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Abstract---The study discussed natural and human factors and their 

direct and indirect effects on some physical and chemical properties of 

wastewater in Karbala governorate, for irrigation water quality, it has 

affected the quality and quantity of water and man has a role that 
cannot be overlooked its negative impact on those characteristics in 

its wrong agricultural practices and the irrigation methods used, as 

well as the use of fertilizers and pesticides in an thoughtful manner. 
As discussed Physical and chemical properties include temperature, 

electrical conductivity (EC), and total dissolved solids (TDS).Hydrogen 

ion concentration (pH) plus laboratory analysis. The hydro chemical 
study of groundwater includes the main small ionic components (Cl-), 

SO4, NO3), and trace elements (Fe, Pb, Ni, Cd and Cr). For this study 8 

sites for sewage pumping stations were selected in the center of 
Karbala governorate, and 8 samples were taken from the sites, in 

order to conduct chemical analyzes on them. The results of the 

elements varied in the sewage pumping stations. The study also 

discussed the unified Karbala treatment project and the possibility of 
this in treating sewage from polluting elements and the possibility of 

using treated water for irrigation of agricultural crops. The study 

showed the possibility of investing wastewater according to its validity 
by clarifying the ionic concentration and comparing it with 

international standards and water utilization suitable for irrigation, 

and sewage waste water. 
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1. Introduction  

 
Increased pollution has resulted from the acceleration of population growth in 

most nations across the world, as well as the growth of commercial and 

agricultural technology, as well as the dumping of excreta for various wastes. 
Sewage is wastewater that contains toxins as a result of sewage interacting with 

other sources of water. {1}. Sewage is made up of waste water from homes, 

factories, and streets, as well as ground and surface water, leaching, farm and 

garden waste, and various sources of liquid waste based on the use of water, and 
it varies depending on the variety of agricultural, industrial, and commercial 

production, as well as the use of water in households for washing, personal 

hygiene, and other consumption patterns. There is a lot of leftover water in 
vehicles, which contains suspended particles and detergent deposits. Aside from 

organic compounds, furthermore there are residues of volatile and non-volatile 

materials from petroleum products, which are a source of risk, are dumped 
directly into public sewage networks, as well as trash from pharmaceutical 

enterprises and pesticides {2}. Water from liquefaction systems is used to treat 

large amounts of sewage, which the Karbala Wastewater Treatment Project (M7) 
receives and treats on a daily basis. However, the treatment plant's efficiency may 

be harmed as a result of the difficulties it faces while combining water with 

industry. Sewage, which increases heavy metal concentrations by impeding the 

treatment process as the population grows, Construction of contemporary cities, 
as well as infrastructure and services Basic urban settings, in which the volume 

of sewage generated by population activity is increasing, and this effluent has 

been integrated into fixed water policy, and many projects on its use for irrigation 
and agricultural production have been built in many nations. Working to collect 

and deliver sanitary ware of wastewater and liquid sludge to treatment plants or 

final disposal destinations as rapidly as possible is critical, available for 
processing or transformation into other things that are safe for people, their 

products, animals, or property {3}. Pollution, defined as a quantitative and 

qualitative change in the chemical and physical characteristics of environmental 
elements, can cause significant harm to human life and the environment 

(humans, animals, and plants), Pollution is a phenomenon that runs counter to 

the natural order and the construction of machines. Pollution is a serious threat 

that arises when a clean environment becomes polluted due to improper use. 
Managing land, water, and air {4}. Heavy metal Untreated wastewater has a 

number of negative consequences, including interfering with biological wastewater 

treatment and lowering treatment efficiency. Many times in the sludge, causing 
an increase in its concentration in the sludge, and hence the use of sludge as a 

vegetable fertilizer, which will disrupt the food chain. {5}. The many ways in which 

anaerobic digestion of sludge produces acidic compounds such as formic acid, 
acetic acid, hydrogen sulfide, and acidic sludge, results in the migration of heavy 

metals into wastewater, which then finds their way into surface and groundwater, 

the world's primary freshwater source{6}. 
 

