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ABSTRACT 

In this study, 96 water samples were collected from the Tigris River within Baghdad city. These samples were used for 
studying the physical and chemical parameters by using a geographical information system GIS (spatial analysis). The 
analytical results show high concentration of total dissolved solid (TDS), electric conductivity (EC), total hardness, 
Sulphate (SO4), Chloride (Cl) and Iron (Fe), which indicates signs of deterioration. On the other hand, the values of pH, 
calcium (Ca), Magnesium (Mg), and fluoride (F) are within permissible limits as per World Health Organization (WHO) 
and Iraqi Criteria. 
 
Keywords: Tigris River; Water Quality; GIS 

1. Introduction 

Water is the most precious gift of nature, the most crucial 
for sustaining life and is required in almost all the activi-
ties of man—for drinking and municipal use, irrigation to 
meet the needs of growing food, industries, power gen-
eration, navigation, and recreation [1]. However, water 
quality in many large rivers has deteriorated significantly 
worldwide due to anthropogenic activities in the past 2 - 
3 decades [2,3]. 

It is also widely accepted that discharges from sewage 
treatment plants provide the major rivers sources of 
Phosphorus (P) and Nitrogen (N), predominantly in 
populated urban areas [2,4,5]. A continuous monitoring 
of water quality is very essential to determine the state of 
pollution in River [6]. Over large parts of the world, 
Rivers and Lakes show increasing trends of water pollu-
tion. This holds especially for developing countries under 
economic expansion and increasing population sizes. 
Evaluation of the physical, chemical, and biological wa-
ter pollution is essential for the abatement of freshwater 
pollution. 

The Tigris River is one of the largest rivers in Iraq, 
and is considered the main source of drinking water for 
Baghdad, which is the largest city in the country and the 
second largest city in the Arab world with a population 
estimated by 7.5 million [7,8]. 

In this study, a geographical information system (GIS) 

was used, in order to compare water quality data and 
related information collected for water quality in Tigris 
River, and display the distribution of contamination in 
the river in easily viewed maps that can be used by the 
public and decision makers. 

2. Materials and Methods 

2.1. Study Area 

The Tigris River is one of the largest rivers in the Middle 
East, stretching for over 1900 km, of which 1415 km are 
within Iraq, the catchment area reach to 235,000 km². 
Tigris River sharing with Euphrates River the main 
source for man uses, especially for drinking water since 
they pass the major cities in the country [6]. The River 
enters Baghdad city at coordinates 44˚24' E, 33˚36' N and 
divides the city into two parts (Karkh & Risafa). The 
length of the river along Baghdad city is about 110 km. 

2.2. Chemical Analysis 

Eight locations were selected for this study. The loca-
tions included east Tigris (site 1), Al wathbah (site 2), Al 
karamah (site 3), Al Qadisiya (site 4), AD Dawrah (site 
5), AR Rashid (site 6), Al Wahdah (site 7) and Diyala 
Bridge (Site 8). The locations of sampling points are 
shown in Figure 1. These locations were chosen to cover 
all the distance of Tigris River within Baghdad city. 

Copyright © 2013 SciRes.                                                                                   NR 



Assessment of Water Quality in Tigris River-Iraq by Using GIS Mapping 442 

 

Figure 1. The sampling sites at Tigris River, Baghdad. 
 

The water samples were collected in good quality 
polyethylene bottles during Jun-Dec 2008. Physical pa-
rameters such as pH and EC were determined at the site 
by using digital portable water (PH, EC meter), while 
other examinations were done according to standard spe-
cifications presented by the American public health asso-
ciation [9]. For Determination of major cations, anions 
and heavy metals were made in the laboratory using the 
analytical methods shown in Table 1. 

2.3. Geographic Information System (GIS)  
Analysis 

Geographical Information system (GIS) is a computer- 
based technology for handling geographical data in digi-
tal form. It is designed to capture, store, manipulate, 
analyze, and display diverse sets of spatial or geo-refer-
enced data [10,11]. Coordinates of sampling points were 
recorded by mobile GPS (Etrax). The results of the 
chemicals analysis (mean value per sampling point) were 
then used as input data in ArcGIS 9.2. The sampling lo-
cations were integrated with the water data for the gen-
eration of spatial distribution maps. The present study 
used the Inverse Distance Weighted (IDW) method for 
spatial interpolation of water parameters. IDW deter-
mines cell values using a liner-weighted combination set 
of sample points. The weight assigned is a function of the 
distance of an input point from the output cell location. 
The greater the distance, the less influence the cell has on 
the output value [12]. 

