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Abstract
Hydraulic and Purification Behavior during Wastewater Treatment in Soil
Infiltration Systems
The aim of this work is to evaluate the hydraulic and purification behavior during post
treatment in soil sand filters. Moreover, the effect of filtration mechanism of sand filter basin
which using in Sheikh Ejleen Pilot Project Plant, and its effect to remove some elements like,
Ammonia (NH3) or to provide Nitrate (NO3). The main objectives of this research to correlate
the relation between the application rate and the formation of the clogging layer in the sand
infiltration system, investigate the effect of application rate on the transformation of nitrogen
species in the applied wastewater, and create the best management practice for the slow sand
infiltration unit for irrigation purposes.
The experiment was conducted at Sheikh Ejleen Pilot Project Plant, which it involving
three sand filter and two reed beeds at summer season of 2016. The researcher use one sand
filter basin during his investigation. Three different application rates implemented (trial test
(1) = 110 m3/h with velocity 1.73 m/s, trial test (2) = 138 m3/h with velocity 2.16 m/s and trial
test (3) = 212 m3/h with velocity 3.33 m/s). For each application rate (Trial Test) consists of
(11) wastewater samples were collected from the bottom of the sand filter as function of time.
Results showed that the filtration mechanism of sand filter basin not adequate enough to
agriculture uses. There is unexpected results for Na which found in three Trial tests. The most
efficient trial test in three trial tests of NH3 removal efficiency and providing NO3 is trial test
(1) with application rate = 110 m3/h and velocity = 1.73 m/s. Although, Ammonia
concentration still significant for agriculture uses. Denitrification process unnoticed. Low
efficiency for TSS removal in three trial tests which affect clogging in sand filter layers, on
the contrary of TSS the BOD5 infiltration system capacity was cleared.
So, it recommended to extend the depth of sand filter basin in Sheikh Ajleen Post
Treatment Pilot Project, involve backing wash system in the main system, to avoid saturation
of soil in sand filter basin and more investigation in Na attitude in sand filter due to the
relation with sodium adsorption ratio (SAR) in agriculture.
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ملخص الدراسة
السلوك الهيدروليكي والتنقية خالل معالجة المياه العادمة في أنظمة الترشيح الرملية
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Chapter One:
Introduction
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1.1 Background
Water is a resource that is becoming increasingly scarce and needs to be sustained,
globally and locally. One of the most serious problems faced by billions of people today, is
the availability of fresh water. It has been estimated that 1.2 billion people have no water
within 400 m of their dwelling. Governments and organizations all over the world have
realized that sustainable water and wastewater management is a necessary component of
functioning communities (Grant et al., 2002). The basic function of the wastewater treatment
plant is to speed up the natural Processes by which water purifies itself. In earlier years, the
natural treatment process in streams and lakes was adequate to perform basic wastewater
treatment. As our population and industry grew to their present size, increased levels of
treatment prior to discharging domestic wastewater became necessary (USEPA, 2004).
Reuse of wastewater is a sustainable and renewable source of water, mainly used in the
agricultural sector and can contribute to rural development. Agriculture is the second highest
sector for water consumption in the Gaza Strip, using more than 50% of water abstractions
from the stressed polluted Gaza’s coastal aquifer. This thesis aims to present and evaluate two
available wastewater post-treatment options which could be employed to reuse wastewater for
agriculture in Gaza: sand filtration using a textured geomembrane sand filter and the Soil
Aquifer Treatment (SAT) system (Gharbia, Aish, & Pilla, 2015). Wastewater reuse can be
applied for various beneficial purposes such as agricultural irrigation, industrial processes, and
groundwater recharge.
Slow sand filtration systems are characterized by a high reliability and rather low
lifecycle costs. Moreover, neither construction nor operation and maintenance require more
than basic skills. Hence, slow sand filtration is a promising filtration method for small to
medium-sized, rural communities with a fairly good quality of the initial surface water source.
As stated by the WHO, slow sand filtration provides a simple but highly effective and
considerably cheap tool that can contribute to a sustainable water management system (Bruni
& Spuhler, 2012). For over 200 years, slow sand filtration (SSF) has been an effective means
of treating water for the control of microbiological contaminants in both small and large
community water supplies. However, such systems lost popularity to rapid sand filters mainly
due to smaller land requirements and less sensitivity to water quality variations. SSF is still a
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particularly attractive process because its operation does not require chemicals or electricity. It
can achieve a high level of treatment, which is mainly attributed to naturally-occurring,
biochemical processes in the filter. Several microbiologically mediated purification
mechanisms (e.g. predation, scavenging, adsorption and bio-oxidation) have been
hypothesized or assumed to occur in the biofilm that forms in the filter but these have not yet
been comprehensively verified. Thus, SSFs are operated as “black boxes” and knowledge
gaps pertaining to the underlying ecology and Eco physiology limit the design and
optimization of the technology (Haig, Dorea, Collins, Davies, & Quince, 2012).

1.2 Problem Statement
Water scarcity is likely to become more problematic in the near future due to rapid
population growth, increasing per capita water consumption, and the draught conditions of the
world. Due to this wastewater reuse has become a vital component in water resources
planning in many areas including Palestine. Using treated effluent for agricultural purposes
would minimize the deficit and would reduce the degradation of the groundwater quality.
Palestinian Water Authority (2012) estimated the needed water for irrigation about 100
million cubic meters per year. Wastewater treatment plants in the Gaza Strip produces about
45 m3 / year, and reach the degree of processing to the secondary treatment level. If the
quantity of wastewater is reclaimed to a good quality, we can save the groundwater for other
purposes. This falls under the principle of sustainability, recycling and reuse of available
resources. So, the researcher conducted the experiment at AL-Sheikh Ejleen treatment plant to
determine hydraulic and purification behaviors in wastewater infiltration systems, which
can contribute to increase the quality of treated waste water,.
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1.3 Justification
As a result of all current and expected problems, there is an urgent need to adopt
solutions to achieve conservation of water quantity, improve water quality, and achieve
sustainability. Selected solution may be one or more of the following: i) Water use
conservation, ii) Desalination of sea water, iii) Storm water collection, iv) Treated wastewater
(TWW) for agricultural uses. Reuse of wastewater could be one of the main options to
develop the water resource in the region.
-

The character and quantity of contaminants presenting problems today are far more
complex than those that presented challenges in the past.

-

Population growth is taxing many existing wastewater treatment systems and creating
a need for new plants.

-

Farm runoff and increasing urbanization provide additional sources of pollution not
controlled by wastewater treatment.

1.4 Aim and Objectives
The aim of this research is to evaluate the hydraulic and purification behavior during
post treatment in soil sand filters. The main objectives of this research are:



To correlate the relation between the application rate and the formation of the clogging
layer in the sand infiltration system



To investigate the effect of application rate on the transformation of nitrogen species in
the applied wastewater



To create the best management practice for the slow sand infiltration unit for irrigation
purposes.
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1.5 Research Structure
This research is consisting of five chapters, simple description for each chapter are
listed below.


Chapter 1 (Introduction)
This chapter introduces the main idea about wastewater treatment, justification, research

problem, goal and objectives of research and methodology.


Chapter 2 (Literature Review)
This chapter shows a historical review from previous studied to identify hydraulic and

purification behavior during post treatment in soil sand filters.


Chapter 3 (Study Area)
This chapter shows general information about Gaza Strip and Pilot Study Design.



Chapter 4 (Methodology)
This chapter shows the main methodologies used in this research in order to achieve the

required objectives.


Chapter 5 (Results and Discussion)
This chapter shows analysis, description and discussion of research results.



Chapter 6 (Conclusions and Recommendations)
This chapter clarify the main results that achieved on this research, then a table of

recommendations are proposed for further research projects.
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Chapter Two:
Literature Review
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2.1 Introduction
Water is very important for life, and although it covers approximately 70% of the crust
area of earth. The small quantity of freshwater with low salt concentration - i.e.,
approximately 2.5% of the total stock of water - is mainly in the form of ice and permanent
snow (Becerra-Castro et al., 2015). There is a real problem in finding a reliable source of safe
water (water scarcity), by 2025 about 1.8 billion people are expected to be living in countries
or regions with water scarcity. So, wastewater reuse considered as the most suitable solution
to water scarcity problem, especially in agriculture irrigation, recreation, environmental uses,
and aquaculture (Ferro et al., 2015). And the challenges can be faced by using treated
wastewater, to decrease freshwater harvest while water supply increasing (Papa, Bertanza, &
Abbà, 2016). The benefits of wastewater reuse entails decreasing water scarcity pressure in
particular for irrigation, common practice increasingly by government and official entities
encouraging (Becerra-Castro et al., 2015). So, the bio-treated urban wastewater represents a
more reliable and significant source for reclaimed water as compared to wastewaters coming
from agricultural return flows, storm water runoff, and industrial discharges (Bunani et al.,
2015). But is important to know that the use of reclaimed wastewater (RWW) for the
irrigation of crops may result in the continuous exposure of the agricultural environment to
antibiotics, antibiotic resistant bacteria (ARB) and antibiotic resistance genes (ARGs)
(Christou et al., 2017).

2.1 Wastewater Treatment and Reuse
2.1.1 Wastewater
During the last centuries in concentrated urban areas the population increase inevitably
came sanitary problems and this problems instigated from the release of raw wastewater in the
environment (Pradel, Aissani, Villot, Baudez, & Laforest, 2016).
Wastewater is defined simply as clean water and solids, and we can define it as water
that has been used by households, industries, and commercial establishments that, unless
treated, no longer serves a useful purpose and may contain contaminants. which is directed to
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treatment plants by a carefully designed and engineered network of pipes (Malik, Hsu,
Johnson, & de Sherbinin, 2015).
The categorizing of wastewater according to sources of origin, such as (Kadlec &
Wallace, 2009).
1. Domestic wastewater which refer to flows discharged principally from residential
sources generated by such activities as food preparation, laundry, cleaning and
personal hygiene
2. Industrial/commercial

wastewater

is

flow

generated

and

discharged

from

manufacturing and commercial activities such as printing, food and beverage
processing and production to name a few.
3. Institutional wastewater characterizes wastewater generated by large institutions such
as hospitals and educational facilities.

2.1.2 Wastewater Reuse
The evolution of wastewater reuse and recycling has its roots to the pre-Christmas Greek era- wastewater systems. (Asano & Levine, 1996) Wastewater reuse is considered to be
a promising solution in countries that suffer from water scarcity that scramble to meet
escalating demands (Nsheiwat, 2007).
Wastewater reuse has been applied globally in many countries, and was limited to a few
cases, mostly incidental, i.e., related to the proximity of the wastewater treatment plant to the
point of use (Bixio, Thoeye, Koning, Joksimovic, & Savic, 2006). Urbanization ,
industrialization, agricultural practices and Population growth all increase the water demand,
the limited amount of natural fresh water available will always impose great challenges to
water resources management (Hamoda, 2004).
When trying to characterize a typical objector to water reuse, two distinct reuse options
have to be considered: potable reuse options (high degree of contact) and non-potable reuse
ones (low to medium degree of contact) (Friedler, Lahav, Jizhaki, & Lahav, 2006).
Generally, the reuse of treated wastewater from wastewater treatment plants (WWTP) is
an international practice with a large variety of applications, i.e., irrigation, urban and
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recreational uses, groundwater recharge, aquaculture, and industrial uses, among others
(Gomez-Lopez, Bayo, Garcıa-Cascales, & Angosto, 2009).
The reuse of treated wastewater effluent for irrigated agriculture is possible in all areas
particularly in Gaza Governorates. Secondary treated wastewater is being used for irrigation
of field crops, landscape and other applications. However, the use of treated wastewater for
irrigation is subject to major concerns because of the probable escalating of hygienic and
environmental problems (EL-Dahdouh, 2014).

