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Abstract 
 
Water supply represents a constant worldwide challenge for people and authorities. This issue is significantly severe in semiarid 
regions such as Gaza Strip, where groundwater constitutes the only fresh water source. Furthermore, Gaza Strip area suffers from 
water scarcity due to the decrease in water recharge and a constantly groundwater over-pumping, along with seawater intrusion, 
which cause serious problems in fresh water supply. Treated wastewater reuse represents a sustainable approach to increase water 
resource availability, to alleviate stressed polluted Gaza’s coastal aquifer and to contribute to local agriculture development. On this 
issue, a pilot-scale plant has been designed to evaluate the feasibility of a municipal wastewater recovery for agricultural purposes 
in Rafah (Gaza Strip), reproducing the working conditions and performances of a real plant, which will be built by summer 2020. 
The paper aims to describe the case study in the context of Appropriate Technology (AT) for Developing Countries approach.  
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1. Introduction 

 
The serious situation in Gaza about water 

supply is worldwide considered as a humanitarian 
crisis (UNRWA, 2019): the primary freshwater source 
is, after all, represented by groundwater, which is 
severely contaminated, and, at present yields, there is 
almost no water of acceptable quality for domestic 
use. Considering the presence of about 2 million 
inhabitants in Gaza, the availability of water is 
inadequate, both in terms of quantity and quality, with 
severe risks for public health. According to the latest 
Palestinian Water Authority (PWA) database, 
municipal water consumption is about 103.34 million 
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m3 (52%), of which 13 million m3 suitable for drinking 
purposes and agricultural water consumption about 
95.3 million m3 (48%) (PWA, 2014).  

The annual net deficit in the groundwater 
aquifer has been about 90 million m3 in 2016, and it is 
expected to reach 180 million m3 by 2035, because of 
the massively over pumping for freshwater supply 
purposes. The aquifer is showing clear signs of 
imminent failure or collapse, with resulting 
degradation and robust depletion of the water 
resources (Al-Dadah, 2013; Aiash and Mogheir, 
2017). At the same time, there is an increasing water 
demand in Gaza Strip depending on the unexpected 
rise of the population. 
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In the recent decades, wastewater recovery and 
reuse techniques gained attention worldwide as a 
reliable alternative source of water based on a new 
approach of integrated water resource management. 
From one side, recycled water can be used for many 
different purposes, from irrigation to drinkable water 
supply, from the other side, the urgent need of 
wastewater reuse and recycling represents an indicator 
of scarcity of water, highly demanded for all anthropic 
uses (Aiash and Mogheir, 2017; PWA, 2014). 

Treated wastewater can be an additional water 
source intended to increase agricultural production in 
Gaza Strip, where irrigation supplies are actually not 
sufficient to meet crop water needs (Al-Dadah, 2013). 
It can play an important role in agriculture, responsible 
of the major part of fresh water consumption in Gaza 
Strip (Gharbia et al., 2016), contributing also to 
increase agricultural production thanks to the presence 
of important nutrients (WWAP, 2017). 

However, if not properly treated and 
controlled, recycled wastewater may create 
environmental problems. Most of the wastewater 
treatment plants in Gaza Strip are not properly 
managed and fail to provide water at adequate quality 
for its reuse and the possibility to reuse wastewater 
depends on the capability to implement wastewater 
treatment facilities (Al-Dadah, 2013; Abu Sultan, 
2015). Reclaimed water can be used mainly for 
irrigation, industry, surface water and groundwater 
recharge and municipal purposes as well (Metcalf and 
Eddy, 2003). 

The aim of the project was to contribute to 
agriculture economic development in Gaza Strip 
through new synergies, involving several civil society 
organizations. Specifically, the research has been 
focused on the examination and development of 
wastewater treatment methods in Rafah area to study 
appropriate technologies available for the finishing 
plant design, by implementing the existing primary 
treatment plant and the water availability in the north-
east of the city. 

