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Abstract

Wastewatereclamatiornas become a viable alternative to supplement water
supplies in watescarcity areas. Current chemical, physical and biological wastewater
treat ment t e ¢ h n duty wveensve all dbiogenic ekerhenta ynirates,

ammonia and phosphates) and otheluypahts to propereusewastewater.

Modern methods like membrane technologies recently gained the acceptance
and is being used in commercial laigmEale worldwide. Reverse osmosen offer
high removal rates with low energy consumption fioany of contamhants and
pollutants such as dissolved solids, heavy metals, organic pollutants, viruses, bacteria,
and other dissolved contaminants. However, to apply reverse osmosis to treat
wastewater successfully, appropriate pretreatment is required to decreasprétek

for RO membranes and extend its life.

Our research aim® assess the performance of using RO as post treatment
for Gaza wastewater treatment plants and compare it with Palestinian dsafatar
nonpotable usage as agriculture and groundwater recharging. Also, the research aims

to estimate the total cost of applying this extra advanced technology.

The experimental work using RO membrane unit as a post treatment was
conducted in two trialdn each trial, the partially treated wastewater was collected
from GWWTP effluent and fed to sand filter then to three stages of +hitcedion
membranes as pretreatment then to the RO membrane unit. The BOD, TSS, TDS, FC,

NO3, ECpH and Temperature wassted at every stage of the experiment system

Results shows that R@ith its associated pretreatment treatnea ability
to removel 0% of BOD, 92% of TSS, 100% of Nitrate, 100% of FC, and 88% of
TDS. Furthermore, cost analysis for using RO as pestrtrent for GWWTPs was
done. Results shows that the cost of 1m3 of treated wastewater less .héand

consume 0.7 Kwh.
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"My Lord, enable me to be grateful for Your favor which
You have bestowed upon me and upon my parents and to do
righteousness of which You approve. And admit me by Your

mercy into [the ranks of] Your righteous servants."

(An-Namli 19)
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CHAPTER 1:
INTRODUCTION

1.1 Background

The Middle East and North Africa (MENA) countries which contains 6.3% of the
worl dos popul ation are ccoase owmriesshtheo be
worl d, sharing only 1. 4% o Thesedowntriesuser | d 0 s
more of its renewable water resourtiesn it receives each year and more water than

other countries(Hamodaet al, 2015)

Gaza Strip izategorized aa semtarid region and suffers from water scarcity. Water
demand in Gaza Strip growing continuously due to population increase while the
water resources are constant or eveducingdue to urban developmenthe
demanded amount of water is much more theewablequantity of water that
replenishes the groundwateitich lead tadeteioration of the groundwater system in

both quantitative and qualitative aspects (Jasddaa., 2015

The annual average rainfalliffers from (406200mm) from the north to south
respectively. Total abstraction of groundwater in Gatzgp exceed 200 MCQM year
(PWA,2014). Around two thilof groundwater pumped through more than 10000
wells used for agriculturpurpose 120 MCM annual deficit of water balance, due to
increasing of the gap between water demand and water supply, as a result of rapid
populaton growth in this small aredhereis a pressingheed to protecnd conserve

fresh water and to use the water of low qualityreated wastewatéor non-potable

uses This is mainly because agriculture dominates the Palestinian seaitgumption

with about 50%, while leaving 50% for domestic and industrial purposes (PWA,
2014).

There ardive wastewater treatment plants operating in the GaagernoratesNorth
Gazawastewater treatment plant in the north, Gaza wastewater treatmaninplze
Gaza cityWadi Gaza wastewater plakthan Younis and Rafah wastewater treatment
plansin the south. The existing WWTRseheavily overloaded as the actual flow far
exceeds the design flow. The total effluent of WWTPs is approximatel\bONCM



/ year. The Mediterranean Sea acts as the diisabardingof fully treated or partially
treated wastewater in Gaza strip without any significant reLisRVU, 2012)

The reuse oéffluentis one of thanastersolutionoption beingcontemplateds a new
source ofwater incounties Effluent reuse has also become an attractieicefor
protecting theecosystemin the lastdecadethere has beesnimportantdiversity of
water reuse practices, such as green space and crop irrigation, indpgticdtions,

andaquifer replenishmen(Bouregbeet al.,2016.

Wastewater reuse is the processing to make it reclaimable with definable treatment
reliability and to meet thaeededeffluent quality guidelines standards. Over the last
decades, the concept of encouragfifuent reclamation for water reuse aiffer a

water resource supplement has grown worldwiiflsano1998. If the quantity of
wastewater is reclaimed to a good quality, we can save the groundwater for other
purposes. This falls under the principle of sustainability, recycling and reuse of
available resorces.Besides reuse of treatedffluentin irrigated agriculture would
reduce environmental pollution caused by untreated/poorly treated wastewater
(Angelakis, A. N, 2001

Although, the use ofeclaimed effluenfor agriculture is subject to major concern
because of the possible increasing rapidly of social and enviroahpeoblem. The

public acceptance to use treated wastewater is a critical aspect to ensure the success of
any reuse project. Also, wastewateayrtontain unwanted chemical component and
pathogens thatreate negative environmental and health impadis. the result
mismanagement of wastewater irrigation would create environmental and health

problems to thenvironmenand human being$uertas etl., 200§.

Presently the reuse ofeclaimed effluents very restricted to a few illegal irrigation

sites beside the treatment plants, or limited to research activities. The quality of the
effluents would nearly meet Class C, PVWRalestine Standards. Standards for effluent
reuse have recently been adopie8 742 / 2003). These set conditions on a range of
reuse options, aquifer recharge and sea discharge, with associated limit values for
physical, chemical and microbiological parameters, although discharge to Wadi is not
mentioned. Reclaimed water qualigyaluation is required to determine conformity

with applicable criteria and standards.



A current typical process for municipaastewateconsists of primary, secondary and
tertiary treatments. The resultieffluentis low in turbidity and can be disinfected for
dischargepurposes However, this process does mtcreasahe level of dissolved
particlesand the water igenerallynot suiteble for dischargng into groundwateror

un-restricted reusing for agriculture irrigation

For the time beingmembrane technologies such as micro, ultra, nanofiltration, and
Reverse osmosiRQ) play an increasingly important role effluent treatmentin
wide-rangingmunicipal wastewater treatment plarembrane technology employ a
semipermeable membrane for the elimination of solids and pollutants from
wastewater. It has been utilized for many years in desalination of brackish and
seawater and was matly applied in the wastewater treatment domain. Membrane
technologies are gaining special recognition as alternatives to converftinant
treatment and as a means of purifying treated effluent for reuse appliqétidher,

N., 2015.

Theability of RO membranes to successfully treat wastewater and provide water with
quality exceeding the requirement have been confirnfdtere has beenquick
prosperity inRO usagean the reclamation of wastewatat over the worldCompaed

to other technlmgies,RO offerslow energyconsumption witthigh rate ofpollutants

and contaminasremoval. Meanwhile, the masignificantaspecin the design of RO
basedeffluenttreatmensystem is taeducemembrane foulindy selection okuitable

and propepre-treatmentprocesssuch adJltrafiltration (UF) or Microfiltration (MF)
(Hamoda, 201p

1.2 Aim and Objectives

The main aim of this study was to assess the performance of Reverse Osmosis in

improving the quality of effluent from Gaza wastewater treatmpksmit.
The specific objectives were:

A To investigate the quality of treated wastewater using RO membranes
(precededby suitable pretreatment methgdas a post treatment in Gaza

wastewater treatment plant.



A To estimate the cost of applying RO as a post treatment for Gaza wastewater

treatment plarst
1.3 Problem Statement

Freshwater shortage is becoming an increasisglgereproblem in Gaza strip. Gaza
Strip suffers from lack of water resources. The coastal aquifer is the sole source to
meet the fresh water needs of the residents of the Gaza Strip, but it has a limited
capacity to meet these needs. It is suffering from sharp and continuous attritamn, wh

IS expected to reachwater deficitof 120MCM per yea(PCBS, 2011)In the event

of continuing the same policies that were followed during the past years (pumping, the
lack of sustainable managemernifjs may lead to @ute deterioration of water

resources, groundwater may become more saline due to seawater intrusion.

The sewage discharge in the sea seems to be a problem; it is not only contaminating
Gaza sea water but also posing health risks for bathers and consumers of seafood. This
situation caread to the spread of pathogens that are rdulig resistant. Water quality
testsperformedn late April 2008 by the World Health Organization at 13 points along
Gaza's coast found that four sites (Three in G@igaand one in Rafaltity) are

polluted with high levels of fecal bacteria. This would indicate that pathogenic
organisms within the general population may be being released to the coastal waters,
thereby posing health risks to those who bathe in or consume shellfish from
contaminated waters Alafifi, 2006)

Therefore conventionamethoddor wastewater treatmeatenot enough to preserve
environment or maintain public health and
treatment standard to use it in agriculture, discharge it in groundwater or even dispose

it into sea.
1.4 Thesis structure
This thesis consists &eenchapters structured and detailed as follows:

Chapter one Introduction,prefacedor wastewater situation in Gaza Strip and RO,

the main objectivelefinition, research importance and methodology

Chapter two: Literature reviewfor the relatedopics and case studies for similar

projects in the world.



Chapter three: Study area, wastewater situation and wastewater treatment plants in
GazaStrip.

Chapter four: Methodology

Chapter five: Describes the result of experiments

Chapter six: Estimate cost for applying RO in GWWTP

Chapter seven Defines recommendatiaand conclusion of the experiment
1.5 Research Importance

The crisis of water scarcitypoming on the horizorand threatens thetability and
security of the Gaza strip. The crisis will continue and increase with time, if no suitable
actions are taken as soon as possi&use of reclaimed wastewater has two major
objectives: it improves the environment quality by reducing thel lef contaminants

load into the receiving water resources or to the Mediterranean Sea, and it conserves

water resources lrgducingthe demand fogroundvater abstraction.

The reuse of treated wastewater, particularly in irrigated agricuecause it uses

50% of all water consumption, are the most recommended alternatives for alleviation
of the sever water shortage in PalestiBa. the other hand, the quality of treated
wastewater must meet the international standarddompotable usend has to gain
public and social acceptance which conventional wastewater method of treatment

failed toachieve
1.6 Research Methodology
The methodology followed to achieve the study objectives is summarized as follows:

1- Identify the research problem, easch justification, set out the research's aim and

objectives.

2- Review previous studies, researches, research papers and journals related to using

membrane technologies as wastewater post treatment method.

3- Designexperimenal set up to investigate the qitglof treated wastewater using
RO membranes.



4- Estimate the cost of applying RO as a post treatment for Gaza wastewater

treatment planénd makea comparison with worldwide similar project.

5- Make final conclusions and recommendations for feasibility of uRi@gas post

treatment for wastewater to meet international standards



Chapter 2
Literature Review



Chapter 2:

Literature Review

2.1 Background

Water has gricelesssalue and each drop must é@nsideredn waterscarcity Areas

Waterrelated problems are increasingdyownas one of the mostctualand serious
environmental threats to human kind. Wateagesall over the worlfas tripled since
1950, and one out of every six persons does not have regular accesspitatalée
water. Lack of access to a safe water supply and sanitatfmarctsthe tealth of 1.2

billion peopleevery year. NICEF, 2000).

The coastalaquifer is the only source of water in the Gaza Strip. dineualrecharge
volume, equaled to the sustainable yield toe aquifer, is in the range of 580
MCM/yr. The Palestiniambstration from this aquifer in Gaza Strip was aboi81
MCM in 2013. The agriculture sector consumes aro88dVICM/year of the entire
groundwater pumped through wells (legal and illegal) located overall Gaza
Governorates. The remaining BICM/year is used fodomestic and industrial water
supplies. The water balance recattbwsa deficit of aboutl20 MCM/year (PWA
2013).

Many modernistic and conventional approaches, exist globally for efficiency
enhancement. These approaches to overcome this shortage rely in the policy of
ensuring additional water supply and wastewater reuse plan. Using effluent water
could be one of the ain choices to improve the water resources in the Gaza Strip as

it appears an additional reliable and renewable water source (Afifi, 2000).
2.2 Wastewater Reuse

Thephrasei wast ewat er 0 mainly means any water
further benefis can be obtained out of it. About 99 percent of wastewater is water, and

only one percent is solid wastes. Water reuse is the reclamation of treated wastewater

for a advantageous use. It is a "reuse" because the user does not get this water from
natural surce like surface wateror groundwater, it is @&onsequencef human

sanitation and of industrial processes (Metcalf & Eddy, 2003). By wast@onents



reductionfrom wastewater to an accegievel, treated wastewater canusedsafely

for several purpses likeagricultural, commercial, residential and industusgés.

