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Abstract 
 

Water is important to a healthy society and sustainable development as the 

basic elements of social and economic infrastructure. With the rapid rise in 

population density, quick urbanization, industrialization, and farming, the 

usage of water demand rise day by day. The Tigris River is the source of 

drinking water in Baghdad city so it's important to assess the chemical and 

physical parameters for this river. Fifteen parameters (pH, Tur., TDS, EC, TH, 

Alk., Ca+2, Mg+2, Fe+2, Cl-, SO4-2, NH3, NO3-, NO2-, PO4ˉ3) were taken 

in 2009 and 2019 and represented their values by using spatial distribution 

GIS and compare their results with world health organization (WHO), the 

results show Tigris river was contained high turbidity concentrations above 

the permissible limit through the two years. The high concentration of total 

suspended solids 599mg/l in 2019 at station 3, while the EC values were 

within the acceptable limits. The maximum value of Alk. was 168mg/l at 

station 9 in 2019 and its value above permissible limits, the concentrations of 

Ca+2 , Mg+2  , Cl-, SO4-2, NO3-, NO2-, PO4ˉ3),   in 2009 and 2019  within  
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the WHO standards , the maximum value of NH3 was 0.437 mg/l at station 8 

in 2019 and its value exceeded permissible limits, in 2009 the concentration of 

iron at station 6 exceeds the permissible limits with value 3.85mg/l. 

 

Keywords: Water quality parameters, WHO standards, GIS,Tiger 

River,Iron. 
 

1 Introduction 

 Coal-hauling is the key to the coal supply sustainability, especially for 

electricity supply and other economic sectors. Special roads for coal-hauling 

are an effort so that coal-hauling does not use public roads that join other road 

users. Every coal mining product operated by the company must be 

transported using a special road so that many special roads are built in the 

inland and have various topographies. The haul road geometry is part of the 

planning which emphasizes more on the plan of the physical form of the road 

so that it can fulfill the essential functions of the road, which is to provide 

optimal service for operating traffic activities because the objective of 

transport road geometry planning is to produce safe infrastructure, maximize 

service, and maximize the ratio of the level of use and or cost of 

implementation. The shape, size, and road space are said to be good if it 

provides a sense of comfort and safety to road users. The haul road slope can 

be in the form of a descending road or an ascending road caused by 

differences in contour. The ability of the conveyance is directly related to the 

road slope. 

 Water, a natural resource and a vital national commodity, is the 

ecosystem's key ingredient. Sources of water may predominantly be in the 

form of rivers, reservoirs, glaciers, rainwater, ground water etc. Water 

services often play a crucial role in different economic fields, such as 

irrigation, livestock development, forestry, agricultural operations, hydro 

power generation, fisheries and other innovative activities in addition to the 

need for water for drinking. Owing to some essential factors such as 

demographic increase, industrialization, urbanization, etc. the supply and 

consistency of water, whether land or field, has declined. 

 The water quality may be measured by physical, chemical and biological 

criteria of any given environment or source. If the values of these parameters 

surpass specified limits, they are detrimental to human health [1, 2, 3,4]. 

Many citizens appear to be ignorant of the value of water for our 

development. All in the world does this for their advantages, which influence 

any part of water contributing to water quality declines. No other outlet can be 

targeted other than water to fix this issue. This cannot be feasible unless 

improvements in our lifestyle are allowed under local, state and national storm 

water regulations [5]. 

  



 
 

 

 

 
Assessment of Water Quality for Tigris River in Baghdad City by  

Physico-Chemical Parameters using GIS 10323 

 

Impairment of surface water safety appears to be a major problem worldwide. 

Degradation of water quality is mainly attributed to increasing communities 

and cities, and presents a challenge to human and ecological health, the supply 

of clean water and more economic growth [6, 7, 8]. Surface waters are highly 

susceptible to contamination due to simple access to wastewater treatment [9]. 

 River water quality has attracted substantial publicity and is polluted by 

numerous human actions. There is an immediate need for sustainability and 

sustainable usage to be ensured [10]. 

