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Abstract 

       The effects of pollution sources on receiving water quality are diverse and 

depend on the type and concentration of pollutants. In a river basin, there can be 

multiple water quality limited sections. The Total Maximum Daily Load 

(TMDL)  of a pollutant must be calculated for each section, moving from the 

most upstream one to the most downstream one. There may be many 

combinations of a point source and a non-point source that can't meet the water 

quality criterion. Multiple feasible solutions can provide an opportunity for the 

regulator and stakeholders to find the most agreeable TMDLs. 

      The present study was conducted on the Euphrates River. The aim of study 

was the estimation of the TMDL. Raw water data which were obtained from the 

Ministry of Environment, Environment Directorate and Ministry of Water 

Resources, Water Directorate were collected and analyzed from Euphrates River 

five stations (S1, S2, S3, S4, S5) during the period starting from January to 

December of the year 2021. The purpose is to assess the level of parameters 

measured and their effects on the river.  Statistical analysis was used to describe 

the relations between TMDL and parameters and a regression analysis was 

performed by "Excel" Program Software. 

          Fourteen parameters were collected from the Euphrates River. Use only 

eight parameters in order to determine the TMDL, these parameters were: 

Nitrate (NO3), Total Phosphate (PO4), Calcium (Ca), Magnesium (Mg), 

Potassium (K), Chloride (CL), Nitrogen (N), and Sulfate (SO4). The average 

values of TMDL for the study area are as follow: 82.22 kg/day for NO3, 62.28 

kg/day for PO4, 271.69 kg/day for Ca, 90.57 kg/day for Mg, 76.16 kg/day for K, 
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862.89 kg/day for CL, 318.56 kg/day for N, and 1011 kg/day for SO4 

respectively. 

       The study showed that discharging domestic sewage and industrial 

wastewater from adjacent areas, caused contamination of levels more than Iraqi 

standards. The highest values of TMDL were recorded in station one (S1) and 

the most polluting element of Euphrates River is Sulfate. 
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CHAPTER ONE 

INTRODUCTION 

1.1 General 

        Water is the major resource for the world to work and is very important for 

it's sustenance. With increasing in developmental activities all over the world, 

there is an increase in rate of negative exploitation of this very major resource. 

Due to increase in the industrial activities the ground water and surface waters 

are getting polluted to the extent that it cannot be used for the domestic purpose 

without treatment, [Mustafa, 2021]. 

      Water, is used for many purposes associated with human activity. In it's 

natural state it occurs in and on the ground in subsurface and surface reservoirs. 

The quality and reliability of a water source will vary considerably, both in time 

and space. This means that characteristics (chemical, physical, and biological) 

will differ greatly depending upon the location and type of the source. It also 

means that a given source may vary over the seasons of the year, [Pfafflin and 

Ziegler, 2006]. 

       Water  pollution  can  be  defined  as  the  presence  in  water  of  enough  

harmful  or  objectionable material to damage the water’s quality, [Pankratz, 

2001]. Water pollutants are categorized as point sources or nonpoint sources 

(Fig. 1.1), the former being identified as all pollutants that enter watercourses 

through pipes or channels. Storm drainage, even though the water may enter 

watercourses by pipes or channels,  it is considered a nonpoint source of 

pollution. Another nonpoint source comes from agricultural runoff, construction 

sites, and other land disturbances, [Weiner and Matthews, 2003]. 

 



Chapter One                                                                                        Introduction 

18 
 

 

 Fig. 1.1: The sources of water pollutant, [Zaidi and Demonsabent, 2014] 

 1.2 Heavy Metals Pollutants 

      River sediments are a major carrier of heavy metals in the aquatic 

environment. Sediments are mixture of several components of mineral species 

as well as organic debris, representing an ultimate sink for heavy metals 

discharged into the environment. Chemical leaching of bedrocks, water 

drainage basins and runoff from banks are the primary sources of heavy metals. 

Mining operations, disposal of industrial wastes and applications of biocides for 

pest are other anthropogenic sources. Heavy metals are serious pollutants 
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because of their toxicity, persistence and non-degradability in the environment. 

Polluted sediments, in turn, can act as sources of heavy metals, imparting them 

into the water and debasing water quality, [Emad and Tahseen, 2012]. 

      An important issue in recent years is surface water pollution. A primary 

global objective is reducing pollution of the aquatic systems. The contaminant's 

behavior in the aquatic environment depends on some factors: chemical, 

physical, hydrodynamic, and biological. Pollution is that pressure influences the 

state of the aquatic ecosystems. Sources of the pollution of the aquatic systems 

are different surface water often degrade after using it for pesticides and 

agricultural fertilizers and heavy metals present in water, [Mustafa, 2021]. 

 

  1.3 Total Maximum Daily Load (TMDL) 

           Total Maximum Daily Load (TMDL) is the maximum amount (load) of a 

water quality parameter that can be carried by a water body without causing an 

exceedance of surface water quality standards. Expressed as mass/time (i.e. 

kg/day), TMDLs are approved or disapproved by EPA  . If disapproved, EPA 

develops the TMDL, [https://www.epa.gov/tmdl/overview-total-maximum-

daily-loads-tmdls]. 

         Study the TMDL of toxic contaminants concentration in the river and it's 

effectiveness in evaluating river pollution, in addition to some chemical and 

physical water quality parameters provide the department of water resources 

with a clear and important scientific vision to control the river's pollution in the 

future affected by changing the chemical and physical properties of the river, as 

accurately as possible. 

         TMDL is developed by using a range of techniques, from simple mass 

balance calculations to complex water quality modeling methods. The degree of 

https://www.epa.gov/tmdl/overview-total-maximum-daily-loads-tmdls
https://www.epa.gov/tmdl/overview-total-maximum-daily-loads-tmdls
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analysis varies based on various factors including the water body type, density 

of flow conditions, and pollutant causing the weakening, [https://www.epa.gov 

/tmdl/overview-total-maximum-daily-loads-tmdls].  

1.4 Problem Statement 

          The Iraqi natural environment has been marked by a major decline twenty 

years ago, from air pollution to soil and water pollution. As Iraq passes through 

a stage of weakening with the quality of water in Iraq as a result of multiple 

sources of pollution in it, [Montadher, 2009]. 

          Euphrates River has a large importance for Iraqi environmental  

researchers because of the detrimental effect of pollutants resulting from treated 

and untreated domestic wastewater, treated and untreated industrial wastewater 

and farming and agricultural pollutants. A large number of populations of Iraq 

reside along the banks of Euphrates and Tigris Rivers so the utility of such 

water for bathing and recreation purposes cannot be aesthetically good.  The 

polluted water is also difficult to be easily treated and it is found that the 

treatment plants have to be increased in handling such water, [Hussein, 2013]. 

     The study area water requirements have been provided by the Euphrates 

River. Euphrates River water is being provided to the cities after conservative 

treatment (coagulation, sedimentation, filtration, and chlorination) by water 

treatment plants. These plants are located on the banks of the Euphrates River. 

        One of the most important problems of this study is the pollution of the 

Euphrates River with wastewater and the resulting health and environmental 

problems and because many dangerous pollutants that it contains like harmful 

microbes and bacteria. 
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  1.5 Objectives of The Study 

               The main objectives of this study were summarized as follows : 

1. An identification of the causes and sources (point and non-point) need to 

be controlled to achieve and estimate the load reductions expected and 

other goals identified in the base plan, for the management measures to 

be implemented. 

2. Determine the loading capacity of a waterbody of Euphrates River 

(TMDL) and allocate that load among different pollutant sources so that 

the appropriate control actions can be taken and the water quality 

standards achieved.  

