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treatment plant in the city of Rashid-ElBeheira Governorate - Egypt as a model plant for applying
this technology in treatment of wastewater. This work also includes the studying of the
relationship between climatic conditions, physicochemical parameters and biomass of
microorganisms to evaluate the efficiency of its performance.
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1. Introduction

Water quality has become increasingly worse worldwide and allocation of clean water is amongst the most critical
global topics. Different toxic organic and inorganic compounds have been recognized at basic levels in wastewater, ground
and surface water. Organic pollution is the term used when great quantities of organic compounds are found in water. It
generates from domestic sewage, industrial effluents and agricultural wastewater. Wastewater with organic pollutants
contains great quantities of suspended solids which decrease the light offered to photosynthetic organisms. Organic
pollutants include hydrocarbons, phenols, plasticizers, pesticides, fertilizers, detergents, oils, pharmaceuticals,
carbohydrates and proteins.'** Effective techniques for the removal of very toxic organic compounds from water meet the
great attentions. A number of means such as precipitation, coagulation, filtration with coagulation, ion exchange, adsorption
and reverse osmosis have been used for the removal of organic pollutants from polluted water and wastewater. These means
were limited due to their comparatively great investment and operational cost.

In developing regions, the application of traditional wastewater treatment systems such as activated sludge and tertiary
nutrient removal to manage the growing wastewater problems is limited due to the high cost and technological complexity.
Therefore, the challenge in the coming years will be to develop integrated concepts and processes for pollution prevention
and waste reuse. Presently, aerobic treatment systems are the most frequently used technology for wastewater treatment.
These systems comprise the energy-intensive supply of air or even pure oxygen for oxidation of organic matter.> It should
be emphasized here that aerobic wastewater treatment mainly was effective in removing not only organic matter but also
soluble and dispersed. Waste stabilization ponds (WSPs) are appropriate for wastewater treatment in the tropics. Waste
stabilization ponds represent a possible wastewater treatment choice for areas where the climate is suitable and land is
available. An advantage of WSPs compared to other technologies such as activated sludge is that besides COD and
suspended solids, also pathogens are removed.”*

2. Treatments

2.1 Aerobic Treatment.

Aerobic wastewater treatment refers to the removal of organic pollutants in wastewater by bacteria that require oxygen
to work. Water and carbon dioxide were the final products of the aerobic wastewater treatment process. Processes include
trickling filtration, activated sludge, and rotating biological contactors. Bacteria that thrive in oxygen-rich environments
work to break down and digest the wastewater inside the aerobic treatment plant or system. This process was called aerobic
digestion. Biosynthesis was the most complex and vital energy requiring activity of all living organisms.® Biosynthesis was
the formation of characteristic chemical components of cells from simple precursors, and the assembly of these components
into structures such as the membrane systems, contractile elements, mitochondria, nuclei, and ribosome. Two kinds of
ingredients were required for the biosynthesis of cell components: precursors that provide the carbon, hydrogen, nitrogen,
and other elements found in cellular structures, and adenosine tri-phosphate (ATP) and other forms of chemical energy
needed to assemble the precursors into covalently bonded cellular structure. Pre-treatment stage to remove large solids and
other undesirable substances from the waste water; this stage acts much like a septic system, and an Aerobic Treatment
System (ATS) may be added to an existing septic tank to further process the primary effluent. Aeration stage is a stage in
which the aerobic bacteria digest the biological waste in the wastewater. Settling stage allows any undigested solids to settle.
This forms a sludge that must be removed periodically from the system. Disinfecting stage, where chlorine or similar
disinfectant is mixed with the water to produce an antiseptic output. The disinfectant typically used was tablets of calcium
hypochlorite, which were specially made for waste treatment systems. Unlike the chlorine tablets used in swimming pools,
which were stabilized for resistance to breakdown in ultraviolet light, the tablets used in waste treatment systems was
intended to break down quickly in sunlight. Stabilized forms of chlorine will persist after the effluent were dispersed, and
can kill off plants in the leach field.'° Since the ATS contains a living ecosystem of microbes to digest the waste products
in the water, excessive amounts of items such as bleach or antibiotics can damage the ATS environment and reduce
treatment effectiveness. Aerobic treatment units can be an option when insufficient soil was available for the proper
installation of a traditional septic tank and soil absorption areas. In these situations, wastewater must receive a high-level
of pretreatment before being discharged into the soil environment. Depending on local regulations, the use of an aerobic
treatment unit may allow for reductions in the required infiltration area and/or reduction in depth to a limiting soil layer.
This ability to produce a high quality effluent may open sites for development that were previously unsuitable because of
soil limitations.!!

