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Tigris River receives many pollutants when passing through 

Baghdad province because of increasing of population size, discharge of 

untreated industrials and agricultural wastes on the river. The present study 

was conducted from January to December 2013 on the Tigris River starting 

from Al-Muthana Bridge to Al-Zaufurania area before it's jointed with 

Diyalla Tributary. Six sites were chosen on the Tigris River along the 

Baghdad city.  The concentrations of polycyclic aromatic 

hydrocarbons(PAHs) were determined with nineteen of  physical and 

chemical parameters were analyzed based on importance of these parameters 

which are ranged as following: Air temperature (10 to 43)°C, water 

temperature (10 to 34)°C, pH (6.9 to 8.9), EC (490 to 1220) µs/cm, turbidity 

(10 to 125) NTU, Salinity (0.313 to 0.78) ‰, TDS (0.24 to 0.62) Mg/l, TSS 

(3 to 1170) Mg/l, TH (80 to 400) Mg/l, Ca
+2

 (40 to 256) mg/ L, Mg
+ 

(5 to 

350) mg/ L, Dissolved Oxygen (4.5 to 14.5) mg/ L, BOD5 (1.5 to 7.3) mg/ L, 

COD (4 to 93) Mg/l, NO3 (0.095to 2.164) mg/ L, PO4
-2

 (3.03 to 176.5) µg/ L, 

HCO3
-2

 (50 to 200) mg/ L, TOM (0.189 to 1.563) mg/ L, SO4 (50 to 380) mg/ 

L, water current (22.2 to 50) cm/sec. The total PAHs were varied from 

(0.007 to 0.279) ppm. 

This study showed that the water of Tigris River was hard and 

heavily contaminated by PAHs according to WHO (1998) and the 

deterioration of water quality was increased towards the downstream of 

Baghdad city according to discharge pollutants to the river. 

The major source of polluted the water of Tigris River was 

industrial wastes containing organic, in organic and heavy metals ,associated 

with some homesteads and few agricultural practices. 

 
 

Copy Right, IJAR, 2015,. All rights reserved 

  

 

INTRODUCTION 
Water  is  the  most  delicate  part  of  the  environment which is a  finite  resource essential  for agriculture,  

industry  and  even  human  existence  .Without  freshwater   of  adequate  quantity  and  quality sustainable  

development  will  not  be  possible.  

In the last few decades the demand of freshwater rises tremendously due to increasing populations and 

rapid Industrialization [1]. At the same  time  the  pace  of  freshwater  deterioration  by anthropogenic activities is 

coupled with the ever-growing demands  of  water  resources [2]. Due to the addition of industrial effluents 

containing organic pollutants and heavy metals into the river water the quality of water is deteriorating. Today, 

many organic compounds are produced from sources other than biological activities as anthropogenic activities like 
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organic chemicals from industry, agriculture and municipal effluents [3].In fact, that 65 % of all the industrial 

institutions and factories were located in Baghdad; this condition generated ecological problems threatening the 

ecosystem of Baghdad city due to the drainage of sewage and by products of these institutions and factories directly 

to the body of the Tigris River [4].The present study aimed to  investigate the effects of Baghdad city on some 

physical and chemical characters of the Tigris River. 

 

Materials and Methods 
Sampling was collected monthly from January to December 2013, six sites were chosen to collect water 

samples, and the locations of these sites were (Figure 1): 

 Site one (S1): located at Al- Tajiy area near Al- Muthana Bridge, this area is an agricultural area a consist 

of a grove of orange and other citrus tree,, this site was considerable as reference site.  

Site two (S2): Located at Al-Jadriyah area near Al- Jadriyah Bridge and Baghdad University. The vertical 

distance between S1and S2 was 27 Km. 

 Site three (S3): Located at Al- Durah area about 500 m from Al- Durah power plant discharge. The vertical 

distance between S2and S3 was 3 Km. 

 Site four (S4): Located at Al-Durah area about 2800 m from Al- Durah refiner discharge. The vertical 

distance between S3and S4 was 6.570 Km.  

