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“We made from water all living thing”
The Holy Quran, Al-Anbiya [The Prophets] verse 30

PREFACE

“Thousands have lived without love, not one without water.”
W. H. Auden (1907-1973),

American Poet

In his speech on 22nd March 2005 addressing World Water Day, the United
Nations Secretary General described Water as “a source for life” confirm-
ing that the world needs to respond much better in making water not a
resource of conflict but instead forging it a catalyst for cooperation. This
speech comes while people in many countries around the world are fac-
ing serious problems ranging from the shortage of the potable water to the
inadequate distribution and monopoly of water resources that certainly
have adverse consequences on all aspects of life. Hence, unless used in
equitable and efficient ways, water could become the most serious alter-
ing factor to countries’ socio-economic development and a dominant re-
source of conflict between and among countries, as has been expressed
by the Commission on Sustainable Development.
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The United Nations Universal Declaration of Human Rights did not ex-
plicitly mention the rights of people to accessing basic water needs, how-
ever, this was certainly implied when assuring in Article 3 that “Everyone
has the right to life, liberty and security of person” in that this logically
entails access of humans to water, as without water life is impossible.
Accessing water resources is certainly not only a human rights issue, it is
considered as a scientific and technological challenge that “unites” scien-
tists over the globe in transforming their talents into new technologies that
can sustain water and make it available for humans as well as for natural
eco-systems. Decision makers should therefore facilitate and support the
role of science, technology and innovation not only within each country
but also among countries by strengthening scientific cooperation, espe-
cially for issues of cross-border effects.

The International Conference on “Water Values and Rights” is a platform
on which scientists can share their expertise in the diverse fields that are
related to water. Peer reviewed papers presented are addressing four main
essential themes: water resources management, wastewater management,
water rights and international water law, and lastly, Water: development,
strategic planning and regional cooperation.

This publication contains all abstracts submitted to the conference. Full
reviewed papers will be published in the conference proceedings that will
constitute a valuable source of information and reference for all those
who are involved in water issues from the prospective of the four themes
mentioned above.
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PROBABILITY DISTRIBUTION
OF FARIA CATCHMENT RAINFALL DATA

Anan Jayyousi1, Sameer Shadeed1, and Hafez Shaheen1

Abstract
Analysis of rainfall data is one of the important tools to understand the
climatic conditions of any region.
Extreme events, such as severe storms, floods, and droughts are the main
features of the hydrological system of a region that need to be analyzed.
Faria catchment dominating the eastern slopes of the West Bank is a catch-
ment of about 330 km2 attains the semiarid characteristics of the region.
The catchment is gauged by 6 rainfall stations that record daily rainfalls.

Frequency analysis is applied here to analyze the recorded rainfall. The
statistical distribution of these data are presented and evaluated. Gumbel
distribution is applied to simulate the annual rainfall data of the 6 station
of Faria catchment. Trend and regression analysis have been also applied.

The results have provided means to understand and evaluate the distribu-
tion characteristics of the rainfall in semiarid regions. An increasing trend
of rainfall averages is obtained for the elevated stations and a decreasing
trend for the lower stations. The trend is related to the later developments
and changes in the climatic conditions of the region. Regression analysis
relates the 6 stations within the Faria catchment.

Keywords: Extreme Event; Frequency Analysis; Gumbel Distribution, semiarid

regions.

1-Water and Environmental Studies Institute (WESI), An-Najah National University,
Nablus, Palestine
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SUSTAINABLE MANAGEMENT
OF THE SOUTHERN PART OF THE EASTERN

BASIN OF THE MOUNTAIN AQUIFER

David J. Scarpa1 and Alfred Abed-Rabbo1

Abstract
The bilateral interim agreement between the Israelis and the Palestinians
of 1995, identified the eastern basin of the mountain aquifer as the princi-
pal source of fresh water for the Palestinians of West Bank. It was agreed
that between 70 - 80 M.m3/yr additional extraction would satisfy Palestin-
ian needs. The international community funded additional borehole ex-
traction from the eastern Basin.  In 1996 Hebron 1 and 2 wells were drilled
as Israel’s contribution while a further 14 production wells were drilled for
the PWA.The Joint Water Committee (JWC) was established as part of the
Oslo 2 agreement and it is  composed of an equal number of representa-
tives from each side, to implement the undertaking of the agreement. Pal-
estinians consume about 58 L/cap/day, while WHO’s recommendation is
150 L/cap/day. Provision of an adequate water supply for the Palestinian
population of the West Bank, as detailed in Article 40 of Oslo 2, is com-
promised by two-fold faulty data. Allocation was based on Israeli esti-
mates of population which proved to be gross underestimates (PCBS, 1997)
and a serious overestimation of the available water quantity in the Eastern
basin. This resulted in an inadequate source of supply for the
Palestinians.However, if all 16 new wells plus the Herodion series pumped
at capacity rate, a regional drawdown could have catastrophic effects on
the aquifer.The lack of a wastewater treatment plant in the southern West
Bank constitutes an environmental and health hazard as well as depriving
the Palestinian population of  much needed extra water source.Food self-
sufficiency does not depend on locally available water resources. Better
returns to water than can be provided by irrigated agriculture and the
freedom to develop an economy that will allow international trade in-
cluding the importation of food stuffs depends on a satisfactory conclu-
sion to the peace process.

Keywords: West Bank Eastern Aquifer, Sustainability, Management, Water Allocation

1-Water & Soil Environmental Research Unit, Bethlehem University
dscarpa@bethlehem.edu,    abedrabo@bethlehem.edu
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STATISTICAL ANALYSIS OF LONG-TERM
SPRING YIELD IN A SEMI-ARID WATERSHED

A CASE STUDY FROM PALESTINE

Mohammad N. Almasri1, Anan Jayyousi2, and Ammar Jarrar1

1. ABSTRACT
Arid and semi-arid regions are generally characterized by water scarcity
and low per capita water allocation. This situation is further exacerbated
when such areas are agriculturally dominated with high-density residen-
tial areas. Faria watershed, located in the northeastern part of the West
Bank, Palestine, is one of these semi-arid watersheds where recently, the
prolonged drought periods in the watershed and the high population growth
rate have negatively affected the existing obtainable surface water and
groundwater resources. Springs are a major water resource in the water-
shed where more than 50% of the water needs of the Palestinians in the
study area is furnished by these springs. Most of the springs of Faria water-
shed are located in the upper and middle parts of the watershed. There are
11 fresh water springs in the watershed which can be divided into three
groups: Faria, Bathan, and Miska in addition to other two springs that are
entirely utilized by the City of Nablus. Discharge data for the springs show
high spring discharge variability. Annual discharge from these springs var-
ies from less than 4 to almost 42 MCM with an approximate average amount
of 13.5 MCM. Due to the fact that the available water resources in Faria
watershed have sustainable-yield limits that cannot be surpassed and ow-
ing to the fact that water demand is increasing to fulfill the agricultural and
residential requirements, reliability assessment of water availability in Faria
watershed is of great importance in order to optimally manage the local
water resources. This situation has compelled the motivation for conduct-
ing a statistical analysis of long-term spring yields in the watershed. This
analysis is essential to better understand the behavioral trends in spring
yields in the area, to comprehend the uncertainty associated with spring
yields and the influential explanatory parameters, and to enable the de-
velopment of optimal water allocation policies and management option
measures under drought conditions such that the economic revenue is
maximized. This paper employs the fundamental statistical parameters and
concepts to analyze the long-term spring yields in Faria watershed in or-
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der to evaluate the seasonality and variability of the yields. Thereafter, the
relationship between spring yield and explanatory parameters such as pre-
cipitation is investigated. Such relationship can be utilized in the develop-
ment of best management practices that can be adopted to manage the
scarce water resources in the watershed.

Keywords. Springs; statistical analysis; semi-arid watersheds; management

1-Water and Environmental Studies Institute, An-Najah National University, Nablus,
Palestine, mnmasri@najah.edu, jarraram@najah.edu
2-Department of Civil Engineering, College of Engineering, An-Najah National Univer-
sity, Nablus, Palestine, anan@najah.edu
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TOWARDS SUSTAINABLE MANAGEMENT
OF THE PALESTINIAN

GROUNDWATER AQUIFERS
Western Aquifer Basin as a Case Study

Eng. Muath Abu Sadah1

Dr. Amjad Aliewi2

Eng. Fadle Kawash3

Abstract:
It is known that the Palestinians rely on groundwater as the main source of
water supply. There are three main aquifer basins within the West Bank
(WB). These are the Eastern Aquifer Basin (EAB), the Northeastern Aquifer
Basin (NEAB) and the Western Aquifer Basin (WAB). The Israeli control of
all Palestinian water resources has made the management of these aqui-
fers very difficult. These challenges should urge the Palestinian negotia-
tors and the decision makers to understand the behavior of these three
aquifers under different hydro-political and climatic change scenarios;
knowing the water availability in these aquifers as well as the impact of
these scenarios on the sustainability of these water resources. This will
enrich them with knowledge and experience to negotiate in order to re-
trieve their water rights.

This paper will concentrate on the management of the Western Aquifer
Basin. The sustainable yield of this basin is estimated by about 443 Mcm/
yr which is considered the largest among the three aquifer basins. This
makes this aquifer very important and gives the Palestinians the hope to
fulfill their water needs.  According to the water use in the WAB during the
period 1986-1998, the Palestinians used an average of about 22 Mcm/yr
(i.e 6.5% from the total abstraction) while the Israelis used the rest (317
Mcm/yr i.e. 93.5%) in addition to the 51 Mcm/yr spring discharge from
the two main springs in the WAB, Timsah and Ras El Ein, on the Israeli
side.  As a result, The Palestinian Water Authority (PWA) considers this
aquifer as the main source of water which can be developed to reduce the
Palestinian supply demand gap.
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The location and the hydrogeology of this basin make it very sensitive to
different hydro-political and climatic change scenarios. Accordingly, the
management of the WAB is influenced by how much the decision-maker
knows about the aquifer and the ability to obtain the right information in
due course. The existing Palestinian information concerning the aquifer is
composed of scattered databases, as well as flow, recharge and pollution
models. These databases and models in their present shape do not pro-
vide the decision maker with a clear picture about the aquifer and how to
manage it professionally. This calls the Palestinian experts to develop an
Integrated Management Tool (IMT) which amalgamates most of these
databases and information in one package and gives the decision maker a
fast, accurate and a clear picture to how decide on a management issue of
WAB.

The methodology of this tool allows the decision maker to define a spe-
cific spatial and temporal climate and abstraction scenarios. The tool will
then perform all calculations using groundwater and recharge models and
other databases to provide the decision makers with GIS maps, charts,
tables and reports that clarify the impact of the tested scenarios on the
water sustainability of WAB and help them make the right decisions.

Keywords

Hydro-political scenario, climatic scenario, Sustainable management, water
level indicator, Decision Support Tool.
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THE EFFECTS OF VEGETATION
ON RIVER HYDRAULICS

L. Nehal1 and M. Yan. Zhong 2

Abstract
Discharge (with its temporal variation) is the pivotal variable in environ-
mental river management as it is the prime manifestation in rivers of up-
stream management actions and also the fundamental driver of biological
processes. Discharge is transformed into habitat characteristics through
hydraulics, as influenced by channel morphology and instream vegeta-
tion (such as the reed-similar Kalmus). Vegetation along rivers produces
high resistance to flow and, as a result, has a large impact on water levels
in rivers and lakes. This paper investigates the effects of instream-
unsubmerged vegetation on flow resistance and velocity distributions.
Artificial vegetation is used in the experimental study to simulate the Acorus
Calmus L. Experimental tests have shown that resistance depends strongly
on vegetation density and that the Manning resistance coefficient varies
with the depth of flow. A simplified model based on concepts of drag is
developed to evaluate the roughness coefficient (Manning’s n) for
unsubmerged vegetation. In vegetated channels the overall flow resist-
ance is influenced significantly by the distribution pattern of the vegetated
beds. Within vegetation, the mean velocity decreases with flow for which
the vegetative roughness increases with decreasing velocity and vertical
turbulent transport of momentum is negligible as demonstrated by experi-
ments.
Keywords:  open channel flow, unsubmerged vegetation, vegetation density, flow
resistance, Manning’s n, flow depth, Drag, velocity.

1 Water Conservancy and Hydropower Engineering College. Hohai University.
2 prof. Water Conservancy and Hydropower Engineering College. Hohai University
Hohai University. 1, Xikang road. Foreign student building, room N 213. Nanjing, 210098
Telephone: (025) 83789853 E-mail:laounia2001@yahoo.fr/ lania200264@hotmail.com



24

HYDROCHEMICAL AND HYDROLOGICAL
ASSESSMENT OF SOME SPRINGS

IN HEBRON AREA

By Nidal Nassar and Qasem Abdul-Jaber1

Abstract
More than 40 springs in Hebron Area were considered in this study. Most
of these springs lie within the eastern aquifer basin of the mountain aqui-
fer. They flow out of carbonate aquifers, which range in age between Albian
to Turonian. The study aims at providing a data base about the spring and
checking the suitability of their water for different purposes as well as
finding out the possible sources of the contamination of these springs.
Calculations using the available data of the period 1970 - 2004 estimated
the average annual runoff, recharge and precipitation to be 55.7 mm/y
(11.4% of the precipitation), 141 mm/y  (25% of the precipitation), and487
mm/y respectively.
The hydrochemical  and the isotopic study of the springs showed that
rainwater is the main source of the groundwater recharge in the area. Mix-
ing with wastewater from different sources as well as the leachates from
washing the piles of animal dung by rainwater are possible sources of
contamination of the shallow groundwater. The stable isotopic composi-
tion (_2H and _18O) of the water lies on the Mediterranean meteoric wa-
ter line. This suggests the meteoric origin of the water. 3H analysis shows
that the water of these springs contains between 5 - 6 TU which indicates
the relative recent age of the water.
Although the water of some of these springs is not suitable for domestic
purposes, most of the springs are suitable for irrigation without limitations.