2.1.3 Wastewater Treatment
The overall water management objectives of wastewater treatment are associated with
the removal of pollutants and the protection and preservation of our natural water resources.
And simply we can say that wastewater treatment is the separation of solids from water.
A water treatment unit process (figure2.1) is defined as an engineered system to effect
certain intended state changes for the water. Examples include screening, gravity settling,
coagulation, flocculation, filtration, gas transfer, ion exchange, adsorption, membrane
separations, biological treatment, disinfection, oxidation, and chemical precipitation
(Hendricks, 2016).
There are many methods used to separate solids from water, Such as: (Gunatilake, 2015)


Physical (screening, mixing, flocculation, flotation, filtration, sedimentation, gas transfer)



Chemical (precipitation, adsorption, disinfection)



Biological (aerobic, anaerobic)
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Figure (2.1) Wastewater Treatment Uint (Hendricks, 2016)

2.2 Sand Filters
Sand filters can be used for a broad range of applications, including single-family
residences, large commercial establishments, and small communities. Sand filters are
frequently used to pretreat septic tank effluent prior to subsurface infiltration onsite where the
soil has insufficient unsaturated depth above ground water or bedrock to achieve adequate
treatment. Sand filters are used primarily to treat domestic wastewater, but they have been
used successfully in treatment trains to treat wastewaters high in organic materials such as
those from restaurants and supermarkets (EPA, 2009).
Intermittent sand filters (ISF) are shallow beds (2 ft thick) of fine to medium sand with a
surface distribution system and an under-drain system (figure 2.2), the intermittent sand filter
is capable of polishing pond effluents at relatively low cost and is similar to the practice of
slow sand filtration in potable water treatment. Intermittent sand filtration of pond effluents is
the application of pond effluent on a periodic or intermittent basis to a sand filter bed (Crites,
Middlebrooks, Bastian, & Reed, 2014).
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Figure (2.2): Profile of A 2-Ft-Deep Sand Filter (Crites et al., 2014)

Filters also may be described by the hydraulic arrangement employed to pass water
through the medium. Gravity filters are open to the atmosphere, and flow through the medium
is achieved by gravity, Sand filters are a sustainable and low-cost alternative for the treatment
of rural wastewaters. In addition, Sand filters operating without electricity might be an
economical option to treat wastewaters for many of the 2.5 billion people who still do not
have the possibility to use improved sanitation, and Good Sand filters require minimal
maintenance and have a rather long lifetime. However, the need for careful planning of the
systems is important to avoid blockage problems related to the sand material (Kauppinen et
al., 2014).
The tertiary filtration by sand filter removes suspended solid, organic matter and
nutrients from wastewater. Hence it can achieve high removal efficiencies (Latrach et al.,
2016). Sand filter produces effluent with less than 20 mg/l suspended solid concentration after
the depth of 75 cm (Nassar & Hajjaj, 2013).
The Effectiveness of sand media filters for removing turbidity and recovering dissolved
oxygen from a reclaimed effluent used for micro-irrigation and aimed to determine the
behavior of a sand media filter during the filtration process and the influence of its
backwashing process on the filtration efficiency during the ripening period. It also strived to
determine the effect of sand effective diameter on the filtered effluent quality. Smaller sand
media particles are released during automatic backwashing and filter operation. Accurate filter
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management is needed, especially if finer particles have a size that can clog drip irrigation
emitters. It is highly recommended to conduct several initial backwashing’s when new sand
media are used and to divert the initial backwashing water. The sand media filter improved the
filtered effluent values of turbidity and dissolved oxygen. Effluent turbidity was reduced
around 60% with effective sand diameters of 0.32, 0.47 and 0.64 mm, and about 85% when
the effective sand diameter was 0.63 mm. Recovery of dissolved oxygen in the sand filter was
quite moderate, having a maximum value of 15.7% for a sand effective diameter of 0.32 mm
(Elbana, De Cartagena, & Puig-Bargués, 2012).
Interactions during Wastewater Treatment in Soil Infiltration Systems and they find the
observations made during this study revealed a dynamic, interactive behavior for hydraulic
and purification processes that were similar for all four lysimeters. Media utilization and
bromide retention times increased during the first two months of operation with the median
breakthrough times exceeding one day at startup and increasing to two days or more.
Purification processes were gradually established over four months or longer, after which
there were high removal efficiencies (>90%) for organic constituents, microorganisms, and
virus, but only limited removal of nutrients. In this study, the behavior observed in the four
lysimeters was comparable suggesting that under the conditions studied, infiltration surface
character (aggregate free at 8.4 cm/d; aggregate laden at 5.0 cm/d) and soil depth (60 or 90
cm) did not exert a measurable effect on hydraulic and purification performance (Cuyk et al.,
2001).
The Influence of the physical and mechanical characteristics of sands on the hydraulic
and biological behaviors of sand filters and they find sand compaction can be detrimental in
terms of clogging for fine sands while it is beneficial for coarser sands. Moreover, it appears
that oxygen measurement of the gas phase is an interesting tool to evaluate the biological
stability of the system. And permit to confirm how the choice of the sand is of great
importance in treatment efficiency and durability of the system. Even in the authorized
particle size zone, the two sands differ considerably in terms of treatment efficiency and
biological stability of the system. Sand compaction can be detrimental in terms of clogging for
fine sands while it is beneficial for coarser sands. Moreover, it appears that oxygen
measurement of the gas phase is an interesting tool to evaluate the biological stability of the
system (Rolland, Molle, Lienard, Bouteldja, & Grasmick, 2009).
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Removal of organics (BOD5 and COD) and suspended solids is very high and steady
over the years of operation. Removal of nutrients (nitrogen and phosphorus) is usually low
and does not exceed 50% for municipal sewage when systems are dimensioned at about 5 m2
per population equivalent. Nitrogen removal is limited by the lack of oxygen in the filtration
bed and the consequent low nitrification occurs while phosphorus removal is limited by low
sorption capacity of the filtration materials (Vymazal, 2002).

2.2.1 Filtration Mechanisms
Filtration is essentially a physical and chemical process and, in the case of slow sand
filtration biological as well. Mechanisms are interrelated and rather complex but removal of
color and turbidity is based on. The following factors:


Chemical characteristics of the water being treated (particularly source water quality)



Nature of suspension (physical and chemical characteristics of particulates suspended
in the water)



Type and degree of pre-treatment (coagulation, flocculation, and clarification); and
filter type and operation.
A popular misconception is that particles are removed in the filtration process mainly by

physical straining. Straining is a term used to describe the removal of particles from a liquid
(water) by passing the liquid through a filter or fabric sieve whose pores are smaller than the
particles to be removed. While the straining mechanism does play a role in the overall
removal process, especially in the removal of large particles, it is important to realize that
most of the particles removed during filtration are considerably smaller than the pore spaces in
the media. This is particularly true at the beginning of the filtration cycle when the pore spaces
are clean (that is, not clogged by particulates removed during filtration). Thus, a number of
interrelated removal mechanisms within the filter media itself are relied up on to achieve high
removal efficiencies. These removal mechanisms include the following processes:


Sedimentation on media (sieve effect)



Adsorption



Absorption

13



Biological action



Straining
The relative importance of these removal, mechanisms will depend largely on the nature

of the actual removal the water being treated, choice of filtration, system, degree of pretreatment, and filter characteristics (EPA.1995).

2.3 Hydraulic Purification
The Effects of hydraulic loading rate on pollutants removal by a deep subsurface
wastewater infiltration system Hydraulic loading rate was an important factor influencing
performance of a soil treatment system. Relatively high loading rates could not maintain
stable running for the long term; relatively low loading rates would demand much soil, and the
Hydraulic loading rate had a considerable negative influence on pollutant removal effects.
NH3–N and TN removal efficiencies declined with the hydraulic loads increasing. Taking the
hydraulic and treatment efficiencies into consideration, hydraulic loading rate of 0.081 m3/m2
d was recommended with NH3–N, TN, and COD removal efficiencies of 86.2 ± 3.0, 80.7 ±
1.9, and 84.8 ± 2.1, respectively. Through the deep SWI system treatment with effective depth
of 1.5 m, NH3–N concentration declined to 2.3–4.4 mg/L, accounting for 63.2–65.6% of TN.
Meanwhile, NO3–N concentration increased from 0.2 to 0.3 mg/L in the inflow to 2.0–2.5
mg/L in the outflow. The amounts of nitrifying bacteria declined with increased depth, while
the number of denitrifying bacteria increased, both of which increased near the distributing
area. The effective depths for nitration and de-nitrification reaction in a deep SWI system
were 0.3–0.7 m and 0.7–1.5 m, respectively (Li, Li, Sun, & Wang, 2011).
Application Rate refers to the amount of wastewater applied to the basin during the
wetting time. The hydraulic loading rate is affected by many factors in the system including
the quality of the applied wastewater, the wetting drying schedule, the formation of the
clogging layer, the climatic conditions, and the most important soil type. Due to this the
hydraulic loading rate of systems varies from column to column in the laboratory scale and
also from column experiments to the field studies, and it is best determined and evaluated by
in-situ experiments using test ponds in addition, different schedules give different hydraulic
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loading rates and different quality improvements as it moves through the soil, particularly
with respect to nitrogen transformation and removal, since this will influence creation of the
aerobic and anaerobic environments during the operation of the system. Application frequency
may affect the renovation that results from adsorption, by changing the retention time of the
wastewater constituents in the soil matrix. The longer the retention time, the higher the
probability of contact between wastewater constituent and adsorption site and the greater the
overall renovation (Abushbak, 2004).

2.4 Nitrification
The ammonium is consumed in the biofilm due to biological nitrification and
assimilation of NH4+ into cell mass. The overall biological nitrification reaction Nearly all of
the nitrogen in raw wastewater is ammonia. (Technically it is mostly ammonium (NH4+) but
the difference is meaningless to most operators.) Not counting the nitrogen that is removed at
the same time as BOD5 is removed and bacteria are grown, nitrogen is removed from
wastewater as follows. Ammonia is converted to nitrate (nitrification) and nitrate is converted
to nitrogen gas (denitrification) and the nitrogen gas bubbles out of the wastewater into the
atmosphere (Ge et al., 2015; Kapoor, Phan, & Pasha, 2018). Nitrate is created as ammonia is
removed in oxygen-rich conditions and removed in oxygen-poor conditions. Nitrite is formed
as ammonia is converted to nitrate. The nitrite to nitrate conversion generally happens quickly
and completely, leaving very little nitrite in the wastewater. Municipal wastewater effluents
generally contain less than 0.5 mg/L nitrite (NO2). Greater concentrations are found when a
facility is partially nitrifying. Nitrite (NO2) uses up a lot of chlorine and interferes with
disinfection in plants using chlorine gas or hypochlorite (Wunderlin, Mohn, Joss,
Emmenegger, & Siegrist, 2012).
Nitrification is a two-step process. Bacteria known as Nitrosomonas (and others) convert
ammonia (NH3) to nitrite (NO2). Next, bacteria called Nitrobacter (and others) finish the
conversion of nitrite (NO2) to nitrate (NO3). The reactions are generally coupled and precede
rapidly to the nitrate (NO3) form; therefore, nitrite (NO2) levels at any given time are usually
below 0.5 mg/L (Law, Ye, Pan, & Yuan, 2012).
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Nitrification requires a long retention time, a low food to microorganism ratio (F:M), a
high mean cell residence time (measured as MCRT or Sludge Age), and adequate buffering
(alkalinity). Temperature, as discussed below, also plays a role. The nitrification process
produces acid. This acid formation lowers the pH of the biological population in the aeration
tank and, because it is toxic to nitrifies – particularly those that convert nitrite (NO2) to nitrate
(NO3) – can cause a reduction of the growth rate of nitrifying bacteria. The optimum pH for
Nitrosomonas and Nitrobacter is between 7.5 and 8.5; however most treatment plants are able
to effectively nitrify with a pH of 6.5 to 7.0. Nitrification becomes inhibited at a pH of 6.5.
The nitrification reaction (that is, the conversion of ammonia (NH3) to nitrate (NO3) consumes
7.1 mg/L of alkalinity (as CaCO3) for each mg/L of ammonia (NH3) nitrogen oxidized. An
alkalinity of 60 mg/L in the aeration tank is needed to insure adequate buffering (Abushbak,
2004).
Water temperature also affects the rate of nitrification. Nitrification reaches a maximum
rate at temperatures between 30 and 35 degrees C. At temperatures below 20 degrees C,
nitrification proceeds at a slower rate, but will continue at temperatures of less than 10 degrees
C but will not resume if nitrification is lost until the wastewater temperature increases to
around 15oC (Berna, 2003).

2.5 Water Quality
1. Electric Conductivity (E C)
Electrical conductivity is a measure of the ability of water to pass an electrical current.
Electrical conductivity in water is affected by the presence of inorganic dissolved solids such
as chloride, nitrate, sulfate, and phosphate anions or sodium, magnesium, calcium, iron, and
aluminum cautions. Electrical conductivity is also affected by temperature: the warmer the
water, the higher the conductivity (EPA, 1995).