The concept of “Appropriate Technology” 
(AT) has been introduced many years ago, by the 
British economist E. F. Schumacher in his famous 
book Small is Beautiful (Schumacher, 1973) and it is 
spread considered and accepted. AT is a strategy that 
enables people to rise out of poverty and improve their 
economic condition by meeting their basic needs, 
through developing their own skills and capabilities 
while making use of their available resources in an 
environmentally sustainable manner (Murphy et al., 
2009). These solutions must have a low environmental 
impact and a low cost and they have to be easily 
managed by the communities in order to allow people 
to improve their socio-economic conditions (Feige 
and Vonotars, 2017).  

The research intends to demonstrate that the 
identified technologies for wastewater treatment, 

should ensure the standard effluent’s quality required 
for water reuse purposes, as an integral part of water 
management in Gaza Strip. 
 
2. Materials and methods 
 
2.1. Description of the project area  
 

The Rafah WasteWater Treatment Plant 
(WWTP), managed by the Coastal Municipality Water 
Utilities (CMWU), deals with, about 10,000 -12,000 
m3/day, with a pick of 18.000 m3/day (ICRC, 2013), 
of domestic wastewater related to around 145,000 
inhabitants (the 70% of the Rafah Governorate 
citizens).  It has been expanded over the years to meet 
the increasing demand of the growing population. It 
has established in 1989 for a designed capacity of 
1,800 m3 per day (equivalent to a population of 21,000 
inhabitants), augmented up to 20.000 m3/day in 2011. 
A first phase had involved the construction of two 
anaerobic ponds, a new grit removal chamber, sludge 
drying beds and other improvements of the station. A 
second phase aimed at the construction of two bio-
towers and related pipe-works as well as improving 
the pipeline for the treated waters collection to the sea 
(Fig. 1). The general layout of Rafah WWTP is shown 
in Fig. 2. Despite its poor quality, the effluent is still 
disposed into the sea by a pumping station and 3 km 
long pressure line. However, the renovation of the 
WWTP has allowed to slightly improving improve the 
quality of the effluent, which is although under the 
recommended values. The main monitoring data of the 
effluent of Rafah WWTP are shown in Fig. 3 
(CMWU, 2018; ICRC, 2013; PCBS, 2018). 
 
2.2. Characterization of wastewater effluent  
 

Since reclaimed water reuse became an integral 
component in water supply and management in many 
countries, several organizations and authorities 
implemented water reuse guidelines and regulations 
(Metcalf and Eddy, 2003; Crook and Surampalli, 
1996; EPA, 2012). The Palestinian standards of Waste 
Water (WW) reuse in irrigation are shown in Table 1. 

A weekly sampling activity has been 
conducted during two months, in order to test the 
effluent, coming from the Rafah WWTP, in terms of 
Biochemical Oxygen Demand (BOD), Chemical 
Oxygen Demand (COD), Total Suspended Solids 
(TSS), Ammonia, Nitrite, Nitrate and Total 
Phosphorus (TP). Their average concentrations are 
shown in Fig. 4. 

These preliminary results confirm the poor 
quality of the treated wastewater and the insufficient 
performances of the existing plant. In this condition, 
the output water cannot be reused nor for irrigation 
purposes or safely collected and discharged and it can 
be dangerous for the health of workers and utilizers.  
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Fig. 1. Representation of Rafah WWTP: (a) Pump station, (b) Grit removal and lagoon,  
(c) Aeration Lagoon, (d) Bio-Towers (ICRC, 2013) 

 

 
 

Fig. 2. General Layout of Rafah WWTP (ICRC, 2013) 
 

 
 

Fig. 3. Removal Efficiency of Rafah WWTP 



 
Bonoli et al./Environmental Engineering and Management Journal 19 (2020), 10, 1683-1692 

 

 1686

Table 1. Palestinian Standards of WW Reuse in Irrigation (Aiash and Mogheir, 2017; PWA and MOA, 2012) 
 

Treatment Level Quality Characteristics Possible Uses in Irrigation 
Primary - - Not allowed 