3. Improving the water quality of Euphrates River by using the TMDL as a 

link between the water quality standards and the implementation of 

control actions designed to achieve the standards.  

4. Use the general equation to compute the TMDLs for several pollutants to 

track changes and increases in water quality which depend on the varying 

conditions, and predict water quality in the future. 
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   1.6 Outline of Thesis 

               The outline of the present work is as follows: 

1. Chapter one: Includes a general introduction about water, water 

pollutants, heavy metals pollutant, TMDL, Euphrates River Basin, and 

illustrates the objectives and the problems of the study.   

2. Chapter two: Includes a general description of pollution sources and 

the effects of physical and chemical parameters on water quality. It 

also includes water quality standards, what the Total Maximum Daily 

load means and the equation which use to determine it, and a literature 

review. 

3. Chapter three: This chapter includes site descriptions, research 

methodology, collection and sampling conditions and measurement of 

physical and chemical variables of water. 

4. Chapter four: Includes the results of the computing Total Maximum 

Daily Load and the discussion of it. 

5. Chapter five: The main important points depending  on the results 

and recommendations for future work are presen.
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CHAPTER TWO 

THEORETICAL CONCEPTS AND  

LITERATURES REVIEW 

 

2.1 Background 

        Water is the basis of life after oxygen. It is one of the most important 

natural resources on which the development and well-being of human 

civilization depends. Oldest civilizations have developed near natural 

water sources. Water is a part of the content of living organisms and also 

extends to all areas of economic life. Thirty two million cubic meters of 

water, but does not exceed (2.8%)  the proportion of water which benefit 

to humans in drinking, agriculture and industry, rest is (2%) of fresh 

water is frozen, leaving only 0.8% of fresh water. Therefore, man is 

living with water in a real crisis because the available quantity  for human 

use is very low and no longer commensurate with the population and it is 

needs, [https://search.mandumah.com/Record/927082]. 

        Understanding the interrelationships among the physical, chemical, 

biological, and habitat characteristics of water resources and the 

management and use of land in the watershed is essential to fully 

restoring and protecting water quality. For example, a narrow focus on 

reducing chemical and physical pollutant loads in response to a watershed 

management plan, without recognition of the roles these pollutants play 

as ecological stressors could result in only partial success where load 

reduction targets are met but water quality goals as measured by 

biological and habitat criteria are not achieved, [Donald, et al., 2013]. 

https://search.mandumah.com/Record/927082
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        Measurement of TMDL for surface water is an important component 

of most water quality monitoring projects. Flooding, stream 

geomorphology, and aquatic life support are all directly influenced by 

streamflow, and runoff and streamflow drive the generation, transport, 

and delivery of many nonpoint source (NPS) pollutants. Calculation of 

pollutant loads requires knowledge of water flow, 

[https://www.coursehero.com/file/44446577/00-Surface-Water-Flow-

Measurement-forpdf/?cv=1].  

       The natural ecology of the watershed is a dynamically balanced 

system that can be disturbed by any external force, such as human 

intervention. If a system such as this is exposed to any disturbance may 

significantly affect one or more of the watershed functions. The removal 

of external forces which cause disturbance of equilibrium will allow for 

the restoration of original conditions, this state If the watershed was 

dynamically stable, [Black, 1996].  

        Federal Clean Water Act (CWA) Section 303(d)  states need to 

develop the management plans for Total Maximum Daily Load (TMDL) 

for water bodies determined to be water quality limited. The amount of a 

pollutant a waterbody can assimilate without violating applicable water 

quality standards was documented by the TMDL. In 40 Code of the 

Federal Regulations (CFR) Part 130 a TMDLs are defined as the sum of 

the individual load allocations (LAs) for nonpoint sources, waste load 

allocations (WLAs) for point sources, and a margin of safety (MOS), 

[Kristen and Julie, 2002]. 

         In some cases, the reduction of point-source loading further may 

be cost-prohibitive.  For a cost-effective solution to the remaining water 

quality problems, it may be necessary to include non-point-source control 

in watershed management plans, [Carl, et al., 1999]. 

https://www.coursehero.com/file/44446577/00-Surface-Water-Flow-Measurement-forpdf/?cv=1
https://www.coursehero.com/file/44446577/00-Surface-Water-Flow-Measurement-forpdf/?cv=1
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2.2 Water pollution   

        The release of substances into streams, rivers, estuaries, groundwater 

or into lakes,  and oceans, which are harmful to living beings may be 

defined as water pollution. If the concentration of the substances naturally 

present in water increases then also the water is said to be polluted. The 

population explosion and industrialization are two important factors for 

water pollution. When one or more of  the following parameters below 

exceed a specific concentration in the water, water is considered 

pollutant, these parameters are: 

[http://www.spcollege.co.in/lectures/636265138779828979.pdf?cv=1] 

 Chemical parameters: These include the amounts of chlorides, 

carbonates, sulfates, nitrates, fluorides, and metal ions. These 

chemicals form the total dissolved solids present in water. 

 Physical parameters: Constitutes the physical parameters are 

good indicators of pollution like turbidity, color, taste, odor,   

electrical conductivity, and temperature. 

 Biological parameters: These parameters include matter like 

fungi, viruses, algae,  and bacteria. The presence of pollutants 

affects the life forms in water. The presence of such pollutants in 

the water causes a decrease in the population of both lower and 

higher plant and animal lives. 

2.3 Sources Types of Water Pollutants 

            The following types are the different sources types of water 

pollutants: 

 Municipal and Domestic Pollutants: The sewage contains human 

excreta, waste food, detergents, soaps,  and garbage and it's one of 

the largest sources of water pollution. Through sewage, the 

microorganisms (bacteria, protozoa, fungi, algae) pathogenic 

http://www.spcollege.co.in/lectures/636265138779828979.pdf?cv=1
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(disease-causing) enter the water system making it infected. 

Drinking such water causes diseases such as typhoid,  

gastroenteritis, cholera, and dysentery. Other viruses and bacteria 

which cannot grow by themselves, where it is reproduced in the 

cells of host organisms may certain found in water polluted by 

sewage. Plant nutrients are the other contents that enter the various 

water bodies, i.e. phosphates and nitrates. They support the growth 

of algae, commonly called algal bloom (blue-green species), 

[Mohammed, 2019]. 

 Industrial Pollutants: Near rivers or freshwater streams, many 

industries are located, which discharges their untreated effluents 

into rivers like highly toxic heavy metals such as chromium, lead,  

mercury, arsenic, etc. along with organic and inorganic wastes 

(e.g., alkalis, acids,  cyanides, chlorides, etc.). Most of these 

pollutants are called non-biodegradable pollutants (microorganisms 

can't break down it), therefore damaging the growth of crops, 

[Mohammed, 2019]. Factories that produce plastic, caustic soda, 

and some fungicides and pesticides release mercury (a heavy 

metal) along with other effluents in nearby water bodies. Due to 

mercury consumption, fish died and the people who ate fish were 

affected by mercury poisoning and many of them died, 

[https://1library.net/document/q76d3dpk-available-online-www-

jsaer-com.html?cv=1]. 

