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Abstract: Water is considered among the most important, vital and crucial resources on earth. It is one of the basic ingredients
utilized by living organisms and it is essential for achieving economic and social development in all countries over the world. The
Mediterranean Countries, such as Palestine suffer from scarcity of fresh water and a significant water shortage while the demand of
clean water is increasing. The water shortage can be attributed to different factors including agriculture consumption,
industrialization, over pump of fresh water from aquifers, urbanization and socioeconomic development. The use of recycled water
could help solving part of the region’s water problems. Moreover, many lands in the Mediterranean Countries, including Palestine,
are affected by incoming desertification processes, which hinder the development and conservation of a normal agricultural and
touristic economy. The specific problems to be addressed in the near future are the fresh water shortage and quality and the use of the

recycled water to fill part of the gap.

In this paper we discuss different approaches for wastewater recycling and water purification.

The treatment of wastewater is capable of generating new water resources as an alternative for water shortage, for reuse in
agriculture, and for protection of the ground water from pollution and health hazardous.

Keywords: wastewater treatment, micelle clay complex, Naproxen, Non-steroidal anti-inflammatory drugs, Cr(VI).

1. Introduction
1.1 Background

Water is considered one of the most important resources on the
earth. It is a basic ingredient in living organisms and it is
essential to achieve economic and social development in all
countries. The Mediterranean region is suffering from significant
water shortage while the demand of clean water is increasing [1].
The water shortage can be attributed to different factors
including agriculture consumption, industrialization, over pump
of fresh water from aquifers, urbanization and socioeconomic
development. Additionally, rapid population growth, elevation of
living standard, climate change and hydrological effect also
contribute significantly to water shortage. Hence water demand
in these countries is much higher than the water supply [2].
Palestine is one of the Mediterranean countries that are located in
a semi-arid region; it suffers from acute fresh water shortage and
its associated problems [3]-[5]. The water usage in Palestine is
divided among three principle sectors: agriculture, domestic and
industrial. Agriculture is the largest water consuming sector in
Palestine with 70% of total water consumption. On the other
hand, domestic and industrial sectors consume 27% and 3% of
the total water consumption, respectively [6]-[7]. It is evident
that most of the available water in Palestine, as well as in many
regions around the world, is used in agricultural production [8].
Groundwater is the primary source of water in Palestine. The
major groundwater supply is originated from three aquifers in the
West Bank and one aquifer in Gaza strip. The three aquifers in
the West Bank are western, eastern and northeastern basins.

The total annual replenishable water in this area is approximately
600 MCM for the three West Bank aquifers, and 80 MCM for
Gaza aquifer [9]-[10].

Surface water is mainly represented by the Jordan River and it is
not accessible to the Palestinians yet. The annual average flow of

Jordan valley 1320 MCM is distributed among Israel 870 MCM,
Jordan and Syria 160 MCM Lebanon 5 MCM, Dead Sea 95
MCM and Palestine zero MCM [11]-[12].

Two strategies are currently implemented in Palestine to decrease
the gap between water supply and water demand. The first one
involves the import of water from external sources, while the
second one involves the development of additional water sources
such as treated wastewater [13-14].

The treatment of wastewater will create new water resource as an
alternative for water shortage, the reuse in agriculture, protects
the ground water pollution and eliminates health hazardous [7],
[15].

The protection of environment and reuse of reclaimed
wastewater is a national interest in Palestine and it is considered
as an important issue adopted by the Palestinian water Authority
PWA and Ministry of Environmental affairs MEnA [6],[10].

1.2. Wastewater management in Palestine

The collection and treatment of wastewater was and still a critical
issue in Palestine due to the increase of population rate and
wastewater disposed as a result of increasing water consumption
[15].