The wastewater worth is becoming progressively understood in arid andasgmi
regions and many countries are currently looking forward to improve and expand
effluent reuse applicationEffluent reuse also has become increasingly significant in
water resource management for both environmental and ecocansiesResearchers

and scientists, aware of both benefits and risks, are assess it as one of the choices for

future generations watelemands.

Effluent reuse has primarily a long history of implementation, by quantities,
agricultural irrigation is the largest consumer of reclaimed effluent and this is
anticipated to increase more, especially in developing countries, another major
consuner is for industry particularly for cooling and processing. A second category of
reuse is the indirect reuse. Highly reclaimed wastewater can be recharged to
groundwater taeplenishaquifers. This is an indirect reuse where the reclaimed water
will be mixed with the groundwater (Metcalf & Eddy, 2003).

In Palestine, wastewater reuse projects are affected by political, financial, social,
institutional, and technical aspects. reclaimed wastewater reuse is still attached to the
political issues related Palesan water rights, since Israel considers reused

wastewater as part of Palestinian total freshwater quota (Samhan, 2008).
2.3 Wastewater Characteristics

Treated wastewat@uality is the physical, biological, and chemical characteristics of
a liquid flowing from aconstituent Theconstituenof wastewatecan bdisted as

91 biochemical oxygen demand, total suspended solids and fats, oils and grease
(BODs, TSS, FOG)

1 pathogens (fecal coliform, viruses)
1 nutrients (nitrogen, phosphorus)
{1 Other chemicals.

2.3.1 Types of BOD

High intensitywastewater ianinfluentwhich have BODsmorethan 300 mg/L; and/or
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TSSmorethan 200 mg/L; and/or fats, oils, and greB&€# morethan 50 mg/L
I- Biochemical Oxygen Demand

Biochemical Oxygen Demand is the quantity of dissolved oxygen consumed by
microorganisms during the microbial and chemical oxidation of the constituents
contained in a wastewater sample during an incubatenod at a given

temperature. The biochemical oxygen demand represents the oxygen utilized

during the oxidation of both carbon and nitrogencarsposite
Il - Biochemical Oxygen Demand (BOD5)

Biochemical Oxygen Demarsidays is theamountof dissolved oxgen consumed
by microorganisms during the breakdown of organic matter in a wastewater sample
duringfive days incubation period and measured in mg/L at 20°C. It is used as a

means teshowthe amount of organic mattekistingin thesample
[l - Chemical Oxygen Demand (COD)

Chemical Oxygen Demand is a measure of dhantity of organic matter
oxidized by a strong chemical oxidant. COD is used to measure organic matter
in industrial, commercialand municipaleffluent that could carry composite

toxic to biologic life where th&OD5 test woulah dwlork. The COD test can
generally be done within 150 minutes and the COD levels is always greater than
levels of BODS5 for the same wastewater sample.

In most caseghe BOD5 concentration can banticipated whenhe COD/BODb
relationship is known for @pecific facility and the COD concentration of a

effluentcan bemeasured
2.3.2 Types of microbiological
|- Pathogens

The most crucial constituent, in terms of what must be eliminated from effluent,

is pathogens. Pathogens are organisms that cause diseases such as viruses,
protozoa, parasites, and bacteria. Pathogens could be found in any type of
wastewater. Any human anvironment contact with this water results in

potential risk. Because of their ability in spreading disease, pathogens in
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wastewater make reclamation a public health concern.
Il - Fecal Coliforms (FC)

Several of the organisms found in effluent can caissade while others are

harmless. It is almost impossible to identify all the pathogenic microorganisms

in effluent Fecal coliform bacteria, which is usually exist in digestive systems

of warm blooded animals includifmmanbeing, isused tandicate eiherfecal
contaminatiorfrom sewager the level of disinfectiongenerallymeasurd as
number of colonie400OML or Most Probable Number (MPNIX. is the most
popular test for pathogens because it is a comparatively simple aiutit@ad
test.

2.4 TreatmentMethods

Methods ofreclamationin which theimplementatiorof physical forces dominate are
known as operations. Methods of treatment in which the ley@laftantsis doneby
chemical or biological reactions are known as proceddmsadays operations and
processes afguttogether to provideeveralevels of treatment known as preliminary,
primary, advanced primary, secondagytiaryand advancedjuandary treatmenss
shown in(Table 21).

In preliminary treatmento avoid damage for equipment the taalids such abig
objects,sandand gritmust beeliminated In primary treatment, a physical operation
commonlysedimentation, is used &iminatethe floating ad settleabl&eomponents

in wastewaterln order toimprovethe eliminationof suspended and dissolved solids

chemicalan beaddedln secondary treatment, biological and chemical processes are

used teeliminatemajorof the organicomponentsn tertiarytreatmentpthersfurther
groupsof operations and processes are used to reneovainingsuspended solids and
other componentsthat are not reduced bthe previousconventional secondary
treatmentln Quandary (Advanced) treatment, membrane telciyy like UF/RO are

able toremove all types of pollutantsh at 6 s r emai ns fandabie t er t i

to produce potablevater quality(Metcalf & Eddy,2003)

12

a



Table (21): Levels of wastewater treatments

Treatment Level Description

Removal of wastewat@onstituensuch as rags, grits, and

Preliminary gracewhich may cause problems with the treatment

operations
Primary Removal ofpartof the suspended solids and organic matte
Advanced Increase the portion @liminationof suspended solids and

Primary organic matters by chemical addition or filtration.

Secondary Eliminationof biodegradable organic matteissolvedor

suspended solids

Secondary with | Eliminationof biodegradable organics, suspended solids, ¢
nutrient nutrientssuch asitrogen, phosphorus, or both.

removal

Eliminationof residual suspended solidsd nutrienby
Tertiary granular medium filtration or micro screedso, it may
contain dsinfection.

Removal ofall types of pollutantand contaminants water
Quaternary

using membrane technology which is producing a quality
(Advanced)

comparable to drinking water

In order to reuseffluent it is vital to treatit to meet specifiguality standard for the
specific needandto insure theublic safety. Wastewateeclamationprocesses can

be categorized into the following three:

I. Physical processinclude processes where majorchemical or biological changes
areoccurredand physical penomena aremployedto treat the wastewatsuch

13



as:

coarse screeningrocesgo remove largeparticles sedimentatiomprocessvhich

is holding wastewater for certain period of time to settle solids by grawvdythe
greases or oils will flow anavill be skimmed adsorption process that uses
activated carbon to remove organic and ion exchange process that uses to
exchange certain ions for othefi{ration processwhich is allow water to pass
throw filtersvoids and thélockssolidsand finallyequalizatiorprocesswvhich is

hold andmix widely varying amounts of wastewai@nd gradually releagbem

to eliminating shocks to the treatment plant to make wastewater more uniform

Chemical process There isa lot of chemicalprocessthat is usedn effluent
reclamationoperationssuch asNeutralizationprocess which isompriseof the
adding acid or base to adjust pH levelsreachneutrality Coagulationprocess
which is comprise of addition chemical throughchemical reaction, forms a
component which is impossible to solve and that make it easy to remove from the

wastewater

Biological process Which usea bacteria or otheorganisms in the biochemical
disintegrationof effluent to stabilize components More microorganisms, or
sludges, arereatedand apart of the pollutantsis transferredo carbon dioxide,
water and othecomponentin general according toavailability of dissolved
oxygen biological treatment methods can bplit into aerobic and aerobic

methods.

The purpose of wastewater treatment is generally to remove from the wastewater

enoughpollutants andsolids (organic and inorganicn order to make the treated

wastewater suitable for ngrortable uses or even for discharging in ecosysaad

the removed solid can be collected as slu#fg®al treatmentnay also benecessary

to rule odors, to retard biological activitgnddemolishpathogenic organisms.

2.5 Quaternary (Advanced) treatment using membrane processes

2.5.1 Introduction

Thelevel of treatmentsuppliedto municipaleffluentwill mostlybe according to

the neededstandards foreclaimedwastewaterset by thelocal or international
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regulatory organizationahen thewastewaters to bereused for different purposes
or to bedischarged into ecosyste®o, severatreatmentacilities provide the tertiary
treated effluent with quaternary treatment using membrane procegsexitcean

effluentappropriatdor all kind of water reusepplication

Membrane technologysesa semipermeable membraweseparat®f suspendedlis-
solved solids from water. It has been applieddonsiderableyears inbrackish and

seawaterslesalination and recentlyas adopteth the wastewater treatment field.

Membrane technologiesich as micro, ultra, nanofiltration, and Rf2gaining more
attention receiving special regnition asalternatesto conventional wastewater

treatmentnd increasing the treated wastewatereepplications.

There has been a rapid growth in theng®f reverse osmosis (RO) purification of
wastewaterNowadays therearea lot of largescale municipal wastewater plari

the world inoperationor under constructianComparing to othertechnologies, the
main motivationfor thisis the low energy consumption of RO and the high rate of
pollutant and contaminanémoval. Meanwhile, the most importaspecfor the RO
wastavatertreatmentsystemdesignis to usea prope pretreatment method such as
ultrafiltration (UF)or conventional pretreatment to remove suspended solids in order

to minimize membrane foulintp extend membrane life.
2.5.2 Pretreatment for Reverse osmosis

Traditional wastewater treatment is often guised of a primary settling phase,
followed by biological treatment and reclamation of the biological material in a
secondary settling phase. After the secondary settling phase. Wastewater effluent
usually rich in organic carbon, phosphorus and nimo@ombined with high water
temperatures, this can lead to bio fouling on the reversed osmosis (RO) membranes
(Shang, et al. 2011).

Nowadays pretreatment stage is the most importantilssie implementation of RO
based desalination technolo@gindesirabld-ouling of theRO membrane the plant
could lead to damage the membranes and reduce its lifefratpeently cleaning
process couldamagehe membranes and should be done as little as possible.
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Sand filter filtration is conventionally appli as pretreatment process for all kind of
reverse 0osmosis operation. however, recently microfiltration (MF) or ultrafiltration
(UF) with polymeric membranes are used as pretreatment for RO to remove these

substances from the WWTP effluent which called@s membrane process.
. Filtration with sand filter

Sand medidiltration has been usesince long timeo treat water and wastewater.
Filtration is defined as an interactiamongsolute particles andfdtering component
contaminantgarticles areseparatedrom the solution when they become tied to the
media or to alreadgaughtparticles, using of sand filtration @pularfor potable

water and wastewater treatment.

AWWA, 2001, Torrens, 2009, Anders@®85andWoelkers, 2006 repatl that the
effective selection of a filter media as sand filter to produce adequate required
contaminant elimination performance be conditional on the appropriate selection of
thefilters depth, type of sand, sand size distributmumlity of influent and effluent
water, the filtration rate, and dosing system atdpping period duration, all

influenced the performance and treatment efficiency of the filters

Granular mediavith too coarseeducethe retention time to degreethat sufficient
biologicaldisintegrations notimpossible tcachieve Coarser media have larger pore
opening that have high flux rates but let larger suspended particles pa$sies.
granular media withao fine medidead to early filter clogging which will redudbke
guantity of water that may lgassedA very finesand or other finematerialfilter has
tiny pore openingwith slow flux rates andremovesout smaller TSS particles
(Urbonas, 2003).

Comprehensivéltration performances controlled anaffected bymanyaspectsuch
as thaequiredtreatment rate, thafluentwaterqualityand the physical characteristics

of theusedmaterial(type,depth,size distribution, and hydraulic loading rate

Generally filter performanceés evaluated by the following parameters: the effluent of
water quality (turbidity,BOD, SS TDS), water productionvolume and headoss
(backwashime or materialreplacement if no backwash is usg@lark, 2007).
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[I. Microfiltration or Ultrafiltration p rocess

The MF and UF membrane equipment were tested in a system for long operation as a
pretreatment substitutional to sand filtration for RO plants. Both MF and UF
installations, shows a good potential for a dependable long operation. This proof that

MF/UF application to RO pretreatment in better choice for future plants.

