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ABSTRACT 

 

M. Sc. Thesis 
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January 2023, 64 pages 

 

The globe in general suffers from water pollution in its salty and fresh environments 

resulting from industrial waste, which exports large quantities of waste to the 

environment, causing damage to the environment and the living and non-living 

components it contains. Accordingly, there are many and varied methods used to 

treat polluted water in order to obtain an environment free of pollutants, and one of 

these effective methods is the technology of treating water contaminated by date 

(Phoenix dactylifera) seed powder, which is considered to be highly effective in 

removing pollutants and treating water due to its chemical composition. In this study, 

in order to use the date stone powder as a natural coagulant in the purification 

process, the date stone were washed and dried, then ground and added to the water to 
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be treated by drying again, and optimum dose and optimum pH conditions were 

determined to provide the highest amount of purification.  

 

Key Words : Wastewater, Natural coagulant, Removal, Industrial, Coagulation, 

Treatment. 

Science Code :  90319 
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Yüksek Lisans Tezi 

 

ENDÜSTRİYEL ATIKSU ARITIMI İÇİN DOĞAL BİR PIHTILAŞTIRICI 

OLARAK HURMA TOHUMUNUN PERFORMANSININ OPTİMİZASYONU 

 

Karrar Kareem Mahdi AAL-HAMAD 

 

Karabük Üniversitesi 

Lisansüstü Eğitim Enstitüsü 
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Tez Danışmanları: 

Doç. Dr. Sakine UGURLU KARAAĞAÇ 

Doç. Dr. Salem S.S. ABU AMRO 

Ocak 2023, 64 sayfa 

 

Dünya geneli tuzlu ve tatlı ortamlarında endüstriyel atıkların çevreye büyük 

miktarlarda atık vermesinden kaynaklanan, çevreye ve içerdiği canlı ve cansız 

bileşenlere zarar veren su kirliliği sorunlarıyla karşı karşıyadır. Buna göre, 

kirleticilerden arınmış bir çevre elde etmek için kirli suyu arıtmak için kullanılan çok 

ve çeşitli yöntemler vardır ve bu etkili yöntemlerden biri, kimyasal bileşimi 

nedeniyle kirlilikleri gidermede oldukça etkili olduğu düşünülen hurma (Phoenix 

dactylifera) çekirdeği tozu kullanılarak kirlenmiş suyu arıtma teknolojisidir. Bu 

çalışmada, hurma çekirdeği tozunun arıtma işleminde doğal bir pıhtılaştırıcı olarak 

kullanılması için, hurma çekirdekleri yıkanıp kurutuldu, ardından öğütüldü ve tekrar 

kurutularak arıtılacak suya eklendi ve en yüksek miktarda arıtma sağlayan optimum 

doz ve pH koşulları belirlenmiştir.  
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PART 1 

 

INTRODUCTION 

 

In the recent periods of time, many problems appeared arising from the activity of 

consumers in residential cities at one time, and at other times from natural factors 

that worked to reduce the amount of water purity, such as the activity of volcanoes. 

 

Also, the residential areas began to crawl and increase, which resulted in the 

consumption of larger quantities of water than the usual level [1] . Incorrect 

treatment methods played a major role in the spread of pollutants or impure water, 

due to the survival of materials after poor treatment methods in the water, such as 

nutrient residues and pathogens [2]  .  Many transmissible diseases go by water from 

one place to another, thus giving a great chance of infection by swallowing these 

pollutants with water [3,4]. The issue of treating pollutants is of great importance as 

it is the first factor in dealing with the scarcity of fresh water [5]. The soil is 

contaminated with many pollutants according to its source, but the largest usually 

comes from the discharge of water laden with pollutants coming from factories into 

the cultivated soils, so the polluted toxic compounds are transmitted through the food 

chain until they reach the consumer organism, or these pollutants are deposited until 

they reach the pure groundwater and pollute it regardless of the damage caused to the 

soil and the organisms that live in it [6].  On a daily basis, very large amounts of 

pollutants accumulate around the world, resulting from the misuse of water or the 

mistreatment of sewage water, which is usually laden with cleaning materials, 

sodium salts, oils, etc [7,8]. It is worth noting that the sewage and other wastewater 

pollutants come to it as a result of the lack of complete treatment of water coming 

from industrial activity such as mining or activities that operate with a treatment 

system that is harmful to the environment [9].  All heavy metals, according to their 

different names, have a toxic effect on humans and cause malfunctions in their vital 

functions [10,11,12]. 
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1.1. PROBLEM STATEMENT 

 

Persistence in the spread of pollutants without devising a final solution to treat them 

is sufficient to make them an insurmountable problem that cannot be solved, and no 

one can be spared from its danger. Because this is compounds are dangerous to live 

components, Each industrial wastewater treatment process achieves the treatment 

results, but there are differences in the results. and the majority of these systems used 

in the process of detoxing these toxins have many drawbacks Such as the money 

spent on maintenance and side protection that results in difficult treatment stages. 

Conventional treatment processes are characterized by the production of secondary 

waste after completion of the treatment process. The deficit in the process of treating 

polluted water is highlighted by the fact that it is subject to and affected by climatic 

factors and has a small and limited capacity for treatment. Many of those interested 

in the field of processing worked to make efforts to discover a method of treatment 

that does not have defects. their research docked was based on finding date seeds and 

their great ability to process. 

 

1.2. AIM OF THE STUDY 

 

To find out the effectiveness of date seeds in the process of purifying polluted water 

from various sources of pollution, whether domestic or industrial. 

 

To determine and diagnose the optimal factors that work to treat the pollutants and 

evaluate the possibility of response and interaction when the natural coagulant is date 

seeds. Reducing the secondary results that emanate sideways from the use of 

coagulants of a chemical nature. 
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PART 2 

 

LITERATURE REVIEW 

 

2.1. THE ORIGIN AND DEVELOPMENT OF THE INDUSTRY 

 

Industry is an organization or a group of institutions working to transform a group of 

raw materials into commodities of benefit to human society [14] It is known that 

industry is not limited to the field of manufacturing only, but also goes beyond that 

to include commercial activities that provide goods such as transportation, 

agriculture...etc  [15]. Since ancient times, the industry began depleting stocks and 

over-exploiting environmental services, without taking into account the limits to be 

observed in the biosphere  [16],  The industrial movement arose at the beginning of 

the 18th century, when the communities based on agriculture moved into urban and 

industrial societies that depended heavily on industry, with most of the economy 

shifting from an economy based on agriculture and handicrafts to one that depends 

on industrial and machinery out of From Britain to various parts of the world, and 

transforming the world from an agricultural-based world to an industrial world based 

mainly on industry [17]. The development of technology and the accompanying 

development in other industries involves a lot of risks, and despite the good 

advantages that modern technology offers to the world and the innovations that have 

been made to provide human welfare and provide it with the requirements  [18], there 

are many risks brought about by this technology and caused damages And suffering 

to humanity [19, 20]. Such as noise, high temperatures, radioactive materials, and 

toxic substances that cause great harm to humanity  [21].  Therefore, at present, 

various industrial wastes cause a lot of damage to living organisms and non-living 

components such as soil and water humanity [6, 20, 19]. 
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2.2. THE SPREAD OF INDUSTRIAL POLLUTANTS 

 

The industry is working to send pollutants of all kinds to the environment, as many 

environments in different countries of the world struggle with industrial pollution 

problems. These industries emit various oxides of sulfur, carbon, and other materials 

that spread toxicity in the environment [22].  On the other hand, the rate of 

contamination of usable water is increasing as a result of the pollution of this 

freshwater with pollutants resulting from the spread of industry from heavy elements 

and other toxic substances  [23]. The spread of industries accompanies trade openness 

in industrialized countries at the expense of the environment, as it has been observed 

that countries with trade openness have environmental deterioration as trade 

increases the economy, which generates environmental deterioration [24]. However, 

the spread of industry left effects and changes in the climate, causing environmental 

problems and health problems [25], at the same time, as scarce freshwater was 

diverted and treated poorly with agricultural waste, chemicals, and industrial 

wastewater, which had its effects on agricultural lands, where it lost its fertility and 

resulted in desertification, Also, the risk of the spread of the industry reached wild 

animals and coral reefs due to water pollution with oils coming from the industry 

[26]. 

 

2.3. THE EFFECT OF POLLUTED WATER ON THE ENVIRONMENT 

 

Environmental pollution has become a source of great concern to the ecosystem, as 

industrial wastes are disposed of in our soil, water, and the atmosphere, as these 

pollutants affect the growth and vital functions of living organisms, while some of 

them remain accumulated in a particular member of the organism causing serious 

diseases such as asthma and cancer  [27], and When heavy metals enter our bodies, 

they accumulate biologically in our system and thus become a source of danger, as 

this biological accumulation results in physiological complications[28].Contaminated 

water can also affect the soil through the use of polluted water for irrigation such as 

sewage irrigation, fertilizers, sludge from sewage treatment, and landfilling  [29]. 

Water environments are affected by the sediments of water bodies that come from 

the runoff of the water of villages, cities, and industries.  The toxicity of this water 
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depends on several factors, including the nature of the mineral in the water, the 

nature of the biological role of the mineral and the age of the organism  [30], when 

exposed, and this leads to the accumulation of toxic elements in the food chain[31]. 

Table 2.1 describes the impact of pollutants on human health and the form that these 

pollutants take. 

 

Table 2.1. Sources and types of pollutants [22]. 

Pollutant type Effects (diseases) on 

human health 

Potential 

opportunities for 

human absorption 

Key references 

Pharmaceuticals e.g. 

antimicrobial 

compounds 

These pollutants cause 

- Antimicrobial resistance. 

-Neurotoxic effects. 

-Mutagenic effects. 

These pollutants reach the 

body through contaminated 

food contaminated and 

contaminated water 

[19,29,71] 

Metals that can be 

toxic such as As, Hg 

-Some of these minerals are 

necessary for human 

metabolism, such as copper 

and iron, but they are toxic 

in the case of large 

concentrations. 

-These pollutants cause 

Carcinogenic effects, and 

neurotoxic effects, and 

inflammation and 

irritability. . 

- soil contaminated with 

these elements and 

contaminated water 

sediments. 

-Inhalation of vaporized 

metals and airborne 

particles 

[122,16] 

pollutants in the air 

such sulfur dioxide 

These pollutants cause 

-Respiratory disease 

,cardiovascular disease and 

neurotoxic effects 

 

Inhalation of gases and 

airborne particles 

[27,13] 

Noise These pollutants cause 

-Stress. 

-contributions to 

cardiovascular problems. 

-loss of hearing. 

- sleep disturbance 

-Exposure to continuous 

noise of  85-90 dB18 

-Effects determine the 

duration of the noise and the 

frequency spectrum and 

intensity. 

[81,4,51] 

industrial dyes -mutagenic effects and 

carcinogenic effects and 

respiratory problems. 

Ingestion of pollutants and 

dyes with drinking water 

[141] 
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2.4. TYPES AND CASES OF WATER POLLUTION 

 

2.4.1. Physical Pollution 

 

2.4.1.1. Thermal Pollution  

 

Thermal pollution is the pollution resulting from the high temperature of water 

bodies as a result of throwing water used to cool generator engines or from nuclear 

plants, causing the effect on the network of food chains in the water [32]. Thermal 

pollution coming from power plants disrupts and deteriorates aquatic ecosystems by 

subtracting the water used in cooling processes into the water, which raises the water 

temperature, and affects the biological diversity that lives in certain ranges of 

temperature  [33], The increase in temperature greatly affects the phytoplankton and 

zooplankton that live in the water bodies, which leads to an environmental disaster as 

the plankto is a source of food for the community [34]. There are many conditions 

that change the behavior of thermal waste, such as the topography of the sea floor, 

the depth of water, waves, the direction and speed of tidal currents, and the location 

of the emission source [35]. 

 

2.4.1.2. Radioactive pollution 

 

 Radiation is energy that is electromagnetic waves traveling in space or energetic 

particles in the form of a current radioactive pollution consists of particles and 

radiation emitted from some substances, and there are three types of radiation 

associated with radioactivity: gamma rays, alpha rays, and beta rays  [36]. The 

treatment of ores, waste, mineral concentrates, solutions and waste are all human 

processes that affect the dispersal and spread of radioactive contamination during the 

development of rare earth resources  [37], and Nuclear plants are considered one of 

the most dangerous sources of radioactive contamination during their operation [38]. 
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2.4.2. Chemical Pollution 

 

2.4.2.1. Industrial Pollution 

 

It is the pollution resulting from the release of pollutants into the environment 

through industry, and its percentage varies from one country to another according to 

the level of industry, leaving great damage to vital systems [39]. The development in 

the field of industry brought an increase in the discharge of the number of pollutants, 

industrial solid waste, mining, and coal washing [40] and Industrial pollution is one 

of the most serious consequences of human impact on the natural environment, as 

polluted areas have less biological diversity [41]. 

 

2.4.2.2. Pollution With Pesticides and Agricultural Fertilizers 

 

Agrochemicals add serious risks to the consumer organism, as some pesticides affect 

the human immune system and endocrine glands and may help in the development of 

cancer [42], excessive use of fertilizers in agriculture leads to the aggravation of non-

point farming, such as phosphate fertilizers and nitrogen fertilizers, which leads to 

economic losses as well as pollution in soil and water , also, the use of pesticides has 

an undeniable effect, like pesticides, although they kill pests, they pose a threat and 

danger to humans and the environment through the toxins that they present to the 

environment [42]. 