1.2.1. Wastewater impact and collections

The Palestinian wastewater contains a high organic matter [16],
domestic and industrial wastewater in Palestine are mixed and
non-separated [6], the sewage network system is limited to main
cities (about 6.33% is treated using centralized and collective
wastewater treatment plants in the West Bank) while rural
communities used the cesspits and septic tanks (93.7% of
wastewater discharged in environment without any treatment)
[16]-[17].
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1.2.2. Wastewater treatment

As a result of the lack or partially available sewer network
collection systems, the instillation of Centralized Waste Water
Treatment Plants (CWWTP) in main cities of Palestine is very
limited, in spite of the presence of some small onsite treatment
plants in rural areas. The present situation of CWWTP’s in
Palestine is usually inhibited by limited capacity, poor
maintenance, process malfunction, poor maintenance practice
and lack of training experiences [6]. Most of CWWTP’s are
poorly designed and old except of Al-Bireh waste water
treatment plant which is the only functional one [6], [16]. Table 1
in (Appendix A) summarizes the wastewater treatment plants
situation in the West Bank [6].

The small installed low-cost onsite treatment plants in rural areas
were converted to unhealthy projects due to a sustainable causing
of environmental pollution as a result of overloading, faulty
design and implementation, maintenance and poor public
awareness [18-19].

1.2.3. Reuse of treated Wastewater

The reclamation of wastewater and its reuse in agriculture is
widespread in Mediterranean regions due to water scarcity, and
environmental protection [20]-21]. The reuse of reclaimed
wastewater for irrigation of landscape, public parks, sport fields
and recreational sites is widely spread in different countries [22].
Treated wastewater is reused for various crops such as vegetable,
orchard plantation and pastures irrigation throughout South and
Latin America, the Mediterranean regions, widespread in
Northern Africa, Southern Europe, Western Asian, the Arabian
Peninsular, South Asia and the United States of America [23]-
[24].

The regulators of water sector in different countries have
developed national guidelines based on recommended rules
issued by the World Health Organization (WHO) to ensure
protection of public health and the environment from the
discharge of untreated or inadequately treated wastewater
effluents [25]-[26]. Therefore, treated wastewater reuse is
covered through a number of regulation and standards which
already is established in Palestine [27].

The use of advanced wastewater treatment and technologies are
required in order to maintain adequate level of sustainability in
agriculture production, decelerating salinity of the ground waters
and preventing long range adverse effects of gradual
environmental pollution [28].

1.3. Wastewater

The main constituents of untreated wastewater are organic
material, various pathogenic microorganisms, in addition to
nutrients and toxic compounds. Wastewater must be treated,
appropriately before final disposal. The goal of wastewater
treatment and management is the protection of the natural
environment and human health from various pollutants that
might damage the environment and cause severe health effects
[29].

Municipal wastewater is the combination of flow used water
from dwellings, commercial or industrial facilities and

institutions, in addition to runoff of groundwater, surface water
and storm water [29].

1.3.1. Definition of wastewater and its characteristics

Wastewater is defined as dilute mixture of various wastes from
residential, commercial, industrial and other public places.
Wastewater contains 99.9% water by mass while other pollutants are
suspended solids, biodegradable dissolved organic compound,
inorganic compounds, recalcitrant compounds, nutrients, and
pathogenic microorganisms [30]-[31].

Wastewater quality may be characterized by its physical,
chemical, and biological parameters. Physical parameters include
color, odor, temperature and turbidity. Insoluble contents such as
solids, oil and grease, are included in this category. Solids may
be further subdivided into suspended and dissolved solids as well
as organic (volatile) and inorganic (fixed) fractions. Chemical
parameters associated with the organic content of wastewater
include biochemical oxygen demand (BOD), chemical oxygen
demand (COD), total organic carbon (TOC), and total oxygen
demand (TOD). Inorganic chemical parameters include salinity,
hardness, pH, acidity and alkalinity, as well as ionized metals
such as iron and manganese, and anionic entities such as
chlorides, sulfates, sulfides, nitrates and phosphates [32]-[33].
The organic part may be either nitrogenous or nitrogen-free. The
major sources of nitrogenous matter are urea and protein, while
carbohydrates, fats and soaps are nitrogen-free compounds [32-33].
Inorganic or mineral matters (such as salts, sand, mud etc.) in
wastewater mainly contribute to the hardness of the water. The
living organisms in wastewater may be plant life (such as algae,
fungi etc), animal life (such as protozoa) as well as bacteria [34].
Additionally, nonliving organisms such as viruses of human origin
may be found in raw sewage influent. The organic and inorganic
matter may be in dissolved, suspended or colloidal state [34]-
[35].