1. Al Quds University
Email: qajaber@yahoo.com
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IMPACTS ASSESSMENT OF WATERSHED
URBANIZATION AND JEWISH COLONIES

ON MAJOR SEASONAL STREAMS
IN THE WEST BANK

Rashed Al-Sa‘ed and Nidal Mahmoud

Abstract
Palestine, like many areas of Mediterranean zone, is experiencing an in-
crease in urban development, accompanied by a rapid population growth,
expanding into remaining natural aquatic ecosystems. In the West Bank,
the scarce natural resources most directly affected by watershed urbaniza-
tion are small seasonal streams and associated wetlands. Beside their role
in aquifer recharge and as an alternative agricultural water sources, sea-
sonal small stream ecosystems are critical spawning and rearing habitat
for several species of native fish species. The effects of watershed urbani-
zation and Jewish colonies on major Palestinian seasonal streams are not
well-documented with respect to changes in basin hydrologic regime,
stream morphology, and water quality. Scientific knowledge about the long
term cumulative effects of these alterations on in-stream habitat structure
is still lacking. An increase in impervious cover and the corresponding
loss of natural vegetation, land clearing, soil compaction, and riparian
corridor encroachment, modifications to the surface water drainage and
stormwater runoff infiltration areas all typically accompany watershed ur-
banization. Considerable evidence about these impacts will be presented,
and cause-effect relationships among physical and chemical impacts of
pollution loads from Palestinian urban communities and the Israeli colo-
nies will also be presented and discussed. This study conducted in 1997
showed that sudden development pressure in Nablus, and Salfit districts,
associated with huge municipal pollution loads, caused soil desertification
and negative impacts on streams water quality and on the wetlands along
urban streams that are essential to natural stream function. Watershed pro-
tection and rehabilitation measures to alleviate pollution loads and im-
pacts on these streams will be introduced. The Palestinian seasonal streams
hold great ecological and socioeconomic values to the peoples of the re-
gion and huge financial and regional research efforts are needed to pro-



26

tect and sustain these water resources to future generations. Finally, a set
of stream water quality indices must be developed for the local key deci-
sion makers to use in urban streams management and to reduce the degra-
dation of available scarce water resources caused by the rapid urban de-
velopment.

Water Studies Institute, Birzeit University, P. O. Box 14, Birzeit, Palestine
Email: rsaed@birzeit.edu
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HYDRO-CHEMICAL INVESTIGATION
OF WATER FROM THE PLEISTOCENE WELLS
AND SPRINGS, JERICHO AREA, PALESTINE

Saed Khayat1, Heinz Hötzl2, Stefan Geyer1,
and Wasim Ali2, Abderrahman Tamimi3, Marwan Ghanem3

Abstract
Rising salinity levels is one of the significant signs of water quality degra-
dation in groundwater. The alluvial Pleistocene wells in the Jericho area,
Palestine show high salinity and high susceptibility for contaminates. Fu-
ture exploitation and management of the water resources under these con-
ditions will require a deep understanding of the sources and mechanisms
of contamination. The Jericho area is located in the basin of the Jordan
Valley. The basin is underlain by alluvial deposits of soil, sand, and gravel
of quaternary units Q1and Q2 and marl, clay and evaporites of the upper
part of unit Q2.
This paper deals with the source of salinity in the wells penetrating these
units using hydro-chemical and isotopes tracers. Water isotopes of deute-
rium and dO-18 in addition to solutes isotopes of dS-34 and dO-18 in
Sulphate, dN-15 and dO-18 in Nitarte, dC-13 in dissolved inorganic
carbone and tritium was used in this study. The study reveals three princi-
ple zones of different salinity by using different diagnostic hydro-chemical
and isotopic fingerprinting as tracers for elucidating the sources of salinity.
It was concluded that the most probable sources of salinity are: (1) the
geological formations of the region which form inter-fingering layers of
both Samara and Lisan formations of Pleistocene age, where the eastern
Arab Project aquifers show the highest salinity. (2)The NaCl water within
the same area may also be upwelling from a deep brine aquifer or from
fresh water aquifer that contains salt-bearing rocks which might confined
in finer and finer particles from west to east. This noticeable high TDS to
the east should be affected by the rate of pumping from the upper shallow
aquifer especially in the wells of the Arab project which is in continuous
pumping during the year.
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(3) The third possible source of the salinity is from anthropogenic influ-
ences. This include in addition to agricultural chemical effluent, sewer
pollution from adjacent septic tanks that are mainly constructed in the top
permeable Samara layer.

1 UFZ- Environmental Research Centre/ Leipzig Halle, Germany
(saed.khayat@ufz.de) (Stefan.geyer@ufz.de)
2 University of Karlsruhe, Department of Applied Geology, Germany
(heinz.hoetzl@agk.uni-karlsruhe.de) (wasim.ali@agk.uni-karlsruhe.de)
3 Palestine Hydrology Group- PHG, Ramallah-Palestine
(marwang@excite.com) (phg@palnet.com)
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HYDROGEOCHEMICAL AND ISOTOPIC
STUDY OF BETHLEHEM AND HEBRON

GROUNDWATER WELLS

Saleh Sawalha1

Abstract
About 30 ground water samples were collected between March 2003 and
October 2003 from wells through study area “Bethlehem and Hebron dis-
trict”, some of these wells extract from the Albian- taronian aquifer and
other from senonian aquifer. The PH, EC, and temperature were measured
in the field, the chemical, physical analyses including “ DO, TDS, major
ions were carried out in the center of chemical and biological analysis at
Al- Quds University. This Study is very important referring to a large number
of people who live the recharge area, and the increasing demand of drink-
ing water, due to the natural population growth, due to the improvement
of the living standard, and due to improvement of the water infrastructure
in rural areas, and this, in spite of the fact that these ground water wells
are the major source of water for both domestic and agricultural purpose.
From the results, show that all the wells have low concentration of so-
dium, potassium, sulphate, nitrate, chloride, except Bani Naim 1 and Bani
Naim 2 wells having high concentration of chloride and sulfate that be-
long to first bumping of these well. The sawyer and McCarty (1967) clas-
sification of water based on total hardness show that all groundwater well
is “hard” to “very hard” water type. Although the water of these well clas-
sified as “fresh’ to “brackish” water according to TDS (Carroll 1962).In this
study isotopic analysis have been required to determine the age and ori-
gin of groundwater bodies, and the results of this analysis had been under
interpretation but at almost the results of _ 18O%o ranged between (-
5.39_-5.87), _ D%o (-25.3_-28.9), 3H (0.3-1.4 TU) and this results to offer
support for the hydrochemical analysis.

1.Master of Science in Environmental Studies
Al-Quds University
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PROBABILITY DISTRIBUTION OF FARIA-
CATCHMENT RAINFALL

Sameer Shadeed, Anan Jayyousi and Hafez Shaheen

Abstract
Analysis of rainfall data is an important tool to understand the climatic
conditions of any region. Extreme events, such as severe storms, floods,
and droughts are the main features characterizing the hydrological system
of a region. Faria catchment dominating the north eastern slopes of the
West Bank is a catchment of about 330 km2 and attains the semiarid char-
acteristics of the region. The catchment is gauged by six rainfall stations
that record rainfalls. Double mass curve technique is used to check the
consistency of the six stations. Frequency analysis is applied to the re-
corded rainfall data and their statistical distributions. Trend and regression
analysis have been also applied.

The paper provides means to understand and evaluate the distribution
characteristics of the rainfall in semiarid regions. Gumbel distribution is
proved to simulate the annual rainfalls of the six stations of Faria catch-
ment. An increasing trend of rainfall averages is obtained for the high
elevated stations. The low elevated station characterizes decreasing trend.
The trend is not significant except for Nablus and Beit Dajan stations.
Multiple regression analysis relates the spatiality of the six rainfall stations
of the Faria catchment.

Keywords: Extreme Events; Frequency Analysis; Gumbel Distribution, Trend Analysis.

1. Water and Environmental Studies Institute, An-Najah N. University, Nablus, Palestine
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SOCIAL TARIFF:  A TOOL FOR SUSTAINABLE
MANAGEMENT CASE STUDY
 PALESTINE - RURAL AREAS

Abdel Rahman Tamimi1

Abstract
The water tariff policy in Palestine is one of the most debated issues since
it carries along a contradiction of policies throughout the history from one
side, and since it was prepared by several organizations (Israeli munici-
pality, water supply utilities and others) from the other side.
The great imperfection in the water policies’ criteria, created an immense
failure in the sustainable management of water resources and supply.
Therefore, this paper aims at attempting to set new criteria for a water tariff
policy in terms of cost recovery and social tariff.
This paper depends on the use of socio-economic criteria in addition to
the water poverty index in setting the national water tariff policy.
The paper will also discuss the socio-economic impacts and their influ-
ence on the efficiency of the water sector when applying a water tariff
policy that includes social justice.
The organizational and legal fundaments of setting a water tariff were also
discussed which are significant topics.
The paper ends up with a proposed model for a water tariff policy that
depends on international experiences.

1.Director of Palestinian hydrology group for water and environmental resources
development, A member of  National Water Council
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STAKEHOLDER’S RESPONSE
TO PRIVATE SECTOR PARTICIPATION

OF WATER SUPPLY UTILITY IN PALESTINE

Abdel Rahman Tamimi1

Abstract
In spite of the many requests from several parties concerning the private
sector participation in water supply utilities in Palestine, however, this
subject has not been thoroughly discussed by the government, private
sectors, NGOs and the donating countries.

Even though there is a concealed impression that this issue is greatly wel-
comed locally and regionally, however, it has to be transparent and de-
clared.

This paper aims at opening the floor of discussion through various case
studies in the Third World regarding the private sector participation of
water supply utility.

The paper presents and analyzes the attitudes of different parties through
the proposed model.

The paper concludes the socio-economic impacts that the stakeholders
identify and end up with the possibility of having a model with the aver-
age participation of the private sector, community and the state for sus-
tainable management for water resources and supply thus considering the
organizational, legal and political circumstances in Palestine.

1. Director of Palestinian hydrology group for water and environmental resources
development, A member of  National Water Council
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SOIL AQUIFER TREATMENT SYSTEM USING
SECONDARY TREATED WASTEWATER: SHIEKH

EJLEEN PLANT, GAZA

Thaer H.  Abushbak§1 and Mazen Al Banna2

Abstract
Gaza Wastewater Treatment Plant (GWWTP) was constructed in the year
1977 in Shiekh Ejleen area to the south of Gaza city to serve the popula-
tion of Gaza governorate. The design capacity of the plant is between
40,000-45,000 m3 per day. A total of 12,000 m3 per day of secondary
treated effluent are infiltrated in nearby three infiltration basins constructed
on 40,000 m2 area of sand dunes through a soil a aquifer treatment (SAT)
which is considered as an integrated part of the treatment plant.  The SAT
system is operated by a schedule of one day as wetting time, and two days
as drying time. The annual hydraulic loading rate for the system is 80-130
m per year. This paper addresses the impact of four years operation of the
SAT system on the groundwater quality   around the basins. At this stage,
SAT is considered as a further and not wasteful step of treatment. The data
showed that SAT system was efficient in removing fecal coliform and fecal
streptococci. In addition, more than 85% of total applied BOD5 and COD
was removed by soil and aquifer in this system. In spite of this, the nitrifi-
cation and denitrification processes was not well understood through out
this monitoring program, nevertheless neither build up of NH4+ in the soil
profile nor gradually increasing in the concentration of the groundwater
was observed. The changes in NO3- concentration in the groundwater
was considered slight.  For well judgment and evaluation of the SAT sys-
tem’s performance and efficiency, more extensive and comprehensive
monitoring program of the water quality improvements in the unsaturated
zone is still needed.

KeyWords: Soil aquifer treatment, groundwater recharge, wastewater reuse, water
quality.
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STATUS OF WATER QUALITY FOR IRRIGATION
IN GAZA STRIP: NEED FOR NATIONAL PLAN-

NING AND STRATEGY

Thaer H. Abushbak§, Samir M. Medoukh, and Reem O. El-Abadla

Abstract
This work was carried out for informational purposes only and to evaluate
the irrigation water quality in Gaza Strip. Irrigation water samples were
collected from 230 agricultural wells by the Water Department. In each
collected sample: EC (Electrical Conductivity), Cl-, NO3-, HCO3-, CO3+2,
Na+, Ca+2, and Mg+2 were measured. The detected values were used to
interpret the quality of the water and classify it as water with no-, increas-
ing-, or severe- problem with reference to the salinity, permeability, toxic-
ity, nitrate, and bicarbonate problems, based on the FAO (Food and Agri-
culture Organization) guidelines. Excluding part from the Northern
Governorate, the data obtained from the research results showed that irri-
gation water used in the Strip is of poor quality. The degree of the salinity
problem was severing in 51.3% of the water used for irrigation. Due to the
very high concentration of Na+ in the water, 75% of the water was classi-
fied as water with severe permeability and toxicity problem. In addition,
almost all the water used during this evaluation was found to be associ-
ated with increasing bicarbonate problem, with HCO3- ranges from 9.6
to 2.3 meq L-1.

Key Words: Gaza Strip, water quality, water salinity, water toxicity.

1. Central Laboratory for Water and Soil, Ministry of Agriculture, Palestinian National
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§ Author to whom all correspondence should be addressed: Fax + 972-8-2829125,
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WAYS TO IMPROVE THE INCREASING
WATER DEMAND IN PALESTINE

Wasim Ali1, Heinz Hoetzl1, and Saed Khayat 1

Abstract
The Water demand situation in the `west bank and Gaza are despite na-
tional and international efforts, in the last 10 years  still highly critical. The
reasons are political, social, and others. To minimize this problems fol-
lowing steps are necessary and should be adopted:

A- Intensifying the geological, hydrogeolgical research studies concerning
Aquifers

B- More water quality control
C- Developing a strategy for waste water reuse
D-  Effective use of rain water in private sector
E- Applying of effective methods to minimize the water losses in water

pipes (urban)

German universities and research centres with joint partners from Pales-
tine, Israel and Jordan are working together in the last 8 years to gain more
knowledge about the geological, hydrogeolgical situation in the Jordan
Rift Valley. Some results of this project will be presented in this paper.

A new proposed project dealing with a work-plan for application of an
integrated management of water resources of various qualities in the Jor-
dan Rift Valley is now in planning phase. Researcher from Palestine and
the region are invited to participate on this project financed by the Ger-
man Ministry of Science and Research (BMBF).

The main issues of this project are :
• Public awareness and acceptance
• Fields of application of waste water
• Necessary level of pre-treatment/treatment of waste water for different

utilizations
• Treatment concepts (central or decentralised) and improvement of tech-

niques (like low cost systems)
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• Environmental aspects, e.g. groundwater or soil contamination
• Water rights, public and private
• Socio-economic aspects of waste water reuse
• Scientific, logistic and financial aspects of integrating the project in ex-

isting treatment and/or reuse projects
• Co-ordination with other running or proposed scientific projects, in or-

der to avoid too much overlap.