 Site five (S5): Located at Al- Rasheed area about 500 m from Al-Rasheed power plant discharge. The 

vertical distance between S4and S5 was 6 Km.  

 Site six (S6): Located at Al–Rasheed area near Al –Zafarania city southern Baghdad city before the jointed 

point between the Tigris River and Diyala Tributary. The vertical distance between S5and S6 was 10 Km. 

 

 

.  

      Air and water temperature were measured by mercury thermometer. The pH, Electrical Conductivity (EC), Total 

Dissolved Solid (TDS) had been measured by using a portable pH, EC and TDS meter (HANA instruments / HI -

9811), the results expressed as µ semins /cm (µs / cm) for electrical conductivity and g/l for measuring TDS. 

Electrical Conductivity value was then converted to salinity by the formula in APHA [5]. Turbidity measured by 

using a digital portable Turbidity meter, making by Jenwaw Company (Model – 6035). Dissolved Oxygen (DO) and 

Biological Demand (BOD5) Winkler method described by APHA [5]. Total Hardness, and Calcium determined by 

titremetric methods. Magnesium ion and TSS concentrations were calculated according to APHA [5], Nitrate and 

phosphate measured according to APHA [6]. Bicarbonate was determined according to Degremont [7]  Sulphate ion 

measured according to Brands and Tripke [8]. Total Organic Matter (TOC) determines by the method at Allen [9]. 

Chemical Oxygen Demand (COD) measured according to APHA [10]. 

The determination of polycyclic aromatic hydrocarbon (PAHs) by high- performance liquid 

chromatography (HPLC) with UV and fluorescence detection has been well established [11,12]. 

Least significant difference –LSD test was used to compare between means.  

 

Results and Discussion 
 

     It was clear that Tigris River affected by the surrounding air temperature, the results showed high water 

temperature in summer months (34°C in August at station 6) and low water temperature in winter months (10°C 

recorded in January at station 1) (Figure 2,3 and Table 1). Statistical analysis revealed no significant differences (P > 

0.05) were reported for surface water temperature except at station 2 with a positive correlation between air and 

water temperature (r= 0.94) (Table 2). Surface water temperature was highly coincided with surround air 

temperature as confirmed by a positive correlation between air and water temperature (r=0. 942, P<0.0001). So the 

variation of water temperature due to differ in time of measurements and environmental factors such as water 

current, depth of water, bottom materials, temperature of inlet water and exposure to direct sunlight and a degree of 

shading [13]. 
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Figure 1-  Map of Iraq and Baghdad showing the stations.  Source: Ministry of Water Resources, 2012, Map Scale 

1/100000. 

 

 

 

 

 

 

 

 

 
Figure 2- Seasonal variations of the air temperature at the study stations during January to December 2013. 
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Figure 3- Seasonal variations of the water temperature at the study stations during January to December 2013. 

 The results of presenting the study showed that the highest value of turbidity was 125 NTU recorded in 

June 2013 at station 3 which may be due to the increase of planktonic algal growth [14]. Whereas the lowest value 

was 10 NTU recorded in January 2013 at station 1 similar observation has been made by Dutta et al. [15] (Fig. 4, 

Table 1). Turbidity and the light penetration in the Tigris River where are observed and mostly related to suspended 

solid substances, such as mud and silts, it increased during the period of rain and high discharge [16].So the increase 

in turbidity in the Tigris River from January to June 2013 caused by rainfall which causes an increase of water level 

and rapid flow with increase water suspended materials and mixing of water during rain period. The statistical 

analysis indicated that there were significant differences (P ≤ 0.05) between stations of the present study. 

 
Figure 4- Seasonal variations of the turbidity at the study stations during January to December 2013. 

The results of electrical conductivity and salinity obtained are indicated in(Fig.5, 6, Table 1). The value 

demonstrated that the highest value of EC was 1220 µs/cm in January at station 6 with salinity value was 0.78‰, 

while the lowest values of EC were 490µs/cm in June at station 3 with salinity value was 0.313 ‰. The highest 

concentration of electrical conductivity and salinity recorded during cold season probably related to high 

precipitation and soil leaching processes [17] or due to effluent loaded with salted and dissolved materials [18]. 