3. Result and Discussion 

Table 2 illustrates the mean value of 17 water quality 
parameters which compared with three standard WHO 
[13], CCME [14], Iraqi standard [15]. 

3.1. Power of Hydrogen (pH) 

The pH value of aquatic system is an important indicator  

Table 1. Estimation of various physicochemical parameters 
by different methods. 

 
 

Table 2. Iraqi and international standards. 

Parameters Mean drinking Irrigation Living aquatic

pH 8.02 7 - 8.5* 6.5 - 8.5** 6.5 - 9*** 

E.C (µs/cm) 1071.59 1500** 2250* - 

Turb (NTU) 28.06 5* - 5*** 

TDS (mg/L) 700.77 500* - 500*** 

TSS (mg/L) 51.34 - - - 

TH (mg/L) 431.39 500* - - 

Ca (mg/L) 121.33 50* - - 

Mg (mg/L) 32.34 50* - - 

CL (mg/L) 89.07 200* 100*** 250*** 

F (mg/L) 0.14 1.5* - - 

SO4 (mg/L) 303.17 
200* 
250** 

*200 - 

NO2 (mg/L) 0.01 3*  0.06*** 

NO3 (mg/L) 0.53 
40* 
50** 

15* 13*** 

NH3 (mg/L) 0.11 0.2** 1* 1.37*** 

PO4 (mg/L) 0.07 - 0.4* 0.1*** 

Fe (mg/L) 0.77 0.3* 0.3* 0.3*** 

AL (mg/L) 0.01 - 
0.1* 
0.2** 

 

*System Maintenance of River and public water pollution in Iraq (1998); 
**World Health Organization (WHO) (2006); ***Canadian Council of Minis-
tries of the Environment (CCME) (2012). 

 
of the water quality and the extent pollution in the water 
shed areas [6,16]. The pH for the water samples varied 
from 7.91 to 8.1 with an average value 8.02, which indi-
cates that water is slightly alkaline in nature. Figure 2 
shows that all the water samples are within permissible 
limit prescribed by WHO [14]. 

3.2. Electric Conductivity & Total Dissolved  
Solid 

Salinity is determined by measuring the ability of water 
to conduct an electrical current. Salinity is expressed in  
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Figure 2. Average pH value in water sample. 
 

 

Figure 3. Average EC values in water sample. 
 
two different ways, either as electrical conductivity (EC) 
or as total dissolved salts (TDS). The values of Conduc-
tivity varied from 793.42 to 1189.76 µs/cm, TDS values 
ranged from 519.17 to 787.67 mg/L with an average 
value of 700.77 mg/L shown in Figures 3 and 4 respec- 

 

Figure 4. Average TDS values in water sample. 
 
tively . The most desirable limit of TDS in drinking water 
is 500 as per WHO standard, and all the samples exceed 
this limit.  

Irrigation water is classified into four categories rep-
resented in Table 3, based on salinity hazard, which con-
siders the potential source for damaging the plants and 
the level of management needed for utilization as an ir-
rigation source [17]. Water with EC readings of less than 
750 µs/cm is generally suitable for irrigation without 
problems. Successful use of water with EC values above 
750 µs/cm depends upon soil conditions and plant toler-
ance to salinity. Generally, higher salinity levels can be 
used on sandy soils where salts can be easily flushed 
compared to similar values on poorly draining clay soils, 
which may cause problems. Under typical summer stress 
growing conditions, EC for irrigation water should ide-
ally not exceed 1250 µs/cm soluble salts. Salinity levels 
above 3000 µs/cm are unsuitable for any length of time 
as an irrigation source [18]. According to the classifica-
tion of Table 3 that showed below, the water of this 
study area fall in high saline category. 

3.3. Turbidity & Total Suspended Solid 

Turbidity refers to water clarity. The greater the amount 
of suspended solids in the water, the murkier it appears, 
consequently the turbidity values will be higher. Turbid-
ity values ranged from a minimum of 24.58 to a maxi-
mum of 33.22 with an average value of 28.06 (NTU) 
while the lowest TSS value was 38.83mg/L and the high- 
est was about   73.45 mg/L as shown in Figures 5 and 6  
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Table 3. Classification of water according to EC and TDS. 