Beside waste water the possibility of direct application of brackish and
salt water should be considered.

1. department of Applied Geology, Karlsruhe University,
Germany (wasim.ali@agk.uka.de)
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GAZA PROJECT FOR MONITORING OF
GROUNDWATER AND SOIL POLLUTION LEV-

ELS IN GAZA STRIP

Alfred Yahya1

Abstract
Very little was known about micro-pollutant levels in the groundwater
and soil of the Gaza Strip. Practically nothing was known either about
levels of organic pollutants and heavy metals in groundwater, wastewater
and soil. The aim of the Gaza project was the evaluating environmental
quality in relation to measures taken in order to protect water and land
and in particular prevent the entrance of ecologically harmful substances
into the food chain. The proposed study was a survey of heavy metals and
organic pollutants distribution in the groundwater, wastewater and soil of
the five Gaza Governorates.
Another aim of the project was to enhance the capacity of a number of
environmental research institutes in Gaza to carry out modern environ-
mental research through the provision of equipment, through training pro-
grams of various kinds in Germany and in Gaza, through cooperative re-
search work involving scientists from both countries, and through the or-
ganization of seminars, workshops and study tours.
The major output of project was the establishment of environmental and
information center in the Governorate of Gaza. The center has the infra-
structure of research; qualified staff, analytical instruments (IC and AAS) as
well as chemicals and glassware. For the past 4 years, more than 1000
environmental samples were collected. Important results, conclusions and
recommendations could be addressed.

Key words: Gaza Project, Environmental Monitoring, Groundwater, Wastewater, Soil

1- Institute of Environmental Geochemistry, University of Heidelberg, Im Neuenheimer
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PRIVATE -PUBLIC PARTNERSHIP AND ITS IM-
PACT ON WATER MANAGEMENT

Abdel Rahman Tamimi1

Abstract
Privatization in the water sector has been a subject of heated debate, draw-
ing the attention of the international community in and out of the water
sector. Some have argued that there has been growing pressure to turn
water delivery and sanitation services over to private corporations and a
reliance on the profit motive to ensure equality of access for all people.
Others insist that there are many successful approaches to the ownership,
management, delivery, and financing of water and sanitation delivery serv-
ices around the world. During the 2nd World Water Forum this issue be-
came the central focus of a growing debate about the assumptions around
private sector involvement in water services and the threat to human rights
and the environment. It is time to fully air the issues that have fueled this
growing debate.
All approaches should be evaluated against a high standard of well-func-
tioning utility services and responsiveness to communities. Options that
will be featured through case studies include traditional municipal public
models, corporative public models, mixed public-private concession mod-
els, and fully private equity models. The goal will be to illustrate the re-
quirements necessary to make each model a success. The aim is to inform
participants about this continuum of options through a combination of
neutrally presented case studies and to present alternatives that are most
suitable to the particular circumstances of nations and local communities.

Key words: public-private Partnership, water management, social fairness, water Poverty
index

1-Palestinian Hydrology Group for Water & Environmental Resources Development
a.tamimi@phg.org
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CONSTRAINTS FACING WATER RESOURCES
MANAGEMENT IN THE GAZA STRIP

Ahmed S. Al-Yaqoubi1 and Sami M. Hamdan2

Abstract
Managing the water resources in Palestine has become difficult due to
many factors.  The scarcity of water coming from deficit in the over whole
water budget urges the managers to take actions to optimize the manage-
ment.  The water management is dissipated among different institutions,
the Water Authority, other Ministries, municipalities, water department,
temporary projects and NGOs.

The municipalities have different policies and different tariff structures that
lead to inequity among the different parts of the country.  The services of
water supply are not convincing to the consumers in both quantitative
and qualitative aspects. The water Authority does not have enough regu-
latory imposes on the water providers.  On the other hand, the consumers
have some negative behaviors towards paying their water bills that over-
burden the water service providers. However, the socioeconomic researches
show that the consumers are ready to pay extra amount than that they get
now to get better water services.

The water losses in the municipal water networks are large. Some of them
are physical losses from the networks and others come from illegal con-
nections.  In addition, the water bills for the accounted water are collected
partially. This in turn affects negatively the maintenance of the drinking
water sources.

The agricultural wells are pumping water for irrigation purposes without
control if they have licenses for operation. Also, large number of wells is
not registered and pumping water from the resource. The water is still not
considered as a commodity, and this increases the demand on the water
resources.
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All the above mentioned were considered by the Palestinian Water Au-
thority prior to the finalization of the Integrated Water Resources Manage-
ment Program (CAMP) in 2000. Due to the political and the security is-
sues, PWA was not able to implement the Management Plan, and the water
situation in Gaza Strip became worse. It will be highlighted on water situ-
ation in the Gaza Strip and the constraints facing Water Resources Man-
agement Plan as a matter of consideration and solution.

Key Words: water management, water policy, public participation1.

1.Director of water Resources Directorate MSc. Hydrogeology
Palestinian Water Authority, Gaza
2.Director of Information Department
MSc. Env. Eng.  And Sust. Infrastructure
Palestinian Water Authority, Gaza
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SUSTAINABILITY OF WATER RESOURCES IS
THE CHALLENGE ISSUE FOR URBAN PLAN-

NING IN THE GAZA STRIP

Atef R. Khalaf1,  Husam M. Al-Najar2, and  Jehad T. Hamed3

Abstract
Water is the vital resource to support all forms of developments. Unfortu-
nately, water scarcity is a characteristic of Gaza Strip. Due to rapid devel-
opment of urban and surface run-off, domestic water supplies and
groundwater resources have been seriously depleted.
To quantify the losses due to surface run-off, GIS techniques as a measurement
tool, in addition to the soil characteristics and metrological data for more than
20 years are used. The comparison among various scenarios like Gaza Strip
without urban areas, agricultural land, the existing land use and the future ex-
pansion has the following findings; the amount of delivered rainwater to the
groundwater accounts for 125 and 55 MCM a year in case Gaza Strip assumed
as open areas and fully cultivated, respectively. The urbanized area represent
around 16% in the year 1998; and 20% in the year 2004, and expected to in-
crease in the next years due to the rapidly increasing in population growth to
represent 33%, and 45% for the years 2015, 2025 respectively. In the meantime,
the water demand will increase due to the expansion of water supply systems.
The total amount of rainwater losses due to urbanization as surface run-off esti-
mated to be 14.5 Mm3 in the year 1998 and expected to increase to be about
20Mm3, 35Mm3, and 52 Mm3 for the years 2005, 2015, and 2025 respectively.
This has resulted in an increasing pressure on underground water resources, which
has lead to an alarming depletion of the aquifer. From this overall situation arises
the question of the use of complementary an urgent mitigation measures likes
and not restricted to rainwater harvesting that’s must be considered.  If stormwater
were used to recharge groundwater in the Gaza Strip, it would ideally solve the
problem of continuous depleted of groundwater aquifer.

Key words: Groundwater recharge, Urban Expansion, Rainfall, Run-off, GIS, .
Correspondent author: Husam M. Al-Najar Palestinian Ministry of Planning, E. mail:
hmnajar@yahoo.com

1Palistinian Ministry of Housing, E.mail: atef_khalaf@hotmail.com
2 Palistinian Ministry of Planning, E. mail: hmnajar@yahoo.com
3 Islamic University of Gaza, E. mail: jhamed@mail.iugaza.edu
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HYDRAULIC MODELING
AND CALIBRATION OF WATER DISTRIBUTION

NETWORKS IN GAZA

Emad M. Elian1 and Khairy H. Al Jamal2

Abstract
The Palestinian Water Authority, PWA and the water departments in the
Gaza Strip municipalities are increasingly expressing their concern about
the performance of the water networks they manage. This concern is fur-
ther emphasized by the ever-growing demand for better service to satisfy
customer needs and requirements. For that reason, network modeling has
been recognized by the PWA as a reliable technique for understanding the
behavior of water networks and as a decision-supporting tool for system
improvements.

The Water and Sanitation Service Improvement Program (WSSIP) in the
Gaza Strip is the first Water Management Contract in Palestine. Building
and calibrating hydraulic models was identified as a key performance task
for Lyonnaise des Eaux - Khatib & Alami (LEKA), the International Operat-
ing Company who was awarded the contract following an International
Competitive Bidding process.

This paper aims at presenting the model building process for the water
supply systems in the Gaza strip and reviewing the field test and calibra-
tion activities that followed. It is interesting to note that it was possible to
calibrate some of these models with a satisfactory degree of agreement
between the simulated models behavior and the real systems.

1.Technical Supports Engineer, Consolidated Contractors Company (CCC), Main Office -
Palestine Area
2.Senior Operations Officer, World Bank Project, Gaza Strip & West Bank
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RAINWATER HARVESTING FOR PROGRESS

James Mwami1

Abstract
Nyabushozi is situated in South-Western Uganda and covers an area of
2930km2. The area is within the Lake Victoria catchment, in the rain-
shadow of the Kabula hills. Precipitation is bimodal with rains in March to
May and September to November, ranging between 750 and 875mm an-
nually. Lake Mburo and Lake Kachera in the South and South West of the
county respectively provide the only reliable permanent sources of water
in the semi-arid environment.

During a census in 2002 the population on Nyabushozi was been esti-
mated at 105,845 people. A random sample of 261 households revealed
an average household size of 9.8 persons, compared to the National aver-
age of 7.6.

Mbarara district is a centre of cattle production accounting for close to
one fifth of the national cattle herd of 3.9 million. About one third of the
population derives its main income from cattle.

Traditional inhabitants of Nyabushozi county are semi-nomadic Bahima
pastoralists and sedentary Bairu cultivators who together form the people
of the Banyankole. The pastoral system of the Bahima was based on an-
nual migrations that were driven by seasonal availability of grass and wa-
ter, and the prevalence of cattle diseases.

Even though the Bahima’s average income per capita was slightly above
the national average of US$ 200, they lived a miserable life and had al-
most given up anything to do with development.
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Establishment of a joint project supported by both Uganda and German
government was timely venture. The project was designed to assist the
“squatters” go through a transition from living a semi-nomadic life to a
sedentary one.

In this paper therefore it has been elaborated that provision of safe water
for both domestic use and livestock can have lasting effects. It has also
been demonstrated that having resources does not automatically lead to
development. Development needs an integrated approach, involvement
of all stake holders and does not take place overnight.

1.Busoga Trust, P.O Box  232, Luwero - Uganda
Tel: 256 - 77 483264, Fax: 256 - 485 - 21304
Email: jamesmwami@yahoo.co.uk
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EMPOWERS PARTNERSHIP IN PALESTINE
A case study on stakeholder dialogue

and participatory planning in the water sector of Jenin

Falasteen Abo Baker1, Buthayna Mizyed2, Sameera Rifai3, and Sayel Wishahi4

Summary
EMPOWERS stands for “Euro - Med Participatory Water Resources Sce-
narios”. It is a four -year regional project that works in three MEDA zone
countries: Egypt, Jordan, and West Bank & Gaza. As in the other two coun-
tries the project is focusing on local water resources management in Jenin
Governorate of the Palestinian West Bank. EMPOWERS overall objective
is to improve long- term access to water and especially to underprivileged
populations at the local level. It aims to achieve this through more effec-
tive local integrated water resource management. The project is develop-
ing approaches for stakeholder dialogue and participatory planning of water
projects at the Governorate and community levels. It is doing so by in-
volving all relevant stakeholders from end-users in communities to na-
tional and governorate levels. As explained in another paper submitted by
EMPOWERS to this conference, process facilitation is key to success of
such approaches.

This paper will describe methodologies developed in the last two years
and results achieved in order to come to long-term visions, strategies and
projects for the Governorate of Jenin and the three selected communities.
For more detail the paper will focus on the Municipality of Jalboon. Jalboon
is one of the poorest communities in the Governorate, without own water
sources and no drinking water infrastructure. It suffers much from the prox-
imity of the Wall build by Israel that fringes at its eastern boundary.

At the beginning of the project there was little communication between
agencies and departments that handle water in the governorate for drink-
ing water, irrigation, agriculture, sewage water and sanitation, health, en-
vironment, and local administration in addition to the different end users.
Therefore, as a first step the project team surveyed each agency and de-
partment individually to specify their duties and responsibilities, the flow
of information, and how their work is affected by other agencies and de-
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partments. After that a steering committee on the governorate/national level
was established from the different parties involved and the results of the
survey were discussed among them. All the project activities are shared
between the project team and representatives of all stakeholders through
working groups and workshops. On the basis of problem analysis at differ-
ent levels and subsequent water resource assessments and analysis the
stakeholder platforms have developed visions, scenarios and strategies, so
as to prioritize concrete interventions. Methodologies and tools are docu-
mented in working papers and training materials, while results of the in-
formation gathering and planning are summarized in Water Fact Sheets
for each community and the Governorate.

It can be concluded that currently the project sharing and learning proc-
esses are widely accepted by all stakeholders both at the government and
community levels. This paper presents and discusses these project proc-
esses focusing on both the drinking water, sanitation and irrigation water
sector. The EMPOWERS project in Palestine is thus considered as a suc-
cessful example for learning and working in a stakeholder platform to make
planning and management in the water sector more effective.

1 EMPOWERS Field Coordinator, Union of Agricultural Work Committees (UAWC)
2 EMPOWERS Process Documentation Officer, CARE/West Bank&Gaza
3 EMPOWERS Country Coordinator, CARE/West Bank&Gaza
4 EMPOWERS Technical Coordinator, Palestinian Hydrology Group (PHG)
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EVALUATION OF DESALINATED WATER
QUALITY IN GAZA STRIP

Khaled El Tibi1

Abstract
Gaza Strip is characterized by scarcity of its natural water resources. The
main source of water in the Gaza Strip is the groundwater aquifer. Many
studies were conducted to assess the chemical contamination, while bio-
logical contamination is rarely assessed. In this research the analysis and
records by the ministry of Health (MOH) showed that the concentration of
chemical pollutants has exceeded the recommended WHO standards.
About 63.5% of samples of water wells are chemically polluted and 15.8%
of water samples are bacteriological contaminated. Therefore, the resi-
dents depend on desalinated water. This has lead to establishing of many
Privet and public brackish water desalination plants in Gaza Strip. Nowa-
days, there are 29 desalination plants in Gaza Strip, and there is no effi-
cient evaluation of water quality. Therefore, the evaluate of microbiologi-
cal quality of desalinated water in the Gaza Strip is the main objective.
The results showed that the contamination is high even the disinfection
depending on Ultraviolet Radiation (UV), and there is no chlorinating sys-
tem in these units or in distribution fixed tanks. Moreover, the results of
the microbiological testing of water desalination units indicate that con-
tamination is focused and increased in the fixed tanks and tanker cars.

