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Abstract 
 
The water situation in Palestine can be described as a crisis. Water resources are small and 
most of the water in the West Bank is being stolen and allocated to Israel. Wastewater 
management is practically non-existing and the untreated wastewater generated in Palestinian 
cities and villages is polluting the aquifers as well as being used by farmers for irrigation. 
The aim of this study was to investigate the possibility of using the technique of constructed 
wetlands in the West Bank and specifically in Nablus region, Faria catchment. This study 
includes a description of wetland site characteristics with corresponding information from 
Faria catchment, a summary over already constructed wetlands in the West Bank, a water 
budget simulation over a small wetland, an estimate over wetland treatment capacity and 
suggests sites for future wetland construction. The information about Faria Catchment was 
collected from Palestinian publications and reports such as rainfall data, soil maps and 
ArcGIS shapefiles. Information about existing wetland projects was collected through 
interviews with engineers from Palestinian Hydrology Group. The simulation was performed 
and evaluated with STELLA computer software. This study concludes that Faria Catchment is 
well suited for wastewater treatment using constructed wetlands in terms of climatic and 
topographic factors. The study found no domestic soil suitable for wetland construction and 
recommends the use of plastic when constructing liners. The treatment efficiency was found 
to be high under the climatic conditions in the study area. This study found one location in 
Faria catchment suited for construction of a wetland. The site will be very interesting when 
the Israeli settlements in the area have been dismantled and the occupation is over. Until the 
occupation ends there are very limited possibilities for proper infrastructural projects such as 
wastewater treatment. 
 
Keywords: Wastewater management, constructed wetlands, Palestine, Faria catchment, 
treatment efficiency 
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1 Introduction 
 
1.2 Objective 
The objective of this study is to investigate the possibility of using constructed wetlands to 
treat wastewater in Faria catchment located east of the Palestinian town Nablus. The tasks of 
this study are 

- to outline the physical land requirements for constructing a wetland 
- describe existing constructed wetland projects in the West Bank  
- to create a water mass budget over a potential wetland to estimate the risk of drying 

out or flooding and to estimate potential outflow to irrigation 
- to make a rough estimate on wetland efficiency 
- identify potential construction sites in Faria catchment with ArcGIS  

 
1.3 Background 
 
The treatment of wastewater and the corresponding reuse of water is of great importance and 
high priority in the West Bank when considering the scarcity of water resources, the on-going 
contamination, both from Palestinians and from the Israeli settlers, and the high water demand 
from the agricultural sector. According to Al-Masri (2006) around 70% of the total water 
demand in the West Bank and Gaza Strip is from agriculture. A noteworthy future 
conservation in water could be attained from irrigating with treated wastewater.  
 
The major obstacle in the reuse of treated wastewater is that the efficiencies of the few 
existing treatment plants in the West Bank are extremely low and many areas lack treatment 
plants.  About 70 - 65 per cent of households lack sewerage collection system and instead 
they use cesspits emptied by vacuum tankers, which usually plunk their contents untreated 
into rivers. The wastewater is heavily loaded with pollutants due to the general shortage of 
water in the region. (Al-Masri 2006) 
 
Nablus or "The Uncrowned Queen of Palestine" as historians call it, is located 63 km north of 
Jerusalem between Mt. Gerzim and Mt. Ebal. The city was founded by the Romans in AD 72 
as Flavia Neapolis, the "New City". In AD 636 Muslims took control over the town, changing 
its name to Nablus and it has been predominantly Muslim ever since.  
 
Today Nablus is the second biggest city in the West Bank (after Jerusalem) with 120,000 
inhabitants. About 40 per cent of all households in Nablus region are connected to a 
wastewater collection network according to Isaac et al. (1996).  The region has no sewage 
treatment service so the wastewater flows into the streams untreated. The wastewater either 
pollutes the aquifer through percolation from the streams or is pumped from the streams by 
farmers who irrigate their fields in villages surrounding Nablus. 
 
Constructed wetlands are one of the most promising technologies for application in 
developing countries such as Palestine. The technology of constructed wetland uses natural 
processes, means simple construction, operation and management, provides process stability, 
produces little excess sludge production and is highly cost effective. (Haberl 1999).  
 



The use of constructed wetlands would provide an alternative water resource which could be 
reused in agriculture without sanitary risks. This would certainly improve the current situation 
in Palestine health wise and economically. According to Mandi et al. (1998) constructed 
wetlands have a high purifying efficiency in arid climates especially in the removal of organic 
and parasitical load. Nablus region has a semi-arid climate and during summer months the 
agriculture is depending on irrigation.  
 