1.3.2. Classification of wastewater

Wastewater is categorized and defined according to its sources of
origin. The term domestic wastewater refers to flows discharged
principally from residential sources generated by such activities
as food preparation, laundry, cleaning and personal hygiene.
Industrial/commercial wastewater is flow generated and
discharged from manufacturing and commercial activities such
as printing, food and beverage processing and production.
Institutional wastewater is characterized as a wastewater
generated by large institutions such as hospitals and educational
facilities [29]. Run off wastewater generated from streets and
might include petroleum and oil. Wastewater can be also
classified as black wastewater which includes wastewater
originates from toilet fixture; and grey wastewater which
originates from other domestic sources such as showers, dish
washers, laundry and kitchen [36]-[37].

1.4. Overview of wastewater treatment
The main objective of wastewater treatment is to eliminate

pollutants or to level them down such that it is harmless to
environmental resources. The disposed of industrial and domestic
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wastewater after treatment will protect natural environmental and
public health from harmful materials [31].

1.4.1. Wastewater treatment systems

Wastewater treatment refers to the series of operation and
process to remove solids, organic matters and nutrients from
wastewater [31]. Conventional wastewater treatment systems are
a combination of physical, chemical and biological processes.
They include four treatment stages: preliminary (physical),
primary (physical), secondary (biological) and tertiary stage
which could be combination of physical, chemical and biological
processes [34].

1.4.2. Preliminary treatment

Preliminary treatment is the first stage in any wastewater
treatment plant. Its function is to screen wastewater from large
objects and debris such as wood, rags, plastic and others.
Removal of these materials will protect the plant’s piping and
dawn stream equipment from blocking or damage. Preliminary
stage consists of physical unit operation which include flow
measuring devices, flow regulators, racks, screen, comminuting
device (grinder, cutters and shredders), grit chambers and pre-
aeration [31],[34].

1.4.3. Primary treatment

The objective of primary treatment is to reduce settleable
suspended solids. It consists of large settling circular or clarifiers.
Floating materials can be removed by skimming [34].
Approximately 25-50% of biochemical oxygen demand BODs,
50-70% total suspended solids and 65% of oil and grease can be
removed during the primary treatment [31].

1.4.4. Secondary treatment

Secondary stages are biological treatment processes that can be
aerobic or anaerobic. Their main purpose is the removal of
biodegradable soluble and colloidal organic and suspended solids
that have escaped the primary treatment process [34]. Aerobic
processes are performed in the presence of oxygen and aerobic
microorganisms (principally bacteria). These microorganisms
degrade soluble and colloidal organic matters in wastewater by
metabolism, thereby producing more microorganisms and
inorganic end-products (mainly carbon dioxide, ammonia and
water) [31]. Aerobic processes can be divided into two groups.
The first group is based on attached growth process. It includes
trickling filters, and rotating biological contactors (RBC). The
second group is based on suspended growth processes. It
includes activated sludge, and sequential batch reactor SBR [34].
Although the secondary treatment processes are not efficient in
removal of nutrients, however, they are highly efficient in
removing biodegradable organic compounds and suspended
solids [30]. In activated sludge processes, wastewater is
continuously aerated in an aeration tank using submerged
diffuser, surface mechanical aeration, or combinations of both
[38].

1.4.5. Tertiary or Advanced treatment

The tertiary treatment stage follows the secondary treatment
stage. The secondary effluent in general contains low
concentration of nutrients, dissolved solids and pathogens that
could risk sustainable agriculture production and pollution of
aquifers when they are reused for irrigation [39].