Key word: Desalinated Water, biological contamination, chemical con-
tamination, desalination plants, tanker cars, fixed tanks

1.Achieve of water control department, Ministry of Health, Environmental Health
Directorate, Gaza.
Tel:    work: 07/2801323    home: 07/2873889 Mobile:  059-391554
Fax: 07/2801323     E-mail:    khtibi@yahoo.com



48

ASSESSMENT OF MICROBIOLOGICAL WATER
QUALITY AND ITS RELATION TO HUMAN

HEALTH IN GAZA STRIP

Salem S. Abu Amr,1  Husam M. Al-Najar2 and  Maged M. Yassin3

Abstract
Gaza Strip is located in a semi-arid region where deteriorating water quan-
tity and  quality are the main features. Attention has been paid on the
assessment of chemical characteristics of groundwater in the Gaza Strip,
while microbiological contamination is rarely investigated.  In addition to
questionnaire interview (n=150), the current study examined the total and
fecal coliforms contamination in water wells and distribution networks in
Gaza Strip at monthly basis throughout the year 2003.  The level of con-
tamination was found to exceed that of WHO limit for both water wells
and networks.  However, the contamination percentages in networks were
higher than that in wells.  Giardiasis and diarrheal diseases showed posi-
tive strong correlations with fecal coliform contamination in water net-
works (r=0.8 and r=0.7, respectively) whereas a positive weak correlation
was exhibited by hepatitis A (r=0.3).  The numbers of interviewed people
who mentioned to depend on municipal water and on  desalinated and
home filtered water for drinking were 17 (11.3%) and 133 (88.7%), re-
spectively.  Out of 17 people who used to drink municipal water, a total of
12 (70.6%) had self reported waterborne diseases whereas 80 (60.0%) out
of those who use to drink desalinated and home filtered water had such
diseases (OR=1.6 at CI 95%).

Key words: water wells and networks, water quality, total and fecal coliforms,
waterborne diseases.
Correspondent author: Maged M. Yassin, Islamic University of Gaza, E. mail:
myassin@mail.iugaza.edu

1Palistinian Ministry of Health,  E.mail: sabuamr@hotmail.com
2 Palistinian Ministry of Planing, E. mail: hmnajar@yahoo.com
3 Islamic University of Gaza, E. mail: myassin@mail.iugaza.edu
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GROUNDWATER VULNERABILITY OF PALES-
TINIAN DRINKING  WATER SOURCES

IN THE WEST BANK

Omar Zayed1, Mutaz Abadi1, Batool Rajoub1, and Henning Moe2

Abstract
A groundwater vulnerability assessment of Palestinian drinking water
sources in the West Bank was recently conducted under USAID-funded
Environment Health Project. The assessment was carried out in context of
increased awareness that groundwater quality in parts of the West Bank is
deteriorating, mainly due to anthropogenic sources of pollution. The vul-
nerability assessment examined which drinking water sources are most
vulnerable to pollution and where future aquifer measures should be tar-
geted. A two-step approach was adopted whereby individual drinking water
source were ranked according to 1) their “importance” (defined as total
population served); and 2) a “computed vulnerability” using an index-
based ranking methodology. Furthermore, individual drinking water sources
were examined in relation to locations of potential pollution sources that
were field-mapped, and a hydrogeological examination of wells and springs
in relation to their natural recharge and contributing areas. A preliminary
groundwater vulnerability map for the West Bank has been produced, along
with comprehensive set of recommendations related to aquifer protec-
tion, which include engineering, planning, legislative, and public outreach
measures. Results indicate that most Palestinian drinking water sources
can be considered as highly vulnerable to pollution. Documented and
suspected sources of pollution relate to both Palestinian communities and
Israeli settlement activities.

Keywods: groundwater, vulnerability, drinking water resources, DRASTIC,

1 Palestinian Water Authority, Ramallah, Palestine
2 Camp Dresser & McKee, Inc, Al-Ram, Palestine
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PRICING THE IRRIGATION WATER
IN THE JORDAN VALLEY AS A MEAN

OF WATER SAVING IN PALESTINE

Mohammed Yousef Sbeih1

Abstract
Palestine consists of the West Bank and the Gaza Strip.  The proclaimed
state of Palestine has a land area of 6,657km_.

Water is always considered as an essential factor of life and development
in arid and semi-arid countries.  In  Palestine the total per capita water
consumption is 139m_.

The total available water for Irrigation is 239 MCM which is responsible
for irrigating only 330,000 dunums out of 2,314.000 dunums cultivated
that can be irrigated if water is available i.e. 5% of the total cultivated
land.

The average rainfall is 450mm and unfortunately there isn’t any water
harvesting structures i.e. dams, most of this rainwater flowing towards the
Dead Sea or the Mediterranean Sea as waste.  So harvesting this water in
individual farmer land and using this water for supplementary irrigation to
irrigate olive trees, almonds, grapes and cereals will be of a great impact
on the Palestinian land for feed production.  It should be noted that there
are few farmers who practice supplementary irrigation for production of
vegetables that are planted in summer as individual initiative.  The quan-
tity and quality of production that they have is extremely tangible.

Irrigated area in the Jordan valley constitutes of more than half of the irri-
gated area in the whole country Palestine. In addition to that more than of
50%of the irrigation water in west bank is consumed in the Jordan valley.
Most of the irrigation water in the Jordan valley is due to springs where the
water is flowing by gravity and the farmers have access to this water free
of charge , so farmers irrigate his crop without taking into consideration
the value of the water where they add water as well as they want and they
select any crops such as banana (the most water consumption plant)without
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taking into  consideration the amount of water needed especially the
evapotranspition in Jordan valley is the biggest in the world since the loca-
tion of the Jordan valley(Jericho)is the lowest point in elevation in the
world

Keywords: Palestine, Irrigation, Pricing, Springs, Jordan valley, Irrigation, Food Produc-
tion.

1- Irrigation Project Coordinator, American Near East Refugee Aid (ANERA)
P.O. Box 1664, Ramallah, West Bank, Palestine
Email: sbeihmsy@anera-jwg.org
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EVALUATION OF DRINKING WATER QUALITY
IN GAZA STRIP GOVERNORATES THROUGH

THE PERIOD FROM 1990 TO 2002

Fayeq I. El-Madhoun1

Abstract
Gaza Strip is one of the most highly populated areas in the world with
limited water resource. This study aimed  to evaluate the quality of drink-
ing water wells supplies residence of Gaza Strip for Chloride and Nitrate
(Cl &NO3) concentrations during the period from 1990-2002 and match
(Cl &NO3) with World Health Organization (WHO) standards. Seasonal
variations for (Cl &NO3) and variations among Governorates were evalu-
ated. During the period from 1990-2002 for all Gaza Governorates, the
mean of Cl concentration (397.1 mg/l) and of NO3 concentration (126.2
mg/l) were found statistically higher than WHO-recommended guidelines
(250 mg/l and 50 mg/l ) for Cl and NO3 respectively  (P-value <0.001).
50.8% and 77% of analyzed wells were significantly higher than WHO
guidelines in Cl &NO3 respectively.  Mean of both Cl & NO3 concentra-
tions in Khan Younis (777.8 mg/l, Cl ; 190.0 mg/l, NO3) were found sig-
nificantly the highest among all Governorates. Seasonal variations shows
that mean of both Cl & NO3 concentrations were significantly higher in
autumn (392.7 mg/l, Cl; 126 mg/l NO3) than spring (382.6 mg/l, Cl; 122.1
mg/l, NO3) (P-value <0.01). Real problem of drinking water quality in
respect to Cl and NO3 is concluded among all Governorates especially
Khan Younis. Both Cl and NO3 concentrations have been decreased in
spring season.

Keywords: Chloride, Drinking wells, Gaza Strip, Groundwater, Nitrate, Seasonal
variations.

1- Environmental & Information Centre -Gaza Governorate- P.O Box 1422, Palestine.
fayeqm@hotmail.com
 Mobile: +97059325811, Phone: +97082828714 Fax: +97082828684.
Supported by: Bundesministerium fuer Bildung und Forschung (BMBF) Germany
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IDENTIFICATION OF THE RECHARGE AREA
BY USING HYDROCHEMICAL

AND ISOTOPIC TOOLS
Case Study the Shallow Aquifer System in Jericho Area

M. Al-Jundi and A. Marei 1

Abstract
Hydrogeochemical and isotopic tools were used to identify the recharge
zone of the plio-pleistocene aquifer system in Jericho area and the influ-
ence of flood water on the quality of the groundwater, by using these tools
the recharge zone were identified. The result of this study have high value
for future management of the groundwater and for identifying areas for
artificial recharge For these goals , and during the last two years 30
groundwater samples were collected from Jericho in addition of 37 sur-
face water samples were collected from flood water of Wadi Al-Quilt and
few samples from its channel, The chemical analysis of all water samples
was conducted at the environmental laboratories of Al-Quds University to
determine the major cations and anions, While the isotopic analyses of
the groundwater samples was conducted in UFZ institution in Germany.
In addition Rainfall data from the metrological Abu-Dies station in Al-
Quds University was used. Chloride content of floodwater collected dur-
ing the rainy months of 2003 has an average of 37.05 mg/l and the Na/Cl
ratio is 0.839 which is close to the ratio in the rainwater. The SO4-2 and
the NO3- concentrations are less than 1.0 mg/l. A small increase in Ca+2
contents with an increase in HCO3- was noticed during the flood took
place during March 2003 which indicate a relative long duration time of
water in the soil horizon. The Ca+2, Mg+2 content are parallel to each
other indicating that they are originated from the same source which is
carbonate rocks, while the Ca+2 is higher than Mg+2 that is related to the
dominant of Limestone in the rock than dolaminate. The Na/Cl ratio in all
surface water samples is less than the ratio of Na/Cl in wastewater in the
region which is 1, and closed to the ratio of rainwater 0.86, meaning that
the influent of human activity in the catchments area is limited. The
groundwater mixing interpretation shows that there is a high percentage
of surface water infiltration into the groundwater reservoir and the ratios
from surface water input to the groundwater ranging between 70% up to
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100% in the western part of Jericho area and decreases eastward and far
away from Wadi Al-Quilt and reach 20% - 10%, this conclusion conceder
by the chemical  results of the ground water samples, which show a low
content of chloride 260 mg/l in the western part, and increased to 1700
mg/l in the eastern part, in the same direction the electrical conductivity
ranging from 1400 (s/cm up to 6800 (s/cm toward the east, Na+,Ca+2
concentration increasing from 140 mg/l up to 940 mg/l,  65 mg/l up to 200
mg/l respectively  in the east, as a result the degradation of the groundwater
quality in Jericho area companied with high level of chloride concentra-
tions from west to east along the study area.  Recharge area of the shallow
aquifer system which was identified is an important for future managing of
any artificial recharge.

1- Al-Quds University
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T H E M E 2

WASTE WATER
MANAGEMENT
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WATER REUSE FOR IRRIGATION PURPOSE

L.Campanella1, M.Battilotti1, and C.Costanza1

Abstract
The present research reports the application of electrochemical and pho-
tochemical degradation of organic compounds such as drugs, dyes, pesti-
cides, hydrocarbons, surfactants and river water, both technologies to gen-
erate oxidative conditions by radical’s formation able to degrade organic
compounds into small molecules such as carbon dioxide and water. The
obtained results are elaborated and a scale of degradation has been estab-
lished. To evaluate the  toxicity of the solutions obtained after photochemi-
cal and electrochemical processes, an integral toxicity testing based on
the monitoring of the respiratory activity of yeast cells environmental per-
sistence test with TiO2 are proposed. A polluted synthetic solution has
undergone a catalysed photodegradation treatment and has been after-
wards used to irrigate a cultivation in order to evaluate the possible re-use
in agriculture on analysing the eventual accumulation of the considered
pollutants into the plants.

Keywords: FEM, ECA, AOP, TiO

1- Department of Chemistry, Rome “La Sapienza” University, Italy
luigi.campanella@uniroma1.it
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UPTAKE & PARTITIONING OF PESTICIDES
IN PLANT TISSUES DEPENDING ON IRRIGATION
WITH TREATED WASTEWATER OR FRESH WATER

Jihad Mustafah Jaradat1

Abstract
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine) is a herbi-
cide used for weed control in corn (zea-maize). Irrigation with various
water qualities (fresh water and treated wastewater) influences the uptake
and partitioning of atrazine by different parts of corn (zea-maize). The
treated wastewater contains high concentration of dissolved organic mat-
ters (DOM), so the complexation or sorption of atrazine with dissolved
organic matters results in enhanced aqueous solubility and therefore en-
hance the mobility of atrazine and it’s uptake by corn ( zea-maize). So the
uptake of atrazine by zea-maize irrigated with treated wastewater will be
higher than the uptake by zea-maize irrigated with fresh water.
    The field experiment was conducted at two sites, Abu-Dies campus
and AL-Arroub during April 2003 to July 2003, the fields were planted
with zea-maize and sprayed with atrazine, they were irrigated with fresh
water, treated wastewater until harvest time. The plant samples were col-
lected twice during the experiment, ten days after germination and at har-
vest time, plants were cut into parts (root, stem, leaves, fruits), the compo-
nents of the parts were analyzed (water content, ash, fat, protein, fibers),
the results of chemical components of different parts of zea-maize shows
that: Plant yield is higher implants irrigated with T.W.W.,  no difference in
water content, ash, fiber between F.W and T.W.W. Protein was higher in
plants irrigated with T.W.W than plants irrigated with FW. Protein and
water content were higher at 10 days after germination than at harvest
time. Ash and fiber were higher at harvest time than 10 days after germi-
nation.
The second part of the study will show the uptake and partitioning of
atrazine in different parts of zea-maize in function of the water quality
used in irrigation.

Abriviations: F.W: fresh water  T.W.W: treated wastewater.