An aerobic treatment system or ATS, often called an aerobic septic system, was a small scale sewage treatment system
similar to a septic tank system, but which uses an aerobic process for digestion rather than just the anaerobic process used
in septic systems. These systems were commonly found in rural areas where public sewers were not available, and may be
used for a single residence or for a small group of homes. The aerobic treatment system produces a high quality secondary
effluent, which can be sterilized and used for surface irrigation and this allows much greater flexibility in the placement of
the leach field, as well as cutting the required size of the leach field by as much as half.!2
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Aeration units were evaluated on the mass of oxygen transferred per unit of air introduced to the water. This was an
efficiency rating. The goal was to maximize the mass of O transferred per unit of energy consumed by the device. The
most common method of maximizing energy efficiency was to combine mixing with aeration. Turbulent mixing was
required to maximize the opportunity for microbes to come in contact with both soluble organic compounds and dissolved
oxygen. If steady state conditions can be maintained, the rate of oxygen transfer is equal to the rate of consumption by the
microorganisms. Dissolved oxygen DO in the mixed liquor needs to be maintained at 1 to 3 mg/L. For residential strength
wastewater the 2 to 7 grams per day of dissolved oxygen were needed for each gram of Mixed liquor volatile suspended
solids (MLVSS)."3

Suspended-growth or attached growth, any unit that maintains saturated and aerobic conditions was generally referred
to as an "ATU" - the acronym for aerobic treatment unit. The primary focus of this section was use of ATUs as an
engineered, high-rate wastewater treatment process. Trickling filters (such as those found at smaller municipal wastewater
treatment plants) and most packed-bed filters typify this type of biological process. The aerobic microbes convert organic
compounds into energy, new cells and residual matter. The biological solids settle back into the aeration chamber where
they serve as seed for new microbial growth. Settled biomass and residuals will accumulate in the bottom of the chamber
and must be removed with periodic maintenance because the biomass creates an oxygen demand. Clarification was an
important part of generating a high-quality effluent. The soluble biological oxygen demand BODs of the effluent was
generally below 5 mg/L, but the biomass solids carry over may produce an effluent BODs of O,mg/L or greater.'*

2.1.1 Advantage and disadvantage of aerobic treatment.

The aeration stage and the disinfecting stage were the primary differences from a traditional septic system; in fact, an
aerobic treatment system can be used as a secondary treatment for septic tank effluent. These stages increase the initial cost
of the aerobic system, and the maintenance requirements over the passive septic system. Unlike many other bio-filters,
aerobic treatment systems require a constant supply of electricity to drive the air pump increasing overall system costs. The
disinfectant tablets must be periodically replaced, as well as the electrical components (air compressor) and mechanical
components (air diffusers). On the positive side, an aerobic system produces a higher quality effluent than a septic tank and
thus the leach field can be smaller than that of a conventional septic system, and the output can be discharged in areas
environmentally sensitive for septic system output. Some aerobic systems recycle the effluent through a sprinkler system,
using it to water the lawn where regulations approve.'* Since the effluent from an ATS was often discharged onto the surface
of the leach field, the quality was very important. A typical ATS will, when operating correctly, produce an effluent with
less than 30 mg/liter biochemical oxygen demand, 25 mg/liter total suspended solids, and 10000 cfu/mL fecal coliform
bacteria. This was clean enough that it cannot support a bio mat or "slime" layer like a septic tank.!> ATS effluent was
relatively odorless; a proper operating system will produce effluent that smells musty, but not like sewage. Aerobic
treatment was so effective at reducing odors, that it was the preferred method for reducing odor from manure produced by
farms.'®!13 Aerobic treatment systems such as the conventional activated sludge (CAS) process were widely adopted for
treating low strength wastewater (< 1000 mg COD/L) like municipal waste water. CAS process was energy intensive due
to the high aeration requirement and produces a large quantity of sludge (about 0.4 g dry weight/g COD removed) that has
to be treated and disposed off. As a result, the operation and maintenance cost of a CAS system was considerably high.
Anaerobic process for domestic wastewater treatment was an alternative that was potentially more cost-effective,
particularly in the subtropical and tropical regions where the climate was warm consistently throughout the year.!

