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Abstract
The rapid population growth results in tremendous stress on the world's water resources,
especially in arid and semi-arid regions. The Gaza Strip is suffering from water shortage
caused by over-pumping and over-exploitation of coastal groundwater, as well as, from
sea water intrusion which adversely affect the agricultural and drinking water quality.
One of the alternatives for water augmentation is the reuse of municipal wastewater to
address the ever increasing water demand. In most of reuse systems, soil aquifer
treatment (SAT) is carried out for subjecting conventional secondary treatment effluent to
tertiary treatment.
Field experiments using two types of soil (sandy soil and loamy sand soil) with 3
replicates were carried out through three runs with different operational schedules at the
North Gaza Emergency Sewage Treatment Project (NGEST) site, in addition to a scale
batch experiment was carried out in the laboratory to study the efficiency of SAT system
in removal of nitrogen compounds from applied secondary wastewater effluent pumped
from basin No.1 at the new infiltration basins located at NGEST.
At the field scale experiment, the average removal percentage of NH4+ was 10.1% for
sandy soil and 14.70% for loamy sand, whereas, the average removal percentage of TKN
was 11.8% for sandy soil and 15.37% for loamy sand. Likewise the average removal
percentage of the total suspended solids (TSS) over all the three runs was about 61.3% for
sandy soil and 55.4% for loamy sand.
In the batch experiment, significant increasing in nitrite concentration occurred at the
beginning time due to absence of nitrification process and decreased by time for both
soils due to oxidization of NO2- to NO3-. It was observed that the concentration of NO3increased with the time in both soils. Also, TKN concentration was decreased as a
function of time due to continuity of nitrification process during drying conditions.
It was observed that the SAT system performance was affected by the type of soil,
operational schedule. SAT performance using sandy soil (soil A) achieved lower removal
of NH4+ and TKN due to low cation exchange capacity compared to loamy sand soil,
whereas nitrification process was the predominant. Such behavior was observed by the
loamy sand in larger scale. On other hand, sandy soil (soil A) with its large pores allowed
more oxygen resulting in higher nitrification capacity than loamy sand (soil B).
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ملخص الرسالة
" التحقق من معالجة المياه العادمه المعالجة باستخدام نظام طبقات الترشيح الرملي الستدامة
استخدام المياه "
يؤدي النمو السكاني السريع الى ضغط هائل على مصادر المياه في العالم ،خاصة في المناطق الجافة وشبه الجافة.
يعاني قطاع غزة من نقص في المياه الناجم عن الضخ الجائر واالستغالل المفرط لمياه الخزان الجوفي الساحلي
باألضافة الى تداخل مياه البحر والتي تؤثر سلبا على األغراض الزراعية ومياه الشرب.
يعتير اعادة استخدام مياه الصرف الصحي للبلديات أحد الخيارات لتوفير المياه لمجابهة الطلب على المياه  ،في معظم
أنظمة إعادة استخدام المياه العمليه نجد أن معالجة المياه المعالجة ثانويا بنظام المرشحات الرمليه هي السائده.
أجريت تجربه حقليه باستخدام نوعين من التربه (تربه رمليه وتربه رمليه لومية) بثالث مكررات وثالثة انواع من من
االنظمه التشغيليه (دورات) في موقع مشروع محطة شمال غزه الطارئ ( )NGESTباالضافه الى تجربه الدفع
على مستوى المختبر باستخدام نقس نوعية التربه وذلك لدراسة تأثير نظام المرشحات الرمليه ( )SATعلى الخزان
الجوفي و إزالة مركبات النيتروجين من المياه المعالجه ثانويا والتي تم ضخها من الحوض رقم . 1
ففي نظام تجربة الحقل ،أشارت الدراسه الى ان متوسط نسبة إزالة األمونيوم كان  ٪11.11للتربة الرملية و ٪17.41
للتربة الرملية اللومية في حين أن متوسط نسبة إزالة  TKNهو  ٪11.11للتربة الرملية و ٪13.54للتربة الرملية
اللومية .كما اشارات الدراسه الى ان معدل ازالة المواد الصلبة العالقة  ٪01.51للتربة الرملية و  ٪33.7للتربة
الرملية اللومية  ،كما أشارت الدراسه أنه في بداية تجربة الدفع المخبريه حد ث زيادة في تركيز النيتريت نظرا لغياب
عملية التازت في نوعي التربه تم تناقص التركيز مع الوقت نظرا الكسدة أيون النيتريت الى نترات حيث لوحظ زيادة
تركيز النترات مع الوقت ،كذلك لوحظ تناقص في تركيز نيتروجين كيلداهل ( (TKNمع الوقت مع استمرارية عملية
التأزت والتي تحدث خالل فترات الجفاف .
لوحظ ان نظام  SATيتأثر بنوع التربه ونظام التشغيل حيث وجد ان أستخدام التربه الرمليه حققت إزاله قليله
لالمونيوم والنيروجين الكيلدالي نظرا النخفاض السعه التبادليه الكاتونيه لها حيث عملية التأزت كانت سائده بمحطة
المعالجه ,وكذلك لوحظ نفس السلوك في التربه الرمليه اللوميه .ولكن في عمود اكبر .من ناحية أخرى ،فان التربه
الرمليه بأحجام مسامها الكبيره سمحت لمزيد من االكسجين للتخلل ونتج عن ذلك زيادة ارتفاع معدل عملية التأزت
مقارنة بالتربه الرمليه اللوميه.
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Chapter One: Introduction
1.1. Overview
The rapid population growth and urbanization phenomenon result in tremendous stress on
the world's water resources, especially in the drier regions which require much more
recycling and reuse of wastewater to meet increasing water demand. Creative water
management will become essential in many countries in the world in future. Groundwater
as a major water resource of fresh water in general will also be at risk because of rising
water demands which can lead to over-pumping. This depletes aquifers, increases
pumping costs and may cause land subsidence and water quality problems such as sea
water intrusion in coastal areas (Bouwer, 1994).
The alternatives for water augmentation are the reuse of reclaimed municipal wastewater
to address the ever increasing water demand. Yang and Abbaspour (2010) stated that the
amount of wastewater that can be reclaimed for this purpose is affected by many factors
ranging from technical possibility to socio-economic and institutional aspects.
Wastewater reclamation and reuse provides a unique and viable opportunity to augment
traditional water supplies. As a multi-disciplined and important element of water
resources development and management, water reuse can help to close the loop between
water supply and demand wastewater disposal (Asano, 2002).
Groundwater recharge can be performed in two ways, through soil and subsoil passage or
by injection into the aquifer. Reclaimed water treated by aquifer recharge can be
permitted for potable reuse, naturally after advanced tertiary treatment and other barriers
such as percolation through the soil which acts as a barrier retaining contaminants. Asano
and Cotruvo (2004) indicated that one of the major issues associated with SAT leading to
potable and non-potable reuse of reclaimed wastewater is the presence of potentially
harmful organic compounds, trace elements and pathogens.
Soil Aquifer Treatment (SAT) is defined as a three-component system consisting of the
infiltration zone, the vadose zone and the aquifer storage. This concept can be broadened
to a SAT system that adds the additional components of effluent pretreatment (SAT site
operation, the recovery of groundwater after infiltration and aquifer storage for water
reuse).
The SAT technology involves infiltration of secondary effluent through a recharge basin
with subsequent extraction through recovery wells, embodies both treatment dominant in
1
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the vadose (unsaturated) zone and storage within the saturated zone (aquifer). It is
advanced wastewater treatment processes that are dominated by biodegradation, initially
aerobic and subsequently anoxic (Amy and Drewes, 2007).
Treated wastewater effluent, free from health hazards must be considered as a valuable
water resource for irrigation of certain crops, greening enhancement, landscaping, land
reclamation, car washing, industrial process water and toilet flushing. Akber et al., (2003)
stated that treated wastewater may be used for recharging aquifers in the areas with water
shortages or where the aquifers have been depleted by overexploitation to augment water
supply for drinking purposes.
During SAT, treated wastewater is intermittently ponded in the surface spreading basins
to recharge groundwater. The wastewater percolates through an unsaturated soil or vadose
zone to an underlying unconfined aquifer for storage, which can be available for reuse
through recovery wells (Gungor and Unlu, 2004).
The reuse of treated wastewater should be free of health risks. The common toxic
pollutants are nitrogen compounds. Ammonia is one of nitrogen’s compounds found
either initially in wastewater or as a product of biological oxidation of organic nitrogen.
In general municipal and industrial wastewaters contain a complex mixture of pollutants.
Reclaimed wastewater through SAT can be used for both direct and indirect potable
reuse. SAT effluent is perceived by public as groundwater rather than sewage water as
cycle is essentially not closed. However, SAT efficiency is influenced by type and quality
of the wastewater applied, prevailing redox conditions, and hydro geological conditions
(Idelovitch et al., 2003).
Al– Khateb (2012) indicated that the major water quality concerns associated with reuse
of wastewater includes dissolved organics, nitrogen species, and pathogens, which can be
removed by physical, chemical and/or biological processes in the vadose zone primarily
and subsequent in the aquifer.

1.2. Problem definition
Sharma et al., (2007) considered SAT technology as integrated water resources
management in arid and semi-arid regions of the world, where groundwater resources
have been over-exploited. A good example is the case of Gaza Strip, which is suffering

2
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from water shortage caused by over-pumping of groundwater over-exploitation of coastal
groundwater for agricultural purposes and drinking water, as well as climatic conditions
and the possibility of sea intrusion.
Due to imbalance between supply and demand of water in the Gaza Strip, the need to
search for alternative sources of water, economic and safe is necessary. Managed Aquifer
Recharge (SAT) is becoming increasingly more important in the Gaza Strip as a
sustainable method to save groundwater resources and improve the quality of the
infiltrating water.
Lack of fresh drinking water poses a serious problem for 1.794 million residents of the
Gaza Strip, who live and grow in area of 378 km2. They draw water for drinking and
agricultural irrigation from aquifer, but the groundwater is becoming more polluted each
year. This is due to the saltwater intrusion from the sea into the aquifer, recirculation of
water during agricultural activities, and over abstraction of groundwater from the aquifer.
It has been reported recently by PWA (2012) that Gaza have an annual demand of more
than 187.7 MCM with an annual recharge of 64 MCM giving annual water deficit of
approximately 123.7 MCM. In addition, the water demand is expected to rise up to 215
MCM by 2020.
As a result, the quality of the water is deteriorating faster than fresh rainwater can
desalinate it. It has been reported by Zakout, F. (2013) that the stored fresh water, with
chloride concentration less than 250 mg/l, in the aquifer is decreasing with time and will
not be obtainable in 2020. The groundwater is the only source and nitrate (NO3-), which
is the most important pollutant of the groundwater all over the Gaza Strip and its levels
have continued to rise and currently present a health risk throughout the territory. High
quantities of nitrates in drinking water can have significant health repercussions,
particularly for infants. Application of fertilizers and pesticides in agricultural areas is the
main reason of increasing nitrate level in groundwater. This means that the Gaza Strip’s
residents must acquire water from beyond their borders which are closed at present, build
a large desalination plant; which makes the water’s prices high, or eliminate agriculture
within the next two decades; which is impossible. For this special awareness has been
paid to improve the water resources in the Gaza Strip, and a sustainable management
policy of the on hand and renewable water resources together with developing new water
resources became the top precedence of the Palestinian Water Authority
3
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Therefore, Palestinian Water Authority (PWA) decided to recharge secondary treated
wastewater in groundwater using SAT-system and implemented a recovery well project
near the new treatment plant for withdrawing the treated wastewater for reuse in
agriculture purposes.

1.3. Goals
The main goal of this study is to investigate soil-aquifer treatment for sustainable water
reuse by examining the effect of soil type and wetting/drying periods on removal of
nitrogen compounds during SAT field experiment and batch laboratory-scale experiment.

1.4. Objectives


To investigate the effect of soil type on removal of Total suspended solid (TSS) and
Nitrogen compounds (NO2-, NO3-, NH3- and TKN).



To investigate influence of wetting and drying times (infiltration condition) on
removal of wastewater nitrogen contaminants during SAT operation at field
experiments.

4
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Chapter Two: Literature Review
2.1. Introduction
Wastewater treatment is necessary to protect public health and environment. Treatment of
wastewater to remove pathogens prevents transmission of water borne diseases and
therefore improving public health. In addition to removal of pathogens, appropriate
treatment of wastewater protects the public health from diseases that may be caused by
heavy metals and potentially harmful organic compounds. The environment is protected
from high loads of organic matter leading to prevention of depletion of oxygen and
maintains or establishes a health aquatic environment for flora and fauna (Brdjanovic,
2006).
In arid and semi-arid regions where water is scarce, reuse of wastewater becomes a
considerable resource for improvement of groundwater resources.
A new technique has currently emerged in wastewater treatment field names “Soil
Aquifer Treatment (SAT)”, which has become one of the major interests in wastewater
treatment research for reuse purposes.

2.2. Soil Aquifer Treatment System
After Eusuff and Lansey (2004) SAT, as groundwater recharge using wastewater effluent,
is accomplished through infiltration via spreading wastewater on basin, vadose zone
injection well and direct injection methods. A widely used recharge method is a rapid
infiltration through spreading on recharge basins. Direct injection of reclaimed water is
used where land area is limited (Fox et al., 2005 and Bouwer, 2002).
SAT has merged as a natural system, not only to solve the problems of water scarcity and
addressed the problems of decline groundwater level and seawater intrusion, but for the
integrated system through the ability to remove pollutants through the various physical,
chemical and biological processes. Recharged water through mechanisms of geopurification provides additional storage for future reuse and protection against salt water
intrusion in aquifers (Asano and Cotruvo, 2004). Houston et al., (1999) described the
artificial recharge process using treated wastewater effluent as Soil Aquifer Treatment.
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SAT technology makes use of soil to treat the reclaimed wastewater. The treatment
process occurs through infiltration, soil percolation, and transport through the
groundwater aquifer Figure (2.1). Eusuff and Lansey, (2004) described the Soil Aquifer
Treatment (SAT) as groundwater recharge through the vadose zone and transport through
the groundwater aquifer, where water quality improvements occur. Filtration, sorption
and biodegradation processes in the soil are mechanisms that can reduce or remove
microbial and other contaminants in wastewater (Powelsonet et al., 1993).

Figure (2.1): Schematic of Soil Aquifer Treatment System (Fox et al., 2005)
SAT system is used in several areas in the world such as USA, Israel, India, Europe and
Australia. Table (2.1) shows the removal of some contaminants from wastewater during
SAT at operational field’s sites.
Table (2.1): Removal of Some Contaminants during SAT at Operational Field’s Sites.

Site

Influent type

Contaminants

Sweetwater,
Arizona
(USA)

Secondary

NH4+- N
NO2-- N
NO3-- N

Dan Region
(Israel)

Secondary

Ahmadabad
(India)

Primary

DOC
Total N
Total P
COD
BOD
COD
NH3 - N
PO4 - P

Sourec: Harun, 2007 and Malolo, 2011
7

Effluent
quality (mg/l)
19
2
2
13.31

Removal
efficiency %
98
70
20-70
60

5-30
3-10
40-160

59
99
85

93
230
42
3.5

90
90
50
90
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2.3. SAT Operation
Soil Aquifer Treatment (SAT) is considered as common wastewater reuse technology
through unsaturated and saturated vadose aquifer zones to improve the water quality of
treated wastewater effluent in arid regions, where there is a significant lack of water
resources (Cha. et al., 2005).
Land treatment of wastewater has emerged as a promising alternative to the conventional
wastewater treatment technologies. In land treatment, appropriately pre-treated
wastewater is allowed to infiltrate through the aerated unsaturated soil zone where it
undergoes purification through unit operations and processes viz. filtration, adsorption,
chemical processes, and biodegradation. After reaching the water table, the soil treated
wastewater further moves laterally for some distance through the underlying saturated
zone (aquifer) where it receives additional purification by dispersion and dilution as
shown in Figure (2.2).
Since, both soil and aquifer participate in the renovation process, such a land treatment
system is also called Soil Aquifer Treatment (SAT) system (Nema. et al., 2001).