The objective of tertiary treatment to remove nitrogen,
phosphorus, suspended solids, heavy metals and dissolved solids
to a level down that meets non-restricted reuse [31],[35]. Hence,
tertiary treatment restores wastewater approximately to its
original quality [40]. Tertiary treatment unit operations include
coagulation/flocculation, sand filtration, membrane filtration,
adsorption and disinfection [41].

Filtration is required after the chemical and biological process.
Ultrafiltration will enhance the reduction bacteria, viruses and
large molecules. RO enhances the removal of soluble low
molecular weight compounds and salts [34].

Membrane treatment is an advanced and improved technology
process which is applied for removing particles, turbidity,
bacteria, viruses, nematodes and cysts with minimal disinfection
use, it is based primarily on the use of microfiltration MF and
ultrafiltration UF membranes [42]-[43].

1.4.6. Membrane filtration technology

Membrane filtration is widely used as an industrial separation
technology in the filtration of aqueous mixtures. Its application to
water treatment has dramatically increased in the past decade
[44]-[46].

Membranes treatments are post stage of conventional wastewater
treatment plants. Membranes are commonly used for the removal
of dissolved solids, color and hardness in drinking water while in
wastewater reclamation and reuse, it is necessary to reduce
suspended solids, dissolved solids, and selected constituent’s
such as nitrates, chlorides, and natural and synthetics organic
compounds.

There are several advantages related to implementation of
membrane technology in wastewater treatment plants: these are
separations of broad range of contaminants characterized by
simplicity of operation, ease of adaption to existing treatment
facilities, continuous processing which can be automated, low
chemical requirement and no generation of bio-product
disinfection [47].

There are two basic types of membrane separation processes. The
first type is pressure driven, while the second is electrical driven.
In electrical driven type, current is used to move ions across the
membrane leaving purified water behind. In this process ions are
collected in concentrate effluent for disposal, while the product is
purified water [48]. In pressure driven type, hydraulic pressure is
used to force water molecule through membranes. Impurities are
retained and concentrated in re-circulated flow. The outflow of
re-circulated water is collected in special containers called brine.
On the other hand, water passing through the membrane is called
permeate.

The treatment process employs several types of technological
membranes [49]; they include microfiltration (MF), ultrafiltration
(UF), nanofiltration (NF) and reverse osmosis (RO). Each type is
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characterized by its membrane pore size, molecular weight cutoff
(MWCO), operation pressure, and rejected pollutants [50]-[51].

1.4.6.1. Membrane material and modules

The pressure driven processes include MF, UF, NF and RO [52].
Lots of membranes are synthetic polymer or ceramic materials,
the MF and UF are made of the same material but with different
manufacturing conditions to produce different pore sizes [53].
The MF and UF membranes consist of polymers such as
polyvinylidene fluoride, polysulphone, ploy acrylonitrile,
polyvinylchloride poly (ether sulfones), cellulose acetate, Nylon
and Polytetrafluoroethylene [52]. RO membranes include either
cellulose-acetate or polysulphone coated with aromatic
polyamide [52]. NF membranes are made of cellulose acetate or
polyamide composts or sulfonated polysulphone [54].

The principal types of membrane modules are used for water and
wastewater treatment they are hollow fiber and spiral wound
[35].

The major components of spiral wound are membrane, feed and
permeate channel, spacers, the membrane’s tube and membrane’s
box [55-56]. The operation conditions which are adjustable are
the feed inlet flow rate, feed concentration, feed pressure and
permeate tube pressure [52].

Spiral wound elements are mainly used in MF, UF and RO. They
consist of two flat membrane sheets separated by a thin, mesh-
like porous support or spacer and they are sealed on three sides
like an envelope. The fourth side is fixed onto a perforated
plastic center tube that collected the water’s product. The
membranes are rolled up around the tube that collected the
water’s product [57].

Feed water enters the spacer channels at the end of the spiral
wound element in a path parallel to the central tube. As feed
water flows through the spacers, a portion permeates through
either of the two surrounding membrane layers and into the
permeate carrier, leaving behind any dissolved and particulate
contaminates that are rejected by the membrane, feed water is
pumped or enter through the layers and water’s product passes
through the membrane and follows the spiral configuration to
central perforated tube, the water that doesn’t penetrate the
membrane is called a concentrate [57].