1- AL-Quds University



59

International Conference>  WATER: VALUES AND RIGHTS > ABSTRACTS

EFFECT OF EFFLUENTS
ON ATRAZINE LEACHING

Jaber Masalha1, Claude El-Ama2, and Jawad A. H Shqier3

Abstract
Soil organic matter can be divided into solid (SOM) and water-dissolved
(DOM) fractions, both can be associated with pesticides. The objective of
this study is to determine the effect of water type (fresh watre and treated
wastewater) on leaching of atrazine over extended periods of time within
the root zone (0-60 cm) in a clay loam soil cropped with corn maize (Zea
mays L.). A field study was conducted to determine the fate of atrazine (2-
chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine) within the zone (0
to 60 cm) of a clay loam soil cropped with corn [Zea  Mays]  in Jerusalem,
Palestine at the university of Al-Quds experimental field during April, 19th
through June 19th, 2003 growing season.  ATRANEX 50 SC (45% Atrazine)
was uniformly applied at a rate of 640 gm/ha to a corn seeds under differ-
ent water management regimes, fresh water and treated effluents. Atrazine
concentration decreased from 3.16 gm/ha one day after application to
0.2304 gm/ha three days after application, in the field irrigated with high
water quality (DOM equal 9.1 mg/l), meanwhile, in the field irrigated with
treated effluents (DOM equal 59.7 mg/l), the concentration decreased from
3.28 gm/ha one day after application to 0.1206 gm/ha three days after
application. Most of the decrease in atrazine concentration in the root
zone over time was attributed to leaching and degradation. The results
shows an evident relation that different parameters of treated effluents
(DOM, SOM, time and depth) can affect the fate of pesticides (atrazine).

Abbreviations: DOM: dissolved organic matter, SOM: soil organic matter.
Keywords: Treated Effluents, Atrazine, Soil Organic Matter, Leaching.

1-Dep.of Life sciences, AL-Quds Unive, [jabermasalha@yahoo.com]
2-Dep.of Food industry, AL-Quds Unive, [elama1@yahoo.com]
3-center for chemical and biological analysis, AL-Quds Unive, [jshqiere@yahoo.com]
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A NEW TECHNIQUE OF SEAWATER
DESALINATION USING SOLAR ENERGY

E. Chafik1, Mr. Husein Hamed2

Stavros Yanniotis3, Amenallah4

Abstract
This paper presents the results of a completed cooperative R&D project to
develop a new process for solar seawater desalination. The idea was to
use the solar thermal energy for heating air flow up to a temperature be-
tween 50 and 80 oC and then humidify it by contact with seawater. After
loading the air flow by a large amount of vapour, the water content is
recovered by a dehumidification equipment. The main feature of this
desalination process is to conduct the heating/ humidifying procedure in
several stages in order to load the air with a high humidity and to reduce
the volume of circulating air. All equipment to be used in this desalination
process were developed. Suitable and economic air collectors, humidifi-
ers, dehumidifier and heat recovery system were deigned, manufactured
and tested. Design guidelines for the new equipment and calculation meth-
ods to predict its performance were also provided. Possible heat recovery
methods in the plant were studied and evaluated. Furthermore, methods
for pre-calculation of the optimum operating conditions of the complete
process were developed. The research was based on a modern computa-
tion code “TRNSYS” as a simulation tool. An investigation on the effect of
multi-stage operation on the economy of the process as well as overall
economy estimation of the plant were provided by means of a Fortran
program developed and integrated into the simulation program. The new
equipment as well as the process were tested in two different pilot plants.
The results obtained from several tests verify the applicability of the proc-
ess and the reliability of the developed prediction, calculation and optimi-
zation methods.

Based on achieved results, an optimized design of a complete desalination
plant for a small community to produce 10 m3/day of distilled water is
presented. A summary of the engineering data of this plant, a process flow
sheet and a plan view are given. A preliminary study on further R&D ac-
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tions and possible measures to enhance the plant economy are also dis-
cussed.

The research shows that using heat recovery for both preheating the in-
jected seawater and also heating air, replacing air collectors in the first
stage, is applicable and will be the most economical one for the future
plants. The polycarbonate plate FFW collector with one stagnating air layer
and insulation at the bottom is justified as the most advantageous type for
the plant. Its efficiency at operating temperature of 45 - 60 oC varies be-
tween 40 and 20%, and it costs about 51 ¤/m2. The pad humidifier is
more appropriate than spray for air humidification in this process. Its hu-
midification efficiency is greater than 96% with a 30-cm pad thickness
and seawater irrigation of 600 kg/h.
In conclusion, the lowest costs of distilled water are gained by a plant with
5 stages. The integral cost of produced water is around 28,— ¤/m_ (could
be reduced to 19,— ¤/m_ for specific measures). Air collectors and power
consumption is constituting the large portion of cost, about 37% and 26%
for collectors and power, respectively. It is envisaged that an approximate
water price for a case of a real plant with a capacity of about 1000 m3 /
day could be in the range between 8 and 13 ¤/m_. This research is the
core of a new development process of solar desalination. It requires fur-
ther R&D actions to be taken in order to enhance the plant economy and
to be commercially applicable.

Keywords: Desalination; solar energy; seawater; stepwise heating/ humidifying tech-
nique
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POTENTIAL USE OF TREATED WASTEWATER
& SLUDGE IN THE AGRICULTURAL SECTOR

OF THE GAZA STRIP

B. H. Shomar1, G. Müller, and A. Yahya1

Abstract
The aim of the study was to determine the interaction between the natural
geochemistry and the anthropogenic effects through trace element pro-
files in one of the environmentally significant areas of the Gaza Strip. Five
boreholes were dug in the area of the Gaza wastewater treatment plant.
The geology, mineralogy, and geochemistry of the soil profiles were stud-
ied; and the geochemistry of wastewater, sludge, soil, and groundwater
was identified by several analytical techniques. The study introduced the
environmental baselines and the infrastructure needed for further research
for the first time: the natural infiltration potential, the artificial recharge,
and the agricultural activities of water and wastewater. The results of the
geochemical investigations confirmed that the upper 40 cm of soil was
found to be the affected zone by wastewater and sludge. Among 26 ele-
ments analyzed, only a few metals: As, Cd, Cr, Hg, Zn, and to a lesser
extent Pb showed relevance from the human health point of view. The
metal accumulations in the soils were characterized by a large spatial
variability, with some ‘hot spots’ of Cu and Zn reaching topsoil concentra-
tions of up to 240 and 2005 mg/kg, respectively. In spite of that, the results
of the groundwater revealed that none of them was detected at concentra-
tions that exceeded the WHO (World Health Organization) standards.
Moreover, it was shown that both anthropogenic activities as well as
seawater intrusion caused the high levels of nitrate and salinity.

Key words: Gaza, Geochemistry, Soil profile, Wastewater treatment plant
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POTENTIAL OF ANAEROBIC SEWAGE
PRE-TREATMENT IN AN INTEGRATED

UASB-DIGESTER SYSTEM
UNDER PALESTINIAN CONDITIONS

Nidal Mahmoud1, Grietje Zeeman2, and Gatze Lettinga2

Abstract
Promotion of high rate anaerobic technologies for sewage treatment in
Palestine/ the Middle East was the main aim of this work. The sewage
characterisation in Palestine showed that it is of high solids content (~1000
mg CODss/L), and low temperature of almost 15 °C during wintertime.
Thus, simple model calculations suggested that the UASB reactor should
be designed at an HRT of more than 22 hours to ensure methanogenic
conditions. Alternatively, the UASB reactor was amended by incorporat-
ing a digester for further sludge stabilisation and generation of methanogens
to be re-circulated over to the UASB reactor. The digester operational con-
ditions were optimised by operating eight CSTRs fed with primary sludge.
The results showed a major achievement of sludge stabilization at SRT_ 10
and 15 days at process temperatures of 35 and 25 °C, respectively. Run-
ning a pilot-scale UASB reactor (6 hours and 15 °C), and afterwards modi-
fication to a UASB-Digester system (digester at 35 °C) fed with domestic
sewage demonstrated the latter technical viability. It achieved removal
efficiencies of total, suspended, colloidal and dissolved CODs of respec-
tively 66, 87, 44 and 30%. Preliminary model calculations indicated that
a total reactor volume (UASB-Digester) corresponding to 8.6 hours HRT
might suffice for sewage treatment in Palestine.

Keywords: Anaerobic treatment; low temperature; UASB; sewage; UASB-Digester
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JORDAN EXPERIENCE IN WASTEWATER
MANAGEMENT TREASURES

THE PALESTINIANS WASTEWATER SECTOR

Nidal Mahmoud1 and Rashed Al-Sa‘ed

Abstract
Within the framework of the support program for strengthening the capac-
ity building of wastewater reclamation and reuse professionals “Med-Reunet
II”, a one month field visit (August - September, 2004) was made to Jor-
dan. The main objectives were collection and exchange of knowledge,
transfer of scientific data and share of practical experience on wastewater
treatment and reuse, management and institutional aspects, and standards
and regulations in Jordan. Meetings were planned and conducted with the
Jordanian officials, academics and practiced wastewater engineers in ad-
dition to field visits to wastewater treatment plants. Water resources in
Jordan are scarce and where traditional water supply resources are being
stretched to their maximum limits, the whole treated wastewater discharged
from the nineteen existing treatment plants is an important component of
Jordan’s water resources. In Jordan, wastewater treatment and reuse ac-
tivities fall under several jurisdictions including the Ministry of Water and
Irrigation, the Ministry of Health, the Ministry of Agriculture and the new
formed Ministry of Environment supported by the Jordanian Institute for
Standards and Metrology, and several laboratories. The role of those gov-
ernmental and semi governmental institutions as main management
stakeholders are presented in this article. The Jordanian standards includ-
ing the dynamic development and the driving forces behind that are pre-
sented. The technical performance of the existing wastewater treatment
technologies is presented. This accumulated knowledge and experience
in the Jordanian wastewater management sector are treasures for future
planning of the Palestinian wastewater sector.

1.Water Studies Institute, Birzeit University, P. O. Box 14, Birzeit, Palestine
Email: nmahmoud@birzeit.edu;  rsaed@birzeit.edu



65

International Conference>  WATER: VALUES AND RIGHTS > ABSTRACTS

DUCKWEED AS A WASTEWATER PURIFIER
AT FULL-SCALE  UNDER PALESTINE
ENVIRONMENTAL CONDITIONS

Wael M. Awadallah1

Abstract
This paper focuses on the role played by duckweed (Lemna gibba) in the
nitrogen cycle transformations and the nitrogen balance and removal in
duckweed-covered wastewater lagoons. Duckweed growth over the year
was deeply investigated. A comprehensive monitoring for more than two
years for waste fed two serial duckweed-covered lagoons at full-scale re-
vealed that these systems are efficient in organic and nutrient loads re-
moval.  A secondary effluent was produced with a mean BOD5 of 13 mg/
l. The surface loading rates were 4.6 and 2.2 g NH4+-N/m2.d for the first
and the second lagoon, respectively. However these loading variations
did not cause variations in the N load assimilated by duckweed in each of
the lagoons within NH4+-N concentration of (25.5-63.9) mg/l. Seasonal
variations, due to variations in environmental conditions, affected N re-
moval over the year. The overall N removal was 54, 78, 77.1 and 66.5%
for the periods covering winter, spring, summer and autumn, respectively.
The annual mean of Lemna gibba N uptake rate was about 1.4 ton/ha and
was optimal in spring and summer during which RGR mean was 0.13 d-1
with biomass wet production of 154.2 ton/ha per season (8.1 ton (dw)/ha
per season). During these optimal growing seasons plant uptake was re-
sponsible for about one third of the overall N removal and the effluent
NH4+-N was 14.1 mg/l comparing with 63.9 mg/l as influent. An overall
hydraulic retention time of 21 d was sufficient to reduce N concentration
considerably. This study indicates that the major mechanism for N re-
moval, in addition to plant uptake, in such lagoons is the combined effect
of nitrification-denitrification rather than ammonia volatilization.
Lemnaceae doubling time could be used as a tool in managing frequency
and amounts of plant harvests over the year. Although Lemna gibba is a
rare species in the semi-arid Palestine, it was found as a wild species in an
isolated niche in the Hebron desert (Palestine).

1- Palestinian Hydrology Group (PHG), Hebron Office, Hebron, Palestine
E-mail: engawadalla@yahoo.com
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WASTEWATER TREATMENT
BY ADAVANCED MEMBRANE TECHNOLOGY

AT AL-QUDS UNIVERSITY

M. Khamis1, A. Manassra, and M. Dakiky

Abstract
Wastewater generated from all the premises of Al-Quds University - Abu
Dies’s campus, is currently treated using an activated sludge pilot plant.
The influent and effluent chemical and biological quality is routinely moni-
tored and analyzed. The data reveal that the average values for BOD,
COD, and EC are 50 ppm, 100 ppm, and 2.0 mS/cm over 4 years. The
effluent was reused for irrigation of chickpea and faba beans. The salt
build up in the soil and the high values of BOD and COD affected both
the soil and plant growth parameters. In order to obtain effluent that can
be used for non-restricted irrigation and sustainable application to plant
and soil, a tertiary treatment pilot plant was installed this year on site. The
implemented technology is based on ultra-filtration and reverse osmosis.
The performance of this plant as function of influent and effluent chemical
and biological characteristics is currently monitored and analyzed.  Cost
effectiveness and sustainable reuse for irrigation will be investigated. The
results of treatment and reuse will be analyzed in reference to their appli-
cation to typical Palestinian villages. Preliminary data reveal that drinking
water quality is obtained from this system.

Key words: Wastewater; Activated sludge; Ultra-filtration, Reverse osmosis.
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ASSESSMENT OF RECYCLING PERSPECTIVES
FOR OLIVE MILL SOLID WASTE IN PALESTINE

Muna Ghannam1, O.R. Zimmo2, and R. M. Al-Sa‘ed3

Abstract
Olive mill solid waste (OMSW) or olive cake, locally known as “Jift”, is
the major solid waste generated by the olive oil industry in Palestine. It is
also known as “olive husk” or “olive pomace” in some other olive oil
producing countries. The organic rich by-product is under utilized in Pal-
estine. After simple drying process and without any treatment, farmers in
rural areas use only limited amounts of the waste, as a burning material to
produce heat, as a fertilizer, or as animal fodder. The remaining quantity is
disposed off either in uncontrolled landfill dump sites or discharged into
open channels causing environmental problems. OMSW is mainly made
of olive stones and pulp for which the heating value makes it attractive to
be used as a source of energy. When used as a source of energy, OMSW
has the potential to replace to some extent the use of fossil fuel as a burn-
ing material and therefore, to reduce the associated emissions of pollutant
gases into the atmosphere. OMSW can also be utilized, efficiently, as ani-
mal feed, fertilizer, and in manufacturing. The desk study conducted over
four months during 2004, aims at perspectives assessment of OMSW re-
cycling in Palestine with special emphasis on characteristics, quantities,
present status of reuse and disposal methods. In addition, sustainable uti-
lization techniques of OMSW as a source of energy are presented and
discussed with regard to having the potential to be technically adequate,
environmentally sound, and economically feasible in Palestine. The quan-
tity of OMSW varies according to the annual yield and the manufacturing
process. The characteristics of OMSW, however, vary according to the
origin of olives and the type of extraction process used. Utilization tech-
niques of OMSW which have the potential to be feasible in Palestine should
be considered. Anaerobic digestion of OMSW to produce energy has the
potential to be feasible and can be recommended for Palestine. However,
the feasibility of the other techniques depends very much on funds avail-
ability. Pilot scale studies on such techniques in Palestine should be en-
couraged and supported. Hence, the farmers, the energy generation in-
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dustries, and the environment can benefit if such a waste is fully utilized
on a sustainable approach.