The conventional pretreatment for RO plants based on sand filters offers good results
for the lowcontaminateckffluent. However, the conventional pretreatment is known

as rathecumbersomene which is cause the variability of the filtrate quality, causing
the membrane foulingUsing MF and UF membranes am alternative for
conventional RO pretreatment could sahe large area of the sand filters and the
chemicals used in pretreatment. On other hand using MF and UF can offer better
effluent quality to the RO installation that shouldduce biological foulingextend
lifetime and enhance performance of the RO imemeq Feigin et al., 2012)

2.5.3 Reverse osmosis

Reverse Osmosis (RO) is a process thaiploy semipermeable spiral wound
membranes to remove and separate solute solids and other contaminants like pyrogens,
color, submicron colloidal matter, bacteria and viruses from solution which is
wastewater. Wastewater is transferred under high preastos the semi permeable
membrane, where watguenetratethe tiny small pores of the membrane and
wastewatedesalinatedo water called permeateater. Thesolids and contaminant,

which was rejected by membrane, are gathered and concentrated in thenegett s

and will be drained is called brine or concentrate w@kannoret al., 2010)

RO membranesgsuallyare made of cellulose acetate, polyamides and other polymers
materials The membraneonsistsof hollow fiber, spiralwound usually used for
wastewatedesalinationtheseanembranes are sefpermeable and block the solid ions
while allow the water moleculgsenetrateGenerally, type of membrane depends on
theinfluent waterquality and the operation pararees of the plant. Membrarmased
seawatepurification and wastewater reuse aeceedinglyconsidered as promising
solutions to increase water supply and mitigate water scédcitlg et al., 2003)
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. Reverse osmosis for wastewater

There is agrowing use of reverse osmosis (RO) in the wastewptetfication
Comparingwith othertechniquesthe major motivesfor this technology ar¢he low
energy consumptionand the high percentageof pollutant elimination. The
dependabilityof the RO treatmdrplantsis very high and improves with time which
gives researches and developers confidence of this technology.

RO treatment of wastewatbeginning wasn the late 1970s with small plantgke
Orange County Wataegionplant The experiencebtainedfrom the many years of
operation of existing plants has beanfundamental factorto the growth and
augmentation of use®f this technology.Currently, numerous of megazed
wastewater RO based plant are now in operation or wuatestruction all over the

world.

A standardconventionalprocess for municipal wastewateomposedof primary,
secondary and tertiary treatmeriikis treatment is natecessargnough in redumn

all contaminant and pollutant from wastewater to magerierally usable for all kind
of uses and without restrictionrSo, membrane technology like RO can complete the
job and can offer quality by far better than conventional methods. Bem tertiary
effluent from aconventional treatment meth@pumpedo a RO system, it ipopular

to have alkindsof biofouling ascolloidal, biological, scaling and organic fouling.

Thelayerof biofouling will cover pores antllock waterflux acrosgshe membranes.
Early trials to use RO membranes in treating wastewater faced a quick fouling and
clogging problemwhich need cleaning frequently (every 3 days) and this leads to

shorten the life of membrane and increase the operation cost.

In the last decade, breakthrough happeneesearches of using RO membrane in
wastewater treatment with high rates of operation stability, acceptable lifetime of
membrane with affordable codthis work wasmostlythe result oexperimentat the
waterfacility in Orangedistrict, USA, and theplantin Bedok Singapore.

Reverse osmosis (RO) membranes have Hearonstratetb notably minimizetotal
dissolved solids, organic pollutantajcroorganismsand other dissolvepollutants.
Experience fronflargescaleommercial membrane wastewateclamatiorplants has

shownthatcrucialdesignaspectsnust be followed t@avoid quick membrane fouling,

18



and thusminimize elevatedmaintenance cosfer system Currentbestapplications
contain the usge of othermembranebased technology asultrafiltration or
microfiltration membranes teemovecolloidal debris maintaina chloramineesidual

to avoid bio-growth, choose suitabl@ntiscaling chemicals,reduceRO recovery
percentagesto prevent membrane scaling, and use membranes wiaduce
biofouling. Selecttraditional polyamide andreducefouling membranes have been
used successfully at plants such as the West Basin Wastewater treatment plant in
California or the Bedok and Kranji plants in Singapore. These-Ergle plantgive

the bass for implementation in evetargerplants, andig contribution to the water

supply inwaterscarce and arid countries

A lot of researchebave beerarried outon therejectionof organiccontaminantdy

RO membranes, and thaesearchebavespecifiedsome oftharacteristitinked with
contaminantsejection (Sourirajan,1970 & Matsuura,1985) have assemtdgattion

and flow data of cellulose acetate membranes for a lot of organic particles,ngcludi
many organicontaminantsTheydiscoveredhat organiaejectioncan very diverge

from (0% to 100%) controlled by the physi@apectf the pollutant (charge, size,
polarity, etc.) and operatirgituation (InfluenfpH, system pressure, etdn prevous
research, (Andersorl972) reviewedsome of theaspectsaffecting separation of
various organicspollutant such agacetone,urea, phenol, and dichlorophenol) by
cellulose acetate membranes. Separation of solids highly varied for the different
wastewater, and separation of ionizable organics that highly dependent on degree of
disconnectionNo ionized matter was found to be higlabsorbed by the membranes
and showed po@eparation

Duvel and Helfgott1975 alsodiscoveredorganic pollutant eliminatiomiffer with
molecular size and dividing; they assumed orgegjectionwas also a function of the
matter's chance to form hymgen bonds with the membra(@uvel Jr& Helfgott, T
1975)

Edwards and Schubedt974reportedeliminationresults of herbicides and pesticides
with RO membraned.hey discovered that herbicide separations were up to 51%. They
listed that that dissolved prticles adsorptioncan happenon the cellulose acetate
membranegEdwards, V. & Schubert, P, 1974ang and Chignl976 performed
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researclon theeliminationof multi polar organianatterswith severafunctionalsets
using cellulose acetate amdriousotherkindsof membranes. Thisesearcheviewed
that the organiseparatioriffers highlynot only withdissolved particleg/pebut also
with membrane typeAlso, theyreported highelimination over 99% for various
pesticideswith cellulose acetate and @mpoundmembrane;Although, notable
adsorption of the pesticides on the membranesa@sred (Shuckrow 1981)as well
reviewedcellulose acetatgeparatiorof varioustypes of organicggjections weréow
to modeate (10% for methylene chloride, 73% fmrenaphthengShuckrow, A. et
al., 1981)

Many researchediave made comparison betweenrganic separationof cellulose
acetateand separatiomwith othertypes ofmembranesanda large numbeof these
have specified that aromatic polyamide ammnpoundsmembranes generally have
organic separation better than those of cellulose acetate memlfkanédsara, 1981)
reviewed various organgeparatiorof the Toraycompoundsnembrane (polyfuran)

generalityseparationsvere high, (97% for acetone) and (99% for phenol).

(Koyamal,1982 and Koyama ,1984) listed rejections results for various polar organic
dissolved particlegalcohols, phenols, carboxylic acids, amines, and ketones) and
severalphenolic derivatives for a composite membraniéey discoveredthat the
majoraspecinfluencingseparatiorfmolecular weight, molecular branching, polarity,
and degree adetachmentor ionizablecomponent (Lynch, 1984)make comparison
between cellulosacetate and thifilm, compoundsmembrane @ondedaromatic
polyamide) rejections with a various of organic contaminants The composite
membraneseparation(more than 90% of the organics) and watdows were
extraordinaity better than the cellulose acetate membraittbpugh adsorption of

numberof the organics on the membranes \isted

(Light, 1981) indicated dilute solutions of polynuclear aromatic hydrocarbons
(PAHs), aromatic amines, and nitrosamines and fosgaparationsof these
componentsvasmore thar89% for polyamide membrang®ickabaugil986) also
studiedpolyamide membrangeparationsf chlorinated hydrocarbomsore than 95%

which is bettethan cellulosecetate Membranegparation
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Reversensmosis is best solution for pollutant removal from effluent of biological or
other conventional municipakclamationthat was failed to remove. RO is able to
remove dissolved solidsvhich ¢ a nb& teliminated by conventional municipal
treatmentoperation Besides RO membranes cahelp in reduce microorganism,
odors colors, and nitrate levels\lthough, comprehensive pretreatment and periodical

cleaning are usually necessary to preserve acceptable membrane water flows.

(Tsuge and Moril1977) demonstratedhat tubularRO membranes with a suitable
pretreatment systenaneliminated inorganics and organjsllutantsfrom municipal

treatmenplantswastewateand madeffluentmeets potable water standards.

(Stafstrom ,1982) reviewedver a three yearmunicipal wastewatereclamation
using tubular cellulose aceta®) membranes. TDS removal was 81%, and TOC
removal was 94%, making the treated water appropriate for ré\lgeough

pretreatmenprocessvas esential to insure good water flow rates.

(Richardson and Argol977, Allen and Elser 1979, Argo and Montes1979,
Nussbaum and Argol984), andReinhard, 1986) havereviewed water factory
municipal wastewataeclamation irOrange country, USA which large scale plant
The plantinfluent was fromof effluentof secondary treatmerdéind the process was
consistingof a various of treatmentprocessesincluding RO membranewvdrious
different types) with lility to produce fiveMGD of highly treated effluentThe
processminimizes pollutantsto levels that allowed effluent to be recharged to

groundwater safely to replenish aquifer and to make barrier for seawater intrusion.

(Suzuki and Minami,1991) liste@searchesn using variou/RO membranes to treat
secondary treated wastewater that conts@iveral saltsand dissolved organic
materials. TDS removal was up to 99% and TOC removal was up to 90% were
discovered, and fecal coliform collection removal was more than 99.9%. Decreasing

water flow over time were noticed but could be partially reinstate by frequent cleaning.

Membrane basetechnology havédecome attractivesolutionto take the place of
conventional wastewater treatment because of low costs, high efficiencies and low
chemicé consumption. Depending on water, composition and type of pollutants need

to be removed, Ultréiltration, Nano filtration or reverse osmosis techniques could be
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adaptedto wastavater treatmentto improve quality of wastewaterand produce
effluents for agcultural, industrial and domestic applications.

2.6 Potential of Wastewater Reuse Applications

Usage of reclaimed wastewater depends on various aspects; supply, demand, treatment
needs, storing and distributing constructions. Besides, effluent reuseensinoes

linked with ecological and health hazards concerns. Consequently, the acceptance of
replacement other water resources for irrigation is extremely depends on acceptance
of the health hazards and ecological impacts involved. In the following,aimekinds

of reuse will be listed:

1- Agricultural Use

The need fomamountof treated wastewater for irrigation differonthly through the
year due to climatic conditiorAlso, seasonal variation such aginfall amount
temperaturend other factorsuchaskind of crop plant growthphaseandirrigation

system

The provider of treated effluent should take in consideration these seasonal
requirements and the variation of the influent quality, to meet the deniand
agriculture To evaluate the feasibility of reuse, ttieatedwastavater provider must

be able to rationally asseagriculturedemand and influent supplies.

Themainconcernn usingtreatedvastevaterin agricultue aresalnity, sodium, trace
elementsexcessive and chlorine residu8ensitivity isbasicallya function ofan
individual tolerance for plartb componenencountereth the roos zoneor deposited
on the soil.Treatedwastavater more likely to havemore concentrations of these
componenthan thenaturalwatersource. The kinds and component concentricity in
treatedeffluentdependon the water supply, thevastewateflow if it is domestic or
industrial, amount andomposition of infiltrationn the sewae system, the effluent
reclamationprocesses, and the kinds of stgrconstructionsIn major cases, the

treatedwastevaterhasacceptable qualityf it is from municipal sources
2- Groundwater Recharge

The soil ability for filtration anddecomposition organic material make the

groundwater recharging one of the best reclaimed wastewater reuses, dptisn
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offering extratreaing for the effluent in sittandfurthertreaing dependabilityto the

comprehensiveffluentmanagement system.

The treatmentattainedin the subsurface environment magncelthe need for
sophisticatedvastewater treatmemiants depending on rechardechnique,hydro
geological conditionsy s e meéds and otheraspects In some cases, thieeated
wastevater and groundwatenixedancc an 6t b e .dsrosntwatergechargeh e d
helps provide identitjosingbetweenreatedwastevater and groundwatefhus, this
canwiden the variety of usg the reclaimed wastewatand makethe reuse more
psychological acceptedGenerally the purposes of groundwater recharge using

reclaimed water include:
Preventseawatemtrusion in coastal aquifers.
Provideadvancedreatment for future reuse.

Replenishgroundwateaquiferfor potableor non-potableuses

A =_ =2 =4

Offersstorage of reclaimed water.

However,there areclear advantagedinked with groundwater rechamyg, there are

potentialdisadvantages to consider (Oaksford, 1985):
Covering largdandzonesfor operation and maintenance
Energy fo well rechargng may beexpensive

Recharge mayisethe probabilityof contaminatingaquifer.

May lead toliability and other legal problems.