 

2.4.2.3. Oil Pollution 

 

It is the pollution resulting from offshore platforms, well drilling platforms, and 

marine tankers by throwing crude oil into water bodies [42]. The process of dumping 

crude oil into water bodies may occur as a result of pipe corrosion, mechanical 

failure, excessive pressure ... etc. These cases are very common in marine 

environments, and the competent authorities are not informed in the case of small 

spills, especially in countries whose environment is calibrated at the lowest level 

[43]. All of these result in the pollution of water bodies, generating severe 

consequences, which are summed up in a great loss of the biological revolution and 
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disruption of activities in water bodies in addition to the danger to human health [44]. 

 

2.4.2.4. Acid Rain 

    

acid rain is defined as the rain whose acidity is less than (5.6) which affects the living 

components and the acid rain contains sulfur oxides and nitrogen oxides [37], change 

in the composition of acid rain gradually occurs from rain known as sulfuric acid rain 

to rain known as nitric acid rain with the deposition of an increasing amount of 

nitrogen and acid rain consisting of the dissolution of nitrogen oxides and sulfur 

oxides in the atmosphere [45]. Acid rain are considered a threat to the environment 

that should not be ignored, as they caused the alienation and killing of fish, as 

happened in the Scandinavian waters, as well as the destruction of trees, as happened 

in European forests [46]. 

 

2.4.3. Biological Pollution 

 

Is one of the most important types of pollution that causes danger to living organisms 

[47]. Biological pollution works to continuously change the quality of living 

organisms in the mud, and this, in turn, works to change the ecosystem and thus 

causes effects on human health [48]. Micro-parasites of bacteria and other single-

celled organisms and pathogens represent invasive and introduced types that exist 

naturally or abnormally, but they are located in the wrong place. Thus, biological 

pollution differs from chemical pollution in that it is an increase in the number of 

living organisms, and its impact does not shorten the possibility of dispersal [49]. 

 

2.5. HEAVY METALS 

 

It is considered one of the highly toxic substances and affects vital systems due to its 

stability and accumulation in the environment. Therefore, it is classified as an 

environmental pollutant. These elements come from natural sources such as volcanic 

eruptions and weathering of rocks that contain heavy metals, and from unnatural 

sources such as human resources such as agriculture, mining, and industrial activities 

[50]. It is considered a source of danger to human health when it is present in his 

https://scholar.google.com/scholar?q=heavy+metals+pdf&hl=ar&as_sdt=0&as_vis=1&oi=scholart
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food, which arrives through mineral fertilizers and fertilizer doses [51]. Trace 

elements such as zinc, chromium, mercury, cadmium, lead, and copper are among 

the major pollutants of freshwater environments due to their toxicity and non-

degradability. Industrial development is the first factor to  introduction of these 

elements into the environment, whether in soil, insects or water [52]. These elements 

are famous for their high solubility and then reach humans through the food ladder 

[53]. The wrong treatment of sewage from human activities in general, agricultural 

or industrial [54], is one of the reasons for the spread of heavy metals. Wastewater 

loaded with heavy metals is received in freshwater environments, causing the 

accumulation of these elements in aquatic environments and their transmission 

through food chains [55]. High concentrations of heavy metals cause many risks 

when they enter the human body and accumulate in it, causing disruption of the work 

of body systems such as kidney failure, nervous disorders, anemia and cancer. 

Arsenic, lead, cadmium and chromium, these metals are classified as exposure to 

them, even in small proportions, causing organ damage, this has been proven by 

experiments and epidemiological tests [56]. There are many methods by which heavy 

metals are removed from the water, including physical methods and chemical 

methods such as coagulation, chemical filtration, coagulation, microfiltration, 

photocatalysis, ion exchange, and biological methods in which microorganisms are 

used [57]. Traditional wastewater treatment procedures exist, but the majority of 

them are prohibitively expensive and produce vast amounts of sludge containing 

toxic chemical deposits that cause damage to environmental components [58]. The 

risks resulting from the spread of heavy metals are shown in Table 2.2. 
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Table 2.2. The source of heavy metals and the most important environmental effects 

resulting from them [57]. 

References 
Anthropogenic 

source 

Adverse effect on 

health 
Heavy metal 

[140,138] 

Synthetic chemicals, 

petroleum products, 

Electroplating 

Industries,Insecticides, 

Metallurgical 

industries 

diseases in the 

respiratory system, 

liver, kidney, lung 

cancer, and 

reproductive organs, 

Hepatic toxicity 

Cadmium (Cd) 

[56] 

Pesticides, coal, 

mineral refining, 

fertilizers, vehicles, 

gasoline and 

emissions 

nervous and Kidney 

system damage, cancer 

to the human body, and 

mental retardation 

Lead (Pb) 

[45,89,34] 
pesticides and mining 

industries 

An imbalance in the 

amount of blood in the 

body 

Kidney destruction 

Copper (Cu) 

[76,90] 

Metal alloys, 

electroplating 

Industries, petroleum 

refineries, fertilizers, 

battery plants and  

pulp and paper mills. 

diarrhea 

chest 

gastrointestinal ache 
 

 

Nickel (Ni) 

[32,19,33] 

Electronics industries 

and fossil fuel 

combustion 

Damage in the 

respiratory system, 

brain, reproductive, and 

kidney 

Mercury (Hg) 

[67,80,27] 

Mining, coal 

combustion, 

electroplating, metal 

alloys pigments, and  

Industrial waste 

fever, pain, anemia, 

vomiting, skin 

inflammation 

Zinc (Zn) 

[134,79.40] 

Fly ash, composts, 

electronics production, 

pesticides, livestock 

manures 

Increased risk of 

cancer, Circulation 

problems, and skin 

damage. 

Arsenic (As) 

[140,59] 

Leather industries , 

electroplating, 

anticorrosive products 

inflammation of liver 

and kidney and  ulcer 

and vomiting, damage, 

pulmonary,  and skin 

inflammation 

Chromium 

(Cr) 
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2.6. WASTEWATER TREATMENT 

 

In addressing water shortages, the world is working to develop and discover all 

available possibilities to stop the massive exploitation of freshwater resources In 

addition to the remaining treatment processes, whether mechanical or physical, the 

process depends mainly on analysis of pollutants in water [59]. The first water 

treatment plant that was built in Scotland was designed to treat municipal water in 

the nineteenth century and since then this process has spread in the world to treat 

wastewater [60]. Issues related to environmental pollutants of all kinds, biological 

and chemical, have become a source of concern for the community that must be 

addressed because of the pollutants they produce as a result of domestic and 

industrial activity [61] and The causes of pollution are many and varied, such as 

radioactive waste, sewage, urban development and pesticides. The main objective of 

controlling, managing, and treating wastewater is to preserve the environment in a 

way that adapts to health and economic concerns in light of the expansion of the 

industrial sector and the increase in human numbers [62]. That water is consumed 

means that it contains substances that cause pollution, regardless of its use, whether it 

is agricultural or industrial [63]. Many treatment methods have been reported during 

the past three decades that would treat polluted water and reduce the percentage of 

damage it provides, such as electrochemistry, biodegradation, evaporation, solvent 

extraction, sedimentation, and phytoremediation [64]. Therefore, it is necessary to 

treat the polluted wastewater to reduce the percentage of pollution and toxicity and 

protect the environment [65]. And wastewater treatment witnesses many processes 

that are performed on it until it becomes usable [60], as in Figure 2.1. 

 

 

Figure 2.1. Wastewater treatment stages [60]. 
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2.7. WASTE WATER TREATMENT TECHNOLOGIES 

 

 

2.7.1. Biological Methods  

 

Biodegradation is the process in which microorganisms such as fungi, bacteria and 

algae are used to break down and analyze molecules of large molecular weight, and 

we can divide them into aerobic processes that represent the batch chain reactor, 

membrane bioreactor and active sludge, and anaerobic processes include anaerobic 

film reactors and anaerobic sludge [66]. The biological treatment represents the 

secondary stage of wastewater treatment, and this treatment is carried out in 

bioreactors through microbial growth, using the process of photosynthesis in the 

analysis of pollutants, and it has two stages of bound and suspended growth [67]. 

 

2.7.1.1. Anaerobic Treatment 

 

It is a biological process that saves energy and effort and at the same time is 

economical and is widely applied in the treatment of organic waste and wastewater. 

Anaerobic treatment is considered to be very reliable and effective. Wastewater is 

treated through a series of biological treatments that occur in the absence of oxygen 

by a group of anaerobic microbes [68]. As methane and carbon dioxide are produced 

in the Alzheimer's process from the conversion of organic matter, this method is very 

effective in treating waste and reducing the emission of gases that cause Global 

Warming [69]. 

 

2.7.1.2. Aerobic Treatment 

 

The oxidation process takes place in oxidation basins, which are large and shallow 

stability basins the treatment mechanism in it is the interaction of bacteria and algae 

with sunlight [70]. To ensure good access of oxygen to the microorganisms in the 

active sludge, aerators of different types are used to ensure that air reaches the 

biological reactors of the treatment plants, which is the most common diffuse 

aeration (coarse, fine, and medium bubbles) and surface (mechanical) aeration [71]. 

The work of this technology is based on a group of microorganisms that lived in an 
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environment that contains a large amount of oxygen in order to oxidize the organic 

matter into carbon dioxide, a cellular compound and water. This technology is 

promising, effective and reliable in terms of cost [72]. 

 

2.7.1.3. Phytoremediation 

 

The large use of chemicals in agriculture has its negative effects on the soil, as it 

works to pollute the soil with toxins, and these pollutants persist in the field for a 

long time because they are not degradable and cannot be destroyed. Therefore, plant 

treatment is used to eliminate pollutants in the soil without causing damage to 

biological diversity. or soil fertility [73]. The presence of vegetation has many 

benefits as it works to provide oxygen during photosynthesis and absorption of 

nutrients ... etc. The plants used mostly in removing or withdrawing toxic pollutants 

from the soil are Phragmites, Typha, and Scirpus spp. These are the most common 

and used plants [74]. These plants provide the removal of pollutants without 

maintenance or energy costs through the interaction between water and vegetation, 

and these plants are generally large and can resist flooding and live for a long time 

[75]. 

 

2.7.1.4. Membrane Filtration 

  

It is the process of separating suspended matter or filtering polluted water by relying 

on a membrane barrier. Each process needs a different layer that separates impurities 

at the cellular level or acts as a filter [70]. This technology is used in the treatment of 

wastewater and is also a successful alternative to traditional treatment plants because 

of its advantages such as the quality of treated water is better, the need for chemicals 

is little or no, and the production of sludge is reduced [76]. Membrane water 

treatment can be classified into integrated membrane processes and stand-alone 

membrane processes, the latter It is a treatment process using only membranes Such 

as nanofiltration, ultrafiltration, and microfiltration [77]. This technology meets 

sustainability criteria in terms of ease of use, environmental impacts and land use 

[78]. This technology separates molecules based on their acidity, size, and solution 

concentration by treating the membrane with chemical agents. This membrane 
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consists of a material that has the ability to filter water in the process of treating 

polluted water with heavy metals by removing these metals [79]. 

 

2.7.2. Physical Methods 

 

2.7.2.1. Degasification 

 

This technique removes the gases present in the solution in a dissolved form the 

duration of degassing depends on the tank capacity, the temperature of the treated 

wastewater, and the frequency and power of the ultrasonic waves [80]. The 

degassing process takes place at a certain temperature. In the beginning, when the 

process of discharging the solution at a certain temperature, another process cannot 

be carried out when the temperature increases. An emptying process can occur when 

the wastewater solution is heated, the formation of bubbles containing gas in the 

solution that collects and rise to the surface after reaching sufficient buoyancy [70]. 

 

Sedimentation 

 

It is a technique that separates particles during the treatment of wastewater from 

liquids through gravity sedimentation. Reducing the water velocity causes the 

suspended particles to remain safe during wastewater treatment, where these particles 

then settle by the force of gravity [81]. This technique works to reduce the 

concentration of the solid matter before coagulation occurs to obtain a smaller 

amount of coagulants in the coagulation process. Some substances are absorbed 

during the deposition of organic chemicals present on the surface of the suspended 

matter. Sedimentation efficiency is also dependent on flocculation and thickness 

[82]. 

 

Filtration 

 

Filtration is a wastewater treatment technique that removes pollutants in water based 

on the size of the pollutants. In this technology, there are several types of filters 

depending on the types of pollutants in the wastewater there are two types of 
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wastewater filtration: membrane filtration and particulate filtration [83]. Filtration is 

one of the basic steps in wastewater treatment, as it removes solids that are more than 

one micron in size the two main types of filters used in wastewater filtration are 

cartridge and bag filters [84]. Filtration technology can be used to remove suspended 

particles and microbial groups such as viruses, bacteria, and many chemical 

contaminants [85]. 

 

2.7.3. Chemical Methods 

 

 To reduce the process of transferring pollutants to water bodies with wastewater, 

chemical methods are used to treat the presence of these pollutants and remove them 

to make the water usable. These methods are chemical precipitation, scarring, 

coagulation, ion exchange, adsorption, and ozone [70]. 

 

2.7.3.1. Ozonation 

 

Ozone is a strong oxidizing substance that can be used in wastewater treatment by 

removing organic pollutants, inorganic ions, and microorganisms. Initially, ozone 

was used to eliminate microorganisms in drinking water. Ozone removes arsenic, 

iron, and manganese through oxidation from water in an insoluble form that is 

separated by filtration [86]. Because ozone is unstable, it reacts with wastewater by 

forming the hydroxyl radical indirectly or directly through molecular ozone [87]. 

Ozone removes substances that produce colors, odors, and tastes, oxidizes organic 

pollutants, and treats compounds that rarely biodegrade. Therefore, this method has 

received more attention in the field of industrial water treatment [88]. 