 Agricultural Waste: Wastes form farms slaughterhouse, poultry 

farms, fertilizers, manure,  pesticides,   salts and silt are drained as 

run-off from agricultural lands. Large quantities of fertilizers 

(phosphates and nitrates or manures)  are received in the water 

body and then becomes rich in nutrients which leads to consequent 

depletion of dissolved oxygen result of eutrophication . The 

https://1library.net/document/q76d3dpk-available-online-www-jsaer-com.html?cv=1
https://1library.net/document/q76d3dpk-available-online-www-jsaer-com.html?cv=1
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consumption of like this water rich in nitrates is bad for human 

health especially for small children. Pesticides (Aldrin, DDT, 

malathion, dieldrin,  carbaryl etc.) are used to eliminate insect  and 

rodent pests. Through the food chain (biomagnification) or 

drinking water, toxic pesticide residues enter the human body even 

in minute amounts may lead to cancer and can cause hormonal 

imbalance, [Mohammed, 2019].  

 Physical Pollutants: The physical pollutants can be of different 

types like Sediments, Radioactive Wastes, and Thermal Sources, 

[http://www.spcollege.co.in/lectures/636265138779828979.pdf?cv

=1]. 

 Petroleum Products: These products are widely used for plastics 

manufacturing, fuel, lubrication, etc. and in nature, they happen to 

be toxic. The water receives the petroleum products (crude oil and 

other related products) generally by unintentional spillage from 

pipelines, tankers, ships, etc. Besides these unintentional spills, 

different water bodies pollute by oil exploration sites, oil refineries,  

and automobile service centers. The float of an oil slick on the 

water surface severely affects the ecosystem of the ocean and 

causes the death of marine organisms, 

[http://www.spcollege.co.in/lectures/636265138779828979. 

pdf?cv=1]. 

2.4 Sources of Water Pollution  

        A water pollutant is any substance capable of causing (chemical, 

physical or biological) a change in a water body. It has a big effect on 

living organisms, so it is an undesirable change. The domestic, 

agricultural, and industrial water with some unwanted impurities in it is 

discharged in to the waterbody. And this leads to freshwater pollution.  

http://www.spcollege.co.in/lectures/636265138779828979.pdf?cv=1
http://www.spcollege.co.in/lectures/636265138779828979.pdf?cv=1
http://www.spcollege.co.in/lectures/636265138779828979.%20pdf?cv=1
http://www.spcollege.co.in/lectures/636265138779828979.%20pdf?cv=1
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Entry of pollutants into the river, stream, or lake give rise to surface water 

pollution, [Depoint, et al., 2004]. And surface water pollution has a 

number of sources. These can characterized as: 

[http://www.spcollege.co.in/lectures/636265138779828979.pdf?cv=1] 

 Point and Non-point Sources 

           The well-defined sources that emits pollutants or effluents 

directly into different water bodies of fresh water are called point 

sources. Domestic and industrial waste are examples of this type. The 

point sources of pollution can be effectively checked. On the other 

hand, the non-point sources of water pollution are scattered or spread 

over large areas. This type of sources deliver pollutants indirectly 

through environmental changes and account for majority of the 

contaminants in streams and lakes. For example, the contaminated 

water that runs off from agriculture farms, construction sites, 

abandoned mines, enters streams and lakes. It is quite difficult to 

control non-point sources. 

 Natural and Anthropogenic Sources 

              As mentioned earlier, an increase in the concentration of 

naturally occurring substances is also termed pollution. The sources of 

such an increase are called natural sources. Siltation (which includes 

soil, sand and mineral particles) is one such natural source. It is a 

common natural phenomenon, which occurs in most water bodies. 

Indiscriminate deforestation makes soil loose and flood waters bring 

silt from mountains into streams, rivers and lakes. On the other hand, 

the human activities that result into the pollution of water are called 

anthropogenic or manmade sources of water pollution. For example, 

domestic (sewage and waste water), industrial and agricultural wastes 

that goes into the rivers, lakes, streams and seas are anthropogenic 

http://www.spcollege.co.in/lectures/636265138779828979.pdf?cv=1
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sources. Certain materials that are leached from the land by run-off 

water and enter the various water bodies also belong to this category. 

2.5 Nonpoint Sources vs. Point Sources 

           The term "nonpoint source" (NPS) is defined to mean any source 

of water pollution that does not meet the legal definition of "point source" 

in section 502 (14) of the Clean Water Act. The term "point source" 

means any discernible, confined and discrete conveyance, including but 

not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete 

fissure, container, rolling stock, concentrated animal feeding operation, or 

vessel or other floating craft, from which pollutants are or may be 

discharged. This term does not include agricultural storm water 

discharges and return flows from irrigated agriculture, [Lindsay, 2020]. 

       Nonpoint Sources (NPS) pollution generally results from land runoff, 

precipitation, atmospheric deposition, drainage, seepage or hydrologic 

modification. NPS pollution, unlike pollution from industrial and sewage 

treatment plants, comes from many diffuse sources. NPS pollution is 

caused by rainfall or snowmelt moving over and through the ground. As 

the runoff moves, it picks up and carries away natural and human-made 

pollutants, finally depositing them into lakes, rivers, wetlands, coastal 

waters and ground waters, , [Hussein, 2014]. 

    Nonpoint source pollution can include: [Borah, et al., 2019] 

 Excess fertilizers, herbicides and insecticides from agricultural 

lands and residential areas. 

 Oil, grease and toxic chemicals from urban runoff and energy 

production. 

 Sediment from improperly managed construction sites, crop and 

forest lands, and eroding stream banks. 
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 Salt from irrigation practices and acid drainage from abandoned 

mines. 

 Bacteria and nutrients from livestock, pet wastes and faulty 

septic systems. 

 Atmospheric deposition and hydro-modification. 

          States report that nonpoint source pollution is the leading 

remaining cause of water quality problems. The effects of nonpoint 

source pollutants on specific waters vary and may not always be fully 

assessed. However, we know that these pollutants have harmful effects on 

drinking water supplies, recreation, fisheries and wildlife, [Kufman, 

2014]. 

2.6 Water Quality Standards 

           As said by sanitary engineering, water quality refers to an exact 

location in terms of health for humans, counting illnesses transmitted 

through water. Water quality is defined from the point of view of 

specialists in water management,  by human uses, such as irrigation, 

drinking water, industrial,  or transportation use, power generation, 

[Goudie and Cuff, 2002].  

        Water Quality Standards (WQSs) are the basis of the water quality-

based regulator database mandated by the Clean Water Act (CWA). The 

criteria form the lawful foundation for controls on the quantity of 

pollution from sources such as wastewater treatment plants, industrial 

facilities, and storm sewers. Criteria are also the technical root for 

decreasing runoff from urban and rural areas. A standard can contain 

either narrative or numeric limits for a specific chemical or physical 

parameter of raw water as shown in Table 2.1 according to Iraqi standard 

specification. Finally, a water quality standard is industrialized to 

assistance look after and maintaining water quality necessary to meet and 
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uphold selected or assigned uses, such as recreation, public water supply, 

swimming, and/or river life, [WHO, 2015].  

 

 

Table 2.1: Standard specifications for raw water (Iraqi standard limit), 

(Environment department of Karbala, 2010). 

 

2.7 Load Estimation 

          For any given watershed, the best approach for estimating loads 

will be determined on the basis of the needs and characteristics of the 

watershed. The critical principle at work is that nonpoint source pollutant 

concentrations are usually highly correlated with flow (i.e., high 

concentrations occur during high flows), [http://docplayer.net/32539705-

Models-quantify-the-total-maximum-daily-load-process.html?cv=1]. 