Faria catchment to the east of Nablus, was chosen as the study area since it is heavily polluted 
by wastewater and it is a rural district with an important agricultural sector. The area receives 
untreated wastewater from the city of Nablus through streams and there are hopes that 
constructed wetlands might be a part of a solution for water resources management.  The area 
is monitored and studied by the Water and Environmental Studies Institute of An-Najah 
University. Maps over Faria catchment is found below in Figures 1 and 2. 

 
Figure 1. West Bank and location of Faria catchment. 
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Figure 2. Faria catchment. 
 
 
1.4 Constructed Wetlands 
 
Constructed water treatment wetlands are built above, at or below the existing land surface. 
The wetland is constructed using earthwork to create barriers and other structures necessary 
for the design. A cost-effective design will balance filling and excavations on the construction 
site.  
 
A constructed wetland will have to be constructed so that the infiltration to the underlying soil 
and groundwater will be minimized. Sometimes a plastic liner is placed at the bottom of the 
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wetland and this eliminates infiltration. This solution is practiced when the groundwater level 
is below the ground surface continuously or periodically and when the underlying soil has 
high permeability. High rates of infiltration of raw waste water can besides from the obvious 
pollution of groundwater, also desiccate the wetland and make it unable to support wetland 
vegetation. On the other hand, if the wetland is constructed on soil with low permeability such 
as clay and if the groundwater level naturally is at the ground surface, much effort can be 
saved by eliminating the plastic liner. This saves money initially and also in the long run since 
plastic liners need to be replaced regularly (Kadlec and Knight 1996). 
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2 Methods 
 
The study is divided into five parts. The first part lists the requirements for constructing a 
wetland on a land site. The second part contains a brief description of the existing constructed 
wetland projects in the West Bank and a closer look on the most successful project so far in a 
municipality close to Ramallah. The third part contains a water budget calculation based on 
climatic and soil data from Faria catchment. The fourth part contains a rough efficiency 
estimate of a potential wetland.  The last part consists of maps over the catchment where 
potential sites for wetland construction have been selected. 
 
2.1 Assembly of design data - Site requirements 
 
2.1.1 Climate 
 
Nablus district is located at latitude 32° N and semi-arid climate prevails in the region. It has 
six to seven months of dry weather in the year. Winter months when moisture is available 
from rain have low evapotranspiration (ET) rates. Summer months with high potential ET 
rates have no rain (Khairi et al. 2005).  
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Figure 3. Nablus rainfall and potential evapotranspiration, monthly averages. 
 
Rainfall data are easy to collect and the contribution of flow to the wetland from precipitation 
is easily estimated with small uncertainties within the range of 5 to 10 percent (Arnold et al. 
2001). Rainfall data for Nablus region have been collected regularly since 1975 and long data 
series were therefore available. Monthly average rainfall data (1975-2004) for Nablus region 
is found in Appendix I. 
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Estimating and measuring ET is a difficult task. Arnold et al. (2001) concluded that the 
estimated error for wetland ET rates is about 20 to 40 per cent. In semi-arid climates like 
Palestine ET represents a significant loss of water and will affect water budgets to a great 
extent. Lott and Hunt (2001) showed that the commonly used Penman potential ET equation 
generally underestimates ET in wetlands but improving the estimate would require extensive 
field-testing. Penman potential ET was available for Nablus region and these data were used 
to calculate the ET rate as described by Arnold et al. (2001). The method limitation was 
considered in the discussion.  
 
2.1.2 Topography and location 
 
Kadlec and Knight (1996) describe the geographical site requirements for a candidate land 
site as a site with a slope of less than 6 per cent without many wet or dry drainage channels. 
The presence of channels would require redirection of storm flows. Also the site should be 
close to the water source to avoid high piping and pumping costs. Gravity flow can save 
significant capital and operation and maintenance costs and site suitability is enhanced by the 
presence of a downward between the water source and the constructed wetland.  
 
GIS information was provided by Mr. Sameer Shadeed from An-Najah University in Nablus. 
The topography and water resources in the study area were mapped with the GIS-tool 
ArcMap.  
 
2.1.3 Soils and geology 
 
Soil information important during project planning includes the presence of hydric soils 
(which could be a potential constraint), soil texture, depth to seasonal high groundwater, and 
depth to confining layers of clays or spodic horizons. Ideally underlying soil has high clay 
content and subsequent low infiltration rates. Clay soils with shrink-swell potential are not 
suitable for wetland construction. Availability of sandy or loamy topsoil is also an asset when 
constructing a wetland to avoid costs for rooting medium (Kadlec and Knight 1996). 
 
Soil surveys should include maps of soil types as well as summaries of soil properties, 
groundwater conditions, climatic information and plant community information. No extensive 
soil survey has been performed in the study area but general information about local soil types 
was available. There are three different types of soils in the Faria catchment (total area 320 
km2) as described in Shadeed et al. (2006). 
 