.
Figure (2.2): Schematic of SAT System showing infiltration basin vadose zone and
flow lines in aquifer.
The operation of SAT systems with wet/dry cycle is a common operating strategy. The
primary purpose of wet/dry cycle’s operation is to control the development of clogging
layers, maintain high infiltration rates, and in some cases to disrupt insect life cycles only.
As a clogging layer develops during a wetting cycle, infiltration rates can decrease to
unacceptable rates. The drying cycle allows for the desiccation of the clogging layer and
the recovery of infiltration rates during the next wetting cycle.
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According to NCSWS (2001), the operating conditions are dependent on a number of
environmental factors including temperature, precipitation and solar incidence. which
must be adjusted to both local site characteristics and weather patterns.
As Infiltrated treated wastewater moves through the vadose unsaturated zone under a
wetting period and drying regime so as to restore infiltration rates and assist in the
removal of nitrogen, phosphorus, organic carbon and other contaminants present in the
infiltrate. This also enables the organic-rich surficial deposits to quickly desiccate for
restoration of infiltration rates in subsequent wetting cycles.
The practice of intermittently ponding treated wastewater within shallow basins and
recovering the recharged water from nearby production wells for non-potable uses, is
becoming an increasingly important part of contemporary water management strategies
(Pavelic et al., 2011).
According to Abushbak (2004), the removal efficiency of specific compound or element
in the applied treated wastewater depends on some factors such as type of soil, level of
pre-treatment of the applied wastewater, and the wetting/drying cycle times.

2.4. Parameters affecting SAT efficiency
2.4.1

Pretreatment level of applied Wastewater

The efficiency and the performance of SAT may be affected by the characteristics of the
applied wastewater effluent and the site conditions.
Type of effluent pre-treatment determines the quality of reclaimed water applied to
percolation basins and is a key factor that can be controlled as part of SAT system. One of
the greatest impacts of effluent pre-treatment during SAT is near the soil/water interface
where high biological activity is observed. This condition occurs because both the highest
concentrations of biodegradable matter and oxygen are present such as concentration
ranges of COD, BOD and NH3.
Accordingly, one of the greatest impacts of effluent pre-treatment is the total oxygen
demand of applied water near the soil water surface. Biological activity of an effluent
with high total oxygen demand will utilize all the dissolved oxygen while aerobic
conditions can be maintained with effluents that have low total oxygen demand.
Consequently, the majority of oxygen demand is tended during wetting cycle to control
redox conditions in upper vadose zone during SAT. If dissolved oxygen is removed
9
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during percolation through the vadose zone, anoxic conditions are likely to develop in the
saturated zone since mechanisms for oxygen transport to the saturated zone are
insignificant (NCSWS, 2001).
The level of pre-treatment water source is considered as major challenges in designing
SAT system, particularly in terms of suspended solids and bio-available nutrient removal.
Low pre-treatment may lead to inadequate rates of recharge but high pre-treatment may
be economically prohibitive (Pavelic et al., 2011).
2.4.2

Vadose Zone

Soil Aquifer Treatment (SAT) has been applied for reuse of wastewater in arid and semiarid regions, where there is a significant lack of water resources. Dry regions usually have
deep unsaturated vadose aquifer zones, ranging 15 to 30 meters or more from the soil
surface, which are known to provide an appropriate environment for microbial
degradation as well as a larger capacity of underground storage for a SAT system. This is
related to the fact that organics are significantly degraded by microbial activity at the
early stage of SAT treatment. Unsaturated vadose is important in the removal of nitrogen
as well, since it is known that a substantial amount of nitrification occurs in the
uppermost layer of the unsaturated zone (Cha et al., 2005).
A deep vadose zone does not appear to be a requirement for nitrogen removal under these
conditions.

Pathogen removal will occur under saturated conditions based on the

bacteriphage tracer studies performed. As mentioned in the previous article the majority
of oxygen demand is removed in the upper vadose zone during SAT, the total oxygen
demand of the applied effluents influences the redox conditions in the saturated zone.
In other hand, vadose zone must not contain clay strata or other soils that could restrict
the downward movement of water and form perched groundwater mounds. Aquifer
should be deep enough and transmissive to prevent excessive rises of the ground water
table (Mounding) due to infiltration. Soil aquifer materials should be granular. Fracturedrock aquifer should be protected by a soil mantle of adequate thickness (at least a few
meters). Therefore, Pescod (1992) stated that shallow soils underlained by fractured rock
are not suitable for SAT systems.
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Soil Characteristics

Soil characteristics can affect infiltration rate, bacterial attachment, re-aeration rates and
adsorption. Soils with high hydraulic conductivities provide high infiltration rates during
the beginning of wetting cycles during SAT and infiltration rates decrease as clogging
layers develop. The ability to maintain infiltration rates are critical to successful SAT
operation.
The best surface soils for SAT system are fine sand, loamy sand, and sandy loam.
Materials deeper in the vadose zone should be granular and preferably coarser than the
surface soils (Pescod, 1992).
El Hattab et al., (2007) evaluated SAT for removal of some chemical pollutants (zinc,
iron as heavy metals, magnesium and sodium as a basic cations) within wastewater. The
evaluation results indicated, that sandy loam soil was better than clay soil for magnesium
and sodium removal. Sandy soil was better than clay soil for zinc and iron removal and
sandy loam soil was not recommended for zinc and iron removal.
The effect of soil type and infiltration conditions on the removal efficiencies of
wastewater nitrites and nitrates were examined during the biological ripening phase of
soil aquifer treatment (SAT) columns. SAT was simulated in three 1-m-high soil columns
packed with 3 different natural agricultural soils (sandy clay loam, loamy sand and sandy
loam. All columns kept ahead of 2.50 cm water above soil surface and operated under
two different alternating wet and dry cycles. The result of the experiment indicated that
SCL and LS soils had the highest (95%) nitrogen (nitrites and nitrates) removal
performance when operated at the two different periods of wetting/ drying cycles (Gungor
and Unlu, 2004).
In other studies regarding to soil type depth, Quanrud, et.al. (1996) confirmed that
removal of DOC is relatively rapid during percolation through the first 1.5 m of basin
surface, where Harun (2007) assessed that sandy loam soil is the best soil to be used for
SAT systems as it provided better DOC removal efficiency when compared to other soil
types.
2.4.4

Operation Condition

The main problem with aquifer and vadose zone wells is mainly clogging by organic
matter around the well, especially for vadose zone wells, which cannot be pumped or
11
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rehabilitated after clogging. On the other hand surface spreading SAT systems have the
same surface clogging problems. Organic matter from the recharged effluents readily
alters the original hydraulic properties of the upper layers of the basin due to
hydrophobicity that develops (Arye et al., 2010). That problem may be justified and
improved by changing the wetting /drying cycles (Nadav et al., 2010).
Li et al., (2000) defined the wet-dry cycle operations as filling the pond to a certain depth,
stopping the inflow (loading) and allowing the water to infiltrate into the soil. After all the
water has infiltrated into the soil, the pond is left to dry for a period so that natural
aeration can take place. Wetting/drying cycles is a common operating strategy in
operation of SAT systems to control the development of clogging layers and maintain
high infiltration rates. During a wetting cycle a clogging layer develops causing
decreasing of infiltration rates to unacceptable rates. Therefore the drying cycle allows for
the desiccation of the clogging layer and recovery of the infiltration rates during the next
wetting cycle.
A wide range of wetting/drying cycles was studied with an emphasis on water quality
transformations. Combined with the total oxygen demand of applied effluent, the wet/dry
cycle operation controls the redox conditions in the sub-surface. Increasing wet cycle
times should increase the depth at which ammonia is adsorbed, while increasing dry cycle
time should increase the depth at which adsorbed ammonia is nitrified (NCSWS, 2001).
During SAT, cyclic wetting/drying of the basins is necessary for improvement of
infiltration rates and to control aerobic/anoxic conditions in the soil (Kopchynski et al.,
1996).
The wetting/drying cycles which take several days helps to prevent clogging and
therefore basin soil interface don’t become impermeable as shown in Figure (2.3).
Bouwer (2002) stated that when the recharge basin dries the clogging layer dry,
decompose, shrink, cracks, and curl up restoring its permeability.
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Figure (2.3): Infiltration process and nitrogen species in recharge basin including
operations in wetting and drying cycles (Source: Fox et al., 2001b).
During the drying cycle, re-aeration takes place and the redox potential increases. Wetting
and drying cycles typically vary from 8 hrs dry/16 hrs flooding to 2 weeks dry/2 weeks
flooding, (Pescod, 1992). Therefore it is recommended that SAT systems should have a
number of basins so that some basins can be flooded while others are drying.
The effects of site and operational conditions on SAT performance had been examined by
Kim et al., (2004) using a simulation concerning the parameters and conditions (length of
wet/dry cycle –infiltration rate and ground surface condition), he confirmed that organic
carbon was effectively removed in all cases. The availability of oxygen was a key factor
in predicting the production and removal of nitrate.
2.4.5

Pond depth

The water depth in the infiltration basin should be kept relatively shallow. Small depths
promote fast turnover of the wastewater in the basins during wetting time and minimize
growth of suspended algae that can form a filter cake on the surface (Abushbak, 2004,
Bouwer & Rice, 1984).
Bouwer and Rice (1989) reported an increase in the infiltration rate from 30 cm/ day to 40
cm/day as the water depth was increased from 20 cm to 85 cm in columns filled with
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loamy sand. In other hand, Houston et al., (1999) indicated that increased pond depth
causes an increase in the hydraulic gradient across the clogging layer, which tends to
increase the infiltration rate if all other factors are the same. This effect competes with
that of the surface-clogging effect.
2.4.6

Retention time

The retention time in the soil layers, is considered as a function of travel distance and
infiltration rate, was found to be the main parameter governing the effluent quality from
SAT for all primary, secondary and tertiary effluents (Sharma et al., 2008).
According to Cha et al., (2005) the biodegradable matter is easily removed at the upper
layer of soil infiltration basin, whereas, the degradation/adsorption of less biodegradable
DOC, excess phosphates, heavy metals and micro pollutants are much dependent on
travel time in the vadose zone.
SAT depends on hydraulic conditions in removing contaminants from water and therefore
retention times have significant effect on the treatment processes. Microbial activity in
degradation of organic matter requires time for growth of microbial population under
optimum conditions. Malolo (2011) reported that nitrification-denitrification process will
not be complete under short retention time.
Caballero (2010) showed that difference in retention/travel time lead to depletion or
partial reduction of organic and inorganic compounds through the vadose /unsaturated
and saturated zone. The optimal retention time for natural SAT systems is considered to
be six months at least before recovery due to the necessity of Nitrate attenuation in the
aquifer.
2.4.7

Hydraulic Loadings

Hydraulic loading rate is the amount/volume of wastewater applied to the surface of the
basin per time (period/wetting time). It is often expressed in cubic meters per square
meter per day (m3/m2.d).
The hydraulic loading rate is critical parameter in SAT management. The hydraulic of the
system is a function of the type of the soil, hydraulic conductivity, the quality of the
applied wastewater, and the treatment requirements. Abushbak (2004) reported that
selection of an annual hydraulic loading rate for a SAT system is the most important and
the most difficult step in the design procedure.
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After Asano and Cotruvo (2004) typical hydraulic loading rate for SAT systems ranges
from 0.1 to 3 m3/m2.d to achieve acceptable effluent quality depending on the hydro
geological properties. The distance and travel times between recharge basins and wells
should be at least 50-100 m and approximately 6 months for adequate SAT.
For the direct injection method, a longer detention time of 12 months is required but the
practical typical detention time for SAT systems is given is this range (6-12) months
(Malolo, 2011).
The hydraulic loading capacity of the soil profile between the recharge basin and
underlying aquifer is critically important to cost-effectives operation of SAT system.
Houston (1999) indicated that the presence of clay lenses can provide an inappropriate for
recharge applications
2.4.8

Infiltration Rate

The performance of SAT systems is affected by different parameters, but the influence of
the infiltration rates and the retention time in the biofilter (which is located in the upper
layers of the vadose to the final water quality) are considered as the major parameters.
The amounts of water that can be recharged in a given basin by surface spreading depend
mainly on the geological profile and the rate of infiltration. For a given vadose zone depth
and wastewater quality, lower infiltration rates enable more retention time for biotreatment and the high rate application of different grades of treated wastewater enable to
have longer rest periods to allowing more oxygen to penetrate the vadose zone. For
example in a given vadose zone depth and wastewater quality, lower infiltration rates
enable more retention time for bio-treatment but also, the high rate application of
different grades of treated wastewater enable to have for longer rest periods (one day
flooding, 2-4 days rest) allowing more oxygen to penetrate the given vadose zone
(Mekrot and UNESCO- IHE, 2011).
Infiltration rate vary inversely with water viscosity. The temperature affects infiltration
rate and groundwater table also affects the infiltration rates. When the water table is more
than about 1.0 m below the bottom of the recharge basin the infiltration rates are not
affected by the changing water levels. If water table rises to less than 1.0 m below the
bottom of the recharge basin the infiltration rates decreases linearly with decreasing
depth. Seasonal effects also affects infiltration rate, infiltration rate in winter are often
less than in summer due to cooler water with higher viscosity. Infiltration rates are site
15
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specific and are best evaluated on pilot basins or on actual systems. Schedule of flooding
for optimum infiltration rates are developed by trial. Surface infiltration systems require
permeable soils and vadose zones to get the water into the ground and to the aquifer and
unconfined and sufficiently transmissive aquifer to get lateral flow away from the
infiltration system without excessive groundwater mounding. Clogging caused by
biological process through SAT system in addition to availability of suspended solids at
the upper interface infiltration layer reduce the permeability of soil which led to minimize
infiltration rate. Permeability /hydraulic conductivity affect the infiltration rate through
the vadose zone and SAT efficiency in treatment. Table 2.2 shows typical hydraulic
conductivity values of the various soils (Bouwer, 2002).

Table (2.2): Typical Infiltration Rate Values for Different Types of Soil.
Soil type

Infiltration rate

Clay soil

<0.1 m/day

Loams

0.2 m/day

Sandy loams

0.3 m/day

Loamy Sands

0.5 m/day

Fine Sands

1 m/day

Medium Sands

5 m/day

Coarse Sands

> 10 m/day

In reference to Sharma (2011), some factors such as soil, climate, quality of sewage
effluent and frequency of basin drying affected the annual infiltration amounts.
In other hand, Harun (2007) and Fernando (2009) reported that the clogging layer reduces
the infiltration rate which causes operation problems therefore; the basin must be cleaned
through drying cycle and scraping by ploughing.