The applications of spiral wound module include desalination,
water treatment, water reclamation, treatment of industrial
wastewater, product treatment in the dairy industry and recovery
of valuable products in the pharmaceutical industry [58]-[60].
Hollow fibers are commonly used in low pressure driven
membranes with different application in industry and water
treatment [61]; these modules are comprised of hollow fiber
membrane which is long and very narrow tubes. Fibers can be
bundled together longitudinally potted in resin on both ends and
in encased in pressure vessel. The modules mounted vertically or
horizontally. The module may be assembled of more 100000
fibers with different fiber dimensions it depends on the
manufacture. The diameter of hollow fiber varies over wide
range from 50-3000 pm. Many fibers must pack up into bundles
and potted into tubes to form membrane module with large
surface area [62].

Feed water flow through the center of fiber and related filtration
is shown in Figure (1) (Appendix A). Two operation models are

used in hollow fiber membrane inside-out mode and outside—in
mode. In the outside-in mode, the feed water enters in the
module through an inlet port located in the center and it is
filtered into the fiber lumen, where the filter is collected prior to
exiting through a port at one end of the module. In the inside-out
mode, the pressurized feed water may enter in the fiber lumen at
either end of the module, while the filtrate exits through a filtrate
port located at the center or end of the module [57].

1.5. Occurrence of Pharmaceuticals and Heavy metals in
wastewater

Wastewater generated from different sources like household,
industrial, natural runoff, and agriculture runoff have a variety of
characteristics. Different studies have been emerged recently to
assess the environmental impact of pharmaceutical compounds
and heavy metals as well as to investigate different removal
methods and strategies [63]-[64].

1.5.1. Occurrence of Pharmaceutical
Environment

compounds in

Pharmaceuticals active compounds (PhACs) are a diverse group
of chemical that are designed to interfere with biological system.
They are used for diagnosis, treatment and prevention of
diseases, health condition, and function of human body or
animals [65]-[66].

Pharmaceuticals active compounds (PhACs) (antibiotics,
anticonvulsants, antipyretics drugs and hormones) have recently
been detected in sewage effluents [67], surface and ground water,
[68].and even in drinking water [69]-[70]. Their possible
environmental impacts are an emerging environmental issue [65],
[71]-[72], [68].

Among the most commonly used pharmaceuticals are the non-
steroidal anti-inflammatory drugs (NSAID) used to reduce pain
and treat inflammation. This class of drugs includes
acetylsalicylic acid, Paracetamol, Ibuprofen, Naproxen, and
Diclofenac. All these drugs are consumed daily in large
quantities and were found in stream and river water in the low ng
I range [72]. The current estimated annual consumption of these
non steroidal anti-inflammatory drugs in developed countries is,
unfortunately, several hundred tons [65].

The numbers of pharmaceuticals found in wastewater treatment
plant effluents, rivers, estuaries, seawater, ground water and
drinking water are increasing year by year [73]-[75]. Municipal
wastewater contains a complex of organic compounds
originating from different sources such waters from institutions,
and industry [76]-[77]. Thousands of xenobiotic organic
compounds were detected in wastewater [78]; Kolpin and
coworkers have identified over 95 organic compounds found in
streams and rivers in the USA [79]. Occurrence of eight active
pharmaceutical in fifteen sewage treatment plants in South
Australia were detected and their medium concentration ranges
between 26 ng I* to 710 ng I* [80]. In Canadian treated
wastewater carbamazepine, naproxen and diclofenac were
detected in concentrations up to 2 ug I™* [35]. Moreover, 30
pharmaceutical compounds were detected in different Italian
wastewater treatment plants [81].
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1.5.1.2. Sources, fate and effect of pharmaceutical compounds
in Environment.

Pharmaceutical compounds may enter the environment by many
pathways. These include discharge of treated wastewater,
landfills, septic systems, sewer lines, runoff from animal wastes
as well as land application of manure fertilizers [82]-[84].