Salinity 
Class 

E.C (µs/cm) TDS (mg/L)
Potential injury and  

necessary management  
for use as irrigation water 

Low ˂250 ˂150 
Low salinity hazard;  

generally not a problem. 

Medium 250 - 750 150 - 500

Damage to salt sensitive  
plants may occur. 

Occasional flushing with 
low salinity water may  

be necessary. 

High 750 - 2250 500 - 1500

Damage to plants with  
low tolerance to salinity  
will likely occur. Plant  
growth and quality will  

be improved with excess 
irrigation for leaching,  
And/or periodic use of  
low salinity water and  

good drainage provided. 

Very High ˃2250 ˃1500 

Damage to plants with  
high tolerance to salinity 

may occur. Successful use 
as an irrigation source  
requires salt tolerant  

plants, good soil drainage. 

 

 

Figure 5. Average Turb. values in water sample. 
 
respectively . According to drinking water standard 
(WHO) and Canadian water Quality Guidelines for the 
Protection of Aquatic Life (CCME) are listed in Table 2, 
turbidity in Tigris River was not acceptable. 

 

Figure 6. Average TSS values in water sample. 

3.4. Cation (Total Hardness, Ca, Mg)  

Based on the General guidelines for classification of 
hardness water as calcium carbonate; 0 to 60 mg/L is 
classified as soft; 61 to 120 mg/L as moderately hard; 
121 to 180 mg/L as hard and more than 180 mg/L as very 
hard. So, Figure 7 shows that most water in Tigris River 
is very hard. Most of the Ca (mg/L) shows higher con-
centrations than the Iraqi standards [15] which are listed 
in Table 2, where the maximum value was 136.67 mg/L 
and the minimum value was 69.38 mg/L as shown in 
Figure 8. While Figure 9 shows that the  Mg (mg/L) 
concentrations in all sites are within the Iraqi Standards. 
Dissolved calcium and magnesium in water are the two 
most common mineral that make water “hard” [16]. 

3.5. Anion  (CL, F, SO4, NO3, NO2, NH3, PO4) 

All sites of Tigris River for CL, F, NO3, NO2, NH3, PO4 
were within the WHO standard for drinking Water and 
for CCME for aquatic life, listed in Table 2, which are 
represent in Figures 10-15. Most of the sites in Tigris 
River had SO4 concentrations exceeding the Permissible 
WHO standard as shown in Figure 16. The highest lev-
els of SO4 were in southern part of the river at site (7 and 
8) 354.17 mg/L, while the average concentration is 
303.17 mg/L. 

Chloride concentration in Figure 10 corresponded to 
EC. The lowest value of CL was 64.25 mg/L whereas the 
highest value was 100.92 mg/L. Chloride meeting the  
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Figure 7. Average TH. values in water sample. 
 

 

Figure 8. Average Ca. values in water sample. 

 

Figure 9. Average Mg. values in water sample. 
 

 

Figure 10. Average CL values in water sample. 
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Figure 11. Average F. values in water sample. 
 

 

Figure 12. Average NO3 values in water sample. 

 

Figure 13. Average NO2 values in water sample. 
 

 

Figure 14. Average NH3 values in water sample. 
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Figure 15. Average PO4 values in water sample. 
 

 

Figure 16. Average SO4 values in water sample. 

CCME standard for aquatic life was found in all sites 
except the site (6) which is located near the petroleum 
refinery of AD Dwara. 

3.6. Heavy Metals (AL, Fe) 

Total concentration of AL (mg/L) was detected in all 
Sites of Tigris River at a concentration lower than the 
WHO standard as shown in Figure 17. While Figure 18 
shows that the lowest value of Fe (mg/L) is greater than 
the WHO standard. The average concentration of Al and 
Fe in Tigris River were 0.11 and 0.77 mg/L, respectively. 

4. Conclusions 

1) No Site in Tigris River meets the WHO drinking 
water standard; therefore it is not safe for human con-
sumption. 

2) According to the classification of water for irriga-
tion as a dependent of EC and TDS, the water of the 
study area falls in the high saline category which causes 
damage to plants with low tolerance to salinity. 

3) The general guidelines for classification of hardness 
water explain that most water in Tigris River is very 
hard. 

4) All sites of Tigris River for CL, F, NH3, NO3, NO2, 
PO4 were within permissible limits as per WHO and 
CCME for aquatic life. 
 

 

Figure 17. Average AL values in water sample. 
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Figure 18. Average Fe values in water sample. 
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