2.5. Behavior of Wastewater Pollutants through SAT System.
2.5.1. Generals:
Several field studies have demonstrated the feasibility of SAT technique for renovation of
wastewater. Primary and secondary effluents have been used as influent to SAT systems
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and the removal mechanism of different pollutants, viz. organics, nutrients, bacteria,
viruses and heavy metals has been reported (Nema et al. 2001 ).
Bouwer et al. (1980) showed that a passage of secondary effluent through 3.3 m of
unsaturated zone resulted in COD and BOD reductions of almost 100%, nitrogen of 30–
65% and phosphate removal of 40–80%. Viruses and fecal coliforms removal was almost
total. The average hydraulic loading on the system was 121 m/yr with flooding and
drying periods being 2–3 weeks & 10–20 days, respectively.
Ammonia (NH3), Nitrite (NO2-) and Nitrate (NO3-) are considered as the principle
nitrogenous wastes that pollute the applied water also, ions are chemical compounds
presence of nitrogenous wastes include dissolved oxygen (O2) depletion, toxicity,
eutrophication and methemoglobinemia (Gerardi, 2002).
Nitrogen forms present primarily in wastewater are depended on the type of treatments
applied prior to SAT system. For secondary effluent, most of nitrogen forms presented as
ammonia form and some processes are designed to achieve nitrification and the effluent
will then contain primarily nitrate-nitrogen.
Ammonia can be removed by physical, chemical and biological or by combination of
those methods. Common technologies removal methods include adsorption, chemical
perception, membrane filtration, reverse osmosis, ion exchange, air stripping, breakpoint
chlorination and biological nitrification and denitrification (Metcalf and Eddy, 2004).
2.5.2. Suspended solids and trace elements Removal
After appropriate pretreatment in wastewater treatment plants, the suspended solids in
effluent are usually relatively fine particles and in organic form. The suspended solids
during SAT are removed by filtration and sedimentation. Suspended solids are completely
removed from the sewage effluent after about 1m of percolation through the vadose zone
(Pescod, 1992).
2.5.3. Nitrogen Removal
The influent to Soil Aquifer treatment infiltration basins usually contains both organic
and inorganic nitrogen. Nitrogen removal from the percolated water in the SAT system is
important because nitrogen may contaminate the groundwater and cause serious health
problems if consumed by humans. Biological denitrification has received much attention
as a method of removing nitrogen because it returns nitrogen to the atmosphere as inert
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N2 gas. The main difficulty in facing denitrification is that N in the applied wastewater is
mostly in the NH4+ and organic N forms, which must be first oxidized to NO3- before
denitrification can proceed.
It was found that transformation and removal of N in the SAT system are dependent on
the infiltration rate. As the infiltration rate decreases, the nitrate is leached in a diffuse
wave allowing considerable mixing of NO3- with the wastewater which contains organic
C. This mixing provides more favorable C: NO3- ratio for denitrification process than that
obtained with high infiltration rate (Abushbak, 2004).
2.5.4. Removal of organic compounds
In a SAT system the movement and fate of organic compounds is considerably affected
by volatilization, sorption, and chemical or biological transformation. The physical and
chemical properties of a specific compound as well as the soil environment determine the
level of influence of these mechanisms. Volatile organics, low-molecular weight
compounds, was found to be removed as the water is applied to the basin or during drying
time at the Phoenix 23rdAvenue project using secondary effluent. A total reduction of
about 70% was detected by Bouwer et al., (1984).
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Chapter Three: Study Area
This chapter describes the Gaza Strip in general and describes the intended area in
specific (Northern part of the Gaza Strip) where the case study (New Infiltration Basins)
are located.

3.1 Geography and demography
The Gaza Strip is located on the south-eastern coast of the Mediterranean Sea between
longitudes 34° 2" and 34° 25" East, and latitudes 31° 16" and 31° 45" North. Width of the
Gaza Strip ranges between 5 km in the middle and 8 km in the North where study case
was selected and 12 km in the South, it’s length is approximately 41 km along the coast
line and it’s area is about 378 km2 (UNEP, 2009). The location of the Gaza Strip is shown
in Figure (3.1).

Figure (3.1): The location of the Gaza Strip
Source: (UN office for coordination of humanitarian affairs, Gaza strip. 2009)
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The Gaza Strip is a very small area of land. It is underlain by a shallow aquifer, which is
contiguous with the Israeli Coastal Aquifer to the north. Gaza is the downstream user of
the coastal aquifer system, and hence water abstraction in Gaza does not affect Israeli
water supplies. The Gaza Aquifer has a natural recharge rate of approximately 65 million
cubic meters (MCM) of water per year from rainfall and lateral. This aquifer is essentially
the only source of the water in the Gaza Strip (Alice, 2007).

3.2 Population
The Gaza Strip is considered one of the most crowded places in the world, the population
is estimated 1,701,437 inhabitants according to Palestinian Bureau of Statistics 2013
(PCBS, 2013) and the population density at the end of 2012 was 4,583 individuals / km2.
The total population of the Gaza Strip is distributed in five governments from south to
north which are classified as: Northern Gaza governorate, Gaza city governorate, Middle
region governorate, Khanyonis governorate and Rafah governorate (PCBS, 2011).

3.3 Climate Conditions
The Gaza Strip has a semi-arid climate. There are two well-defined seasons: the wet
season starting in October and extending through March and the dry season from April to
September. Peak months for rainfall are December and January, the long term annual
rainfall average is 325 mm/year and it decreases from north to south (Saleh, 2007).
The whole Gaza Strip is located in a transitional zone between the temperate
Mediterranean climate to the West and North and the arid desert climate of the Negev and
Sinai deserts to the east and south, with long hot dry summer caused by eastward
extension of the Azores high pressure and a mild wet winter resulted from a penetration
of mid-latitude depression accompanied by westerly moving eastward over the
Mediterranean basin. The proximity of the Mediterranean Sea has a moderating effect on
temperature and promotes high humidity throughout the year (UNDP, 2010 and ElKhateb, 2012).
The mean temperature varies from 12 – 14oC in January to 26 – 28oC in June.
Evaporation measurements have clearly shown that the long term average open water
evaporation is in the order of 1,300 mm/year (PCBS, 1997; WRAP, 1995 and Abushbak,
2004). Maximum values in the order of 140 mm/month are reported during summer time,
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while relatively low pan evaporation values around 40 mm/month were reported during
December to January (MOPIC, 1996b and Abushbak, 2004).

3.4 Rainfall
Rainfall is the main source of groundwater recharge in Gaza Strip as the area is located in
the semi-arid zone. The Gaza Strip is characterized by short winter season, the first real
rain starts from October till March, rains in September and April are occasionally and
happened two times in the last decade. Therefore, the average yearly rainfall is only
distributed to five months a year. Around 30% of the rains occur in January for the eight
meteorological stations all over the Gaza Strip (Al -Najar, 2011).
The annual rainfall data was collected from 12 meteorological stations. The data shows
that the rainfall in Gaza Strip gradually decreases from the north to the south. The average
normal rainfall distribution is shown in Figure (3.2). The values range from 430 mm/year
in the north to 230 mm/year in the south (PWA, 2013).

Beit Hanoun

Gaza
Strip
Nunssirate
Dr-Elbalh

Khan Younis

Figure (3.2): Average Normal Rainfall in the Gaza strip (1980-2010)
Source: PWA Annual Report, 2011
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The rainfall is different at any two stations in any given year. Where highest record oneday from stations in the Gaza Strip was 138 mm at the Beit-Lahia station on November
29, 1991 (UNEP, 2009 and Abu Mayla et al, 2009).

3.5 Wastewater Networks in the Gaza Strip
As shown in table (3.1), most of the Gaza Strip governorates has more than 70% coverage
of wastewater networks, except for Khan Younis Governorate of Gaza represents the
poorest area in wastewater collection as well as poor treatment and infrastructure. In other
words the current wastewater production (113 thousand cubic meters per a day) will
increase around 50% if the whole population is connected. Thus it is worth to consider
treated effluent as a resource of water for irrigation purposes (PWA, 2011).
Table (3.1): Wastewater Network & Treatment Plants in the Gaza Strip
Construc.
Governorate
Date

North Area

1976

Population Coverage
Capita
%

298,125

80

Wastewater
production
(m3/day)

23,000

Treatment
availability

Final
Disposal

Partially

100% to

Treatment

New
Infiltration

Gaza

1977

546,959

90

60,000

%80

Basinto
100%

Partially

sea

Treatment

Middle Area

……..

223,679

75

10,000

& %20
Not
Raw
Available

100%
Wadi
Gaza &
indirectly

Khanyounis

Rafah

2007

299,918

1983

183,649

40

75

Source: PWA Annual Report, 2011
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3.6 Wastewater Treatment in the Gaza Strip
There are four wastewater treatment plants operating in the Gaza Strip to treat wastewater
to the level allowed to be pumped to the sea and do not pollute the aquifer. In case of
infiltration as Beit-Lahia which infiltrates to the eastern new infiltration lagoons. These
treatment plants are placed along the Gaza Strip on the sandy dunes in the coastal area
(North, Gaza, Rafah and Khanyounis) as shown in Figure (3.3). The locations of these
treatment plants were chosen during the times of the Israeli occupation of the Gaza Strip.
However, the regional contour of Ministry of Planning suggests establishing three central
treatment plants near the eastern armistice green line and all existing treatment plant
should be transferred to the eastern side of the Gaza Strip where most of the soil is clay
soil with low infiltration rate. Moreover, it is planned to reuse the treated effluent for
crops irrigation where the agricultural areas are located on the east (CMWU, 2010 and
PWA, 2011).

Beit Lahia

Sheikh Ejleen

Northern

Central

Tel Essultan

Southern

Existing WWTP
Proposed WWTP
Figure (3.3): Existing and Proposed Wastewater Treatment Plants in the Gaza Strip

Source: CMWU, 2010
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Construction date, the method of treatment, quantity and final disposal of each plant is
summarized in table (3.1). The existing three plants are heavily overloaded as the actual
flow exceeds the design flow. Blocked pipes and flooded manholes are daily events in the
Gaza Strip. The total capacity of the existing three WWTP's is approximately 41
MCM/year (PWA, 2011).
The current treatment plants still do not meet the standards of treating wastewater in Gaza
and this is due to the shortage of electricity and the frequent closure of Gaza crossings
that hinder the required periodical maintenance. Moreover, the population growth without
a proper expansion of the treatment plants has caused a problem since the wastewater
actual treatment plants are overloaded (CMWU, 2010).
3.6.1

Beit Lahia Wastewater Treatment Plant

Beit Lahia wastewater treatment plant (BLWWTP) was established in 1974 in Beit Lahia
by the Israeli Civil Administration in the outskirts of the town of Beit Lahia in the
northern area of the Gaza Strip. The plant had established a secondary treatment system
in order to take up 5,000 m3/day of wastewater to serve 50,000 inhabitants.
The sewage is delivered from the main manholes and is processed though a number of
lagoons shown in the schematic diagram Figure (3.4) of BLWWTP below, the treatment
consists of: Primary sedimentation lagoons (1 and 2) with area of 7,660 and 8000 m2
respectively; Aerobic lagoons with surface aerators (3 and 4) with areas 7,514 and 7915
m2; Facultative Lagoons (5 and 6) with areas of 15,584 and 15,604 m2; finally the
wastewater flows to a maturation pond (7) and is disposed by siphoning to the newly
constructed Emergency lagoon. Finally the treated wastewater is conveyed through two
pump station to the Eastern infiltration basins (NGEST) and to the temporary infiltration
basins at the Northern border. Due to the huge overload on the system, the wastewater is
only partially treated, and the effluent is considered as of low quality. However the plant
currently receives more than 23,000 m3/d more than the design capacity (ADA / PWA,
2011).
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To infiltration Basin

1

2

3

4

7

Outlet to
Emergency
pond

6

5

CDM Pond

Figure (3.4): Beit Lahia WWTP & its Process Schematic Diagram
Table (3.2): Efficiency (mg/l) of the BLWWTP.
BOD
COD
Test Date
Infl.
Eff.
Infl.
Eff.
CMWU, 2010

3.6.2

409.41

97.5

903.7

246.7

TSS

TKN

Infl.

Eff.

Infl.

Eff.

460.2

107

51.9

47.5

Sheikh Ajleen Wastewater Treatment Plant

The Gaza Wastewater Treatment Plant (GWWTP) serves the municipality of Gaza and
part of the North Gaza Governorate although this area is expected eventually to be
diverted to the Northern WWTP. The GWWTP plant is located on an elevated position to
the south of the city (in the area of Sheikh Ejleen).
Originally, the plant was constructed in 1977 as a two-pond treatment system and the
plant covers an area of 130,000 m2 (ADA / PWA, 2011).
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Rafah Wastewater Treatment Plant

Rafah treatment plant was established in 1989 near in Tel Al-Sultan in the western of
Rafah where was a lagoon with four aerators for treating wastewater before pumping it to
the sea. It serves a population of 112,500 of Rafah inhabitants; the capacity of the
treatment plant is 4,000 m3/day (CMWU, 2010).
3.6.4

Khanyounis Temporary Treatment Plant

It is temporary partially wastewater treatment plant with anaerobic, aerobic, and settling
ponds. The plant was constructed in 2007 as a temporarily solution. The current flow rate
is about 7000 m3/day and it is currently discharging to the sea (ADA / PWA, 2011).

3.7 Water Quality in the Gaza Strip
More water was pumped from the aquifer than recovered. This over extraction from the
aquifer has resulted in drawdown of the groundwater with resulting intrusion of seawater
and up-coning the underlying saline water. Ongoing deterioration of the water supply of
Gaza poses a major challenge for water planners and sustainable management of the
coastal aquifer. In addition, anthropogenic sources of pollution have threatened the water
supplies in major urban centers. Many water quality parameters presently exceed World
Health Organization (WHO) drinking water standards. The major water quality problems
are high salinity and high nitrate NO3- concentrations. In general, the groundwater salinity
in terms of Chloride (Cl-) changes from area to another based on the hydro-geological
condition of the water yielding zone, abstraction pattern in terms of quantity and duration
as well as the total penetrated depth (Zakout, 2013)
3.7.1

Chloride

Salinity in the Gaza coastal aquifer is often described by the concentration of chloride in
groundwater, this trend occurs where the groundwater salinity is originally high and inconstant
with time and occurs mainly in the wells that located either in the eastern area of the Gaza Strip
close to the eastern borders, or in the southern area of the Gaza Strip close to the southern borders.

Seawater intrusion and intensive exploitation of groundwater have resulted in increased
salinity in the most areas in the Gaza Strip. The wells in those areas are affected by the
following factors; depth of these wells, which are penetrated the water bearing horizon of high
salinity, the lateral groundwater flow from the eastern side and the pumping rate from these wells
as well as from the surrounding wells. According to Palestinian Water Authority (PWA,

2013), it was observed that the Chloride concentration in the municipal wells ranges from 250 to
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more than 5000 mg/l. whereas 25 % of them had chloride concentration less than 250 mg/l (WHO
allowable limit) while the remaining (75%) exceeds the WHO chloride level as shown in Figure
(3.5) (Zakout, 2013).

Figure (3.5): Chloride Concentrations map for Gaza Strip in 2012 (Zakout, 2013)

3.7.2

Nitrate

Nitrate is the most important pollutant of the groundwater all over the Gaza Strip. Nitrate
levels in the Gaza Strip have continued to rise and currently present a health risk throughout the
territory. High quantities of nitrates in drinking water can have significant health repercussions,
particularly for infants. Application of fertilizers and pesticides in agricultural areas is the main
reason of increasing nitrate level in groundwater. In addition to agricultural activities, nitrogen
released from wastewater discharge plays a major role in aquifer pollution. Based on the latest
result of chemical analyses and the nitrate concentration map for the year 2012. As shown in
Figure (3.6), the nitrate concentration is less than 50 mg/l (WHO allowable limit), in areas
located in the center of north governorate, Al Zahra and Al Moghraqa areas, east of middle
governorate and the southeast of southern governorate, where these areas characterized by limited
agricultural activities as well as the sewerage system.
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In other hand, due to the leakage from sewerage network as well as the leached wastewater from
cesspits in the urban centers such as Gaza city, refugee camps in the middle governorate,
KhanYounis and Rafah. These areas particularly KhanYounis and Rafah led to increase nitrate
concentrations more than 200 mg/l (Zakout, 2013).

Figure (3.6): Nitrate Concentration Map for Gaza Strip in 2012 (Zakout, 2013).
Generally the Nitrate concentration in the municipal wells ranges from 50 to more than
300 mg/l. 21.5% of them had nitrate concentration less than 50 mg/l (WHO allowable
limit) while the remaining (73.5%) exceeds the WHO chloride level as shown in Figure
(3.7) (Zakout, 2013).