2. Potential of Hydrogen (pH)
The technical definition of pH is that it is a measure of the activity of the hydrogen ion
(H+) and is reported as the reciprocal of the logarithm of the hydrogen ion activity. Therefore,
16

a water with a pH of 7 has 10-7 moles per liter of hydrogen ions; whereas, a pH of 6 is 10-6
moles per liter. The pH scale ranges from 0 to 14. The pH is usually measured with a pH
meter, which translates into pH readings the difference in electromotive force (electrical
potential or voltage) between suitable electrodes placed in the solution to be tested (Oram,
2014).

3. Total Dissolved Solids (TDS)
Total dissolved solids (TDS) is the term used to describe the inorganic salts and small
amounts of organic matter present in solution in water. The principal constituents are usually
calcium, magnesium, sodium, and potassium cations and carbonate, hydrogen carbonate,
chloride, sulfate, and nitrate anions. The method of determining TDS in water supplies most
commonly used is the measurement of specific conductivity with a conductivity probe that
detects the presence of ions in water. Conductivity measurements are converted into TDS
values by means of a factor that varies with the type of water. TDS concentrations during this
study were calculated by calculation and the equation used is given as following:
TDS (mg/l) = 0.64 x EC. (WHO, 1996; SDWF, 2009)

4. Biological Oxygen Demands (BOD5)
BOD5 (Biochemical Oxygen Demand after 5 days) is defined in detail in German
Standard DIN 38 409-H511 and is associated with certain experimental conditions. It
represents the quantity of oxygen which is consumed in the course of aerobic processes of
decomposition of organic materials, caused by microorganisms. The BOD5 therefore provides
information on the biologically-convertible proportion of the organic content of a sample of
water. This leads to the consideration of these materials in terms of their susceptibility to
oxidation by the use of oxygen. BOD is stated in mg/l of oxygen and is usually measured
within a period of 5 days (BOD5) (M & Y, 2016; Lovibond, 2015).
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5. Nitrite (NO2)
Municipal wastewater effluents generally contain less than 0.5 mg/L nitrite (NO2).
Greater
concentrations are found when a facility is partially nitrifying. Nitrite (NO2) uses up a lot of
chlorine and interferes with disinfection in plants using chlorine gas or hypochlorite.(The
Water Planet Company, 2015).

6. Nitrate (NO3)
Two types of effluents contain low nitrate (NO3) concentrations: (i) wastewaters with
excellent nitrogen removal and (ii) wastewaters with poor nitrogen removal. In the first
scenario ammonia is converted to nitrate, and the nitrate is converted to nitrogen gas, and very
little nitrate remains. In the second scenario, little to no ammonia is converted to nitrate, and
as a result, there is very little nitrate produced. As a result, effluent nitrate (NO3)
concentrations of less than 3 mg/L exist in wastewaters that are fully nitrified and denitrified
as well as in effluents with no nitrogen removal at all. An effluent that is fully nitrified but has
not been denitrified will generally contain a nitrate (NO3).
7. Ammonia (NH3)
Ammonia-nitrogen (NH3) is a constituent in raw domestic wastewater. However, the
degradation of the organic matter in the biological treatment stage also produce substantial
amount of ammonia compounds. Through the biological nitrification process, ammonia (NH3)
is oxidized to nitrite (NO2), and nitrate (NO3), by aerobic autotrophic bacteria. The final
output of nitrification process, which is nitrate (NO3) could be reduced to nitrogen gas (N2)
through de-nitrification process under anoxic condition (Metcalf & Eddy, 2003).

8. Total Suspended Solids (TSS)
TSS testing measures the total concentration of suspended (non-soluble) solids in the
aeration stabilization basin (ASB) or in effluents. The total suspended solids (TSS) data is
critical in determining the operational behavior of a waste treatment system. And in another
definition solids in water that can be trapped by a filter. TSS can include a wide variety of
18

material, such as silt, decaying plant and animal matter, industrial wastes, and sewage. High
concentrations of suspended solids can cause many problems for stream health and aquatic
life. A well- mixed sample is filtered through a weighed standard glass-fiber filter and the
residue retained on the filter is dried to a constant weight at 103 to 105°C. The increase in
weight of the filter represents the total suspended solids. If the suspended material clogs the
filter and prolongs filtration. The difference between the total solids and the total dissolved
solids may provide an estimate of the total suspended solids (Environmental Business
Specialists, 2018).

2.6 Flow Rate Using of Ultra Sonic
Ultrasonic flow meters use sound waves to determine the velocity of a fluid flowing in a
pipe. At no flow conditions, the frequencies of an ultrasonic wave transmitted into a pipe and
its reflections from the fluid are the same. Under flowing conditions, the frequency of the
reflected wave is different due to the Doppler effect. When the fluid moves faster, the
frequency shift increases linearly. The transmitter processes signals from the transmitted wave
and its reflections to determine the flow rate. Transit time ultrasonic flow meters send and
receive ultrasonic waves between transducers in both the upstream and downstream directions
in the pipe. At no flow conditions, it takes the same time to travel upstream and downstream
between the transducers. Under flowing conditions, the upstream wave will travel slower and
take more time than the (faster) downstream wave. When the fluid moves faster, the
difference between the upstream and downstream times increases. The transmitter processes
upstream and downstream times to determine the flow rate. They represent about 12% of all
flow meters sold. Ultrasonic flow meters do not obstruct flow so they can be applied to
sanitary, corrosive and abrasive liquids. Some ultrasonic flow meters use clamp-on
transducers that can be mounted external to the pipe and do not have any wetted parts.
Temporary flow measurements can be made using portable ultrasonic flow meters with
clamp-on transducers. Clamp-on transducers are especially useful when piping cannot be
disturbed, such as in power and nuclear industry applications. In addition, clamp-on
transducers can be used to measure flow without regard to materials of construction,
corrosion, and abrasion issues. However attractive, the use of clamp-on transducers introduces
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additional ultrasonic interfaces that can affect the reliability and performance of these flow
meters. In particular, if not properly applied and maintained, attenuation of the ultrasonic
signal can occur at the interfaces between the clamp-on transducers and the outside pipe walls,
and between the inside pipe walls and the fluid. Ultrasonic flow meters are commonly applied
to measure the velocity of liquids that allow ultrasonic waves to pass, such as water, molten
sulfur, cryogenic liquids, and chemicals. Transit time designs are also available to measure
gas and vapor flow. Be careful because fluids that do not pass ultrasonic energy, such as many
types of slurry, limit the penetration of ultrasonic waves into the fluid. In Doppler ultrasonic
flow meters, opaque fluids can limit ultrasonic wave penetration too near the pipe wall, which
can degrade accuracy and/or cause the flow meter to fail to measure. Transit time ultrasonic
flow meters can fail to operate when an opaque fluid weakens the ultrasonic wave to such an
extent that the wave does not reach the receiver (Kv & Roy, 2012; Bedbabis, Ben, Boukhris,
& Ferrara, 2014; Suzuki & Nagata, 2015; Lotter, Snijders, & Volker, 2017).
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Chapter Three:
Study Area
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3.1 Introduction
The Gaza strip is part of the occupied Palestinian territories with an area of 365 km2
entity on the eastern coast of the Mediterranean Sea that borders Egypt on the southwest for
11 km and Israel on the east and north along a 51 km border. The Gaza Strip population
reached 1.94 million capita, and it consist of eight recognized Palestine refugee camps, which
have one of the highest population densities in the world, distributed in five governorates from
north to south they are: North Gaza, Gaza, Middle area, Khan-younes and Rafah (PCBS,
2018). The Gaza Strip has a hot semi-arid climate with mild winters and dry hot summers.
Groundwater is the main source as water resources in the Gaza Strip for supplying agriculture,
domestic and industrial purposes. The surface water is very limited or almost neglected and
represented by some wadis. The main wadi is "Gaza Wadi" which is almost dry due to the
Israel dams built on the upper stream before the Gaza Strip political border. Figure shows
Detailed map of Gaza Strip with cities (Zaineldeen & Aish, 2012).

n
Figure (3.1): Map of Gaza Strip
Source: (Zaineldeen & Aish, 2012)
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3.2 Gaza Wastewater Treatment and Desalination Plants
In Gaza strip there are many wastewater treatment plants and desalination plants (figure
3.2), like Gaza existing WWTP, North Gaza WWTP (NGEST), South KhanYounis WWTP,
Rafah existing WWTP, Bietlahia terminal pumping station and Planned central Gaza WWTP
under construction, Gaza desalination Plant, Dier Albalah Desalination plant and Khan Younis
Central desalination plant (World Bank Group, 2018).

Figure (3.2): Gaza Wastewater Treatment and Desalination Plants
Source: (World Bank Group, 2018)

3.3 Sheikh Ejleen Pilot Project
The Sheikh Ejleen pilot farm aimed to demonstrate the interest of using treated
wastewater for the irrigation of citrus and olive orchards. Farmers interested in experiencing
this new source of water have been contacted in the area around the Sheikh Ejleen wastewater
treatment plant (WWTP). This area is located around the Salah Eldeen road, close to the
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network conveying the TWW from The Gaza WWTP to the infiltration basins and wadis. In
2004, the job creation program (JCP) in cooperation with Palestinian Hydrologists Group has
proposed a project to use treated wastewater from Sheikh Ejleen WWTP for irrigating 100
dunums of citrus and olive trees. The project has been established under French fund and the
supervision of PWA and Municipality of Gaza with coordination with MoH and MoA. This
project was relatively successful, thereafter; extension has made until the Israeli invasion in
2008, which led to the destruction of some of infrastructure of the project. However,
rehabilitation is currently done under the French and Spanish funds. This project was operated
again on November 2010 covering 186 dunums (Omar, 2015; Jamee, 2014).

3.3.1 Sand Filter Pilot Project
Jamee (2014) mentioned that "Reuse of wastewater may be seasonal in nature, this will
resulting in the overloading of treatment and disposal facilities during the rainy season, health
problems such as water-borne diseases and skin irritations, may occur to people coming into
direct or indirect contact with reused wastewater. Gases produced during the treatment process
can result in chronic health problems. In some cases, reuse of wastewater is not economically
feasible because of the requirement for an additional distribution system. Application of
improper treated wastewater as irrigation water or as recharge water may result in
groundwater contamination. The baseline report for environmental monitoring program
indicates the quality of wastewater after the sand filter (BOD5 60 mg/l, COD 185 mg/l, Fecal
Coliforms 3*104 CFU/100ml) is not really improved and still unsuitable for irrigation".

3.3.1.1 Pilot Study Design
PWA (2011) mentioned in the report of wastewater reuse pilot project in sheikh ejleen
all the technical assistance on reuse of wastewater and storm water harvesting, and the
following information related with this study - sheikh ejleen pilot project-.
The main requirements for the post-treatment system are removal of suspended solids
and disinfection -the E-coli will be reduced-. When removing suspended solids, also Helminth
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eggs will be removed. Based on this, the following post-treatment systems can be
distinguished:
a) Slow sand filtration
b) Reed beds
And disinfection such as chlorination and UV treatment are not taken into consideration
due to high investment and operational costs. The conclusion was that two options are
feasible, namely slow sand filtration and reed beds. After discussion with the Palestinian
Water Authority and other stakeholders it was decided to test both options at a pilot plant
scale. Because sand filtration will be tested as slow sand filtration, disinfection will take place
in the filtration step. This result in the following set-up of the pilot plant, see (figure3.3).

