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Abstract 
 
Hilla city, Babylon, Iraq depends on the water supply and irrigation from the 

Shatt al-Hilla river. The major purpose of research was to assess changes in 

the quality of water related to variation in land use in the Shatt Al Hilla 

River. Samples of water were collected in six selected river sampling sites 

between 7 August 2019 to 10 January 2020. Temperature, pH, DO, EC, TDS, 

PO4, NO3, SO4, Mg, Ca, Na, K, TH, turbidity and total bacterial counts 

were analysed by using standard methods for evaluating water quality 

changes. Also, Water Quality Index (WQI) used for assessing water quality. 

Water quality status indicates that phosphate, turbidity and calcium exceed 

water quality limits from the sampling site. As such, Hilla city, which 

monitors Shatt Al-Hilla's water quality, should expand the amount of 

monitoring sites. The results from Water Quality Index show that water 

quality was unsuitable to use in drinking in the dry and wet weather unless 

treat of it.   
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1 Introduction 
 

About 99% water in the world might be specified as unavailable or 

unsuitable to consumption from human, while 1% majorly consisting of the 

groundwater and surface water constitutes just 0.0067% from total fresh 

water [8]. The quality of water is of high importance in industries, 

consumption of humans, using water for agricultural irrigation, and 

sustainable watershed management [11]. Some components of water’s 

quality are the physical, biological, chemical, and microbial features of the 

water [12]. As the natural lands are being transformed to various land uses 

such as built environments will be increasing the transmission and generation 

of pollutants to the receiving water bodies [19].  

The quality of water is integrating significant hydrologic, geomorphic, 

and a few of the biological processes related to watershed that make it 

significant element for the healthy watersheds [7].Also, the river systems are 

defined as patchy and complex systems that are massively impacted via in-

stream processes and catchment surroundings [18].Water and land resources 

are significant in various rural community developments and urban areas 

[16].One of the main environmental concerns is the reduction in river water 

quality because of unsustainable human activities [6]. Furthermore, the 

anthropogenic activities were reflected in the land use properties [9]. Most of 

the drinking water in Iraq comes from surface water bodies especially from 

rivers. The drinking water should be clean and pollution free. Water quality 

is very important for determining pollution sources for land uses [20, 12, 17]. 

Anthropogenic waste pollution can reduce water quality which is also a very 

important problem to be resolved immediately [4].  

In various specific watershed areas, Shatt Al-Hilla has a few non-point 

source pollution issues. The presented work is examining the issues of 

pollution in Shatt Al-Hilla via biological, chemical, and physical water 

monitoring. In addition, the physical measurements involved turbidity, 

specific conductance, and temperature. Also, the chemical measurements 

involved calcium, total hardness, sodium, phosphates, total dissolved solids, 

pH, nitrates, dissolved oxygen, sulfate, potassium, and magnesium. The 

biological measurements involved the total number of bacteria. The water 

quality parameters have been estimated at 6 locations over 6 months. In Iraq, 

reduction in water quality attributable to changes in land use has increased 

cause’s significant threats to all people's safety and the ecosystem. The Iraqi 

rivers are constantly being degraded by sewage work effluents and industrial, 

agricultural runoff.  
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2 Literature Review 
 

      Fiquepron et.al [10] studied the effect by land use on  quality of water 

and proposing that land use directly affect raw water quality and indirectly 

influence water prices .A study conducted on the impact of land use on river 

systems in Ghana by Ayivo and Gordon [3]aimed to investigate the 

consequences  and e An  analysis of the effect of land use on Ghana's 

systems of rivers conducted that effects  of changes in land use in 3 catches 

of river and to find ways to minimize such impacts on preserving the safety 

of the River and sustainable water source, random disposal of waste, mining, 

extraction of water , and wood product deforestation , and the other 

residential use, improper application of pesticides , and soil degradation 

incorrect use that influence negatively on systems of river. Alphayo et.al [2] 

Demonstrate that urbanization has become main cause that affect the 

improvement in quality of water in the river of Ruvu, Tanzania.  