Keywords: Olive Mill Solid Waste, Characteristics, Utilization, Energy.
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TREATED WASTEWATER REUSE IN PALESTINE

Y. Mogheir 1, T. Abu Hujair1, Z. Zomlot1, A. Ahmed2, and D. Fatta3

Abstract
Treated wastewater resource is an environmental, social and economical
good that needs to be managed in appropriate way. Palestinian Territories,
as in most of the neighboring countries in the Middle East region, ac-
knowledges the importance of this resource in improving the water deficit
by reusing the treated wastewater in agricultural production, industrial
sector and recharges the aquifer. However, this resource is strictly sensi-
tive and has adverse impacts on the public health. Both negative and posi-
tive impacts of the treated wastewater resource should be considered.
Therefore, Environment Quality Authority (EQA) has prepared Environ-
mental Law and Standards Draft for reusing the treated wastewater. Moreo-
ver, Palestinian Water Authority (PWA) prepared a National Water Plan
where the treated wastewater reuse has an essential part. EQA is currently
sharing a project which considers the development of tools and guide-
lines for the promotion of the sustainable urban wastewater treatment and
reuse in the agricultural production in the Mediterranean countries. This
paper presents the Palestinian practices and plans in wastewater treat-
ment and reuse.

Keywords: Environment, Treated Wastewater, West Bank, Gaza Strip
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ASSESSMENT OF AQUIFER VULNERABILITY
TO WASTEWATER POLLUTION IN THE WEST

BANK WITH TULKAREM AREA AS A CASE STUDY

Nancy Rumman1 , Ziad Mimi2, Amjad Aliewi3

Abstract
Vulnerability of aquifers to pollution is the tendency and likelihood for gen-
eral contaminants to reach the water table after introduction at ground sur-
face.  The dumping of raw sewage in Palestine on ground surface is a major
threat to groundwater systems. Areas that are replenished at a high rate are
generally more vulnerable to pollution than those replenished at slower
rate. Unconfined aquifers that do not have a cover of dense material are
susceptible to contamination. Bedrock areas with large fractures are also
susceptible by providing pathways for contaminants. Confined, deep aqui-
fers tend to be better protected with a dense layer of clay material.

This paper aims at assessing the factors affecting vulnerability in the West
Bank with emphasis on Tulkarem area as a case study. Based on the as-
sessment of these factors it is possible to use a suitable vulnerability proce-
dure to develop a vulnerability map for the Tulkarem area.  This procedure
includes preparing detailed geological maps for the study area; develop-
ing hydrogeological map where geological formations are grouped ac-
cording to their potential to recharge from rainfall and according to their
aquiferious and non-aquiferious units; preparing maps showing zones of
groundwater utilization and land use; then by superimposing all these
maps a suitable vulnerability map is developed for the study area. The
results of this research show that the vulnerability of the aquifers to pollu-
tion in the study area is sensitive to highly sensitive. This research recom-
mends protection guidelines to prevent the aquifers from pollution.

Key Words:  vulnerability, pollution, groundwater, protection, karst
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NITROGEN TRANSFORMATION
& WASTEWATER TREATMENT EFFICIENCY

IN ALGAE-BASED AND DUCKWEED-BASED
STABILISATION PONDS

O. R. Zimmo1 and R. M. Al-Sa‘ed2

Abstract

A pilot plant experiment was carried out to determine the differences in
nitrogen transformations in two systems for wastewater treatment: algae
based stabilisation ponds (ABP) and duckweed (Lemna gibba) based
stabilisation ponds (DBP). Each system consisted of a sequence of 4 equal
ponds (3m length, 1m width and 0.9 m depth) in series and was fed with a
constant flow rate of 0.4 m3/d of partially treated domestic wastewater
from Birzeit University. Different nitrogen constituents have been moni-
tored within each treatment system. The results show differences in the
nitrogen transformations of the two systems during the 4 months monitor-
ing period (May-August 1999), which started 5 months after the pilot plant
start up and lasted for four months. The average total nitrogen (Kj-N+NO2—
N+NO3—N) and ammonium (NH4+-N) in pond water were reduced more
effectively in ABP (77% and 87% respectively) than in DBP (52% and
60%). Mass balances on total nitrogen indicated that this was because N-
loss (probably due to denitrification and ammonia volatilisation) was higher
in ABP (32 %) than in DBP (13%). Ammonia volatilisation might be the
major part of nitrogen loss in ABP since pH values were greater than the
pKa of ammonium (9.3). In, DBP, it’s not clear which mechanism
(denitrification or ammonia volatilisation) is more important. N-loss in ABP
was decreasing in the successive ponds within the system, probably due
to reduction in the nitrogen concentration in the pond water. In DBP, N-
losses were fairly constant (5-6.5%), except for pond number 1 where N-
loss was only 1%. In DBP not nitrogen loss but nitrogen recovery via duck-
weed harvesting (34%) is the largest contribution to nitrogen removal.
Average nitrate concentrations in the final effluent of ABP and DBP were
1.8 and 1.9 mg/L respectively. Higher DO concentrations in ABP (DO was
over saturated most of the time) did not favor higher nitrification over DBP
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(DO range was 1 to 5 mg/L). In ABP, algae seemed to die-off and settle to
the bottom of the ponds. This contributed to higher nitrogen accumula-
tion (46% of the influent nitrogen) in comparison with DBP, where only
4% of the influent nitrogen was accumulated as detritus sediment, con-
sisting of dead duckweed biomass. ABP as well as DBP are efficient treat-
ment systems for control of nitrogen in domestic wastewater. Sediment
accumulation and removal by volatilisation and/or denitrification in ABP
and harvesting of duckweed in DBP are the major nitrogen removal mecha-
nisms for nitrogen control in ABP and DBP, respectively.

Keywords: Algae ponds, duckweed ponds, nitrogen transformations, wastewater
treatment
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WATER TREATMENT TECHNOLOGIES
FOR THE BRACKISH EASTERN

& NITRATE RICH WESTERN AQUIFERS
IN THE WEST BANK-PALESTINE

Rashed R.M. Al-Sa‘ed1 and Subhi A. Samhan2

Abstract
The water quality degradation in the eastern and western aquifers, charac-
terized by high salinity and nitrate content respectively, renders their po-
tential for both domestic and agricultural utilization. In addition to limited
access of Palestinians to available water resources as of Israeli political
restrictions and mismanagement, annual deterioration in aquifers water
quality exacerbates the water shortage problems. Despite the huge finan-
cial expenditures made by the Palestinian Water Authority on water qual-
ity monitoring and pollution modeling, about 278 Palestinian communi-
ties still lack drinking water networks and little efforts were made on water
treatment. This paper reviews the water quality of eastern and western
aquifers, identifies the major water pollutants and the health impacts asso-
ciated. The major pollution sources are presented and possible pollution
control strategies are suggested. Finally, adequate treatment technologies
including the biological denitrification of nitrate rich groundwater and
desalination of brackish water are discussed and evaluated with emphasis
on technological and economical aspects. Annual increment of nitrate
content in drinking water supplies in Palestine imposes potential public
health risks if not properly treated. Provision of a sustainable safe and
biologically stable drinking water to the Palestinian communities calls for
an urgent investment in technically adequate and economically feasible
water treatment technologies.

1- Water Studies Institute, Birzeit University, P. O. Box 14, Birzeit, Palestine
Email: rsaed@birzeit.edu
2- Palestinian Water Authority, Water Resources and Planning Directorate, Ramallah,
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SUSTAINABILITY ASSESSMENT
OF ONSITE SANITATION IN RAMALLAH-ALBIREH

DISTRICT WITH EMPHASIS ON TECHNICAL
socio-cultural and financial aspects

Sana’ Mubarak1, Rashed Al-Sa‘ed2 and Nidal Mahmoud2

Abstract
Wastewater management in Palestine has experienced a slow develop-
ment over the past years in urban areas in general and in rural communi-
ties in particular. The effectiveness of the existing urban wastewater treat-
ment facilities is constrained by limited capacity, poor maintenance, process
malfunction, and lack of experienced operating staff. In Palestinian rural
communities, about 60% of total population, the sanitation services are
unsatisfactory where sewerage networks are lacking and domestic
wastewater is stored in percolating pits or septic tanks. The septic tanks
emptied regularly by vacuum trucks and septage is disposed of either in
the nearby located treatment plant, if any or just on land and into seasonal
small wadis, where it is used illegally for irrigation purposes in some places.
This research study carried out in 2003 aimed at evaluating the present
onsite sanitation systems in Palestinian rural areas within Ramallah-Albireh
district with special emphasis on technical, social and financial aspects. A
specialized questionnaire was developed, and distributed through site vis-
its to 200 households in four randomly selected villages with less than
5000 capita and having onsite sanitation facilities; Billein, Rammun, Kober
and Ni’llin. WAWTTAR software package was used to make a cost analy-
sis of 16 different treatment systems and to select a sustainable onsite treat-
ment system for these rural areas based on technical, social and cultural
elements. The major findings indicated that most (75%) of the respond-
ents are in favor of using treated grey wastewater and of equal level re-
jected the use of mixed treated effluent (black and grey) for agricultural
irrigation. More than 50% of the respondents were against of having new
onsite treatment systems and favored (85%) a centralized wastewater treat-
ment option as only 18% showed willingness to participate partially in
construction costs. The cost analysis of onsite treatment alternatives re-
vealed that the textile filter with pressure-dosed disposal, offers a higher
level of sustainability to rural communities in Ramallah-Albireh district.
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Finally, the social and economical aspects have an equal status of techni-
cal and financial issues; hence sustainable onsite sanitation facilities in
Palestine must be environmentally sound, socially acceptable and finan-
cially viable.
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PATHOGENS REMOVAL IN UASB-SEPTIC
TANKS AND AL-BIREH OXIDATION DITCH

WASTEWATER TREATMENT PLANT

Subhi A. A. Samhan1, Rashed R.M. Al-Sa‘ed2 and Nidal Mahmoud2

Abstract
The reuse of treated effluent represents a national interest and is consid-
ered as an important component of the overall maximization of water
resources in Palestine. However, all attempts on wastewater reuse not suc-
cessful due to many reasons and illegal irrigation practices with partially
treated effluent in certain areas still impose serious health hazards and
environmental problems. Inadequate wastewater treatment facilities and
lack of data on hygienic aspects of treated wastewater hampered the suc-
cessful implementation of wastewater reuse schemes at the national level.
The main objective of this research was to compare pathogens removal in
Upflow Anaerobic Sludge Blanket (UASB)-septic tanks and Al-Bireh
wastewater treatment plant (AWWTP). The UASB-septic tanks, located at
AWWTP, fed continuously with raw municipal wastewater from the aer-
ated grit chamber of AWWTP. The two pilot scale UASB-septic tanks (R1
and R2) were operated at two different hydraulic retention times (HRT) of
2 and 4 days for R1 and R2, respectively. AWWTP, as an extended aera-
tion system with aerobic sludge stabilization, the HRT was about one day.
Both raw wastewater and treated effluent were tested for microbial patho-
gens including indicator bacteria, protozoa and trophozoite using micro-
scopic and specific culture media. Data obtained from this research study
on Fecal coliform, Fecal streptococcus, Salmonellae Shigilla, Balantedium
coli, Ascaris lumbrecoudes, Amoeba cysts, Giardia cysts, Trichuris trichiura,
pathogens in the trophozoite form as Trichomonas, Strongyloides sterorlasis,
Enterobius vermicularis are presented and discussed. The removal efficacies
of R1 and R2 were 15.5% and 15% for Fecal coliform and 6.9% and 11%
for Fecal streptococcus, respectively. While the removal efficacy of the
oxidation ditch was 38% for Fecal coliform and 16% for Fecal streptococ-
cus. Though Salmonellae was detected in 30% of analyzed influent sam-
ples, it was not detected in any sample of the effluent of both treatment
systems. Also, the treated effluent of R1, R2 and oxidation ditch was para-
sites (cysts or trophoziote) free. The installment of a post treatment stage
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(disinfecting unit) in the treatment technologies under study is recom-
mended in order to comply with national or future regional guidelines for
effluent agricultural reuse or discharge into receiving water bodies.

Keywords: Albireh oxidation ditch, effluent reuse, guidelines, pathogens, waterborne
disease, UASB-septic tank
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THE EFFECT OF WETTING DRYING TIME
ON THE BIOTRANSFORMATION OF NITROGEN

DURING GROUNDWATER RECHARGE

Thaer H.  Abushbak1

Abstract
Four pilot infiltration basins were used to evaluate water quality transfor-
mation through the upper vadose zone during recharging secondary efflu-
ent using SAT technique in Gaza Strip. The profile of the soil in three of
these test basins were consist of sandy soil. In the fourth basin the upper
10 cm layer was classified as sandy clay loam. The four basins was oper-
ated by wetting drying schedule or cyclic pattern. Time-dependent depth
profile of nitrogen compounds and organic compounds was developed. A
one day wetting time was sufficient for 100% removal of NH+4 in the 120
cm sandy soil profile. The adsorption of NH+4 to the soil particles was the
dominant process for removing NH+4 from the percolated water. The high
peak of NO_3 predicted in the water at the beginning of the wetting time
confirms this. The denitrification of NO_3 was not significant during this
experiment for the one day wetting time. The increase in the NO_3 con-
centration in the water samples collected at the end of each wetting time
is considered as an evidence. With 2 and 3 wetting time, 22% and 66%
reduction in the NO_3 concentration were predicted in the samples col-
lected at depth 120 cm. 30% of the organic carbon is removed from the
applied wastewater in the sandy soil infiltration basin. This was improved
to 46% by adding 10 cm sandy clay loam above the basin floor. No evi-
dences were observed to specify the mechanism of the reduction. How-
ever, the efficiency of the reducing process is observed to be independent
of wetting and drying time during this experiment.