Figure (3.3): Post Treatment System Set-Up
Source: (PWA, 2011)

The total capacity of the pilot post treatment system is 1,000 m3/d. This equals 62.5
m3/h. 50% of this flow will be treated in a sand filter and the remainder will be treated in a
reed bed system. The treated effluent from both sand filter and reed bed is stored in a 600 m3
reservoir prior to be used as irrigation water.
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3.3.1.1.1 Slow Sand Filtration System
The water flows through an open slow sand filter. The filter is fed from a header (inlet
channel) by means of overflow weirs. The filtered water flows downwards and at the end of
the filter it is drained. The filter bed is approximately 1.5 m high and consists of (from bottom
to top) pebbles, coarse gravel, sand and fine sand.
Slow sand filtration design parameters
- Total flow per day:

500 m3/d

- Filtration rate:

0.84 m3/m2.d

- Surface required:

600 m2

- Number of filters:

3

- Surface each filter:

200 m

- Length:

20 m

- Width:

10 m

- Height of the filter bed:

1.5 m

3.3.1.1.2 Reed bed
The reed bed filters will be constructed analogously to the slow sand filters. The top
layer will be planted with reed (Phragmites australis).
Reed bed
- Total flow per day:

500 m3/d

- Filtration rate:

1.25 m3/m2.d

- Surface required:

400 m2

- Number of filters:

2

- Surface each filter:

200 m

- Length:

20 m
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- Width:

10 m

- Height of the filter bed:

1.5 m

3.3.1.1.3 Detailed Design
The layout of the slow sand and reed bed filters is presented in (figure3.4). The five
filters are fed from one central header of inlet channel. By means of inlet gates or overflow
weirs the water is distributed over the filters.
At the bottom of the filters a herringbone drain is installed to collect the filtered water.
This drain is made of UPVC pipes with a diameter of 200 mm. The slope of the filters is
approximately 1 - 2%.
Under the filters either a clay layer is present or a liner in order to prevent infiltration in
the bottom. The lining of a filter should be impervious, durable and able to resist penetration
by macrophyte roots. If using plastics, it is advisable to lay sand or geotextile under and over
the plastic liner to prevent piercing by gravel, subsurface rock or tree roots.
Acceptable liners include:


a double layer of construction grade PVC liner (minimum 0.2mm thickness per layer)



a suitable thickness of reinforced concrete.

Figure (3.4): Layout of Filters
Source: (PWA, 2011)
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The outlet of the reed beds and the slow sand filters are separate. They are provided with
an adjustable level gate in order to control the flow rate and the retention time. Besides, both
outlets are provided with water meters and sample locations.
A cross-section of a sand filter is presented in figure. For the reed bed filters, the top 20
cm of sand will be replaced by reed.

Figure (3.5): Cross-Section of The Filters
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Chapter Four:
Methodology
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4.1 Introduction
This research mainly investigates the hydraulic and purification behaviors in wastewater
infiltration systems. To ensure the achievement of the research objectives, it was done many
steps. First, previous studies, research papers and scientific thesis were reviewed in the same
field. Then, visits were made to Sheikh Ejleen Pilot Project to collect the samples and
experimental field investigation conducted at sand filter to achieve the previously mentioned
objectives. Finally, laboratory tests, analysis it and evaluating and measuring the hydraulic
and purification behaviors in wastewater infiltration systems. The following (figure4.1) clarify
the Steps to achieve research objectives:

Methodology

Reviewing previous relevant studies

Data Collection

Review previous study

Visits and Field work

Sample Collection

Flow Rate by ultrasonic

Laboratory analysis

Evaluating and measuring the hydraulic and purification
behaviors in wastewater infiltration systems
Figure (4.1): Methodolgy Flow Chart
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4.2 Reviewing Previous Relevant Studies
In order to enhance understanding of the scope of the research, relevant studies were
reviewed locally and globally, in order to capture the lessons learnt and being inspired by
them.

4.3 Data Collection
Data was collected from different sources and using different tools as follows:

4.3.1 Research and Previous Studies
The information that taken from previous research and studies in addition to the
information on the Internet sites is one of the most essential required information for the
research, many literatures were reviewed including: scientific papers and research, relevant
MSc dissertations in addition to scientific websites.

4.3.2 Visits and Field Works
4.3.2.1 Experiment Design
The researcher use one sand filter basin

during his investigation. Three different

application rates implemented, the application rate controlled by the gate valve, each
application rate was measured using ultrasonic flow meter. For each application rate (Trial
test) consists of (11) wastewater samples were collected from the bottom of the sand filter as
function of time. The first application rate (Trial test 1) was 110 m3/h with velocity 1.73 m/s,
the second application rate (Trial test 2) was 138 m3/h with velocity 2.16 m/s, and the last
application rate (Trial test 3) was 212 m3/h with velocity 3.33 m/s. These application rates
were measured by Ultra Sonic Flow meter. During each run treated wastewater samples
collected from the bottom of sand filter’s basin the samples were taken from basin manhole
outlet , according to variation in the head levels as function of time. The zero time sample was
collected after open the gate valve which forms the input to the sand filter. All collected
samples were stored in icebox during field work for each trial test. The samples were collected
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in 1 liter polyethylene bottles and keep it in the icebox until transport it to the university
laboratory after finishing and storing the samples, the samples moved to university to keep
them until analysis process.
For each trial test the maximum water head in the sand filter was kept as 40 cm during
the application time. The following figure illustrates sand filter basin

Figure (4.2): Sand Filter Design

4.3.2.2 Sample Collection
The occurrence of water at the surface was monitored as function of time during the
application, and the shutdown process. The increase of water head was termed as head up after
the shutdown the decreasing of water head was termed to head down.
Water samples collection were conducted during June and July 2015. Samples collection
was performed according to Standard Methods for the Examination of Water and
Wastewater 20th edition (APHA/AWWA/WEF, 2012). Plastic bottles of one liter capacity
were used to collect water samples for physical and chemical examinations.
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4.4 Laboratory analysis
To evaluate the process of Hydraulic and Purification Behavior in Sand Filters, the
following measurements taken, as the following table:
Table (4.1): Water Quality Tests

Conc.
Unit

Parameter

Test method

Model Name & Method Reference

pH

-

Electrometric (pH
meter)

Electrical
conductivity (EC)

mS/cm

Conductivity meter

mg/l

Dried at 180 C and
Calculation

2540D

mg/l

Calculation

-

Total Suspended
Solids (TSS)
Total dissolve
solids (TDS)
Biological
Oxygen Demand
(BOD5)
Nitrite (NO2-)

mg/l
mg/l

Oxitop tool in
incubator for 5
work days
Calorimetric
method

HI 3220 - Hanna Instruments Australia
4500-H+
HI4321-02 Conductivity Hanna
Instruments
2520-B

5210B
4500-No2-B

Nitrate (NO3-)

mg/l

Ultra violet
Spectrophotometer

Ammonia (NH3)

mg/l

Titrimetric

Potassium (K+)

mg/l

Flame photometry

Sodium (Na+)

mg/l

Flame photometry
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UVD-2960, Spectro UV-VIS Double Beam
PC
Scanning Spectrophotometer
Method :4500-No2-B
Method :4500-No3-B
PFP7 - Flame Photometer for Industrial
Applications – Jenway
3500-K
PFP7 - Flame Photometer for Industrial
Applications – Jenway
3500-Na

4.5 Evaluating and Measuring The Hydraulic and Purification Behaviors In
Wastewater Infiltration Systems
After determining flow rate and sample collection in Sheikh Ejleen pilot project, the
laboratory tests done in Al-Azhar Institute of Water and Environment lab. Then, required data
such as (E C, pH, TDS, BOD5, NO2, NO3, NH3, TSS, Na, K) were determined to reach the
removal efficiency by the following equation (Spellman, 2013):
(

⁄)

(
(

⁄)

⁄)

.

Thus evaluating and measuring the hydraulic and purification behaviors in wastewater
infiltration systems.
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Chapter Five:
Results and Discussion
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5.1 Purification Tests Results
The purification tests done by using one sand filter basin, three different trial tests
implemented, and the application rate controlled using gate valve.
5.1.1 Trial test (1)
The application rate during this trial test was controlled to be 110 m3/h, with velocity
1.73 m/s and the water quality for the effluent flow as a function of time, in table 5.1

Time Head
EC
(min) (cm) (mS/cm)
5.82
0
0
5.56
13
0
5.60
25
10
5.58
37
20
5.10
48
30
5.50
60
40
5.80
93
40
5.82
163
30
5.90
248
20
5.91
333
10
5.50
448
0

pH
7.86
7.44
7.39
7.39
7.35
7.34
7.25
7.42
7.5
7.54
7.45

Table (5.1): Trial test (1) Results
TDS
NH3+
NO2NO3 (mg/l)
(mg/l)
(mg/l)
(mg/l)
3726.08 69.50
3.65
6.50
3557.76 44.25
0.36
4.50
3584.00 49.25
2.13
0.80
3570.56 38.50
0.30
3.50
3261.44 42.75
8.36
0.50
3516.80 43.75
7.60
4.00
3712.00 50.75
0.91
19.50
3724.80 34.25
0.91
17.00
3776.64 26.25
1.82
2.50
3783.04 41.00
4.26
19.50
3520.64 48.25
1.22
30.50

BOD5
(mgO2/l)
39
25
19
17
17
15
10
5
6
8
12

K+
(mg\l)
31.80
32.70
32.60
32.50
34.40
34.10
32.50
30.80
31.90
31.20
31.50

Na+
(mg\l)
382
670
430
226
400
226
444
536
682
670
362

As shown in the above table E C, pH and TDS values have no changes -approximatelyduring infiltration time, and that's refers to the main mechanism of sand filter which it has no
effect on them. Also it is very obvious that changes in K+ values was insignificant, and that
expected because of sand filters cation exchange capacity was not found and that not affect the
exchange between soil and wastewater. There are unexpected results of Na+ due to high
variation in concentration, and that refer to Na exchange ability to and from soil which it more
simple than K+. TSS feed for sand filter 92 mg/l and there is significant drop after 25 min to
52 mg/l, then TSS concentration increased to 72 mg/l, due to saturation in soil of sand filter.
But, NH3 feed 69.5 mg/l decreased quickly and efficiently in first minuets, due to nitrification
and adsorption process in soil particles of sand filter at zero head level, then when the head
level increase which confirm to NO3 concentration increasing with the head level due to
limitation of oxygen. NO3 concentration increased due to converting NH3 into NO3, then with
head level increasing, NH3 and NO3 accumulation in soil of sand filter, which flashing out of
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TSS
(mg/l)
92
80
52
64
80
80
72
72
80
76
72

soil and increase the effluent NH3 and NO3 concentrations to 48.28 mg/l and 30.5 mg/l
respectively. NO2 concentration have no changes –approximately- due to denitrification
process not occurred in sand filter. Figure 5.1 illustrate the relationship between NH3, NO3
and NO2 concentrations as function of time. BOD5 decreased regularly and significantly from
39 mgO2/l at zero time, to 5 mgO2/l at 248 min from the start of the trial test, then increased to
12 mgO2/l at the end time of the trial test, and that's refer to system saturation over infiltration
process, which cause clogging to pores of sand filter, as contrary to TSS behavior, and that
refer to BOD5 equals 65% from TSS. And the behavior of the soil infiltrability as function of
time, and clogging formation is shown by figure 5.2.

R1

NH3
NO3

Conctreation (mg/l)

NO2

Time(min)

Figure (5.1): NH3, NO3 and NO2 concentrations for Trial test (1)
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R1
Dry

Head (cm)

Wet

Time(min)

Figure (5. 2): Head Level for Trial test (1)

5.1.2 Trial test (2)
The application rate during this trial test was controlled to be 138 m3/h, with velocity
2.16 m/s and the water quality for the effluent flow as a function of time, in table 5.2

Time Head
EC
(min) (cm) (mS/cm)
4.55
0
0
5.34
5
0
4.60
20
10
4.22
30
20
4.19
40
30
4.32
50
40
4.41
95
40
4.97
225
30
5.02
280
20
5.14
395
10
5.17
495
0

pH
7.76
7.49
7.50
7.50
7.49
7.51
7.51
7.44
7.47
7.47
7.47

Table (5.2): Trial test (2) Results
TDS
NH3+
NO2NO3 (mg/l)
(mg/l)
(mg/l)
(mg/l)
2908.80
65.75
1.73
25.00
3419.52
40.00
0.27
5.00
2944.00
42.50
0.46
6.50
2699.52
41.25
0.79
8.00
2679.04
46.50
1.16
5.00
2764.16
48.00
0.67
20.00
2819.20
51.75
1.09
15.00
3178.24
49.00
2.61
10.00
3214.08
33.00
2.07
15.00
3292.16
62.50
1.52
22.40
3306.88
45.50
1.08
5.00

BOD5
(mgO2/l)
41.00
20.00
16.00
17.00
22.00
20.00
20.50
21.00
24.00
34.00
20.00

K+
(mg\l)
31.10
31.60
32.20
32.00
32.20
31.50
31.50
30.10
29.30
29.00
29.80

Na+
(mg\l)
550
520
636
226
520
460
310
344
670
580
226

As shown in above table E C, pH and TDS values have no changes -approximatelyduring infiltration time, and that's refers to the main mechanism of sand filter which it have no
effect on them. Also it is very obvious that changes in K+ values was insignificant, and that
expected because of sand filters cation exchange capacity was not found and that not affect the
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TSS
(mg/l)
92
72
68
64
88
76
80
96
76
92
76

exchange between soil and wastewater. There are unexpected results of Na+ due to high
variation in concentration, and that refer to Na+ exchange ability to and from soil which it
more simple than K+. TSS feed for sand filter 92 mg/l and there is significant drop after 30
min to 64 mg/l, then TSS concentration increased to 76 mg/l, due to saturation in soil of sand
filter. But, NH3 feed 65.75 mg/l decreased quickly and efficiently in first minuets, due to
nitrification and adsorption process in soil particles of sand filter at zero head level, then when
the head level increase which confirm to NO3 concentration increasing with the head level due
to limitation of oxygen. NO3 concentration increased due to converting NH3 into NO3, then
with head level increasing, NH3 and NO3 accumulation in soil of sand filter, which flashing
out of soil and increase the effluent NH3 and NO3 concentrations to 45.5 mg/l and 5 mg/l
respectively. NO2 concentration have no changes –approximately- due to denitrification
process not occurred in sand filter. Figure 5.3 illustrate the relationship between NH3, NO3
and NO2 concentrations as function of time. BOD5 decreased regularly and significantly from
41 mgO2/l at zero time, to 16 mgO2/l at 20 min from the start of the trial test, then increased to
20 mgO2/l at the end time of the trial test, and that's refer to system saturation over infiltration
process, which cause clogging to pores of sand filter, as contrary to TSS behavior, and that
refer to BOD5 equals 65% from TSS. And the behavior of the soil infiltrability as function of
time, and clogging formation is shown by figure 5.4.