 

3 Methods and Methodology 
 

3.1 Study Area 
 

Iraq has a large number of "renewable" and "non-renewable" water 

resources [1].Shatt Al-Hilla River considered as a one of Iraq's famous rivers 

in Hilla city, and largest of water source. It extends to 101 km
2
. The main 

source of it is the river Euphrates, where the river comes from the north 

boundary of the province of Babylon, until reach at Al-Diwaniya province. 

River Euphrates considered as one of Iraq's Primary systems of irrigation 

particularly in the mid location. After passing Al-Hindiya barrage, Shatt Al-

Hilla flows out of the river Euphrates [14]. Shatt Al-Hilla is used for 

drinking, and agriculture. It is considered an significant attraction, but 

exposure to negligence in recent years. In Iraq, the salinity slowly rising 

across the river exacerbates situations, and reduces the water quantity from 

Euphrates.[15]. Figure 1 shows the location of study area. 

 

3.2 Selection the Sites of the Sampling 
 

The river comprises of varying land uses that are indicated as a source of 

pollution and the impact on quality of water. Table 1 shows classification of 

lands used, and approved in this study in Shatt Al-Hilla. It is necessary to 

understand the impact of the use of these lands to monitor the resources of 

water for site of the study  
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Table 1 Description land use on Shatt Al-Hill River 
Site Description Symbol 

Batta Bridge road Site R1 

Annana Agricultural Site R2 

Al-souq Al-kabeer Commercial Site R3 

Al-siyahi Residential Site R4 

Al-majazer Industrial  Site R5 

Al-nabi Ayoub Agricultural  Site R6 

 

 
Figure 1 The location of study area 

 

3.3 Procedure of Sampling 
 
         Grab sampling was used in this study, due to the catchment is fairly 

small and the flowing water is mixed rapidly. Sampling from one depth 

usually represents the sample site's water quality. Sample of water was 

collected at each site in the center of the river, given the depth; it is unlikely 

that the sediments will be disturbed by a 250 ml white plastic pot in the 

middle. The samples were placed in bottles with a volume of 1L. The bottles 

were plastic for the physical and chemical samples while glass for the 

biological samples. The plastic bottle has been used for sampling, because it 

is cheaper and the chemical composition of sample doesn't really alter when 

preserved. The container was rinsed three times with the water to be sampled 

before sampling.  
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The bottle was flooded in water with ensure that the water still stable 

with the lack of sediment and do not disturb anything in the direction of 

bottles in the area of taking samples. Samples have been transported test 

place and placed in the refrigerator at 4 ° C till examination, since after 

sampling from the source, the chemical characteristics of the water begin to 

change. The last sample step was measuring dissolved oxygen, specific 

conductance, and temperature of water with field devices. These parameters 

have been measured using field probes.  The probes on each device were 

installed at about half the total depth at the center of the stream. Table 2 

shows Field and laboratory measurements. 

Table 2 Field and laboratory measurements 
Parameter Units Instrument 

Temperature °C Thermometer 

Dissolved Oxygen mg/L Oxi200 DO Meter 

Conductivity µs/cm HH 2300 

Microprocessor Conductivity 

Meter 

  

pH  pH meter 

Total Dissolved Solids mg/L Weighting procedure 

Nitrate mg/L Spectrophotometer 

Phosphate mg/L Spectrophotometer 

Sulfate mg/L Spectrophotometer 

Calcium mg/L Titration method 

Magnesium mg/L Routine calculation 

Potassium mg/L Flame photometer 

Sodium mg/L Flame photometer 

Total Hardness mg/L Titration method 

Turbidity NTU Turbidimeter 

                      

3.4 Water Quality Index (WQI) 
 
     Water quality index can be evaluated using weighted arithmetic strategy 

that provides details about assessment of water quality body [5], the equation 

is: 

(WQI =∑qi Wi /∑Wi )                                                                               (1)   

Where qi  is  a relative value of quality of water, i  is a  parameters  number 

considered,Wi  is a factor that calculates  parameter significance ,  and qi  is 

calculated by  : 