Figure (3.7): Percentage of Nitrate Concentration for Gaza Strip Wells 2012
(Zakout, 2013).
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Taking in consideration the combined concentrations of both chloride and nitrate, it's clear that
6.5% of the domestic water is only matching with WHO drinking limit, while the remaining
93.5% is out of limit as shown in Figure (3.8) (Zakout, 2013).

Figure (3.8): Percentage of Chloride and Nitrate Combined Concentration for Gaza
Strip Wells in 2012 (Zakout, 2013).

3.8 New Northern Gaza WWTP Project
The North Gaza Emergency Sewage Treatment Project (NGEST) was launched in 2004
to respond to the critical environmental and human health risk caused by severe
overloading of the outdate Beit-Lahia wastewater treatment plant (BLWWTP). Through
years the population increased resulted in the overloaded of BLWWTP performance and
it was unable to handle the wastewater quantities and at the time, poorly treated
wastewater was rapidly accumulating in artificial raised ponds surrounding sand dunes
resulting in a formation of random lake presenting a severe threat to the health and safety
of surrounding communities and a long term risk to groundwater quality. In 2004, the
lake volume reached 3 MCM of sewage and occupied around 30 hectares of land. It was a
serious threatening to the neighboring communities. In March 2007, five casualties died
due to collapse of a temporary pond. The World Bank (WB), AFD, EU, Sida, Belgium
responded to finance the construction of North Gaza Emergency Sewage Treatment
Project (NGEST Project) in order to provide a sustainable solution to the sewage
treatment and disposal problems for the Northern Gaza Governorate.
3.8.1

Project Objectives

Due to the emergency situation of the wastewater in North Gaza it was important to
mitigate the tremendous health and environmental threats to the communities surrounding
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the sewage effluent lake at the existing BLWWTP site. The project was designed to
provide a satisfactory long-term solution to the treatment of wastewater for the Northern
Gaza Governorate.
3.8.2

The North Gaza Emergency Sewage Treatment (NGEST)

The NGEST Project consists of two parts. Part (A) would address the immediate health
and environmental threats posed by the sewage lake at Beit-Lahia. This Part consisted of
implementation of three contracts, namely the construction of the terminal pumping
station at Beit-Lahia, construction of (7 Km) Ductile pressure pipeline and the
construction of (8.1 hectares) 9 infiltration basins at the new site of the NGEST and
currently in operation under CMWU. The partially treated wastewater is now being
pumped from BLWWTP to the new infiltration ponds and the random ponds in BeitLahia have been drained and dried.
Part (B) would address the medium to long-term needs of Northern Gaza for adequate
wastewater treatment. It comprises of the Construction of the North Gaza Wastewater
Treatment Plant (NGWWTP) designed with an ultimate capacity of 35,600 m3/day and
comprising three treatment modules for secondary biological treatment with nitrogen
removal, as well as sludge treatment, digestion, electricity generation covers (60% of
Plant Demand), dewatering, drying and storage.
It was agreed that the basins receives 15,000 m3 daily. Due to the deterioration of basins
performance the basins can only handle 8,000 m3 daily. Since Sep, 2009 and until the end
of Jan, 2013 the basins received a total of 20 MCM of partially treated wastewater. The
performance of the basins is affected by many factors. This includes the bad effluent
quality from BLWWTP (BOD 90 mg/L) and the high concentration of Suspended Solids
in the BLWWTP ponds. The recorded infiltrated rates in the basins showed continual
deterioration in this aspect. The average infiltration rate for all the basins is currently 0.59
m/day compared to an infiltration rate of nearly 1.00 m/day in June 2012 (PMU / PWA,
2012).

3.9 Field Experiment Location (Case Study)
The field experiment location (case study) is located near new infiltration basins at North
East of Gaza Governorate adjacent to Basin No. 1 as pointed by the circle shown in
Figure (3.9).
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N

Figure (3.9): Location of field experiment near the new infiltration basins
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Chapter Four: Materials and Methods
4.1 Introduction
To achieve the objectives of this study, it is important to seek in the most parameters
concern in a SAT system operation in order to achieve clear and complete information
about the behavior of nitrogen transformation and fate. Study of nitrogen removal from
the applied secondary treated wastewater in the SAT system is important issue because
nitrogen may deteriorate the soil and contaminant the groundwater causing serious health
problems if consumed by humans.
Therefore, this chapter is provided with details about two experimental methods were
conducted separately to determine the effects of the operational schedule (wetting/drying
time), soil type on the nitrification/denitrification processes during SAT operation under
actual and realistic soil of northern area of the Gaza Strip, wastewater quality and
environmental conditions. Field experiment task was carried out near the new infiltration
basins of northern area in addition to other laboratory batch experiment and the data were
collected from the test’s results which carried out for the soil and the effluent collected
from the bottom of (1 m depth) of the pilot scale for chemical analysis of pertinent
parameters and removal trends were established. The materials, experimental setups and
experimental procedures that were used during these research activities are delineated
below.

4.2 Field Experiment set up
To achieve the objectives of this study, soil pilot infiltration column experiments were
carried out to simulate Northern Area SAT system. The treated wastewater from
NGWWTP, two soil types and three operational schedules were used in the field
experiment.
4.2.1

Pilot infiltration boreholes

To evaluate the performance of SAT system in treating wastewaters for nitrogen
compounds, column studies at the field were carried out under varied experimental
conditions. The site of experiment lies inside the new northern Gaza wastewater treatment
plant (NGEST Project) adjacent to infiltration Basin No.1. The site’s geology is part of
the coastal aquifer and is mainly composed of Kurkar group and thin layers and lenses of
silt, silt clay are also encountered at various depth.
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The dimension of the selected site for field experiment was 6m x 6m in area. Six pilot
infiltration boreholes were digged, each one is of 0.60 m diameter and 1.2 m in depth. To
protect the location of the experiment a stainless steel mesh fence was used around the
selected site. The 6 pilots were divided into two groups (Group A & Group B). Each
group consists of 3 pilots which called A1, A2, A3 for group A and B1, B2, B3 for group
B as shown in Figure (4.1).
The three pilots in group A were refilled up to 1 m with pure kurkur soil and the other
three pilots of group B were refilled with mixed soil (90% clean sand and 10% clay).
Frame of steel rings Ø 65 cm and 50 cm height was used around each pilot and was
installed 10 cm beneath the soil surface and 40 cm above it to allow creating 25 cm water
head above the surface of each infiltration pilot. A buffered distance of 3.6 m was
permitted between the two groups and 1.5 m between successive basins in each group to
eliminate the interfering between them.
To collect the infiltrate from the bottom of each pilot, a manual suction pump high
density poly ethylene (HDPE) tubes of 50 mm diameter and 1.40 m in length was
fabricated as well screen was inserted vertically in the middle of each pilot to around 1.10
m depth (the upper 30 cm of the tube was above the soil surface). Before plugging the
tubes at the bottom of each one, 13 vertical slot openings of 10 cm length have been
formed and rounded by very small stainless steel mesh. Figure (4.2) illustrates the
schematic diagram of the field experiment layout.

Figure (4.1): Wastewater Network Preparation for Filed Experiment
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Figure (4.2): Schematic Diagram of the Field Experiment Layout
4.2.2

Wastewater Network

Wastewater was pumped from basin No.1 by 1 hp electrical pump to 30 m3 storage tank
which placed higher than the soil pilots. During operation time, the applied wastewater
was flowed down from the elevated tank to the infiltration pilots through main HDPE
pipe Ø16 mm and main On/Off valve connected to the storage tank. From the main
HDPE pipe, 1/2 inch diameter HDPE pipelines were extended to deliver the treated
wastewater to each infiltration pilot using individual On/Off valve for each set of A & B
pilots and for individual branches. PVC level floats were installed at each pilot to
maintain a constant wastewater head of 25 cm above the soil surface as shown in Figure
(4.3). Wooden rulers graduated in cm were used to monitor the water head during system
operation.
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Figure (4.3): Filed Experiment Preparations and Samples collection.

4.3 Operational Schedules
The variation in operational schedules of the experiment with respect to the hydroperiods
(wetting/ drying periods) was applied according to the common operational schedules
used at the new infiltration basins in the northern area of Gaza. Three operational
schedules were tested through three runs for each variation as shown in table (4.3).
Table (4.1): Operational Schedules (wetting / drying periods)
No.

Operation Schedule

1

1 day wetting / 2 days drying

Date of Runs
Run 1
28/9/2013

Run 2
2/10/2013

Run 3
6/10/2013

Date of Runs
2

2 days wetting / 2 days drying

Run 1
13/10/2013

Run 2

Run 3

18/10/2013

23/10/2013

Run 2

Run 3

4 /11/ 2013

10/11/2013

Date of Runs
3

2 days wetting / 3 days drying Run 1
29/10/2013

The first variation was applied to the system (Group A & Group B) for three runs as
illustrates in schematic diagram shown in Figure (4.4). In each run, the system was
maintained wet for a period of 1 day and kept dry for two days. Before the wastewater
application, a water sample was collected from the exit of the storage tank to representing
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the initial concentration “C0“. At the end of each wetting period, water samples were
withdrawn from each pilot by means of a hand pump. The water samples were kept in ice
box at 4°C and directly transferred to the laboratory for analysis.
Sample
s

C○

Samples

Drying

Wettin
g

48 hrs

24 hrs

Samples

Wetting

Drying

Wetting

24 hrs

48 hrs

24 hrs

Figure (4.4): Schematic Diagram of Run 1 (1 day wetting / 2 days drying)

After the starting of each run of wetting time and collection of wastewater samples, the 30
m3 tank was drained and marking the starting date of dry period. At the beginning of
each subsequent runs the tank was refilled again with secondary treated wastewater and a
wastewater sample was taken before applying it to the system. The objective of this step
is to prevent any chemical and biological changes may happened to the water stored in
the storage tank and to make sure that the water applied for the other runs mostly has the
same quality of other runs.
Regarding to the second operational schedule, the previous steps were followed up taking
in consideration two days wetting / two days drying as shown in Figure (4.5) and the third
operational schedule was two days wetting / three days drying as shown in Figure (4.6).

Sample
s

C○

Wettin
g

48 hrs

Samples

Samples

Drying
48 hrs

Wetting

Drying

Wetting

48 hrs

48 hrs

48 hrs

Figure (4.5): Schematic Diagram of Run 2 (2 days wetting / 2 days drying)
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Figure (4.6): Schematic Diagram of Run 3 (2 days wetting / 3 days drying)

4.4 The effect of soil
Two types of natural soils have been used in the field experiment to explore the effect of
the soil texture on the transformation of nitrogen compounds. Pure kurkur soil has been
collected from the field as the same soil which was used in the new infiltration basins and
refilled in three pilots (A1, A2, and A3). Mixture soil from 90% pure sand with 10% of
clay soil by weight respectively have been used in backfilling in the other three pilots
(B1, B2, B3). Samples from the two types of soils have been taken to investigate the
physiochemical properties before application of the secondary treated wastewater to the
pilot infiltration boreholes in field experiment.
4.4.1

Physio-chemical Properties of soil

Two soil samples from Kurkur and from the mixed soil have been taken and transferred
to the Consulting Center for Quality & Calibration for Soil & Materials Testing
Laboratory in Gaza for analyses of the physical proprieties of the soil (particle size
distribution, bulk density, porosity and particle density). The Grain Size Distribution test
of the soil from pilots (A) and the soil from pilots (B) has been carried out according to
ASTM D 422-63 (1998), Sieve Analysis test for soil A and soil B has been carried out
according to Combined Dry Sieving and Hydrometer Analysis ASTM D-422-63 (2002),
BS1377-Part2-1990. Bulk density and specific gravity tests have been carried out
according to BS 812 Part 2: 1995. Figure (4.7) shows the process of soil test at the
material testing laboratory. All Soil analytical methods and test results are attached in
annex number (1).

39

Chapter 4: Materials and Methods

Rehan, 2014

Figure (4.7): Soil Test for Physiochemical Properties.

4.5 Applied Wastewater
The applied wastewater for the field experiment was the partially secondary treated
effluent produced from existing BLWWTP and pumped to the new infiltration basins
which is located at the eastern part of the northern area of Gaza Strip. The applied
wastewater was pumped from basin No.1 to storage tank (30 m3) as shown in Figure (4.8)
and then to the pilots through piping network to simulate the SAT system.

Figure (4.8): Wastewater Pumping from Basin No. 1 to storage tank (30 m3).
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Wastewater characterization

The wastewater used in the pilot and batch experiments was the received wastewater from
BLWWTP which is partially secondary treated. Measurements of wastewater effluent
quality were collected for analyzing in the Environmental and Rural research center
(ERRC) - Islamic University-Gaza. Also, samples of wastewater were collected during
the field experiment at time zero “C0” before applying to pilot scale experiment for each
run, and analyzed at Berzait University Laboratory in Gaza according to the
recommended Standards Methods for the examination of Water and Wastewater (APHA,
20th edition, 1998).

4.6 Batch Experiment
The Batch reactor is the generic term for a type of vessel widely used in the process
industries. In a batch reactor the reactants and the catalyst are placed in the reactor and
the reaction is allowed to proceed for a given time whereupon the mixture of unreacted
material together with the products is withdrawn. The steady states of the batch reactor
correspond to states of reaction equilibrium. Batch experiments can be performed with or
without soil. A batch experiment with only water may be used to determine inactivation
rates of viruses in the water phase. In case of medium and fine textured materials,
centrifugation is required to separate water and soil. Because of these sampling issues,
and to maintain saturated conditions, batch experiments usually make use of a series of
containers (tubes) that are sampled only once. Therefore, Gholamreza et al.,(2013) stated
that equilibrium batch experiments are usually only carried out.
In this study, a batch experiment was carried to the time of steady condition and to
investigate the gap between batch experiment in laboratory and column experiments
(pilot scale) carried out in the field for studying the efficiency of nitrogen elements
transformation during soil aquifer treatment (SAT).
4.6.1

Batch Experiment Setup

Batch reactors are simple and needs little supporting equipment, the batch experiments
were performed using Shaker (Heidolph instrument – Type: ROTMAX 120, Germany) at
the constant shaking speed as shown in Figure (4.9).
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Figure (4.9): Shaker for Batch Reactor
4.6.2

Batch Experiment Procedure

Twenty four transparent polyethylene bottles, each 125 ml volume were used. The 24
bottles were divided into two groups, 12 of them were filled with 50 g of soil A (Kurkur)
and 70 ml of secondary treated wastewater and the other 12 bottles contains 50 g of soil B
(mixed soil, 90% clean sand and 10% clay) and 70 ml of effluent secondary wastewater
forming the slurry in each bottle as shown in Figure (4.10).
The wastewater applied for each batch experiment is similar to the wastewater used in the
field experiment. The two groups of bottles were classified as group A and group B and
labeled according to time of shaking. The bottles were placed on the shaker to be agitated
at a constant and gentle shaking rate (50 rpm).
At rate of 6 hours, two bottles (one from group A and the other from group B) were lifted
from the shaker. The soil suspension was lifted for 15 minutes to allow solids for
sedimentation and then filtered using filter paper number 02 size before testing. The
shaker was continued in operating up to 42 hrs period of the experiment and the samples
were collected in interval periods of 6 hours, so the last two bottles were lifted after 42
hrs from zero time.
Each sample was kept in refrigerator at 4○C and then was transferred for analysis to
Berzait University Laboratory in Gaza. The supernatant was analyzed in regards to the
parameters: Total Kjeldahl Nitrogen (TKN), Ammonia (NH3), Nitrate (NO3-) and Nitrite
(NO2-). The analysis was done according to the Standards Methods for the Examination
of Water and Wastewater (APHA, 20th edition, 1998).
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Figure (4.10): Bottles on a Shaker Batch reactor.