The main source of pharmaceutical compounds which are
discharged into the environment, are medicines used by humans.
These pharmaceuticals and their metabolites are excreted via
urine and feces and end into wastewater. The pharmaceuticals
and their metabolites that are not degraded within the plant are
discharged with wastewater effluents and can reach different
fresh water resources.

Pharmaceuticals that are used for veterinary purposes could be
introduced in the environment via animal excretions [85].
Antibiotics and growth promoters as food additives compromise
another sources of pharmaceuticals in water and soil [86].
Expired and unwanted medicine in pharmaceutical factories and
households are additional sources of pharmaceuticals in the
environment [87].

The pharmaceutical compounds are designed to produce specific
biological effect on human and living tissue so it is expected that
they cause unwanted effects to humans and other living
organisms [88]. The presence of pharmaceuticals in low
concentrations can have adverse effects on aquatic organisms.
This effect depends on the exposure and the degradability of the
pharmaceutical [89]-[94]. Content of micro-pollutants in water
can induce the feminization of freshwater fish [95], alteration of
reproduction strategies and high incidences of hermaphrodism
[96].The effect of pharmaceuticals in human body showed
reduction in sperm and increase incidents of testicle and prostate
cancer and increased endometriosis [97].

1.5.1.3. Removal of pharmaceuticals from environment

Various recent studies have been carried out to explore the
suitable method for the removal of pharmaceuticals from
wastewater.

The activated sludge technology used in conventional wastewater
treatment plants are not capable of completely removing organic
pollutants and trace elements [98]-[101]; this technology was
found to remove only 60-90% of polar and semi polar
pharmaceutical compounds [84].

The most important removal process for acid pharmaceuticals in
activated sludge process is the microbial degradation. The
removal of more than 80% of different pharmaceutical
compounds was evident when the solid retention time in
activated sludge (SRT) was in the range of 5 and 10 days [102].
Generally the methods used for wastewater treatment are
biodegradation [102], deconjugation [103], partitioning [104],
and removal during sludge treatment [105], and
photodegradation [106]-[107].  Several pharmaceutical
compounds have been shown to degrade by sunlight (ex.
Diclofenac) [108]. Activated carbon has been documented as an
efficient process to remove volatile and polar pharmaceuticals
and personal care products (PPCPs) [109],[102].The low
pressure membrane such as MF and UF are not efficient in
rejecting pharmaceutical compounds based on their size.

However, high pressure membranes such as NF and RO are very
effective in the removal of different pharmaceutical compounds
from water [110].

1.5.2. Heavy metals in the Environment

Heavy metals refer to a group of metals with relatively high
density (greater 5g/cm®) and high atomic mass (> 20) [111]: they
can’t be degraded to harmless products [112] or processed by
living organisms. Examples of heavy metals are mercury,
cadmium, chromium, arsenic, thallium and lead [113]-[115].
Heavy metals are natural compounds of earth crust that occur in
rocks and soil. The Natural volcanic, weathering of rocks and
soil can release heavy metals into environment. The human
activities contribute to the release of heavy metals into the
environment. The heavy metals contamination can affect
biosphere, lithosphere and hydrosphere [116].

1.5.2.1. Occurrence, source and fate of heavy metals in the
environment

The natural and anthropogenic activities are the main sources of
heavy metal in environment; both emit metals into soil, water
and air [117]-[122]. Figure (2) (Appendix A) summarizes the
different pathways by which heavy metals can reach the
environment.

The rapid expansion in industry occurred in the last century lead
to an increase in complexity of toxic effluents from several
industrial processes generating waste which contains heavy
metals. The agriculture drainages (fertilizers and pesticides),
effluent from industrial activities (like metal painting, mining
operations, tanneries choralkali, radiator manufacturing,
smelling, alloy industries and storage industries), runoff water
and sewage effluents are the heavy metals contamination sources
[123]-[124]. Further, the most anthropogenic sources of heavy
metals are the industrial petroleum contamination and sewage
disposal. Unfortunately, these compounds cause environmental
problems [125]-[127].