Parameters 
Maximum limits 

(Raw Water) 

Alkalinity (ALK), mg/L 200 

Calcium, (Ca), mg/L 50 

Dissolved Oxygen, (DO),  mg/L < 0.4 

Electrical Conductivity (EC), µmhos/cm 25˚C 1000 

Magnesium, (Mg), mg/L 50 

pH 6.5-8.5 

Phosphate, (PO4),  mg/L >5 

Potassium, (K), mg/L 12 

Sodium, (Na), mg/L 200 

Sulfates, (SO4), mg/L 400 

Temperature, ˚ C 30 

Total dissolved solids, mg/L 1500 

Total hardness, mg/L (ac CaCO3) 500 

Turbidity, N.T.U 5 

http://docplayer.net/32539705-Models-quantify-the-total-maximum-daily-load-process.html?cv=1
http://docplayer.net/32539705-Models-quantify-the-total-maximum-daily-load-process.html?cv=1
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        Different methods of load estimation can result in substantially 

different estimates of pollutant load. Select the preferred method based on 

project objectives and monitoring resources [Donald, et al., 2013]. 

2.8 Sampling 

         Good load estimates are usually derived from continuous flow data 

and intermittent data on pollutant concentration. Both flow and pollutant 

concentrations are highly variable. Generally, continuous flow 

measurement and frequent water quality samples are needed to accurately 

and reliably capture the true load pattern. Although sampling frequency 

requirements vary by the system monitored and the accuracy desired, 

quarterly concentration observations are generally inadequate, monthly 

observations probably not yield reliable load estimates, and even weekly 

observations may not be satisfactory, especially if very accurate load 

estimates are required to achieve project objectives, [Kaufman, et al., 

2014]. 

         Water quality sampling for load estimation must capture periods of 

high flows and pollutant concentrations. Flow-proportional sampling will 

often provide the most accurate and cost-effective data for load 

estimation, frequency, timing, and stratification are important 

considerations for fixed-interval sampling programs. Computational and 

statistical techniques appropriate to nonpoint source load estimation 

include: [Donald, et al., 2013] 

 Numeric integration to compute load as the product of flow and 

concentration over a sequence of observations. 

 Regression to estimate un-sampled concentrations based on 

flow. 

 Ratio estimators to adjust individual unit loads based on flow 

conditions at the time of sampling. 
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2.9 Purposes of Flow Measurement 

          Flow data can be used for a variety of purposes, including problem 

assessment, watershed project planning, assessment of treatment needs, 

targeting source areas, design of management measures, and project 

evaluation. Nonpoint source management projects generally focus on 

reducing either flow, availability of pollutants, or both. It is often easier 

and less expensive to document changes in flow than in pollutant levels 

as a measure of project effectiveness. The selection of appropriate flow 

variables depends on the specific purpose and situation. The relationship 

between discharge and pollutant concentrations is often used in both the 

planning and assessment phases of watershed projects. It may be possible 

to develop a preliminary understanding of the relative importance of 

various point and nonpoint sources by observing the relationship between 

water quality variables and discharge. Pollutant loads are critical elements 

of TMDL development and implementation, and reduction in pollutant 

load is often an important measure of success in nonpoint source 

watershed projects, [Donald, et al., 2013]. 

2.10 Total Maximum Daily Load (TMDL) Calculation 

          A Total Maximum Daily Load (TMDL) is the calculation of the 

maximum amount of a pollutant allowed to enter a water body so that the 

water body will meet and continue to meet water quality standards for 

that particular pollutant. A TMDL determines a pollutant reduction target 

and allocates load reductions necessary to the source(s) of the pollutant, 

[http://docplayer.net/32539705-Models-quantify-the-total-maximum-

daily-load-process.html?cv=1]. 

        Pollutant sources are characterized as either: Point sources that 

receive a Waste Load Allocation (WLA), or nonpoint sources that receive 

a Load Allocation (LA). For purposes of assigning WLAs, point sources 

http://docplayer.net/32539705-Models-quantify-the-total-maximum-daily-load-process.html?cv=1
http://docplayer.net/32539705-Models-quantify-the-total-maximum-daily-load-process.html?cv=1
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include all sources subject to regulation under the National Pollutant 

Discharge Elimination System (NPDES) program, e.g. wastewater 

treatment facilities, some storm water discharges and Concentrated 

Animal Feeding Operations (CAFOs). For purposes of assigning LAs, 

nonpoint sources include all remaining sources of the pollutant as well as 

natural background sources, [https://www.epa.gov/tmdl/overview-total-

maximu- -m-daily-loads-tmdls]. 

              A Federal Clean Water Act (FCWA) requires states to recognize 

water stream or bodies sections that don't meet water quality standards 

and designated uses then place them on the United States Environmental 

Protection Agency (USEPA) impaired waters list. If it is listed, the State 

is required to measure the total of a specific pollutant that a listed water 

body can accept without violating applicable water quality standards and 

to apportion that allowable load among the sources of the selected 

pollutant. The maximum acceptable pollutant quantity is mentioned as the 

TMDL, [Minnesota Pollution Control Agency Wisconsin Department of 

Natural Resources, 2012]. 

2.11  Margin of safety 

         Determination of a margin of safety (MOS) is required as part of the 

TMDL development process. The MOS component of a TMDL accounts 

for any uncertainty about the relationship between the pollutant loads and 

the quality of the receiving water body. The MOS is divided into two 

components, implicit and explicit, that when combined form the overall 

MOS. The challenge in determining the MOS for TMDLs comes with the 

estimation of each component in a consistent and well documented 

manner. The implicit component of the MOS consists of conservative 

estimates used throughout the calculations of the loads in the TMDL 

document. The explicit component of the MOS consists of data 

variability, equipment error, model accuracy, etc. One factor in 

https://www.epa.gov/tmdl/overview-total-maximu-%20-m-daily-loads-tmdls
https://www.epa.gov/tmdl/overview-total-maximu-%20-m-daily-loads-tmdls
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determining the MOS is to quantify uncertainty based on sampling and 

equipment. Uncertainty associated with lab and field meter data is 

quantified through a Quality Assurance Project Plan (QAPP), [NMED 

and SWQP, 2001].  

       Many TMDLs are drafted with only an implicit MOS, using 

conservative assumptions in calculations. Some TMDLs use an implicit 

MOS that is incorporated by adjusting a water quality standard to reflect a 

percentage MOS, [Kristen and Julie, 2002].  

2.12 Mathematical Calculation for Total Maximum Daily 

Load (TMDL) 

          Mathematical models of watersheds and receiving water bodies are 

often an integral part of the total maximum daily load (TMDL) process. 

All water bodies that have been placed on the state 303(d) priority water 

body list require the development of a TMDL, [NRC/NAS, 2001].  

           The TMDL process requires the determination of the point source 

(PS) waste load and nonpoint source (NPS) load allocations for a water 

body that is necessary to meet specified water quality objectives. This 

determination must be made such that there is a margin of safety between 

the allocated PS and NPS loads and the assessment of the maximum total 

daily load of a pollutant that the water body can receive and still meet the 

water quality criteria for its designated uses (i.e., its assimilative 

capacity), [Water Environment Federation (WEF), 2001]. 

          One of the best tools available for determining the quantitative 

relationship between pollutant sources and water quality criteria is a water 

quality model. Models can serve multiple purposes in the TMDL process. 

They can be used to calculate watershed loads for existing conditions, 

relate loads to water quality response, and evaluate the effectiveness of 

proposed control alternatives in reducing loads and improving water 
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quality to meet standards. But, many in the water quality field believe that 

TMDL modeling is not being properly implemented, and that 

improvements are needed. In general, the abuse of models in the TMDL 

process often occurs because of limited data, budget, and schedule 

inherent to the current TMDL process, coupled with poor training and 

inadequate experience on the part of model users, [U.S. EPA, 2002]. 