2. Location of the Study Area  

 
Karbala Governorate is located in the center of Iraq in the western part of the 

alluvial plain, west of the Euphrates, east of the western desert plateau, and al-

Qassam the northern part of the Al-Farra region is in the middle, between two 
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latitudes ( 32°50ʹ- 32°09′) north of the equator, and longitude (44°18ʹ- 43°10′) east 

of the Greenwich line It is defined by Anbar Governorate from the north, (Babil) 

Governorate in the east, and (Anbar) Governorate in the west and (Najaf) 

Governorate to the south. The area of Karbala Governorate is estimated at 5,034 
km, which is equivalent to a percentage (1.15%) of the area of Iraq (435,052 km²), 

which includes. Governorate (3) districts and (4) areas. The study area (central 

district) is located in the center of Karbala Governorate, with an area of 2397 km2 
and a population of 562965 people during the year 2020.(Ministry of Planning, 

Central Statistical Organization, Karbala Governorate, unpublished data 2020), 

The study area is located at latitude (32°38ʹ- 32°18′) in the north and longitude 
(44°17ʹ- 44°58′) in the east. The spatial boundaries of the study area were 

represented by the administrative boundaries of Karbala Governorate. The study 

area is bounded on the north by Al-Husseiniya district, on the east by Al-Hindi 
district, on the west and northwest by Al-Hur district, and on the south by Al-

Najaf governorate. As shown fig (1-1) ( Fatlawy,2021). 

 

 
Fig. (1-1) Location map of Karbala city center showing the sewage pumping 

stations in the city center of Karbala Governorate 

 

3. Materials and Methods 
 

The field work consisted of collecting wastewater samples from the pumping 

stations located in the governorate center as shown below: 
1- A field trip to see the study area and identify sewage pumping stations 

with the help of specialized engineers from the Directorate of Sewage in 

Karbala Governorate. 
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2- One of the engineers of the Karbala Sewer Department (the governorate 

center) was hired for the purpose of drawing a work plan for the models of 
field work, because many lifting stations may meet with one main station, 

and for the purpose of not repeating the models, sites were chosen for 

modeling in the center of Karbala governorate, (Al saadia (M1),Almabzil 
AlGharbiu (M2), Al Ghadeer (M3), Rain Altahadiy (M4), Saif Saad (M5), Al 

Dawagen (M6), Wastewater treatment unit project (M7) Hormansour  (M8) 

show in the fig (1-1). 

3- Eight water samples from the study area, from (8) sites were selected 
according to the distribution of sewage pumping stations locations in 

January (2022)  the rainy period. Sample locations were marked on the 

map using GIS software in the table (1-1). Each water sample was placed 
in a (500) mL plastic bottle with a screw cap, in which two samples were 

collected for each sample point, The first is for the analysis of the main 

components, the second for the analysis of heavy metals. All water 
samples are immediately covered with an airtight cap, and they are 

perfectly marked. No free headspace was left in the plastic bottle and it 

was ensured that the water sample in each bottle was in contact only with 
the plastic screw cap and the plastic table of the bottle. 

 

 
           Figure (1-1) the selected sewage lifting stations in the study area from (GIS). 
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Table(1-1). General information about sewage pumping stations in the 

study area (Karbala Governorate Sewage Directorate 2020) 

 

Sample 

Name 

final 

discharge 

Number of 

served 

population 
(people) 

Actual 

energy 

(m3) 

design 

energy(m3) 

Site Date 

created 

station 

name 

M1 Maytham 

Al-Tamar 

station 

90,000 22500 14,400 Karbala 

governorate 

center 

1980 Al saadia 

M2 Almabazil 

station 

- 24500 48,000 Karbala 

governorate 

center 

2010 Almabzil 

algharbiu 

M3 Aljahiz 

station 

37,900 - 43,200 Karbala 

governorate 

center 

2014 Al Ghadeer 

M4 Albahadlia 

station 

- 3000 24,000 Karbala 

governorate 

center 

2012 rain 

altahadiy 

M5 Albahadlia 

station 

- - 92,160 Karbala 

governorate 

center 

2014 Saif Saad 

M6 Hormansour 
station 

final lift 
station 

- 259,200 Karbala 
governorate 

center 

2014 Aldawagen 

M7 Hormansour 2,000,000 - 400,000 Karbala 
governorate 

center 

2019 Wastewater 
treatment 

unit project 

M8 Almabzil 
alrayiysiu 

- - - Karbala 
governorate 

center 

2019 Hormansour 

 
4. Results of analyzes of the main chemical elements 

 