Increase in both EC and Salinity values were noticed in aquatic system that influence agricultural and industrial 

activities. The analysis of variance among stations showed that significant differences (P ≤ 0.05) for electrical 

conductivity and salinity. 
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Figure 5- Seasonal variations of the conductivity at the study stations during January to December 2013. 

 

 
Figure 6- Seasonal variations of the salinity at the study stations during January to December 2013. 

The pH value showed a limited monthly variation (Fig. 7, Table 1), the maximum value was 8.9 recorded at 

station 6 in February and the minimum value was 6.9 recorded at station 4 in January 2013. The pH concentrations 

recorded in the present study were within the narrow range and tend to weak alkaline as it is common in Iraqi Inland 

water [19]. This is due to buffering capacity of Iraqi natural waters which it is relatively high content of calcium 

bicarbonate [18,20,21]. No any significant differences (P > 0.05) were reported by statistical analysis in the study 

between stations for pH (Table 1), a positive correlation between pH and air and water temperature (r= 0.107) and 

(r=0.088), respectively(Table 2), were recorded that may be attributed to activities of algae and aquatic plants [22].  

    The highest concentration of total dissolved solid of the present study was 0.59 g/l observed on November 

2013 at station 5 and 6 and while the lowest concentration was 0.24 g/l observed in June at station 1 and 3 (Fig. 8, 

Table 1). From the study results it found an increase in the TDS rates with the descending of the river towards the 

south, this may be related to increasing in the pollution on both river banks when passing through the Baghdad 

province, especially the industrial area [23]. Primary sources for TDS in receiving water are agricultural and 

residential runoff, leaching of soil contamination and point source water pollution discharge from industrial or 

sewage treatment plants [24]. Statistical analysis (Table 1) showed no any significant differences between stations 

(P > 0.05) except with stations 2 and 3. TDS and the electrical conductivity (EC) showed a positive correlation (r=0. 

999) with salinity and with TDS (r=0. 863)(Table 2). Rise in conductivity is due to increasing TDS [25]. 
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Figure 7- Seasonal variations of the hydrogen ion concentrations at the study stations during January to December 

2013. 

 
Figure 8- Seasonal variations of the Total Dissolved Solids at the study stations during January to December 2013. 

The highest concentration of total suspended solid of the present study was 1170 mg/l observed in February  

at station 1, while the lowest concentration was 3 mg/l observed in August at station 6 (Fig. 9, Table 1). Statistical 

analysis indicated that no significant differences between stations for TSS. It is noted that during the rainy season 

there was very high level of TSS. This observation is similar with a study conducted by [26.27]. 

 
Figure 9- Seasonal variations of the Total Suspended Solids at the study stations during January to December 2013. 

 

 According to TSS values recorded in the present study, it can be noted that Tigris River ranged from clear 

water in autumn to turbidity water in spring USEPA [28]. Also the statistical analysis of TSS showed a positive 

correlation (r= 0.022) with dissolved oxygen. The higher values of TSS have negative effects, such as decreasing the 

amount of light that can penetrate the water, thereby slowing photosynthetic processes which in turn can lower the 

production of dissolved oxygen [29]. 

     The maximum concentration of bicarbonates was 200 mg/lat stations 2 and 5 during January and 

December, whereas the minimum concentration was 50 mg/lat station 1 during October 2013 (Fig.10, Table 1). 

Total bicarbonate ions are abundant in the Iraqi inland water [30-33]. The variation in total bicarbonate values 

between different stations were not sharp, with slight increase occurred between January and June 2013. These 

increases in bicarbonate values were recorded in the Tigris River during winter and spring from earlier studied 

above. According to statistical analysis no significant differences (P > 0.05) were reported between all stations 

except at station and the bicarbonate showed a positive correlation (r= 0.109) with turbidity(Table 2). 
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Figure 10- Seasonal variations of the bicarbonate at the the study stations during January to December 2013 

   The amount of Dissolved Oxygen in surface water ranged from 4.5 mg/l in April at station 4 and 5 to 14.5 

mg/l in December at station 1 (Fig.11 Table 1). The weak decrease in DO of water may be due to its poor ability to 

hold oxygen at high temperature as a result of the high rate of microbial metabolism [34] and thus agree with other 

authors [35,36]. No any significant differences (P >0.05) were reported by statistical analysis between all stations. 