1. The Terra rossa extends over an approximate area of 131 km2. This type of soil is common 
in the highland parts of the catchment. In general, this soil type has clay to clay loam soil 
texture. 
 
2. The Brown rendzina and Pale rendzina type extend over an approximate area of 77 km2.  
The soil texture is classified as clay loam. 
 
3. The Grumusol extends over an approximate area of 46 km2. The Grumusol type has heavy 
clay soil texture with a high shrink-swell potential. The high shrink-swell potential makes it 
unsuited for wetland construction. 
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4. The Regosol extends over a total area of 30 km2. This soil type has a weak structure and is 
not suitable for wetland construction. 
 
5. The Loessial Seozem extends over a total area of 19 km2. This soil type has a sandy loam 
texture that makes it suitable for top soil layer in constructed wetlands. 
 
6. The Brown Litholsols and Loessial Arid Brown Soils extend over a total area of 16 km2. 
The texture of these soils is mainly loamy which could make it suitable as top soil layer in the 
wetland. 
 
Soils suitable for construction of a liner might be the Terras rossas or the Rendzinas soil 
types, although they might be too leaky since they are not pure clays. Grumusol is not suitable 
because of its shrink-swell potential and was not included in the water mass budget 
calculations in section 5.3.1. A soil map over Faria catchment was constructed in ArcGIS. 
The map is displayed below in Figure 4. 
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Figure 4. Soil type distribution in Faria catchment. 
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2.1.4 Wetland vegetation 
 
The plant often used in arid and Mediterranean climates when constructing wetlands is the 
common reed (Phragmites australis). It is found on banks of lakes, rivers and canyons where 
it forms very dense beds (Mandi et al. 1998). Reed bed treatments require relatively simple 
operation and management costs which local people can be easily trained to do. Reeds can 
also be harvested to produce biogas, compost, raw material for basket wearing and roofing 
essentials (Mashauri et al. 2000).  
 
Reed grows commonly in the West Bank and it is particularly abundant in and around streams 
that carry waste water. The treatment wetlands already constructed in the West Bank have all 
used reed as wetland vegetation (Mohammad Mairie, pers. comm.). 
 
2.1.5 Groundwater 
 
Infiltration of wastewater to groundwater is not only important because of the danger of 
pollution but also because infiltration affects the wetland water balance and could pose 
regulatory problems under some conditions. Kadlec and Knight (1996) suggest that surface 
infiltrometer tests or well slug tests provide good estimates of the leakage that can be 
expected from a full-scale wetland treatment system. Field-scale tests are otherwise the most 
reliable method for estimating groundwater infiltration rates. For many constructed wetlands, 
it may be necessary to construct pilot wetland basins on a proposed site and then instrument 
inflows and outflows to develop an accurate water balance to determine infiltration. 
 
Wetlands can be built on leaky soils as long as regulatory requirements can be met. In 
Palestine so far groundwater recharge has been eliminated as a project concern for constructed 
wetlands by using plastic liners. This is a wise design considering the lack of or poor pre-
treatment, the absence of comprehensive soil surveys and the concentration of pollutants in 
the waste water. 
 
2.2 Characterization of the water to be treated 
 
2.2.1 Quality 
 
The average per-capita water consumption in the West Bank is low, 0.23 m3 per day 
(Palestinemonitor 2006) and this affects the wastewater composition by increasing the organic 
constituents and influent salinity. (Al-Masri 2006) In general the waste water generated in and 
around Nablus is heavily polluted with high seasonal variability related to the seasonal 
availability of water. Table 1 displays the levels of pollutants in the water generated in Nablus 
and as a comparison the levels of pollutants generated in Swedish sewage water.  
 
Table 1. Raw waste water parameters for Nablus and Uppsala. All concentrations are in mg/l. 
Parameters Nablus Uppsala 
BOD (Biochemical oxygen 
demand) 

600 200 

COD (Chemical oxygen 
demand) 

1400 500 

TSS (Total suspended solids) 800 250 
Chloride 2000-9000 - 
Total Phosohorus 60 7 
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Total Nitrogen 150 50 
 
The high levels of chloride ions in the water implies that if the water will be re-used for 
irrigation after treatment then the crop cultivated should be a salt-tolerant plant (Zimmo et al. 
2005).   
 
The poor water quality is one of the strongest arguments for the use of constructed wetlands 
in Palestine today. The current situation does not allow any big investments in traditional 
treatment plants that are so desperately needed. A constructed wetland would not clean the 
waste water to levels required in industrial countries but it would reduce the pollutants 
significantly to a low cost and reduce risk of bacterial disease spreading and environmental 
pollution.  
 