= =A =4 =4 -4

Slow movement of groundwatera mmeéettthe sudden increasd demand

3- Industrial Reuse

Industrial reuse represents an important possible market for reclaimed water in all over
the world. Reclaimed water is perfect for many industries where processes do not need
potable water qualityTreated wastewatdor industrial reuse may be obtain fram

plant recycling of industrial wastewates municipal water reclamatiomlant
Recycling within an industrial plant is usually a fundamental part of the industrial
process and must be developed on individual basis. Industdésmandreusetheir
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effluent either to maintain water or to meet or avoid strict regulatory standards for
wastewatedisposals

2.7 Wastewater Reuse imAgriculture

Like arid andsemtarid regions, use of reclaimeeffluentin agriculture is gaining
more interest in evolving strategies for planning of Palestinian water resources.
Wastewater effluent is the most readily availableffers a partialresolutionto the

water scarcity problem, the agricultugteipis the secondhainuser of groundwater in

the Gaza Strip.

Agricultural irrigation will play a remarkable part in the sustainability of crop
production to feed the future generations. Reclaimed wastewater is progressively used
for irrigating orchards and fodder crops@aza Strip and applied successfully in the
neighboring countries. Future dclaimed effluenteuse sound to be pronmgin the

Gaza Strip.

The anticipated quantities of treateffluentto be used foirrigated agriculturewill
gradually growth on theext two decadesaving more thab0% of groundwater
required foragriculture However, the use of treateffluentfor agricultureis source

of mainanxiety because of the possible sanitary ezwlogicalrisks the bad quality

of wastewater may pose fundamental heladthardgor the farmers and consumers of
those agricultural crops. TNEHO has been working to update the guideline standards

for reclaimed wastewater reuse in agriculture.

However, reuse akclamed, highquality treateceffluentfor agricultual irrigationis
important not only to protectsublic health but also consider@stpreservatiorplan
to reduce the consumption of restricted potable wateaddcultureand tominimize
fertilizer coss in the agriculturaktrip of low income territories (Zurita & White,
2014).

AHT GROUP AG 2009, reported that wastewater reuse for agricultural irrigation

involves threanainchallenges:

1. Quality requirements: To limit all types of negateféects on human sanitary and
the environment. This would require suitable treatment of water to be reused and

the implementation of secure irrigation techniques.
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2. Seasonal demand: Wastewater is generated all the time, but irrigation is only
required sesonally, consequently proper storage facilities would be needed.

3 Location of production: The greatest amount of wastewater is produced in large
cities, while agricultural areas are generally located in remote rural districts. As a

result, long distancgansport networks and pumping would be necessary

Also, reclaimed wastewater reuse faces technical, legal, institutional and
socioeconomic challenges whichnbe defeated through participatory approaches in
which farmers show their perspective awdrries for successful application of

reclaimed wastewater reusehemes(Mizyed, 2013).

Until recent timesit is reported that farmorkersin Gaza arelisagred the reuse of
treated effluentbut now a lot of recent studies, suggest that the farmers in Gaza are
willing to use reclaimedeffluent for irrigating agricultureif there is highquality

wastewater treatment.
According to(NJDER, 2005), the two mostly common types of water irrigatoe:
A Re s tirrigatiort e d

Use of bad quality effluents in restricted areas and for particular crops, limitations are
decided according to the type of soil, the closeness of the irrigated area to a
groundwater aquifer, irrigatiotechniques crop harvetstng method, and fertilizer
usage rate. It is easy and cheap so farmers must be trained to handledbalibad

effluent.
Unrestricted I rrigation

Use of high quality effluents, as an alternative of potable water, to irrigate all crops
(including vegetablespn all types of soil, without restrictions and without exposing

human health oenvironmento risk.
2.7.1 Impact of Wastewater Reuse in Agrictiire

Using reclaimed effluent in agriculture is considered as a preferable practice for
environment than dispose it in the surface water or groundw@atersequently,
mismanagement of effluent irrigation could lead to problems to both of environment

and human being health. Given these risk and benefits, countries is always looking
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forward to enhance treated wastewater reuse in agriculture by minimize the risks for

public health and ecosystem, and maximize the benefits.
I. Benefits of effluent reuse in agriculture

Proper planning, executing and managing for treated effluent irrigation system is very

important to get various advantages for agriculture, water resource and environment
aspects.

1  Agricultural benefits

Agricultural benefits may inclle: more dependable and less irrigation water
cost, more crop yield and better in quality because nutriemtastewater, more
urban agricultural productiomwhich contribute inbetterfood security more
employmenfor generatios, andincrease income farrban farmergJimenez et
al., 2010).

1 Water resources management benefits

Water resourcemanagement manclude:extradroughtresistantvatersource

with lower cost than desalination or expanding and enhancing existing resources,
additional localsource of waterjmplication of effluent in the wider water
resources management, and more integrated water resources management
(Jimenez et al., 2010).

1 Environmental benefits

Environmental benefits magclude:avoidingsurface watecontamination that

could happenif effluentwas not used but discharged irsiorface waterand

avoidng a lot ofenvironmentatontaminanproblems, such as dissolved oxygen
reduction foans, and fishdeath.Preservation and the rationalistic usage of
freshwater resources, particularly in waterless and vypater zones, freshwater

for domesticdbs demand, wastewater for
chemical fertilizers, which associated with lowerimgenergy expenses and
industrial contamination elsewhere; soil preservation and land erosion
preventing; and desert reclamation, through irrigation and fertilization of tree
belts (Mara & Cairncross, 1989).
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II. Risks of effluent reuse in agriculture
1 Microbial risks to public health:

In areas with low anchediumincome, thebiggestrisks to public health is from
pathogens which isarriedin municipaleffluent like bacteria, viruses, protozoa
andhelminths Epidemiologial researches performed over fhrecedingorty
years haveelatedthe employment ohontreatedor partially treated effluent
without any control for eatable crop irrigation to the spread of diseases to
farmworkers and croponsumers. Realangerof usingnontreated effluent for
agricultureinclude the increased spreadha&minthsillness as ascariasis and
hookworm to farmworkers arehterof raw vegetables, along with bacterial and

viral illnessesas diarrhea, typhoid, and cholera. (Shuval & Mara, 1986
1 Chemical risks to public health:

Chemicalrisks are moredangerousn developed countries where industrial
effluentscould be disposed to sewage system and pollute municipal effluent.
Chemical hazards tpublic health may be resulted by heavy metals such as
cadmium, lead, and mercury; and by other organic component such as
insecticide Besides, there is also concerns fromekistence of anthropogenic
chemical compounds that is hard to figureeftectson public health inhelong-

term period such as pharmaceuticals, hormones, antibiotics, and personal care
products Bhandari et al., 2009).

1 Risks to crops

The inappropriateeffluent quality can reduce crop yields which is major
concern. forexample,if the effluent is very saline and have large amount of
industrialtoxicant,or othercontaminarg. Danger taropshealth are decrease if
there is small amount of industrialastesin the effluents generally five
parametersnustbe noticed during the irrigatigoeriod: EC, SAR, B, TN, and
pH (Westcot D.W., 1997).

M Environmental risks

Soil and groundwaterontaminatio arethe majordangerof utilizing reclaimed

effluent in irrigation; the pathogenicallycontaminationof groundwater is a
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minimal dangebecauseoils will rejectmicroorganismsn the toplayersof the
soil except irsome rardnydro-geologicalcases.

Chemical hazardsclude, nitratesn groundwater from effluent irrigation, soil and
aquiferssalinity, and changing in soil structure. Setting and controllingetfieient
industrial wastewatguretreatment ighe very importanta control the various types
of chemical risks that may affect human being and environment (BGS, 2001).

[ll. Economics of Reclaimed Wastewater Irrigation

The main importantfactor to take wherreviewingthe feasibility of reusingreated
effluentis the economic and financial viability. The cost effectiveness of a reuse
project depends on tr@mountof treatedwater used; where the more watsed the

more the coseffective the project (Urkiaga, 2008).

The evaluation process proposes that cost benefit analysis must merge socioeconomic,
health and environmental effects of effluent reuse in agricultureagpropriate
evaluation. When wastewater reuse assessment prafextist method is to group

all benefits into two categories, direct and indirect benefits.

For the first, increased crop production, savings on fertilizer costs and on water supply
beside offering job opportunities. For the second they are minimized environmental
damages, controlled gerosion and protection of groundwater which reduce waste
and improves water preservation {Badah, 2008).

Water reclamation and reuse is technically feasible but oftentimes it is not a
inexpensive choice. The infrastructural requirements are genbigllyin particular

because of the requirement to build and/or adjust the distribution system (Bixio, 2008).
2.7.2 Public Acceptance

One of thanaincrucial procedure in any reusehemas protecing the public health,
particularly that otisersandconsumersConsequentlyit is mainsignificant to remove
any infectious factors or pathogenigicroorganisms that may bearried in the
effluent. For some reuse implementation, such as imgati nonfood crops,
secondary treatment may be accepted. hfflerent implementation, additional
disinfection, by such technique as chlorination or ozonatiouldbe needful.

The essential prerequisite for wastewater reclamation is that implementation will not

28



lead to inadmissible human health hazards.-Meated effluent constitutes an earnest
danger of wateborne illness, such as cholera, typhoid, dysentery, plague and
helminthiasis. With medicinal progression, and human health relations between non
treated effluent and iliness have become better comprehend, and measedesdo
exposng to suchpathogenic organismbave beerpresented Sone of the main
microorganismghat are existing in untreatedfluentare summed up in Table 2.

In addition, these raw effluentsould hold chemical matters that are dangerous to

public health and thecosystem

Table (22): Someof pathogenic organismdinked with raw wastewater

Salmoneld, LegionellaceaeVibrio cholerae Waterborne bacterig
Giardia lamblia, Cryptosporidium Protozoa
Ancylostoma (hookworm)Ascaris, Toxocara, Taenia .

Helminths
(tapeworm)
Enteroviruses Hepatitis A virus, Rotaviruses Viruses

Whereasffluent reuse has essential advantages, a compramisegthe advantages

and possibility healtthazardsof implementation should be assess carefully. These
hazardscan be reduced by appropriate treatment, disinfection, and controlled use of
treated wastewater. If sufficient measures to reduce risk can't be performed

continually, effluentreuse shouldh beaccepted

Effluent reclaimhas been experienced for diffetgrurposes in severabnesof the
globe In most situation, disinfection fsindamentaktagebefore toeffluentreuse to
reduceecologicaland healthhazards The goal of disinfection iso eliminate or
deactivatgpathogenic organisms from effluent. Usually, disinfection is perforoyed
powerful oxidizers such as chlorine, ozone and bromine, however they n 0 t

deactivatehelminths eggs .

The plannedimplementationfor reused effluent effect public acceptability. rFo
example, the use of treatexffluent for drinking water or for food preparation
experiencemost objection, while employ for irrigaty recreational parks and golf

courses gain the minimum publiopposition Asano, 1998. Also, public
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understanding of thenvironmental credentials dfsinfectiontechniquedgor effluent

reuse may also impact technology chosen.
2.7.3 Social Acceptance

It needs particular public awareness plan: a better concentrate oseotered and
multi-disciplinedmethods and a necessity to realize the goal priofitiethe group
knowledge and practice toward particular behaviors and restrains aspects. Behavior
with respect toeffluent reuse practices include at the community level changing
practices of a wideainain of their current practices. In order to maintain the change

in thesejt is essentiahot only toextendknowledge and skills to people participatory

in water reuse, and eEnhancend monitor their behavior locally, but also to originate
regional ad national systems of supply and maintenance of materials and equipment
(Afifi, 2006).

2.8 Regulations andStandards of Treated Wastewater

There are no joint rules of effluent reuse in the world becausk different
climatological geological and geographical situations, water resoukicess of crops

and soils, economic and social factors, and country policies towards using reclaimed
wastewater foirrigation. Someagencies havéounded reuse guidelines as WHO,
FAO, USEPA (UnitedStates Environmental Protection Agency), etc. Most of the
regionsnow havefoundedtheir own standards from the guidance set by FAO, WHO,
etc. (EPA, 2004).

2.8.1 WHO guidelines

To protect human health and environment, WHO start developing guidelines for
effluent reuse in agricultat irrigationfrom 1973. After a comprehensive analysis of
epidemiological researches and other studiesse standardseremodifiedin 1989

The latest revision was in 2006. These guidelines have been very helpfalpandl

countries havéollowed them.

The main characteristicsof WHO guidelines for reclaimed effluent reuse in

agricultur al irrigation are asfollows:

1 Reclaimed effluent is considered as a safe resource to be used
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(consumers, farmexs

Fecal coliforms aretilized as pollution indicators.