4.7 Analytical Methods
The techniques, reagents and apparatus used to measure different parameters during the
study are delineated below.
4.7.1

Sample collection, preservation and transportation

The collected filtrates were stored in an ice box at 4°C to retard any biochemical and
chemical reactions or changes may happened during sampling transportation and storage.
Samples tests were carried at the water laboratory of Berzait University in Gaza. The
samples analysis was done immediately after the sample collection from the experiment
(the wetting time).
4.7.2

Measurement of Total Kjeldahl Nitrogen (TKN)

Total Kjeldahl Nitrogen (TKN) is an analysis to determine both the organic nitrogen and
the ammonia nitrogen. The analysis involving distillation and absorbing of the total
ammonia into an acid and determination of the ammonia by an appropriate method. TKN
was measured using Macro-Kjeldahl Method which consisted of the preparation of
reagents and standards. In the presence of H2SO4, potassium sulfate (K2SO4), and cupric
sulfate (CuSO4) catalyst, amino nitrogen of organic materials is converted to ammonium.
Free ammonia also is converted to ammonium. After addition of concentrated sodium
hydroxide, the ammonia is distilled from an alkaline medium and absorbed in boric acid.
The ammonia was determined by titration with a standard hydrochloric acid. Preparation
of reagents and the procedure of samples preparation are describes in annex No.2.
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Measurement of Ammonium, (NH4+)

Ammonium nitrogen was measured using Nesslerization method (Direct and Following
Distillation), which consisted of the preparation of reagents and standards. The calibration
curve (NH+4) was prepared using the standard stock solution of NH4Cl. The calibration
curve of ammonia concentration Vs absorbance was prepared using the stock solution of
Ammonium chloride and a series of standards solution. Ammonia was determined using
the standard curve after measuring the absorbance at 425 nm of standards and samples
using Shimadzu UV-2600 PC UV-VIS spectrophotometer Preparation of reagents and the
procedure of samples preparation are describes in annex No. 2.
4.7.4

Measurement of Nitrate (NO3-)

Nitrate was measured using photometrically by means of sodium Salicylate Method
Spectrophotometer at 420 nm which suitable for determination of nitrate ions in
concentrations between 0.1 and 20 mg NO3-/l. Nitrate was determined using the standard
curve after measuring the absorbance at 420 nm of standards and samples using
Shimadzu UV-2600 PC UV-VIS spectrophotometer. Preparation of reagents and the
procedure of samples preparation are describes in annex No. 2.
4.7.5

Measurement of Nitrite (NO2-)

Nitrite (NO2-) is an intermediate product of the simplified two-step process of
nitrification. Nitrite was measured using colorimetric method which is determined
through formation of a reddish purple azo dye produced at pH 2.0 to 2.5 by coupling
diazotized sulfanilamide with N-(1-naphthyl)-ethylenediamine dihydrochloride (NED
dihydrochloride). The applicable range of the method for spectrophotometric
measurements is 10 to 1000 μg-N/L. The color system obeys Beer’s law up to 180 μg
NO2--N/ L with a 1 cm light path at 543 nm using Shimadzu UV-2600 PC UV-VIS
spectrophotometer. The red colored dye formed was measured at the specified absorbance
against a series of standard solutions to prepare the calibration curve. The concentrations
of the samples were determined by using the calibration curve. Preparation of reagents
and the procedure of samples preparation are describes in annex No.2
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Measurement of Total Suspended Solids (TSS)

Total suspended solids (TSS) include all particles suspended in water which will not pass
through a filter. Total suspended solids were measured using gravimetric after filtration
Method by Glass–Fiber filter disc. The principle of the method depends on a well-mixed
homogenized sample is filtered through a weighed standard glass–fiber filter and the
residue retained on the filter is dried to a constant weight at 105oC .The increase in weight
of the filter represents the total suspended solids. Preparation and the procedure of
samples preparation are describes in annex No. 2.
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Chapter Five: Results and Discussion
5.1 Introduction
Attenuation about behavior of nitrogen transformation during SAT process conditions was
assessed using two experiments, pilot scale in the field and laboratory-scale batch
experiments. The two experiments were carried out using secondary wastewater from basin
No. 1 as described in Chapter 4.
Results obtained from the two experiments and discussions are presented in this chapter
through the following sections.
5.2 Soil Characterization
Soil samples were collected from NGEST- project (two types of natural soils as described
in Chapter four). Soil texture analysis using the hydrometer method is shown in Figure
(5.1). The results showed that the soil (A) and soil (B) were classified, based on the USDA
classification scheme, as sandy soil and loamy sand soil respectively. The particle size of
sandy soil is ranging from 0.001 to 4.75 mm and particle size of loamy sand soil is ranging
from 0.001 to 0.6 mm.
Soil A
Soil B

Figure (5-1): Soil texture analysis for Soil A and Soil B.
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Physical properties for the Soil (A) and Soil (B) are summarized in Table (5.1). The
analysis showed that the porosity is the same for the two soils which is considered as
suitable and fluencies in process of transport and flow of water through the soil.
The bulk density relates to the combined volume of the solids and pore spaces. Soils with
high proportion of pore space have lower bulk density than those that are compacted and
have less pore space. In general soil with low bulk density has favorable physical
conditions (Chaudhari et al., 2012).
Table (5.1): Physical Characterization for Kurkur (Soil A) and mixed soil (Soil B)

Property

Soil "A"

Soil "B"

Bulk density

1,352 kg/m3

1,370 kg/m3

Particle density

2,623 kg/m3

2,692 kg/m3

Porosity

48.5 %

49.1 %

The ideal porous medium for a SAT system operation is one that allows rapid infiltration
and complete removal of all constituents of concern. In surface soil, coarse-textured
materials are desirable for infiltration because they transmit water readily. However, the
large pores in these soils are inefficient at filtering out contaminants, and the solid surface
adjacent to the main flow paths is relatively nonreactive. In contrast, fine-textured soils are
efficient for contaminant adsorption and filtration, but they have low permeability and their
small pores clog easily (Abushbak, 2004).
Due to EPA (1973); Bouwer (1985) and NRC (1994), the best soils that with the texture
for contaminant adsorption and filtration are ranged of sandy loam, loamy sand, and fine
sand. To minimize movement of suspended material into the soil and to avoid clogging of
deeper soil layers, it is preferable to have the fine soil on the top and the coarser material is
further deeper which is better than the reverse (Goss et al., 1973 and Goldenberg et al.,
1993). So a site with extensive clay layers, or other impermeable formations near the
surface, should be rejected as a possible site for SAT system, therefore, this scientific truth
was consider in the field experiments. Accordingly, the sandy soil and loamy sand were
selected to be used under investigation and to simulate the existing condition of the SAT
system (infiltration basins) at NGEST site’s project.
A number of studies on the effect of the soil type on the wastewater quality and the
infiltration rate in the SAT system has been conducted both at lab and field scale, using
bench scale soil columns, with different soils (poorly graded sand and sandy loam). All
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columns was received the same secondary wastewater and were operated in two weeks
cycles consisting of one week wetting time followed by one week drying time. The
cumulative applied amount of wastewater after 25 cycles was reported as 300 mm when
used poorly graded sand with hydraulic conductivity (ks = 9×103 cm/day) and less than 25
mm in the case where silt sand was used (ks= 2×103 cm/day). The inﬁltration rate was
affected regarding to the type of soil used in columns in addition to the quality
improvement (Yamaguchi et al., 1990; Kopchynski et al., 1996; Drewes & Jekel, 1996;
Quanrud et al., 1996; Johnson et al., 1999; Cuyk et al., 2001 Idelovitch & Michail, 1986;
Bouwer, 1991a; Levy et al., 1999 and Abushbak, 2004). Therefore, the secondary
wastewater applied and the two types of soil were selected in the field experiment (two
scale pilots) have nearly the same characterization for each cycle. It was observed that the
infiltration rate for pilot A was more than pilot B and the time for cumulative effluent in the
bottom of pilot A was less than the time consumed to cumulate the same quantity of
effluent at the bottom of pilot B.

5.3 Wastewater characterization
The received wastewater from BLWWTP to new infiltration basins at the NGEST- project,
which is considered as partially secondary treated effluent, was used in the field and batch
experiments. The wastewater was previously analyzed by Environmental and Rural
research center (ERRC) – Islamic University Gaza according to the WHO recommended
Standards Methods for the Examination of Water and Wastewater (APHA, 20th edition
1998) and the results are presented in Table (5.2).
During the field experiment, samples of wastewater were collected at time zero “Co” before
applying to pilot scale each run and analyzed related to concerned parameters at Bierzait
University Laboratory in Gaza. The results are presented in Table (5.2).
Table (5.2): Characterization of wastewater from BLWWTP and Basin No.1.

Location

pH

EC
( S/cm)

TSS
( mg /l)

NO3(mg /l)

NO2(mg /l)

NH4+
(mg /l)

TKN
(mg /l)

7.58

2260

150

0.47

0.129

15.3

54.6

7.6

2786

85.5

0.67

0.13

56.04

60.17

Basin No. 11
(NGEST)
Basin No.12
(NGEST)

1: Environmental and Rural research center (ERRC)-IUG
2: Bierzait University Lab. in Gaza
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5.4 Evaluation of SAT performance using pilot scale (Field Experiment).
The performance of SAT during field experiment and lab-Batch scale systems were
analyzed within the limits of scope of this study using the data obtained through field
experiment. Field experiment with two different natural soils was carried out for three
operational schedules (Run 1, Run 2 and Run 3) using secondary effluent from Basin 1.
Each Run includes three cycles. The results of each cycle were obtained from 3 pilots
which were considered as replicates. The results of each Run are discussed in this section to
illustrate the performance of SAT in treated wastewater.
5.4.1 Run 1: One day wetting / Two days drying during Run 1.
The average influent (Co) and effluent concentrations of TSS, NO2-, NO3-, NH4+ and TKN
for each cycle in Run 1 are attached in annexes 3 and the average concentrations for the
three cycles in Run 1 are presented in the following Table (5.3).
Table (5.3): Average concentration (mg/l) of the three cycles during Run 1.
Parameter

TSS

NO2-

Initial Co

74

0.02

NO30.61

NH4+

TKN

56.1

59.7

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

A

B

A

B

A

B

A

B

A

B

Cycle 1

35.77

47

0.69

1.12

0.8

1.8

57

51.7

57

53

Cycle 2

48.7

38

0.14

0.42

1.5

0.8

47

45.9

54

55

Cycle 3

40.3

42

1.48

0.69

1.3

4.2

46

48.5

49

53

Average +

41.6

42.33

0.77

0.74

1.2

2.27

50

48.7

53.3

53.7

SD

±6.55

±4.51

±0.67

±0.35

±0.36

±1.75

±6.08

±2.91

±4.04

±1.15

Removal %

43.78

42.79

10.87

13.19

10.72

10.05

Soil

The changes in average TSS concentration for each cycle at Run 1 are shown in Figure
(5.2), the average TSS concentration through Run 1 is (41.6±6.55 mg/l) at pilot A which is
less than average concentration at pilot B (42.33±4.51 mg/l). As the average influent
concentration “Co“ through Run 1 is 74 mg/l, the removal % was (43.78%) and (42.79%) in
pilot A and pilot B respectively according to the following formula:
Removal % =

(Co – C)
Co
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The results were consistence with the study conducted by Vinten et al., (1983), who
reported that 50% of the total suspended solids in the water, that contains 38 and 98 mg/l
solids, were removed in the upper top 50 mm of clay and sandy loam soil columns.
TSS
TSS
100
100

Co
Co
Soil
SoilAA(Kurkur)
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Soil
SoilBB(Mixed
(MixedSoil)
Soil)

TSS,
of TSS,
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mg //ll
mg

90
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80
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70
70
60
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50
50
40
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30
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20
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00
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Cycle1

Cycle
Cycle22

Cycle
Cycle33

Treatment
Treatment

Figure (5.2): Changes in TSS concentration during Run 1.

After appropriate pretreatment, the suspended solids in sewage effluent are usually
relatively fine and in organic form (sewage sludge, bacteria, floes, algal cells, etc.).
These solids accumulate on the soil in the infiltration basins, requiring regular drying for
infiltration recovery and periodic removal from the soil by raking or scraping. For loamy
sands and sandy loams, few suspended solids will penetrate into the soil usually only for a
short distance (a few cm, for example). In dune sands and other coarser soils, fine and
colloidal suspended solids (including algal cells) can penetrate much greater distances.
Except for medium and coarse uniform sands, soils are very effective filters, and suspended
solids will be essentially completely removed from the sewage effluent after about 1m of
percolation through the Vadose Zone (Pescod, 1992).
Nitrite (NO2-) develops as an intermediate product during the oxidation of NH4+ to NO3-.
Average influent’s nitrite concentration “Co“ as 0.02 mg/l, which exceeded to 0.77±0.67
mg/l at pilot A and to 0.74±0.35 mg/l at pilot B. The exceeding in the Nitrite (NO2-)
concentration may be due to Nitrosomonas bacteria activity through the biological process
called Nitrification. Equation (5.1) illustrates the first step in nitrification process.
NH4+ + 1.5 O2

Nitosomonas

NO2- + 2 H+ + H2O
51
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Figure (5.3): Changes in NO2- concentration during Run 1.

Nitrite (NO2-) is rapidly oxidized to nitrate (NO3-) by bacteria called Nitrobacter according
to Equation (5.2). The reaction is generally coupled and proceeds rapidly to the nitrate
form; therefore, nitrite levels at any given time are usually low (Metcalf & Eddy, 2004).
The field experiment illustrates that initial nitrate (NO3-) concentration (Co) was 0.61 mg/l
while the treated effluent average concentration at pilot A exceeded to (1.2±0.36 mg/l) and
to (2.27±1.75 mg/l) at pilot B respectively. The average concentrations for each cycle are
shown in Figure (5.4).
NO2- + 0.5 O2 Nitrobacter

NO3-

(Eq. 5. 2)

The net equation for equations 5-1 and 5-2 can be summarized as follows:
NH4+ + 2 O2

NO3- + 2 H+ + H2O
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Figure (5.4): Changes in NO3- concentration during Run 1.

The majority of the nitrogen in the applied wastewater is in the form of ammonium (NH4+)
and organic-N. Ammonium must be ﬁrst oxidized to NO3- before denitriﬁcation process can
proceed and organic nitrogen transformed biologically into ammonia (NH3-) through a
process called ammonification under aerobic conditions. The produced and original NH4+ is
adsorbed to the clay particles in the soil. The amount to be adsorbed depends on the cation
exchange capacity of the soil. As the drying process starts, oxygen from the atmosphere
starts to enter the soil to create the aerobic conditions in the system, where the adsorbed
ammonium is oxidized by the Nitrosomonas and Nitrosococcus bacteria (nitrifying
bacteria).
The average concentrations “Co” of NH4+ in applied wastewater was 56.1 mg/l, while the
average concentrations for the treated effluent was (50±6.08 mg/l) at pilot A and
(48.7±2.91 mg/l) at pilot B. From the field experiment's result, it’s obvious that the changes
in concentration of NH4+ is insignificant due to anaerobic (wetting) condition, where the
nitrification is decreased and ammonium-nitrogen removal is low as shown in Figure (5.5).
Therefore the removal /transport of ammonium depends on availability of oxygen,
nitrifying bacteria and inorganic carbon source, which is consistent in the mechanism was
studied and investigated by (Rice & Bouwer, 1984; Yamaguchi et al., 1990; Abushbak,
2004; Metcalf & Eddy, 2004; Harun, 2007 and Malolo, 2011).
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Figure (5.5): Changes in NH4+ concentration during Run 1.

