they are through the main cities in the region [27]. The Tigris River flows through Syria, Iraq, and Turkey, 

beginning in the Toros Mountains in southeast Turkey. Baghdad, the metropolis of Iraq, relies primarily on the Tigris River for its water 

provision. Numerous tributaries include the Botmanse, Kessora, A1-Khabur, Greater Zabs, Lesser Zabs, Al-Adhaim, and Diyala Rivers [28]. 

From the north to the south flow, the river splits the city of Baghdad into two sides: the right side (Al-Karkh) and the left side (Al-Risafa). The 

region has a dry, hot, and semi-arid environment with cold winters and an average annual precipitation of about (151.8 mm) [29]. More than 

eight million residents live in Baghdad, which is regarded as the most populous and developed metropolis in Iraq [30]. Most industrial and 

municipal waste is dumped into the stream without being properly treated [31]. 

2.2. Sampling and analysis 

Five locations have been selected for sampling on the reach of the Tigris river, namely: Balad (S1), Al-Ghrai'at (S2), Al-Shuhada'a Bridge (S3), 

Al-Za'franiya (S4), and Jisr Diyala (S5) as shown in Fig. 1 and Table 1. Data for five water quality monitoring locations for thirteen water 

quality parameters were collected by using polypropylene bottles at seasonal intervals from sampling locations between October 2021 and 

September 2022. For the analysis of several water quality parameters, sampling was used following the recommendation of standard methods 

[31]. The bottles have been utilized for the examination of water quality parameters. Sampling bottles have been used to collect water samples 

for BOD analysis to prevent unanticipated changes, and the analysis of the water samples has been begun as soon as feasible following 

collection. Samples of microorganisms were collected in sterile, opaque glass containers. Within around 24 hours, the bottles were examined 

while being stored at +4. The Department of Water Resource Techniques' biological and chemical laboratory, Institute of Technology-Baghdad 

Middle Technical University, and the Department of Biology's central laboratory, of the College of Sciences, University of Baghdad, have both 

conducted analyses of the collected Samples. 

The tested parameters have included electrical conductivity (EC), water (pH), water temperature (WT), Turbidity (Turb.), Total hardness (TH), 

Biochemical Oxygen Demand (BOD), Dissolved Oxygen (DO), sulphate (SO4), Magnesium ion (Mg+), Calcium ion (Ca+), Total Dissolved 

Solids (TDS), Chloride (Cl), and Total Suspended Solids (TSS). 

Table 1. The geographical location of sampling sites 

Sites Sites Name Latitude Longitude 

S1 Balad 33°59'45.08"N 44°13'28.75"E 

S2 Al- Ghrai'at 33°23'10.21"N 44°20'15.94"E 

S3 Al-Shuhada'a Bridge 33°20'18.20"N 44°23'15.27"E 

S4 Al-Za'afarania 33°13'51.45"N 44°27'27.58"E 

S5 Jisr Diyala 33°12'24.79"N 44°29'43.11"E 

2.3. Bascaron WQI 

The Bascaron WQI (BWQI) was initially developed in Europe (Spain) [32]  and it has since found widespread use around the globe [15, 25, 

26] The total score is currently being evaluated as a subjective measure of water quality. 

WQIsub =  𝑘 
∑ 𝐶𝑖𝑃𝑖

𝑛
𝑖=1

∑ 𝑃𝑖
𝑛
𝑖=1

                                                                                                                                                                                            (1) 

Where:        

 n:  the variable’s total number,  

Ci: the value that was assigned to variable i after it was normalized,  

Pi: the relative weight that was allocated for each variable ranged from (1-4) based on how much of an impact it had on the water quality (4 

being the most impactful and 1 being the least impactful). 

k: the subjective constant that was determined by the observer's subjective perception of the level of river contamination.  

The value of k can be either 0.25, 0.5, 0.75, or 1. The fundamental factors that should be used to pick one of these values are outlined in PDE 

Solutions Inc. (2020) [33]. In contrast, the value of k was taken to be 1, as that was the only way to account for the fluctuations that could be 

attributed to the variables that were measured [33, 34].  