Key physical properties include temperature, electrical conductivity (EC), and 
total dissolved solids (TDS).Hydrogen ion concentration (pH) plus laboratory 

analysis. The hydro chemical study of groundwater includes the main small ionic 

components (Cl-), SO4, NO3), and trace elements (Fe, Pb, Ni, Cd and Cr). 
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Table2. The value of the analysis of the chemical elements in the sewage pumping 

stations for the study area 
 

 

*IQS: Iraqi Quality Standards (IQS)  
**WHO: World Health Organization (WHO) 
 

 
Fig.2. shows the results of the analysis of the chemical elements of the sewage 

pumping stations for the study area 
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Heavy metals  

 

These minerals are considered among the most dangerous pollutants because 

they accumulate in the bodies of aquatic animals such as fish, birds, and plants, 
and they reach humans by eating fish whose cells contain compounds of these 

minerals, and they lack the ability to decompose or undergo chemical or bacterial 

breakdown in the environment when they collect in the bodies of living organisms, 
heavy metals enter the human body through biological                       

accumulation faster than they are broken down through the processes of 

metabolism or excreted, resulting in heavy metal poisoning{7}. Qualitative 
wastewater research is important because it determines the quality of usable 

water and determines whether or not the water is poisonous to the organisms 

present and whether or not wastewater treatment systems should be utilized. In 
recent years, natural solutions for waste water treatment in small towns have 

gained favor as alternatives to recognized treatment procedures. Water samples 

were collected from eight sewage sites spread across the study area. On January 

2021, 8 sewage samples were collected from lift stations in the city center district. 
 

Table3. The value of the analysis of the Heavy metals in the sewage pumping 

stations for the study area 
 

Sit Fe 

mg/l 

Ni 

mg/l 

Cu 

mg/l 

Cr 

mg/l 

Cd 

mg/l 

Pb 

mg/l 

M1 0.047 0 0.014 0 +0.074 + 

0.177 

M2 0.029 0 0.083  + 0.109 +0.056 + 
0.229 

M3 0.048 0.023 0.085 + 0. 12 +0.127 + 

0.184 

M4 0.051 0 0.092 0.1 +0.085 + 
0.236 

M5 0.023 0.019 0 0 +0.071     + 

 0.1
04 

M6 0.031 0.02 0 0 +0.068 + 

0.153 
M7 0.055 0 0.098 +  0.104 +0.079 + 

0.242 

M8 0.021 0 0 +  0.112 +0.041 + 
0.215 

Mean 0.038125 0.0077

5 

0.0465 0.06071

4 

0.07512

5 

0.192

5 

Range 0.021_0.05
5 

0_0.023 0_0.09
8 

0-0.112 0.041-
0.127 

0.104-
0.242 

IQS,2012* 5 0. 2 0.2 0.1 0.01 0.1 

WHO,2011** 0.3 0.07 2 0.05 0.003 0.01 
US,EPA2018**

* 

0.3 0.07 2 0.1 0.005 0.015 

*IQS: Iraqi Quality Standards (IQS)  
**WHO: World Health Organization (WHO)  
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***USEPA: United State Environmental Protection Agency (U.S EPA) 

 

 
Fig. 3. The results of the analyzes of the chemical elements of the sewage 

pumping stations for the study area  

     

 Through follow-up with the concerned departments in Karbala governorate 

and due to the scarcity of analyzes, analyzes were obtained for the year 

2020 for the purpose of comparison with the current study for the year 

2021-2022 as shown in table (5) 
 

Table.4. Heavy metal analyzes for stations in the study area by the Ministry of 

Construction, Housing and General Municipalities, General Directorate of 
Sanitation (2020) 

 

Sit T.D.S 
mg/l 

pH CL 
mg/l 

SO4 

mg/l 
NO3 

mg/l 
Fe 

mg/l 
Ni 

mg/l 
Cu 

mg/l 
Cr 

mg/l 
Cd 

mg/l 
Pb 

mg/l 

M6* + 

1313 

7.3 + 

392 

+ 

967 

  

38.1 

2    + 

5.8 

+ 

0.64 

+ 

0.6 

   + 

0.28 

+ 

2.8 

M7** + 
1144 

7.4 + 
370 

   
293 

+56.1 0.74    + 
4.23 

0.17 + 
0.4 

   + 
3.5 

   + 
2.95  

IQS,2012    

1000 

6.5-

8.5 

   

350 

   

400 

50 5    0. 