Secondary low 
Total BOD5 

Total SS 
DO 

60 mg/L 
50 mg/L 
0.5 mg/L 

Cotton, sugar beets, dry fodder, forests, seeds, cereals 

Secondary high 
Total BOD5 

Total SS 
DO 

45 mg/L 
40 mg/L 
0.5 mg/L 

Green fodder, olives, peanuts, citrus, banana, almonds, 
nuts 

Secondary high + 
disinfected 

Total BOD5 
Dissolved BOD5 

Total SS 
DO 

Coliform (unit 
/100 mL) 

Residual Chlorine 

35 mg/L 
20 mg/L 
30 mg/L 
0.5 mg/L 

250 
0.15 mg/L 

Green vegetables for cooking, fruits for canning, 
deciduous fruits trees, groundnuts, sports grounds. 

Tertiary 

Total BOD5 
Dissolved BOD5 

Total SS 
DO 

Coliform (unit 
/100 mL) 

Residual Chlorine 

15 mg/L 
10 mg/L 
15 mg/L 
0.5 mg/L 

12 
0.5 mg/L 

Unrestricted use in irrigation, vegetables for fresh 
consumption, public parks, lawns. 

 

 
 

Fig. 4. Effluent Parameters of Rafah WWTP 
 
2.3. Choice of appropriate technologies  
 

In order to reuse the effluents coming from the 
Rafah’s primary treatment plant, it has been 
considered the opportunity to implement a finishing 
phase by an AT approach, which is context-specific 
and depending on the local conditions where they are 
applied. In this case, preliminary useful information 
was collected thanks the collaboration of a local 
agricultural organization, an Italian NGO and the 
Palestinian Water Authorities (PWA), considering the 
critical environmental, economic and social issues of 
the area and the existing water management system. 

The starting points for choosing the appropriate 
technology are: 

 the analysed local criticalities suggesting to 
carry out a treatment system with low energy 
consumption avoiding chemical reagents in order to 
obtain a cheaper treated wastewater, to be destined 
mainly to agriculture purposes; 

 previous excellent experiences in other areas, 
i.e. a case study carried out in Mozambique, that has 
been considered comparable in terms of weather 
condition, soil properties and water issues; 

 a sustainability assessment approach, 
enabling to compare the various finishing wastewater 
treatment technologies feasible in this specific case 
study (Kakavand, 2019); 

 a preliminary analysis of wastewater coming 
from the existing primary plant in the city of Rafah, 
provided by Coastal Municipalities Water Utility 
(CMWU) Central Lab – State of Palestine. 
 
2.4. Technologies selected  
 

This case study focused on implementing a 
finishing natural treatment composed by 
phytoremediation and natural disinfections, aiming to 
optimize the overall wastewater treatment process and 
manage them for irrigation purposes. The choice of 
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these two technologies, in fact, should ensure the 
standard effluent’s quality required for water reuse 
purposes.  

There are many applications of natural 
purification techniques, carried out throughout the 
world (i.e. in Great Britain, France, Denmark, 
Germany, Sweden, Slovenia, USA, Australia, etc.) 
(EPA, 2012), which have provided positive answers 
both in terms of landscape insertion and 
environmental efficiency, and in terms of depurative 
efficiency and of cost-effectiveness of implementation 
and management. In addition, agriculture is one of the 
worldwide significant destination sectors of reclaimed 
water (EPA, 2012) and Constructed Wetlands (CWs) 
are widely applied as a low-cost alternative or 
supplementary system for wastewater treatment. In 
addition, proper management of recycling wastewater 
for the agricultural purpose will help decrease soil and 
plant contamination in addition to moderating water 
shortage (FAO, 2003). 

The phytoremediation system has been 
selected because of the quite absence of energy and 
chemical reagents and its high efficiency in the 
removal of the main physico-chemical pollutants and 
nutrients by using plants for environmental 
depuration, more effective than traditional methods 
based on chemical extraction of xenobiotics. 
Biological methods, in fact, do not cause secondary 
pollution and phytoremediation techniques are 
cheaper when compared with to conventional 
techniques (such as activated sludge process, 
biofilters, trickling filters, etc) (Materac et al., 2015). 
However, phytoremediation can present some 
limitations: it requires a large surface for the 
construction of the system and provides a slow rate of 
the process. 