"qi = 100 [Vi– Vo ]/[Si – Vo] "                                                                (2) 

   Vi is parameter experimental value for each, and Vo is parameter ideal 

value (i.e. 0 for other except the parameter Dissolved oxygen,and pH (7.0 , 

14.6 mg/L respectively), Si is value of standard water in which analyzed 

sample of water  was included.Wi is a factor calculated by: 

"Wi = K/Si" Where K: is Constant, and determined by: 

"K = [1 / (∑ 1/ Si ]"                                                                                 (3) 
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4 Results and Discussion 
 
4.1 Water Quality Changes Shatt Al-Hilla River Parameters 
 

Variations of quality of water were found at various sampling places at 

sampling date. The following sections show the quality of water at six 

sampling sites in this date of sampling. The data from the other sampling 

dates also are summarized to indicate water quality patterns at the river of 

Hilla. 

 

4.1.1 Average Temperature of Water between Sampling Sites 
 
       The average temperature measured at each sample site over the entire 

period (Figure 2). The average water temperature was ranged from (28 to 

28.83) °C in the dry weather while its ranged from (17.33 to 17.67) °C in the 

wet weather. The highest at the dry weather the temperature observed at site 

R3 and R4. In the wet weather the highest temperature it has been registered 

at the site R3 and R6 while lowest at the site R1, R2, R4, R5. 

 

 
Figure 2:  Water temperature variations at different sampling sites 

                 

4.1.2 Average of pH between Sampling Sites 
 

The average pH at each sampling site measured show in Figure 3. The 

values ranged from 6.87 to 7.04 in the dry condition while it’s ranged from 

6.79 to 6.97 in the wet condition. The lowest value of pH in the dry weather 

observed at site R5 was due to its industrial site and there is a meat 

slaughterhouse. The lowest value of pH in the wet weather was observed at 

site R3 which is commercial site. 
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Figure 3 pH variations at different sampling sites. 

                    

4.1.3 Average of Dissolved Oxygen between Sampling Sites 
      

Average DO at each sampling site measured show in Figure 4. The DO 

values fluctuate between (6.27 to 6.77) mg L
-
1 in the dry condition while it’s 

ranged from (6.57 to 7.73) mg L
 -
1 in the wet condition. Average smallest 

concentration was observed at site R4 at the dry weather because it’s a 

residential site and there is a lower mixing of water. At the wet weather the 

lowest value observed at site R2  because it’s an agricultural site and there is 

a farm effluents to the river from it which reduce DO. The highest value of 

DO in the dry condition was  at the site R3 and it’s a commercial site while 

the highest  value at the wet weather  was at site R1. 

 
Figure 4 Dissolved oxygen variations at different sampling sites 
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4.1.4 Average of Electrical Conductivity between Sampling Sites 
              

The average values of EC at each sampling site measured show in Figure 

5.The electrical conductivity measured was ranged from (788.67 to  801.33) 

µs/cm  at the dry weather .The electrical conductivity  at the wet weather was 

ranged from (873.33  to 909.33) µs/cm . The conductivity value observed in 

wet season higher than its value in dry season as its observed at the site R4 

for both wet and dry . The lowest value at the dry weather was observed at 

site R5   because it’s industrial site and its streams are  characterized  by   

granite bed rock  present less conductivity as granite is made up of more 

inert, undissolved materials , while the lowest value at wet weather was 

observed at site R2 which is agricultural site. 

 

 
Figure 5 Electrical conductivity variations at different sampling sites. 

                 

4.1.5 Average of Total Dissolved Solids between Sampling Sites 
 

     The average TDS at each sampling site measured show in Figure 6.The 

TDS ranged from (506.666 to 544.7) mg L
-
1 in the dry weather while in the 

wet weather the values were ranged from (218.53 to 263.6) mg L
-
1. High 

average value for the dry weather was observed at site R3 because there is 

commercial site while the high value in wet weather was at site R1.The 

lowest average concentration at the dry weather was observed at site R1, and 

the site R5 show the lowest value of TDS at wet weather. 
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Figure 6 Total dissolved solids variations at different sampling sites. 