 

2.7.3.2. Coagulation and Flocculation  

 

Among the most important methods of industrial wastewater treatment is the 

coagulation and Flocculation method, and the mechanism of this method is the 

addition of coagulants that work to destabilize the colloidal suspensions by 

determining their charge, which results in the accumulation of small particles [82]. 

There are many factors on which coagulation and flocculation processes depend, 
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including process variables such as the type of reagent used, the origin of the 

substance used for coagulation, the dose of the coagulant, the rate of circulation, pH, 

temperature, color... etc [89]. considered as this method of treatment is important in 

the wastewater treatment process, but it is economically costly because of the large 

economic cost of the chemicals used [90], Coagulation is one of the methods of 

wastewater treatment, where the colloidal particles present in the water to be treated 

are shaken off by determining the type of their electrical charge. Then the 

coagulation process follows the flocculation stage, in which the suspended particles 

vibrate gently to form a larger mass called lumps. These two processes are followed 

by the sedimentation process, which is the separation and isolation of insoluble solid 

particles from the liquid through gravity Figure2.2. These processes are shown [91]. 

 

 

Figure 2.2. Coagulation, flocculation, and sedimentation of wastewater [92]. 

  

2.7.3.3. Adsorption  

 

In many of the methods used to remove pollutants from wastewater, adsorption is the 

most used method because it is low cost and easy to operate [93], therefore, 

adsorption has been widely used to remove organic and natural pollutants from 

different environments [73]. In most cases, adsorption is accompanied by a process 

that operates in the opposite direction, namely absorption. There are many adsorbents 

that remove impurities from wastewater and can be used directly or modified, such 

as clay minerals, biomaterials, zeolite, and activated carbon [94]. 
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2.7.3.4. Chemical precipitation 

 

Chemical precipitation one of the effective In making water free of heavy metals,  

through the interaction of chemicals with the elements in the wastewater. An 

insoluble precipitate is formed and separated using the sedimentation technique [95]. 

Because of its ease of operation and low cost of economy, chemical precipitation is 

widely used. There are two types of precipitation processes, which are sulfide 

precipitation and hydroxide precipitation. But the second type is the most common 

and widely used because of the ease of acidity control and its low cost [96]. 

 

2.7.3.5. Ion Exchange    

 

Is widely used in water treatment in both municipal and industrial water treatment 

systems. This technology provides many advantages compared to other treatment 

methods used, as it is a process that produces less sludge when used in wastewater 

treatment, and its maintenance cost is low and environmentally friendly [97]. And 

the materials from which the presence of the pollutants is inferred are called resins 

[98]. Among the synthetic resins used are acrylic acid copolymers, while the natural 

resins used in the ion exchange process are heavy metal silicate, carbon materials, 

clay, and proteins [79].  

 

2.7.3.6. Coagulants 

 

The materials used in coagulation are minerals or polymers that are used on 

wastewater to eliminate the forces that cause colloidal particles to stabilize 

coagulants [99]. 

 

2.7.3.7. Organic Coagulants 

 

Iron and aluminum salts are widely used coagulants. The water of biological quality 

and chemical properties can be successfully treated using Fe and Al-based coagulants 

[100]. The materials used in the organic coagulation technique are iron salts and 

aluminum salts, which decompose into ions when added to water. This 
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decomposition results in solid deposits and monomers that have the ability to 

dissolve [101]. Organic coagulants are commonly used to separate insoluble (solid) 

materials from the liquid in order to form the process that produces sludge [102]. The 

existing secondary coagulants in pre-decomposed forms Iron and aluminum are more 

effective in the wastewater treatment process than conventional additives and 

Organic coagulants are unaffected by pH, produce less sludge and require lower 

doses [103]. 

 

2.7.3.8. Inorganic Coagulants 

 

For many decades, inorganic iron or aluminum salts have been used to coagulate 

colloidal particles and this process is preceded by the process of filtration, stagnation, 

or sedimentation. Despite its effectiveness, the method of treatment using inorganic 

materials has many drawbacks, such as large quantities of sludge resulting from 

treatment and the damage it leaves to the aquatic environment resulting from the use 

of mineral coagulants [104]. Inorganic coagulants work to destabilize colloidal 

suspensions during wastewater treatment in order to remove natural organic matter 

and turbidity [105]. Among the most inorganic materials that are used in the 

purification and treatment of wastewater are the salts (coagulants), which are 

aluminum salts, and the second type is iron salts. Aluminum minerals include sodium 

aluminate, aluminum chloride, and aluminum sulfate [102]. Excess amounts of iron 

and aluminum in effluents are It is considered a risk factor for humans and the 

environment, as they cause many human health problems such as abdominal cramps, 

intestinal constipation, and cramps [106]. The materials used in the mineral-based 

coagulation process are the most widely used because of their availability and 

cheapness. However, it has many disadvantages, such as poor temperature variation 

and high sludge generation, In Table 3.2, it appears that inorganic coagulants have 

many many qualities [102]. 
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Table 2.3. Positive and negative properties of inorganic coagulants [102]. 

Name Disadvantages Advantages 

Lime Ca (OH)2 Large amounts of sludge 

are left behind. Waste 

water quality is reduced 

Very effective and a lot of 

use. It is not permissible to 

add salt to wastewater 

FeSO 4·7H 2O Often you need to add 

alkali 

Not as pH sensitive as lime 

Al2(SO4)3·18H 2O Effective within a limited 

pH range and sometimes 

may add salts to 

wastewater 

It is considered one of the 

most widely used types of 

coagulant and is easy to 

apply and use and effective 

at pH 6.5–7.5 

Al13(OH)20(SO)4Cl15 Low in use compared to 

other aluminum 

compounds and Limited 

applicability 

It is sometimes used in some 

applications as the formed 

clumps have faster stability 

than alum and are more 

dense 

FeCl3·6H2O Increase the consumption 

of alkaline and may add 

salt to the water 

Effective between pH 4 and 

PH 11 

Na2AL2O4 Expensive and ineffective 

in hard water and is 

usually applied with alum 

Often a small dose is needed 

and it is effective in hard 

water 

Fe2(SO4)3 You need to add alkaline 

that may add salts to the 

waste water 

It is effective between Ph 

(4–6 and 8.8–9.2) 

 

2.8. NATURAL COAGULATION 

   

Coagulation is an efficient and cost-effective process in sewage treatment and 

removal of suspended pollutants in water, it is an indispensable process, even with 

technological development. This process is still used to provide water suitable for 

human use [107]. Natural coagulants are as effective and of high quality as chemical 

coagulants and Natural coagulants [108]. At the present time, there is a great demand 

and interest in the selection of natural coagulants and their use in wastewater 

treatment [109]. From plant and animal residues we can make natural coagulants 
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[110]. Chemical coagulants such as ferric chloride, alum, Polyaluminium chloride 

and synthetic polymers are used to purify contaminated water, but the use of these 

materials is not sustainable, so a new, more sustainable approach has been found 

using vegetable coagulants [99]. as these materials are non-corrosive, non-degradable 

and economical Less from chemical coagulants [111]. It is worth noting that natural 

coagulants are of great interest to researchers and treatment workers because of their 

biodegradable properties, environmentally friendly and safe for human health [112], 

and they do not produce toxins and do not emit secondary pollution, and the volume 

of sludge. Small compared to chemical coagulants [99]. The coagulation mechanism 

depends on destabilizing the particles' charges and destabilizing them. Coagulable 

materials that have opposite charges to the charges of suspended solids are added to 

the Contaminated water in order to equalize the charges negative  present on the 

dispersed solid materials that do not have the ability to sediment such as organic 

materials and clay [113]. 

 

2.9. DISCUSSING PREVIOUS STUDIES 

 

There is a common goal agreed upon by previous studies, which is the removal of 

water pollutants from industrial wastewater by natural coagulation technique. It was 

also agreed on the effectiveness of these agricultural wastes in treating polluted water 

and removing pollutants from it, despite the different materials used such as coconut 

pulp, olive seeds, date grains, and walnut shells. The uses of these materials differed 

from one study to another, as some were used naturally without activation, while 

others were used as activated carbon. The difference is due to several factors, 

including the properties of the absorbent, the conditions of the experiment, the pH, 

the temperature of the solution, and the concentration and quality of the substances 

present in the water to be treated. However, everyone came to one conclusion, which 

is that the efficiency of natural coagulants in treatment is much greater than that 

produced by chemicals with byproducts. And by reviewing the similarities, 

differences and results between previous studies, we say that the current study agrees 

with it in the main objective and the general objective, although it differs from it in 

some aspects that this study deals with. This study included the use of palm residues 

(date seeds) as natural coagulants in the wastewater treatment process Industrial and 
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also the high efficiency in processing compared to other technologies. 

 

2.10. ADVANTAGES AND DISADVANTAGES OF NATURAL 

COAGULANT  

 

Recently, natural coagulants have gained great popularity due to their ability to treat 

problems resulting from the use of chemical coagulants. [114]. Natural coagulants of 

plant origin perform the coagulation process through charge determination or 

polymer bridging  natural coagulation has a property that distinguishes it and makes 

it superior to chemical coagulation for many reasons, including that natural 

coagulation is safer than its chemical counterpart [115], as treating water with a 

chemical coagulant creates the possibility of these substances after the treatment 

process, because it can cause diseases such as Alzheimer's disease that it causes 

Alum residue[116], on the other hand, the remnants of natural coagulation after 

treatment will not be harmful. Also, chemical coagulants are an economic cost that 

makes their use difficult in poor countries, while natural coagulants can be taken 

from plant residues, which makes them much cheaper [117]. But do not forget that 

treatment with natural coagulants sometimes requires disinfection of the treated 

water by adding additional chlorine due to the increased activity of bacteria resulting 

from the increase in organic matter, which increases the cost of treatment [118]. 
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PART 3 

 

METHODOLOGY 

  

3.1. ANALYTICAL STUDY 

 

Table 3.1 It displays what happens during the experiments of the methods used and 

the characterization parameters [119] and Figure 3.1 also shows the practical steps 

that were taken during the experiment. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. Steps that were followed while working on the experiment. 

 

Many experiments have been conducted in the field of industrial wastewater 

treatment and many different methods have been 
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 according to the water to be purified. The pH was changed with a solution (1 N 

H2SO4/NaOH) to reach optimal conditions In order to purify water polluted by 

heavy metals. show table 3.1 the descriptive parameters and methods used. 

 

Table 3.1. description parameters and methods. 

Method parameters 

(pH meter) _pH_ 

SM 2123 C Coloor (Pt-Co) 

SM 2531 D TSS (mg/L) 

ASTM-D1253-A COD (mg/L) 

TS-EN ISO 11732 NH3-N(mg/L) 

TS-EN ISO 11875 "Mn(mg/L) 

TS-EN ISO 11886 Fe(mg/L) 

TS-EN ISO 11884 Zn(mg/L) 

TS-EN ISO 11884 Al(mg/L) 

TS-EN ISO 11886 Ni(mg/L) 

  

3.2. MATERIALS AND METHODS 

 

3.2.1  .  Manufacture of Date Seed Powder 

 

The date seeds were obtained from the market and then transferred to the university 

laboratory. In order to remove the suspended objects, the date seeds were washed 

with water, then left to be dried under the heat of the sun, then transferred to the oven 

to be placed under 50 degrees Celsius for a period of not less than 8 hours. As shown 

in Figure 2.3, date stones are ground by means of a mill in order to be used in 

processing as a coagulant. 

 

 

 

 

 

 

 

 

Figure 3.2. Date seed 
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3.2.2. PH Meter 

 

It is a device that measures the acidity or basicity of a specific liquid and consists of 

a tool that measures potential difference and is connected to another device that 

senses the pH [120]. PH measurement is an important part of many applications’ 

chemistry, biology, civil engineering, environmental science, food science, 

oceanography, chemical engineering, medicine, water purification and water 

treatment, and nutrition [121]. Figure 3.3 shows a pH meter from category WTW 

InoLab pH 720 

 

Figure 3.3. WTW InoLab  pH 720 

 

3.2.3. Shaker PSU-10i 

 

It is a device found in small and large laboratories with multiple disciplines and 

provides an orderly orbital motion of the platform. The shape and design of the 

device allow it to be used in biotechnology laboratories as shown in Figure 3.4 [122]. 
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Figure 3.4. Shaker  PSU-10i 

 

3.2.4. Sartorius Median  Electric Balance Germany   

 

It is a device for measuring small weights. It is considered a very sensitive scale. It is 

characterized by ease of use, effectiveness, and accuracy in weighing. It is widely 

used in scientific laboratories as it is one of the most widespread devices in the 

laboratory and is used to determine the mass of objects and consists of one arm.as 

shown in Figure  3.5 [123]. 

 

 

Figure 3.5. Electric Balance Germany Sartorius TE124S balance. 

 

3.2.5. Filter Papers 

 

They are filters that purify the water that passes through them and are made of 

cellulose. They are generally used in the filtration process, as they have a great 

purification efficiency as they have particles retention levels of 2.5 
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micrometers[124]. The filter papers are placed in a glass funnel, then the liquid is 

poured through it, and it is purified by filtering the insoluble particles As shown in 

Figure 3.6. 

 

 

 

 

 

 

 

Figure 3.6. Filtering the solution through filter paper. 

 

3.2.6. Erlenmeyer Flask 

 

It is a container in a conical shape that is widely used in scientific laboratories and 

various scientific experiments. Its most uses are in storage, transportation, and 

mixing. It has a neck that allows it to be closed with a plug without spilling the liquid 

[125]. as shown in Figure 3.7 . 