R2

NH3
NO3

Conctreation (mg/l)

NO2

Time(min)

Figure (5.3): NH3, NO3 and NO2 concentrations for Trial test (2)
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R2
Dry

Head (cm)

Wet

Time(min)

Figure (5.4): Head Level for Trial test (2)

5.1.3 Trial test (3)
The application rate during this trial test was controlled to be 212 m3/h, with velocity
3.33 m/s and the water quality for the effluent flow as a function of time, in table 5.3

Time Head
EC
(min) (cm) (mS/cm)
5.80
0
0
5.20
3
0
5.51
7
10
7.48
14
20
5.54
25
30
5.71
38
40
5.83
45
40
5.89
140
30
5.85
215
20
5.96
300
10
5.84
380
0

pH
7.40
7.37
7.25
7.25
7.35
7.21
7.22
7.26
7.29
7.31
7.25

Table (5.3): Trial test (3) Results
TDS
NH3+
NO2NO3 BOD5
(mg/l)
(mg/l)
(mg/l)
(mg/l) (mgO2/l)
3712.00
44.75
4.86
48.00
41.00
3328.00
34.25
0.30
2.00
22.00
3526.40
32.25
0.61
1.50
15.00
4784.64
29.25
0.55
6.00
20.00
3544.32
43.75
0.91
13.50
17.00
3656.96
39.50
0.80
12.50
24.00
3731.20
51.75
0.97
18.00
32.50
3768.96
34.25
1.52
25.00
41.00
3744.00
38.25
0.91
22.00
40.00
3812.48
36.00
1.52
21.50
41.00
3735.68
30.75
0.00
19.50
38.00

K+
(mg\l)
31.30
31.50
30.50
30.30
30.70
30.70
30.00
29.00
30.20
28.90
31.40

Na+
(mg\l)
216
670
690
566
430
260
536
580
536
362
416

As shown in above table E C, pH and TDS values have no changes -approximatelyduring infiltration time, and that's refers to the main mechanism of sand filter which it have no
effect on them. Also it is very obvious that changes in K+ values was insignificant, and that
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TSS
(mg/l)
84
80
68
72
76
88
92
60
68
76
69

expected because of sand filters cation exchange capacity was not found and that not affect the
exchange between soil and wastewater. There are unexpected results of Na+ due to high
variation in concentration, and that refer to Na+ exchange ability to and from soil which it
more simple than K+. TSS feed for sand filter 84 mg/l and there is significant drop after 7 min
to 68 mg/l, then TSS concentration increased to 69 mg/l, due to saturation in soil of sand filter.
But, NH3 feed 44.75 mg/l decreased quickly and efficiently in first minuets, due to
nitrification and adsorption process in soil particles of sand filter at zero head level, then when
the head level increase which confirm to NO3 concentration increasing with the head level due
to limitation of oxygen. NO3 concentration increased due to converting NH3 into NO3, then
with head level increasing, NH3 and NO3 accumulation in soil of sand filter, which flashing
out of soil and increase the effluent NH3 and NO3 concentrations to 30.75 mg/l and 19.5 mg/l
respectively. NO2 concentration have no changes –approximately- due to denitrification
process not occurred in sand filter. Figure 5.5 illustrate the relationship between NH3, NO3
and NO2 concentrations as function of time. BOD5 decreased regularly and significantly from
41 mgO2/l at zero time, to 15 mgO2/l at 7 min from the start of the trial test, then increased to
38 mgO2/l at the end time of the trial test, and that's refer to system saturation over infiltration
process, which cause clogging to pores of sand filter, as contrary to TSS behavior, and that
refer to BOD5 equals 65% from TSS. And the behavior of the soil infiltrability as function of
time, and clogging formation is shown by figure 5.6
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R3

NH3
NO3

Conctreation (mg/l)

NO2

Time(min)
Figure (5.5): NH3, NO3 and NO2 concentrations for Trial test (3)

R3

Head (cm)

Wet Dry

Time(min)

Figure (5.6): Head Level for Trial test (3)
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5.2 Quality-Hydraulic Relationship
The following figures illustrate NH3, NO3 and NO2 concentrations and removal
efficiency. The most efficient trial test in three trial tests of NH3 removal efficiency and
providing NO3 is trial test (1) with application rate = 110 m3/h and velocity = 1.73 m/s, which
the slowest trial test of the three trial tests. In three trial tests at the first time from each trial
test nitrification process occurred as shown in figures from jumbling of NO3 concentrations.
Although, ammonia concentration still significant for agriculture uses. Denitrification process
unnoticed and that’s clear from NO2 concentrations.

NH3

NH3 Removal

R1
R2

R1
R2

R3

R3

Time(min)
Figure (5.7):NH3 Conc. for Three Trial tests

Time(min)
Figure (5. 8): NH3 Removal Efficiency for Three Trial tests

NO3 Removal

Conctreation (mg/l)

Removal Efficiency (%)

NO3

R
1
R
2
R
3

Time(min)
Time(min)
Figure (5.9): NO3 Conc. for Three Trial tests

Figure (5.10): NO3 Removal Efficiency for Three Trial tests
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NO2

NO2 Removal

R1
R2
R3

R1
R2
R3

Time(min)

Time(min)

Figure (5.11): NO2 Concentrations for Three
Trial tests

Figure (5.12): NO2 Removal Efficiency for Three
Trial tests

44

5.3 Descriptive Statistics of the Study
5.3.1 E C (Electric Conductivity)
Table (5.4) illustrates the results of the descriptive analysis of E C. (Electric
Conductivity). The arithmetic mean of the first Trial test was 5.64 mS/cm with a standard
deviation of 0.24, while the mean of the second Trial test was 4.71 mS/cm with a standard
deviation of 0.41, while the arithmetic mean of the third Trial test was 4.71 mS/cm with a
standard deviation of 0.57. Table (5.5) illustrates the results of the descriptive analysis of E C
Removal Efficiency. The arithmetic mean of the first Trial test was 3% with a standard
deviation of 0.04, while the mean of the second Trial test was -3% with a standard deviation
of 0.09, while the arithmetic mean of the third Trial test was -1% with a standard deviation of
0.09. Figure5.10, 5.11 and 5.12 explain the E C. removal efficiency and E C. values by the
time for all trial tests.
(E C)
Trial test (1)
Trial test (2)
Trial test (3)
(E C)
Trial test (1)
Trial test (2)
Trial test (3)

Table (5.4): Descriptive Results of E C
N
Mean(mS/cm)
11
5.64
11
4.71
11
5.87

Std. deviation
0.24
0.41
0.57

Table (5.5): Descriptive Results of E C. Removal Efficiency
N
Mean(%)
Std. deviation
11
3
0.04
11
-3
0.09
11
-1
0.09

Removal Eff.
R1
E.C R1
Removal
Eff. R2
E.C R2

Figure (5.13): E C. Removal Efficiency & E C for
Trial test (1)

Figure (5.14): E C. Removal Efficiency & E C for
Trial test (2)
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Removal
Eff. R3
E.C R3

Figure (5.15): E C. Removal Efficiency & E C for Trial test (3)
5.3.2 Potential of Hydrogen (pH)
Table (5.6) illustrates the results of the descriptive analysis of pH (Potential of
Hydrogen). The arithmetic mean of the first Trial test was 7.44 with a standard deviation of
0.15, while the mean of the second Trial test was 7.51 with a standard deviation of 0.08, while
the arithmetic mean of the third Trial test was 7.28 with a standard deviation of 0.06. Table
(5.7) illustrates the results of the descriptive analysis of pH Removal Efficiency. The
arithmetic mean of the first Trial test was 5% with a standard deviation of 0.02, while the
mean of the second Trial test was 3% with a standard deviation of 0.01, while the arithmetic
mean of the third Trial test was 1% with a standard deviation of 0.01. Figure 5.13, 5.14 and
5.15 explain the pH removal efficiency and pH values by the time for all trial tests.

Group (pH)
Trial test (1)
Trial test (2)
Trial test (3)

Table (5.6): Descriptive Results of pH
N
Mean
11
7.44
11
7.51
11
7.28

Std. deviation
0.15
0.08
0.06

Table (5.7): Descriptive Results of pH Removal Efficiency
Group (pH)
N
Mean(%)
Std. deviation
Trial test (1)
11
5
0.02
Trial test (2)
11
3
0.01
Trial test (3)
11
1
0.01
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PH Removal Eff.
R2
PH R2
PH Removal
Eff. R1
PH R1

Figure (5.16): pH Removal Efficiency & pH for
Trial test 1

Figure (5.17): pH Removal Efficiency & pH for
Trial test 2

PH Removal Eff.
R3
PH R3

Figure (5.18): pH Removal Efficiency & pH for Trial test 3

5.3.3 Total Dissolved Solids (TDS)
Table (5.8) illustrates the results of the descriptive analysis of TDS (Total Dissolved
Solids). The arithmetic mean of the first Trial test was 3612 mg/l with a standard deviation of
0.01, while the mean of the second Trial test was 3020 mg/l with a standard deviation of 0.02,
while the arithmetic mean of the third Trial test was 3758 mg/l with a standard deviation of
0.03. Table (5.9) illustrates the results of the descriptive analysis of TDS Removal Efficiency.
The arithmetic mean of the first Trial test was 3% with a standard deviation of 0.02, while the
mean of the second Trial test was -3% with a standard deviation of 0.02, while the arithmetic
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mean of the third Trial test was -1% with zero standard deviation. Figure 5.16, 5.17 and 5.18
explain the TDS removal efficiency and TDS values by the time for all trial tests.

Group (TDS)
Trial test (1)
Trial test (2)
Trial test (3)

Table (5.8): Descriptive Results of TDS
N
Mean(mg/l)
11
3612
11
3020
11
3758

Std. deviation
0.01
0.02
0.03

Table (5.9): Descriptive Results of TDS Removal Efficiency
Group (TDS)
N
Mean(%)
Std. deviation
Trial test (1)
11
3
0.02
Trial test (2)
11
-3
0.02
Trial test (3)
11
-1
0.0

TDS Removal
Eff. R1
TDS R1
TDS Removal
Eff. R2
TDS R2

Figure (5.19): TDS Removal Efficiency &TDS for
Trial test (1)

Figure (5.20): TDS Removal Efficiency &TDS for
Trial test (2)

TDS Removal
Eff. R3
TDS R3

Figure (5.21): TDS Removal Efficiency &TDS for Trial test (3)
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5.3.4 Biological Oxygen Demands (BOD5)
Table (5.10) illustrates the results of the descriptive analysis of BOD5 (Biological
Oxygen Demands). The arithmetic mean of the first Trial test was 16.30 mgO2/l with a
standard deviation of 10.12, while the mean of the second Trial test was 23.50 mgO2/l with a
standard deviation of 7.89, while the arithmetic mean of the third Trial test was 30.50 mgO2/l
with a standard deviation of 11.95. Table (5.11) illustrates the results of the descriptive
analysis of BOD5 Removal Efficiency. The arithmetic mean of the first Trial test was 62%
with a standard deviation of 0.27, while the mean of the second Trial test was 47% with a
standard deviation of 0.25, while the arithmetic mean of the third Trial test was 32% with a
standard deviation of 0.35. Figure5.22, 5.23 and 5.24 explain the BOD5 removal efficiency
and BOD5 values by the time for all trial tests.