The aerated lagoon unit, if combined with 
phytoremediation system, represents the final 
treatment stage. The aerated lagoon can be considered 
as a pervading finishing system. It also needs a large 

surface and a good brightness that allow the 
penetration of light and consequently the 
photosynthetic production of oxygen in all over the 
lagoons. The system works by supporting aerobic 
bacterial degradation with artificial oxygen supply 
provided by surface turbo-aerators or submerged 
aerators or diffusers with blowers, to augment the 
oxygen supplied from natural means, such as re-
aeration surface or photosynthesis (FCM, 2004). 
Aerated lagoons, typically from 2 to 6 meters deep, 
provide the mixing of the reactor and a high removal 
of the main microbial groups. 
 
2.5. Sampling points  
 

The performance of the whole system has been 
assessed by evaluation of influent and effluent 
parameters at each treatment unit. Influent and treated 
wastewater samples have been collected every week 
during two months, from 2nd December 2019 to 3rd 
February 2020, respectively at the storage tank (Point 
A), where the influent of the designed system 
corresponds to WWTP effluent, after the 
phytoremediation pond (Point B) and after the 
lagooning system (Point C) (Fig.5). All samples have 
been collected using sterile bottles and transported to 
the “Coastal Municipalities Water Utility (CMWU) 
Central Lab – State of Palestine” for further analysis, 
that have been performed according with standard 
methods for water and wastewater tests (APHA, 
AWWA, WEF, 2005). The quality of the effluent has 
been compared to the Palestinian legal limits for 
wastewater reuse in irrigation (as shown in Table 1). 
Influent and treated wastewater samples were 
analysed in order to test the following parameters: 
Biochemical Oxygen Demand (BOD5), Chemical 
Oxygen Demand (COD), Total Suspended Solid 
(TSS), Total Phosphorus (TP), Chloride, Free Active 
Clorine, Ammonia (NH4); Nitrite (NO2); Nitrate 
(NO3). 

 

 
 

Fig. 5. Sampling points in the scale-pilot plant 
 
3. Results and discussion 
 
3.1. The construction phases of pilot plant 
 

In order to study and monitor effluent 
contamination parameters and understand the real 
efficiency of the system, a wastewater finishing pilot 
plant has been designed and constructed with a 

capability of about 6 m3/day. The pilot plant 
dimensions have been assumed on the base of the USA 
Environmental Protection Agency indications (Davis, 
1994). Fig. 6 shows the scale model drawing. 

In Table 2 the main dimensions are reported. 
The phytoremediation pilot-scale system 

presents 3 layers, composed by the following 
materials: from bottom to top, respectively a big 
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gravel, a washed sand and a vegetative soil and plants 
(Fig. 7 (A)). The plants selected are “persistent 
emergent plants”, a mixture of gramineous and 
legumes, that have two different functions. During 
their growing, plants provides adhesion places for 
microbial development and contribute to create a 
vegetative mass that regulates the water flow 
direction, while their death creates a release of organic 
carbon functional for the microbial metabolism 
(Willey, 2007). Plants also influence the wastewater 
quality by optimizing various removal processes and 
consumption of organic matter and other physico-
chemical elements (Ko et al., 2011; Ong et al., 2010). 

The pilot-scale plant has been fed by the real 
sewage coming from the municipal WWTP after the 
primary treatment. The construction phase of this 
plant has been completed in October 2019. 
 
3.2. Monitoring phase  
 

The monitoring campaign started in December 
2019. n the monitoring phase the Biological and 
Chemical Oxygen Demand (BOD5 and COD) values 
and nitrification and denitrification processes taking 
place in the plant have been measured. These 
parameters should respect pollutants concentrations 
limits and be below the Palestinian legal limitations 
(Table1), maintaining a good efficiency of the process. 
 

3.4. Preliminary results 
 

The values of physico-chemical parameters, 
recorded at the different sampling points for the entire 
monitoring period, are reported in Fig. 8. Rafah 
WWTP is treating municipal wastewater having 
higher organic pollutant levels, especially for BOD 
and COD, than the common expected ones.  