2.2 Maturation Oxidation Ponds (stabilization ponds) as a post-treatment.

The bio-rotor system, or rotating biological contactor,? integrated duckweed and Maturation Oxidation Ponds or water
stabilization ponds (WSPs) system,?' trickling filters,?> the down-flow hanging sponge reactor,?® activated sludge,”* a
baffled pond system,? dissolved air flotation,?® sequential batch reactors,”’ submerged aerated bio-filters,?® reed bed
systems,”” among others the choice depends on the required effluent quality, the available land area, the treatment cost, the
simplicity and operational stability of the treatment system, the independence on imported equipment and material, and
operational flexibility. Therefore, integration of Maturation Oxidation (water stabilization) ponds system (WSPs) as a post-
treatment should be a powerful option for domestic sewage treatment. In most of the developed nations, basic sewage
problems were already well addressed and technologies and legislations were being fine-tuned for the control and removal
of micro pollutants and various pathogens and in scrutinizing the impacts of pollutants in sensitive areas. On the other hand,
developing nations were still strangled in interminable problems regarding sewage treatment, inadequate sanitary
infrastructure and dilemma over selection of appropriate treatment system due to the lack of proper technology and poor
economy. The Maturation Oxidation Ponds (stabilization) pond is a simple scientifically designed with 2-6 feet depth, where
BOD reduction of a wastewater takes place by supporting algal-bacterial growth.?® Maturation Oxidation Ponds can be
defined as a shallow man-made basin which utilizes natural processes under partially controlled conditions for the reduction
of organic matter and the destruction of pathogenic organisms in wastewater. Domestic and industrial wastewater includes
nearly about 99% liquid waste and only 1% solid waste. These wastes consist mostly of soaps, black water, grey water,
toilet paper and detergents. Liquid waste includes showers, baths, toilets, kitchens and sinks draining into sewers. In many
areas, domestic wastewater also includes liquid waste from commercial places.’! The performance of ponds depends on
climatological conditions like light, temperature, rain, wind and also the wastewater quality. Primarily these are used as
tertiary treatment facilities specially to polish the effluents from conventional treatment plants.>? These ponds are effective,
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low cost and simple technology for the treatment of wastewater before it is discharged to an aquatic ecosystem.3* Oxidation
ponds have proved to be one of the most significant devices of economical waste treatment for small communities and
isolated industrial units in Tunisia.>* The occurrence of several species of bacteria,> fungi,’ algae,”*® protozoa,*** and
viruses*! in the oxidation pond has been reported. In the earlier years (1946-1964) it was believed that the symbiotic activity
of bacteria and algae alone was responsible for the treatment of wastes in oxidation ponds. In addition to bacteria, algae and
protozoa, there are also other organisms such as crustacean larvae, insects, viruses, and rotifers, nematodes which interact
and compete with each other for food and convert the organic materials of the sewage into simple products in the oxidation
ponds. Aerated lagoons treatment system was developed from the traditional waste stabilization ponds (WSPs), where
mechanical aeration was installed to increase the oxygen supply inside the ponds system. It was recommended that WSPs
be placed after the aerated lagoon to permit the microbial solids to settle and be stabilized. The inorganic elements remaining
will stimulate the algae to grow up in the WSPs. The biochemical oxygen demand (BOD) and total suspended solids (TSS)
in the effluent will be determined by the algae and not by the microbial solids discharged from the aerated lagoon. It was
concluded that a combination of 24 h aerated lagoon and WSP has an area approximately 40% of the area of a traditional
WSPs for treating the same volume of sewage. The aerated lagoons have more advantages than the traditional WSPs, in
terms of eliminating odor nuisance and less land requirement.* In contrast, the aerated lagoons are little more costly than
the traditional WSPs and lower in performance, with respect to pathogen removal.**** It was reported that the factors
affecting the growth of nitrifying bacteria, are the substrate content, temperature, DO and pH.* Maturation ponds or waste
stabilization ponds (WSPs) can be used to get rid of most pathogens such as viruses, some species of bacteria, and fungi.
Maturation ponds are located after a facultative pond, which may be a primary or secondary pond.*® With regard to water-
quality improvement, an increase in phytoplankton.?’

2.3 Maturation Oxidation Ponds impact on some physicochemical parameters, Microbiological Significances and heavy
metals.