Group (BOD5)
Trial test (1)
Trial test (2)
Trial test (3)

Table (5.10): Descriptive Results of BOD5
N
Mean(mgO2/l)
11
16.30
11
23.50
11
30.50

Std. deviation
10.12
7.89
11.95

Table (5.11): Descriptive Results of BOD5 Removal Efficiency
Group (BOD5)
N
Mean(%)
Std. deviation
Trial test (1)
11
62
0.27
Trial test (2)
11
47
0.25
Trial test (3)
11
32
0.35
BOD5 Removal
Eff. R2
BOD5 R2

BOD5 Removal
Eff. R1
BOD5 R1

Figure (5.22): BOD5 Removal Efficiency &BOD5
for Trial test (1)

Figure (5.23): BOD5 Removal Efficiency &BOD5
for Trial test (2)
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BOD5 Removal
Eff. R3
BOD5 R3

Figure (5.24): BOD5 Removal Efficiency &BOD5 for Trial test (3)
5.3.5 Nitrite (NO2)
Table (5.12) illustrates the results of the descriptive analysis of NO2 (Nitrite). The
arithmetic mean of the first Trial test was 2.86 mg/l with a standard deviation of 2.82, while
the mean of the second Trial test was 1.22 mg/l with a standard deviation of 0.7, while the
arithmetic mean of the third Trial test was 1.17 mg/l with a standard deviation of 1.30. Table
(5.13) illustrates the results of the descriptive analysis of NO2 Removal Efficiency. The
arithmetic mean of the first Trial test was 21% with a standard deviation of 0.77, while the
mean of the second Trial test was 29% with a standard deviation of 0.26, while the arithmetic
mean of the third Trial test was 75% with a standard deviation of 1.30. Figure5.25, 5.26 and
5.27 explain the NO2 removal efficiency and NO2 values by the time for all trial tests.

Group (NO2)
Trial test (1)
Trial test (2)
Trial test (3)

Table (5.12): Descriptive Results of NO2
N
Mean(mg/l)
11
2.86
11
1.22
11
1.17

Std. deviation
2.82
0.70
1.30

Table (5.13): Descriptive Results of NO2 Removal Efficiency
Group (NO2)
N
Mean(mg/l)
Std. deviation
Trial test (1)
11
21
0.77
Trial test (2)
11
29
0.40
Trial test (3)
11
75
0.26
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NO2 Removal Eff.
R2
NO2 R2

Figure (5.25): NO2 Removal Efficiency & NO2 for
Trial test (1)

Figure (5.26): NO2 Removal Efficiency & NO2 for
Trial test (2)

NO2 Removal
Eff. R3
NO2 R3

Figure (5.27): NO2 Removal Efficiency & NO2 for Trial test (3)
5.3.6 Nitrate (NO3)
Table (5.14) illustrates the results of the descriptive analysis of NO3 (Nitrate). The
arithmetic mean of the first Trial test was 9.89 mg/l with a standard deviation of 10.01, while
the mean of the second Trial test was 21.53 mg/l with a standard deviation of 31.80, while the
arithmetic mean of the third Trial test was 17.27 mg/l with a standard deviation of 13.02.
Table (5.15) illustrates the results of the descriptive analysis of NO3 Removal Efficiency. The
arithmetic mean of the first Trial test was -52% with a standard deviation of 1.53, while the
mean of the second Trial test was 13% with a standard deviation of 1.27, while the arithmetic
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mean of the third Trial test was 64% with a standard deviation of 0.27. Figure5.28, 5.29 and
5.30 explain the NO3 removal efficiency and NO3 values by the time for all trial tests.

Group (NO3)
Trial test (1)
Trial test (2)
Trial test (3)

Table (5.14): Descriptive Results of NO3
N
Mean(mg/l)
11
9.89
11
21.53
11
17.27

Std. deviation
10.01
31.8
13.02

Table (5.15): Descriptive Results of NO3 Removal Efficiency
Group (NO3)
N
Mean(%)
Std. deviation
Trial test (1)
11
-52
1.53
Trial test (2)
11
13
1.27
Trial test (3)
11
64
0.27

NO3 Removal Eff.
R2
NO3 R2

NO3 Removal Eff.
R1
NO3 R1

Figure (5.28): NO3 Removal Efficiency & NO3 for
Trial test (1)

Figure (5.29): NO3 Removal Efficiency & NO3 for
Trial test (2)
NO3 Removal
Eff. R3
NO3 R3

Figure (5.30): NO3 Removal Efficiency & NO3 for Trial test (3)
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5.3.7 Ammonia (NH3)
Table (5.16) illustrates the results of the descriptive analysis of NH3 (Ammonia). The
arithmetic mean of the first Trial test was 44.40 mg/l with a standard deviation of 10.91, while
the mean of the second Trial test was 47.79 mg/l with a standard deviation of 9.55, while the
arithmetic mean of the third Trial test was 37.70 mg/l with a standard deviation of 6.80. Table
(5.17) illustrates the results of the descriptive analysis of NH3 Removal Efficiency. The
arithmetic mean of the first Trial test was 36% with a standard deviation of 0.40, while the
mean of the second Trial test was 27% with a standard deviation of 0.40, while the arithmetic
mean of the third Trial test was 16% with a standard deviation of 0.40. Figure5.31, 5.32 and
5.33 explain the NH3 removal efficiency and NH3 values by the time for all trial tests.

Group (NH3)
Trial test (1)
Trial test (2)
Trial test (3)

Table (5.16): Descriptive Results of NH3
N
Mean(mg/l)
11
44.40
11
47.79
11
37.70

Std. deviation
10.91
9.55
6.80

Table (5.17): Descriptive Results of NH3 Removal Efficiency
Group (NH3)
N
Mean(%)
Std. deviation
Trial test (1)
11
36
0.4
Trial test (2)
11
27
0.4
Trial test (3)
11
16
0.4
NH3 Removal Eff.
R2
NH3 R2

NH3 Removal Eff.
R1
NH3 R1

Figure (5.31): NH3 Removal Efficiency & NH3 for
Trial test (1)

Figure (5.32): NH3 Removal Efficiency & NH3 for
Trial test (2)
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NH3 Removal
Eff. R3
NH3 R3

Figure (5.33): NH3 Removal Efficiency & NH3 for Trial test (3)
5.3.8 Total Suspended Solids (TSS)
Table (5.18) illustrates the results of the descriptive analysis of TSS (Total Suspended
Solids). The arithmetic mean of the first Trial test was 74.54 mg/l with a standard deviation of
10.31, while the mean of the second Trial test was 80.00 mg/l with a standard deviation of
10.58, while the arithmetic mean of the third Trial test was 75.72 mg/l with a standard
deviation of 9.63. Table (5.19) illustrates the results of the descriptive analysis of TSS
Removal Efficiency. The arithmetic mean of the first Trial test was 18% with a standard
deviation of 0.11, while the mean of the second Trial test was 13% with a standard deviation
of 0.11, while the arithmetic mean of the third Trial test was 9% with a standard deviation of
0.11. Figure5.34, 5.35 and 5.36 explain the removal efficiency and TSS values by the time
for all trial tests.

Group (TSS)
Trial test (1)
Trial test (2)
Trial test (3)

Table (5.18): Descriptive Results of TSS
N
Mean(mg/l)
11
74.54
11
80.00
11
75.72

Std. deviation
10.31
10.58
9.63

Table (5.19): Descriptive Results of TSS Removal Efficiency
Group (TSS)
N
Mean(%)
Std. deviation
Trial test (1)
11
18
0.11
Trial test (2)
11
13
0.11
Trial test (3)
11
9
0.11
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TSS Removal Eff.
R1

TSS Removal Eff.
R2
TSS R2

TSS R1

Figure (5.34): TSS Removal Efficiency & TSS for
Trial test (1)

Figure (5.35): TSS Removal Efficiency & TSS for
Trial test (2)

TSS Removal
Eff. R3
TSS R3

Figure (5.36): TSS Removal Efficiency & TSS for Trial test (3)
5.3.9 Sodium (Na+)
Table (5.20) illustrates the results of the descriptive analysis of Na+ (Sodium). The
arithmetic mean of the first Trial test was 457.09 mg/l with a standard deviation of 165.26,
while the mean of the second Trial test was 458.36 mg/l with a standard deviation of 158.18,
while the arithmetic mean of the third Trial test was 478.36 mg/l with a standard deviation of
155.70. Table (5.21) illustrates the results of the descriptive analysis of Na+ Removal
Efficiency. The arithmetic mean of the first Trial test was -19% with a standard deviation of
0.15, while the mean of the second Trial test was 16% with a standard deviation of 0.15, while
the arithmetic mean of the third Trial test was -121% with a standard deviation of 0.16.
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Figure5.37, 5.38 and 5.39 explain the Na removal efficiency and Na+ values by the time for
all trial tests.
Table (5.20): Descriptive Results of Na+
N
Mean(mg/l)
11
457.09
11
458.36
11
478.36

Group (Na)
Trial test (1)
Trial test (2)
Trial test (3)

Std. deviation
165.26
158.18
155.70

Table (5.21): Descriptive Results of Na+ Removal Efficiency
Group (Na)
N
Mean(%)
Std. deviation
Trial test (1)
11
-19
0.15
Trial test (2)
11
16
0.15
Trial test (3)
11
-121
0.16

Na Removal Eff.
R1
Na R1

Na Removal Eff.
R2
Na R2

Figure (5.37): Na+ Removal Efficiency & Na+ for
Trial test (1)

Figure (5.38): Na+ Removal Efficiency & Na+ for
Trial test (2)

Na Removal Eff.
R3
Na R3

Figure (5.39): Na+ Removal Efficiency & Na+ for Trial test (3)
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5.3.10 Potassium (K+)
Table (5.22) illustrates the results of the descriptive analysis of K+ (Potassium). The
arithmetic mean of the first Trial test was 32.36 mg/l with a standard deviation of 1.11, while
the mean of the second Trial test was 3.93 mg/l with a standard deviation of 1.17, while the
arithmetic mean of the third Trial test was 30.40 mg/l with a standard deviation of 0.87. Table
(5.23) illustrates the results of the descriptive analysis of K+ Removal Efficiency. The
arithmetic mean of the first Trial test was -1% with a standard deviation of 0.03, while the
mean of the second Trial test was 1% with a standard deviation of 0.03, while the arithmetic
mean of the third Trial test was 2% with a standard deviation of 0.02. Figure5.40, 5.41 and
5.42 explain the K+ removal efficiency and TSS values by the time for all trial tests.