 

 

 

Figure 3.7. Erlenmeyer flask. 
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3.3. SAMPLING 

 

The sample was taken from the industrial wastewater of the contemporary iron 

factory in Karabuk city from the wastewater flow of the factory during its operation 

period. To work on it, the plastic containers were washed several times, and then 

samples were placed in them, sealed tightly, and taken to the lab to work on. It was 

taken into account to take a large amount of wastewater in order to be sufficient to 

conduct several experiments, The sample is representative of the source of the water 

from which it was taken. 

 

3.4. PREPARATION OF NATURAL COAGULANT 

 

The crushed date seed was selected as a natural coagulant in the processing process. 

The date seed are the solid part that occupies the center of the fruit. They are 

rectangular and pointed at both ends, and their characteristics vary depending on the 

environmental conditions and their type. The date seed were brought and washed to 

get rid of all impurities and dried at a temperature of 50 degrees Celsius. They were 

ground and dried again at a temperature of 105 degrees Celsius before being used in 

the wastewater treatment process. As shown in Figure 3.8. 

 

 

 

 

 

 

 

 

 

 

Figure 3.8. Converting date seed to powder. 
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3.5. EXPERIMENTAL SETUP AND PROCEDURE 

 

3.5.1. Experimental Procedure 

 

In order to simulate the process of flocculation and coagulation, we used cups each 

of which has a capacity of 500 ml (three cups), and an orbital shaker device, and in 

each of the three cups, there is 200 ml of water sample to work on and to adjust the 

speed for slow and fast mixing and the time, use the automatic control device (the 

shaker apparatus). 

 

The work was done in the laboratory, they performed flocculation and coagulation in 

the following manner: rapid mixing for a period of (15 minutes) under the influence 

of mixing (200) revolutions per minute, then after that we made slow mixing (30) 

minutes under the influence of (90) revolutions per minute, We put the samples 

under the influence of 60 minutes of sedimentation process, Coagulation was 

evaluated based on its ability to remove NH3-N, COD, and TSS, taking into account 

that the pH value was not modified throughout the experimental period. The plastic 

containers were shaken before opening the containers and taking samples from them. 

Different weights of crushed date seeds were added to 200 ml of wastewater to reach 

the optimum dose that provides maximum efficiency for removing organic matter 

and heavy metals. 

 

After that, the best dose that performs the highest water treatment process in previous 

experiments is known and evaluated by treating it with concentrations of pH (10 to 

5).Before the process of adding the material that coagulates, the pH concentrations 

are adjusted using an amount of (1 ml) of sodium hydroxide and hydrochloric acid, 

and in order not to allow the solids to sediment the samples are shaken vigorously.  

removal efficiency is calculated as follows: 

 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦(%) = [1 − (
𝐶𝑓

𝐶𝑖
)] ∗ 100 (3.1) 
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Table 3.2. shows the water specifications used in the experiments 

Industrial-wastewater-

Parameters 

Results Units 

Nickel "Ni" 0.14 mg/L 

Color 865.7 Pt-Co 

TSS 109 mg/L 

pH 8 -- 

COD 840.30 mg/L 

NH3-N 42.0 mg/L 

Zn 5.46 mg/L 

Mn 6.29 mg/L 

Al 0.40 mg/L 

Fe 5.29 mg/L 

 

The pH was measured for every 200 ml of the sample before adding the crushed date 

seeds to it. Each time the pH was changed, to measure the pH effect changing on the 

efficiency of removing organic matter and heavy metals from the water was 

evaluated. and as indicated in Table 3.3, where 200 ml was taken and its pH was 

measured, then different doses of date seed powder were added and the vial was 

closed with a stopper as shown in Figure 3.9 and placed on the Shaker PSU-10i for 

45 minutes, Then the solution was filtered through filter paper in a plastic package 

and the package was numbered as in Figure 3.10. The same process was repeated 

with the rest of the samples of different weights and different pH. To measure the 

impact of the evaluation the pH on the efficiency of removing organic matter and 

heavy metals from water. Each time the tools are washed with distilled water in order 

to get rid of contaminants, and the pH measurement is also zeroed. 

 

 

 

Figure 3.9. Wastewater after adding date seed powder. 
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Figure 3.10. Packages containing the filter solution. 

 

3.5.2. Factorial Design and Optimization  

 

In the current study, we used the scientific technique of analyzing data and 

experiments based on the response surface and CCD (Design Expert Software). 

Whereas, RSM is a technique used to increase industrial processes and chemical 

reactions, and at the same time it is a statistical and mathematical technique that is 

widely used in determining the boundaries of the parameter optimal [126]   ,  The 

interaction and correlation between the response of the input parameters and the 

process of the input parameters is described according to equation (3.2). 

 

𝒀 =  𝒇 (𝑋𝟏, 𝑋𝟐𝑋𝟑 … . . 𝑋𝒌)   ± ԑ                                                                                       (3.2) 

 

Where each of (x1  and x2  and x3, and --- -- Xk) are variables that can affect the 

processing efficiency (by affecting the response value), Ԑ they represent the random 

error that may occur 

 

Depending on the number of design parameters, the Design Expert Software offered 

a number of designs. The capacity of the designs to estimate higher order words 

varies. Only the quadratic model is suitable for the majority of designs. The 

following equation can be used to represent the second order model (3.4). 
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where Y is the response; Xi and Xj are the variables;  is the regression coefficient; k 

is the number of factors studied and optimized in the experiment; and e is the random 

error. 

 

In order to process the interaction between the responses and the process variables, 

(ANOVA) is relied upon in order to raise the efficiency of treatment techniques for 

data analyzes. 

 

We use the coefficient of determination (R2) to express the probability of a 

polynomial model . 

 

In order to evaluate and raise the level of the relationship between the two variables 

(pH and the dose of dried dates), RSM and CCD are applied as described in Table 

3.3. 

 

Table 3.3. Independent variables (Ph, data seed). 

B: pH  Date stone   Level of Value 

8 1.3 1 

5.39 1.00 0 

7.6 0.5 -1 

 

After the treatment process that took place on the wastewater, the removal efficiency 

of (Ni, Mn, Fe, COD, NH3-N, Al, and TSS) was evaluated and considered as 

response factors, by analyzing the removal of NH3-N, color, and COD, the 

performance and efficiency of the process were evaluated [127]. Based on the studies 

that preceded the current study, a change was made on three levels for each variable 

separately between (1 and -1). 

 

The total number of experiments that we carried out in the laboratory was 13 

experiments for each of the two factors (pH and date seeds). The table below 

explains the details of the exponential design related to the resulting ozone oxidation 

(Table 3.4). 
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Table 3.4. Total experiments under the influence of pH and date seeds (summary of 

the experimental matrix). 

 

 

 

 

 

 

 

 

 

 

  

Run Date Seed Dosage PH Type 

SD3 0.59 g 9 fact 

SD4 1.04 g 5.4 Axial 

SD10 0.58 g 5.59 Fact 

SD6 1 g 7.51 Center 

SD2 1.55 g 7.5 Axial 

SD7 1.39 g 9 fact 

SD8 0.40 g 7.5 Axial 

SD5 1.02 g 9.6 Axial 

SD1 0.99 g 7.49 Center 

SD9 1.4 g 6  Fact 
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PART 4 

 

DISCUSSION AND RESULTS 

 

4.1. DATE SEED POWDER UNDER ELECTRON MICROSCOPE LENS 

CHARACTERIZATION 

 

Figure 4.1 shows the morphological structure of the surface of ground date seeds 

after and before using it as a coagulant, as it has a brick- shape and has a crystalline 

structure. Figure 4.1 shows the ability of the coagulant to collect particles and form 

large clumps that have been easily settled. Therefore, we can say that bridging is 

responsible and the reason for the ability of crushed date seeds to coagulate, As 

shown by SEM images [128,129]. 

 

1) 

 

2) 

 

Figure 4.1. Date seed powder under the microscope before and after (1 before 2 

after) coagulation process with accuracy (2 μm). 

 

4.2. FOURIER TRANSFORMED INFRARED (FTIR) ANALYSIS  

 

The groups date seeds were quarried in order to ascertain the presence or absence of 

the possible main functional groups, the corresponding (IR) look to Fig. 4.2. 
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In order to highlight and simplify, an analysis (FTIR) was conducted on the main 

functional groups affiliated to it. The functional groups of crushed date seeds can be 

highlighted within wavelength limits (peaks) in order to easily perform infrared 

spectrum analysis. Within limits (300-2500 cm -1) there will be a strong amine salt 

by observing the noticeable peak. This salt participates in the bridging process within 

the coagulation process used by the particles, and this process is effective in 

removing the presence of ammonia from the waste water. 

 

 
Figure 4.2. FTIR Spectral analysis curve for the date seed powder ingredient. 

 

4.3. EFFECT OF QUANTITY (DOSE) OF GROUND DATE SEEDS 

 

The removal efficiency of target parameters under the effect of date seed powder was 

evaluate    .  Therefore, different dosages of 0.2, 0.6, 1, 1.4 and 2 g/200ml of coagulants 

were adopted. The maximum removal of NH3-N and COD was 92.06,59.43 

%.respectively using 1.4g/200ml of coagulant maintaining the original pH (8) for 

industrial effluent (Fig 4.3).   
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Figure 4.3. Effects of date stone powder dose  on removal TSS,  NH3-N and COD  

(pH: 8). 

 

In the beginning, the removal efficiency increased gradually until it reached a dose of 

1.4 g/200 ml, and then decreased with increasing the amount of crushed date seeds 

until it reached 2 g/200 ml. shown in Fig 4.3. 

 

Due to the aggregation of coagulants and their congestion, an imbalance occurs in 

the removal efficiency and decreases when removing NH3-N and COD, or it may be 

due to saturation or reaching equilibrium at a dose of 1.4 g / 200 ml. Therefore, the 

added dose has no effect on increasing or decreasing the removal efficiency.  

 

On the other hand, the removal efficiency of TSS was observed to be constant at 

99% at each dosages throughout the experiments. The high efficiency of date seed 

powder in the process of treating and removing (TSS, COD and NH3-N) comes from 

its molecular structure as it contains coagulants in it. In fact, the waste water contains 

solid particles that gather on each other and increase in size, and then pour into the 

bottom of the support. In order to reduce the production of sludge and achieve an 

optimal treatment efficiency, the optimal dose of crushed date seeds must be 

determined. Therefore, the removal efficiency differed in wastewater treatment when 

removing NH3-N and COD. 
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The reason for the ability of date seed powder to treat pollutants in wastewater is that 

it contains natural polyphenols that absorb mineral ions and dissolved organic matter 

in water [130]. The parameters to be removed are less efficient when using larger 

doses of date seeds [131]. 

 

 The process of bridge mechanism the colloids and particles present in the water to 

be treated was improved, and the flocculation process was also improved due to the 

presence of amino groups that contain a positive charge in the date seeds [132].Due 

to the high molecular weight of non-aqueous date powder found in wastewater, 

higher doses of date seeds when used in processing inhibit and reduce flocculation 

efficiency due to precipitation in large quantities [133]. 

 

The performance of date stone powder on heavy metal removals from industrial 

effluent was presented in Fig 4.4.  The highest removal efficiencies for Fe, Zn, Al 

and Ni were 97.74, 94.85, 65.79 and 80% respectively at 1.4g/200ml, while the 

highest removal efficiency of Mn was 87.56% of Mn at 1g/200ml, in the same time 

the removal efficiency of Mn shows considerable removal efficiency of 87.06% at 

1.4g/200ml, therefore we consider that the optimal dosage of date stone powder are 

1.4g/200ml for all tested heavy metals in this experiments. Furthermore, no It was 

observed that when adding doses higher than recommended amount (1.4 g / 200 ml.), 

a large elimination process occurred, as happened in our current study 
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Figure 4.4. Effect of date seed powder dose on removal of Zn,Mn,Fe,Ni and AL (pH: 

8). 

 

The coagulation mechanism can be improved by cations by destabilizing and 

neutralizing the negative charges of the remaining coagulant functional groups by 

incorporating them with crushed date seed particles [134,135,136,137]. 

 

4.4. EFFECT OF PH VARIANCE  

 

The effect and efficacy were evaluated at a pH between 10 and 4 with an optimal 

anticoagulant dose being maintained at 1.4 g/200 mLusing a 1 N NaOH/H2SO4 

solution. As shown in Figure 4.5 pH was adjustedWhen the pH concentration is 8, 

the removal efficiency is observed to be at the highest level of the parameters, with 

92.06% NH3-N removed and 59% COD removed.When the pH concentrations rise, 

the removal efficiency rises and increases gradually for NH3-N and COD until 

reaching the highest value in removal, and the chance of removing NH3-N and COD 

decreases with the increase in the ideal pH value.. 
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Figure 4.5. Effect of pH on removal NH3-N ammonia-nitrogen TSS,and COD. 

 

In each cup, the pH was changed to the desired typical pH before adding date seed 

powder to carry out the treatment process as shown in Figure 5.5. The removal 

efficiency for NH3-N was (92.06%) and COD was (52).  As shown in Fig 4.5 the 

removal efficiency start increase with increase of pH from 5 to 10 and then decrease 

trend occurs. Due to the organic nature of the date stone, there was no need to change 

the pH in the treatment, so the pH of the wastewater remained unchanged after 

adding the date seed powder. 

 

On the other said, Total dissolved solids were observed to remain unchanged by 99% 

with pH adjustment throughout the 5-10 experiments. While the pH ranges (7-9), the 

molecules have a greater ability to absorb, and the reason for this is due to the neutral 

electrical charge of ammonia-nitrogen NH3-N and COD [139].  