Temperature has been regarded as the most important physical factor affecting the efficiency of water stabilization ponds
as it affects the metabolic rate of the micro-organisms in the system, and thus the rate of degradation of organic matter and
subsequent stabilization of inorganic nutrients.*® Previous studies in Europe and America have shown that the nutrient
removal efficiency by stabilization ponds was higher in summer than in winter.*=>! Similarly, Hussainy (1979) reported
that the removal efficiency of total ammonia nitrogen, and the rate of nitrification in particular, was higher during summer
at Werribee.” It was suggested that another mechanism namely ammonia volatilization may also be important in the
removal of total ammonia nitrogen in stabilization ponds.*® The occurrence of heavy metals in industrial and municipal
sewage effluents is of interest because they are often present at significant levels and if discharged into surface waters can
have severe effects on the aquatic environment and public health. Heavy metals are trace metals with a density at least five
times that of water. As such, they are stable elements; meaning they cannot be metabolized by the body and hence they are
bio-accumulative and inhibit biological processes.>® The input of heavy metals from waste waters has been of great concern
to regulatory agencies because of possibilities of accumulation in the areas around discharge points and the possible
ecological consequences on receiving waters. The results of heavy metal toxicity studies confirm that heavy metals can
directly influence behavior by impairing mental and neurological function, influencing neurotransmitter production and
utilization, and altering numerous metabolic body processes. Systems in which toxic metal can induce impairment and
dysfunction include the blood and cardiovascular, detoxification pathways (colon, liver, kidneys, skin), endocrine
(hormonal), energy production pathways, enzymatic, gastrointestinal, immune, nervous (central and peripheral),
reproductive, and urinary.>* Metals like Zinc, Cu, Fe and Cd are common pollutants, which are widely distributed, in aquatic
environment. Their sources are mainly from weathering of minerals and solid.>> atmospheric deposition’® industrial
effluents®” and spoil heaps.*® Metals like Cd, Pb, As, Al, Cr, Mn, Co, and Fe were observed in the influent and effluent
samples as well as in the receiving stream. The discharge of the effluent from the sewage lagoon into the receiving stream
led to increase in the concentrations of most metals downstream and has therefore affected the receiving stream negatively.
This is undesirable because lives of fish and aquatic biota in the receiving stream are at risk and the rural dwellers that
depend on the water from the receiving stream for various domestic purposes downstream untreated are at great risk of
serious health effects due to metals pollution.* ponds can be described as self-sufficient treatment units, because the efficacy
of treatment is contingent upon the maintenance of the overall microbial communities of bacteria, viruses, fungi, and
protozoa,® and the proper balance of organics, light, dissolved oxygen, nutrients, algal presence,®' and temperature. Because
ponds are self-sufficient, there is a reduction of operator responsibilities to manage treatment, a reduction in labor costs,
and an increase in the potential returns from the tangible products generated by the treatment unit .2 Ponds can be used for
the purpose of ‘polishing,” or providing additional treatment to what has been found within conventional treatment
methods.®* Aerobic (high-rate) ponds, also known as high-rate algal ponds, can maintain dissolved oxygen throughout the
30-45 cm-deep pond because of algal photosynthetic activity.* Photosynthetic activity supplies oxygen during the day,
while at night the wind creates aeration due to the shallow depth of the pond.®> Aerobic ponds are well known for having
high biochemical oxygen demand (BOD) removal potential and are ideal for areas where the cost of land is not expensive.
Other characteristics of these ponds include a detention time of 2—6 days, a BOD loading rate between 112 and 225 kg/1000
m? day, and a BOD removal efficiency of 95 %.%

2.4 Description of Rashid plant as a model plant.
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Rashid (Rosetta) city is a port city of the Nile Delta, located 65 km east of Alexandria, in Egypt's Beheira governorate,
coordinates: 31°24'16"N 30°24'59"E. It has a present population of approximately 118511 people.*® People are almost all
citizens and a few of them industrial residents. The system was implemented and operated in Rashid wastewater treatment
plant. The influent raw sewage was an average of 17000 m*/day. Maturation Oxidation Ponds system of Rashid plant
consists of one or two ponds according to the load required.® Each of them is respectively connected after the secondary
clarifier basin stage. Each pond has a stretched area equal to 8 acre (1 acre = 4200 m?). With a capacity depending on the
depth of the pond (20-100) cm and the pond that has L shape. The pond will be filled with effluents from the secondary
clarifier basin and retain for a time with the wind reactions and the algae effects. The samples were mixed and composed
ones from out of two oxidation Ponds (Fig. 1).%

The study was carried out to investigate the water quality of Rashid plant of wastewater treatment (physiochemical and
climatic measurements) and to investigate the bioaccumulation of toxic trace metals (Cu, Pb, Mn and Fe) by planting bean
plant with the effluent of Rashid pond and comparing this with another bean plant irrigated with canal water, this will be
the reuse of wastewater for irrigation and an important resource for agricultural production. The removal of biodegradable
organic loads specially nitrogen and phosphorous are perfectly happens in oxidation maturation ponds which reflects a
higher treatment efficiency of the sewage by 98%—-99% of Biological Oxygen Demand (BOD), Chemical Oxygen Demand
(COD) and heavy metals. This work confirms the previous studies about the importance of applied chemistry in different
fields.5”-7

| 1¥0xPond
Effluent of — Out

Extended Aeration (place collect sample)
2" Ox Pond

Fig. 1. Rashid oxidation pond diagram
3. Conclusion

Organic pollutants in the ecosystem, mainly persistent organic pollutants (POPs), are one of the most significant
environmental problems in the world. The literature reviewed exposed that there has been a great increase in production
and utilization of organic pollutants in the past few decades resulting in a large threat of pollution. Efficient techniques for
the removal of very toxic organic compounds from water and wastewater have drawn significant interest. Maturation
oxidation ponds have become very popular with small communities and are recognized as an effective and low cost
technique for the removal of organic pollutants from water and wastewater, and produce high quality treated wastewater.
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