Group (K)
Trial test (1)
Trial test (2)
Trial test (3)

Table (5.22): Descriptive Results of K+
N
Mean(mg/l)
11
32.36
11
30.93
11
30.40

Std. deviation
1.11
1.17
0.87

Table (5.23): Descriptive Results of K+ Removal Efficiency
Group (K)
N
Mean(%)
Std. deviation
Trial test (1)
11
-1
0.03
Trial test (2)
11
1
0.03
Trial test (3)
11
2
0.02

K Removal Eff. R1

K Removal Eff. R2

K R1

K R2

Figure (5.40): K+ Removal Efficiency & K+ for
Trial test (1)

Figure (5.41): K+ Removal Efficiency & K+ for
Trial test (2)
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K Removal Eff.
R3
K R3

Figure (5.42): K+ Removal Efficiency & K+ for Trial test (3)
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5.4 The Results of Variances for Laboratory Tests as Time and Group
Results
5.4.1 E C (Electric Conductivity)
Table (5.24) shows the results of the variance for (E C) as a result of (time and group).
The results indicate that the time level is greater than 0.05 equal 0.136, that is mean there are
no differences for (E C) as a result of time, of 0.000 < 0.05, this result indicates differences
for (E C) as a result of the group, the differences between the first and second group were
differences in favor of the first group and the Mean Difference of the (0.936), While the
differences between the third group and the second, were in favor of the third group with a
Mean Difference (1.186), as shown in Table (5.25).
Table (5.24): The results of the “E C” as a result of differences (Time, group)
Type III Sum
Source (E C)
d.f
Mean Square F
Sig.
of Squares
Corrected Model 8.627a
3
2.876
15.958
0.000
Intercept
521.219
1
521.219
2892.385
0.000
Time
0.425
1
0.425
2.356
0.136
Group
8.507
2
4.254
23.605
0.000
Error
5.226
29
0.180
Total
980.458
33
Corrected Total
13.853
32
a. R Squared = .623 (Adjusted R Squared = 0.584)
Table (5.25): the direction of the differences for E C.
(I) group
Trial test 1
Trial test 3

(J) group

Mean Difference (IStd. Error
J)

Sig

Trial test 2
Trial test 3
Trial test 1
Trial test 2

.936*
-.250
.250
1.186*

.000
.179
.179
.000

.181
.182
.182
.182

Table (5.26) shows the results of the variance for E C. removal efficiency as a result of
(time and group). The results indicate that the time and group level is greater than 0.05 and
equal 0.093 and 0.146, that is mean there are no differences for E C. removal efficiency as a
result of time and group respectively.
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Table (5.26): The results of the “E C. Removal Efficiency” as a result of differences
(Time, group)
Type III Sum
Source (E C, Eff)
Df
Mean Square F
Sig.
of Squares
Corrected Model .046a
3
.015
2.425
.086
Intercept
.004
1
.004
.613
.440
Time
.019
1
.019
3.013
.093
Group
.026
2
.013
2.059
.146
Error
.182
29
.006
Total
.229
33
Corrected Total
.227
32
a. R Squared = .201 (Adjusted R Squared = .118)

5.4.2 Potential of Hydrogen (pH)
Table (5.27) shows the results of the variance for (pH) as a result of (time and group).
The results indicate that the time level is greater than 0.05 = 0.436, that is mean there are no
differences for (pH) as a result of time, of 0.000 < 0.05, this result indicates differences for
(pH) as a result of the group, the differences between the first and third group were differences
in favor of the first group and the Mean Difference of the (0.164), While the differences
between the second and the third group, were in favor of the second group with a Mean
Difference (0.227), as shown in Table (5.28)
Table (5.27): The results of the “pH” as a result of differences (Time, group)
Type III Sum
Source (pH)
d.f
Mean Square F
Sig.
of Squares
Corrected Model 0.298a
3
.099
8.151
0.000
Intercept
1019.516
1
1019.516
83527.787
0.000
Time
0.008
1
0.008
0.624
0.436
Group
0.298
2
0.149
12.206
0.000
Error
0.354
29
0.012
Total
1815.140
33
Corrected Total
0.652
32
a. R Squared = .457 (Adjusted R Squared = 0.401)
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Table (5.28): the direction of the differences for pH
(I) group
Trial test 1
Trial test 2

(J) group

Mean Difference (IStd. Error
J)

Sig

Trial test 2
Trial test 3
Trial test 1
Trial test 3

-.063
.164*
.063
.227*

.189
.002
.189
.000

.047
.047
.047
.047

Table (5.29) shows the results of the variance for pH removal efficiency as a result of
(time and group). The results indicate that the time level is greater than 0.05 equal 0.429, that
is mean there are no differences for pH removal efficiency as a result of time, of 0.000 <
0.05, this result indicates differences for pH removal efficiency as a result of the group, the
differences between the first, second and third group were differences in favor of the first
group, and the Mean Difference equal 0.2 and 0.37 respectively, While the differences
between the second and the third group, were in favor of the third group with a Mean
Difference (0.16), as shown in Table (5.30).

Table (5.29): The results of the “pH Removal Efficiency” as a result of differences (Time,
group)
Type III Sum
Source pH, Eff
d.f
Mean Square F
Sig.
of Squares
Corrected Model .008a
3
.003
12.826
.000
Intercept
.018
1
.018
91.242
.000
Time
.000
1
.000
.643
.429
group
.007
2
.004
18.476
.000
Error
.006
29
.000
Total
.050
33
Corrected Total
.014
32
a. R Squared = .570 (Adjusted R Squared = .526)
Table (5.30): the direction of the differences for pH Removal Efficiency
(I) group
Trial test 1
Trial test 2

(J) group

Mean Difference (IStd. Error
J)

Sig.

Trial test 2
Trial test 3
Trial test 1
Trial test 3

.020*
.037*
-.020*
.016*

.002
.000
.002
.012

.006
.006
.006
.006
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5.4.3 Total Dissolved Solids (TDS)
Table (5.31) shows the results of the variance for (TDS) as a result of (time and group).
The results indicate that the time level is greater than 0.05 equal 0.136, that is mean there are
no differences for (TDS) as a result of time, of 0.000 < 0.05, this result indicates differences
for (TDS) as a result of the group, the differences between the first and second group were
differences in favor of the first group and the Mean Difference of the (0.06), While the
differences between the second and third group, were in favor of the third group with a Mean
Difference (0.76) as shown in Table (5.32).
Table (5.31): The results of the “TDS” as a result of differences (Time, group)
Type III Sum
Source (TDS)
d.f
Mean Square F
Sig.
of Squares
Corrected Model 0.035a
3
0.012
15.958
0.000
Intercept
2.135
1
2.135
2892.385
0.000
Time
0.002
1
0.002
2.356
0.136
group
0.035
2
0.017
23.605
0.000
Error
0.021
29
0.001
Total
4.016
33
Corrected Total
0.057
32
a. R Squared = .623 (Adjusted R Squared = 0.584)
Table (5.32): the direction of the differences for TDS
(I) group
Trial test 1
Trial test 2

(J) group

Mean Difference (IStd. Error
J)

Sig.

Trial test 2
Trial test 3
Trial test 1
Trial test 3

.060*
-.016
-.060*
-.076*

.000
.179
.000
.000

.012
.012
.012
.012

Table (5.33) shows the results of the variance for TDS removal efficiency as a result of
(time and group). The results indicate that the time and group level is greater than 0.05 and
equal 0.093 and 0.146, that is mean there are no differences for TDS removal efficiency as a
result of time and group respectively.
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Table (5.33): The results of the “TDS Removal Efficiency” as a result of differences
(Time, group)
Source
(TDS, Type III Sum
d.f
Mean Square F
Sig.
Eff)
of Squares
Corrected Model

.046a

3

.015

2.425

.086

Intercept
Time
group
Error
Total

.004
.019
.026
.182
.229

1
1
2
29
33

.004
.019
.013
.006

.613
3.014
2.060

.440
.093
.146

Corrected Total

.227

32

a. R Squared = .201 (Adjusted R Squared = .118)

5.4.4 Biological Oxygen Demands (BOD5)
Table (5.34) shows the results of the variance for (BOD5) as a result of (time and
group). The results indicate that the time level is greater than 0.05 equal 0.736, that is mean
there are no differences for (BOD5) as a result of time, of 0.017 < 0.05, this result indicates
differences for (BOD5) as a result of the group, the differences between the first and third
group, were in favor of the third group with a Mean Difference (14.306) as shown in Table
(5.35).
Table (5.34): The results of the “BOD5” as a result of differences (Time, group)
Type III Sum
Source (BOD)
d.f
Mean Square F
Sig.
of Squares
Corrected Model 1020.537a
3
340.179
3.208
0.039
Intercept
8797.640
1
8797.640
82.972
0.000
Time
12.271
1
12.271
0.116
0.736
group
1018.685
2
509.343
4.804
0.017
Error
2756.829
26
106.032
Total
20251.000
30
Corrected Total
3777.367
29
a. R Squared =0 .270 (Adjusted R Squared = 0.186)
Table (5.35): the direction of the differences for BOD5
(I) group

(J) group

Mean Difference (IStd. Error
J)

Sig.

Trial test 1

Trial test 2
Trial test 3

-7.131
-14.306*

.134
.005

4.610
4.616
63

Table (5.36) shows the results of the variance for BOD5 removal efficiency as a result
of (time and group). The results indicate that the time and group level is greater than 0.05 and
equal 0.549 and 0.080, that is mean there are no differences for BOD5 removal efficiency as a
result of time and group respectively.

Table (5. 36): The results of the BOD5 Removal Efficiency as a result of differences
(Time, group)
Source
(BOD, Type III Sum
df
Mean Square F
Sig.
Eff)
of Squares
Corrected Model .517a
3
.172
1.897
.152
Intercept
4.664
1
4.664
51.381
.000
Time
.033
1
.033
.367
.549
group
.501
2
.250
2.758
.080
Error
2.632
29
.091
Total
10.571
33
Corrected Total
3.149
32
a. R Squared = .164 (Adjusted R Squared = .078)

5.4.5 Nitrite (NO2)
Table (5.37) shows the results of the variance for (NO2) as a result of (time and group).
The results indicate that the time and group level is greater than 0.05 and equal 0.747 and
0.07, that is mean there are no differences for (NO2) as a result of time and group
respectively.
Table (5.37): The results of the “NO2” as a result of differences (Time, group)
Type III Sum
Source (NO2)
d.f
Mean Square F
Sig.
of Squares
Corrected Model 20.722a
3
6.907
1.972
0.140
Intercept
63.184
1
63.184
18.041
0.000
Time
0.372
1
0.372
0.106
0.747
Group
20.467
2
10.233
2.922
0.070
Error
101.563
29
3.502
Total
223.948
33
Corrected Total
122.284
32
a. R Squared = 0.169 (Adjusted R Squared = 0.084)
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Table (5.38) shows the results of the variance for NO2 removal efficiency as a result of
(time and group). The results indicate that the time and group level is greater than 0.05 and
equal 0.921 and 0.055, that is mean there are no differences for NO2 removal efficiency as a
result of time and group respectively.

Table (5.38): The results of the NO2 Removal Efficiency as a result of differences (Time,
group)
Source
(NO2, Type III Sum
Df
Mean Square F
Sig.
Eff)
of Squares
Corrected Model 1.897a
3
.632
2.184
.111
Intercept
3.422
1
3.422
11.819
.002
Time
.003
1
.003
.010
.921
Group
1.858
2
.929
3.208
.055
Error
8.396
29
.290
Total
16.173
33
Corrected Total
10.294
32
a. R Squared = .184 (Adjusted R Squared = .100)

5.4.6 Nitrate (NO3)
Table (5.39) shows the results of the variance for (NO3) as a result of (time and group). The
results indicate that the time and group level is greater than 0.05 and equal 0.569 and 0.436,
that is mean there are no differences for (NO3) as a result of time and group respectively.
Table (5.39): The results of the “NO3” as a result of differences (Time, group)
Type III Sum
Source NO3
d.f
Mean Square F
Sig.
of Squares
Corrected Model 907.967a
3
302.656
0.691
0.565
Intercept
3808.476
1
3808.476
8.691
0.006
Time
145.274
1
145.274
0.332
0.569
Group
747.734
2
373.867
0.853
0.436
Error
12707.962
29
438.206
Total
22295.900
33
Corrected Total
13615.929
32
a. R Squared = 0.067 (Adjusted R Squared = -0.030)
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Table (5.40) shows the results of the variance for NO3 removal efficiency as a result of
(time and group). The results indicate that the time and group level is greater than 0.05 and
equal 0.097 and 0.087, that is mean there are no differences for NO3 removal efficiency as a
result of time and group respectively.

Table (5.40): The results of the NO3 Removal Efficiency as a result of differences (Time,
group)
Type III Sum
Source(NO3, Eff)
df
Mean Square F
Sig.
of Squares
Corrected Model 11.222a
3
3.741
2.936
.050
Intercept
2.731
1
2.731
2.143
.154
Time
3.740
1
3.740
2.935
.097
Group
6.780
2
3.390
2.661
.087
Error
36.950
29
1.274
Total
48.416
33
Corrected Total
48.172
32
a. R Squared = .233 (Adjusted R Squared = .154)

5.4.7 Ammonia (NH3)
Table (5.41) shows the results of the variance for (NH3) as a result of (time and group).
The results indicate that the time level is greater than 0.05 equal 0.359, that is mean there are
no differences for (NH3) as a result of time, of 0.039 < 0.05, this result indicates differences
for (NH3) as a result of the group, the differences between the second and third group, were in
favor of the second group with a Mean Difference (10.53) as shown in Table (5.42).
Table (5.41): The results of the “NH3” as a result of differences (Time, group)
Type III Sum
Source (NH3)
d.f
Mean Square F
Sig.
of Squares
Corrected Model 654.941a
3
218.314
2.540
0.076
Intercept
36810.466
1
36810.466
428.281
0.000
Time
74.710
1
74.710
0.869
0.359
Group
622.485
2
311.242
3.621
0.039
Error
2492.528
29
85.949
Total
65027.500
33
Corrected Total
3147.470
32
a. R Squared =0 .208 (Adjusted R Squared = 0.126)
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Table (5.42): the direction of the differences for NH3
(I) group
Trial test 1
Trial test 2

(J) group

Mean Difference (IStd. Error
J)

Sig.