The guidelines aim to protedrom infection in exposed populations

Measures including fine reuse management practice are suggested beside

effluent quality targetjlimitations on irrigated crops; chosen of irrigating

techniques that increase health protection, and monitoring of fine personal

hygiene (WHO, 1989).

WHO guidelines aréstedin table (2.3

Table (2.3): WHO guidelines for using treated effluent in irrigaion

Fecal

Q ) Exposed | coliforms Effluen.ttreatmen?ntici.pated

T Reuse conditions to attainthe requirednicro-

§ CLCLy (MPN1/100 biological guideline

ml)

A Irrigation  of  crops| Farners, A series of stabilization pong
probablyto be consumed Users 5 10 designed to attain micro-
uncooked, sportsfields, biological quality indicated, o
public parks public equivalent treatment

B Irrigation of cereal crops Retention in stabilization pong
industrial crops, fodde Earmers o5 1 for 8110 days or equivaler
crops, pasture and trees helminths and fecal coliform

elimination

C Localized irrigation of Pretreatment asessential by
crops in category B i None Not irrigation technology but ng
exposure to wrkers and applicable | less than primary
the public does not occur, sedimentation
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2.8.2 Palestinian standards

For many yearsPalestine didi have anyparticulareffluent reuseregulationsor
guidelines References wergenerally made to the WHO guidelinesor to the

neighboring countries, standards (Egypt, Jordan).

Recently in Palestine, there is a Palestinian Standard (PS) ferdlhaened effluent
(PS7422003) which has been established by the Palestinian Ministry of the
environment andauthorized by the Palestinian Standards Institute, after the
establishment oPalestinian law in 1999)The Ministry (MENA), in organization

with the competent organization, shall set standards and rules for gathering, treating,
reusing, or disposal effluent and storm water in a right way, which comply with the

conservation of thenvironment and public health" (EQA, 1999).

The Palestinian standards developed in 2003 have general criteria fecldimed

wastewater reuse in agriculture:

1 The reclaimee@ffluentmust meet the particular standards that differ depending
on the uage panning

1 When reclaimedwastewateris used for irrigatig cooked vegetables, fruit
trees, andodder crops, irrigatigmust be stoppet¥ daysbeforegatheringhe
crops Fallen crops must be disposed

1 The reverse effect of someclaimedeffluentquality characteristicen the soil

parameterand on some crops
1 Avoid usingof sprinkler for irrigation

1 Avoid usingof reclaimedwastewatelin the irrigating vegetables and other
crops that may beonsumedraw such as tomatamint, carrots, cucumber,

lettuce, or parsley

1 Closed piped or lined channels must be used for carriage of reclaimed
wastewater when permeability of soil is high, which effect groundwater

and surface water that could be used for drinking objects.

1 Avoid mixing dilution of reclained effluent with clean water at the treatment

plants in order to meet the required standards (EQA, 2003).
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Palestinian standards for effluent reuse have been adopted which set exacting and
complex requirements. In addition to many criteria and a multipleebapproach to
health protection, the standards prohibit the use of effluent on crops eaten uncooked,

regardless of the extent of treatment.

Four classes of effluent quality are recognized (table 2.4), classified by BOD, TSS and
Fecalcoliform concentrations. For each effluent class, a number of additional barriers
(table 2.5) are required for reuse, the number of barriers required (frorafaelesten)
depending on the type of crop (18 crop types are listed). For Class A effluent, no
additional barriers are required and Class D requires up to four barriers depending on
crop type. Vegetables are specifically excluded. Furthermore, limit vaheegiven

for an additional 35 parameters for eight categories of reuse and disposal.

Table (2.4): Classification of wastewaterquality (PS 742/2003)

Class Quality BOD (mg/l) TSS (mal) Faecal coliform
(MPN1/100 ml)
A High 20 30 200
B Good 20 30 1,000
C Medium 40 50 1,000
D Low 60 90 1,000

Table (2.5: RecommendedPSI effluent standards(PS742/ 2003)

Criteria Restricted Usel Unrestricted Use2
BOD (Mg/l) 10-20 10-20
TSS (Mgl 15-20 15-20
TotakN (Mg/l) 10-15 10-15
F. coliforms Less thar00 Less than 1000
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Helminthes eggs Less than 1 Less than 1

Intestinal nematoda | Less than 1 ova per litel Less than 0.1 ova per litg

1. Restricted Use: Cereal crops, industrial crops, fodder crops, crops normally eaten

cooked and trees, etc.

2. Unrestricted Use: Crops normattpnsumeduncooked (vegetables), sport fields,

and parks.

Table (2.6): Criteria recommended by PSI for crops (PS742/ 2003)

Parameter Citrus Olives Almonds Alfalfa
BOD (mg/l) 45 45 45 45
COD (mgll) 150 150 150 150
TSS (mgl/l) 40 40 40 40
TDS (mg/l) 1500 1500 1500 1500

Cl (mg/) 400 600 400 400

E. Coli 1000 1000 1000 1000
(MPN/100 ml)
Pathogens None None None None

29 Limitation of Wastewater Reuse in Gaza

Reclaimed effluent reuse has to overcome diverse obstliglesmingreuse scheme
in the various activies sections will be dependent on a good planning and
management of reuse processes founded on an actual megtexstand good

institutional, and organizational status.

It is necessary to evaluate if the usage of reclaimed effluent is economical and
financially feasible. Technical side require also more studies, besides applying

researches for every particular implementation. Educatiatg and training of
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farmworkers and relatedervicesalso show a significant part in encourage these
practices aiming to attamoreagricultural production without bad side impacts on the

ecosystem.

The shortage of dependable datum on present situation of effluent qualities and
quantities and the lack of clearly knowguse plan, whicdepends omconomic and
health foundation, make the reuse of reclaimed effluent realistic in Gaza Strip.
Alongside the treatment needs ahd wastewatequality for various reuse targets,
other aspectsshould be taken in consideratiosgocial andeconomicsides and

regulations and standards in the region.
2.10 Case Studies

There isagrowing all over the world of using of RO based technology in wastewater
reclamationespeciallyin the last decad@.he experiences obtained over the years of
operating of present reclamation plants has been a fundamental sigmision and
growth ofthis technologyTherearenumerousRO plants in the world in operation
which can be classified as megjaed plant as shown ifiqure 2.J. These plants have
the ability to produce enormous amount of efflueith quality compared to potable

water quality These have all become assential facilityto support the wategcarce

regiors.
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Figure (2.1): Wastewater reclamation plants
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2.10.1 Sulaibiya Wastewater Reclamation Plant in Kuwait

SulaibiyaEffluent Reclamation Plant, located in Kuwait, was commissioned in 2004
after two years and half of construction with total cost of ($422M), the Sulaibiya
effluent reclamation plant won global water awards as The Wastewater Project of the
Year in 2005 a#r short time of initiation. The plant is at the present time by far the
biggesttreatment plant of its type in tlgdobeto usemembrandbasedvatertreatment
technologies such as reverse osmosis (RO) and ultrafiltration (UF). Currently, the
capacity is® 375,000m¥dayand to reach the capacity of 600,000da¥:

The Sulaibiya plant consisté three processes; biological treatmeiual membranes

filtration (RO / UF) and sludge processing. Sulaibiya purify wastewater to potable

water quality for nospotable utilization such as agricultural, industrial and aquifer
recharging purposes. At full operation, the plant is anticipated to cover 26% of
Kuwai tds gross water needs, w h tpatdble r educ e
sources from 14MCM to 25MCM (wate technology, 2018).

2.10.2 Groundwater replenishment scheme in Orange County, USA

Orange Country Advanced Water Treatment, located in California USA, was opened
in 2004 andits effluent offers supplement sources of effluent to Orange County,
California for seawater intrusion barrier and for groundwater rechatge facility
treats320000 nt/dayof treated effluent to be expanded to reach capacH@0§000

m3/dayof product.

The treatment plardonsists of three main treatment process; MF, RO and advanced
oxidation process (AOP) with UV light with hydrogen peroxidke influent, which

is partially treated wastevater, is treated firstly using microfiltration unit.
Microfiltration processes reovetiny suspendecdomponentdrom the wastevater.
Thewastavateris thenpurified through RO, whiclkeliminatemost ofresidual solids

and pollutantsby penetratingthe pumpedwater acrossmembranegores Water
quality effluentafter thisprocesgs almostdistilled. Thenthe water igprocesseavith

UV rays and hydrogen peroxide aspaeventivemeasureMerging UV rays and
hydrogen peroxide produceslivancedxidation reaction andejectany residual of

organicmatters
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This multistageprocesseproduces watewith quality betterthan other conventional
water sources available to the Orange County afidee full-scaletreatment plant
insurethat removal of alcontaminantcan be possible to reach tbdenking water
standard usingn advanced treatment procesasists oMF, RO, and AORreatment.
After RO treatment, the product waterso low insalt & mineralcontent.(Water
technology, 2018).

2.10.3 Changi Water Reclamation Plant Singapore

Changi Water Reclamation Plant (CWRP), locateSingaporeconsidereane of the
largest and most advance@stewater treatment plaint the globe It was opened in
June 2009with a capacity to trea800 n¥/day of wastewater The plant will be
extended to reach a capacity 2600 m®/day. Effluent at the CWRP igurified by
rejectionthe solidsand pollutantpresenédin thewastavater. Then heeffluentwater
is disposedio the ecosystenor conveyedto NEWatertreatment planfor advance

tfreatment

NEWater is the backbone of Singapore water sustainability plan and currently covers
one third of the total water country demart. NEWater facilities, the treatel
wastavater istreatedusing advancedualmembranend ultravioletto reach potable
water quality.The NEWater productionperationsiseadvanced dual membrane and
ultraviolettechniquesss aposttreatment foreffluens from CWRR Currently, there

are four NEWatefacilities in SingaporeThe latest and the largest orisembcorp
NEWater plantwascommissioned itMay 2010with a capacity of 5SMMGD. (Water
technology, 2018).

2.10.4 Bundamba Advanced Water Treatment Plant

Bundamba Advance®astevater Treatment Plant (AWTPJocated in Ipswich,

Australig wasbuilt in two stagesvith total cost of $380mg¢onstruction of the plant
has startedh September 2006 witbapacity to trea66,000 m*/day of treated water

The plant lecame fully operational in June 2008.

Lamella pe-treatment clarifiersn Bundamba plant, with the area of 5,000h&ye a
capacity to treat up t@00,000 n¥day of wastewaterconsist ofmicrofiltration and
reverse osmosis building, whichave three core treatment processegjich is

microfiltration, reverse osmosis (RO), and advanced oxidation processes.
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The microfiltration process involves passing the wastewater througbrat@mbrane
with 0.014 microns wide pores diamet&hen the effluent passes with high pressure
throw 65RO membrane with 18 in diametérhis removesll particulatematter, and
other pollutantsfrom the wastevater. Advanced oxidation uses ultraviolet (UV)
irradiation and hydrogen peroxidedbminatethe residuabrganicsin the waterLime

and carbon dioxide are added to purified watehdoden water and to increage
alkalinity. The effluents from the pht have high quality and can be safely used or sent

to reservoirs or power stationd/éter technology, 2018).
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Chapter (3):
Study Area

3.1 Introduction

Gaza governorates are situating in the southeasterrimeadtPalestine. The Gaza
governorates are a narrow stripafhd on the Mediterranean coast 1948, the Gaza
governorates had a population of less than 100,000 people. By now, the number of the
population in Gaza governorates is over tha®9 million people distributed across

five Governorate¢figure3.1)(PCBS 2017). Thus, Gaza holds théghest population
density in the world over than 5000 persons per square km.

Gaza Strip has aemtarid climate andis located in aransitive areabetween a
moderatéMediterranean climate to timrthandwest and thebarrenNegev and Sinai
deserts to theouthandeast Gaza Strip hast@mperatevinters andarid hot summers.
Rainfall in Gaza strip is unequally distributed over governorates it varies by a notably
large amount by from the North to the South with annual aeeraigfall of 372 mm
(PWA, 2012a).
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Figure (3.1): Gaza Strip Governorates
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3.2 Water Resources in Gaza Strip
3.2.1 Groundwvater

Groundwater is the master source of water in Gaza ®hr@e the coastal aquifer is
the onlysourcefor water, with thedepthof the watercontaininglayer divergesfrom
somemeters in the eastn and southeastn zonego less than meter and haif the
wesern zonesandalign the coastline The aquifecomposedmostly of sand, gravel
andgranularsand(Korkar) mixed with silt andclay. A rigid layer of clay with low
permeability has depthof less than one met@catedunderthe aquifer. Thannual
rechargeamountsfor the aquifer isapproximately60 MCM. The total abstracted
volume is about 180 MCM, thishows that thewhole recharge is only onthird of
overallextraction These unsustainably higates ofabstractiorhave led talecrease
the groundwater levglconsequentlgraduallyintrusion ofseawater and upwelling of

saline groundwatsesccurredPWA, 2012b).