 Rivers play a major part in the genesis and creation of human civilizations 

as one of the essential arteries of human survival [11]. Furthermore, rivers 

play an vital function in the assimilation and transportation of urban and 

industrial waste water and farm runoff. Overall, the primary cause of 

emissions is discharge from urban and agricultural waste water, while surface 

flux are seasonal phenomena, which are greatly influenced by river climate 

[12]. 

 River is important to meet the demands of increasing grain, industries, 

power production, navigation, and leisure in almost all activities of humanity 

for drinking and civic usage [13]. The river also plays an significant economic 

resource benefit owing to the important function and contribution of water and 

hence greater attention must be paid to quality of water and to its pollutants 

[14]. 

 River water quality is of great significance since these water systems are 

commonly used for various uses such as: domestic and residential water 

supplies, agriculture (irrigation), hydroelectric power projects, transportation 

and infrastructure, tourism, recreation, and other human or economic forms of 

utilizing water [15].For a specific river, the water quality is the product of 

many interrelated parameters with local and temporal variance affected 

throughout the year by the water flow rate [16]. 

 Water quality assessment is obtained chiefly by monitoring of physical, 

chemical and biological parameters. Physicochemical parameters  including 

color, temperature, pH, odor, turbidity, hardness, total  dissolve solids (TDS), 

electrical conductivity (EC), alkalinity,  dissolved oxygen (DO), chlorides 

(Cl‾), nitrite (NO2‾), nitrate (NO32‾),  sulphate (SO42-) heavy metals and 

microbiological parameters  including total Coliform,  [17,18].According to 

experimental result of different geostatistical  method of spatial interpolation; 

the most efficient and  prominent method for observed data is ordinary 

Kriging, [19].  GIS and Remote Sensing has been used extensively to the 

water quality all over the world[20]. 

 Remote sensing is the study of data and knowledge processing from large 

stretches not even in touch with it, Receiving and tracking the release or 

reflection of energy bodies, and then data processing and use in our everyday 

lives, it therefore saves a lot of time and resources for numerous scientific  

 

 

 



 
 

 

 
forms. The most significant element in remote sensing documentation is E-

radiation [21].  

 

2 Case Study 

 Tigris River is the second-longest river in Western Asia. It is 1099 km 

long, Tigris river enter Baghdad which is Iraq capital from the north direction 

near Al-Karkh water treatment plant with length around 65km. Tigris river 

divided Baghdad city into two parts ,first one is located in west bank of the 

river named Al-Karkh and second one named Al-Rusafa located in the eastern 

bank of the river. Width of the river ranging between (190-500m) with 

average velocity 0.92m/sec. River sediment consist of fine sand ,clay and silt 

[22]. 

 Parameter of water quality is provided by the Mayoralty of Baghdad 

through the period from January 2019 to December 2019.the data have been 

taken from 9 stations located along Tigris River. 

 Table (1) shows the locations of these stations. Fig (1) shows Satellite 

image of Baghdad city was taken from the Lands at 8 satellite with a 

resolution of 30 m and on 2/12/2019.   
Table 1 Name and Location of the Stations 

Station Name X Y 

S1 Al-Karkh 438563.6 3718466 

S2 Al-Rusafa 439201.3 3698669.6 

S3 East Tigris 439014 3697737 

S4 Al-Sader 437899 3694420 

S5 Al-Kadhimiya 439557.3 3691315.5 

S6 Al-Karama 440037.2 3691317.8 

S7 Al-Wathba 441611 3690418 

S8 Al-Baladiat 445890.4 3685391 

S9 Al-Qadisiyah 441483.4 3682765.8 
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Figure 1 The study area map for the stations along the Tigris River in   Baghdad city 

(Source: Landsat 8). 

 

3 Results and Discussion 

 Hydrogen Ion Concentration (pH): The pH value at 2009 ranging between 

(7.86 -8.046) and at 2019 ranging between (7.89 -8.20) for the two years it 

was with acceptable limits for WHO and Iraqi standards. , that indicates pH 

values almost neutral to sub-alkaline in nature and river pH value was almost 

constant downstream. The Figure-2 shows the spatial distribution of pH in 

Tigris River. 
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Figure2 Spatial Distribution of pH 

 

 Turbidity (Tur.): The concentrations of turbidity in 2009 ranging between 

(64.4-201.3 NTU) while in 2019 the turbidity concentrations ranging between 

(60.8-92.2 NTU) for the two years 2009 and 2019 the values were exceeded 

the permissible limits of the WHO as shown in figure 3.These high river 

turbidity values are a proof of organic contamination from diverse industrial 

operations, which deliver high levels of suspended solids, in central and 

southerly areas, without real treatment. This occurs particularly in some 

stations because refineries and power plants on the banks of the river have 

been affected. 