Trial test 2
Trial test 3
Trial test 1
Trial test 3

-3.543
6.987
3.543
10.530*

.378
.089
.378
.013

3.957
3.965
3.957
3.981

Table (5.43) shows the results of the variance for NH3 removal efficiency as a result of
(time and group). The results indicate that the time level is greater than 0.05 equal 0.329, that
is mean there are no differences for NH3 removal efficiency as a result of time, of 0.017 <
0.05, this result indicates differences for NH3 removal efficiency as a result of the group, the
differences between the first third group were differences in favor of the first group, and the
Mean Difference equal (0.199). as shown in Table (5.44).

Table (5.43): The results of the NH3 Removal Efficiency as a result of differences (Time,
group)
Source
(NH3, Type III Sum
Df
Mean Square F
Sig.
Eff)
of Squares
Corrected Model .252a
3
.084
3.655
.024
Intercept
1.070
1
1.070
46.540
.000
Time
.023
1
.023
.986
.329
Group
.216
2
.108
4.704
.017
Error
.666
29
.023
Total
3.216
33
Corrected Total
.918
32
a. R Squared = .274 (Adjusted R Squared = .199)
Table (5.44): The direction of the differences for NH3 Removal Efficiency
(I) group
Trial test 1
Trial test 2

(J) group

Mean Difference (IStd. Error
J)

Sig.

Trial test 2
Trial test 3
Trial test 1
Trial test 3

.091
.199*
-.091
.108

.172
.005
.172
.108

.065
.065
.065
.065
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5.4.8 Total Suspended Solids (TSS)
Table (5.45) shows the results of the variance for (TSS) as a result of (time and group).
The results indicate that the time and group level is greater than 0.05 and equal 0.920 and
0.438, that is mean there are no differences for (TSS) as a result of time and group
respectively.
Table (5.45): The results of the “NH3” as a result of differences (Time, group)
Type III Sum
Source (TSS)
d.f
Mean Square F
Sig.
of Squares
Corrected Model 182.240a
3
60.747
0.566
0.642
Intercept
109305.067
1
109305.067
1018.647
0.000
Time
1.088
1
1.088
0.010
0.920
group
182.239
2
91.119
0.849
0.438
Error
3111.821
29
107.304
Total
197721.000
33
Corrected Total
3294.061
32
a. R Squared = .055 (Adjusted R Squared = -.042)
Table (5.46) shows the results of the variance for TSS removal efficiency as a result of
(time and group). The results indicate that the time level is greater than 0.05 equal 0.329, that
is mean there are no differences for TSS removal efficiency as a result of time, of 0.017 <
0.05, this result indicates differences for TSS removal efficiency as a result of the group, the
differences between the first, second and third group were differences in favor of the first
group, and the Mean Difference equal 0.2 and 0.37 respectively, While the differences
between the second and the third group, were in favor of the third group with a Mean
Difference (0.16), as shown in Table (5.47)
Table (5.46): The results of the TSS Removal Efficiency as a result of differences (Time,
group)
Source (TSS/L, Type III Sum
d.f
Mean Square F
Sig.
Eff)
of Squares
Corrected Model 0.252a
3
0.084
3.655
0.024
Intercept
1.070
1
1.070
46.540
0.000
Time
0.023
1
0.023
0.986
0.329
group
0.216
2
0.108
4.704
0.017
Error
0.666
29
0.023
Total
3.216
33
Corrected Total
0.918
32
a. R Squared =0 .274 (Adjusted R Squared =0 .199)
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Table (5.47): the direction of the differences for TSS Removal Efficiency
(I) group
Trial test 1
Trial test 2

(J) group

Mean Difference (IStd. Error
J)

Sig.

Trial test 2
Trial test 3
Trial test 1
Trial test 3

.020*
.037*
-.020*
.016*

.002
.000
.002
.012

.006
.006
.006
.006

5.4.9 Sodium (Na+)
Table (5.48) shows the results of the variance for (Na+) as a result of (time and group).
The results indicate that the time and group level is greater than 0.05 and equal 0.936 and
0.946, that is mean there are no differences for (Na+) as a result of time and group
respectively.
Table (5.48): The results of the “Na+” as a result of differences (Time, group)
Source
Type III Sum
d.f
Mean Square F
Sig.
(NA_mg/l)
of Squares
Corrected Model 3306.146a
3
1102.049
0.042
0.988
Intercept
4022985.667
1
4022985.667
152.382
0.000
Time
174.267
1
174.267
0.007
0.936
group
2935.780
2
1467.890
0.056
0.946
Error
765617.733
29
26400.611
Total
7892264.000
33
Corrected Total
768923.879
32
a. R Squared =0 .004 (Adjusted R Squared = -0.099)
Table (5.49) shows the results of the variance for Na+ removal efficiency as a result of
(time and group). The results indicate that the time level is greater than 0.05 equal 0.888, that
is mean there are no differences for Na+ removal efficiency as a result of time, of 0.000 <
0.05, this result indicates differences for Na+ removal efficiency as a result of the group, the
differences between the first and third group were differences in favor of the first group, and
the Mean Difference equal (1.016), while the differences between the first and second group
were differences in favor of the second group, and the Mean Difference equal (1.377) as
shown in Table (5.50)
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Table (5.49): The results of the Na+ Removal Efficiency as a result of differences (Time,
group)
Source
Type III Sum
d.f
Mean Square F
Sig.
(NA+_MG/L, Eff) of Squares
Corrected Model 11.285a
3
3.762
13.826
.000
Intercept
3.358
1
3.358
12.341
.001
Time
.005
1
.005
.020
.888
group
11.061
2
5.530
20.327
.000
Error
7.890
29
.272
Total
24.855
33
Corrected Total
19.175
32
a. R Squared = .589 (Adjusted R Squared = .546)
Table (5.50): the direction of the differences for Na+ Removal Efficiency
(I) group
Trial test 1
Trial test 2

(J) group

Mean Difference (IStd. Error
J)

Sig.

Trial test 2
Trial test 3
Trial test 1
Trial test 3

-.362
1.016*
.362
1.377*

.115
.000
.115
.000

.223
.223
.223
.224

5.4.10 Potassium (K+)
Table (5.51) shows the results of the variance for (K+) as a result of (time and group).
The results indicate that the time level is 0.000 < 0.05, this result indicates differences for (K+)
as a result of the time, the differences between the first and second group, were in favor of the
first group with a Mean Difference (1.362) while the differences between the first and third
group, were in favor of the third group with a Mean Difference (2.072), of 0.000 < 0.05, this
result indicates differences for (K+) as a result of the group, the differences between the first
and second group, were in favor of the first group with a Mean Difference (1.362) while the
differences between the first and third group, were in favor of the first group with a Mean
Difference (2.072) as shown in Table (5.52).
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Table (5.51): The results of the “K+” as a result of differences (Time, group)
Type III Sum
Source (K+_mg/l)
d.f
Mean Square F
Sig.
of Squares
Corrected Model 35.401a
3
11.800
16.283
0.000
Intercept
18671.610
1
18671.610
25765.430
0.000
Time
12.904
1
12.904
17.807
0.000
group
24.306
2
12.153
16.770
0.000
Error
21.016
29
0.725
Total
32254.860
33
Corrected Total
56.416
32
a. R Squared = 0.627 (Adjusted R Squared =0 .589)
Table (5.52): The direction of the differences for K+
(I) group

(J) group

Mean Difference (IStd. Error
J)

Sig.

Trial test 1

Trial test 2
Trial test 3

1.362*
2.072*

.001
.000

.363
.364

Table (5.53) shows the results of the variance for K+ removal efficiency as a result of
(time and group). The results indicate that the time level is 0.000 < 0.05, this result indicates
differences for (K+) as a result of the time, the differences between the first and third group,
were in favor of the third group with a Mean Difference (0.05), while the differences between
the second and third group, were in favor of the third group with a Mean Difference (0.29), of
0.001 < 0.05, this result indicates differences for (K+) as a result of the group, the differences
between the first and third group, were in favor of the third group with a Mean Difference
(0.05), while the differences between the second and third group, were in favor of the third
group with a Mean Difference (0.29), as shown in Table (5.54)

71

Table (5.53): The results of the K+ Removal Efficiency as a result of differences (Time,
group)
Source
Type III Sum
d.f
Mean Square F
Sig.
(K+_MG/L, Eff)
of Squares
Corrected Model .025a
3
.008
11.311
.000
Intercept
.003
1
.003
3.852
.059
Time
.013
1
.013
17.930
.000
group
.014
2
.007
9.366
.001
Error
.021
29
.001
Total
.047
33
Corrected Total
.046
32
a. R Squared = .539 (Adjusted R Squared = .492)
Table (5.54): The direction of the differences for K+ Removal Efficiency
(I) group
Trial test 1
Trial test 2

(J) group

Mean Difference (IStd. Error
J)

Sig.

Trial test 2
Trial test 3
Trial test 1
Trial test 3

-.021
-.050*
.021
-.029*

.081
.000
.081
.018

.012
.012
.012
.012

In conclusion of the results of variances for laboratory tests as time and group results:
-

The time and group level is greater than 0.05 and that mean there are no differences in
concentrations for (E.C, pH, TDS, BOD5, NO2, NO3, NH3, TSS, Na and K) as a result
of time.

-

The differences between the third group and the second, were in favor of the third group for
(E.C., TDS, TSS).

-

The differences between the second and the third group, were in favor of the second group for
(pH, NH3).

-

The differences between the first and third group, were in favor of the third group for (BOD 5).

-

The differences between the first and second group were differences in favor of the second
group for (Na).
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Chapter Six:
Conclusion &
Recommendations
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6.1 Conclusion


Unexpected results for Na which found in three Trial tests mean (R1= 457.09 mg/l,
R2= 458.36 mg/l, R3= 478.36 mg/l) and this confirmed –approximately- with (Omar,
2015) Na+ concentration 520 mg/l. High concentration variation in sodium samples
refers to sodium exchange ability to and from the soil easier than potassium K+
dynamics in the soil. I expect that the concentration fluctuation due to sorption –
desorption in the soil.



The most efficient trial test in three trial tests of NH3 removal efficiency and providing
NO3 is trial test (1) with application rate= 110m3/h and velocity= 1.73 m/s. Although,
Ammonia concentration still significant for agriculture uses, from three trial tests (R1=
9.89 mg/l, R2= 21.53mg/l, R3= 17.27mg/l) and this due to inadequate sand filters
efficiency to nitrification process.
Denitrification process unnoticed and that’s clear from NO2 results, the mean in three
trial tests R1= 2.86mg/l, R2= 1.22 mg/l, R3= 1.17 mg/l which considered so low to
denitrification process.



Low efficiency for TSS removal in three trial tests (R1= 74.54, R2= 80 mg/l, R3=
75.72 mg/l) and that possible to affect on dripping network system in agriculture use.
On the contrary of TSS the BOD5 infiltration system capacity was cleared ( R1= 16.3
mgO2/l, R2= 23.5 mgO2/l, R3 =30.5 mgO2/l.



To get the best management for hydraulic and purification behavior during wastewater
treatment in soil infiltration systems and to be suitable for agricultural usage, it
recommended to apply trial one with application rate = 110 m3/h because NH3+
removal efficiency = 36% which was approximately similar to EL-Dahdouh, (2014)
NH3+ removal efficiency = 40%. On the other hand, BOD5 removal efficiency = 62%
which better than EL-Dahdouh, (2014) BOD5 removal efficiency = 52%.
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6.2 Recommendations


To solve Na+ concentration problem which affect agriculture uses like irrigation, more
investigation in Na attitude in sand filter due to the relation with SAR in agriculture.



Extend the depth of sand filter basin in Sheikh Ajleen Post Treatment Pilot Project, to
decrease NH3 concentration and increase NO3 concentration to be suitable for
agriculture uses.



Involving backing wash system in the main system, to avoid saturation of soil in sand
filter basin, to increase hydraulic purification behavior and water quality.
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