        TMDLs must also account for seasonal variations in water quality, 

and include a margin of safety (MOS) to account for uncertainty in 

predicting how well pollutant reductions will result in meeting water 

quality standards. Expressed mathematically, the TMDL equation is:  

[ https://www.epa.gov/tmdl/overview-total-maximum-daily-loads-tmdls] 

 

TMDL = ΣWLA + ΣLA + MOS……………...2.1 

Where: 

    *WLA: is the sum of waste load allocations (point sources) 

    *LA: is the sum of load allocations (nonpoint sources and background) 

    *MOS: is the margin of safety. 

 Then the Load Allocation and the Waste Load Allocation are calculated 

by the equations: 

LA = Q × Con. × Conv. F.………..………..2.2 

WLA = Q × Con. × Conv. F.………..……..2.3 

Where: 

     *Q: is the flow of the river 

     *Con.: is the concentration of the parameter 

     *Con. F.: is the Conversion Factor from ( mg/L *m
3
/sec) to (kg/day) 

https://www.epa.gov/tmdl/overview-total-maximum-daily-loads-tmdls
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          Each pollutant causing a water body to be impaired or threatened is 

referred to as a water body/pollutant combination, and typically a TMDL 

is developed for each water body/pollutant combination. For example, if 

one water body is impaired or threatened by three pollutants, three 

TMDLs might be developed for the water body. However, in other cases, 

a single TMDL document may be developed to address several water 

body/pollutants combinations. Neither the Clean Water Act (CWA) nor 

Environmental Protection Agency (EPA’s) regulations define or limit the 

scale of TMDLs. Some states have been developing TMDLs on a 

watershed-scale basis. Such state TMDLs may also cover multiple 

watersheds, [https://www.epa.gov/tmdl/overview-total-maximum-daily-

loads-tmdls]. 

    2.13   Literatures Review 

      The term TMDL, or Loading Capacity, is defined as the maximum 

amount of a pollutant that a waterbody  can receive and still achieve 

water quality objectives. TMDLs also establish the pollutant load 

allocation necessary to meet the water quality standards established for a 

waterbody based on the relationship between pollutant sources and water 

quality conditions in the waterbody, [Zaidi, et al., 2014]. TMDLs should 

clearly identify the links between the water body use impairment, the 

causes of impairment, and the pollutant load reductions needed to meet 

the applicable water quality standards, [http://docplayer.net/32539705-

Models-quantify-the-total-maximum-daily-load-process.html?cv=1]. A 

short overview of the Total Maximum Daily Load is given below: 

        [The Arizona Department of Environmental Quality (ADEQ), 

1999], has developed the TMDL to account for all impacts from point and 

non-point sources of phosphorus and nitrogen pollution for the Oak Creek 

Basin. TMDL has been calculated based on real and simulated loads 

https://www.epa.gov/tmdl/overview-total-maximum-daily-loads-tmdls
https://www.epa.gov/tmdl/overview-total-maximum-daily-loads-tmdls
http://docplayer.net/32539705-Models-quantify-the-total-maximum-daily-load-process.html?cv=1
http://docplayer.net/32539705-Models-quantify-the-total-maximum-daily-load-process.html?cv=1
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using the equation (2.1) Appropriate TMDLs in the Oak Creek watershed 

was for Nitrogen 440 kg/day and for phosphorus was 58 kg/day. 

     [Final Approved Total Maximum Daily Load (TMDL)  for the 

RIO HONDO, 2004], were documented the development of a Total 

Maximum Daily Load (TMDL) to address impairments of water quality 

standards for Total Phosphorus and Total Nitrogen in the Rio Hondo 

(South Fork of Rio Hondo to Lake Fork Creek). The study was for twelve 

months. And by using the general equation for calculating TMDL and 5% 

as an explicit margin of safety. The results for total Phosphorus and total 

Nitrogen were  195 kg/day for each pollutant.  

         [Gary and Lewis, 2013], were used the Phase 5.3 Watershed 

Model to simulate the Chesapeake watershed land use, the river flows, 

and the associated transport and fate of nutrient and sediment loads to the 

Chesapeake Bay. The Phase 5.3 Model, in conjunction with models of the 

Chesapeake airshed and estuary, provides estimates of management 

actions needed to protect water quality, achieve Chesapeake water quality 

standards, and restore living resources. The Phase 5.3 Watershed Model 

tracks nutrient and sediment load estimates of the entire 166,000 km
2 

watershed. 

       [Oklahoma Department of Environmental Quality Water 

Quality Division, 3102], were documented the data and assessment 

methods used to establish total maximum daily loads (TMDL) for Lake 

Thunderbird. They established waste load allocations (WLA) and load 

allocations (LA) determined to be necessary for reducing turbidity and 

chlorophyll-a levels and maintaining sufficient  oxygen levels in Lake to 

attain water quality targets. The calibrated lake model was used to 

evaluate the water quality response to reductions in the watershed loading 
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of sediment and nutrients. Observed Data and Model Results were 

Aggregated Over the Whole Lake for the Period (2008 - 2009). The 

TMDLs for the study parameter (Suspended solids (TSS), CBOD, Total 

Phosphorus (TP), Total Nitrogen (TN)) were (76,950.8 kg/day , 2,480.8 

kg/day, 158.4 kg/day, 807.7 kg/day) respectively.  

         [Robert, et al., 2014], were prioritized total maximum daily load 

(TMDL) development starts by considering the scope and severity of 

water pollution and risks to public health and aquatic life. Used the 

quantitative assessments of in-stream water quality as methodology and it 

is appropriate and effective for a point source (PS) dominated discharge, 

but less so in watersheds with mostly nonpoint source (NPS) related 

impairments. The study found that assessments of ecological function 

could be used to generate leading (early) indicators of water quality 

degradation for targeting pollution control measures, while traditional in-

stream water quality monitoring lagged in response to the deterioration in 

ecological functions. 

      [United States Environment Protection Agency, 2019], addressed 

the water quality impairments in the Waikele watershed in Hawaii due to 

each of turbidity, total nitrogen and nitrite +nitrate nitrogen during both 

wet (November through April months) and dry (May through October 

months) seasons. Turbidity is included on the section 303(d) list due to 

turbidity measurements exceeding only the wet season (November 

through April months) water quality criterion. The total nitrogen and 

nitrite +nitrate nitrogen listings are due to measurements of these 

nutrients exceeding both the Waikele Stream’s associated wet and dry 

season (year-round) water quality criteria. 
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CHAPTER THREE 

 EXPERIMENTAL METHODOLOGY 

 

    3.1 Introduction 

        One of the ways that are used to solve problems of surface water 

pollution is equations, variations that take place in surface water and 

associated water quality parameter. On the other hand, it depends on 

available data sets, namely results of the measurement of water quality 

indicators and on which the estimation of parameters. In recent years, 

computer simulation methods are becoming popular in scientific research, 

particularly as far as the research on the aquatic environment quality is 

concerned, Methods of computer analysis have become an independent 

branch of research, which substantially increases the research capabilities 

of modern eco-engineers, [Holnicki et al., 2000]. Total Maximum Daily 

Loads of metals were determined to achieve water quality standards. In 

this work using a mathematical equation for assessment of water quality 

through identification of the TMDL of Euphrates River. In this chapter all 

the data were obtained from the Ministry of Environment, 2021 and from 

the  Ministry of water resources, 2021. 

  3.2 Experimental Plan   

        The experimental plan initially has various observation and 

assessment on water quality and quantity, distribution of point and non-

point source of pollution, and the tributaries and braches of the river. The 

data collecting system was systematically obtained sequentially for 

effective work. 