DO showed a negative correlation (r=-0.162, r= -0.076) and temperature (air and water), respectively (Table 2). 

Which these conformed to Kadhim et al. [35]. 

 
Figure 11- Seasonal variations of the dissolved oxygen at the study stations during January to December 2013. 

 The results indicate that the highest value of Chemical Oxygen Demand was 93 mg/l recorded at station 4 

during May 2013 and the lowest value was 4 mg/l recorded at station 3 during June 2013 (Fig. 12, Table 1). The real 

cause of the variation among the study months and higher concentration that recorded at some sites is the presence 

of organic matter, especially hydrocarbon biodegradation and large number of pollutants, as well as, rot conditions 

and phytoplankton blooms which can lead to lower oxygen concentration [37]. The analysis of variance among 

stations showed significant differences (P ≤ 0.05) and the highest significant (P ≤ 0.05) was at station 4, whereas no 

significant differences between station 1 and 5 and between stations 3 and 6 (Table 1). 

 
Figure 12- Seasonal variations of the Chemical Oxygen Demand at the study stations during January to December 

2013. 

      It was found that the lowest value of biochemical oxygen demand was 1.2 mg/l in April  at station 2, while 

the highest value was 7.3 mg/l in February at station 3 (Figure 13) and statistical analysis showed that no any 

significant differences (P > 0.05) between stations. The results of present study referred to high concentrations of 
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BOD5 in some sites that exceed permissible limits (5 mg/l) recommended by WHO [38]. This is probably related to 

organic matter loads discharged into the river from the area near the sewage effluent and agricultural land. 

Comparable results were obtained by other authors [20,21,39.40]. 

 
Figure (13): Seasonal variations of the Biological Oxygen Demand at the study stations during January to December 

2013 

 

 

   The higher amount of Total Hardness was 400 mg/l at stations 2 and 5 during June and August, 

respectively, whereas the lowest amount were 80 mg/l were at station 2 during April (Fig.14, Table 1). The results of 

the present study referred to high concentration of total hardness as it is common in Iraqi inland water [42.42] high 

values of total hardness in Tigris River due to the major increase occurred after receiving the very hard water of Al-

Tharthar Reservoir after junction with Tharthar-Tigris Arm [43]. According to USEPA [44] classification the water 

of Tigris River was very hard water. The results of statistical analysis refer those significant differences (P ≤ 0.05) 

between stations of the present study. 

 
Figure 14- Seasonal variations of the Total hardness at the study stations     during January to December 2013 

     The highest concentration of Calcium was 256 mg/l in August at station 5 while the lowest concentration was 40 

mg/l in June at stations 1 (Fig.15, Table 1). Statistical analysis referred that significant difference (P ≤ 0.05) between 

stations which were highest record at station 3. On the other hand the highest concentration of magnesium was 350 

mg/l in June at station 2 while the lowest concentration was 5 mg/l in January and April at stations 1 and 3. 

Statistical analysis showed significant differences (P ≤ 0.05) between stations of the present study. Present results 

indicated that concentrations of calcium were higher than magnesium concentrations in most months may be due to 

the solubility of CO2 by calcium, which was higher than magnesium, so magnesium tends to precipitate [45] or may 

be due to high concentration of sulphate ions that precipitate magnesium as magnesium sulphate [46]. 
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Figure (15): Seasonal variations of the Calcium hardness at the study stations during January to December 2013. 

 

 
Figure 16- Seasonal variations of the magnesium hardness at the study stations   during January to 

December 2013. 