 

Many experiments were conducted under variable pH values with the optimal dose 

(1.4 g / liter) in order to determine the optimal pH range, as it was noted that the 

optimal pH value is was 8 with better removals were obtained by using the 

coagulant. The removals of Fe, Mn, Zn, Ni and Al by using date stones powder were 

97.74, 87.06, 94.85, 80.33 and 65.79 %, respectively, at pH 8 (Fig 4.6). 
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Figure 4.6. Removal of heavy metals under the influence of pH. 

 

Changing the pH was not necessary as it remained unchanged when adding date seed 

powder during wastewater treatment due to the organic nature of date seeds. 

 

Table 4.1. Summary of coagulation of wastewater using date seed powder. 

  _Factors_ _Responses_ 

 

Run Type A:Dat

e seed 

dosage 

B:p

H 

Fe Mn COD NH3 Ai Ni Cu 

  

g  
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%
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R
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%
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%
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%
 

R
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m
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%
 

1 Center 1.00 7.51 92.01 92.5 35.9 28.05 92.8310 90.68 63.2 

2 Axial 1.55 7.5 95.90 92.31 6.5 64.01 87.1326 87.9 63.19 

3 Fact 0.59 g 9 96.71 93.9 65.5 65.4 93.76 86.5 47.39 

4 Axial 1.04 5.4 94.30 83.40 44.3 58.08 74.8159 81.05 34.09 

5 Axial 1.02 9.6 94.1 94.73 41.1 24.5 93.9337 85.90 60.49 

6 Center 0.99 7.49 92.02 91.75 41.4 34.0 82.5367 89.90 60.49 

7 Fact 1.39 9 96.03 89.0 9.00 64.9 78.3089 80.69 60.40 

8 Center 1.00 7.51 92.02 92.6 35.7 28.02 92.8310 90.68 63.09 

9 Center 1.00 7.51 92.01 92.50 35.7 28.02 92.8310 90.69 63.10 

10 Axial 0.40 7.5 90.00 90.20 67.00 93.01 89.1542 89.25 42.00 

11 Fact 1.4 6 96.71 87.93 14.3 97.5 91.3610 84.90 65.70 

12 Fact 0.58 5.90 89.07 82.62 70.5 77.7 70.7719 83.09 31.4 

13 Center 1.00 7.49 92.01 92.5 35.00 28.3 92.8310 90.74 63.10 
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Removal results for COD after adding date seed powder with different weights with 

changing pH values, where the removal ranged from 6.5% to 70.5%, and the removal 

percentage to NH3 ranged from 24.5% to 97.5% and the removal rate for Fe  was 

89.07 % to 96.71%, The removal ratio for Mn is 82.62% to 94.73%, the removal 

ratio for Ai is 70.7719% to 92.8310% and  the removal ratio for Cu ranges from 

31.4% to 65.70%, and the removal ratio for Ni is 90.68% to   80.69%. The results 

showed a high treatment efficiency of date seed powder in removing NH3 and iron, 

while we note that the treatment efficiency decreases when it is treated with Cu and 

Ai due to the cohesion of Cu and Ai particles as shown in Table 4.1. 

 

4.5.  THE ANALYSIS OF VARIANCE 

 

The Table 4.2. shows the regression parameters of the exponential response area 

projection models and additional statistical parameters for the ANOVA for CU, 

COD, Al, Mn, NH3, and Fe. The data in the following table show in all models were 

significant for the P-value at the 5% confidence level. The 2 R values (values of the 

coefficient of determination) in this study were for me (Al,CU, Mn, COD, Fe, and 

NH3).R2: 0.8786, 0.8760, 0.8958, 0.9413, 0.8104, R2: 0. 9217, 0.9800, which higher 

than 0.8 to fit the model well, We notice that there is a good agreement between the 

calculated and expected results when looking at the value of R2 close to 1. Typical 

terms were excluded from the study (not important) and six quadratic models 

remained in Table 4.2 due to their limited effect. 

 

Using Design Expert 6.0.7software, the selected model is confirmed to be identical to 

the real system by providing normal protection plots for diagnostics and the 

studentized residuals, Models were judged by probability charts provided by (Design 

Expert 6.0.7) software. 
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Table 4.2. The Analysis of the Variance (ANOVA) for parameters removal. 

 Source Squares DF Square Value Prob > F  
C

O
D

 r
em

o
v
a

l 
%

 
 Sum of  Mean F   

Model 5047.00 4.99 1009.40 65.30 < 0.00009 -significant- 

A 4962.00 1 4961.9 321.00 < 0.0001  

B 27.70 1 27.70 1.80 0.2230  

A2 0.090 1 0.090 5.725E-002 0.9420  

B2 56.95 1 56.96 3.70 0.0969  

AB 0.0001 1 0.0001 0.0001 1.0  

Residual 108.2 6.99 15.45    

Lack of Fit 85.36 3 28.45 4.99 0.0774 not –

significant- 

Pure Error 22.83 4 5.71    

Cor Total 5155.15 12     

Std. Dev. 3.95 

R2: 0.9800, Mean:38.74  

N
H

3
 R

em
o

v
a

l 
%

 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 7297.99 4.9 1459.63 9.92 0.0043 -significant- 

A 61.00 1 60.76 0.44 0.5409  

B 1080.99 1 1081.24 7.33 0.0300  

A2 5760.00 1 5760.00 39.20 0.00039  

B2 714.99 1 715.30 4.90 0.0630  

AB 108.11 1 107.99 0.73 0.4199  

Residual 1030.00 7.5 147.00    

Lack of Fit 998.89 2.99 332.27 45.17 0.0014 -significant- 

Pure Error 30.00 3.90 7.40    

Cor Total 8329.50 11.95     

Std. Dev. 12.12 

 R2: 0.8760,  Mean: 53.19 

 

F
e 

re
m

o
v

a
l 

%
 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 66.35 4.99 13.27 10.10 0.0041 -significant- 

A 29.20 1 29.20 22.23 0.0020  

B 5.5 1 5.5 4.25 0.0799  

A2 3.65 1 3.67 2.80 0.1387  

B2 12.23 1 12.23 9.34 0.0185  

AB 17.22 1 17.22 13.13 0.0084  

Residual 9.20 6.9 1.30    

Lack of Fit 9.19 2.5 3.07    

Pure Error 0.0001 3.99 0.000    

Cor Total 75.49 11     

Std. Dev. 1.16 

R2:0.8786, Mean:93.27  

M
n

 r
em

o
v
a

l 
%

 Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 159.83 4.97 31.98 22.45 0.00039 -significant- 

A 1.38 1 1.38 0.97 0.3592  

B 98.62 1 98.62 69.90 < 0.0001  

A2 6.93 1 6.93 4.88 0.06339  

B2 30.18 1 30.16 21.18 0.00249  
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AB 25.97 1 25.97 18.20 0.0038  

Residual 9.99 6.89 1.42    

Lack of Fit 9.53 2.99 3.18 27.87 0.00389 -significant- 

Pure Error 0.47 4.0 0.10    

Cor Total 169.84 11     

Std. Dev. 1.20 

R2: 0.9413, Mean: 90.40  

A
l 

re
m

o
v

a
l 

%
 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 616.15 4.99 123.25 6.00 0.01809 -significant- 

A 0.66 1 0.67 0.0319 0.8637  

B 170.80 1 170.79 8.310 0.02359  

A2 27.60 1 27.60 1.35 0.2849  

B2 104.52 1 104.54 5.09 0.0590  

AB 324.52 1 324.54 15.78 0.0055  

Residual 144.10 6.99 20.60    

Lack of Fit 59.30 4 19.79 0.94 0.5027 not 

significant- 

Pure Error 84.79 3.9 21.20    

Cor Total 760.20 11.9     

Std. Dev. 4.56,  

R2: 0.8104, Mean 87.18  

C
u

 r
em

o
v
a

l 
%

 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 1608.40 6 321.69 16.48 0.00108 -significant- 

A 743.86 1 743.84 38.10 0.00051  

B 284.90 1 284.90 14.59 0.0065  

A2 151.79 1 151.77 7.78 0.0271  

B2 370.99 1 371.00 19.00 0.00339  

AB 110.82 1 110.83 5.68 0.04879  

Residual 136.74 8 19.56    

Lack of Fit 131.22 4 43.75 31.57 0.0031 -significant- 

Pure Error 5.55 3.9 1.40    

Cor Total 1745.14 11.9     

Std. Dev. 4.44 

R2: 9217, Mean:55.27 

N
i 

re
m

o
v

a
l 

%
 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 148.76 4.9 29.77 12.02 0.00249 -significant- 

A 4.82 1 4.80 1.96 0.20518  

B 5.68 1 5.68 2.30 0.17390  

A2 15.14 1 15.12 6.109 0.0428  

B2 114.58 1 114.58 46.239 0.00029  

AB 17.37 1 17.35 7.02 0.03309  

Residual 17.34 7 2.49    

Lack of Fit 17.00 2.99 5.68 63.73 0.00079 -significant- 

Pure Error 0.35 5 0.090    

Cor Total 166.13 11.9     

Std. Dev. 1.59 

R2: 0.8958, Mean87.14  

 Source Squares DF Square Value Prob > F  

  Sum of  Mean F   
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C
O

D
 r

em
o

v
a

l 
%

 

Model 5046.97 5.1 1009.40 65.309 < 0.00010 -significant- 

A 4961.86 1 4961.86 321.04 < 0.00010  

B 27.67 1 27.67 1.80 0.2228  

A2 0.089 1 0.089 5.724E-

0030 

0.9417  

B2 56.93 1 56.95 3.69 0.0965  

AB 0.0001 1 0.0001 0.000 1.00001  

Residual 108.20 6.9 15.45    

Lack of Fit 85.37 3 28.46 4.989 0.0775 not –

significant- 

Pure Error 22.84 3.9 5.70.9    

Cor Total 5155.16 11.9     

Std. Dev. 3.94 

R2: 0.9790, Mean:38.76  

N
H

3
 R

em
o

v
a

l 
%

 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 7298.17 5 0 .  1459.64 9.94 0.00439 -significant- 

A 60.75 1 0 .  60.75 0.4109 0.54090  

B 1081.239 1 0 .  1081.25 7.34 0.03010  

A2 5759.36 1 0 .  5759.36 39.18 0.00039  

B2 715.30 1 0 .  715.30 4.87 0.0633  

AB 108.11 1 0 .  108.11 0.75 0.4197  

Residual 1029.37 7 0 .  147.04    

Lack of Fit 999.85 3 0 .  333.29 45.17 0.00149 -significant- 

Pure Error 29.53 4 9 .  7.39    

Cor Total 8327.53 11.9     

Std. Dev. 12.14,  

R2: 0.8765,  Mean: 53.210  

 

F
e 

re
m

o
v

a
l 

%
 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 66.3 5 001 .  13.259 10.1200 0.004190 -significant- 

A 29.19 1 00 .  29.1800 22.2400 0.00219  

B 5.51 1 0 .  5.510 4.2100 0.07980  

A2 3.67 1 00 .  3.6590 2.800 0.13879  

B2 12.25 1 0 .  12.23900 9.3299 0.01839  

AB 17.229 1 00 .  17.2400 13.1500 0.0086  

Residual 9.179 6.90 1.3100    

Lack of Fit 9.190 3 00 .  3.06001    

Pure Error 0.0000 3.90 0.00000    

Cor Total 75.49 11.90     

Std. Dev. 1.149 

R2:0.8785, Mean:93.259 

M
n

 r
em

o
v
a

l 
%

 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 159.819 4.9 31.959 22.429 0.00040 -significant- 

A 1.369 1.0 1.380 0.959 0.35939  

B 98.6001 1 . 98.6001 69.190 < 

0.000101 

 

A2 6.919 1 . 6.930 4.87 0.06350  

B2 30.18 1 . 30.180 21.169 0.002490  

AB 25.949 1 0 .  25.949 18.209 0.00369  

Residual 9.99 6.9 1.440    
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Lack of Fit 9.53 3 0 .  3.169 27.87 0.00390 -significant- 

Pure Error 0.459 3.9 0.110    

Cor Total 169.8001 12 00 .      

Std. Dev. 1.18 

R2: 0.9413, Mean: 90.42  

A
l 

re
m

o
v

a
l 

%
 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 616.15 4.9 123.240 6.0 0.01820 -significant- 

A 0.649 1 0 .  0.649 0.0319 0.86359  

B 170.79 1 0 .  170.790 8.3001 0.02370  

A2 27.62 1 00 .  27.620 1.350 0.2849  

B2 104.529 1 0 .  104.530 5.09 0.0590  

AB 324.54 1 . 324.54 15.780 0.0055  

Residual 144.090 6.99 20.579    

Lack of Fit 59.310 2.99 19.780 0.9299 0.5029 -not 

significant- 

Pure Error 84.79 4 0 .  21.189    

Cor Total 760.219 12 0 .      

Std. Dev. 4.55 

R2: 0.8106, Mean 87.159  

C
u

 r
em

o
v
a

l 
%

 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Model 1608.409 4.9 321.69 16.480 0.001000 -significant- 

A 743.84 1 0 .  743.84 38.079 0.0005001  

B 284.919 1 00 .  284.919 14.59 0.006610  

A2 151.779 1 00 .  151.779 7.769 0.0271  

B2 370.99 1 00 .  370.99 19.0 0.00329  

AB 110.81 1 0 .  110.81 5.68 0.04879  

Residual 136.749 6.90 19.55    

Lack of Fit 131.220 3 0 .  43.75 31.59 0.00301 -significant- 

Pure Error 5.550 3.9 1.40    

Cor Total 1745.140 12 00 .      