2 

0.2   0.1  0.01    

0.1 
WHO,2011   

1000 

6.5-

8.5 

  

250 

   

250 

50 0.3     

0.07 

2     

0.05 

  

0.003 

    

0.01 

*M6: Al Dawagen station 
**M7: Wastewater treatment unit project station 
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5. Discussion and conclusions 

 

1- Iron(Fe) 

 
Iron is a transition metal and, after aluminum, is the second most abundant 

metallic element in the outer crust for the earth. However, the iron concentration 

in natural water is generally small, Iron it is part of hemoglobin, the transporter 
of oxygen and oxygen in red blood cells. Although iron is toxic, it is an 

undesirable component in drinking water because it has a negative effect on 

taste, and it may clog the systems distribution It can produce stubborn brown 
rust spots on fabric and ceramics, So while preparing water drinking is usually 

removed by ventilation {9}. From the table (3) the results of the analysis of (Fe) 

samples in sewage pumping stations appeared, which range (0.021-0.055) ppm 
and are within the acceptable limit (0.3) ppm in the standard specifications. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

Fig.4.The spatial distribution of the (Fe) element in the study area 
 

2- Nickel(Ni) 

 

Nickel is found in surface and groundwater as a result of erosion and dissolution 
of rocks and soils, as well as biological cycles, industrial activities and waste 

disposal. In natural waters with a pH of 5-7, (IPCS, 1991). Nickel leaks from 

landfills and contributes to contamination of the water layer with nickel, which 
may be harmful to the environment {10}. The results of examination of nickel 

samples in sewage pumping stations ranging from (0-0.07) ppm and within the 

permissible limit of (0.0-0.23) ppm, which is within the standard specifications. 
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Fig.5.The spatial distribution of the (Ni) element in the study area 

 
3- copper (Cu) 

 

Copper, unlike some other minerals, is beneficial to the body in small levels, but 
in high doses, it can cause anemia, liver and kidney damage, and gastroenteritis. 

Copper is used as a metal or metal alloy, as well as an additive designed to reduce 

algae growth. In addition to casting other metals. for water pipes. Corrosion of 

these metal goods, scrap disposal, and waste excretion into the environment, 
either directly or indirectly, after a station treats sewage, sewage sludge, manure, 

or landfill. Copper Compounds It is widely used in agriculture to treat mother 

water for water purification, as well as a wood preservative and a fabric 
preservative {9}. The results of the analysis of (Cu) samples in sewage pumping 

stations have been revealed, and they vary from (0-0.098) ppm, which is within 

the permitted limit (0.2-2) ppm in standard specifications. 
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Fig.6.The spatial distribution of the (Cu) element in the study area. 

 

4- Chromium(Cr) 

 

Chromium is a vital human nutrient and is also supplemented by vitamins. It has 
a relatively low toxicity and can only be a problem with high levels in drinking 

water, Exposure to hexavalent chromium is considered the most risk on human 

health {11}. The results of the tests were recorded at stations (M1, M4, M5, M6) 
ranging from (0.1-0) and were within the allowed limits that ranged from (0-0.1). 

(0.05-0.1). While the results in stations (M2, M3, M7, M8) showed a considerable 

increase at a rate ranging from (0.12-0.112), which is outside the applicable 
specifications. Sedimentation from waste disposal sites and industrial areas 

located within the sites of the stations that suffer from a rise in the proportion of 

chromium is the main source of chromium pollution in water. 
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Fig.7.The spatial distribution of the (Cr) element in the study area 

 
5- Cadmium (Cd)                  

 

Cadmium considered relatively rare in the geological deposits, occurring mainly in 
carbonate and hydroxide forms. It released to the environment in waste water and 

diffuse pollution is caused by contamination from fertilizers and local air pollution 

{12}.Cadmium represents a highly toxic element and is unnecessary for the 

human living and animals {13}. It is noted that all the values of the cd element in 
the study area are outside the limits of the specification and the reason is due to 

the most important sources of phosphate fertilizer, heavy household water and 

the products of industrial activities as well as acidic PH, especially in the (M6) 
station {14}.Fertilizers produced from phosphate constitute a major source of 

diffuse cadmium pollution. The solubility of cadmium in water is influence to 

large by its acidity {15}.   
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Fig.8.The spatial distribution of the (Cd) element in the study area 

 
6- Lead (Pb)  

 