However, they seem to be in line with the 
typical wastewater values for the specific area,  due to 
the problem of water scarcity that leads to an high ratio 
organic load/water and without a proper dilution. In 
addition, the high organic load may be due both to 
several different local sources of organic pollutants, 
such as domestic or restaurants’ exhausted cooking 
oils, agricultural and soil leachate, laundries 
wastewater, etc. and to a very bad and irregular 
maintenance practices and to the lacking or 
discontinuous electricity supply. 

So high values, mainly in terms of BOD and 
COD, don’t respect the limits needed for agricultural 
use or for a safe collection and release in the 
environment. Inside the aerated lagoon, residual 
nutrients are transformed in biomass. In that way, 
during the first phases of treatment, some parameters, 
such as BOD, phosphorus and ammonia, are destined 
to grow, related with the presence of a convenient and 
effective biomass, while pathogens decrease. 

 

 
 

Fig. 6. Plant and dimension of scale model design 
 

Table 2. Dimension of the scale model 
 

Area of the phytoremediation system A Phytoremediation = 62 m2 
Volume of Aerated lagoons 

(considering Depth: H = 3 m and Area: A = 20 m2) 
V Useful = 60 m3 

 
Capacity of a storage tank C tank = 2000 l 
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Fig. 7. (A) The 3 layers in the phytoremediation system, (B) Section of the aerated lagoon, 
(C) General pictures of the main construction phases of the pilot plant 

 
Algae maintain a high level of oxigen, avoiding 

anoxia risks. Downstream the pilot plant treatment, as 
shown in Fig. 8, the concentration values are lower 
than the Palestinian limits for agriculture (Table 1). In 
this way, it is possible to use the treated wastewater 
for irrigation also for food production purposes, such 
as for green vegetables, fruits, deciduous fruits trees, 
groundnuts and sports grounds. In addition, Fig. 9 
shows the average value of inflow and outflow 

wastewaters and the removal efficiency. The average 
TSS and BOD5 values, respectively 20 and 23 mg/L, 
have been resulted within Palestinian limits for 
agricultural reuse. Average TSS concentration (106 
mg/L in phytoremediation influent) dropped to 20 
mg/L, showing a mean removal efficiency of about 
81%, that is mainly due to physical processes, such as 
sedimentation and filtration (Vymazal and 
Kröpfelová, 2009).  

 



 
Bonoli et al./Environmental Engineering and Management Journal 19 (2020), 10, 1683-1692 

 

 1690

 
Fig. 8. Concentrations [mg/L] of the physico-chemical parameters at the different sampling points: 

(a) BOD5, (b) COD, (c) TSS, (d) TP (e) NH4 
 

  

 
 

Fig. 9. Influent and effluent at the scale-plant: average values 
and removal efficiencies of BOD5, COD, TSS, TP and NH4 



 
Appropriate solutions for wastewater reuse in agriculture: A pilot plant in Rafah, Gaza Strip 

 

 1691

 
The mean reduction of organic matter 

concentration during the detention period is about 
83% for the BOD5 and 79% for the COD. The mean 
percentage of organic components removal is 
significantly the same for COD and BOD5, since 
municipal wastewaters usually contain elevated 
concentrations of easily degradable organic 
compounds (Vymazal and Kröpfelová, 2009). The 
effluent provides BOD5 values between 17 and 25 
mg/L, with a mean value of 23 mg/L, and COD values 
between 49 and 69 mg/L, with a mean value of 62 
mg/L. Both results are compatible with law limits for 
reuse. The nutrients removal efficiency is 92 % for 
NH4 and 50% for TP. Their average values, after the 
treatment processes, are 5 mg/L and 4 mg/L. The 
strong reduction of the nutrient’s concentration is due 
to the lagooning unit with the aerobic decomposition 
of algal substances. 
 
4. Conclusions 
 

The finishing pilot-scale plant, designed to 
evaluate the feasibility of municipal wastewater reuse 
in Rafah (Gaza Strip), has shown a very good 
efficiency, according with the Palestinian regulation 
for wastewater reuse in agriculture.  