2.2.2 Flow 
  
It is important to know the amount and timing of the water to be treated. In Palestine there are 
seasonal variations in the flow and these changes need to be accounted for to avoid wetland 
flooding and drying out. Information on water quantities and timing should be assembled into 
the annual and monthly water budgets for the design, including any seasonal or event storage 
that may be necessary (Kadlec and Knight 1996). 
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3 Wetland projects in the West Bank 
 
Wetlands have been constructed by the Palestine Hydrology Group (PHG) in three different 
locations in the West Bank. The wetlands have been designed to receive primary treated 
wastewater from three villages. Iraq Burin, Shadda and Bani Ziad (Mohammad Mairie, pers. 
comm.).  
 
The wetlands in Iraq Burin and in Shadda are not working due to a combination of poor 
maintenance, lack of funds and insufficient flow. The wetland in Bani Ziad is partially 
operating and functioning and this project is described below. 
 
3.1 The Bani Ziad project 
 
The project is located by the villages of Beit Reema and Deir Ghassaneh, 27 km North West 
of Ramallah. The area provides an appropriate location for the proposed full scale wastewater 
treatment and reuse system. Though the villages were among the first to have tap water, all 
sewage from the municipal area is currently untreated. It is a farming community that uses the 
sewage water for irrigation. The Municipality of Western Bani Ziad recorded that the total 
number of their present (1996) population is estimated to be 6000 (4100 at Beit Reema and 
1900 at Deir Ghassaneh). 
 
The municipality has allocated 150,000 m2 (15 ha) of land for the full-scale facility but at 
present only a pilot project is implemented and 100 houses could be connected to the 
treatment plant.The pilot plant consists of a septic tank connected with a pipeline system with 
the houses and the constructed wetland. The septic tank is about 300 m3 and consists of three 
settling basins as the first stage of purification.  

 
The wetland consists of four cells each with a total area of 1800 m2. The liner consists of a 
thick plastic liner covered with imported sand. The rooting medium is gravel and the plant 
used in the wetland is the domestic common reed (Phragmites australis). Finally a cement 
tank with the capacity of 70 m3 stores the water before it is used for irrigation. 
 
Currently the effluents received are not sufficient and it is causing some problems in the 
system.  The first wetland cell is working well but due to lack of funds and bad maintenance 
the inflow to the wetland has not been increased. For those reasons no testing to investigate 
treatment efficiency has been performed so far. 
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Figure 5. Bani Ziad wetland under construction. 
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4 Water budget calculation 
 
Water balance calculations are commonly set up when planning a constructed wetland. It will 
return information on how the water storage in the wetland will change and advanced models 
can be used to predict flows and fluxes of materials in the wetland(Arnold et al. 2001). 
Unfortunately there are large errors in these water budget calculations due to the complexity 
of the wetland ecosystem (Lott and Hunt 2001). 
  
A water budget calculation for a theoretical wetland was computed to estimate the risk of 
drying out or flooding the wetland and also to estimate potential outflow to irrigation. The 
wetland size was set to 1 ha and this wetland size would serve a population of about 3000 
persons (with the estimate from wetlands already constructed in Palestine). The flows relevant 
to the water budget are leakage from the wetland, runoff from the wetland bank area which 
will add flow to the wetland, inflow of wastewater, outflow from wetland, losses from 
evapotranspiration and additions from rainfall.    
 
The water budget was simulated with the STELLA using monthly rainfall data from 1975 to 
2004 for the wetland with plastic as liner material and average monthly rainfall data for one 
year for the domestic soils wetlands. The time step in the water budget was one month. The 
initial water volume was set to 5000 m3 to simulate an ideal steady-state situation with 
wetland depth of 0.5 m. The computation was made for different wetland construction 
alternatives. Three different leakage flows were calculated based on possible liner media. 
When the water budget was set up outflow was optimized to obtain stable water storage and 
minimize wetland depth fluctuation.  
 
 

EAleakQoutQPAsewQinQ
dt
dV

−−−++=  (1) 

 
 
Qleak = infiltration to groundwater, m3/month 
Qin = runoff from bank area typically 20-25% of rainfall, m3/month 
Qsew = input wastewater flow rate, m3/month 
Qout = output wastewater flow rate, m3/month 
E= evapotranspiration rate, m/month 
P = Precipitation rate, m/month 
A = wetland top surface area, m2

t = time, month 
V = water storage in wetland, m3

 
4.1 Inflow from bank area 
 
The runoff from the bank area surrounding the wetland was computed with; 
 
Qrunoff = ΨPAc   (2) 
 
Ψ = catchment runoff coefficient 
P = Rainfall, m/month 
Ac = catchment surface area, m2
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For small- and medium-sized wetlands, the bank area will typically be about 25 percent of the 
wetland area. Runoff coefficients lie within the typical range of 0.8 to 1.0 (Kadlec and Knight 
1996). I chose the value of 0.9 for my calculations. For rainfall data and table see Appendix I. 
The average monthly inflow to the wetland from runoff is displayed below in Figure 6. 
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Figure 6. Average monthly inflow to wetland from runoff. 
 