Lead is a rare metal found in ore along with silver, zinc, and copper, and it is 
mined with these minerals. Because lead ion-containing minerals have limited 

water solubility and low natural mobility, the amount of lead in water {16} is lower 

than that of atmospheric minerals and rocks that release (Pb) into the 

environment. Other sources of (Pb) include fertilizers, human activities, and 
industrial processes,the results of the element (lead) showed an increase in its 

concentrations in sewage pumping stations, which did not meet the Iraqi Quality 

Standards (IQS) for the year 2012. The causes of lead pollution are due to vehicle 
emissions and agricultural activities. The lead emitted from the vehicles is then 

deposited in the soil and may reach sewage water due to continuous washing 

processes, as well as irrigation and rain {17}. 
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Fig.9.The spatial distribution of the (Pb) element in the study area 

 

7- Total dissolved solids ( T.D.S) 

 
The total dissolved solids (TDS) are the total amount of solids remaining when a 

water sample evaporates to dryness {16}. It represents the total summation of 

ionic concentration of cations and anions and is measured in (ppm) or (mg/l) 
units, {18}. An increase in the values of total dissolved salts was observed for all 

stations in the study area due to rainfall at the time of taking samples in the 

winter season through washing the soil and dissolving salts. 
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Fig.10.The spatial distribution of the (TDS) element in the study area  

 

8- Electrical Conductivity (EC) 
 

Electrical conductivity is measured in micro Siemens per centimeter (μ.S/cm) and 

refers to the ability of 1cm3 of water to conduct an electric current at a normal 
temperature of (25Cº). It is dependent on the overall amount of soluble salts {19}, 

as well as water temperature, where a one-degree (Cº) increase in water 

temperature induces a two-percent increase in electrical conductivity{17}. Table 
(3) shows that all locations are outside the legal limits, requiring treatment before 

use, with the greatest concentration of EC values recorded in (M2) station 

(4660).S/cm and the lowest value reported in (M7) station (2740).S/cm, All sites 

are outside the permissible limits, because the relationship between electrical 
conductivity and dissolved salts is a direct relationship, The high Ec in the (M2) 

station of the western drain is due to the presence of many residential areas 

extending along the drain, whose wastes are dumped in the draining water. It can 
also be noted that the values of the electrical connection increased due to the 

increase in agricultural activity and the expansion of the agricultural areas that it 

drains, and the western drain is considered one of the most important irrigation 
projects in Karbala Governorate, because it draws groundwater from the area 

between the Two Holy Mosques, and it is the only outlet for this water, as the 

drain length is 1300 m, It starts from Siafon under the Hindiya creek and flows 
into the northern cesspool of Karbala. 
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Fig.11.The spatial distribution of the (Ec) element in the study area 

 

9- Hydrogen ion concentration (pH) 
 

The (PH) is a measure of the acidity or alkalinity of solutions and it indicates the 

activity of the hydrogen ion in water. {20}.As acidic solutions have a pH between 
(1-7) . It refers to an increase in hydrogen concentration, whereas an increase in 

hydroxyl ion concentration indicates that the solutions are alkaline and have a 

pH of (7-14) while neutral solutions in which water is pure have a (pH=7) {21}. The 
estimation of (PH) is regarded crucial from an agricultural point of view because 

to its impact on numerous components that affect the validity of water for 

irrigation, since it leads to a disturbance in the balance between the elements 

that it absorbs. When the hydrogen ion and the hydroxyl ion compete for uptake 
by the plant, this effect occurs, and this effect happens when the (PH) is less than 

(4) or higher than (9) ,high acidity has an effect in dissolving most of the soil 

components and leads to a decrease in the specific weight of the soil. When the 
acidity increases, the solubility of calcium, magnesium and potassium increases 

in water. Food, as it has the ability to move and move over long distances as well 

as its effect on plants by demolishing the roots of plants, while alkalinity has less 
effect by increasing the salinity of the soil {22}. Where the PH values ranged from 

(6.5-7.44), where the acidity value at the (M7) station, which is a treatment plant 

that changed the concentrations of ions and the general average of all stations in 
the study area that all water was light alkaline due to the presence of carbonate 

and bicarbonate ions. 