The Water quality in Gaz8&trip is very poor where the major problem is the high
concentrations of saltsThe water qualityd i d n 6 tthe ateeptéd international
guidelines for potable watarsage, only about 5% of water pumped through the
network meets drinking water standards (World Bank, 2088}the present time
more than a few adgricultural wells are alsaewing high salinelevds. The chloride
concentration of thabstracted watés variedfrom 1001000 mg/l, while the nitrate

is varyingfrom 50-300 mg/l.(PWA,2013)

3.2.2 Nonrconventional water resources

According to(PWA, 2013), Gaza cannot supply itself but must find rdernative

sources of water as:
I-Purchased water (Mekorot)

Gazapresentlypbuysamountsof its water from the Israeli water utility (Mekorot):
Israel is under aommitmentto supplyl0 MCM andthere is araddition 5SMCM
is under the interimagreement and negotiatiottsroughthe implementation of

thosepledgeswith an initial price agreed (PWA, 2013).
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Il - Desalinationplants

Purificationof brackish water to obtaiadequatdevels of potable water quality is
ansignificantchoice which were performedminor scale About3 MCM per year

is supplied from about one hundredprivate watersuppliers (brackish water
desalinatioh besides tcsingle public seawater desalination ptasnd about six
pubic brackistgroundvater desalination plants managed by municipal departments
and CMWU.

The PWA newly finished aesearchof water supply choices for the shogtm,
mediumterm and longterm. At the shorterm, lowvolume (STLV) seawate
desalination plant to be built witma@verall capacity of 13 MCMper year In the
long termscentralseawater desalination plant will be built with a capacitp®f
MCM per yearby the year 201-2022 to be extended to 129 MCM/y in the future
(PWA,2012b).

- Treated wastewaterreuse

Wastewater reclamation and reaggpeato beencouragingn the Gaza Strip near
future. The predicteduantityof effluentto be used foagriculure will gradually
increase on the coming two decades saving more than 50%o0f grountivedter
requiredfor agriculture(Tubail et. al., 2003)

There are several of latest researches, which have indicated that the farmworkers in
Gaza Strip are willing to use reclaimed effluent for irrigating agriculture, if amounts
of it wasaccessibleThe reuse of reclaimed efflueisthighly significant because
around 50% of the current potable water use in G2izip is allocated to the
agricultural strip.The reuse can't be offered at any considerable scale if there is a
lack of high quality effluent treatment (PWA, 2011).

3.3 Wastewater in Gaza Strip
3.3.1Presentsituation of wastewater in GazaStrip

The environmentally right management of waste demapyplopriatecollection,
treatmentand reusef reclaimedwastewater. In Gaza Strip wastewassmeareas
linked to sewage facility and served by wilhctionng system while some areas not

linked at all to the sewage system and depends on cesspits as wastespaisal
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method. On average, it is estimated that about 70 % of the areas in Gaza Strip are
linked to a sewerage netwoieWA,2013)

There ardive treatment plants in Gaza Strigorth GazaGazaCentra] WadiGaza,
Khan Younis and Rafalmeitherone of thenis functioning effectivelynay be except
the new one in north GazAround 75-80 % of themunicipal effluent generatedn
Gaza isdisposednto theecosystenwithout enoughpropertreatmentor without any

treatment at all in overlatreatment plant casesleakage after collection in cesspits.

Based on the per capitdfluent produced the totalamountof effluent producedor
the year 201%vas generated in the Gaza Strip@&VICM, of which 36 MCM passes
into sewerage networks and ttenainingcollecting incesspits.ARI1J,2015¢.

Table (3.1): Estimated amounts of wastewater produced in Palestine in 2015

Governorate Amount in MCM
North Gaza 10
Gaza 19
Dier Al-Balah 7.5
Khan Yunis 8.5
Rafah 6

The major goal of the treatment plants is to produce effluent with quality suitable for
nonpotable use such as irrigation or even discharging into groundwater. Although, as
a outcomeof the poor quality of theeclaimed effluentwhich is away belowVHO
guidelines and Palestinian standards for useigation or discharging, also the plans

for delivering treated wastewater to agricultural areas were never completed
3.3.2Wastewater Composition in Gaza Strip

Total wastewater for the Gaza strip is estimate80aMCM (ARIJ, 2015c; PCBS,
2013c, 2015c).
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It has noticed that there in high organic matterd high salinity in the row sewage
because there is a low water consumption per capiabiochemical oxygeshemand
(BOD5) level of sewage in Gaza average886 mg per liter. This ifar abovethan
theaverageBOD5 levelsn many developed countries which ranges f&6-300 mg

per liter (Polprasert, 1996).

Table (3.2): Anticipated amount of effluent generatel in Gaza Strip in 2015

Wastewater Characteristics
Parameter

North Area Gaza Rafah

BOD5(mg/L) 728 667 777
COD(mg/L) 1385 1306 1399
SS(mg/L) 663 617 540
SS/BOD 0.9 0.95 0.69
BOD/COD 0.526 0.51 0.56

3.3.3Wastewatertreatments in Gaza Strip

Sanitation services in Gaza Strip are in crisis, the existing wastewater treatment plants
function intermittently, ssomewastewaters being treate@nd the large amouind

returned ow and pumped tgea (World bank, 2009).

Based on thdCMWU, 2012).the amountof effluent has based on the composed
samplegatheredrom the WWTPs. BOD, COD and TSS parameters were monitored
at a monthly basis during three last years. The result of parameters to all treatment
plant can be shown in Talde3 GazaWWTP has better quality effluent for irrigation

than that for Beit Lahia, Rafah, and or Kayonis WWTP.
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Table (3.3): Efficiency of existing effluent treatment plants (Gaza Strip)

BOD COD TSS

mg/l | mg/l % mg/l | mg/l % mg/l | mg/l %

Gaza 500 | 105 79 1020| 220 78 550 | 110 80

Rafah 560 | 120 81 1160| 255 78 550 | 122 79

KhanYunis| 520 | 155 70 1090 | 322 70 580 | 141 76

Beit Lahia | 440 | 133 70 980 | 250 74 480 | 222 71

|. Existing wastewatertreatment plants:

There arefive effluent reclamationplants operating in Gaza StripNorth Gaza
wastewater treatment plaNGWWTP) in the north, Gaza wastewater treatment plant
(GWWTP) in the Gaza citwVadi Gaza wastewater treatment plant ( WGWWTP) in
themiddle, KhanYounis and Rafah wastewater treatment plant (KY, R WWiTEhe

south.

The presentefflent treatment plants in Gaza are odeaded and are extremely
ineffective and barely functioning. The treatmengeffective had beenascribedto
shortage ofuitable operation and maintenance; undependable of power supply, and
there is a difficulty of supplying spare parts due to Israel blockade. The Mediterranean
Sea acts as the final destination for disposdligii treated, partially treated or even

raw effluentin GazaStrip (CMWU, 2012).

Moreover, the general characterization of municipal wastewater are shown in ( Table

1.3). It is obvious that variety of treatments are available in all areas.
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Table (3.4): General characteristics of effluent treatmenplants (ARIJ, 2015c)

with bio-towers

T ) Effluent Effluent
MunICIpaIItIeS Construc“on
Types oftreatment o, guantity disposal
ate
WWTP m3/d destination
North Gaza _ o _
Aerated ponds, bitowers 2018 35000 Infiltration basin
(New)
Anaerobicponds followed
Gaza o 197 65000 Seawater
with bio-towers
_ Anaerobic ponds followed
Wadi Gaza o 2014 12000 Seawater
with bio-towers
_ Anaerobic ponds followed
Khan Yunis o 2007 13500 Seawater
with bio-towers
Anaerobic ponds followed
Rafah 1987 13000 Seawater

II. Future Wastewater Treatment Plants:

It is planned that thedese current WWTPs will be replaced by three new WWTPs:
North, Central and South. The Noi@aza wastewatdreatmentplant (NGWWTP)
recentlyenteedthe service and this WWTP repladde old plant at Beit Lahia also

Gaza and southWWTPs is under construction and it will be ready by 20Phe

plannedupgrade will replace theurrentoverloadedfacilities with higher capacity

facilities in order toerhancetreatment plants efficiency anchprove thequality of

effluent beingdisposednto theecosystem
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Beit Lahia WWTP
23,000m3 /d

Out of service

North Gaza WWTP
35,000m3 /d (2018)
In operation (new)

Gaza WWTP
60,000m3 /d
In operation
WadiGaza
WWTP
14,000m3 /d
In operation Central Gaza WWTP
200,000m3 /d
Under construction (2020)
Khanyounis WWTP
14,000m3 /d
In operation
Rafah WWTP
13,000m3 /d
In operation
South Gaza WWTP
44,000m3 /d
Under construction (2022)

Figure (3.2): Current & future WWTP
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Table (3.5): Current and Future WWTPs

Name of
Wastewater | actual Final
rentment . Status of Current WWTP Future of WWTP [
plant
North Gaza | 35,000 | North Gaza WWTP opened in 2018 NGEST will upgrade tq Infiltration
(NGEST) replace Bait Lahia WWTP which | reach capacity of 70,00  Basin
now out of service m3/d
Gaza 65,000 | Commissioned in 1979 and then Central WWTPs willl Sea water
Central upgradedand expandedver the years replace the current pla
now the plant is overload with| with capacityof 200,000
capacity of 50,000 m3/d m3/d it will be operated ir
2020
Middle 14,000 | Established in 2014, started wi
capacity of 12000m3/d
Khanyounis | 10,000 | Three lagoonsvere built in Almawasi| South Khanyounig Infiltration
andAlamal area to dtect and partially WWTP  will  replace basin
treat wastewater during period fro current  plants  with
2003 to 2009hen dispose the effluel capacity of 26,000m3/d &
into see phase | will be operated i
2019 and 44,000m3/d it
Rafah 13,000 | Commissionedn 1989, with treatmen

capacity up to 4,000 ma3/d. then
upgrade to reach 20,000m3/d capac

will be operated in 2025

3.4 Strategy for the development ofeclaimed effluentreuse in agriculture

Over the lasten yearssomesmallscalepilot projectshave beemstartedn Gaza Strip

for experimenttestingandsubstantiatiopurposestheresults of thesgials (with an

additional of regional experience) have beamoughto assist and encourage
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immediate developmentto the nextlevel which medium sized reuse schemes

expandingover a few thousand dunum.

Theshorttermplanaims toperformsuchprogramdrom WWTPseffluent These pilot
projectswill not wait until a new institutional framework or new agencies to be created
and then make arrangement for thpsgects and make it formal. Actuallhesecan

be performed now throwthe presentagencies: PWA, MoA, water utilities and
farmworkers associations. In order @ather and motivatthe farnworkersquickly,
awarenessaising campaigns will bdoneto notify possibleusers of theadvantage
and safety ofreated wastgater reuse. The use sbcialmedia will be considered as
asignificantmeans oencourageeuse and itsonnectecgdvantages

Opportunities for théuturedevelopment ofeclaimedeffluentreuse will beexamined

also taking intaonsideratiorthe environmental and healttoncerns

As listedin Table 3.4, volume of treated wastewater that has been used in 2012 is 1
MCM which is only 3% of the available partially treated wastewaberthe short
strategy it is expectetthat percenwill reach 25% (15MCM/year by 2022) aimdthe

long strategyt will reach (25MCM/year by 2032¥or agriculture and (75MCM/year
2032) for aquifer recharging

Table (3.6): Potential reuse of treated wasteater (PWA, 2013)

Long term strategy

Situation (years) 2012 2022 2027 2032

Reclaimed/Nastewatesuitablefor irrigation 33.2 59.3 75.8 99.9
or groundwateinfiltration (MCM/year)

Irrigation portion 3% 25% 25% 25%
Resource for reuse irrigation (MCM/year) 1 14.8 19 25
Residual resource for infiltration (ader 32.2 44.5 56.9 75
Rechargg(MCM/year)
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Long term strategy
Ground Water resource in Irrigation (Wi//year) | 86 59 45.5 32
Dams for Irrigation MCM/year) 0 5 7.5 10
Total Availablequantity for Irrigation 87 78.8 72 67
(MCMlyear)
Irrigable land (dunum) 133000 | 123000 | 118000 | 113000
Irrigation needs 741 741 741 741
Potential irrigated land (in dunum) 117403 | 106383 | 97112 | 90401
% of irrigable land 88.3% |86.5% |82.3% |80%

The coastal aquifer has been owesed inlast decae. the long-term plan aims to
decreaseverallgroundwater abstraction in the Gaza Strip fronpitesentate of 180

Mm3/year to 70 Mm3/year in 2032s shown in table 3.5 the long stratejynsto

reduce tle dependability of coastal aquifer and to increase the amount of wastewater

reuse specially for agriculturalso it has noticed th#te total anticipated demands of

water for agriculture will be reduced because somesavilabecomeresidential due

to the increase of populationt 6 s ant i c i pdornue in2012that usedine 116 00
agriculturewill be 90000 by 2032

Table (3.7): Anticipated wastewater reuse for agriculture (PWA, 2013)

Sourcesl/years 2012 Long term strategy
Coastal aquife(MCM/year) 86 32
Wastewatereuse KMICM/year) 1 25
Damns MCM/year) 0 10
Total (MCM/year) 87 67
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Chapter (4)

Methodology
The purpose of this study is to assess the performance of Reverse Osmosis in
improving the quality of effluenfrom Gaza wastewatdreatment plargtthrough a
field experiment set ypgaboratory test$or treated sampleand analysighe results

This chapter consisteof experimentayout sand filter design, filtarspecification,
sample collection and analytical work.