Key Words: Soil aquifer treatment, groundwater recharge, wastewater
reuse, water quality, biotransformation.
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THE EFFECT OF SOIL TYPE
ON THE GEOCHEMICAL TRANSFORMATION

OF TREATED WASTEWATER DURING
GROUNDWATER RECHARGE

Thaer H.  Abushbak§1, Shaban A. Elfara1, Mostafa Y. Elbaba2, and Soha Alnahal3

Abstract
Palestinian National Authority, and due to fresh water scarcity, have been
forced to look towards alternative water resources to meet the growing
needs and to be as longterm water supplies. The artificially recharge of the
groundwater by wastewater is one option with extremely good future, since
the underground storage is becoming a major alternative for overcoming
short-term and long-term seasonal differences between water supply and
demand. However, the nature and significant of abiotic geochemical proc-
esses that occur during recharge through the vadose (unsaturated) zone
have received little attention, although these reactions can have major
affect on the success of aquifer storage and recovery systems and effluent
recharge systems. Several geochemical processes may be important in such
systems. This paper describes batch experiments  (soil-water slurries 75-
hours contact time) conducted to better understand geochemical transfor-
mation that takes place between Bet Lahya treated wastewater and two
types of soil: sandy and sandy loam. The investigations showed that pre-
cipitation and dissolution reactions were found considerably valuable in
the two slurries. Na+ concentration in the wastewater changed slightly
during contact with the two soils. Ion fingerprints reflected a net change of
0.4 meq L-1 and 0.8 meq L-1 in the wastewater, when contacted with
sandy and sandy loam soils, respectively. In other words, the replacement
of adsorbed divalent cations by Na+ was insignificant.  However, K+ con-
centration declined with time in the wastewater, as a result of ion ex-
change with Ca+2 on the soil particles which cause the concentration of
Ca+2 to increase to a peak value during the first couple of hours and then
declined with time in the wastewater. Nevertheless, stay higher than the
initial concentration of the wastewater. This mechanism was obvious in
slurries of sandy loam soil due to the high CEC value (11.3 meq/100gm
soil) compared to sandy soil (1.3 meq/100gm soil). The increase in Ca+2
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was balanced by dissolution of carbonate minerals. Same behavior was
detected for HCO3-. The ion fingerprints detected a 2 meq L-1 and 1.3
meq L-1 as a net change in the wastewater HCO3- at the end of contact
time with sandy and sandy loam soil, respectively.  Finally, the nitrifica-
tion process was considerable with two soils. The NO3- concentration in
the wastewater reached to 48 mg L-1 (with 24 mg L-1 as initial concentra-
tion) at the end of contact time, but there was lack in the denitrification
environment.

Key Words: Groundwater recharge, infiltration, water quality, nitrification,
denitrification, geochemical transformation.
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CO-COMPOSTING OF PALM OIL
WASTEWATER SLUDGE AND BIOSOLIDS

Wesam A. Al-Madhoun1, Steward A. Jabieng2, M. Hasnain Isa2,
Faridah A. H. Asaari2, Hamidi A. Aziz2, and I. H. Farooqi3

Abstract
The present study deals with the co-composting of palm oil wastewater
sludge (OS) and biosolids (BS) as a possible environmental friendly alter-
native to handle these wastes. Five laboratory scale composters, each con-
taining 5 kg soil spiked with 10 % OS (mass basis) were used. Shredded
empty fruit bunches (EFB) was used as bulking agent. The EFB to soil ratio
for each composter was 1:2 (v/v). The C/N and C/P ratios were adjusted to
20:1 and 800:1 by adding urea (H2NCONH2) and potassium dihydrogen
phosphate (KH2PO4) respectively to the composting mixture. The ratio of
BS : (soil + OS) was varied as 0.0:1.0, 0.1:1.0, 0.5:1.0, 0.7:1.0 and 1.0:1.0.
The moisture content was adjusted to 20 % and the experiment was con-
ducted at room temperature. The results showed enhanced biodegrada-
tion due to biosolids addition. The optimum BS : (soil + OS) ratio was
found to be 0.1:1 at which the oil and grease removal reached 86 % in the
six week experimental duration. The experiment demonstrated the feasi-
bility of composting at low temperatures (25-26 °C) and also pointed out
that depending on the type of materials used it may not always be possible
to adjust high levels of moisture content in composting piles.

Keywords: co-composting, palm oil wastewater sludge, empty fruit bunch, biosolids
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 CU AND ZN REMOVAL BY ADSORPTION
USING ASH FROM PALM OIL FACTORY

Wesam A. Al-Madhoun1, M. Hasnain Isa2, N. A. Ramli2, M. N. Adlan2,
B. H. Hameed3, and I. H. Farooqi4

Abstract
The presence of heavy metals, such as Cu and Zn, in wastewater can be
hazardous to the environment. From the view point of environmental pro-
tection, it is important that their concentrations be limited to permissible
levels. Technologies for heavy metals removal include ion exchange, chemi-
cal precipitation, reverse osmosis, etc. which are often ineffective or ex-
pensive. Adsorption is commonly used for the removal of heavy metals
from aqueous solutions. The process would be economical if the adsorb-
ent is easily and cheaply available in abundance and that it requires mini-
mal or no pre-treatment; for expensive pre-treatment procedures would
add to the overall treatment cost. The present study focuses on Cu and Zn
removal by adsorption using ash from a palm oil factory. The effect of
agitation time, pH and adsorbent mass on the removal of Cu and Zn was
studied and isotherms were generated to describe the removal of the met-
als. The results show that the ash was an effective adsorbent for the re-
moval of Cu and Zn.

Keywords: adsorption, copper (Cu), zinc (Zn), oil palm ash
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FINANCIAL PERFORMANCE OF WASTEWATER
TREATMENT TECHNOLOGIES FREQUENTLY

USED IN JORDAN AND TUNISIA

M. Abu-Madi1, R. Al-Sa’ed1, O. Braadbaart2, and G. Alaerts3

Abstract
This paper analyzes the financial performance of 26 wastewater treatment
plants in Jordan and Tunisia. The most frequently used systems for
wastewater treatment in these countries are activated sludge systems with
its modifications, trickling filters, and lagoons. Performance of the treat-
ment technologies varies considerably from one treatment plant to an-
other, even among those plants that fall within one category and employ
basically similar processes in the same country. Nevertheless, the acti-
vated sludge systems and trickling filters seem overall superior to lagoons
in terms of effluent quality, land requirement, and popularity, but at the
expense of more equipment, replacement parts, and energy requirement.
Comparison of the treatment costs (capital and operational) for the three
systems shows that activated sludge systems are the most expensive fol-
lowed by trickling filters. Although lagoons are the cheapest, the mechanical
modifications to natural lagoon systems make the O&M requirements al-
most similar to that for the activated sludge and trickling filter systems.
Therefore, lagoon systems seem to be less commendable unless land is
available at reasonable price and the current perceptions about lagoons
are changed.

KEYWORDS: Activated sludge; trickling filters; lagoons; economies of scale; treatment
costs; Jordan; Tunisia
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DEVELOPMENT OF A SUSTAINABLE
WASTEWATER MANAGEMENT STRATEGY FOR

WEST BANK-PALESTINIAN RURAL AREAS

Malvena Al-Jamal1, Omar Zimmo2, and Nidal Mahmoud3

Abstract
Unsewered communities in the West Bank-Palestine rely mainly on cess-
pits for wastewater disposal. Actually, 92% of the rural houses in the West
Bank discharge their wastewater to cesspits and open sewers (PCBS, 2000).
Wastewater either percolates from the cesspits into the soil, or evacuated
by vacuum trucks, or directly discharged untreated into wadi beds. These
malpractices resulted in the contamination of water resources and caused
various environmental nuisances. The concept of appropriate sanitation
systems for Palestinian communities has been either ignored or forgotten.
No comprehensive studies have been made to investigate the key factors
influencing technology selection of sanitation systems in Palestine.

 The purpose of this paper is to develop a sustainable wastewater manage-
ment strategy in small rural Palestinian communities of the West Bank so
as to accelerate the expansion of wastewater services to these areas. The
paper traces the present status of rural sanitation in the West Bank. A plan-
ning tool for comparing and assessing the sustainability of different
wastewater systems is presented. The selection criteria for sanitation sys-
tems are critically reviewed and discussed. Based on these criteria, the
adoption of a focused sanitation strategy for rural areas is recommended.
The guiding principles of the proposed strategy are also presented. To trans-
late these principles into practice, an overview and analysis of various
enabling technologies and their potential application within the frame-
work of the strategy is offered.
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The developed strategy recommended the application of holistic but de-
centralized management approach within the water cycle and the use of
low cost sewerage, which are more suited to the socio-cultural and envi-
ronmental circumstance in small communities of Palestinian rural areas.

Keywords: wastewater, management, strategy, small communities
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ANALYSIS OF WASTEWATER TREATMENT MANAGE-
MENT USING SOFT SYSTEM METHODOLOGY (SSM)

Mohsen Ghazali1 and Mohamed Shabier2

Abstract
The purpose of this paper is to assess and analyze the treatment and dis-
posal of wastewater in the Gaza Strip using Soft System Methodology (SSM),
Root Definition (RD), CATWOE element, and SSM-7 stages. Additionally,
a true picture is be developed to highlight the wastewater treatment prob-
lems in order to approach sound solutions.

Wastewater treatment and processing is very important in wastewater
management (WWM) in the Gaza Strip which already suffers  from a lack
of treatment for the wastewater specifically under the current circumstances:
i) large amount of untreated wastewater dumped to the environmental
sites,  and ii) lack of users for treated wastewater.

The paper has showed that SSM is focusing on learning wastewater man-
agement problem situations, understanding of the human activity system
in reality and conceptualizing the specific wastewater treatment problems
in global or holistic and context. In concluding, SSM proved to be a suit-
able approach for structuring, expressing and modeling the available in-
formation and as a result solving the problem of WWM in the Gaza Strip.

Keywords: Wastewater, Soft System Methodology, Wastewater management
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T H E M E 3

WATER: DEVELOPMENT,
STRATEGIC PLANNING

AND
REGIONAL COOPERATION
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THE NEED FOR STRATEGIC PLANNING
IN PALESTINIAN WATER DEVELOPMENT

Mac McKee1

Abstract
Perhaps more than any other nation in the world, Palestine needs strategic
planning in the water sector.  This need is created by a combination of the
tremendous uncertainty in the quantity of water that will be under Pales-
tinian control in the future, the arid climate in which Palestine is located,
the very large costs of developing new water, and the importance of match-
ing plans for a viable future economy with what will almost certainly be a
seriously limited future water supply.  Palestinian strategic water sector
planning can also be useful in identifying and quantifying the trade-offs
that will have to be examined in final status negotiations.  While much
work has been done in the past decade with regard to Palestinian water
sector strategic planning, there are several remaining issues that should be
examined.  There are also potential strategies to be considered in using
the water-related information that has been assembled since Oslo II to
best represent the Palestinian position in final status discussions with Is-
rael.  This paper presents thoughts on some of these issues, including the
need to better address uncertainties in future supplies and demands, the
benefits of bringing a sounder economic analysis into the Palestinian stra-
tegic planning effort, the critical requirement for integrating water supply
and wastewater planning in a strategic manner, the need to address issues
of water pricing and cost recovery, and the institutional capabilities that
will have to be developed to ensure that scarce water resources are man-
aged to support future economic growth in Palestine.

1- Director, Utah Water Research Laboratory
Professor, Civil and Environmental Engineering
Utah State University
Logan, Utah 84322-8200, USA
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INTERNATIONAL CONFERENCE  “WATER:
VALUES AND RIGHTS”

Miles Burton1

Abstract

Development of Conflict
Briefly describes the conflict in the region over land and water issues since
1947 covering the period of early Israeli expansion, the Johnson Plan and
the colonisation of the West Bank and Gaza. This is followed by the devel-
opments in the post 1967 period and the impact of the power and author-
ity of the Military Government. The resultant desertification in the West
Bank and Gaza and the development of the differential in water consump-
tion between Palestinians and Israelis is discussed. The Declaration of
Principles in 1993 ratified by Oslo II was he first recognition of the princi-
ples of equitable utilisation and the coordinated management of regional
resources. However the implementation of UN Security Council Resolu-
tions 242 and 338 have been studiously ignored despite international pres-
sure.

Principles of Strategic Planning
Foundation is the establishment of Visions, Goals, Mission and Objec-
tives. Objectives need to include priority, medium term and long term
goals regarding the process of Water Resources Development. Key ques-
tions that need to be asked are: Where are we today; How did we get
here; Where do we want to go; and How do we get there. Overall strategy
must encompass a Facilitating Environment, Integrated Management of
Water Resources, and Development. Discussion on the Strategic Proce-
dure includes the identification of  Relevant Data, Range of Ideas, Analy-
sis, Prioritisation, Impact on other focal areas and the Proposals. Findings
include Demand/Resource Scenarios, Finances, Municipal, Domestic and
Industrial Planning and Demands, Agricultural Planning and Demands,
Conservation and Re-use. The section is concluded with a discussion on
likely solutions and available options and “Where to go from here”.
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Basis of Compensation Considerations

Covers consideration of direct and indirect impacts. The process is de-
scribed passing from general PWA discussion to management consulta-
tion, other stakeholders and finally a consensus between all parties. The
consideration of principles is discussed including the legal basis. The top-
ics considered for compensation include the deterioration of resources,
impact on domestic, agricultural and industrial demand, the environment,
infrastructure neglect and the impact on health as well as other indirect
impacts. The evaluation process is described including Measurement,
Categorisation, Quantification and Valuation. The latter incorporating fi-
nancial, economic and shadow costs as well as a listing of the as yet
unmeasured items. Finally an order of magnitude of the compensation
costs is presented.