PH<8.2 the hydrogen ion is added to the carbonate and become dissolved 

bicarbonate 
PH>8.2 (Hco3) depletion to (CO3-2) in solution becomes high 
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Fig.12. The spatial distribution of the (pH) element in the study area 

 
10- Chloride ion (Cl) 

 

The chloride ion (Cl-) is found in all-natural waters with different concentrations, 
as its concentration in ocean waters reaches more than (2000) mg / liter, as for 

rivers and lakes, its concentration ranges between   (20-80) mg / liter, which is 

considered Sedimentary rocks are the main source of chloride ion (Cl-) as well as 
rainwater and melted snow {23}.the chloride ion in polluted groundwater is 

organic or industrial waste and irrigation water {24}, also that water treatment 

with chlorine can lead to an increase in the chloride ion concentration in the 

water {25}.The largest concentrations of (Cl) values were analysis in stations  
(M1,M2, M5,M8,) with an average of (386,608,483,336) mg/L, as these values for 

the listed sites are outside the permissible limits and require treatment before 

use. The lowest values of (Cl) concentrations were found in the stations (M3, M4, 
M6, M7) with values of (241,251,237,338,237) mg/L, which indicates that these 

results are within the permissible limits. Chloride concentrations are increasing 

with increasing agricultural areas, and this is evident in the (M2) station, where it 
reached the highest value in the study area (608)mg/l, and its source is from the 

melting of salty sedimentary rocks, The reason for the high rates of chloride is 

due to its availability in high quantities in Iraqi waters, whose sources come from 
the components of the earth’s crust and as a result of the exposure of the soil to 

washing by irrigation water, adding percentages of chloride to the soil, and the 

chloride salts are exposed to dissolution and decomposition in the water{26}. 
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Fig.13.The spatial distribution of the (Cl) element in the study area 

 

11- Sulfate ion (SO4) 
 

The main source of sulfate (SO4
2-) in water is solutions of sulfate minerals found 

in rocks Sedimentary materials such as hydrated gypsum (CaSO4.2H2O), 
anhydrous gypsum (CaSO4) and anhydrite, as well as from the oxidation of pyrite 

minerals (or what is known as iron sulfide (FeS2) and in shale and clay 

rocks{27}.This is in addition to the natural sources of sulfate (SO4
2-) There are 

human resources such as agricultural activities through the addition of Pesticides 

as well as industrial activities that increase the emission of sulfur dioxide (SO2) 

into the atmosphere{28}. The table (2) where the highest concentration of SO4 

values was recorded in (M2) station and reached (1402) mg/l and the lowest value 
was recorded in (M1) station and reached (875) mg/l that all sites are outside the 

permissible limits that require treatment before use. Increasing sulfate 

concentrations has a negative role on the use of water containing it for irrigation, 
as increasing its concentration leads to soil salinity, impeding plant growth and 

the appearance of spots on its leaves. Increasing its concentration works to 

precipitate calcium sulfate, and this in turn affects the sodium ions dissolved in 
the water {29}, knowing that The source of most of the sulfates is either naturally 

as a result of the presence of sedimentary rocks penetrated by the sewage water 

or from the dissolution of gypsum and hydrodynamic rocks of the sediments of 
the Quaternary age when water passes over the rock layers containing these 

rocks, which cover large parts of the study area {30}. Therefore, the concentration 

of sulfate ions depends on the type of rocks that they pass water. The fact that 

these rocks contain a high percentage of gypsum leads to the supply of this water 
with large quantities of sulfate ions {31}. The rain also contains concentrations of 

sulfate, whose concentration ranges in it (1-3) mg/l, which depends on air 

pollution rates, as it can be The focus on this limit increases and may be the 
result of human activities represented by the water discarded from domestic uses, 
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the water resulting from industrial activities, and the fertilizers used in 

agriculture{32}. 

 

 
Fig.14 The spatial distribution of the (SO4) element in the study area 

 

12- Nitrate (NO3) 
 

Organic, industrial, and agricultural sources of nitrates were found in natural 

water, but chemical fertilizers were the predominant source of nitrate due to its 
high solubility in water and poor soil retention. Nitrates are very mobile, flowing 

through soil at a velocity similar to water. As a result, nitrate is not volatile, and it 

will most likely persist in water until it is eaten by plants or other organisms {33}. 

Another source of nitrate is animal waste, plant remnants, industry, and sewage 
disposal {34}. The (NO3) values in the table (2) varied slightly the maximum 

concentration of (NO3) values was recorded at the (M7) station (42.78) mg/l the 

reason for the high nitrate is due to the presence of a treatment plant, while the 
lowest value was recorded at the (M6) station (0.62) mg/l, indicating that all sites 

are within allowed limits. 
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Fig.15.The spatial distribution of the (NO3) element in the study area 
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