Since the runoff from the catchment area contributes to the wetland, Qrunoff is equal to Qinflow. 
 
4.2 Sewage water flow 
 
The number of inhabitants in the rural areas of the eastern part of Nablus is 185520 and they 
generate 3.749·106 of wastewater yearly. The flow rate per inhabitant is 
 
Q = 3.749·106 / (12·185520) = 1.68 m3/month 
 
I chose a village size of 3000 inhabitants to illustrate a potential wetland capacity. The total 
daily flow from such a village would then be 
 
Q = 1.68·3000 = 5052 m3/month 
 
The water supply is higher during winter and therefore the water usage and the amount of 
generated wastewater will be higher in winter. In the calculations I chose to use Qsewage = 6000 
m3/month instead of the monthly average to calculate the water budget when flow is high. 
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4.3 Leakage 
  
Two different infiltration rates were estimated since no soil infiltration tests were available. 
The infiltration rates were estimated from Table 2 following the soil texture classification 
information for the soil types Terras rossas and Brown rendzinas. In the water budget 
calculation I also set the infiltration parameter to zero to simulate the case when the design 
has a plastic liner which eliminates infiltration. 
 
Table 2. Infiltration rates for different soil textures. From Texas government of councils. 
Soil Texture Saturated infiltration rate [mm/h] 
Sand 200 
Loamy sand 50 
Sandy loam 25 
Loam 22.7 
Silt loam 6.3 
Sandy clay loam 3.8 
Clay loam and silty clay loam 2.3 
Clay 1.3 
 
Rleak = 1.3 mm/h = 0.031 m/d = 0.93 m/month for Terras rossas, Clay to Clay loam soil 
texture 
Rleak = 2.3 mm/h = 0.055 m/d = 1.65 m/month for Brown Rendzinas, Clay loam soil texture 
 
Terra rossa 
Qleak = RleakA = 0.93·10000 = 9300 m3/month   (A = 1 ha)   
 
Brown Rendzina 
Qleak = RleakA = 1.65·10000 = 16500 m3/month   
 
Plastic liner 
Qleak = 0 m3/month      
 
4.4 Outflow 
 
The size of the outflow from the wetland with plastic liner was determined by rearranging the 
water balance equation (1) and solving it in STELLA as displayed in Figure 6. The outflow 
from the domestic soils wetlands was set to 0. 
 

dt
dVEAleakQPAsewQinQoutQ

EAleakQoutQPAsewQinQ
dt
dV

−−−++=

⇒−−−++=
 

 
4.5 Wetland size 
 
 A general rule when sizing wetlands is 5 m2 / person which gives a typical area of 1 ha 
(100x100m), A = 10000 m2 for a village population size of 2000 (Anders Wörman, pers. 
comm.). In Palestine the engineers estimate about 3 m2 / person (Mohammad Mairie, pers. 
comm.) and this sizing estimate was applied to the water budget calculation. A typical 
constructed wetland should have a water depth of about 0.5 m. The water volume required to 
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provide this depth is 5000 m3/ha. In the water mass budget 5000 m3 was used as initial value 
for the total water volume in the wetland. 
 
4.6 Evapotranspiration 
 
The data for the potential evapotranspiration (Eo) in the Nablus region can be found in 
Appendix I. The evapotranspiration (E) was estimated with equation (3) (from Arnold et al. 
2001). 
 

oEsaetcoE ×××= 10 [m3/month]   (3)   
 
where   
 
etco = 0.6 
sa = surface area [ha] 
Eo = potential evapotranspiration [mm] 
 
4.7 Rainfall 
 
The monthly average rainfall was calculated from a data series from the years 1975 to 2004. 
The data table is found in Appendix I. 
 
5. Estimation of treatment efficiency 
 
Treatment performance in treatment wetlands can never reduce pollutant concentrations to 
levels below the natural pollutant background concentrations. The removal efficiency 
decreases as the inflow concentration approaches the natural background concentration. In 
Palestine incoming water contains high concentrations of pollutants and relative removal 
efficiency is high although outflow concentrations are high (DeBusk 1999). 
 
Treatment efficiency for a theoretical wetland was estimated by equation (3) below. The 
equation gives a rough estimate of efficiency because it assumes that denitrification decreases 
with depth and that water retention time determines treatment efficiency (Wörman, personal 
communication).  
 