4.1 Data colletion

Various data and information relatemlusingof RO membrargas wastewater post
treatment for noipotable uses were gathered including previous repedsarches,

articles,journalsand similar international projects
4.2 Field Experiment

4.2.1 Experimental set up and procedure

A Site

The field experiment was conductiedislamicUniversitylaboratoryin two trials
first trial was on 20/02/2017 and after some enhancement getkspecially for

the pretreatment (sand filtethe experiment waseldagain on 02/04/2017.
A Wastewater source

The wastewater was collected fraffluent of Gaza WWTP and translocatéal
experimental site by usirgarrelsapproximately 500ters of wastewatewas used

in each experiment triaf experiment
AExperiment layout

The layout of the experiment is presented in Figuielt consists offeeder tank,
sand filter as préreatmentunit, microfiltration unit, Reverse osmosis unit and the

both of permeate ar@bncentratéanks.

First, samplefrom WWTPwas puinto feeder tank, passes thre@and filter, which
is composed of muHsize gravel to operate more efficiently, then entered into the
three stages asediment prefilter which i1F/UF membraneunit with 5and 1
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micron poresdiametey thenpumped throw RO membraneunit then the treated
water go tdtank3) for waterpermeatewhichis our producto be testeth lablater
and (tank4)is for Concentrated water, which will be returned(tank 2)to pass

throw theMF & RO membrane again

Tank 4
concentrate

 water

Figure (4.1): Layout of experiment
4.2.2 Sandfilter design

In the first experimerttial, the sand filteconsistsof 10cm sand stone, 15 cahells,
geotextile infiltration sheet and 2€m sand but in the second experimenhats
modified toset of threelayers of gravel differs irsize, the largest is 9.5nm, the
mediumis 4.75mm, thesmallest i2.37mm and sand layethe depth of eaclayer

10 cm geotextile infiltration sheatas put between layeas shown in Figwes4 ., 8. 2

10cm sand
20cm sand
10cm grovel (2.37mm)

20cm Kurkar
10cm grovel (4.75mm)

15cm shells
10cm grovel (9.5mm)

Figure (4.2): sand filterconfiguration 'triall’ Figure (4.3): Sandfilter configuration ‘trial2'

53



4.2 3Microfiltration /Ultrafiltration Unit

Three stages of prefilter sediment cartridge wit& 5-micron poresdiameter was
selected to be a second pretreatment unit after sand filter to protect the RO device from

fouling and to reduce suspended soliise three stages shown in figuré 4.
4.2.4ReverseOsmosis Unit

Housing RO unit hashosenthe flow of the fiterwas1.8 L / minute, the pressunas
130 psi which equal 8.844 bar, trecovery rate wa20 % fromthe fed water. The

filter deviceis shown in figuret.4

Figure (4.4): Reverse osmosis filter unit

4.3 Sample Collection

Foursamplesveretaken in every stage of filtratian each oftwo trials experiment
The samples were pint polythene bottles that were pneashed with acid and distilled
water and then were drieBirst samplewas takerfrom the feeder tankand before
sand filter,the secondwas takerafter sand filterandfinally two samples were taken
from ROconcentrateandpermeatdanks Then the samples were preserved at 4°C in
an ice box and brought to the laboratory at Islamic Univesitysaza Testing
Laboratories
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Figure (4.5): Sample collection after RO

-"."III"."-'Q'

MF|UF

Figure (4.6): Experiment Layout and samples location
4.4 Analytical Work

Quality of the treated wastewater in evphase of the experimewhs tested in order
to examinethe parametersuch as: Biochemical Oxygen Deman(BOD), Total
Suspended Solidg'SS), Total Dissolved Solids (TDSHydrogen lon Concentration
(pH), Temperature (T)lectrical Conductivity (EC), Fecal Colifor(®C), and Nitrate
(NO3-N). Tests wergerformedat Islamic University of Gaziaboratory.

4.4.1 Biochemical Oxygen Demand (BOD5)

BOD was measured using OxiTapeasuring system according; the quantity of
samples was taken after well mixing according to corresponding measuring range
recommended in the manufacturer manual. The samples discharged into OxiTop
bottles followed by placing a magnetic stirring rod. Rerduiver integratedn the

neck of the bottlehen hreetabletsof sodium hydroxide wergut into the rubber
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quiverwith a tweezers. OxiTopottle was directly tightly closed and pressed on S and

M buttons simultaneously for two second until the display shows 00. The bottles were
placed in the stirring tray and incubated for 5 days at 20 °C. Readings of stored values
was registered after 5 & by pressing on m until values displayed for 1 second

(modified from OxiTop Manual).
4.4.2 Fecal Coliforms (FC)

The concentration of fecal colifornesganismsn water is measured to determine the
probability of pollution by micrebiologicalbacteriaThe membrane filter method is a
standard method for the testing of Water and Wastewater, gives direct counts of the
fecal coliform collection without enrichment or following tests. The results of the
membrane filter test take less thaday An adequate ammt of water sample is
pushed through a membrane filter that retaingrifieoorganisms thagxisting in the
sample. The filtecomprisingthe bacteriais put on MFC agar in a petri dish. The dish

Is incubated atemperature of 44.5 0.2°C for 24 = 2 hours .

After incubation, therepresentativecoloniesof bacteriaare calculated under low
magnification and theumberof fecal coliforms is reportedscolony forming units
per 100 ml (CFU/100 mL) of water sample.

4.4.3 Suspended Solid (TSS)

To examinethe total suspendeparticlesin water and wastewatean appropriate
volume of watersample ispushedthrough a weighed standard ghdigser filter and
the remainskept on the filter is driedwvith temperature 0103°C to 105°Co reach
fixed weight The increase in weight of the filtex the weight othe total suspended
particles If the suspendesblidsblockthe filtervoidsandextend the timef filtration,
increasng the diameter of the filteopeningor decrease the sample volumeay be
necessaryTo getan estimate of total suspended solgiftract total dissolved solids

from total solids.
4.4.4 Nitrate (NO3-N)

As mentioned i{El T Nahhal, 2014). NO3 concentration in wastewéeletermined

according to salicylic acid method. In this method 5 g salicylic acid dissolved in 200ml
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H2S04. Then 2ml of the solution was transform to test tubes cedtdire 1ml of

standard solution concentration.

The system is left for 20 min. to allow the reaction. The 18 ml of NaOH 6N is added
to the tubes. A yellow color of salicylic acid is developed. The color in the standard
solutions and knowsamplaswere measted at 420 nm. The liner relationship between

the optical description and concentration was used to determine the NO3 concentration

in theotherssamples.
4.4.5pH

PH is a measure of the hydrogen ion concentration in wRittmeasured using a pH
meter firstly the device has to lmalibratel by measuring pH foamatterwith a known

pH numberthemmeterhas to be adjusted match the sample temperature
4.4.6 Electrical Conductivity (EC)

EC is considered as a big indicator of water salinity. The nam@sscontenor total
dissolved solid (TDSn water the more of EC value number. EC can measure by EC
meter.First Calibrate the EC meter and then Measure conductance of samples then we
report the readindg=C is measured in d®/ TDS value can be estimated by equation
TDS (ppm) = 640*EC (dS/m)

4.4.7 Total Dissolved Solid (TDS)

TDS refers to totadissolvedsolidsparticlescontairedin water the solidsTDS can be
measured by evaporating the water passed from TSS test at 180°C for one hour, TDS
can also be estimated by measuring EC and using the previous mentioned equation or

simply TDS carmeasurdy TDS meter. DSis measure ippmor mg/l
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Chapter 5:

Resultsand Discussion

This chapteexplainsthe results oéxperiments anshowsthe performance dhe used
system(as a total) the efficiency of each componeand the behavior of RO
membranes in treating wastewatefhe results were comparedwith similar

internationaland Palestiniastandards for nepotable usg especially in agriculture

uses.
5.1 Efficiency for using RO to treated wastewater
5.1.1 Remoal efficiency of total suspended solidTSS)
First trial : (20/02/2017)

The sand filter was able to reduce 20% of T&8ncentrate from round 1 was fed
againtoMF&ROwunitl t 6s cl ear that t hiethefistromndal e f f i
for membranes was 87% afw the whole setin the first round was 89.5%o0r the

second round the removal efficiency for membranes was 66.5% and the system
removal efficiency wa$6.5%as shown in table 5.1

Table (51): the result of TSS for experiment trial 1

Component TSS (mg/l) Unit removal System removal
efficiency efficiency

Before sand filter 1900

After sand filter 1533 19.3% 19.3%

Brine 2867

Permeate round 1 200 87% 89.5%

Permeate round 2 67 66.5% 96.5%
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Second trial: (02/04/2017)

The removal efficiency of TSS in thexperiment second trial wa87.1% for

membranes an@l2.4%for the whole seas shown in table 5.2.

Table (5.2): the result of TSS for experiment trial 2

Component TSS (mg/l) Unit removal  System removal
efficiency efficiency

Before sand filter 236

After sand filter 140 40.7% 40.7%

Permeate 18 87.1% 92.4%

The percent removal of solidsinfiltration systendepends oma lotof factorssuchas
particle size andvoids openingamongsoil particles Total suspended solids are
particlesin wastewater thatanbe blockedby a filter. Our results demonstrated that
sandfilter systemwas able to remove high fraction @iSSthe removal efficiency
ranged from 2€10%

It was clear that the sand filtsompositing of coarse aggregate and sand layers which
was used in experiment trial 2 increases the efficiency up to 20% more of removal of
TSS than in experiment trial 1 that have sand filter compositing of sandstone and
shells. Following the structure afand filter in experiment trial 2 ensures better

removal and expanding the life of MF and RO membranes.

MF/UF & RO also have high efficiency to remove the TSS due to the small pores of
itsmembranesMF & RO removal efficiency for our experiment was ranffedh 50

70% and increased up to 80% in the second raundd tadgreewith Sulaibiya
facility, which isdesignedo produce an effluergroductwith contentnot to exceed

than 20 mg/bf TSS.

However, the wastewater quality from the source (GWWTPgsdrom (TSS=1900)
in the experiment trial 1 which was abnormal and (TSS=236) in experiment trial 2.

Thequality of treated wastewatbas significant impacts on the system.
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5.1.2 BOD5 Mean Removal Efficiency

If there is enougl@amount ofoxygen, the aerobic biological @®mposition of an
organicmatter in wastewatewill be continuetill all of the organiccontaminants
consumegthrough threevariousactivities. t 6 s ¢l ear that the syst
remove all BODS5 in the bothials.

First trial: (20/02/2017)

Table (5.3): the result of trial 1 experiment of BOD5

Component BODS (mg/l) Unit removal  System removal
efficiency efficiency

Before sand filter 250

After sand filter 190 24% 24%

Concentrate 230

Permeate round 1 0 100% 100%

Second trial: (02/04/2017)

Countlesstudiesand experimentsave been carried out the rejection of organics and
organic contaminant by using RO membranes, and have specified several unique
aspects connecting with organic eliminatitinis clear that RO have high efficiency

to remove BODas shown in table 5.3 &4.0ur resultagreeswith Sulaibiya facility,

which is designed to produce an efflupraduct withBOD not to exceed tha20 mg/l.