             

4.1.6 Average of Nitrate between Sampling Sites   
            

The average nitrate at each sampling site measured show in Figure 7. 

The value of nitrate was fluctuated between (4.17 to 4.66) mg L
-
1 at dry 

weather and (6.23 to 6.79) mg L
-
1 at wet weather. For dry weather the 

highest average rate was obtained at site R5, while average of lowest  value 

was obtained  at site R6 . For the wet weather the high average concentration 

registed at site R3, while average of lowest concentration was recorded at the 

site R6. 

 

    
    Figure 7 Nitrate  variations at different sampling sites. 
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4.1.7 Average of Phosphate between Sampling Sites 
 

The average phosphate at each sampling site measured show in Figure 8. 

In the river the value of the dry weather was fluctuated between(0.247 to 

0.272) mg L
-
1 while value of the wet weather ranged from (0.154 to 0.295) 

mg L
-
1. At the dry weather the highest average phosphate concentration was 

obtained at site R1 while the lowest average concentration was obtained at 

site R6. In wet weather the highest value conducted in the location R5, while 

least value observed in location R1. The highest concentration at the  bridge 

road and industrial sites which are considered as urban site was due to spatial 

variation of nutrients is influenced land use as well as economic growth, 

higher concentrations of nitrogen and phosphorus typically occur in 

industrial , and agricultural areas. 

 

 
Figure 8  Phosphate  variations at different sampling sites. 

   

4.1.8 Average of Sulfate between Sampling Sites 
 

The average sulfate at each sampling site measured show in Figure 9.The 

values of sulfate for the dry weather was ranged from (244.37 to 278.9) mg 

L
-
1 while for the wet weather it was ranged from (98.77 to 105.5 ) mg L

-
1. 

Highest value obtained in  site R5 while lowest concentration was obtained at 

R6. At the wet weather the highest concentration was obtained at site R4 

while the lowest at site R3. Rainfall and industrial breakdown of sulphur 

which containing organic matter could be reason behind  highest value  of 

sulfate at industrial site. 
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Figure 9 Sulfate  variations at different sampling sites. 

 

4.1.9 Average of Magnesium and Calcium between Sampling   
Sites 
 

The average magnesium at each sampling site measured show in Figure 

10.The values of magnesium for the dry weather was ranged from (25.97to 

32.63) mg L
-
1 while for the wet weather it was ranged from (23.67to 26.67) 

mg L
-
1. At the dry weather the highest concentration was obtained at site R6 

while the lowest concentration was obtained at R5 .At the wet weather the 

highest concentration was obtained at site R3 while the lowest at site R2. The 

average calcium concentration at each sampling site measured show in 

Figure 11.The values of calcium  for the dry weather was fluctuated between 

(87.1 to 94.8) mg L
-
1 while for the wet weather it was ranged from(73.7 to 

77.63)  mg L
-
1. The highest concentration at dry weather was obtained at site 

R3 while the lowest concentration was obtained at R2, and R6. At the wet 

weather the highest concentration was obtained at site R3 while the lowest at 

site R2. 
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Figure 10 Magnesium variations at different sampling sites. 

 

 
Figure 11 Calcium   variations at different sampling sites. 

                    

4.1.10 Average of Potassium between Sampling Sites 
 

The average potassium at each sampling site measured show in Figure 

12.The values of potassium for the dry weather was fluctuated between (4.4 

to 4.67) mg L
-
1 while for wet weather it was fluctuated between  (3.4 to 3.9) 

mg L
-
1. Highest concentration at the dry weather was obtained at site R2, and 

R5 while the lowest concentration was obtained at R4. At the wet weather 

the highest concentration was obtained at site R4 while the lowest at site R1, 

R5.  
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Figure 12  Potassium variations at different sampling sites. 