 



Three                                                   Experimental Methodology Chapter  

43 
 

 

 

Fig. 3.1: The research experimental plan. 
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   3.3 Study area 

          The longest river in southwest Asia is the Euphrates River. 2786 

km it
'
s total length and have an area which it estimated at about 440000 

km
2
 distributed in five countries. These countries are: 47% in Iraq , 28% 

in Turkey, 22% in Syria, 2.97% in Saudi Arabia as shown in Table 3.1. 

The people of the catchment area is estimated to reach 23 million they are 

shared by (7.13) in Turkey, (5.75) in Syria, and (10.12) in Iraq, [ESCWA, 

2013].  

        The Euphrates originates in Turkey and movements  south toward to 

Syria and to Iraq. It joins with Tigris River in the southern part of Iraq at 

Qurna, [Nadhir, et al., 2008]. 

      Al-Hindiya dam plays a major part in the Euphrates river water 

allocation  downstream and distributes the Euphrates flow among four 

branches. The largest one is the main channel of the Euphrates river 

which movements toward the south of Iraq. The second one is the Shatt 

Al-Hillah branch which flows toward the Babylon Governorate. The last 

two branches are the al-Musayab Canal which is used to water the 

farming land of the project of al-Musayab, and al-Hussiniah Canal which 

is used to water the agricultural land of Karbala Governorate, [Khayyun 

and Todd, 2009].  

        In antiquity, the Euphrates didn't join the Tigris River and the two 

rivers reached the Arabic Gulf separated. The evolution of the deltas of 

both rivers made a very large marsh area and creation of Shatt Al-Arab, 

[Kornfeld, 2008].  
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Table 3.1: The area of the Euphrates Basin, [ESCWA, 2013]. 

 

           The Euphrates River basin is categorized by the varies 

significantly of topography from it's source to the estuary of it. The 

foundation area is  categorized by the Mediterranean climate, where it is 

dry and hot in summer and cold and wet in winter. Most of the mountains 

in the headwater area are covered with snow during winter. The mean 

annual precipitation reaches 1000 mm and gradually decreases  toward 

the south, [Mahmoud, 2010; ESCWA, 2013].  

        When the Euphrates river reaches Syria, still affected by the 

Mediterranean climate prevails, but less than what it is in the first parts of 

the basin. Summer is also dry and hot and winter is wet, but, the annual 

mean precipitation is about 300 mm. The evapotranspiration reaches 

(2000 to 2800) mm/year and relative humidity varies from (45 to 55) %, 

[Mahmoud, 2010]. 

        The portion of the Euphrates River that is situated within the 

Mesopotamian Plain is categorized by hot summer, where the 

temperature ranges (39-50)˚C and the mean annual rainfall ranges from 

(150–200) mm/year additional south, the climate becomes drier and the 

mean annual rainfall decrease to less than 50 mm/year, [ESCWA, 2013]. 

Countries 
Euphrates River 

Catchment area,(km
2
) Catchment area,(%) 

Turkey 125000 28.2 

Syria 76000 17.1 

Iraq 177000 39.9 

Saudi Arabia 66000 14.9 

Total 444000 100 
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       Euphrates River passes through many towns  and villages thus it 

represents  the main source for different uses such as: [Hussein, 2013] 

 Irrigation: Irrigation for large agricultural areas located on 

both sides of the river. 

 Water supply systems: Water supply for many water treatment 

plants. 

 Industrial purposes: The main source for all industrial 

activities in the area. 

       In addition to these main uses, the river receives many pollutants 

discharged by different sources, including: [Siders and Karl, 2020] 

 Careless use of pesticides can contaminate water sources and  

make the water unsuitable for drinking. Wastes of animals and 

plants from agricultural areas are discharged into the river on 

both sides. 

 Municipal wastes. 

 Industrial wastes. 

 

           The study area (Fig. 3.2)  is located between N 32˚47ʹ44ʺ latitude 

and E 44˚17ʹ24ʺ longitude at S1 to S5 with N 32˚22ʹ23.4ʺ latitude and E 

44˚39ʹ05ʺ longitude.   
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Fig. 3.2: Euphrates River branches and it
'
s tributaries , [Ministry of Water 

Resources, 2021]. 
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3.4 Stations 

            Sampling stations are classified as point and non-point sources of 

pollution. Point source of pollution stations are chosen after each 

stationary pollutant source and before any drinking water intakes. In this 

study, the point source of two stations (S1 at the electric power plant and 

S2 at the cement factory) and the non-point sources are in the stations (S3, 

S4, and S5) as shown in Fig. 3.3. Table 3.2 summarizes samples location 

along the Euphrates River in the study area.   

 

Table 3.2: locations of samples in the Euphrates  River, [Ministry of 

Environment, 2021]. 

Stations Longitude Latitude 

S1 E 44˚17ʹ24ʺ N 32˚47ʹ44ʺ 

S2 E 44˚16ʹ32.5ʺ N 32˚42ʹ42.6ʺ 

S3 E 44˚26ʹ23.4ʺ N 32˚28ʹ32ʺ 

S4 E 44˚21ʹ47.6ʺ N 32˚13ʹ33.2ʺ 

S5 E 44˚39ʹ05ʺ N 32˚22ʹ23.4ʺ 
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Fig. 3.3: Administrative map showing the locations of samples along Euphrates 

River, [Ministry of Water Resources, 2021] . 

3.5 Raw Water Characteristics 

           The data of raw water characteristics were collected from five 

stations along the Euphrates River during the period of January to 

December from the year 2021. Tables 3.3 shows the physical, chemical 

and biological characteristics, [Ministry of Environment, 2021]. 
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3.6 River Discharge  

      The annual water flow of the Euphrates River was decreases in Iraq, 

mainly due to the construction of dams in Turkey, Syria, and Iraq and due 

to climate changes.  

         Table 3.4 shows the flow variations of Euphrates  River with the 

study area  through the months in which the samples were taken, 

[Ministry of Water Resources, 2021]. 

 

Table 3.4: Euphrates River Discharge Changes With The Study Area, [Ministry 

of Water Resources, 2021]. 

 

St. dev. Min. m
3
/sec Max. m

3
/sec Station 

0.652 35 37 1 

0.985 32 35 2 

0.603 28 30 3 

0.715 22 24 4 

0.875 18 20 5 
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CHAPTER FOUR  

             DATA ANALYSES AND DISCUSSION 

4.1 Introduction 

     In this chapter, the results of Total Maximum Daily Loads of raw 

water characteristics for selected stations along the Euphrates River 

through the study area were determined and discussed. This chapter is 

divided into two sections. The first section represents the variation of 

physical and chemical water characteristics through the study period 

and the second section contained the calculation of the TMDLs for 

the parameters concentrations of the study (Ca, PO4, N, SO4, NO3, K, 

CL, and Mg).  

4.2 Variation of Parameters 

           The concentrations and flow vary considerably over time, 

especially NPS situations. This varies according to the polluted source 

(point or non-point source) and according to the weather (hot or cold) 

through the seasons of the year. The study was conducted during the 

period from January to December of 2021.Figs. show the variations 

for each parameter during the study period. 
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Fig. 4.1: Variation of pH value at the selected stations during the study period.  

 

 

Fig. 4.2: Variation of the dissolved oxygen at the selected stations during the 

study period. 
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Fig. 4.3: Variation of the alkalinities at the selected stations during the study 

period.  

 

 

Fig. 4.4: Variation of Turbidity at the selected stations during the study period. 
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Fig. 4.5: Variation of Total Hardness at the selected stations during the study 

period.  

 

 

Fig. 4.6: Variation of PO4 at the selected stations during the study period.  
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Fig. 4.7: Variation of NO3 at the selected stations during the study period. 