Dredging shipping channel and atmospheric deposition are other
sources of heavy metals into the aquatic environment [128]-
[132]. In addition, the soil erosion as a result of acid rain causes
heavy metals releasing into streams, rivers and ground water
[133].

1.5.2.2. Effect of heavy metals in Environment

Heavy metals deriving from different pollutant sources arrive in
all environmental sectors: soil, water and air. The contamination
of soil with heavy metals poses a serious hazard to both humans
and to ecosystem because they accumulate in living organisms
through the food chain causing a serious harm to human health
[134]-[136].

Trace elements (Cr, Mn, Fe, Co, Cu, Zn, Mo, Se, F and I) belong
to micronutrients required by body in very small quantities,
generally less than 100 mg/day. However, deficiency in any of
these trace elements will lead to undesirable pathological
conditions [137]. For example, heavy metals are essential in low
concentrations for the body such as Fe in hemoglobin, Co in
Vitamin B12, Zn and Mn for enzymes [138], [117]. The other
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elements Pb, Cd, Hg and As have no beneficial effect on
homeostasis for humans [139]-[140]. The increase of heavy
metals in drinking water and food will cause health problems:

- Cd (I1) is a carcinogenic compound, which damages kidneys
and bones [141].

- As, if taken up by inhalation, increases the risk of skin and lung
cancer [140].

- Pb, can cause different damages to children: gastrointestinal,
renal and nervous [142]-[143] and Cr is related with allergic
dermatitis [144].

The micronutrients, such as Zn, Mn, Ni, and Co are necessary in
small concentration for plant growth while other elements, such
as Hg, Pb, and Cd have no biological function [145].

The heavy metals as a result of wastewater irrigation cause an
accumulation in agriculture soil [146] and thus have negative
effect on food quality: the heavy metals present in edible part of
leafy vegetables can cause clinical problems [147]-[149].
Accumulation of Fe and Mn was found in mint and spinach and
the concentrations of Cu and Zn were found to increase in carrot
after irrigation with wastewater [150].

The increased concentration of heavy metals in aquatic system
causes, also, bioaccumulation in aquatic organisms. For example,
high concentration of Hg was found in tuna, halibut, redfish,
shark and swordfish [151], and was detected in several species
such as sardine, chub mackerel, horse mackerel, blue fish, carp,
mullet tuna and salmon [140],[152].

1.5.2.3. Removal Methods of heavy metals

Numerous advanced techniques are used to clean up the
environment from the risk of heavy metals contaminations prior
to their discharge into environment. These techniques include
chemical, physical and biological processes [153]. Some of the
methods used to remove dissolved heavy metals are: ion
exchange, precipitation, photo-extraction, ultrafiltration, reverse
osmosis and electro dialysis [154]-[157].

The chemical methods involve flotation, conventional oxidation,
irradiation and electrochemical processes. The high energy
demand and costs are the most disadvantages of the chemical
treatment methods [153]. The physical process includes
membrane filtration and adsorption. Hani et al 2004 [158],
showed that high removal efficiency of the heavy metals copper
and cadmium could be achieved by RO process. Uiang [159]
documented that low pressure RO process could remove zinc and
copper from wastewater in the presence of EDTA as a chelating
agent.

The most disadvantages of nanofiltration and reverse osmosis
techniques are fouling of membrane, high energy consumption
and treatment of concentrated brine generated from the treatment
units, while adsorption is the most popular method for removing
pollutants because it produces high quality effluents [153].
Activated carbon is considered as effective process for heavy
metals removal when they are in trace quantities [160]. lon
exchange is considered to be low cost and effective method if
zeolites are used [161]. Furthermore, different low cost
agricultural waste by-products such as sugarcane biogases, rice
husk and sawdust were used for heavy metals removal from
wastewater [162]-[165]. Biopolymers are adsorbents mainly used
for heavy metals removal because they are cheap and freely

available [166]. Several studies demonstrate the ability of soil,
clays and oxides to selectively adsorb metal cations [167]-[169].
The disadvantages of biological processes are the large area
perquisite, toxicity of some chemicals and less flexibility in the
design and operation [170]-[171].