5.1 Treatment efficiency calculation 
 
Efficiency was estimated by the use of a mass balance design model described by equation (4) 
taken from Kadlec and Knight (1996); 
 

( ) *)/(*12 CQAkeCCC +−−=    (4) 
 
C2 = outflow concentration (mg/l) 
C1 = inflow concentration (mg/l) 
C* = irreducible background concentration (mg/l) 
A = wetland area (m2) 
k = rate constant (m/yr), differs depending on pollutant, from Kadlec and Knight (1996) 
Q = inflow rate (m3/yr) 
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The village size was set to 3000 inhabitants to illustrate potential wetland capacity. The 
estimated sewage water flow was taken from the water budget calculation. 
 
Q = 200 m3/d = 73000 m3/year 
 
The available data of pollutant concentrations in Nablus sewage water was concentrations in 
raw wastewater. To estimate removal efficiency by primary treatment information on removal 
percentage was taken from Kadlec and Knight (1996).  
 
6 ArcGIS mapping of Faria catchment 
 
The task was to find potential sites for the construction of a wetland. The available data were 
ArcGIS shape files over Faria catchment with information on population, streams and 
topography. To find suitable construction sites two conditions were examined: 
 

1) A buffer zone was created around communities so that a wetland site would be at a 
distance of 2 km or more from any town or village (see figure 11). The edges of Faria 
catchment were not investigated due to lack of information from neighbouring 
catchment areas.  

2) Potential areas were studied topographically to find suitable low altitude lines to find 
natural basins.  

 
7 Results 
 
7.1 STELLA water budget calculations 

Water storage
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const

Ev apotranspiration

outf low
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~
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~
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Water storage2

 
Figure 7. STELLA flowchart. 
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Figure 7 displays the STELLA flowchart used to simulate water storage and outflow. The 
input equations and constants are as follows; 
 
Water_storage(t) = Water_storage(t - dt) + (Inflow + Rainfall + Sewage - Evapotranspiration - 
outflow - leakage)  dt 
INIT Water_storage = 5000 
Inflow = Area·const·Prec 
Rainfall = Area·Prec 
Sewage = 6000 
Evapotranspiration = Area·Potential_E·constant·10/10000 
outflow = Inflow+Rainfall+Sewage-leakage-Evapotranspiration-Water_storage2 
leakage = Area·Rinfl 
Area = 10000 
const = 0.6 
constant = 0.9 
Rinfl = 1.3 

Water_storage2 = DERIVATIVE (Water_storage,1) = 
dt
dV  

 
The results from the mass water balance calculations are displayed below. Figure 8 and 9 
display the variations in outflow from the wetland if the water storage is held constant. The 
outflow varies between about 8000 m3 per month in the winter to about 5500 m3 per month in 
the summer.  
 
Figure 10 shows the water storage in the wetland if domestic soils were to be used as liner 
material. The wetland would dry out within the first month with Brown redzinas as liner 
material and within the fourth month with Terra rossa as liner material.
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Figure 8. Qoutflow, maximized with wetland water volume constant, plastic liner. 1977-
2004. 
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Figure 9. Qoutflow, maximized with wetland water volume constant, plastic liner. 2002-
2004. 
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Figure 10. Wetland water volume with domestic soils as liner.  
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7.2 Treatment efficiency calculations 
 
The results of the removal efficiency are displayed in Table 3 and Table 4 below. Table 4 
shows that a wetland in this region could potentially reduce the levels of BOD, TSS and TN 
in the sewage water to reach natural background concentrations.  
 
Table 3. Estimated concentrations in wastewater after primary treatment 
 Removal efficiency 

with primary 
treatment [percent] 

Initial 
concentrations, East 
Nablus [mg/l] 

Concentrations 
after primary 
treatment 
[mg/l] 

BOD 23 560 431.2 
TSS 20 840 672 
TP 15 60 51 
TN 8 150 138 
 
Table 4. Wetland treatment efficiency calculation 
 C*[mg/l] Ci[mg/l] k[m/yr] a[m2] Q[m3/d] Constant Co[mg/l] 
BOD 26 431 34 100000 73000 0.0365 26 
TSS 113 672 1000 100000 73000 0.0365 113 
TP 0.2 51 50 100000 73000 0.0365 0.2 
TN 8 138 30 100000 73000 0.0365 8 
 
7.3 GIS mapping of Faria catchment 
 
The result from the ArcGIS mapping over the catchment is displayed in Figure 11 and Figure 
12. Figure 11 shows the areas in Faria catchment at least 2 km away from any Palestinian 
community with a suitable selected site outlined. Figure 12 shows a blow up of  the one area 
that was found to be far enough from communities (Israeli settlements not included) in 
combination with low altitude.   
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Figure 11. Areas potentially suitable for wetland construction. 
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Figure 12. Potential wetland construction site. 
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8 Discussion 
 
Figures 8 and 9 in section 7 describe the optimized outflow from a potential wetland with a 
plastic liner in the Nablus region. The outflow would be about 8000-7000 m3/month in the 
winter, about 4000-5000 m3/month during summer months. This means that neighbouring 
farmers might use 4000-5000 m3 of water for irrigation during summer when there is no 
rainfall in this region.  According to Shadeed et al. (2006) this would fill the irrigation need 
for about 1 ha of tomato, eggplant or pepper or about 2 ha of green beans in Faria catchment. 
   