 

 

Fig. 4.8: Variation of Ca at the selected stations during the study period.  
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Fig. 4.9: Variation of Mg at the selected stations during the study period. 

 

 

Fig. 4.10: Variation of K at the selected stations during the study period.  
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Fig. 4.11: Variation of N at the selected stations during the study period.  

 

 

Fig. 4.12: Variation of SO4 at the selected stations during the study period. 
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Fig. 4.13: Variation of CL at the selected stations during the study period.  

 

 

Fig. 4.14: Variation of Total Dissolved Solids at the selected stations during the 

study period.  
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4.3 Total Maximum Daily Loads Calculation 

       TMDL calculations were developed for Nitrate, Total Phosphate, 

Calcium, Magnesium, Potassium, Chloride, Nitrogen, and Sulfate.  

TMDLs were calculated by using "Excel" program Software and applying 

equation 2.1 for parameters in each station. Using an explicit margin of 

safety of 5% based on previous studies. Load Allocation was calculated 

in three stations (3, 4, and 5) as non-point and Waste Load Allocation 

was calculated in two stations (1 and 2) as point sources.  

         Tables 4.1, and 4.2 show the TMDLs for point source and non-point 

source respectively. The TMDL in each station is the average of the 

TMDLs during the study period, Table 4.3 shows the average TMDLs for 

the five stations, during the study period. 

 

Table 4.1: TMDLs for point source locations during the study period. 

 

 

Station Month 
TMDL ( kg/day) 

PO4 NO3 Ca  Mg K N  SO4 CL 

1 

Max. 78.05 95.16 389.02 146.01 85.67 454.65 1671.63 925.58 

Min. 60.71 77.15 294.82 87.01 76.22 339.21 956.03 867.38 

St. dev. 4.662 6.190 34.472 16.007 2.371 34.059 246.879 16.771 

2 

Max. 71.54 92.02 360.89 127.25 80.03 406.39 1387.36 958.68 

Min. 57.85 77.89 276.57 79.03 75.23 320.56 902.74 866.52 

St. dev. 3.602 5.240 24.841 14.087 1.576 26.797 129.623 28.639 



Four                                                Data Analyses and Discussion Chapter  

62 
 

Table 4.2: TMDLs for non-point source locations during the study period. 

Station Month 
TMDL ( kg/day) 

PO4 NO3 Ca  Mg K N  SO4 CL 

3 

Max. 69.85 96.22 313.95 114.87 78.63 366.47 1574.35 906.17 

Min. 58.61 76.68 229.85 72.61 73.59 255.45 885.15 834.98 

St. 

dev. 
3.457 5.096 27.270 11.218 1.398 30.989 181.906 22.075 

4 

Max. 72.93 86.03 258.54 112.47 75.65 364.99 977.33 920.22 

Min. 53.25 75.11 209.99 63.89 73.02 260.05 882.74 812.35 

St. 

dev. 
4.569 3.166 13.127 15.133 0.794 36.061 32.043 30.956 

5 

Max. 63.43 82.55 221.68 84.53 74.58 271.12 940.96 820.5 

Min. 49.25 74.02 175.49 52.23 72.12 132.63 834.42 800.22 

St. 

dev. 
4.231 2.487 12.572 8.984 0.665 34.972 30.212 5.912 

 

 

Table 4.3: Average TMDLs for the study parameters during the study period. 

Station 

TMDL ( kg/day) 

PO4 NO3 Ca  Mg K N  SO4 CL 

1 67.68 86.49 337.73 105.30 79.56 386.23 1201.69 896.62 

2 64.63 84.65 322.60 100.42 77.73 361.98 1021.89 900.03 

3 64.02 82.8833 275.56 91.41 75.93 309.10 1007.36 870.34 

4 60.06 79.56 230.58 85.72 74.17 306.60 934.01 836.86 

5 55.01 77.45 191.97 65.99 73.46 228.86 890.21 810.56 
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   The change in TMDL results for each parameter during the study period 

for the five stations 

4.3.1 Phosphate PO4 

      TMDL of PO4 ranges from (49.25 to 78.05) kg/day at the locations 

for point and non-point sources. It's highest average value during the 

study period was in station one (S1) which reached 67.68 kg/day and it's 

average in the Euphrates River in the study area was 62.28 kg/day. 

4.3.2  Nitrate NO3 

     TMDL value of NO3 ranges from (74.02 to 96.22) kg/day at the 

locations for point and non-point sources. It's highest average value 

during the study period was in station one (S1) which reached 86.49 

kg/day and it's average in the Euphrates River in the study area was 82.22 

kg/day. 

4.3.3 Calcium Ca 

        TMDL value of Ca ranges from (175.49 to 389.02) kg/day at the 

locations for point and non-point sources. It's highest average value 

during the study period was in station one (S1) which reached 337.73 

kg/day and it's average in the Euphrates River in the study area was 

271.69 kg/day. 

4.3.4 Magnesium Mg 

        TMDL value of Mg ranges from (52.23 to 146.01) kg/day at the 

locations for point and non-point sources. It's highest average value 

during the study period was in station one (S1) which reached 105.30 

kg/day and it's average in the Euphrates River in the study area was 90.57 

kg/day. 
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4.3.5 Potassium K 

TMDL value of K ranges from (72.12 to 85.67) kg/day at the locations 

for point and non-point sources. It's highest average value during the 

study period was in station one (S1) which reached 79.56 kg/day and it's 

average in the Euphrates River in the study area was 76.16 kg/day. 

4.3.6 Nitrogen N 

        TMDL value of N ranges from (132.63 to 454.65) kg/day at the 

locations for point and non-point sources. It's highest average value 

during the study period was in station one (S1) which reached 386.23 

kg/day and it's average in the Euphrates River in the study area was 

318.56 kg/day. 

4.3.7 Sulfates SO4 

       TMDL value of SO4 ranges from (834.42 to 1671.63) kg/day at the 

locations for point and non-point sources. It's highest average value 

during the study period was in station one (S1) which reached 1201.69 

kg/day and it's average in the Euphrates River in the study area was 

1011.34 kg/day. 

4.3.8 Chloride CL  

       TMDL value of CL ranges from (800.22 to 958.68) kg/day at the 

locations for point and non-point sources. It's highest average value 

during the study period was in station two (S2) which reached 900.03 

kg/day and it's average in the Euphrates River in the study area was 

862.87 kg/day.  

      Figs. below explain the difference in the value of TMDL for the study 

parameters at each station. 
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Fig. 4.15: TMDLs for the study parameters in Euphrates River at station one 

(S1). 

 

 

Fig. 4.16: TMDLs for the study parameters in Euphrates River at station two 

(S2). 
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Fig. 4.17: TMDLs for the study parameters in Euphrates River at station three 

(S3). 

 

 

Fig. 4.18: TMDLs for the study parameters in Euphrates River at station four 

(S4). 
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Fig. 4.19: TMDLs for the study parameters in Euphrates River at station five 

(S5). 

 

 

Fig. 4.20: TMDLs for the study parameters in Euphrates River at the study area. 
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Euphrates River and uncontrolled and direct disposing of different 

pollutants. 

      In general, the water of the Euphrates River was more polluted in 

station one (S1) and less in station four (S4) and station five (S5). 

        Based on previous results as a percentage, the highest values of the 

Euphrates River pollutants obtained in the study were sulfates, which 

reached 36%, followed by chlorine 31%, sodium 12%,  and calcium 10%. 

while the other pollutants, their percentage was little (under 10%). These 

percentages explain in Fig. 4.21. 