There are three forms of nitrogen that are commonly measured in water bodies, namely
ammonia, nitrates and nitrites. Total nitrogen is the sum of Total Kjeldahl Nitrogen (TKN)
and nitrate/nitrite, whereas, Total Kjeldahl Nitrogen (TKN) is the sum of ammonia, and
organic nitrogen according to Equation (5.4). A municipal wastewater treatment plant with
an effluent containing more than 5 mg/L TKN is not fully nitrifying.
TKN

=

NH3

+

Org-N

(Eq. 5.4)

The ammonia (NH3) represents approximately 60% of TKN, and the organic nitrogen is
generally removed in the settled sludge. Also, TKN generally equals 15 - 20% of the
Biochemical Oxygen Demand (BOD) of the raw sewage. A small fraction of organicNitrogen, typically one or two milligrams per liter (%), is not amenable to biological
treatment and passes through the treatment facility untreated as organic-Nitrogen (The
Water Plant Company, 2012) .
Initial TKN average concentrations “Co” in applied influent was 59.7 mg/l while the
average concentrations for the treated effluent from soil A and soil B was (53.3±4.04 mg/l
and (53.7±1.15 mg/l) respectively. The removal efficiency for pilot A is (10.72%) and
(10.05%) in pilot B. From the results TKN is limited and low due to anaerobic condition
and accumulation of ammonium because of low nitrification rates as shown for each cycle
in Figure (5.6).
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Figure (5.6): Changes in TKN concentration during Run1.

5.4.2 Comparison estimation of SAT using different soils during Run No.1
Based on the data analysis, the behavior of SAT using different types of soil (Pilot A &
Pilot B) on removal efficiency of the concerned parameters TSS, NO2-, NO3-, NH4+ and
TKN is illustrated in Tables (5.2) and (5.3). The values for standard deviation show that the
values for TSS and other parameters at pilot A and pilot B were not varied and nearly
closed to its mean, this means that the values aren’t scattered about its mean. This means
that, the samples are homogenous to some extent.
Figure (5.7) shows that the removal of total suspended solids (TSS) is the same
approximately for both soils (A and B). The nitrate (NO3-) concentration exceeded the Co
which explains that ammonia was nitrified by nitrifying bacteria to NO3- and led to
increased NO3- concentration. During the wetting period, the formed nitrate released to soil
and led to increase in nitrate concentration of treated effluent. Such behavior was noticed
during a study carried out in Berlin SAT– Germany by (Reemtsma et al., 2001), where,
there was no denitrification; therefore nitrate was released from the soil leading to an
increase in nitrate concentration in groundwater.
Denitrification requires the presence of nitrate and organic carbon, as energy source for
denitrifying bacteria, under anaerobic conditions. About 1 mg/l of organic carbon is
required for each mg of nitrate nitrogen to be denitrified. If the most nitrogen in the sewage
is already in the nitrate form and the water is quite stabilized, organic carbon (as primary
effluent, for example) may have to be added to the sewage effluent to achieve sufficient
denitrification when the system goes anaerobic. Local experimentation is usually required
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to find the optimum schedule for flooding and drying, hydraulic loading, and organic
carbon addition for stimulating denitrification (Pescod, 1992).

Figure (5.7): Comparative plot for efficiency removal using different soil during Run 1.

The ammonium removal in soil B (13.19%) was more than in pilot A (10.87%) that due to
the ammonium adsorption possibility by clay particles in pilot B. The analysis of the used
soils showed physical characterization with high pore spaces that allowed penetration of
more oxygen which enhanced the nitrification process.
However, it is noted that ammonia removal is predominantly a biochemical process which
consumes oxygen, therefore the fate and transport of ammonia nitrogen depend on
availability of oxygen, nitrifies and organic carbon (Cha et al., 2005; Fox et al., 2001b;
Miller et al., 2006 and Chaca, 2007).
Removal efficiency of TKN has been found to be slightly low and approximately the same
in the both soils, (10.72%) for pilot A and (10.05%) for pilot B.
This has been attributed to the formation of anaerobic conditions in the soil-aquifer system
preventing converting ammonia to nitrate due to lake of oxygen (Malolo, 2011 and
Idelovitch et al., 2003).
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5.4.3 Run 2: Two days wetting/Two days drying
The average influent (Co) and effluent concentrations of TSS, NO2-, NO3-, NH4+ and TKN
for each cycle in Run 2 are attached in annex 3 and the summary results of average
concentrations for the three cycles are presented in Table (5.4).
Table (5.4): Average concentration (mg/l) of the three cycles during Run 2.
Parameter

TSS

NO2-

NO3-

NH4+

TKN

Initial Co

97

0.2

0.70

56

61

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

A

B

A

B

A

B

A

B

A

B

Cycle 1

33

48.3

0.8

0.56

1.76

0.7

53

49

54.3

50

1 2
Cycle

34

39.3

1.9

1.06

9.81

3.47

46

50

49.3

52

Cycle
2 3

23

28.7

0.4

0.71

3.07

1.85

52

45

58.7

51

Average
3
± SD

30

38.8

1

0.78

4.88

2.01

50

48

54.1

51

±6.08

±9.8

±0.8

±0.2

±4.3

±1.3

±3.8

±2.6

±4.7

±1

Removal %

69.10

1
60

6

2

9

10.7

14.28

11.5

16.39

Soil

1

In the second run (Run 2), the changes in average TSS concentration for each cycle are
shown in Figure (5.8), The average TSS concentration was (30±6.08 mg/l) at pilot A which
is less than the average concentration (38.8±9.381 mg/l) at pilot B, whereas, the average
influent initial concentration “Co“ 97 mg/l. The average percentage removal was (69.10%)
and (60%) in pilot A and pilot B respectively.
The suspended solids in sewage effluent are usually relatively fine and in inorganic forms
(sewage sludge, floes, algal cells, etc). In case of loamy sands and sandy loams, few
suspended solids will penetrate into the soil for a short distance. Additional details
regarding suspended solids removal and clogging are illustrated by Bouwer (1985) and
Chaney (1974).
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Figure (5.8): Changes in TSS concentration during Run 2.

The influent applied contains low concentration of NO2- (0.2 mg/l) for all pilots during Run
2. The NO2- distribution through the cycles is shown in Figure (5.9). It demonstrates that
the concentration of NO2- increased by all pilots and ranges between 1 mg/l in pilot A and
However, effluent’s NO2- concentration exceeds the influent

0.78 mg/l in pilot B.

concentrations resulting from continuing nitrification where aerobic conditions may exist.
-
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Figure (5.9): Changes in NO2- concentration during Run2.

Figure (5.10) demonstrates that the effluent NO3- concentration increased for all pilots and
ranges between (4.88±4.32 mg/l) for pilot A and (2.01±1.39 mg/l) for pilot B, whereas, the
average influent’s NO3- concentration was 0.70 mg/l. Hence, during Run 2, denitrification
process was not effective due to anaerobic condition, therefore nitrate spike formations
repeated during each cycle hence nitrate was released from the soil leading to an increase in
effluent nitrate concentration which became higher than the influent nitrate concentration
“Co”. Such behavior of nitrate during SAT was observed in Kerem and Kahraman (2004).
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Figure (5.10): Changes in NO3- concentration during Run 2.

During Run 2, the concentration of NH4+ in the influent "Co" was 56 mg/l while the average
concentration for the treated effluent was ( 50±3.8 mg/l) at pilot A and (48±2.6 mg/l) at
pilot B as shown in Figure (5.11). From field experiment's results, it’s obvious that the
removal efficiency was 10.71% and 14.28% at pilot A and pilot B respectively. Therefore,
the changes in the effluent concentration of NH4+ are low and limited due anaerobic
condition.

Figure (5.11): Changes in NH4+concentration during Run 2.

Accumulation on NH4+ can happen if the NH4+ content in the wastewater applied during the
flooding period exceeds that which can be nitrified during the following drying period,
causing a subsequent increase in the NH4+ content of the effluent during the next flooding
period (Lance et al., 1976 and Yamaguchi et al., 1990).
TKN concentration "Co" of the influent for all pilots was 61 mg/l and the average
concentration for the treated effluent for pilot A was (54.1±4.7 mg/l) and (51±1 mg/l) at
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pilot B. The results show that the removal efficiency for TKN at pilot A was (11.5%) and
(16.39%) at pilot B, which means that the changes in TKN concentration during Run 2 is
still limited and low as shown in Figure (5.12) due to more ammonia passed in the soil
during the wetting period. The same behavior was observed by (Bouwer and Rice, 1984).
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Figure (5.12): Changes in TKN concentration during Run 2.

5.4.4 Comparison estimation of SAT using different soil during Run No. 2
Based on the data analysis shown in Table (5.2), Table (5.4) and Figure (5.13), the removal
of TSS is higher in pilot A than in pilot B due to higher pore space in sandy soil. Regarding
to nitrate (NO3-) concentration, an increase in concentration was occurred in pilot A than in
pilot B due to nitrification process which occurred at pilot A more than pilot B. From the
Table (5.4), the values for standard deviation show that the values for TSS and other
parameters at pilot A and pilot B were not varied and nearly closed to its mean, this means
that the values aren’t scattered about its mean. This means that, the samples are
homogenous to some extent.

61

Chapter 5: Results and Discussions

Rehan, 2014

Figure (5.13): Comparative plots for efficiency removal using different soil during Run 2.

Concerning NH4+ during nitrification, bacteria assimilate NH4+ into cell mass. The energy
which needed for cell synthesis for nitrifiers (Nitrosomonas and Nitrobacter) is derived
chemically from the oxidation of NH4+ and the cell carbon is derived from inorganic
carbon. The entrapment of the air in soil may contribute in the absence of the anaerobic
conditions in the soil (de Rooij, 2000), and limiting the denitrification process. Under these
circumstances, it is believed that both nitrification and denitrification may occur in the soil
at the same time (Kuenen & Robertson, 1994 and Abushbak, 2004).
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Run 3 : Two days wetting / Three days drying

The average concentrations of TSS, NO2-, NO3-, NH4+ and TKN of the influent (Co) and
effluent for the three cycles in Run 3 are presented in Table (5.5) and attached in annexes 3.
Table (5.5): Average concentration (mg/l) of the three cycles during Run 3.
Parameter
Initial Co

TSS

NO2-

NO3-

NH4+

TKN

101

0.27

0.72

55.1

61

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

Pilot

A

B

A

B

A

B

A

B

A

B

Cycle 1

33.8

49.10

0.82

0.55

1.7

0.7

53

49

54

50

Cycle 2

33.3

39.4

0.31

1.66

6

2

46.6

49

47

49

Cycle 3

21.10

22.7

0.47

0.26

0.5

0.5

51.3

40

58

49

Average

29.4

37.10

0.53

0.82

2.7

1.07

50.3

46

53

49

± SD

±7.19

±13.4

±0.26

±0.74

±1.5

±0.81

±3.32

±5.2

±6

±0.6

70.89

63.27

8.71

16.5

13.11

19.67

Soil

Removal
%

In Run 3 (Two days wetting and three days drying), the average initial TSS concentration
“Co” is 101 mg/l where the effluent’s concentration was (29.4±7.19 mg/l) at pilot A and
(37.10±13.4 mg/l) at pilot B. The percentage removal was (70.89%) and (63.26%) in pilot
A and pilot B respectively as shown in Figure (5.14).
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Figure (5.14): Changes in TSS concentration during Run 3.

The average concentration of NO2- in all pilots at Run 3 was (0.27±0.1 mg/l) as shown in
Figure (5.15), which demonstrated that the average concentration of NO2- increased in the
effluent to (0.53±0.26 mg/l) in pilot A and (0.82±0.74 mg/l) in pilot B. However, effluent
with NO2- concentrations exceeds the influent’s concentrations resulting from continuing
nitrification in the top soil of pilot, where aerobic conditions may exist.
-
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Figure (5.15): Changes in NO2- concentration during Run 3.
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It was apparent that the average influent’s initial concentration of NO3- in Run 3 was
0.72mg/l. Nitrate NO3- concentration in the effluent is shown in Figure (5.16), which
demonstrate that the effluent’s concentration of NO3- increased to (2.7±1.5 mg/l) in pilot A
to (1.07±0.81 mg/l) in pilot B. Therefore nitrate spike formations repeated during each
cycle and it was released from the soil leading to an increase in effluent nitrate
concentration which became higher than the influent nitrate concentration “Co”.

Figure (5.16): Changes in NO3- concentration during Run 3.
During Run 3 the influent’s concentration of NH4+ was 55.1mg/l, while the average
concentration for the treated effluent was (50.3±3.32 mg/l) in pilot A and (46±5.2 mg/l) in
pilot B as shown in Figure (5.17). The removal efficiency was (8.71%) for pilot A and
(16.5%) for pilot B. Therefore, changes of NH4+ concentration were still low and limited
due anaerobic condition and due to clogging occurred at the floor of each pilot.
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Figure (5.17): Changes in NH4+ concentration during Run 3.
TKN concentration of the influent "Co" was 55.1 mg/l and the average concentration for the
treated effluent for Pilot A was (53±6 mg/l) and (49±0.6 mg/l) for Pilot B.

The results

shows that the removal efficiency for TKN at Pilot A was (13.11% ) and (19.67%) at Pilot
B, which means that the changes in TKN concentration during Run 3 is still limited and
low as shown in Figure (5.18).

Figure (5.18): Changes in TKN concentration during Run 3.
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5.4.6 Comparison estimation of SAT using different soils during Run No.3
Based on the data analysis shown in Table (5.2), Table (5.5) and Figure (5.19), the removal
of TSS is higher in pilot A than (63.27%) in pilot B. It is obvious that the removal
efficiency of TSS was increased at the process resulted from increasing of drying time and
an aerobic condition. From the Table (5.5), the values for standard deviation show that the
values for TSS and other parameters at pilot A and pilot B were not varied and nearly
closed to its mean, this means that the values aren’t scattered about its mean. This means
that, the samples are homogenous to some extent.
Also regarding to nitrate (NO3-) concentration, an increasing up to (2.7±1.5 mg/l) in
concentration was occurred at pilot A due to the aeration conditions dominated in sandy
soil which may held larger air pockets and increased the aerobic biodegradation of
ammonium through the three cycles in Run 3. In other hand, less effluent’s concentration of
nitrate (1.07±0.81 mg/l) in pilot B compared to pilot A was due to the existence of some
clays and silt particles in soil B which has large adsorptive and ion exchange capacities.
In most soils NO3- is not adsorbed to clay particles, and it moves readily with the soil
solution. If large quantities of wastewater are applied to the system, NO3- will move
downward and may eventually reach the groundwater. However, whether NO3- is formed
from input NH4+ or is initially present in the wastewater, it is subject to denitrification
under the denitrification conditions of the soil which may prevent at least some of it from
moving downward (EL- Khateb, 2012). It is expected that from the experiment results the
nitrate formed from the nitrification process may reach the groundwater if the
denitrification process is not occurred due whether condition or/and application rate of
wastewater and other parameters that is required to enhance it.
Bouwer et al., (1974a) indicated that, when the wastewater effluent was applied to the soil
over different operation schedule, the increase in hydraulic loading of wastewater
application may lead to ammonia build up in the system.
Therefore, it is important to point out here that cyclic wetting and drying of the SAT in
infiltration basins is necessary both to control aerobic/anaerobic conditions in the soil
which mean that cycle times may be critical for the control and effecting of biological
process as demonstrated by American water works association (AWWA, 2011).
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Figure (5.19): Comparative plots for efficiency removal using different soil during Run 3.