                        

4.1.11 Average of Sodium between Sampling Sites 
           

The average sodium at each sampling site measured show in Figure 

13.The values of sodium for the dry weather was ranged from (63.17 to 

64.83) mg L
-
1 while for the wet weather it was ranged from (46.7 to 55.03) 

mg L
-
1. The highest concentration of sodium was obtained at site R4, and R6 

while the lowest concentration was obtained at R2.At the wet weather the 

highest concentration was obtained at site R1 while the lowest at site R6. 

 

 
Figure 13 Sodium variations at different sampling sites. 

                      

 

 

 

 



                                                                                                                  
 

 

 

 

 

 
3712 Teeb Hussein Nahaba et.al 

 

4.1.12 Average of Total Hardness between Sampling Sites 
 

The average total hardness at each sampling site measured show in 

Figure 14.The values of total hardness  for the dry weather was ranged from 

(291.8 to 324.9) mg L
-
1 while for the wet weather it was ranged from (239 to 

291.8) mg L
-
1. High value obtained at site R3  while lowest concentration 

was obtained at R1.At the wet weather the highest concentration was 

obtained at site R6 while the lowest at site R3.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 Total hardness variations at different sampling sites. 
 

4.1.13 Average of Turbidity between Sampling Sites 
                 

The average turbidity at each sampling site measured show in Figure 

15.The values of turbidity  for the dry weather was ranged from (12.33 to 

19.67) NTU while for the wet weather it was ranged from(22.33 to 27)  

NTU.The highest concentration at the dry weather was obtained at site R3  

while the lowest concentration was obtained at R1. At the wet weather the 

highest concentration was obtained at site R6 while the lowest at site R2. 
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Figure 15 Turbidity  variations at different sampling sites 
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4.1.14 Average of Total Bacterial Count between Sampling Sites 
               

Total bacterial count average for each sampling location measured show 

in Figure 16. Values of TBC   for the dry weather was ranged from (107 

CFU/100mL to 743 CFU/100m) while for the wet weather it was ranged 

from (210 CFU/100mL   to 308 CFU/100mL.The highest number of total 

bacterial count at the dry weather was obtained at site R1. At the wet weather 

the highest number of total bacterial count was obtained at site R6 while the 

lowest was observed at site R1. 

 

 
Figure 16 Total bacterial count variations at different sampling sites. 

                       

4.2 Water Quality Index 
 

Quality of water in Hilla River measured to determine river water 

quality. On the basis of the 15 measured parameters of water quality 

(Temperature, pH, DO, EC,…) and the other parameters, we calculated the 

WQI in Shatt Al-Hilla over periods of sampling. Mean WQI values was 416, 

374.822 and 152.164 in September, October, and December respectively . In 

the winter months, the mean WQI value was 58.742, 173.547, and 319.996 in 

November, December, and January. Water quality index  calculated values 

was   between 152.16 to  416 in the summer  months , and 58.742 to 319.996  

in the  winter months mainly as a result of municipal input , industrial wastes 

, and activities of agriculture  that discharge at river bank. The quality of 

Shatt Al-Hilla river was unsuitable in the dry period, while it was classified 

as a poor to unsuitable water quality in wet period. 
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5 Conclusions and Recommendations 
     

This chapter explains some of the conclusions and recommendations 

based on the results in the previous chapter. The study was conducted in 

Shatt Al-Hilla river .All sites was nonpoint source of pollution .This study  

was evaluated   the current status  for Shatt Al-Hilla river by the assessment 

connection among quality of water and distribution of spatial land use . The 

study was conducted at the two periods:dry and wet at months of (August 

,September, October ,November ,December and January) . Thirty six 

samples of water quality  from six  sampling sites   along Shatt Al-Hilla were 

collected  and analyzed from physical and chemical parameters  (pH 

,temperature , DO , EC ,TDS , NO3, PO4, SO4 , Mg, Ca , K , Na ,TH, and 

turbidity) and the total  number of bacteria in water was chosen as  an index 

of biological parameter. The study made the following 

recommendations,they are : In order to improve water resources, the country 

needs to develop management strategies, such as strict water and sanitation 

legislation for industries that discharging in rivers. It is recommended to 

continuously update studies on changes in the use of land as urbanization in 

Hilla City increases. 
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