WQI =   
∑ 𝐶𝑖𝑃𝑖

𝑛
𝑖=1

∑ 𝑃𝑖
𝑛
𝑖=1

                                                                                                                                                                                                            (2) 
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The fact that a large number of water quality variables may be incorporated in the calculation of the final index using the BWQI is the most 

significant benefit of using this index. This occurs after the normalization factors and their weights have been assigned. On the other hand, there 

were only 22 water quality factors that have previously been standardized and weighted in several different studies that were presented (Table 

2) [15, 35-37]. The technique of evaluating water quality in this study involves consideration of a total of twelve criteria, including temperature, 

pH, DO, BOD, EC, Turbidity, Total Hardness (TH), Mg+, Ca+, SO4, TDS, TSS, and Cl. To get the final BWQI, the normalization factors and 

their respective weights, which are shown in Table 3, were applied to the parameters that were chosen. The following categorization system 

was chosen to be used for determining the quality of the water [15, 35]: 

▪ Excellent: 90-100 

▪ Good: 71-90 

▪ Medium: 51-70 

▪ Bad: 26-50 

▪ Very bad: 0-25 

 

Fig. 1. Study area and sampling locations [38] 

The BWQI was selected because it allows for the inclusion of a large number of water quality indicators in the calculation of the final index 

after weighting the normalization factors and normalization factors' coefficients. The factors for measuring water purity that has already been 

normalized and weighted in previously published research are shown in Table 3 [15, 35, 36]. In this research, thirteen parameters of water 

quality (PH, Water Temperature., EC, Turbidity, Total Hardness TH, DO, BOD, Mg+, Ca+, SO4, TDS, Cl, and TSS) have been evaluated. and 

NO3. Na, K, and HCO3 were not included in the calculation of BWQI as these parameters have no normalization and weight. 

Table 2. Water quality variables that have been normalized and weighted in previously reported studies 

Variables Units 
Relative 

Weight 

(Pi) 

Normalization Factor (Ci) 

100 90 80 70 60 50 40 30 20 10 0 

WT ˚C 1 
21/1

6 
22/15 24/14 26/12 28/10 30/5 32/0 36/−2 40/−4 45/−6 >45/<−6 

pH - 1 7 7-8 7-8.5 7-9 6.5-7 6-9.5 5-10 4-11 2-12 2-13 1-14 
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E. Cond.* μS/cm 1 
<75

0 

<100

0 
<1250 <1500 <2000 <2500 <3000 <5000 <8000 <=12000 >12000 

DO mg/L 4 
>=7.