As demonstrated by Tindall et al., (1995), the sandy soil is well drained and had low
organic matter content and has little orientation to denitrify under unsaturated condition
which explained the unexpected results.
Experimentally, an example of how aerobic condition affect on SAT performance on Dan
region SAT system (Shafdan-WWTP), after 30 years of infiltration and due to reducing
and diminishing infiltration rates due to bio fouling, there was less relaxation time that
introduces oxygen to the Vadose zone and helps the aerobic condition in the ground. Also,
it is pointed that the shortage of oxygen under anaerobic conditions developed in the
groundwater in presence of excess organic matter and lack of oxygen led to nitrate
consumption (Mekorot and UNESCO- IHE, 2011).
In spite of considerable information about nitrate (NO3-) transformation during the fieldscale SAT, we lack complete mechanistic understanding that would support the logical
facilities design for nitrate removal in wastewater treatment facilities. Almost all the nitrate
applied to the infiltration basins (through SAT district) will be leached rapidly to
groundwater. Hence, it was necessary to reduce the concentration of nitrates in the
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treatment plants and find effective mechanism to remove it from secondary wastewater,
which will be re-infiltrated to the aquifer (El-Khateb, 2012).
As another parameter, pH must be taken in consideration as additional information for a
better understanding for pollutants removal during SAT. Table (5.6) shows the pH for each
cycle per each operational schedule which indicates that no significant changes in pH
through pilots. From results shown in Table (5.6) and Figure (5.20), it was found that pH in
the effluent (treated by SAT) was lower than that in the influent (applied wastewater). This
was due to the hydrogen ion production during the infiltration and nitrification process.
Table (5.6): pH during for three runs.
Cycle

Run 1

Run 2

Run 3

No.

Pilot A

Pilot B

Pilot A

Pilot B

Pilot A

Pilot B

Cycle 1

7.6

7.42

7.4

7.51

7.4

7.3

Cycle 2

7.5

7.52

7.42

7..47

7.5

7.5

Cycle 3

7.7

7.4

7.42

7.45

7.3

7.2

Average

7.6

7.45

7.41

7.48

7.4

7.33

The bio-film participates in the degradation of organic matter and as a consequence, there is
a formation of carboxylic acid which causes a determent in pH as explained by Sheriff
(2009).
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Figure (5.20): Comparative of pH in SAT system using different soil through three runs.
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Also, the nitrification process produces acid, which lowers the pH of the medium during the
treatment and can cause a reduction of the growth rate of nitrifying bacteria. During the
field experiment in this study where the nitrification process is the dominant removal
mechanism that produces acid which leads to lowering of pH as shown in the above figuer
and reducing the nitrifying bacteria growth rate.
The optimum pH for Nitrosomonas and Nitrobacter is between 7.5 and 8.5 and most
treatment plants are able to effectively nitrify with a pH of 6.5 to 7.0. Nitrification stops at a
pH below 6.0.
Optimum pH values for denitrification are between 7.0 and 8.5. Denitrification is an
alkalinity producing process. Approximately 3.0 to 3.6 kg of alkalinity (as CaCO 3) is
produced per kg of nitrate, thus partially mitigating the lowering of pH caused by
nitrification in the mixed liquor (The Water plant Company, 2012).
5.4.7 Contaminants Removal Efficiency of SAT during the three Runs
The removal efficiencies of SAT in the field experiment through the three Runs are
presented at Table (5.7). The data presented includes the average percentage reduction in
TSS, NH4+ and TKN for pilot A and pilot B.
The average percentage removal of TSS, NH4+ and TKN for each Run in pilot A and at
pilot B is slowly increased with increasing of the drying period as shown in Figure (5.21)
and

Figure (5.22) respectively. The wastewater constituent removal efficiency would

increase as the system gets transformed from anaerobic to a more an aerobic system with
the increase in dry period.
This can be explained by the increasing of nitrification rate due to the transformation of the
initially an anaerobic environment to an aerobic one due to the increase in dry period.
Table (5.7): The removal efficiency for each Run
Removal Efficiency %
Run No.

NH4+

TSS

TKN

Pilot A

Pilot B

Pilot A

Pilot B

Pilot A

Pilot B

Run 1

43.78

42.79

10.87

13.19

10.72

10.05

Run 2

69.10

60

10.71

14.28

11.5

16.39

Run 3

70.89

63.27

8.71

16.5

13.11

19.67
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Figure (5.21): Removal efficiency for pilot A during the three Runs.

Figure (5.22): Removal efficiency for pilot B during the three Runs.

From the above findings, the removal of NH4+ and TKN during the three Runs was due to
nitrification process which is considered to be a dominant removal mechanism by
increasing of drying period and availability of oxygen and nitrifying. This is consistent was
observed and found in previous studies carried out by (Metcalf & Eddy, 2004 and Malolo,
2011).
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In other hand, the NH4+ removal mechanism is the adsorption to clay particles in the soil
and the amount to be adsorbed depends on the cation exchange capacity for the soil under
anaerobic conditions. When the drying process starts, oxygen from the atmosphere starts to
enter the soil to create the aerobic conditions in the system. The adsorbed ammonium is
oxidized by the Nitrosomonas and Nitrosococcus bacteria (nitrifiers). A total nitrification of
NH4+ during the aerobic periods is desirable to promote the denitrification process during
subsequent anaerobic periods and for a voiding NH4+ accumulation in the soil (Bouwer et
al., 1974b).
5.4.8

Evaluation of SAT performance using Batch reactor (Lab. Experiment)

Batch reactors using secondary wastewater from basin 1 (same source of WW used in field
experiment) using soil A and soil B (as used in field experiment) were carried out
continuously for 42 hours. Samples were collected as mentioned in Chapter 4 and tested.
The results which presented in Table (5.8) are discussed in this section to illustrate the
performance of SAT in treated wastewater.
Table (5.8): The behavior of secondary wastewater during Batch experiment.
NO2NO3TKN
NH4+
Elapsed
time
(hour)
6
12
18
24
30
36
42
Co

Soil A

Soil B

Soil A

Soil B

Soil A

Soil B

Soil A

Soil B

0.16
0.19
0.21
0.24
0.24
0.15
0.135

0.19
0.21
0.22
0.22
0.23
0.24
0.178

0.35
0.4
0.5
0.8
0.8
1.5
1.54

1.2
1.3
1.4
1.3
1.2
2.5
2.59

46
47
48
45
43
40
36

45
45
46
46
45
43
40

63
60
58
57
57
56
56

60
57
57
57
57
57
56

0.09

0.30

51

Removal
%

29.41

67
21.57

16.42

19.64

Table
% (5.8) shows the change on nitrite (NO2-) concentration as a function of time. The
initial concentration “Co“ of nitrite was 0.09 mg/l. It's obvious that the concentration of
nitrite increases with the time up to 0.24 mg/l after 30 hrs for soil A and up to 0.24 mg/l at
From the table we

soil B at time 36 hrs as shown in Figure (5.23). The significant increasing in nitrite
can see that

concentration in the beginning resulted from nitrification process and the decreasing
generated after 36 and 42 hrs at soil A and on time 42 hrs due to oxidizing of the nitrite to
nitrate NO3- .
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Figure (5.23): Changes in NO2- concentration in Batch reactors.

Also, the change on nitrate (NO3-) concentration as a function of time behaved the nitrite
behaviors. The initial concentration “Co“of nitrite was 0.30 mg/l. It's obvious that the
concentration of nitrate increases with the time up 1.54 mg/l at time 42 hrs for soil A and
up to 2.54 mg/l at soil B at time 42 hrs as shown in Figure ( 5.24). The significant
increasing in nitrate concentration corresponds to clear decreasing substantially in nitrite
and ammonium resulted from biochemical process which ammonium (NH4+) nitrified by
nitrifying bacteria under aerobic condition (drying period) whereas

there was no

denitrification which led the nitrate (NO3-) to release from the soil leading to an increase in
nitrate concentration in the effluent.

Figure (5.24): Changes in NO3- concentration in Batch reactors.
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The bioreactor for the Nitrite (NO2-) is generally coupled with nitrification process and
proceeds rapidly to the nitrate form. Therefore, nitrite levels at any given time are usually
low. Increased concentrations are usually an indication of a distance of microbiological
processes of an overloaded in the system or aeration insufficient capacity (Metcalf & Eddy,
2004).
Regarding to NH4+ the concentration changes as a function of time. The initial
concentration “Co“of NH4+ was 51 mg/l. It's obvious that the concentration of NH4+
decreased continuously with the time for both soil A and soil B up to time 42 hrs as shown
in Figure (5.25). The significant decreasing in NH4+ concentration corresponds to clear
increasing substantially in nitrate NO3- from 0.35 to 1.2 mg/l.

Figure (5.25): Changes in NH4+ concentration in Batch reactors

The removal of ammonium was through nitrification process which is considered to be a
dominant removal mechanism of Nitrogen. Therefore, the changes of ammonium depend
on nitrifying bacteria and inorganic carbon source. The previous finding demonstrated that
the biodegradation is the dominating mechanism for the removal of ammonia which
consistent with the results from (Rice and Bouwn, 1984; Abushbak, 2004; Metcalf & Eddy,
2004; Harun, 2007; yamaguchi et al., 1990 and Malolo, 2011).
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Total Kejeldahl Nitrogen (TKN) concentration "Co" of the influent used was 67 mg/l and
it's obvious that the concentration is decreased as a function of time up to 56 mg/l as shown
in Figure (5.26) and this reduction in TKN concentration is due to the predominant wetting
condition carrying out by Batch experiment and nitrification process is the dominant
mechanism. TKN is used to determine the total-nitrogen concentration in addition to nitrate
and nitrite. The magnitudes of the three parameters are added together.
Total-N = TKN + NO3- + NO2-
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Figure (5.26): Changes in TKN concentration in Batch reactors
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Chapter Six: Conclusions and Recommendations
6.1 Conclusions
The SAT system performance was simulated using two pilots (using sandy soil and sandy
loam soil), each has 3 infiltration boreholes, with three operational schedules
(combination of wetting and drying cycles), as a field experiment besides batch reactor
experiment in the laboratory using secondary treated wastewater. TSS, NH4+, NO2-, NO3and TKN attenuation were investigated and the main conclusion remarks from this
experiment can be summarized as:

1. The performance of SAT system were affected by many factors including soil
type, the formation of a surface clogging layer, wetting and drying cycles.
2. Increasing in NO3- concentration in the effluent is expected due to the
nitrification process which occurred mainly during batch reactor experiment.
3. The average removal percentage of TSS was 61.3% for sandy soil (A) and
55.3% for loamy sand B at the field experiment. The low removal efficiency
for loamy sand was due to few suspended solids penetrated into the soil for a
few cm.
4. The two drying days were not long enough to enhance the nitrification process
during drying time and lead to NH4+ accumulation in the soil.
5. Increase of drying period is the best alternative to nitrify all adsorbed NH4+ in
order to avoid pollution of the groundwater with NH4+ 6. The average removal percentage of NH4+ was around 29.41% in soil A and
21.57% in soil B due to the low CEC of sandy soil at Batch reactor
experiment.
7. Biodegradation is the main mechanism in batch reactor experiment for
removal on NH4+ which makes its removal sustainable.
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6.2 Recommendations
The following recommendations are based on the findings of this study:
1. Long term studies should be done on removal of multiple contaminates namely
organic micro pollutants and pathogens from secondary effluent during SAT
system as well as BOD, COD, Total Coliform, Faecal Coliform and Phosphorus.
2. Further investigations of SAT using large soil pilot’s scale in field experiments
should be conducted.
3. Environmental impact assessment (EIA) should be done before implementing
SAT system at field-scale.
4. Periodic racking and scraping for the bed soil surface of the infiltration basins by
(SAT) regular dries to remove of the TSS and other clogging for infiltration
recovery.
5. The best management in operation SAT system should be taken in account for
maintaining high infiltration rates and simultaneously achieve high contaminant
removal efficiency.
6. There is no need to reduce the nitrogen load from wastewater when used for
irrigation, while there is an urgent need to reduce the load of nitrogen when used
in the re-injection of aquifer.
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Annex 1
Analytical Methods for Soli Tests

The techniques and apparatus were used during the study for determination of the particle
size distribution, soil texture, porosity, particle density and bulk density regarding to BS
812 are delineated below.

1- Method of Particle Size Distribution Test :
This test method covers the quantitative determination of the distribution of particle sizes
in soils. The distribution of particle sizes larger than 75 μm (retained on the No. 200
sieve) is determined by sieving, while the distribution of particle sizes smaller than 75 μm
is determined by a sedimentation process using a hydrometer to secure the necessary data
.
a. Apparatus:


A balance sensitive to 0.01 g for weighing the material passing a No. 10 (2.00mm) sieve.



Stirring Apparatus which consist of a mechanically operated stirring device in
which a suitably mounted electric motor turns a vertical shaft at a speed of not less
than 10 000 rpm without load.



An ASTM hydrometer, graduated to read in either specific gravity of the
suspension or grams per litre of suspension.



A glass sedimentation cylinder essentially 18 in. (457 mm) in height and 21⁄2 in.
(63.5 mm) in diameter, and marked for a volume of 1000 mL.



A thermometer accurate to 1°F (0.5°C).



A series of sieves, of square-mesh woven-wire cloth.



A beaker of 250-mL capacity

b. Procedure


The sample was prepared for mechanical analysis.



During the preparation procedure the sample was divided into two portions.



One portion contains only particles was retained on the No. 10 (2.00-mm) sieve
while the other portion contains only particles passing the No. 10 sieve.
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The mass of air-dried soil selected for purpose of tests.



The percentage passing the No. 10 sieve was calculated by dividing the mass
passing the No. 10 sieve by the mass of soil originally split on the No. 10 sieve,
and multiplying the result by 100.



The mass passing the No. 10 sieve was obtained by subtracts the mass retained on
the No. 10 sieve from the original mass.

The result report for Soil A and B is shown in figure (Annex 1-1)

Figure (Annex 1-1): Particle Size distribution for Soil B (mixed of Sand & Clay).
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Figure (Annex 1-1): Grain Size Distribution of Combined Soil

91

Annexes

Rehan, 2014

Figure (Annex 1-2): Particle Size distribution for Soil A(Kurkur)
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Bulk density Determination
The tests was carried out in accordance with BS 812: Part 102.
Apparatus:



Cylindrical metal container.



Balance, accurate to 0.2 % of the mass of the material to be weighed and of
adequate capacity.



Straight metal tamping rod, of circular cross section, 16 mm in diameter and 600
mm long, rounded at one end.

c. Procedure


The container was calibrated by determined the mass of water at 20ºC ± 2ºC
required to fill.



The test for bulk density was made on oven-dry or saturated surface-dry material.



The sample of soil A was put in a dish and mixed to get homogeneous sample.



The container was weighted empty W1(2705 gm)



Fill the container with soil A up to top surface.



The container with soil was weighted W2 (6761gm)



The container volume was obtained V (3 L).



Bulk density for soil A was computed = W2- W1 = 6761-2705 = 1352 g/l
V



3

As the same above procedure, bulk density for Soil B was computed.

The result report for Soil A and B is shown in figure (Annex 1-2)
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Figure (Annex 1-3): Bulk density for Soil A & Soil B
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Specific gravity determination
The sample for this tests was carried out accordance to BS according to BS 812 Part 2:
1995, Specific Gravity is the ratio of the weight of a given volume of aggregate to the
weight of an equal volume of water. Water, at a temperature of 73.4°F (23°C) has a
specific gravity of 1. Specific Gravity is important for several reasons.
d. Apparatus: see Figure (Annex 1-4)


Balance, conforming to the requirements of M 231, Class G2



Pycnometer



Mold,



Vacuum pump,



Funnel, Spoon.



Tamper

Figure (Annex 1-4): Apparatus used in Specific Gravity Test
94

Annexes

Rehan, 2014

e. Procedure


The weight of the empty clean and dry pycnometer was determined and recorded,
WP.



10g of a dry soil sample (passed through the sieve No. 10) was placed in the
pycnometer.