The preliminary results highlight that the 
phytoremediation system, followed by a natural 
disinfection, improve the overall wastewater treatment 
process. The analysis of the effluents demonstrates 
that, under controlled conditions, treated municipal 
wastewater can be used for agriculture purposes with 
of effective economic and environmental benefits.  

The preliminary pilot-scale results are 
encouraging to construct a real scale finishing 
treatment plant, in the same area, able to treat a 
municipal wastewater flow of about 2000 m3/day that 
will be used for local crops (such as olives, citrus, 
potatoes, grapes and guava) by many farmers, final 
beneficiaries of the project.  

The whole project has been designed according 
with a sustainability approach, demonstrating an 
actual environmental, social and economical 
effectiveness. 
 
Acknoledgements 
This work was carried out within the project “Reuse of waste 
water treated for agricultural use in Al-Mawasi district – 
Rafah Governorate - Gaza Strip” (project code: 
11473/OVERSEAS/TOC), funded by the "Italian Agency 
for Development Cooperation”. 
 
References 
 
Abu Sultan I., (2015), Wastewater reuse tariff for 

agriculture in the Gaza Strip, MSc Thesis, Islamic 
University of Gaza, Palestine. 

Aiash M., Mogheir Y., (2017), Comprehensive solutions for 
the water crisis in Gaza Strip, IUG Journal of Natural 
Studies, 25, 3, 63-75. 

Al-Dadah J., (2013), Using treated wastewater as a potential 
solution of water scarcity and mitigation measure of 

climate change in Gaza Strip, Journal of Water 
Resources and Ocean Science, 2, 5, 79-83. 

APHA, AWWA, WEF, (2005), Standard Methods for the 
Examination of Water and Wastewater, 21st edition, 
American Public Health Association, Eaton A.D. (Eds.), 
American Water Works Association, Water 
Environment Federation, Washington D.C. 

CMWU, (2018), Annual Report 2017, Coastal 
Municipalities Water Utility. On line at: 
https://docplayer.net/133196125-Coastal-
municipalities-water-utility-annual-report-2017.htmL 

Crook J., Surampalli R.Y., (1996), Water reclamation and 
reuse criteria in the U.S., Water Science and 
Technology, 33, 10-11. 

Davis L., (1994), A Handbook of Constructed Wetlands, 1, 
USDA – Natural Resources Conservation Service and 
US Environmental Protection Agency, Washington 
D.C., 1-53. 

EPA, (2012), Guidelines for Water Reuse, EPA/600/R-
12/618, U.S. Environmental Protection Agency, 
Washington D.C., On line at: 
https://www.epa.gov/sites/production/files/2019-
08/documents/2012-guidelines-water-reuse.pdf.  

FAO, (2003), User’s manual for irrigation with treated 
wastewater, FAO Regional Office of the Near East, 
Cairo, Food and Agriculture Organization of the United 
Nations, On line at: 
http://www.fao.org/tempref/GI/Reserved/FTP_FaoRne/
morelinks/Publications/English/Usersmanual-en.pdf. 

FCM, (2004), Optimization of lagoon operation, a best 
practice by the national guide to sustainable municipal 
infrastructure, Issue No. 1.0, Federation of Canadian 
Municipalities and National Research Council 
Publisher, Canada, On line at: 
https://www.grandriver.ca/en/our-
watershed/resources/Documents/Water_Wastewater_O
ptimization_InfraguideLagoons.pdf 

Feige D., Vonortas N.S., (2017), Context appropriate 
technologies for development: Choosing for the future, 
Technological Forecasting and Social Change, 119, 
219-226. 

Gharbia S.S., Aish A., Abushbak T., Qishawi G., Al- 
Shawab I., Gharbiac A., Zelenakova M., Gill L., Pilla F., 
(2016), Evaluation of wastewater post-treatment options 
for reuse purposes in the agricultural sector under rural 
development conditions, Journal of Water Process 
Engineering, 9, 111-122. 