 
Figure 3 Spatial Distribution of Turbidity 
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 Total dissolved solids (TDS): Complete dissolved solids are used as an 

indication of the aesthetic properties of potable water and as a systematic 

predictor of a large variety of chemical pollutants. TDS value at 2009 ranging 

(417.334-595.33mg/l) figure 4 shows low concentration of TDS below the 

WHO at stations S1 and S3 while high concentration was recorded in the 

remaining stations and their values exceed the WHO standards.TDS value at 

2019 ranging (450.182-599mg/l), figure 4 shows low concentration of TDS 

below the WHO at stations S1 and S5 while high concentration was recorded 

in the remaining stations and their values exceed the WHO standards. The 

differences between the first and second stations attributable to the release of 

dissolved salt from Al Tartar channel that connected with Tigris river in 

AlTaje area which come from Al Tharthar Lake [23-27]. The broad 

concentration of TDS in the center and the south of the Tigris River in 

Baghdad region showed heavy anthropological operation along the river, high 

suspension materials runoffs and industry operations such as refineries and 

thermal and electricity plants. 

 
Figure 4 Spatial Distribution of Total dissolved solids 

 

 Electrical Conductivity (EC):The values of electrical conductivity in 2009 

ranging between (650-892.1 μS/cm) while in 2019 theirs values ranging 

between (715.8-877.6 μS/cm) for the two years 2009 and 2019 the values 

were below the WHO standards as shown in figure 5. electrical conductivity 

began gradually to increase following Al-Karkh Station (S1), a condition 

which suggested that EC-TDS was linked in the water on the river. The  

natural weathering of some sedimentary rocks or the existence of an 

anthropogenic source such as refineries and electricity and heat power station 

which trigger high conductivity in Tigris. 
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Figure 5 Spatial Distribution of Electrical Conductivity 

 

 Total Hardness (TH): Complete hardness is a test of water potential for 

calcium and magnesium accumulation in water and is typically represented in 

the mg / l concentration in CaCo3. Total hardness value at 2009 ranging 

between (252.78-334.1mg/l) and at 2019 ranging between (287.55-

330.55mg/l) figure 6 shows the distribution of the total hardness through 

Tigris River for 2009 and 2019 all values were below the WHO standards. 

 
Figure 6 Spatial Distribution of Total Hardness 
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 Total Alkalinity (Alk.): Total Alkalinity value at 2009 ranging (129.75-

154.167mg/l) figure 7 shows low concentration of total Alkalinity below the 

WHO at stations S1 ,S3 and S5 while high concentration was recorded in the 

remaining stations and their values exceed the WHO standards. Total 

Alkalinity value at 2019 ranging (134.55-168.27mg/l), figure 7 shows low 

concentration of TDS below the WHO at stations S1 and S2 while high 

concentration was recorded in the remaining stations and their values exceed 

the WHO standards.  

 
Figure7 Spatial Distribution of Total Alkalinity 

 

 Calcium (Ca
+2

): The concentration of Calcium in 2009 ranging between 

(61.89-87.33 mg/l) while in 2019 their concentration ranging between (65.82-

88.73 mg/l) for the two years 2009 and 2019 the values were below the WHO 

standards as shown in figure 8.  

 
Figure 8 Spatial Distribution of Calcium 
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 Magnesium (Mg
+2

):  The concentrations of magnesium in 2009 ranging 

between (23.56-33.5mg/l) while in 2019 their concentrations ranging between 

(21.3-32.3mg/l) for the two years 2009 and 2019 the values were below the 

WHO standards as shown in figure 9.  