The removal efficiency of wastewater treatment plant using
activated sludge may be affected by increasing the concentration
of heavy metals. Concentrated heavy metals in effluent stream
and sludge could cause environment hazards upon sludge
disposal [172], [128]. The accumulation of heavy metals also
affects the activated sludge process by inhibitory effect on the
activity of both heterotrophic and autotrophic biomass [173].

CONCLUSIONS

The salient points emerged from this study include: (i) closing
the gap between water demand and supply we should maximize
the re-use of closed wells and waste water. An implementation of
such strategy will overcome the water problems associated with a
decline in water quality and in water levels, deterioration of
aquifers, sea water intrusion, and increase in water demand as a
result of growth of population in the Mediterranean Countries,
especially Palestine, (ii) development of new technologies for
efficient water purification by filtration and sedimentation based
on natural and modified nano-materials, (iii) development of new
technologies for efficient water purification by photodegradation
based on natural and modified nano-materials and solar energy,
(iv) construction and operation of pilot equipment for water
purification from wells, grey water and wastewater based on
optimized filtration technologies, photodegradation technology,
(v) endorsement of a new political conception aimed at a
sustainable use of water with the consequent reduction of water
recovery costs adopting recently developed tools founded on
scientific devices, which resort to nanotechnologies, (vi)
dissemination of a new cultural attitude founded on the use of
transportable and miniaturized equipment that can be used
exactly where they are needed to obtain a reduction of water
consumption and remediation of polluted surface and ground
water, and (vii) improvement of professional abilities and
technical knowledge of technicians and researchers aiming at the
acquisition of theoretical and practical abilities on the operative
use of produced devices for recycling of wastewater and grey
water.
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Appendix B
Table 1 Wastewater treatment plants (WWTP) in the West Bank (status and information) [6].
No. of Estimated
- . cost
Name of population | Capacity of | Funding Technology
T.P Status of T.P served by T.P Agency for
TP (mcm/year) COf(']St.I’IlIJ_CtIOI']
- million
1000 (year) USs)
Planning Germany Extended
Nablus East ohase 240(2021) 9.2 KEW 25 Aeration
Germany Extended
Nablus West | Approved 225(2021) 9.0 KEW 25 Aeration
. Detailed Germany Extended
Salfit study 24(2025) 2.3 KEW 13 Aeration
I Waste
Jenin* Ee::lebo:géanon 13.5(1997) 0.5 Israel stabilization
ponds
Al-Bireh Constructed 40(2000) 1.1 Ele;rvrcany 7 Oxidation Ditch
Germany Extended
**
Tulkarem No study yet | 223(2030) 7.5 KEW 50 Aeration Process
Abu-Dees ;izs;b'“ty 26(2020) 1 Norway Oxidation Ditch
Feasibility Anaerobic Rock
Tafuh study 16 0.5 UNDP Filter
Halhul Preliminary | 459020 1.0 Not funded 5.5 Aerated Pond
design System
. Preliminary Imhoff tank and
Birzeit area Study 28(1994) 1.2 Not funded 4.5 trickling Filter
Hebron ;z";e”'”g 695(2020) 25.0 USA 45 Activated Sludge
Jericho Preliminary | 56 5000) | 1.2 Not funded
Study
Biddya g{ﬁg;“”ary 24 (2000) 11 Not funded 10.0
Ramallah** | Feasibility Extended
* Study 40 (North) 15 Not funded 7.0 Aeration
40 (South) 15 7.0
Preliminary Germany Aerqplc s]udge
Al-Ram Stud 86.5(2000) 3.3 KEW 11.0 Stabilization+
y Activated Sludge
Total 1789 66.3 210

Note: *Old and non-functioning sewage treatment plant exists. **Currently rehabilitation of the sewage
treatment plant takes place. *** Currently rehabilitation of the old sewage treatment plant takes place as a partial

solution. (KFW: KreditanstaltFuerWiederaufbau, T.P: Treatment Plant).
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