Table (54): the result of trial 2 experiment of BOD5

Component BOD5 Unit removal System removal
(mg/l) efficiency efficiency

Before sand filter 250

After sand filter 15 94% 94%

Permeate 0 100 100%
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5.1.3 Fecal coliform (FC) Mean Removal Efficiency

Table (5.9): the result of trial 1 experiment of FC

Component FC (cfu per 100 ml)  ynit removal System removal
efficiency efficiency

Before sand filter 500

After sand filter 0 100% 100%

Concentrate 10

Permeate 0 100% 100%

Second trial: (02/04/2017)

Table (5.6): the result of trial 2 experiment of FC

Component FC (cfu per 100 Unit removal System removal
ml) efficiency efficiency

Before sand filter 2000

After sand filter 100 95% 95%

Permeate Nill 100% 100%

It can be seen that sand filters, were able to remove nearly 100% of FC as shown in
table5.5 & 5.6. These results comply wittevious report Culp ET, al., (1978). More

support to our results comes from (Langenbach,2009), (lee and Oki, 2013) and (Hajjaj,
2011), who demonstrated the efficiency of high sand filteri(2.5n height) to remove

FC from TWW. Since mechanism of FC, reval is similar to that find in TSS in both

systems. In addition, RO have high efficiency to remove FC accordihgnio{y ni er i a
Ekologiczna 2011).
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5.1.4 Nitrate (NO3) Mean Removal Efficiency
Second trial: (02/04/2017)

Tables.7explains the ability of sand filter to increase NO3 in effluent water from sands
and this is due to conversion of NH4 to NO3 through sands(filtieification process)

that plant absorb it easily which is considered as nutrients to plant growth. Since
concentration of NO3 in inlet sand filter very low less than 1 mg/ |, due to partial

conversion of NH4 toNO3 led to increase concentration to outlet sand. RO also has

high ability to remove NO3l t 6s cl ear that the system wa

NO3.
Table (5.7): the result of trial 2 experiment of NO3
Component NO3 (mg/l) Unit removal System removal
efficiency efficiency
Before filter 0.4
After filter 15
Permeate 0 100% 100%

5.1.5 Removing Efficiency of TDS
Second trial: (02/04/2017)

RO have high efficiency to remove TDS approachA®8o as shown in table
5.8 Our resultagres with GWR facility in Orange County which produces 280,000
m3/d of treated wastewater that is usethtweasehe groundwateand replenish the
aquifer in the region that supplies local municipalities withtablewaterand suffer
from seawater intrusigrusingthe advanced treatment proc&$3 based plantWith
low pressureandhigh rejection ESPA2 membrantg® plans are used to make RO
permeate with less than 50 mg/l TD®other example ishe Sulaibiyaplantwhich
treatthepartially treatednunicipal wastewatawith average monthlgalinity valueof
1,280 mg/l TDS, with a maximum value of 1,800 mg/l. RO is usgaitidy the water
to less than 100 mg/l TDS, as well as provide a second barrier to hadtesasand
other pollutantgFranks, 2004).
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Table (58): the result of trial 1 experiment of TDS

Component TDS (mg/l) Unit removal Systemremoval
efficiency efficiency

Before filter 3360

After filter 3360 0% 0%

Permeate 410 87.8% 87.8%

Figure (5.1): Samples before and after desalination operation

5.1.6pH results
Second trial: (02/04/2017)

As seen in table 5.9, the pHwéterrises from 7.7 to 8.@fter treatmenivhich is
alkaline. The normal pH range for irrigation water is from 6.5 toSo4treated

wastewater pH must be adjusted to use in agriculture irrigation.
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Table (59): the resut of trial 2 experiment of pH

Component pH
Before filter 7.7
After filter 7.8
Permeate 8.7
Concentrate 7.8

Figure (5.2): MF/UF &RO unit Figure (5.3): MF/UF cartridges after the
experiment
5.2 Comparing the results with the Palestinian standarsl for non-potable
usages
The table 510 and fig 5.4 shows comparison that pollutant values of the
effluent treated wastewater achieves the Palestinian requirement-faotabte.The

resultsshowthat the system is able to produce effluent with 236 mg/l of TSS which is
below the required whicis 40 mg/l of TSSAIlso, the system able to fully elimination
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of BODS5, fecaloliform and NO3 which is better values that required from Palestinian
standard. Also it has noticed that the TDS value is about 410 mg/l which is
approximately half of the maxiam required for Palestinian standard for agriculture

The system was able to produce quality compared to drinking water can be used easily
and safety for noipotable uses as agriculture irrigation, ground water discharging or

other purposes.

Table (510): Comparing the results with the Palestinian standard for reuse in

agricultural purposes

Palestinian standard
parameters Influent Effluent .
for agriculture
TSS mg/I 236 18 40
BOD5 mg/l 250 0 45
FC colon/100ml 2000 Nill 1000
NO3- NO3 mg/l 0.4 0 50
TDS mgl/l 3360 410 1000
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TWW using RO & PS Standards

3360

3500

3000

2500 2000
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1000
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500 236 0 18 250 . 50
1 0 0.4 0
0 L L —
TSS mg/l BOD5 mg/l  FC colon/100mI NO3- NO3 mg/l  TDS mg/I

Influent = Palestinian standard for agriculture m Effluent

Figure (5.4): Comparing the results with the Palestinian standard for reuse in

agricultural purposes

5.3 Energy Consumption

Specific energy consumption (SEC) fRO systems hagommonly been
calculatedusing over simple analyses thatlepends on average operation task for
specific plant A more sophisticated approach tlwainsider many operational and
water quality variables using statistical analy$ariable parametersuch asflow
rates, feed temperature and salinitggree,pressureapplied membrane fouling

pressurdosing and system controfgressurdosingas feed throttle valves.

Total desalination plant energy consumptian be measured lyVh per unit
volume ofeffluentwater The energy consumption ofir experimentwasmeasured
andit was0.2KWh/m3whoever this number cdandlt be re
RO systems. As it was said, the energy consumption can be affected with various
parameters and operation conditions. In the next chapter wealitiriefly about this

point.
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Chapter (6):

Cost Estimation

After the experiment partwas performedand after the efficiency of membrane
technology as a post treatment for Gaza wastewatenpémeixamined estimation of
the total cosand energy consumptidras to be done to sedtifis feasibleto usethis

kind of treatmenbr not.

It was difficultto make estimation of the cost by experinsemiceptto calculate the
energy consumptiomoughly for this particular system, so in order to estimate
accurately the total cost atite exactenergyconsumptiontwo methods were chosen.
First method by makenodel simulate the experiment and see dbgut results.
Second method by make comparison study withtwolargest plarg in the world
Suldbiya treatment plant in Kuwaind Orangecountry treatment plant in USA
Becausdothplants are workingince while and produce hundreds of thousantiéc

of reclaimed wastewater per day with stabifityd continuancefaced all challenges
and constrains relating to using RO in reclamation wastewsateew technology

6.1 Experiment Maodel

In order to make model simulate the experiment, Winflows program was ¢hosen
which is one of the best programs for designing and simulation the operation of
membrane systems. The program can simulate complex desigmsl@titf scenarias
Pretreatment unit like cartridge filter can be added to the simulation to better represent
the reality Winflows also has some key new features that might not be found in similar

software offered by other manufacturers including:
13 Pass systems

1 Permate Split and Recycle

1 Antiscalant Dosing

1 Energy Recovery Devices

1 Ability to Combine stages

The model was designed to treat 10089hmur of tertiary treated wastewater with
assumed TDS 3800 and pkB withtemperature 16C.
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Table 6.1: Feed information

Feed Information

Temperature, C 16 RO-1: 16
Feed pH : 7.8 Silt Density Index : 5
Feed Stream Composition(mg/l): Source- Tertiary Treated Wastewat:

(Conventional)

After some trials and errors, the system designed was consisted of Cartridge filter as
pretreatment and two stages of RO elements, the firscongistsof 90 pressure
vessels, the second oocensistof 65 pressure vessels, every vessel in the two stages
contains 7 elements of Duraslick afduling membranes which is membrane is
designedespeciallyfor wastewater and coated with special layer to protect biofouling
and increase life of membranes. The selected membrane model was DSL RO8040. It
has been assed that the membrane age will be 4 years each and there is pressure
exchanger to recover the pressure

Duraslick 3-layer

ROMembrane  -OW fouling coating

J Pol
film
_ £

Table 6.2: Model design components

—_—

|
|

Pre-stage Permeate Annual
Pressure  Pressure  Change %
Change, bar
Stage Housing Elements Element Element Boost Drop bar A- i
Type Age Value
(yr) Value
1 90 7 DSL 4 0 0 0 15 45
RO8040
2 65 7 DSL 4 0 0 0 15 45
RO8040
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As show in process date sheet from program, the model was able to reduce TDS to

300 ppm with recovery rate 50%, so #ystem will produce 500%thour.

Figure 6.1: Model configuration

0 0

Table 6.3: Process data sheet

Process Data Sheet
Flow Data m3/hr Analytical mg/I
Data
Raw Feed: 1000 Raw Feed 3799
TDS
Product: 500.3 Product TDS 296.3
Concentrate: 499.7 Concentrate 7307
TDS
System Data Single Pass
Design
Temperature: 16
Feed Flow to 1st Stage  m3/hr 1000
Housing
Feed Pressure bar 18.32
Array Recovery % 50
Permeate Flow m3/hr 500.28
Split Permeate Flow m3/hr 0
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The pump data and energgcovery device were as shown in talee main pump
will consume 538.9 kW, however, EDR booster pump needed only 78.54 kW

Table 6.4:Pumps data

Pump Summary

Main Pump
Feed Flow m3/hr 505.1
Inlet Pressure bar 2.78
Discharge Pressure bar 18.32
Total Efficiency % 80.1
Power kW 538.9

ERD Booster Pump

Feed Flow m3/hr 495
Pressure Increase bar 4.23
Efficiency % 74.04
Power kW 78.54
Total Power Consumption kW 617.5

The specific energy consumption using ERD for whole systéhvidVh per 1m3 of

permeate
Table 6.5: Power consumption for pumps
Calculated/Output Parameters
Parameter Value
Model EX-140S
Number of Units Number 21
Unit Flow m3/hr 23.8
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Lubrication Per Array m3/hr 4.77
Lubrication Flow % 0.96
Differential Pressure HP Side bar 0.86
Differential Pressure LP Side bar 0.75
Efficiency % 90.31

Mixing at Membrane Feed % 291
Power Savings kw 188.2

Total Power Consumption kw 350.7
Specific Power Consumption kwh/m3 0.7
Specific PowerConsumption kwWh/kgal 2.65
Power Cost Saved $lyear 2E+05

6.1.2 Estimated fixed cost for model

As listed in table beloyestimation cost of applying the model as post treatment is
about6 Million USD and by assuming the age of membrane and vésgekls's, the
amount of water will be reclaimed is 15 MCM and therefore the cost of price is 0.4%

per one cubic meter of permeate.

Table 6.6: Estimated fixed cost for applying the model

Item No Unit Price  Total price
8" low fouling duaslick membrane 1085 1900 2061500
8" vessels (7 element per vessel) 155 4000 620000
Cartridge filter 8 3000 24000
Primary pump 10 5000 50000
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High pressure pump 10 15000 150000

pressure exchange 2 50000 100000

dossing pump with tanks 2 10000 20000
pressure exchange 2 50000 100000

Dual media filters 4 7000 28000
Backwash pumps 4 3000 12000

flow meters 4 1000 4000

skids 1 30000 30000

PLC 1 200000 200000

fittings and connections 1 100000 100000
h2S04(kg)/6 years 45000 2 90000

Hanger and other plant structure 1 750000 750000
effluent and Permeate tanks 4000m3 2 800000 1600000
Total price 5939500

Amount of permeate per 5 years (m3) 15000000
Total cost per 1m3 permeate ($) 0.395966667

6.2 Comparison Study
6.1 Cost breakdownof RO treatment plant

The total cost is the cost beirgpmputedover the life cycle of awastewater
reclamationplant. This can be eithduilt, operate,transfer(BOT) project contract
period inSulaibiyacaseit was 30 yearsof the mechanicallyand civil constructions
technical life This costwas comparedto someof desalination plants operation,

under constructioandbeing planned.

Generallywhen conventional technology usediediarypre-treatmentthe total cost
of plant can be split abe following (Menge, 2001; Henthorne, 2005; Caneja,, 2005):

+17% Pretreatment
* 6% ROmembrane cleaning amdembrane replacement
+27% Other fixed cost(amortization ofacility equipment).

+50% Other variable costs (energy costs etc.)

Pretreatment

RO membrane
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When UF ischosenas pretreatment for R@s an alternativef the conventional
tec