 
Figure 9 Spatial Distribution of Magnesium 

 

 Iron (Fe
+2

):The concentrations of Iron in 2009 ranging between (0.82-

3.51mg/l) while in 2019 their concentrations ranging between (1.05-3.5mg/l) 

for the two years 2009 and 2019 the values were exceed  the WHO standards 

as shown in fig 10. The high value of iron in the Tigris River due to run of 

rocks which are one of the most common natural iron sources when its contact 

with water for a long period. 

 
Figure 10 Spatial Distribution of Iron 
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 Chloride (Cl
-
):  The concentrations of chloride in 2009 ranging between 

(44.67-72.67 mg/l) while in 2019 their values ranging between (44.09-70.18 

mg/l) for the two years 2009 and 2019 the values were below the WHO 

standards as shown in figure 11. 

 
Figure 11 Spatial Distribution of Chloride 

 Sulfate (SO4
-2

): The concentrations of Sulfate in 2009 ranging between 

(124.33-222.5 mg/l) while in 2019 the sulfate concentrations ranging between 

(118.5-224.8 mg/l) for the two years 2009 and 2019 the values were below the 

WHO standards as shown in figure 12. 

 

 
Figure 12 Spatial Distribution of Sulfate 
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 Ammonia (NH3): The concentrations of Ammonia in 2009 ranging 

between (0.02-0.37 mg/l) while in 2019 the Ammonia concentrations ranging 

between (0.02-0.44 mg/l) for the two years 2009 and 2019 the concentrations 

of Ammonia were exceeded  the WHO standards specially in the stations 

south of the Tigris river as shown in figure 13 due to a lot of reasons include 

the medical waste that drain in the river without treatment , the leakage from 

oil refinery , waste from electric power plant and a lot of untreated  waste 

come from local industry  . 

 
Figure 13 Spatial Distribution of Ammonia 

 

 Nitrate (NO3
-
):  The concentrations of Nitrate in 2009 ranging between 

(0.6-0.95 mg/l) while in 2019 the Nitrate concentrations ranging between 

(0.63-1.38 mg/l) for the two years 2009 and 2019 the values were below the 

WHO standards as shown in figure 14. 

 
Figure 14 Spatial Distribution of Nitrate 
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 Nitrite (NO2-):The concentrations of Nitrite in 2009 ranging between 

(0.004-0.01 mg/l) while in 2019 the Nitrite concentrations ranging between 

(0.005-0.002 mg/l) for the two years 2009 and 2019 the values were below the 

WHO standards as shown in figure 15. 

 
Figure 15 Spatial Distribution of Nitrite 

 Phosphate (PO4ˉ3): The concentrations of orthophosphate in 2009 

ranging between (0.01-0.15 mg/l) while in 2019 the orthophosphate 

concentration ranging between (0.01-.13 mg/l) for the two years 2009 and 

2019 the values were below the WHO standards as shown in figure 16. 

 
Figure 16 Spatial Distribution of Phosphate 
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4 Conclusion 

 In this study, Evaluation has been made for fifteen physical and chemical 

parameters of Tigris River in 9 stations in Baghdad city by using the spatial 

distribution of GIS. These parameters are (pH, Tur., TDS, EC, TH, Alk., Ca
+2

 

, Mg
+2

  , Fe
+2

, Cl-, SO4-
2
, NH3, NO3

-
, NO2

-
, PO4

ˉ3
)   were taken in 2009 and 

2019 and compare the results with WHO standards. The results show the 

Tigris River is alkaline in pH values with high turbidity concentration above 

the permissible limits in all stations. TDS values were above the permissible 

limits and their values were increasing toward the downstream of the Tigris 

River and the maximum value was recorded at station 3 in 2019 with a value 

599mg/l. EC and TH values were below permissible limits, a maximum value 

of Alk. Was 168mg/l at station 9 in 2019 and its value above permissible 

limits,  the concentrations of Ca
+2

 , Mg
+2

  , Cl
-
, SO4

-2
, NO3

-
, NO2

-
, PO4ˉ

3
,   in  

2009 and 2019  within the WHO standards , the maximum value of NH3, was 

founded at station 8 with value 0.437 mg/l at 2019 and its value exceeded 

permissible limits, in 2009 the concentration of iron at station 6 exceeds the 

permissible limits with value 3.85mg/l. 
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