Std. Dev. 4.430 

R2: 9217, Mean  55.27 

N
i 

re
m

o
v

a
l 

%
 

Source Squares DF Square Value Prob > F  

 Sum of  Mean F   

Sample 148.78 5 000 .  29.749 12.0100 0.00249 -Significant- 

A 4.829 1 00 .  4.840 1.960 0.2053  

B 5.669 1 0 .  5.680 2.30 0.17410  

A2 15.129 1 000 .  15.129 6.120 0.04269  

B2 114.569 1 000 .  114.580 46.239 0.00029  

AB 17.359 1 00 .  17.3700 7.020 0.03309  

Residual 17.349 6.990 2.4790    

Lack of Fit 17.0 2.99 5.6599 63.730 0.00079 -significant- 

Pure Error 0.37 4 00 .  0.090    

Cor Total 166.119 11.99     

Std. Dev. 1.59 

 R2: 0.89559, Mean87.140  
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4.6. TREATMENT EFFICIENCY 

 

3D Surface and Contour Response Diagrams in Design Expert 6.0.7 6.0.7 Software 

as shown in the picture 4.8(1-7) and  Design Expert was used to analyzing the 

interactive links between individual model responses and independent factors.In 

Figure 4.8 has been removed of the largest rate of  COD and NH3are 66.5% and 

82.2%, respectively, when a dose of date seeds ground is 1.4g, and the concentration 

of PH is 9.0 and Mn, Fe, Ai, Ni, and Cu, the rate removal is 94.9% and 97.2%, 

98.24%,90.8%  and 67.6%, respectively. Ambient experimental conditions (pH 

concentration) and concentration of these elements present  in the wastewater All are 

factors on which the amount of processing depends as shown in the response charts. 
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5  6  

 

7   

 

Figure 4.7. The  Normal the probability plots for removals 1 (COD), 2 (NH3), 3 

(Fe),4 (Mn), 5 (Ai), 6(Cu ), and 7(Ni). 
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7 8  

Figure 4.8. The Response surface diagrams for removals 1(COD), 2(NH3), 3(Fe), 4 

(Mn),5 (Ai), 6(Cu) and 7(Ni) removals. 

 

4.7. OPTIMIZATION THE OPERATIONAL THE CONDITIONS 

 

Some work has been done to determine this optimal value to treat the presence of 

COD and NH3, Fe, Mn, Ai, Cu, Ni w Wastewater with program (Design Expert 

6.0.7). therefore, experimental conditions (dose of crushed date seeds and pH 

concentration). were determined for and the responses were identified as the best 

bounds to hit the maximum processing value. The program combines individual 

needs into a single value which it then attempts to optimize based on the response 

Target. The result that is best working conditions and the best removal were 

determined and the results are presented in Table 4.3. 

 

As shown in Table 4.3, Maybe remove 61%, 65%, 95%, 94%, 98%, 52%, and 88% 

DOC and NH3, Fe, Mn, Al, Cu, and Ni respectively. under optimized working 

conditions (pH 9, date seeds 0.6 g ). 

 

to ensure the validity of the optimal results An experiment was performed in the 

laboratory, and the results of the experiment were found to agree with the expected 

response value. 
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Table 4.3. Response optimum to results from predicted lab and model. 
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PART 5 

 

CONCLUSION 

 

5.1. CONCLUSION 

 

In general, the percentage of TSS, COD,  NH3-N, The timely removal of Mn, Fe, Zn, 

Al and Ni from stone dust has shown great promise as a natural coagulant of plant 

origin in the transformation of iron and steel. the Experience has shown the 

remarkable curdling properties of dates. the Specific search results are shown below. 

FTIR analysis confirmed the presence of multiple functional groups is involved in 

the coagulation process. At 1.4g/200ml, date stone powder high proportion of TSS, 

COD, NH3-N, Zn, Mn, Ni, Fe and AL removed Effluent with pH 8, with percentages 

of 99.00, 59.43, 92.06, 94.85, 87.06, 80.33, 97.74, and 65.79%, respectively. The 

influence of pH ranges (5-10) show that the natural pH of a wastewater sample 

indicates optimal removal was 59.43% COD, 99.00% TSS and 92.06% NH3-N, 

while the percentage of heavy metal removal was 87.06, 97.74, 94.85, 65.79 and 

80.33% respectively for Mn, Fe, Zn, Al and Ni. Due to the organic structure of the 

date Stones to powder, the pH of the industrial effluent remained unchanged 

thereafter Add on. 

 

5.2. RECOMMENDATIONS 

 

Based on the study and the results obtained during this research, we can make the 

following recommendations: 

 

• Industrial wastewater causes severe damage and economic losses, so it must 

be treated before being discharged into water bodies. 
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• Washing the date seeds with distilled water well to rid them of ions and 

pollutants before proceeding with the treatment process. 

• Date seeds have been widely used in the treatment of polluted water due to 

their high treatment efficiency. 

• Seek to discover new environmentally friendly methods that do not cause 

secondary damage during the treatment process. 

• Using vegetable waste from agriculture in the pollutant treatment process. 

 

 

 

 

 

  

 

 

 

 

  



52 

 

 

REFERENCES 

 

1. Ali, E. N. and Tien Seng, H., "Heavy Metals (Fe, Cu, and Cr) Removal from 

Wastewater by Moringa Oleifera Press Cake", MATEC Web Of Conferences, 

150: 1–5 (2018). 

2. Mukherjee, A., Mandal, T., Ganguly, A., and Chatterjee, P. K., "Lignin 

degradation in the production of bioethanol-a review", ChemBioEng Reviews, 

3 (2): 86–96 (2016). 

3. Lundqvist, J., Mandava, G., Lungu-Mitea, S., Lai, F. Y., and Ahrens, L., "In 

vitro bioanalytical evaluation of removal efficiency for bioactive chemicals in 

Swedish wastewater treatment plants", Scientific Reports, 9 (1): 1–9 (2019). 

4. Ugwu, S. N., Umuokoro, A. F., Echiegu, E. A., Ugwuishiwu, B. O., and 

Enweremadu, C. C., "Comparative study of the use of natural and artificial 

coagulants for the treatment of sullage (domestic wastewater)", Cogent 

Engineering, 4 (1): 1–13 (2017). 

5. Abujazar, M. S. S., Fatihah, S., Lotfy, E. R., Kabeel, A. E., and Sharil, S., 

"Performance evaluation of inclined copper-stepped solar still in a wet tropical 

climate", (2017). 

6. Chhonkar, P. K., Datta, S. P., Joshi, H. C., and Pathak, H., "Impact of 

industrial effluents on soil health and agriculture - Indian experience: Part I - 

Distillery and paper mill effluents", Journal Of Scientific And Industrial 

Research, 59 (5): 350–361 (2000). 

7. Muralimohan, N., Palanisamy, T., and Vimaladevi, M. N., "Experimental 

Study on Removal Efficiency of Blended Coagulants in Textile Wastewater 

Treatment", International Journal Of Research In Engineering & 

Technology, 2 (2): 2321–8843 (2014). 

8. Tobajas, M., Alicia M. Polo, V. M. M., Mohedano, A. F., and Rodriguez, J. J., 

"Analysis of the operating conditions in the treatment of cosmetic wastewater 

by sequencing batch reactors", Environmental Engineering And 

Management, 13 (2): 2955–2962 (2014). 

9. Ahmed, S., Aktar, S., Zaman, S., Jahan, R. A., and Bari, M. L., "Use of natural 

bio-sorbent in removing dye, heavy metal and antibiotic-resistant bacteria 

from industrial wastewater", Applied Water Science, 10 (5): 1–10 (2020). 

10. Helen Kalavathy, M. and Miranda, L. R., "Moringa oleifera-A solid phase 

extractant for the removal of copper, nickel and zinc from aqueous solutions", 

Chemical Engineering Journal, 158 (2): 188–199 (2010). 



53 

11. Nath, A., Mishra, A., and Pande, P. P., "A review natural polymeric 

coagulants in wastewater treatment", Materials Today: Proceedings, 46 

(xxxx): 6113–6117 (2019). 

12. Vikashni, N., Matakite, M., Kanayathu, K., and and Subramanium, S., "Water 

Purification using Moringa oleifera and Other Locally Available Seeds in Fiji 

for Heavy Metal Removal", International Journal Of Applied Science And 

Technology Vol., 2 (5): 125–129 (2012). 

13. Azimi, A., Azari, A., Rezakazemi, M., and Ansarpour, M., "Removal of 

Heavy Metals from Industrial Wastewaters: A Review", ChemBioEng 

Reviews, 4 (1): 37–59 (2017). 

14. Hanson, O., "Industries", The Kachins, 16: 71–82 (2015). 

15. Bonilla, S. H., Almeida, C. M. V. B., Giannetti, B. F., and Huisingh, D., "Key 

elements, stages and tools for a sustainable world: An introduction to this 

special volume", Journal Of Cleaner Production, 46: 1–7 (2013). 

16. Bonilla, S. H., Silva, H. R. O., da Silva, M. T., Gonçalves, R. F., and 

Sacomano, J. B., "Industry 4.0 and sustainability implications: A scenario-

based analysis of the impacts and challenges", Sustainability (Switzerland), 

10 (10): (2018). 

17. history.com Staff, . 

18. Anderson, H. and Andersen, P., "How TO DEFINE AN INDUSTRY ? 

NETWORK DYNAMICS", 1233–1254 . 

19. Pal, A., Gin, K. Y. H., Lin, A. Y. C., and Reinhard, M., "Impacts of emerging 

organic contaminants on freshwater resources: Review of recent occurrences, 

sources, fate and effects", Science Of The Total Environment, 408 (24): 

6062–6069 (2010). 

20. Zhang, H., Lin, H., Li, Q., Cheng, C., Shen, H., Zhang, Z., Zhang, Z., and 

Wang, H., "Removal of refractory organics in wastewater by 

coagulation/flocculation with green chlorine-free coagulants", Science Of The 

Total Environment, 787: 147654 (2021). 

21. Yongabi, K. A., "Biocoagulants for Water and Waste Water Purification : a 

Review", International Review Of Chemical Engineering, 2 (3): 444–458 

(2010). 

22. Emberson, L., "Manufacturing pollution in sub-Saharan Africa and South 

Asia: Implications for the environment, health and future work Executive 

Summary", Sustainable Manufacturing And Environmental Pollution 

Programme , 3–24 (2020). 

23. Sujaul, I. M., Hossain, M. A., Nasly, M. A., and Sobahan, M. A., "Effect of 

industrial pollution on the spatial variation of surface water quality", 

American Journal Of Environmental Sciences, 9 (2): 120–129 (2013). 



54 

24. Dellachiesa, A. E. and Myint, A. P., "Water Pollution from Industrial 

Sources : Is Dirty the New Clean ?", Bates College, Department Of 

Economics, 2 Andrew Road, ME 04240, USA, 1985: 1–25 . 

25. Maurya, S. and Daverey, A., "Evaluation of plant-based natural coagulants for 

municipal wastewater treatment", 3 Biotech, 8 (1): 1–4 (2018). 

26. Mangrich, A. S., Doumer, M. E., Anderson, S., and Wolf, R., "Artigo Química 

Verde no Tratamento de Águas : Uso de Coagulante Derivado de Tanino de 

Acacia mearnsii Green Chemistry in Water Treatment : Use of Coagulant 

Derived from Acacia mearnsii Tannin Extracts Resumo Química Verde no 

Tratamento de Águas : Uso de C", 6 (1): 2–15 (2014). 

27. Briffa, J., Sinagra, E., and Blundell, R., "Heavy metal pollution in the 

environment and their toxicological effects on humans", Heliyon, 6 (9): 

e04691 (2020). 

28. Crawford, S., Korpiel, J., and Velastegui, O., SPE Annual Technical 

Conference and Exhibition 2017. Vol. 1-8. San Antonio, Texas, USA 9 – 11 

October, (2017).   

 

29. Masindi, V. and Muedi, K. L., "Environmental Contamination by Heavy 

Metals", Heavy Metals, (pp. 115-133)  (2018). 

30. Clark, M., Tepper, K., Petroll, K., Kumar, S., Sunna, A., and Maselko, M., 

"Bioremediation of Industrial Pollutants by Insects Expressing a Fungal 

Laccase", ACS Synthetic Biology, 11 (1): 308–316 (2022). 

31. Wang, Q. and Yang, Z., "Industrial water pollution, water environment 

treatment, and health risks in China", Environmental Pollution, 218: 358–365 

(2016). 

32. Lin, J., Zou, X., and Huang, F., "Quantitative analysis of the factors 

influencing the dispersion of thermal pollution caused by coastal power 

plants", Water Research, 188: 116558 (2021). 

33. Miara, A. and Charles, J. V, "Thermal pollution impacts on rivers and power 

supply in the Mississippi River watershed OPEN ACCESS Thermal pollution 

impacts on rivers and power supply in the Mississippi River watershed", 

(2018). 

34. Lin, J., Zou, X., and Huang, F., "Effects of the thermal discharge from an 

offshore power plant on plankton and macrobenthic communities in 

subtropical China", Marine Pollution Bulletin, 131 (September 2017): 106–

114 (2018). 

35. Zhang, Z., Wang, D., Cheng, Y., and Gong, F., "Long-Term Changes and 

Factors That Influence Changes in Thermal Discharge from Nuclear Power 

Plants in Daya Bay, China", Remote Sensing, 14 (3): (2022). 



55 

36. Hatra, G., "Radioactive Pollution: an Overview", Radioactive Pollution: An 

Overview, 8 (2): 48–65 (2018). 

37. Barakos, G., Mischo, H., and Gutzmer, J., "Rare Earth Underground Mining 

Approaches with Respect to Radioactivity Control and Monitoring Strategies", 

Rare Earths Industry: Technological, Economic, and Environmental 

Implications, Elsevier Inc., 121–138 (2015). 