The weight of pycnometer containing the dry soil was determined and recorded
WPS



Distilled water was added to fill about half to three-fourth of the pycnometer and
the sample was Soaked for 10 minutes.



A partial vacuum was applyed to the contents for 10 minutes, to remove the
entrapped air.



The vacuum was stopped and carefully removed the vacuum line from
pycnometer.



The pycnometer was filled with distilled (water to the mark), cleaned the exterior
surface of the pycnometer with a clean, dry cloth and the weight of the
pycnometer and contents was deterrmined, WB.



The pycnometer was emptied and cleaned, then it was filled it with distilled water
only (to the mark), and Cleaned the exterior surface of the pycnomete with a
clean, dry cloth and the weight of the pycnometer and distilled water was
determined WA.



Then the pycnometer was Emptied and cleaned.



Then the specific gravity of the soil A was calculated using the following formula:
Specific Gravity,
Gs =

Wo
Wo + (WA – WB)

Where:


W0 = weight of sample of oven-dry soil, g = WPS - WP



WA = weight of pycnometer filled with water



WB = weight of pycnometer filled with water and soil



As the same above procedure, Specific gravity for Soil B was computed.



The result report for Soil A and B is shown in figure (Annex 1-4)
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Figure (Annex 1-5): Specific gravity for Soil A & Soil B
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Figure (Annex 1- 6): Sieve analysis for Soil A
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Figure (Annex 1- 7): Sieve analysis for Soil B
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Annex 2
Standard Analytical Procedures

1. Measurement of (Total Kjedahl Nitrogen) TKN
This section describes Macro-kjedahl Method in measuring TKN (Total Kjedahl
Nitrogen) which includes preparation of reagents and the procedure of samples
preparation and testing.
Reagents


Indicating boric acid solution:

20 g H3BO3 was dissolved in water
10 mL mixed indicator solution was added
The solution was diluted to 1 L


Sodium nitroprusside, 0.5% w/v:

0.5 g sodium nitroprusside was dissolved in 100 ml deionized water.
The solution was stored in amber bottle for up to 1 month.


Sodium hydroxide- spduim thiosulfate:

500g of NaOH was dissolved in 25g of Na2S2O3.H2O
The solution was diluted to 1000 ml by distilled H2O


Standard Sulfuric acid, H2SO4, 5N, air scrubber solution:.

139 ml conc H2SO4 to approximately 500 ml water was carefully added
The solution was diluted to 1 L by dH2O


Digestion reagent:

134 g K2SO4 and 7.3 g CuSO4 were dissolved in about 800 ml water.
134 ml of conc. H2SO4 was added gently.
The solution was diluted to 1000 ml by distilled H2O
a. Procedure:
Digestion step


25ml of WW sample was placed in an 500 ml Kjeldahl flask. Select sample size
from the following tabulation:
Organic N (mg/l)
Sample size ml

0-1
500

1-10
250
99

10-20
100

20-50
50.0

50-100
25.0
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25 mL of glass borate buffer was added to prevent bulbs formation.



The volume was heated under hood to remove acid fumes.



Heating was continued to complete the digestion until the colored or turbid
samples become transparent and pale green.

Distillation step


The solution was cooled, diluted to 300 ml with distilled H2O and was mixed well.



The flask was tilted and carefully 50 ml NaoH/Na2S2O3 was added to form
alkaline layer at flask bottom.



200ml was collected due to distillated below surface of 50 ml absorbent
solution(indicating boric acid solution)



The color became lavender (violet) and change to pale green.

Titration step
Titration was carried out with 0.02N H2SO4 , the end point was obtained when color
green became violet(lavender).

Calculation
.

where:

3.



A = volume of H2SO4 titrated for sample, ml, and



B = volume of H2SO4 titrated for blank, ml.

Measurement of Ammonium, NH4+
In this section we are going to describe Nesslerization method (Direct and Following
Distillation) which was used in measuring Ammonium nitrogen. Which included
preparation of reagents and the procedure of samples preparation and testing?
a. Reagents


3.819 g of anhydrous NH4Cl was weighted and diluted in 1000 ml (1 L) ammonia
free water to prepared Standard NH3-N .



Ammonia free water about 2 Liters was prepared by simple distillation.
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50g of KNa-Tarate was added in 100 ml distilled water to prepare Rochelle salt
solution.



100g of HgI2 in addition to 70 g KI were diluted in small quantity of NH4+ free
water.



160g of NaOH was diluted to 50ml (NH4+ free) water.



The previous two steps were stirred gently and were diluted the final volume to 1
Liter.
b. Procedure:



T he standards NH3-N was prepared the following tabulation:
From 50 mg/L

5 ml/50 ml H2O

5 mg/l

4 ml/50 ml H2O

4 mg/l

3 ml/50 ml H2O

3 mg/l

2 ml/50 ml H2O

2 mg/l

1 ml/50 ml H2O

1 mg/l



50 ml of each standard was taken .



50 ml of distilled H2O (free ammonia as blank).



Wastewater was diluted 1: 10 and 1:25



1 ml of KNa tartarate water was added before used of (KNa Tartarte )



2 ml of Nesslers reagent was added and was waited for 5 minutes .



Absorbance at 425 nm of both the standard solutions and the samples were
determined using a spectrophotometer between 1 and 3 hours.



Calibration curve was then prepared for the readings of the standard solutions
(NH4+-N versus Absorbance at 425 nm).

4.

Measurement of Nitrate (NO3-)
This section describes photometrically by means of sodium Salicylate Method
Spectrophotometer 420 nm which was used in measuring Nitrate. The following is
including preparation of reagents, the procedure of samples preparation and testing.
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a. Reagents


Standard(NO3-) solution 1000ppm

NaNO3 was dried in 105 oC for (1-2) hours.
1.37 gram of NaNO3 was dissolved in 1000 ml distilled H2O


Sodium salicylate solution :

0.5 gram of Sodium salicylate was dissolved in 100 ml distilled H2O-0.5%


Potassium sodium tartrate-soduim hydroxide solution :

20.137 gram of K-Na tartarte.4 was dissolved in 250 ml distilled H2O

b. Procedure:


Standard NO3- solution (20, 10, 5, 2.5, 1, 0.5 ppm) was prepared of the stock
solution.



2 ml of WW was diluted to 20 ml distilled H2O.



3 ml of WW was diluted to 20 ml distilled H2O



2 ml of Sodium salicylate (0.5%) to all flasks



The solution was boiling and mixed well until evaporating was complete



Dried in oven 150 oC for 2-3 hours then it was put in desecrator and cooled



2 ml concentration H2SO4 was added



15 ml of distilled H2O was added by using volumetric pipette and shaked gently



15 ml of K-Na tartrate(very dense) was gently and was left for 10 minute



The spectrophotometer was operating at 420 nm .



Standard curve was plotted



The result then was obtained



All results were reported

5. Measurement of Nitrite (NO2-)
This section describes Colorimetric Method which used to determined Nitrite NO2-.
Shimadzu UV-2600 PC UV-VIS spectrophotometer instrument at 543 nm providing a
light path of 1 cm or longer, was used in this method. The following is including
preparation of reagents, the procedure of samples preparation and testing.
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c. Reagents


Nitrite- free water
i. One small crystal of KMnO4 and Ba(OH)2 were added to 1 L distilled water.
ii. The solution was redistilled in an all-borosilicate-glass apparatus and the initial
50 ml of distillate was discard.

iii. The distillate fraction that is free of permanganate was collected (a red color
with DPD reagent indicates the presence of permanganate )
iv. 1 ml conc. H2SO4 and 0.2 ml MnSO4 solution (36.4 g MnSO4. H2O/100 ml
distilled water) were added to each 1 L distilled water.
v. Pink with 1 to 3 ml KMnO4 solution (400 mg KMnO4 in one liter distilled
water) was made.


Color reagent:
100 mL 85% phosphoric acid and 10 g sulfanilamide were added to 800 mL
water .
After dissolving sulfanilamide completely, 1 g N-(1-naphthyl)-ethylenediamine
dihydrochloride was added and mixed to dissolve.
The solution was diluted to 1 L water .



Sodium oxalate, 0.025 M (0.05 N):
Na2C2O4 (primary standard grade) 3.35 g was dissolved in water .
The solution was diluted to 1000 mL.



Ferrous ammonium sulfate, 0.05M (0.05N):
19.607 g Fe (NH4)2 (SO4)2. 6H2O plus 20 mL conc H2SO4 were dissolved in
water
The solution was diluted to 1000 mL.



Stock nitrite solution:
1.232 g of commercial reagent-grade NaNO2 assays at less than 99% was
dissolved in water.
The solution was diluted to 1000 mL; 1.00 ml = 250 μg N. Preserve with 1 mL
CHCL3.
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d. Procedure:


WW sample was filtered through a 0.45-μm-pore-diam membrane filter to
remove the suspended solids.



2 ml color reagent was added to a portion of diluted sample 50ml and mixed to
developed the color as the pH was not between 5 and 9.



Absorbance at 543 nm of both the standard solution and the samples were
determined using a spectrophotometer between 10 min and 2 hours.



As a guide , we used the following light paths for the indicated NO2--N
concentrations:
Light path Length

NO2–-N (μg/l)

(cm)



1

2-25

5

2-6

10

<2

Prepared and plot the standard curve related to the readings of the standard
solutions versus absorbance at 543 nm.



From the mathematical expression of calibration line, the NO2–-N concentration
of the samples was determined for a particular absorbance.

6. Measurement of Total Suspended Solids (TSS)
This section describes Gravimetric after filtration Method by Glass –Fiber filter disc
which used to measure Total Suspended Solids (TSS). The following is including the
procedure of samples preparation and testing.

Procedure:


Preparation of glass-fiber filter
Afilter was put on filtration assembly and rinse with 10 ml deionized water
Then the filter was put in aluminum dish.
The filter then was put the oven and preheated at 105 oC for 1 hour.
The filter then was transferred to a dedicator for cooling and weight balance
The filter was weighted empty W1
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Sample filtration
From a well mixed homogeneous sample, 50 ml of sample was selected.
Then the sample was filtered with rinsing the walls of filtration assembly.
The filter then was put in aluminum dish and put in the oven at 105oC .
The filter was left to drying for 1 hour.
The filter then was transferred to a dedicator for cooling and weight balance
The filter plus residue was weighted W2
Then the TSS was computed regarding to the following mathematical formal
TSS (mg/l) = ( W2-W1) × 106
V sample
Where:
W1 = Weight of filter empty.
W2 = Weight of filter plus residue.
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Annexes 3
Results
1- Concentrations (mg/l) of the three cycles during Run 1.
Table (1-1): cycle 1 (28/9/2013)
Parameter

TSS

NO2-

NO3-

NH4+

TKN

Initial Co

88

0.07

0.71

59

60

Soil

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

Pilot 1

32.1

59.25

0.3

0.16

0.49

1.02

53

57

54

57

Pilot 2

32

43.2

0.69

0.93

0.73

1.23

60

50

60.1

52

Pilot 3

43.2

38.15

1.08

2.27

1.23

3.21

58

48

58

51

46.87

0.69

1.12

0.82

1.82

57

51.7

57.4

53.3

Average

35.7
7

Table (1-2): cycle 2 (2/10/2013)
Parameter

TSS

NO2-

NO3-

NH4+

TKN

Initial Co

58

0.00

0.212

55.5

62

Soil

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

Pilot 1

58

50

0.045

0.04

0.19

0.38

49.2

48.5

57

56

Pilot 2

57

33

0.128

0.334

3.58

0.36

49.5

45.4

53

55

Pilot 3

31

31

0.237

0.883

0.81

1.66

42.3

43.7

53

55

Average

48.7

38

0.14

0.42

1.53

0.8

47

45.9

54.3

55.3
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Table (1-3): cycle 3 (5/10/2013)
Parameter

TSS

NO2-

NO3-

NH4+

TKN

Initial Co

76

0.00

0.91

53.7

57

Soil

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

Pilot 1

54

49

0.62

0.37

0.4

0.85

52.6

52.1

55

56

Pilot 2

36

46

1.90

0.46

0.87

4.01

42

45.8

44

51

Pilot 3

31

32

1.90

1.25

2.54

7.67

42.9

47.5

49

51

Average

40.33

42.33

1.476

0.69

1.27

4.18

45.8

48.5

49.3

52.67

2- Concentrations (mg/l) of the three cycles during Run 2.
Table (2-1): cycle 1 (9/10/2013)
Parameter

TSS

NO2-

NO3-

NH4+

TKN

Initial Co

81

0.07

0.84

58

60

Soil

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

Pilot 1

33

50

0.27

0.13

0.83

0.59

57

51

59

53

Pilot 2

30

45

1.03

0.27

2.65

0.6

51

47

51

47

Pilot 3

35

50

1.24

1.29

1.81

0.91

52

49

53

51

Average

32.7

48.3

0.8

0.56

1.76

0.7

53

49

54.3

50
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Table (2-2): cycle 2 (9/10/2013)
Parameter

TSS

NO2-

NO3-

NH4+

TKN

Initial Co

110

0.33

0.63

56

56

Soil

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

Pilot 1

21

51

1.57

0.53

5.23

1.3

47

50

48

56

Pilot 2

29

39

2.23

0.24

11.36

3.25

46

48

48

48

Pilot 3

52

28

1.75

2.42

12.83

5.86

45

52

52

53

34

39.3

1.9

1.06

9.81

3.47

46

50

49.3

52

Average

Table (2-3): cycle 3 (24/10/2013)
Parameter

TSS

NO2-

NO3-

NH4+

TKN

Initial Co

100

0.05

0.7

54

66

Soil

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

Pilot 1

22

26

0.06

1.42

0.57

2.44

54

43

60

53

Pilot 2

22

31

0.36

0.56

2.86

2.08

51

40

58

44

Pilot 3

26

29

0.68

0.15

5.79

1.02

52

53

58

57

Average

23.3

28.7

0.71

3.07

1.85

52

45

58.7

51

0.4
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3- Concentrations (mg/l) of the three cycles during Run 3.
Table (3-1): cycle 1 (29/10/2013)
Parameter

TSS

NO2-

NO3-

NH4+

TKN

Initial Co

97

0.16

0.76

55.31

61

Soil

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

Pilot 1

35.75

52

0.286

0.286

0.79

0.588

56

51

59

51.6

Pilot 2

32.5

45.3

1.01

1.01

2.46

0.63

51

46.8

51

46.1

Pilot 3

33

50

1.177

1.177

1.81

0.88

52

47.9

53

51.9

Average

33.8

49.1

0.82

0.55

1.7

0.7

53

49

54

50

Table (3-2): cycle 2 (4/11/2013)
Parameter

TSS

NO2-

NO3-

NH4+

TKN (mg/l)

Initial Co

107.5

0.354

0.678

55.7

56

Soil

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

Pilot 1

30.65

53.7

0.295

0.975

5.38

0.99

46.7

53.2

47

53

Pilot 2

28.1

37.7

0.339

2.135

6.43

2.69

45.7

47.5

47

47.8

Pilot 3

41

26.9

0.288

1.856

6.07

2.272

47.3

46.3

47

46.8

Average

33.3

39.4

0.31

1.66

6

1.98

46.6

49

47

49
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Table (3-3): cycle 3 (10/11/2013)
Parameter

TSS

NO2-

NO3-

NH4+

TKN

Initial Co

99.5

0.30

0.72

54.3

66.1

Soil

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

(A)

(B)

Pilot 1

22.68

24.8

0.311

0.322

0.54

0.615

54.1

42.1

59

52.6

Pilot 2

20.75

22.6

0.75

0.287

0.47

0.528

50.5

38.9

58

47.3

Pilot 3

19.94

20.6

0.338

0.166

0.47

0.493

49.2

38.4

56

46.8

Average

21.1

22.7

0.47

0.26

0.5

0.55

51.3

40

58

49
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