 

 

Fig. 4.21: The percentages of  pollutants in the Euphrates River during the study 

period. 
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                                             55CHAPTER FIVE 

     CONCLUSIONS AND RECOMMENDATIONS  

5.1 Conclusions 

       The following conclusions were reached by studying the results of 

this study:  

1. TMDL highest average of PO4 value during the study period 

was in station one (S1) which reached 67.68 kg/day and it's 

average in the Euphrates River in the study area was 62.28 

kg/day. 

2. TMDL highest average value of NO3 during the study period 

was in station one (S1) which reached 86.49 kg/day and it's 

average in the Euphrates River in the study area was 82.22 

kg/day. 

3. TMDL highest average value of Ca during the study period was 

in station one (S1) which reached 337.73 kg/day and it's average 

in the Euphrates River in the study area was 271.69 kg/day.  

4. TMDL highest average value of Mg during the study period was 

in station one (S1) which reached 105.30 kg/day and it's average 

in the Euphrates River in the study area was 90.57 kg/day. 

5. TMDL highest average value of K during the study period was 

in station one (S1) which reached 79.56 kg/day and it's average 

in the Euphrates River in the study area was 76.16 kg/day. 

6. TMDL highest average value of N during the study period was 

in station one (S1) which reached 386.23 kg/day and it's average 

in the Euphrates River in the study area was 318.56 kg/day. 
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7. TMDL highest average value of SO4 during the study period 

was in station one (S1) which reached 1201.69 kg/day and it's 

average in the Euphrates River in the study area was 1011.34 

kg/day. 

8. TMDL highest average value of CL during the study period was 

in station two (S2) which reached 900.03 kg/day and it's average 

in the Euphrates River in the study area was 862.87 kg/day.  

9. Phosphate constitutes the lowest percentage among the other 

calculated parameters as it's percentage was 2%. Where Nitrate, 

Potassium, and Magnesium constitute 3%. and higher then were 

the percentage for Calcium, Sodium, Chloride, and Sulfate 

which was 10%, 12%, 31%, 36% respectively. 

5.2 Recommendations 

               The following recommendations were for future studies: 

1. Establishing river water monitoring stations to show the water 

quality and it's impact on various environmental factors. 

2. Conducting periodic measurements of the level of concentrations 

of trace elements and the organic matter that is thrown into the 

Euphrates River without treatment. 

3. Can use different methods of load estimation in considerably 

different estimates of pollutant load. Choice the preferred one 

built on project objectives and monitoring resources. 

4. Both discharge and pollutant concentrations are very variable. 

Usually, continuous flow measurement and recurrent water 

quality samples are wanted to exactly and reliably detention the 

true load pattern. 

5. This study can be applied to the Tigris River to calculate the 

maximum daily load. 
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 الملخص

اىَغزقجيخ ٍزْىػخ ورؼزَذ ػيً ّىع ورشميض  ُ رأصيش ٍصبدس اىزيىس ػيً جىدح اىَيبٓإ      

اىَيىصبد في حىض اىْهش. حيش اُ إجَبىي اىحَو اىيىٍي الأقصً ىيَيىصبد يجت أُ يحغت ىنو 

ٍيىس ٍِ ريل اىَيىصبد، خلاه ػَييخ اىْقو والاّزقبه ٍِ اىَْجغ إىً اىَصت. وقذ ينىُ هْبك 

ِ أُ رفي ثَؼيبس جىدح اىَيبٓ. هْبك حيىه اىؼذيذ ٍِ اىَصبدس اىْقطيخ واىغيش ّقطيخ اىزي لا يَن

ٍَنْخ وٍزؼذدح رىفش فشصخ ىيجهبد اىزْظيَيخ وأصحبة الاخزصبص لإيجبد إجَبىي اىحَو 

 اىيىٍي الأقصً  اىَْبعت والأمضش قجىلاً.

أجشيذ اىذساعخ اىحبىيخ ػيً ّهش اىفشاد. ومبُ اىهذف ٍْهب دساعخ ورقذيش إجَبىي اىحَو        

ىيَْطقخ. رٌ جَغ ورحييو ثيبّبد اىَيبٓ اىخبً اىزي رٌ اىحصىه ػييهب ٍِ وصاسح اىيىٍي الأقصً 

إىً  مبّىُ اىضبّي ( خلاه اىفزشح S1،S2 ،S3 ،S4  ،S5ٍِاىجيئخ ٍِ خَظ ٍحطبد ىْهش اىفشاد )

. واىغشض ٍِ رىل هى رقييٌ و قيبط ٍغزىي اىَطشوحبد ورأصيشارهب 2021ٍِ ػبً  مبّىُ الأوه

زخذاً اىزحييو الإحصبئي ىىصف اىؼلاقبد ثيِ إجَبىي اىحَو اىيىٍي الأقصً ػيً اىْهش. رٌ اع

 ".Excelواىَيىصبد ورٌ إجشاء رحييو الاّحذاس ثىاعطخ ثشّبٍج "

رٌ جَغ أسثؼخ ػشش خبصيخ ىَيبٓ ّهش اىفشاد. رٌ حغبة إجَبىي أقصً حَو يىٍي ىضَبّيخ        

(، Ca(، اىنبىغيىً )PO4اىفىعفبد اىنيي )(، NO3ٍْهب فقط، وهزٓ اىَزغيشاد هي: اىْزشاد )

(. SO4(، واىنجشيزبد )N(، اىْيزشوجيِ )CL(، اىنيىسيذ )K(، اىجىربعيىً )Mgاىَغْيغيىً )

 62.28مجٌ/ يىً ىيْزشاد ،  82.22في ٍْطقخ اىذساعخ مَب ييي:  TMDLومبّذ ٍزىعط قيٌ 

 76.16مجٌ/ يىً ىيَغْيغيىً،  90.57مجٌ/ يىً ىينبىغيىً،  271.69مجٌ / يىً ىيفىعفبد اىنيي، 

 1011مجٌ/ يىً ىيْيزشوجيِ ، و  318.56مجٌ/ يىً ىينيىسايذ،  862.89مجٌ/ يىً ىيجىربعيىً، 

 مجٌ/ يىً ىينجشيزبد ػيً اىزىاىي.

وأظهشد اىذساعخ أُ رصشيف ٍيبٓ اىصشف اىصحي اىَْضىيخ وٍيبٓ اىصشف اىصْبػي ٍِ       

ريىس أػيً ٍِ اىَؼبييش اىؼشاقيخ. وقذ رٌ رغجيو أػيً قيٌ اىَْبطق اىَجبوسح رغجت في ٍغزىيبد 

( ومبُ اىؼْصش الأمضش ريىصبً في ّهش اىفشاد خلاه فزشح S1في اىَحطخ الأوىً ) TMDLىـ 

 اىذساعخ هى اىنجشيزبد.
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 جمهىرٌت العراق

  وزارة التعلٍم العالً والبحث العلمً

 كلٍت الهنذست /جامعت بابل 

 لسم الهنذست المذنٍت

 

 

إجمالً الحمل الٍىمً الألصى كأداة تخطٍطٍت 

 لتحمٍك جىدة مٍاه نهر الفراث

 

 بحث

دسجخ اىذثيىً اىؼبىي  ّيوجضء ٍِ ٍزطيجبد مٍقذً اىً مييخ اىهْذعخ في جبٍؼخ ثبثو 

 اىَذّيخ / صحيخ اىهْذعخ في اىهْذعخ /

 من لبل 

 سرور لٍس مرزه حرش

 (5102 –)ثنيىسيىط هْذعخ ٍذّيخ 

 

 إشراف

 الأستار الذكتىر علاء حسٍن الفتلاوي 
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