38. Fadeenko, V., Fadeenko, I., Davydov, V., Reznik, V., Kruglov, V., Moroz, A., 

Popovskiy, N., Dudkin, V., and Nikolaev, D., "Remote environmental 

monitoring in the area of a nuclear power plant", IOP Conference Series: 

Earth And Environmental Science, 390 (1): (2019). 

39. Wen, X., "Point Sources of Pollution: Local Effects and It’s Control - Vol.1-

Industrial Pollution", Encyclopedia Of Life Support Systems, 1: 147–170 

(2000). 

40. Yuan, J., Lu, Y., Wang, C., Cao, X., Chen, C., Cui, H., Zhang, M., Wang, C., 

Li, X., Johnson, A. C., Sweetman, A. J., and Du, D., "Ecology of industrial 

pollution in China", Ecosystem Health And Sustainability, 6 (1): (2020). 

41. Yusypiva, T. and Miasoid, H., "The state of bio-ecological characteristics of 

the one-year shoots of Robinia pseudoacacia L. Under the conditions of 

industrial pollution", Ekologia Bratislava, 38 (3): 240–252 (2019). 

42. Sharma, N. and Singhvi, R., "Effects of Chemical Fertilizers and Pesticides on 

Human Health and Environment: A Review", International Journal Of 

Agriculture, Environment And Biotechnology, 10 (6): 675 (2017). 

43. Zhang, B., Matchinski, E. J., Chen, B., Ye, X., Jing, L., and Lee, K., "Marine 

Oil Spills-Oil Pollution, Sources and Effects", World Seas: An Environmental 

Evaluation Volume III: Ecological Issues and Environmental Impacts, Second 

Edi. Ed., Elsevier Ltd., 391–406 (2018). 

44. Mangku, D. G. S., Purwendah, E. K., Itasari, E. R., and Nurhayati, B. R., 

"Compensation for Oil Pollution Due to Tanker Accidents in the Indonesian 

Legal System in a Justice Value Perspective", International Journal Of 

Criminology And Sociology, 9: 662–669 (2020). 

45. Liu, X., Zhang, B., Zhao, W., Wang, L., Xie, D., Huo, W., Wu, Y., and Zhang, 

J., "Comparative effects of sulfuric and nitric acid rain on litter decomposition 

and soil microbial community in subtropical plantation of Yangtze River Delta 

region", Science Of The Total Environment, 601–602 (December): 669–678 

(2017). 

46. Grennfelt, P., Engleryd, A., Forsius, M., Hov, Ø., Rodhe, H., and Cowling, E., 

"Acid rain and air pollution: 50 years of progress in environmental science and 

policy", Ambio, 49 (4): 849–864 (2020). 

47. Occhipinti-Ambrogi, A., "Biopollution by invasive marine non-indigenous 

species: A review of potential adverse ecological effects in a changing 



56 

climate", International Journal Of Environmental Research And Public 

Health, 18 (8): (2021). 

48. Pollution, M., Article, B., Olenin, S., Elliott, M., Bysveen, I., Culverhouse, P. 

F., Daunys, D., Dubelaar, G. B. J., Gollasch, S., Goulletquer, P., Jelmert, A., 

Kantor, Y., Bringsvor, K., Minchin, D., Occhipinti-ambrogi, A., Olenina, I., 

and Vandekerkhove, J., "Archimer", (September): (2011). 

49. Elliott, M., "Biological pollutants and biological pollution - An increasing 

cause for concern", Marine Pollution Bulletin, 46 (3): 275–280 (2003). 

50. Ali, H., Khan, E., and Ilahi, I., "Environmental chemistry and ecotoxicology 

of hazardous heavy metals: Environmental persistence, toxicity, and 

bioaccumulation", Journal Of Chemistry, 2019 (Cd): (2019). 

51. Zwolak, A., Sarzyńska, M., Szpyrka, E., and Stawarczyk, K., "Sources of Soil 

Pollution by Heavy Metals and Their Accumulation in Vegetables: a Review", 

Water, Air, And Soil Pollution, 230 (7): (2019). 

52. Vhahangwele Masindi and Khathutshelo L. Muedi, "Environmental 

Contamination by Heavy Metals, Heavy Metals, Hosam El-Din M. Saleh and 

Refaat F. Aglan, IntechOpen, DOI: 10.5772/intechopen.76082. Available 

from: https://www.intechopen.com/books/heavy-metals/environmental-

contamination-by-heavy-metals", Intech, 32 (July): 137–144 (2018). 

53. Shrestha, R., Ban, S., Devkota, S., Sharma, S., Joshi, R., Tiwari, A. P., Kim, 

H. Y., and Joshi, M. K., "Technological trends in heavy metals removal from 

industrial wastewater: A review", Journal Of Environmental Chemical 

Engineering, 9 (4): (2021). 

54. Gautam, P. K., Gautam, R. K., Banerjee, S., Chattopadhyaya, M. C., and 

Pandey, J. D., "Heavy metals in the environment: Fate, transport, toxicity and 

remediation technologies", Heavy Metals: Sources, Toxicity And 

Remediation Techniques, (February): 101–130 (2016). 

55. Abdulraheem, F. S., Al-Khafaji, Z. S., Hashim, K. S., Muradov, M., Kot, P., 

and Shubbar, A. A., "Natural filtration unit for removal of heavy metals from 

water", IOP Conference Series: Materials Science And Engineering, 888 

(1): (2020). 

56. Tahoon, M. A., Siddeeg, S. M., Alsaiari, N. S., Mnif, W., and Rebah, F. Ben, 

"Effective Heavy Metals Removal from Water Using Nanomaterials : A 

Review", 1–24 . 

57. Zamora-Ledezma, C., Negrete-Bolagay, D., Figueroa, F., Zamora-Ledezma, 

E., Ni, M., Alexis, F., and Guerrero, V. H., "Heavy metal water pollution: A 

fresh look about hazards, novel and conventional remediation methods", 

Environmental Technology And Innovation, 22: 101504 (2021). 

58. Ali, J. S., Bagchi, S., and Gupta, S., "INTERNATIONAL CONFERENCE ON 

Organised by", International Conference On Innovations In Civil 



57 

Engineering, 4 (5): 229–232 (2013). 

59. Ezugbe, E. O. and Rathilal, S., "Membrane technologies in wastewater 

treatment: A review", Membranes, 10 (5): (2020). 

60. Mohsenpour, S. F., Hennige, S., Willoughby, N., Adeloye, A., and Gutierrez, 

T., "Integrating micro-algae into wastewater treatment: A review", Science Of 

The Total Environment, 752 (September 2020): 142168 (2021). 

61. Crini, G. and Lichtfouse, E., "Advantages and disadvantages of techniques 

used for wastewater treatment", Environmental Chemistry Letters, 17 (1): 

145–155 (2019). 

62. Cheremisinoff, P. N., "Handbook of Water and Wastewater Treatment 

Technology", Handbook of Water and Wastewater Treatment Technology, 

(2019). 

63. Ghillebaert, I., "Eaux industrielles contaminées", Eaux Industrielles 

Contaminées, (May): (2017). 

64. Basak, B. and Dey, A., "Bioremediation approaches for recalcitrant pollutants: 

Potentiality, successes and limitation", Toxicity And Waste Management 

Using Bioremediation, (February): 178–197 (2015). 

65. Donkadokula, N. Y., Kola, A. K., Naz, I., and Saroj, D., "A review on 

advanced physico-chemical and biological textile dye wastewater treatment 

techniques", Reviews In Environmental Science And Biotechnology, 19 (3): 

543–560 (2020). 

66. Ahmed, M. B., Zhou, J. L., Ngo, H. H., Guo, W., Thomaidis, N. S., and Xu, J., 

"Progress in the biological and chemical treatment technologies for emerging 

contaminant removal from wastewater: A critical review", Journal Of 

Hazardous Materials, 323: 274–298 (2017). 

67. Nelson, M. J., Nakhla, G., and Zhu, J., "Fluidized-Bed Bioreactor 

Applications for Biological Wastewater Treatment: A Review of Research and 

Developments", Engineering, 3 (3): 330–342 (2017). 

68. Kong, Z., Li, L., Kurihara, R., Kubota, K., and Li, Y. Y., "Anaerobic 

treatment of N, N-dimethylformamide-containing wastewater by co-culturing 

two sources of inoculum", Water Research, 139: 228–239 (2018). 

69. Kong, Z., Li, L., Xue, Y., Yang, M., and Li, Y. Y., "Challenges and prospects 

for the anaerobic treatment of chemical-industrial organic wastewater: A 

review", Journal Of Cleaner Production, 231: 913–927 (2019). 

70. Saravanan, A., Senthil Kumar, P., Jeevanantham, S., Karishma, S., 

Tajsabreen, B., Yaashikaa, P. R., and Reshma, B., "Effective 

water/wastewater treatment methodologies for toxic pollutants removal: 

Processes and applications towards sustainable development", Chemosphere, 

280: 130595 (2021). 



58 

71. Drewnowski, J., Remiszewska-Skwarek, A., Duda, S., and Łagód, G., 

"Aeration process in bioreactors as the main energy consumer in a wastewater 

treatment plant. Review of solutions and methods of process optimization", 

Processes, 7 (5): (2019). 

72. Goli, A., Shamiri, A., Khosroyar, S., Talaiekhozani, A., Sanaye, R., and Azizi, 

K., "A review on different aerobic and anaerobic treatment methods in dairy 

industry wastewater", Journal Of Environmental Treatment Techniques, 7 

(1): 113–141 (2019). 

73. Saravanan, A., Jayasree, R., Hemavathy, R. V., Jeevanantham, S., Hamsini, 

S., Senthil Kumar, P., Yaashikaa, P. R., Manivasagan, V., and Yuvaraj, D., 

"Phytoremediation of Cr(VI) ion contaminated soil using Black gram (Vigna 

mungo): Assessment of removal capacity", Journal Of Environmental 

Chemical Engineering, 7 (3): 103052 (2019). 

74. Zamora, S., Marín-Muñíz, J. L., Nakase-Rodríguez, C., Fernández-Lambert, 

G., and Sandoval, L., "Wastewater treatment by constructed wetland eco-

technology: Influence of mineral and plastic materials as filter media and 

tropical ornamental plants", Water (Switzerland), 11 (11): (2019). 

75. Sandoval-Herazo, L. C., Alvarado-Lassman, A., Marín-Muñiz, J. L., Méndez-

Contreras, J. M., and Zamora-Castro, S. A., "Effects of the use of ornamental 

plants and different substrates in the removal of wastewater pollutants through 

microcosms of constructed wetlands", Sustainability (Switzerland), 10 (5): 

(2018). 

76. Xia, S., Li, X., Liu, R., and Li, G., "Study of reservoir water treatment by 

ultrafiltration for drinking water production", Desalination, 167 (1–3): 23–26 

(2004). 

77. Ang, W. L., Mohammad, A. W., Hilal, N., and Leo, C. P., "A review on the 

applicability of integrated/hybrid membrane processes in water treatment and 

desalination plants", Desalination, 363: 2–18 (2015). 

78. Le, N. L. and Nunes, S. P., "Materials and membrane technologies for water 

and energy sustainability", Sustainable Materials And Technologies, 7: 1–28 

(2016). 

79. Carolin, C. F., Kumar, P. S., Saravanan, A., Joshiba, G. J., and Naushad, M., 

"Efficient techniques for the removal of toxic heavy metals from aquatic 

environment: A review", Journal Of Environmental Chemical Engineering, 

5 (3): 2782–2799 (2017). 

80. Crawford, S., Korpiel, J., and Velastegui, O., "Degasification by absorption-

based gas stripping", Proceedings - SPE Annual Technical Conference And 

Exhibition, 0: 1–9 (2017). 

81. Gottfried, A., Shepard, A. D., Hardiman, K., and Walsh, M. E., "Impact of 

recycling filter backwash water on organic removal in coagulation-

sedimentation processes", Water Research, 42 (18): 4683–4691 (2008). 



59 

82. Nyström, F., Nordqvist, K., Herrmann, I., Hedström, A., and Viklander, M., 

"Removal of metals and hydrocarbons from stormwater using coagulation and 

flocculation", Water Research, 182: (2020). 

83. Ahmad, A., Rutten, S., de Waal, L., Vollaard, P., van Genuchten, C., Bruning, 

H., Cornelissen, E., and van der Wal, A., "Mechanisms of arsenate removal 

and membrane fouling in ferric based coprecipitation–low pressure membrane 

filtration systems", Separation And Purification Technology, 241 (November 

2019): 116644 (2020). 

84. Medeiros, R. C., de, N., Freitas, B. L. S., Sabogal-Paz, L. P., Hoffmann, M. 

T., Davis, J., Fernandez-Ibañez, P., and Byrne, J. A., "Drinking water 

treatment by multistage filtration on a household scale: Efficiency and 

challenges", Water Research, 178: 115816 (2020). 

85. Evangelista, S., Viccione, G., and Siani, O., "A new cost effective, long life 

and low resistance filter cartridge for water treatment", Journal Of Water 

Process Engineering, 27 (November 2018): 1–14 (2019). 

86. Rodríguez-peña, M., Pérez, J. A. B., Llanos, J., Saez, C., and Barrera-díaz, C. 

E., "Electrochimica Acta Is ozone production able to explain the good 

performance of CabECO ® technology in wastewater treatment ?", 396: 4–10 

(2021). 

87. Pavithra, K. G., P., S. K., Jaikumar, V., and P., S. R., "Removal of colorants 

from wastewater: A review on sources and treatment strategies", Journal Of 

Industrial And Engineering Chemistry, 75 (December): 1–19 (2019). 