5 
>7 >6.5 >6 >5 >4 >3.5 >3 >2 >=1 <1 

TDS mg/L 2 
<10

0 
<500 <750 <1000 <1500 <2000 <3000 <5000 <10000 <=20000 >20000 

TSS mg/L 4 <20 <40 <60 <80 <100 <120 <160 <240 <320 <400 >400 

Ca mg/L 1 <10 <50 <100 <150 <200 <300 <400 <500 <600 <=1000 >1000 

Mg mg/L 1 <10 <25 <50 <75 <100 <150 <200 <250 <300 <=500 >500 

TH mg/L 1 <25 <100 <200 <300 <400 <500 <600 <800 <1000 <=1500 >1500 

Clˉ mg/L 1 <25 <50 <100 <150 <200 <300 <500 <700 <1000 <=1500 >1500 

SO4 mg/L 2 <25 <50 <75 <100 <150 <250 <400 <600 <1000 <=1500 >1500 

PO4 mg/L 1 
<0.02

5 
<0.05 <0.1 <0.2 <0.3 <0.5 <0.75 <1 <1.5 <=2 >2 

TP mg/L 1 <0.2 <1.6 <3.2 <6.4 <9.6 <16 <32 <64 <96 <160 >160 

NH4 mg/L 3 
<0.0

1 
<0.05 <0.1 <0.2 <0.3 <0.4 <0.5 <0.75 <1 <=1.25 >1.25 

NO3 mg/L 2 <0.5 <2 <4 <6 <8 <10 <15 <20 <50 <=100 >100 

NO2 mg/L 2 
<0.0

05 
<0.01 <0.03 <0.05 <0.1 <0.15 <0.2 <0.25 <0.5 <=1 >1 

BOD mg/L 3 <0.5 <2 <3 <4 <5 <6 <8 <10 <12 <=15 >15 

COD mg/L 3 <5 <10 <20 <30 <40 <50 <60 <80 <100 <=150 >150 

Oil & 

grease 
mg/L 2 

<0.0

05 
<0.02 <0.04 <0.08 <0.15 <0.30 <0.60 <1.00 <2.00 <=3.00 >3.00 

Turbidity NTU 2 <5 <10 <15 <20 <25 <30 <40 <60 <80 <=100 >100 

Surfactant 

as MBAS 
mg/L 4 

<0.0

05 
<0.06 <0.10 <0.25 <0.50 <0.75 <1.00 <1.50 <2.00 <=3.00 >3.00 

Total 

coliform 

MPN

_ 

100/ 

ml 

3 <50 <500 
<100

0 

<200

0 

<300

0 

<400

0 

<500

0 

<700

0 

<1000

0 

<=1400

0 
>14000 

3. Results and Discussions   

3.1. Physicochemical characteristics 

Five stations in the research region were used to monitor the water quality throughout the period (Oct 2021 to Sep 2022) as the monitoring 

stations are displayed in Fig. 1. PH, water temperature, (EC), (TBR), (TH), (DO), (BOD), (Mg+), (Ca+), (SO4), (TDS), (Cl), and (TSS), 

parameters have been chosen for the assessment of surface water quality characteristics.  Table 3 presents the average annual value of the 

selected parameters for each sampling location during the study period, which has been measured by this study.   

The finding shows that the PH annual average value ranged between 7.68 and 8.05, which indicates that the Tigris River samples ranged from 

nearly neutral to sub-alkaline at all stations. The highest value was recorded at the Al-Shuhada'a Bridge station in the heart of Baghdad, and the 

lowest at the Balad station to the north. According to the limitations of IQS and WHO standards [39, 40], the resulting PH values are acceptable. 

The average annual water temperature value was almost equal at all stations, the highest value has been recorded at Al-Ghrai'at station at 21.3 

°C, the minimum value was at Jisr Diyala at 19.9 °C, and the other three stations were between them and agreed with Al-Murib et al.'s (2019) 

[41]finding with a slight difference (Table 3). The difference may occur due to the sampling time during the day because all the sampling work 

has been done in the early morning in faraway destinations from the analysis laboratory. 

The EC varied between 511.5 mg/L at the Balad station and 896.75 mg/L at the Jisr Diyala station, in addition to at other locations in between, 

the results show. The added pollutant load caused the EC value to significantly rise as the river moved south. The Jisr Diyala station recorded 

the lowest turbidity value, 25.18 NTU, and the Balad station recorded the highest value, 43.08 NTU other stations varied as shown in Table 3. 

The main cause of the increasing annual average value for turbidity at Balad Station is the high flow rate of the river's water in this area because 

of releases from the Samarra Dam [42]. On the other hand, the river flow gradually decreases to the entrance of Baghdad at the Al-Ghrai'at 

station, which has 32.43 NTU and 30.85 NTU at the Al-Shuhada'a Bridge station, and the turbidity value has increased at the Al-Za'afarania 

station with an average annual value equal to 40.93 NTU, the increase at this station being due to the rise of industrial and domestic pollutants. 

The primary causes of the elevated turbidity are surface runoffs and household waste [43]. The drop of it at the Jisr Diyala station because of 

the connection of the Diyala River to the Tigris River affects the quality of the water in it and all other variables [44].  

Total hardness (TH), another crucial water parameter, is mainly brought on by the existence of anions like carbonates and chloride as well as 

cations like calcium and magnesium in the water. According to the findings, the TH fluctuated between 262.5 mg/L at the Balad station and 

470 mg/L at the Jisr Diyala station, in addition to at other sites in between. The overall hardness value considerably rose as the river flowed 

southward due to the increased pollutant burden. The average value of DO in the study ranged at all five stations from 4.18 to 7.83 mg/l. The 

maximum value was measured at the Balad station, while the lowest was measured at the Jisr Diyala station. According to Naubi et al. 