ICRC, (2013), International Committee of the Red Cross, 
Consultancy Services for Systems and Process 
Assessment for Rafah Wastewater Treatment Plant in 
Gaza Strip, assessment Report, Phase 1, Châtelaine-
Genève, 30 September 2013.  

Kakavand N., (2019), Sustainability assessment of 
applicable treatment technologies using multi-criteria 
decision making analysis on wastewater treatment plant 
of City of Rafah, MSc Thesis, Alma Mater Studiorum 
University of Bologna, Italy. 

Ko C-H, Lee T-M, Chang F-C, Liao SP, (2011), The 
correlations between system treatment efficiencies and 
aboveground emergent macrophytes nutrient removal 
for the Hsin-Hai Bridge phase II constructed wetland, 
Bioresource Technology, 102, 5431-5437.  

Materac M., Wyrwicka E., Sobiecka E., (2015), 
Phytoremediation techniques in wastewater treatment, 
Environmental Biotechnology, 11, 10-13. 

Metcalf and Eddy, (2003), Wastewater Engineering, 
Treatment and Reuse, 4th Edition, McGraw Hill Higher 
Education Publisher, New York (NY), North America. 

sara
Testo inserito
,



 
Bonoli et al./Environmental Engineering and Management Journal 19 (2020), 10, 1683-1692 

 

 1692

Murphy H.M., Mc Bean E.A., Farahbakhsh K., (2009), 
Appropriate technology – a comprehensive approach for 
water and sanitation in the developing world, 
Technology in Society, 31, 158-167. 

Ong S.A, Uchiyama K., Inadama D., Ishida Y., Yamagiwa 
K., (2010), Performance evaluation of laboratory scale 
up-flow constructed wetlands with different designs and 
emergent plants, Bioresource Technology, 101, 7239-
7244. 

PCBS, (2018), Palestinian Central Bureau of Statistics, 
Preliminary results of the general census of population, 
housing and establishments for the year 2017, On line 
at: http://pcbs.gov.ps/Downloads/book2364-1.pdf. 

PWA and MOA, (2012), Palestinian Water Authority 
(PWA) and Ministry of Agriculture (MOA), Mandatory 
Palestinian Technical Instructions for Treated 
Wastewater Reuse in Agriculture, (in Arabic), On line 
at: 
http://www.psi.pna.ps/en/TechnicalInstructions/Mandat
oryPalestinianTechnicalInstructions/Treated%20water
%20for%20ittigation%20uses.pdf. 

PWA, (2014), Palestinian Water Authorities, Gaza Water 
Resources Report, PWA, Ramallah 2013/2014, On line 
at: 
http://www.pwa.ps/userfiles/server/ الاعلامي/تق20المركز%

غزه20في%20المياه%20مصادر%20ارير/وضع% .pdf?fbclid=I

wAR1cGp_N9TM_vhTCK4tzLfR4O8sxOXFZfj9WuT
JCDKsiR46nGcwkLry5M6A. 

Schumacher E.F., (1973), Small is Beautiful: Econonimics 
as if People Mattered, Harper and Row Publisher, New 
York. 

UNRWA, (2019), Occupied Palestinian Territory 
Emergency appeal 2019, The United Nations Relief and 
Works Agency for Palestine Refugees in the Near East, 
On line at: 
https://www.unrwa.org/sites/default/files/content/resou
rces/2019_opt_ea_final.pdf 

Vymazal J., Kröpfelová L., (2009), Removal of organics in 
constructed wetlands with hori- zontal sub-surface flow: 
a review of the field experience, Science of the Total 
Environment, 407, 3911-3922.  

Willey N., (2007), Phytoremediation: Methods and 
Reviews, In: Methods in Biotechnology, Willey N.J. 
(Ed.), Vol. 23, Humana Press, Totowa New Jersey. 

WWAP, (2017), World Water Assessment Programme, The 
United Nations World Water Development Report 2017, 
Wastewater: the untapped resource, UNESCO, Paris, 
On line at: 
http://www.unesco.org/new/typo3temp/pics/0d623deb5
0.jpg. 

 
 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