Figure 10 in section 7 shows that the domestic soils Terra rossa and Brown rendzina are not 
suitable for liner construction. They are too leaky and the wetland would dry out even with no 
outflow from the wetland. The extensive leakage from the wetland would also potentially 
pollute the groundwater. According to Kadlec and Knight (1996) the use of clay liners instead 
of plastic liners is cheaper and less susceptible to degradation by soil processes but in this 
region there is no suitable liner soil available.  
 
Table 4 in section 7 shows that a wetland in this region could potentially reduce very high 
levels of BOD, TSS and TN in Nablusian sewage water to reach natural background 
concentrations. The efficiency estimate method was taken from Kadlec and Knight (1996) and 
it is needed to point out that it is only a rough estimate. Mandi et al. (1998) also suggests that 
in an arid climate removal efficiency is high especially in the removal of organic and 
parasitical loads. The highest removal efficiency is obtained during summer months. In 
Palestine this is interesting since sewage water is more polluted in the summers due to the 
general water shortage. 
 
The ArcGIS mapping found one potential site for wetland construction in Faria catchment. No 
information on Israeli military bases was included since Palestine is under occupation and 
land usage is to a large extent under the control of the Israeli army and it can change from one 
day to another. Therefore it is not meaningful to include this temporary and unreliable 
information. Only one area was found to be far enough from communities (Israeli settlements 
not included) in combination with low altitude. The area of interest is zoomed in and 
displayed in figure 12 and one particular low altitude area is highlighted. The adjacent 
villages Salim, Deir Hatab and Azmut are all farming communities with a total population of 
about 6000 people and they would greatly benefit from a treatment wetland. The illegal Israeli 
settlement Elon More (population about 400) is very close to the suggested site but should be 
removed when the occupation ends. Other areas were too mountainous and not suitable for 
wetland construction.  
  
The need to stop the illegal Israeli theft and degradation of land and water resources in the 
occupied territories is urgent and desperate. According to Isaac et al. (1996) at least 70 per 
cent of the land in Nablus region is controlled by the Israelis and Palestinians are not allowed 
to live there. Only when the land and water resources have been handed back to the 
Palestinians can they start to seriously deal with water resources management. A great deal of 
land will be freed when the occupation is over but one should keep in mind that the total area 
of Israel and Palestine is smaller than the size of Småland (25000 km2). Therefore the 
technique of using wetlands is not realistic to use as treatment alternative for big communities 
now or in the future.  
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According to Palestinemonitor (2006) and Btselem (2006) Israel and Israeli settlers (Israeli 
citizens living on occupied Palestinian territory) use 83 per cent of the water available from 
West Bank aquifers. Three million West Bank Palestinians use 83 cubic metres per individual 
per year while six million Israelis enjoy 333 cubic metres per individual per year. This means 
that each Israeli consumes four times more water than a Palestinian. Many settlements in the 
West Bank are located to control access to main water aquifers and settlers consume six times 
more water per capita than Palestinians. Many settlements have pools and green lawns while 
the neighbouring Palestinian communities lack drinking water. 
 
Israel does not allow new wells to be drilled by Palestinians and has confiscated many wells 
for Israeli use. Israel sets quotas on how much water can be drawn by Palestinians from 
existing wells. When supplies of water are low in the summer, the Israeli water company 
Mekorot closes the valves which supply Palestinian towns and villages so as not to affect 
Israeli supplies.  
 
In the fall of 2002 Israel started the construction of the infamous wall they call a security 
fence. The wall has not been built on the 1967 border, the Green Line, but instead it cuts deep 
into the West Bank . The route of the wall has been drawn so that it separates the most fertile 
agricultural areas from Palestine and adds the land to Israel. Many of the most important 
underground wells and springs have been annexed by Israel. Some of the largest Israeli 
settlements (such as Ariel which is very close to the city of Nablus) are built over the Western 
mountain aquifer, directly in the middle of the northern West Bank agricultural districts, and 
this is exactly where the wall cuts deepest into Palestinian territory.  
 