(2016)[45], water with a dissolved oxygen concentration of under 5 mg/L could be considered unhealthy water, which is what happened at Al-

Za'afarania and Jisr Diyala, where the average DO value was below 5 mg/L and its acceptable at the three other stations (Table 3). 

BOD is the amount of oxygen consumed by microorganisms in five days to deteriorate organic compounds in freshwater. As shown in Table 

(3) the average BOD value is limited between (1.5 and 5.25) mg/L. Jisr Diyala station had the highest average BOD5 concentration, while 
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Balad station had the lowest. When the river passed from the north to the south of the city of Baghdad, the average BOD values in the five 

monitoring stations raised considerably due to the increasing release of organic wastes. The results show that the calcium Mg+ range was 14.4 

mg/L to 49.2 mg/L. The highest value has been indicated at Jisr Diyala station in the south of the study area, the lowest at Balad station in the 

north, and other stations as well between them (Table 3). In Iraq's freshwater water, calcium Ca+ is one of the most prevalent elements. Water 

becomes harder and boilers develop incrustation due to a rise in calcium content. The results show that the calcium range was 81 mg/L to 106 

mg/L. The highest value has been indicated at Jisr Diyala station in the south of the study area, the lowest at Balad station in the north, and 

other stations as well between them (Table 3).  On the other hand, the range of magnesium Mg+ was 14.4 mg/L to 49.2 mg/L. Jisr Diyala station 

in the research area's south has the greatest value, Balad station in the north has the lowest, and there are other stations in between as well (Table 

3). 

Sulphate exists naturally in surface water as SO4. The main sources of SO4 are discharges from waste disposal, domestic waste, and untreated 

sewage. The results show that the lowest concentration, 20.64 mg/L, was recorded at Balad station, while the highest was 41.76 mg/L at Jisr 

Diyala station (Table 3). The SO4 levels that were discovered are acceptable based on the upper and lower bounds of IQS and WHO guidelines 

(IQS, 2009; WHO, 2011). All study stations had average annual total dissolved solids levels that ranged from 174 to 324.5 mg/L, with the Jisr 

Diyala station having the highest value at 324.5 mg/L and the Balad station having the lowest at 174 mg/L and other stations between them 

(Table 3).  

TDS readings greatly rose as the river moved from the north to the south of Baghdad due to extensive anthropogenic activity along the river's 

path and run-off with a high suspended matter concentration[46]. Table 3 shows the Cl ranged from 228.5 mg/L at the Balad station to 444.38 

mg/L at the Jisr Diyala station, in addition to other locations in between. As the river made its way south, the amount of pollutant burden 

increased, which resulted in a substantial rise in the Cl number. The analysis results show that the Al-Shuhada'a Bridge station has recorded the 

lowest TSS value, 300 mg/L, while Balad and Al-Za'afarania stations recorded the highest value, 600 mg/L, and the other two stations varied, 

although the Al-Ghrai'at station has a value equal to 550 mg/L and the Jisr Diyala station has 400 mg/L. 

Table 3. Average annual value of the water quality parameters at the sampling location 

Sample 

locations  
PH 

Water 

Temp. 
EC Turb.  TH DO BOD Mg+ Ca+ SO4 TDS Cl TSS 

Balad 7.68 19.93 511.5 43.08 
262.

5 
7.83 1.5 14.4 81 20.64 174 228.5 600 

Al- Ghrai'at 7.91 21.3 736.75 32.43 365 7.53 2 35.4 87 29.28 246.5 306.6 550 

Al-Shuhada'a 

Bridge 
8.05 21.23 770 30.85 

357.

5 
7.33 2.75 35.4 84 31.2 253.25 325.9 300 

Al-Za'afarania  7.78 20.1 862.5 40.93 
417.