88. Guo, Y., Zhu, S., Wang, B., Huang, J., Deng, S., Yu, G., and Wang, Y., 

"Modelling of emerging contaminant removal during heterogeneous catalytic 

ozonation using chemical kinetic approaches", Journal Of Hazardous 

Materials, 380: 120888 (2019). 

89. Waste, P. S., Siswoyo, E., Tanjung, D. S., and Jalaly, J. H., "Treatment of 

waste water by coagulation and flocculation using biomaterials Treatment of 

waste water by coagulation and flocculation using biomaterials", (2017). 

90. Amaral, J. J., Betady, E., Quint, M. T., Martin, D., Riahinasab, S. T., Hirst, L. 

S., and Ghosh, S., "Effect of mesogenic ligands on short and long-term 

spectral dynamics and stability of core-shell CdSe/ZnS quantum dots", 

Materials Research Express, 3 (10): (2016). 

91. Aziz, H. A. and Sobri, N. I. M., "Extraction and application of starch-based 

coagulants from sago trunk for semi-aerobic landfill leachate treatment", 

Environmental Science And Pollution Research, 22 (21): 16943–16950 

(2015). 

92. Choumane, F. Z., Benguella, B., Maachou, B., and Saadi, N., "Valorisation of 

a bioflocculant and hydroxyapatites as coagulation-flocculation adjuvants in 

wastewater treatment of the steppe in the wilaya of Saida (Algeria)", 

Ecological Engineering, 107: 152–159 (2017). 



60 

93. Prasannamedha, G., Kumar, P. S., Mehala, R., Sharumitha, T. J., and 

Surendhar, D., "Enhanced adsorptive removal of sulfamethoxazole from water 

using biochar derived from hydrothermal carbonization of sugarcane bagasse", 

Journal Of Hazardous Materials, 407: 124825 (2021). 

94. Burakov, A. E., Galunin, E. V, Burakova, I. V, Kucherova, A. E., Agarwal, S., 

Tkachev, A. G., and Gupta, V. K., "Ecotoxicology and Environmental Safety 

Adsorption of heavy metals on conventional and nanostructured materials for 

wastewater treatment purposes : A review", Ecotoxicology And 

Environmental Safety, 148 (November 2017): 702–712 (2018). 

95. Son, D. J., Kim, W. Y., Jung, B. R., Chang, D., and Hong, K. H., "Pilot-scale 

anoxic/aerobic biofilter system combined with chemical precipitation for 

tertiary treatment of wastewater", Journal Of Water Process Engineering, 35 

(January): 101224 (2020). 

96. Xu, Z., Gu, S., Rana, D., Matsuura, T., and Lan, C. Q., "Chemical 

precipitation enabled UF and MF filtration for lead removal", Journal Of 

Water Process Engineering, 41 (October 2020): 101987 (2021). 

97. Review, I. E., "Methodologies for removal of heavy metal ions from 

wastewater : an overview Renu *, Madhu Agarwal and Kailash Singh", 18 (2): 

124–142 (2017). 

98. Martins, V. L., Ogden, M. D., Jones, M. R., Trowsdale, S. A., Hall, P. J., and 

Jensen, H. S., "Opportunities for coupled electrochemical and ion-exchange 

technologies to remove recalcitrant micropollutants in water", Separation And 

Purification Technology, 239: (2020). 

99. Freitas, T. K. F. S., Almeida, C. A., Manholer, D. D., Geraldino, H. C. L., de 

Souza, M. T. F., and Garcia, J. C., "Review of Utilization Plant-Based 

Coagulants as Alternatives to Textile Wastewater Treatment", 27–79 (2018). 

100. Mohamed, F. M. and Alfalous, K. A., "The effectiveness of activated silica 

derived from rice husk in coagulation process compared with inorganic 

coagulants for wastewater treatment", Egyptian Journal Of Aquatic 

Research, 46 (2): 131–136 (2020). 

101. Jiang, J. Q. and Graham, N. J. D., "Pre-polymerised inorganic coagulants and 

phosphorus removal by coagulation - A review", Water SA, 24 (3): 237–244 

(1998). 

102. Bolto, B. and Gregory, J., "Organic polyelectrolytes in water treatment", 

Water Research, 41 (11): 2301–2324 (2007). 

103. Duan, J. and Gregory, J., "Coagulation by hydrolysing metal salts", Advances 

In Colloid And Interface Science, 100–102 (SUPPL.): 475–502 (2003). 

104. W. Pontius, F., "Chitosan as a Drinking Water Treatment Coagulant", 

American Journal Of Civil Engineering, 4 (5): 205 (2016). 



61 

105. Nogaro, G., Burgin, A. J., Schoepfer, V. A., Konkler, M. J., Bowman, K. L., 

and Hammerschmidt, C. R., "Aluminum sulfate (alum) application 

interactions with coupled metal and nutrient cycling in a hypereutrophic lake 

ecosystem", Environmental Pollution, 176: 267–274 (2013). 

106. Buckner, C. A., Lafrenie, R. M., Dénommée, J. A., Caswell, J. M., Want, D. 

A., Gan, G. G., Leong, Y. C., Bee, P. C., Chin, E., Teh, A. K. H., Picco, S., 

Villegas, L., Tonelli, F., Merlo, M., Rigau, J., Diaz, D., Masuelli, M., 

Korrapati, S., Kurra, P., Puttugunta, S., Picco, S., Villegas, L., Tonelli, F., 

Merlo, M., Rigau, J., Diaz, D., Masuelli, M., Tascilar, M., de Jong, F. A., 

Verweij, J., and Mathijssen, R. H. J., "We are IntechOpen , the world ’ s 

leading publisher of Open Access books Built by scientists , for scientists TOP 

1 %", Intech, 11 (tourism): 13 (2016). 

107. Ang, W. L. and Mohammad, A. W., "State of the art and sustainability of 

natural coagulants in water and wastewater treatment", Journal Of Cleaner 

Production, 262: 121267 (2020). 

108. Bahrodin, M. B., Zaidi, N. S., Hussein, N., Sillanpää, M., Prasetyo, D. D., and 

Syafiuddin, A., "Recent Advances on Coagulation-Based Treatment of 

Wastewater: Transition from Chemical to Natural Coagulant", Current 

Pollution Reports, 7 (3): 379–391 (2021). 

109. Zaman, N. K., Rohani, R., Yusoff, I. I., Kamsol, M. A., Basiron, S. A., and 

Rashid, A. I. A., "Reply to Ivy et al. Comment on “Khairul Zaman et al. eco-

friendly coagulant versus industrially used coagulants: Identification of their 

coagulation performance, mechanism and optimization in water treatment 

process. Int. J. Environ. Res. public health 20", International Journal Of 

Environmental Research And Public Health, 18 (23): (2021). 

110. J, S., D, P., A, S., G, S., and K, S., "Wastewater Treatment using Natural 

Coagulants", International Journal Of Civil Engineering, 4 (3): 40–42 

(2017). 

111. Morya, R., Kumar, K., and Kumar, P., "Anatomical and Physiological 

Similarities of Kidney in Different Experimental Animals Used for Basic 

Studies", Journal Of Clinical & Experimental Nephrology, 03 (02): 1–6 

(2018). 

112. de Oliveira Cardoso Nascimento, C., Veit, M. T., Palácio, S. M., and da 

Cunha Gonçalves, G., "Use of Natural Coagulants in the Removal of Color 

and Turbidity from Laundry Wastewater", Water, Air, And Soil Pollution, 

232 (7): 1–12 (2021). 

113. Handy, R. D., Von Der Kammer, F., Lead, J. R., Hassellöv, M., Owen, R., and 

Crane, M., "The ecotoxicology and chemistry of manufactured nanoparticles", 

Ecotoxicology, 17 (4): 287–314 (2008). 

114. Water, D. and Plant, T., "Drinking Water Treatment Plant", 1–12 (2019). 

115. Amran, A. H., Zaidi, N. S., Muda, K., and Loan, L. W., "Effectiveness of 



62 

Natural Coagulant in Coagulation Process : A Review", 7: 34–37 (2018). 

116. William K. Garde, "Application of Moringga Oleifera Seed to Treat Coffee 

Fermentation Wastwater", Journal of Hazardous Materials, 4 (1): 88–100 

(2016). 

117. Petrovic, N. J., Antov, M. G., and Šc, M. B., "Bioresource Technology 

Proteins from common bean ( Phaseolus vulgaris ) seed as a natural coagulant 

for potential application in water turbidity removal", 101: 2167–2172 (2010). 

118. Theodoro, J., Sep, C., Debora, J., Theodoro, P., Lenz, G. F., Zara, R. F., and 

Bergamasco, R., "Coagulants and Natural Polymers : Perspectives for the 

Treatment of Water Coagulants and Natural Polymers : Perspectives for the 

Treatment of Water", . 

119. Veli, S., Arslan, A., Isgoren, M., Bingol, D., and Demiral, D., "Experimental 

design approach to COD and color removal of landfill leachate by the 

electrooxidation process", Environmental Challenges, 5 (July): 100369 

(2021). 

120. De Coninck, V., Keller, E. X., Rodríguez-Monsalve, M., Doizi, S., Audouin, 

M., Haymann, J. P., and Traxer, O., "Evaluation of a portable urinary pH 

meter and reagent strips", Journal Of Endourology, 32 (7): 647–652 (2018). 

121. Girousi, S. T. and Karastogianni, S., "PHfood.pdf", . 

122. "Find out about our special offer on https://biosan.lv/classes-en", . 

123. Specifications, G., "Sartorius Cubis ® Series MODULAR", 1–32 (2001). 

124. Papers, F., "Filter papers Cellulose fi lters", . 

125. Ettinghausen, R., "The Uses of Sphero-Conical Vessels in the Muslim East", 

Journal Of Near Eastern Studies, 24 (3): 218–229 (1965). 

126. Ghafari, S., Aziz, H. A., and Bashir, M. J. K., "The use of poly-aluminum 

chloride and alum for the treatment of partially stabilized leachate: A 

comparative study", Desalination, 257 (1–3): 110–116 (2010). 

127. Tizaoui, C., Bouselmi, L., Mansouri, L., and Ghrabi, A., "Landfill leachate 

treatment with ozone and ozone/hydrogen peroxide systems", Journal Of 

Hazardous Materials, 140 (1–2): 316–324 (2007). 

128. Salehizadeh, H. and Shojaosadati, S. A., "Extracellular biopolymeric 

flocculants Recent trends and biotechnological importance", 19: 371–385 

(2001). 

129. He, N., Li, Y., Chen, J., and Lun, S., "Identification of a novel bioflocculant 

from a newly isolated Corynebacterium glutamicum", 11 (170): 137–148 

(2002). 



63 

130. Palma, G., Freer, J., and Baeza, J., "Removal of metal ions by modified Pinus 

radiata bark and tannins from water solutions", 37: 4974–4980 (2003). 

131. Scho, P., Mbugua, D. M., and Pell, A. N., "Analysis of condensed tannins : a 

review", 91: 21–40 (2001). 

132. Ahmad, T., Danish, M., Rafatullah, M., Ghazali, A., Sulaiman, O., Hashim, 

R., and Ibrahim, M. N. M., "The use of date palm as a potential adsorbent for 

wastewater treatment: A review", Environmental Science And Pollution 

Research, 19 (5): 1464–1484 (2012). 

133. Kim, T. J., Silva, J. L., Kim, M. K., and Jung, Y. S., "Enhanced antioxidant 

capacity and antimicrobial activity of tannic acid by thermal processing", 

Food Chemistry, 118 (3): 740–746 (2010). 

134. Zhang, B., Su, H., Gu, X., Huang, X., and Wang, H., "Colloids and Surfaces 

A : Physicochemical and Engineering Aspects Effect of structure and charge 

of polysaccharide flocculants on their flocculation performance for bentonite 

suspensions", Colloids And Surfaces A: Physicochemical And Engineering 

Aspects, 436: 443–449 (2013). 

135. Okaiyeto, K., Nwodo, U. U., Mabinya, L. V, and Okoh, A. I., 

"Characterization of a Bioflocculant Produced by a Consortium of Halomonas 

sp . Okoh and Micrococcus sp . Leo", 5097–5110 (2013). 

136. Wang, L., Feng, Z., Wang, X., Wang, X., and Zhang, X., "DEGseq : an R 

package for identifying differentially expressed genes from RNA-seq data", 26 

(1): 136–138 (2010). 

137. Dongchen, Z., Zhixiang, H., Zhiyong, L., and Tao, W., "Experimental 

research on Phanerochaete chrysosporium as coal microbial flocculan", 

International Journal Of Mining Science And Technology, 23 (4): 521–524 

(2013). 

138. Date, R., Date, R., Date, A., and Article, O., "Characterization and 

Flocculation Properties of (Glycosaminoglycan) Produced by Cellulomonas 

sp. Okoh", S Journal Of Applied Microbiology, 114 (5): 1325–1337 (2012). 

139. Xia, T., Kovochich, M., Liong, M., Ma, L., Gilbert, B., Shi, Ќ. H., Yeh, J. I., 

Zink, J. I., and Nel, A. E., "Comparison of the Mechanism of Toxicity of Zinc 

Oxide and Cerium Oxide Nanoparticles Based on Dissolution and Oxidative 

Stress Properties", 2 (10): 2121–2134 (2008). 

 

 

  



64 

 

 

RESUME 

 

Karar KARIM MAHDI, received his secondary certificate from (Al-Zaytoun) High 

School in Al-Qadisiyah / Iraq. then he obtained his bachelor’s degree from Al-

Qadisiyah University in 2017 and moved to the city of Karabuk to obtain a master’s 

degree in environmental engineering from Karabuk University in Turkey. 