  The sulfate concentrations in the Tigris River at present study were ranging between 50 and 380 mg/l 

(Fig.17, Table 1). These ranges were comparable to results recorded by different authors (Al-Lami et al. [47] in 

Tigris River; Salman, [21] and Mohamed [40]  in Euphrates River).The results of statistical analysis refer that 

significant differences (P ≤ 0.05) between stations. The variation among the study month and higher concentration 

were recorded at some sites may be  possibly due to high concentration of SO4
-2

 in the sewage water, which 

discharge without treatment of the Tigris River [48]. 

 
Figure 17- Seasonal variations of the sulfate at the study stations during January to December 2013 

     Seasonal variation of the present study shows that the highest concentrations of Nitrate (2.164 mg/l on November 

at station 1) were recorded during the wet season while the lowest concentrations (0.095 mg/l on September at 

station 1) were recorded during the dry season (Fig. 18, Table 1). This is possibly related to the change in water 

temperature and degradation process [37]. According to statistical analysis nitrate showed a no any significant 

difference (P > 0.05) were reported between stations at present study. 

    Generally the highest concentration of phosphate was 176.5 µg /l on November at station 1, while the lowest 

concentration was 3.03µg/l on April 2013 at station 6 (Fig.19, Table1). Statistical analysis showed a significant 

difference between stations (P ≤ 0.05). Phosphate comes from fertilizers, pesticides, industrial and cleaning 
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compounds. Natural sources include phosphate containing rocks and solid or liquid wastes. These are classified as 

orthrophosphate, condensed phosphate and originally bound phosphate [49]. 

 
Figure 18- Seasonal variations of the nitrate at the study stations during January to December 2013 

 
Figure 19- Seasonal variations of the Phosphate at the study stations during January to December 2013. 

Current results of Organic Matter showed that highest content was 1.563% observed in summer at station 5, 

while the lowest content was 0.189% observed in winter at the station 3 (Fig. 20, Table 1). The highest percentages 

of TOM were in warm season that might be because of the rise of temperature and increasing active of micro-

organisms which decomposes the dead parts from plants and animals. While the lowest percentages were in the cool 

season when the temperature is low and the active of decomposers is declined [50]. The statistical analysis indicate 

that were significant differences (P ≤ 0.05) among stations for total organic matter. Also the OM showed a positive 

correlation (r=0.091) and (r=0.053) with air and water temperature, respectively. So a positive correlation between 

total organic matter and TSS (r=0.0618) and total organic matter with turbidity (r=0.0167)(Table 2). These results 

conformed to Ahmed [23]. 

 
Figure 20- Seasonal variations of the Total Organic Matter at the study stations during January to December 2013. 

The results of total polycyclic aromatic hydrocarbons (PAHs) showed that the highest value was 0.279ppm 

during August at station 3 and the lowest value was 0.007ppm during October at the same station.(Fig. 21,Table 1) 
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Figure 21- Seasonal variations of the Total polycyclic aromatic hydrocarbons at the study stations during January to 

December 2013. 

 

Zhu et al [51] found a higher concentration of PAHs in summer than in winter which may be contributed to 

the sorption of PAHs on to the suspended particles and atmospheric deposition which increase during hot season. 

The concentration of PAHs may be reduced or diluted during periods of high flow of water [52].These finding 

agreed with present study in which high flow of water during winter and autumn whereas low levels of flow were 

recorded during summer. 

In general the concentrations of PAH in water depend on several factors including properties of PAHs as 

hydrophobic nature with low solubility [53], interaction of several processes such as volatilization, bioconcentration, 

sedimentation, solubilization and biodegradation [54]. 

The total Polycyclic Aromatic Hydrocarbons levels at all stations of present study are higher than 

maximum admissible concentrations of Environmental Quality Criteria of United States, Ʃ PAHs= 0.03 µg/l for 

protection of human consumes of aquatic life [55]and was (7.9 µg/l to 273 µg/l) more than those recorded in other 

aquatic ecosystem in the world, suggesting that Tigris River sites were heavily contaminated depending on 

[56]which considered the water as heavily polluted when the concentration of total PAHs in it exceeding 10 µg/l. 

Similar results were obtained in  the Shatt Al-Arab River and north west Arabian Gulf by [57,58] and in Langkawi 

island of Malaysia by [59]. 
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