5 
4.73 3.5 31.2 115 35.04 296.25 374.85 600 

Jisr Diyala 7.72 19.9 896.75 25.18 470 4.18 5.25 49.2 106 41.76 324.5 444.38 400 

3.2. BWQI analysis 

The Bascaron Water Quality Index (BWQI) has been utilized to evaluate water purity in comparison to the norm for various uses and to shed 

light on how much anthropogenic influence affects the quality of the water [15]. The calculation of overall quality indices for all stations is 

given in Table 4. The highest value of WQI for the Tigris River reached 70 at Balad station, while the lowest value of WQI reached 57.08 at 

the Jisr Diyala station. The values of the BWQI indicate that the river’s water quality is located in the medium range at all of the stations. The 

average annual value of the thirteen selected variables shows that the majority of the variables have an acceptable case except some of them 

were significantly affected by the result of the water quality assessment, which was turbidity, TDS, Cl, and TSS at all stations, as well as, the 

TH and DO recorded value at Za'franiya and Jisr Diyala stations. 

Table 4. Lists the BWQI index's sub-index values, proportional weight, WQI, and classification values 

Sample 

locations 

Sub-index values (Ci) 

BWQI 
Categori

zation PH 
Water 

Temp. 
EC Turb. TH DO BOD 

Mg

+ 

Ca

+ 

SO

4 
TDS Cl TSS 

Balad 90 100 100 70 100 90 100 80 
10

0 
90 50 30 0 70 Medium 

Al- Ghrai'at 90 90 100 60 100 90 80 80 90 90 40 40 0 65.41 Medium 

Al-Shuhada'a 

Bridge 
90 90 90 60 90 80 80 80 90 90 40 40 30 67.91 Medium 

Al-Za'afarania 90 90 90 60 50 70 80 70 90 90 40 40 0 59.16 Medium 

Jisr Diyala 90 100 90 60 50 50 80 70 90 90 40 60 0 57.08 Medium 

Relative 

weight (Pi) 
1 1 1 2 1 4 3 1 1 2 2 1 4 

∑ 𝑃𝑖

= 24 
 

 

All of the BWQI readings from the places that were looked at showed that the water was polluted and had high levels of TDS, chloride, and 

TSS as well as DO and Total hardness at Al-Za'afarania and Jisr Diyala stations. This could be because of bad waste management, a lot of urban 

and rural runoff, sewage, too much application of inorganic fertilizer, and bad operation and maintenance of wastewater systems[47, 48]. 

Previous readings of the BWQI show that the environmental quality of the Tigris River in the research area may be getting worse. The discharge 

of pollutants from domestic sewage systems, water from natural and industrial waste releases, agricultural runoff, and other sources to a water 

resource system can have major impacts in the short and long term on the river’s quality[15]. However, the ecological factors and WQI that 
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were used in this study give us a general idea of how dirty the Tigris River is as a whole. Given the high levels of TDS, chloride, TSS, and 

turbidity, as well as DO and Total hardness in some stations, we can infer from this that the Tigris River water in the research region was mildly 

contaminated. As a consequence, this water is indeed not suitable for year-round direct public use. Furthermore, every other aspect of the water's 

purity was within the boundaries established by the Iraqi standards and WHO guidelines for drinking water. To provide clean, potable water 

for the people of Baghdad, we need to take quick action to prevent the water quality of the Tigris River from further deteriorating. 

4. Conclusions 

The Bascaron water quality index (BWQI) method was applied to a Tigris River water quality dataset covering the period between October 

2021–September 2022. The results indicated that the WQI final values decreased steadily from the north to the south, dropping to a range of 

57.08 to 70. The Jisr Diyala station scored the lowest on the WQI, while the Balad station scored the highest. According to the BWQI data, the 

Tigris River in the research area has "medium" water quality. Most of the thirteen selected variables have acceptable incidents based on their 

average annual values, but the result of the water quality assessment significantly impacted turbidity, TDS, Cl, and TSS at all stations, as well 

as TH and DO, which have low values at Za'franiya and Jisr Diyala stations due to their relatively heavily polluted locations. The BWQI 

methodology was found to be an excellent method for evaluating ecosystems and providing explanations for complex data sets about river water 

quality. 
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