The technology of using constructed wetlands for water treatment in Palestine has a great 
appeal in spite of the area requirements. Constructed wetlands could be a simple, cost 
effective and feasible solution for smaller farming communities especially in the future. It 
would be perfect for farming villages that rely on irrigation during the summer months.  The 
climate in the region is most suitable for this treatment technique and the occupation and the 
present economical situation encourages and embraces a solution that is cost-effective and 
requires little maintenance.  
 
One of the obstacles when introducing the technology to farming communities is that many 
farmers are reluctant to re-use waste water for irrigation after wetland treatment. The idea is 
new to the farmers and the technique need to be described carefully to avoid 
misunderstandings and to ensure proper maintenance of a possible constructed wetland. 
Introducing and explaining the technology have constituted a great part of performed wetland 
projects in Palestine and unfortunately the maintenance of the already constructed wetlands 
has not been satisfactory.  A contributing factor is that the engineers cannot travel within the 
region due to the occupation and thus have very limited access to the wetland and monitoring 
and modifications become practically impossible.  
 
Finally there is in Palestine a lack of environmental awareness. This seems to be caused by 
the devastating economical situation that has developed since the international boycott of 
Palestine that followed the Palestinian election in January 2006, in combination with the 
seemingly endless brutal Israeli occupation. It is extremely hard to raise awareness about the 
environmental, health or water situation when people are starving and being killed in their 
neighbourhoods on a daily basis.  
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Appendix I 
Table A. Monthly rainfall data from Faria catchment from 1975 to 2004. 

DATE J. F. M. A. M. J J A S O N D 
1975             

             
             
             
             

            
            
            
            
            
            

            
            
            

             
            
            
            
            
            

            
            
            
            
            
            
            
            
            
            

            

55,4 194,6 82 4,2 0 0 0 0 23 3,8 47,2 108,3
1976 93,1 153,5 150 27 0 0 0 0 0,2 33,4 90,2 46,5
1977 158,9 73,5 154,6 85,7 1,5 0 0 0 0 83,4 2,9 192,6
1978 79,2 60 82,8 8,2 0 0 0 0 0 20,1 6,7 103,6
1979 116,7 20,4 75,5 5 0 0 0 1,4 0 39,6 169,3 226,5
1980 113,9 165,7 155,4 29,5 1,7 0 0 0 0,4 15,5 8 193,4
1981 211,2 124,5 49,7 23,1 0 0 0 0 0 0 135,1 19,6
1982 92,6 171,2 129,6 9,3 0 0 0 0 0 10,3 0 115,8
1983 267 322,9 219,1 14,3 3,6 0 0 0 0,9 0 70,4 24
1984 154,9 85,2 0 0 0 0 0 0 0 21,5 30,2 58,3
1985 65,5 245,3 20,1 20,5 1,4 0 0 0 0 19,9 47,1 0
1986 93 159,2 48,7 46,8 65,1 0,2 0 0 0 52,4 237,4 90,8
1987 130 62,3 120 1,9 0 0 0 0 0 47,5 23,2 224
1988 126,9 307,9 94,9 0 0 0 0 0 0 16 55,8 233,7
1989 96,3 45,4 115,2 0 0 0 0 0 0 9,9 95,1 125,5
1990 131,6 98,9 74,9 53 0 0 0 0 0 3,5 24,3 9,5
1991 251,4 74,3 103,8 28,1 2,7 0 0 0 0 12,7 153,5 472,1
1992 304,3 384,7 65,8 4,7 4,1 0,5 0 0 0 0 84,9 356,4
1993 142,3 117,7 68,5 5,8 18,5 0,1 0 0 0 14,7 21,2 28,7
1994 192,51 114 117,5 9 0 0 0 0 0 20,6 263,6 186
1995 58 95,4 48,1 35,3 0,2 0 0 0 0 1,6 118,3 59,2
1996 229,8 35,9 228,7 33,4 0 0 0 0 0 55,1 16,4 0
1997 157,4 268,6 233,1 29,1 40,2 0 0 0 17,6 16,3 59,9 0
1998 148,2 121,9 244,5 5 7,8 0 0 0 17,6 14,5 59,9 167,9
1999 169,1 64,4 41,5 2,2 0 0 0 0 1,6 1,6 4,9 39,6
2000 471,2 84,7 79,6 0,4 0 0 0 0 0 5,8 16,3 39,4
2001 85,1 122,5 9,3 0 0 0 0 0 0 20,8 85,1 161,6
2002 257,8 57,9 115,9 34,1 19,2 0 0 0 0 3 50,2 220,7
2003 73,7 420,8 236,3 50,9 0 0 0 0 0 2,6 32,1 130,4
2004 230 136,2 24,2 11,1 1,2 0 0 0 0 0,4 152,8 83,6
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