1- Water and Environment Engineer
International Operations and Marketing Director, Carl Bro Group, Consulting Engineers.
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MANAGING INTERNATIONAL RIVER BASINS
PRINCIPLES AND CRITERIA

Henry Vaux, Jr.1

Abstract
Five years ago a committee of scholars from Israel, Jordan, Palestine and
the United States published a report focused on the role of science in
supporting the management of the scarce water resources of the Jordan
River Basin and adjacent areas. The premise of the report was that appro-
priate solutions to the problems brought by extreme scarcity of water in
the region should be founded on good science. The Committee identified
five principles that should govern the search for management solutions.
They are: 1) Take a regional view-plan and manage the waters of the re-
gion by hydrologic basin and not by arbitrary political jurisdiction; 2) Ac-
count for the welfare of both present and future generations; 3) Consider
all options in devising schemes to manage supply and demand; 4) inte-
grate considerations of water quantity and quality; and 5) Maintain envi-
ronmental integrity and protect the provision of ecosystem services.  These
principles lead, in turn to five criteria which should employed in assessing
different options for managing international river basins. 1) Identify the
impact of different options on available water supply; 2) Assess the techni-
cal feasibility of each option; 3) Assess the environmental impact of each
option; 4) Assess the economic feasibility and economic fairness of each
option; and 5) Identify the implications of each option for intergenerational
equity. In recent years these principles have been further elaborated and
experience with them has been assessed by the Rosenberg International
Forum on Water Policy.

1- University of California, Berkeley
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A PROPOSAL FOR AN EQUITABLE
REALLOCATION OF THE SHARED WATER

RESOURCES BETWEEN ISRAELIS
AND PALESTINIANS AND THE OTHER

RIPARIANS ON THE JORDAN RIVER BASIN

Hillel Shuval1

Abstract
Five riparians share the water resources of the  Jordan River Basin- Syria,
Lebanon, Jordan, Israel and The Palestine Authority. Based on estimates
from the World Bank and other sources the 2004 availability of water
resources/person/year is as follows: Lebanon-1000 m3/per/yr ; Syria-900 ;
Jordan- 250; Israel 240; Palestine- 80. I have estimated  that the that the
Minimum Water Requirement- (MWR) needed to maintain a reasonable
level of social and economic life in the Middle East is about 125 m3/per/
yr. The MWR would meet the human and social needs for water for do-
mestic/urban purposes and the income producing activities of  commerce/
trade/crafts/tourism and industrial uses, but not for agriculture.  The MWR
concept has been accepted by many as offering a fair basis for providing
an equitable starting point for estimating water needs.  From the above it is
clear that the Palestinian suffer from the most severe water shortages of the
five riparians on the Jordan River Basin. The Lebanese and Syrians are the
relatively water rich riparian partners with some ten times as much water
per person than the Palestinians. The Israelis and Palestinians are partners
in sharing the water derived from the Mountain Aquifer. There is agree-
ment among both Israeli and Palestinian hydrologists that some 85% of
the water falls as rainfall over the Palestinian areas of the West Bank, which
we assume will eventually be part of the future Palestinian State. How-
ever, that water naturally flows underground from the mountains towards
the areas of Israel along the coast and some 80% of it has been pumped
up and utilized historically by Jewish farmers going back some 80 years
within the current internationally recognized boarders of Israel. The Pal-
estinians base their claim for their rights for these shared waters on the fact
that some 85% falls as rainfall over lands which will be included within
the Palestinian State and should be allocated to them based on the con-
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cept that the water rights should go along with the land. The Israelis base
their claim on the fact that international water law recognizes prior or
historic use as a recognized basis for water rights regardless of the sources
of the water. Israel cites the case of Syrian and Iraqi claims of water rights
to the Tigris and Euphrates which are derived mainly from rainfall in Tur-
key. This paper proposes following  the primary principle of international
water law calling from for an equitable sharing of the water resources on
an international water basin, giving priority to human and social needs
regardless of geographic considerations and historic claims. Thus, we pro-
pose that Israel relinquish to the Palestinians a portion of the natural wa-
ters of the mountain aquifer that it currently uses. We also propose that
Lebanon and Syria, as the two relatively water rich riparians relinquish a
portion of the Jordan River waters to the Palestinians in the spirit of the
proposal of the Johnston plan of 1956. Reallocation of waters to the Pales-
tinians should have as its goal meeting their urgent needs  for the Mini-
mum Water Requirement as an equitable basis for sharing the water re-
sources to meet human and social needs among the five riparians.

Key Words: Israel, Palestine, Jordan River Basin, water-sharing, equitable- reallocation
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GLOWA JORDAN RIVER PROJECT
Global change research for integrated water resources

management

Holger Hoff 1, Cornelia Claus 2, and Katja Tielboerger2

Abstract
Global change and globalization are likely to compound water stress in
the Jordan River region. Already now having extremely low per-capita
water availability, demand is expected to increase further and climate
change effects may well decrease future water availability in future. Addi-
tional higher climate variability under future climate may yield drier sum-
mers and more droughts.
Water plays a key role not only for human consumption and food produc-
tion, but also for aquatic and terrestrial ecosystems. While a lot of atten-
tion is paid to blue water from ground- and surface water, the important
role of green water for natural ecosystems, rainfed agriculture and grazing
land is mostly ignored. The complex interactions and feedbacks of global
drivers of change with local and regional management interventions are
best addressed in the framework of integrated water (and land) resources
management (GWP 2000, Calder 2005).

Integrated water (and land) resources management requires a combina-
tion of complementary technical, economic, social and political meas-
ures, adapted to the respective local context. The German Ministry for
Education and Research (BMBF) is responding to this challenge with a
concerted research effort in support of sustainable water management, the
GLOWA programme. This programme is implemented in a transect of five
integrated regional projects in Europe (Elbe, Danube), Middle East (Jor-
dan) and Africa (Volta, Draa / Oueme). These projects develop, jointly
with stakeholders, water management strategies for global change sce-
narios, adapted to the regional socio-economic and ecological conditions.

The GLOWA Jordan River (GLOWA JR) project generates and synthesizes
scientific information for water management, with the ultimate goal to
increase the overall benefits derived from the scarce resource, by address-
ing human and ecosystem water requirements simultaneously. This goal is
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to be achieved in an incremental and iterative process between scientists
and stakeholders, based upon improved system understanding, as the
project evolves.

Key words: integrated research, coupled modelling, scenarios, green water, wastewater
reuse, decision support system
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BASIC NEEDS IN DEVELOPMENT
FOCUS ON PALESTINE

Karen K. Assaf1 and Shireen S. Assaf2

Abstract
The purpose of development is to raise the sustainable level of living of
the people as rapidly as is feasible and to provide all human beings with
the opportunity to develop to their full potential.  In contrast, the aim of a
basic needs strategy is to increase and redistribute production so as to
eradicate deprivation that arises from lack of basic goods and services.

The accepted Core Basic Needs are: safe drinking water (and sanitation
services), food (calories and proteins), clothing, shelter - as well as health
services, education, and social services.  There are no objective criteria
for defining the contents of a basic needs ‘package’.  - and basic needs
cannot be envisioned at a single level  - there is a hierarchy (bare survival,
continued survival and productive survival).  During the productive phase,
certain non-material needs may be added, like participating in making
decisions affecting one’s life and work, diversity of satisfying jobs, self-
reliance, political freedom, national and cultural identity, a sense of pur-
pose in life and work.

In the light of this hierarchy, different societies can define their own ‘basic
needs package’ of basic goods and services.  Comparing ‘packages’ of
perceived basic needs between any two or more countries is difficult due
to the variations in standards, difference in social objectives and the prob-
lems that arise in ranking basic goods and services.

Importantly, any effective basic needs package must include the provision
of certain public services like health, water supply and sanitation, and
education.  The difficult problems surrounding the basic needs approach
is not the items per se (calories per person, rooms per family) nor the
finances.  The basic problem is the ‘how’, i.e., how to provide access and
deliver.  Water and health and their respective delivery systems are a real
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challenge to overcome in Palestine.  Thus, the main problems of basic
needs strategies are not conceptual, but operational, meaning the political
framework, the resources available, public service institutions and local
participation.

1- ASIR - Arab Scientific Institute for Research and Transfer of Technology, El-Bireh/
Ramallah
kassaf@planet.edu
2- Palestinian Red Crescent Society, El-Bireh, Palestine
shireen122@yahoo.com



98

THE CHANGING WATER PARADIGM
Information System for Water Resources Development

Mohsen Ghazali1and Maher Skeik2

Abstract
Water resources management is an important issue in Palestine generally
and in the Gaza Strip specifically. This is because water in this part of the
world is scarce and the quality is deteriorated. At present, water resources
management approaches around the world are changing dramatically. This
change has many components, including a shift away from, sole or even
primary reliance on finding new sources of supply to address perceived
new demands, a growing emphasis on incorporating information systems
(IS) into water policy, a re-emphasis on meeting basic human needs for
water services, and a conscious breaking of the ties between economic
growth and water use. A reliance on physical solutions continues to domi-
nate traditional planning approaches, but these solutions are facing in-
creasing opposition. At the same time, new methods are being developed
to meet the demands of growing populations without requiring major new
construction or new large-scale water transfers from one region to an-
other. In this paper, more attention has been focused on exploring effi-
ciency improvement, implementing options for managing demand and
reallocating water among users to reduce projected gaps and meet future
needs based on the applications of IS.  These changes represent a real shift
in the way human think about water use. The paper also summarizes the
component of this ongoing shift and looks at the new paths being ex-
plored in particular the geographic information system applications (GIS).
Furthermore, it evaluates the major reasons for the change in approach
and discusses the applicability of these new concepts for Gaza.

Keywords: Water resources management, water policy, demand, efficiency improve-
ment, IS and GIS
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AUTONOMOUS DESALINATION UNITS US-
ING RENEWABLE ENERGY RESOURCES

Natasha Carmi and Ayman Rabi1

Abstract
Mediterranean countries face an escalating water crisis. It is anticipated
that by the year, 2025, the southern and eastern Mediterranean countries
will be consuming more than 50% of their renewable water resources.
Desalination is opted as one of the possible viable solutions to the allevia-
tion of water shortage in these arid and semi-arid regions. ADU-RES is a
co-ordination action for Autonomous Desalination Units Based on Re-
newable Energy Systems. It aims to review and further develop integrated
plant designs for mature and cost efficient autonomous desalination units
which are based on renewable energy sources and to formulate political
strategies to boosting their implementation within the existing political
and legislative frameworks in the Mediterranean. The consortium includes
organizations from 8 Mediterranean Partner Countries (MPC) and 5 Euro-
pean Countries, specialized in desalination and renewable energy sys-
tems. The partner countries will analyze and develop guidelines to over-
come the numerous technological, economic and policy barriers that af-
fect the wide-scale implementation of ADU-RES technology. The action
will further include dialogue between the industry, research community
and policy through international workshops

Keywords: renewable energy sources, autonomous desalination, water, Mediterranean
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EMPOWERS PARTNERSHIP IN WEST BANK AND GAZA

WATER IS EVERYBODY’S BUSINESS
Facilitating complex processes of local water management1

Peter Laban2, Ayman Rabi3, Sameera Rifai4,
Shawkat Sarsour5, and Omar Tabakhna6

Abstract
The Middle East is one of the most water-poor and water-stressed regions
of the world. While the region is home to 5% of the people of the world, it
has less than 1% of its renewable fresh water. The annual availability of
fresh water in the region fell from an average of 3,300 cubic meters per
person in 1960 to less than 1,250 cubic meters per person in 1995 (World
Bank, 1996), making it the lowest per capita water availability in the world.
It is estimated that by 2025, this limited availability is likely to drop to less
than half the 1995 level. This conference will certainly further emphasize
the need for urgent action in this domain.
Scarcities bring conflicts that are not easy to resolve. This is especially so
in an institutional environment where centralized and top down manage-
ment is compounded by lack of stakeholders’ involvement and fragmenta-
tion of responsibilities among many players. Moreover, the specific needs
and rights of the poor and women are largely ignored. The current water
crisis calls for much more integrated and co-ordinated approaches towards
water use and management than is currently practised. Integrated water
management recognizes that there are many competing interests in how
water is used and allocated.

Involving a wide range of different stakeholders at different levels, from
national policy makers to end-users in local communities, does not hap-
pen by itself and is certainly not an easy job. It will require expertise and
capacities to facilitate complex processes that pro-actively involve all these
various stakeholders in planning, decision-making and implementation of
water management. This is even more important where such processes
should enable end-users and organizations at the community level to take
larger shares and ownership in the management of local water resources.
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Such facilitation processes could enhance better local water governance
in the countries of the Middle East.

This paper brings to the foreground how process facilitation in the water
sector can contribute to better planning and implementation of viable and
sustainable activities. Facilitation here refers to mediating and guiding
“brokering” processes in planning and decision making between govern-
ment agencies (officials), local communities (end-users) and others.

The paper highlights dialogue and concerted action as a means to innova-
tion by mobilizing stakeholder platforms both at the governmental and
community levels. Needed skills and capacities in facilitation as well as
constraints and opportunities for this relatively new function in develop-
ment processes will be dealt with. The paper refers to current experience
developed in this domain through the EC funded EMPOWERS Partnership
that is implemented in three countries of the Middle East. At the end of the
paper it explores the potential to institutionalize such process facilitation
in the institutional and policy frameworks of countries in this region.

Key words: facilitation processes, stakeholder dialogue, institutional coordination,
participatory planning, water use and management, sustainability
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CAPACITY BUILDING AND PARTNERSHIPS
FOR SUSTAINABLE WATER AND SANITATION

SECTORS IN PALESTINE
Birzeit University as a case study

Rashed Al-Sa‘ed1

Abstract
Water as a natural environmental resource in the occupied Palestinian
Territories is characterized of being a historical and political conflict with
Israel. The water supply and sanitation services in Palestine are very poor,
so that the quality of the limited water resources is deteriorating annually.
It is estimated that about 20% of the total population in the West Bank are
connected to a centralized sewerage network, whereas only 5% of the
collected urban sewage is either partially treated or discharged uncon-
trolled into receiving water bodies. The prevailing intolerable political situ-
ation has affected the socio-economical and health aspects of the Pales-
tinian People as well as inhibited the education and research fields at
scientific and water related research institutions. The existing water and
sanitation facilities are suffering from weak management and lack of fi-
nancial resources. The top and middle management levels in the local
Palestinian water institutions can be characterized as technically untrained,
incompetent, mismanagement and of little practical experience in the field
of water and sanitation sectors. Lack of knowledge, know-how and infor-
mation about ecological sanitation technologies at municipalities, gov-
ernmental organizations and research institutes hampered the implemen-
tation of low-cost sanitation options. In addition the negative influence of
donor driven projects and narrow Israeli environmental vision exacerbate
the problem. However, the interest at various Palestinian institutions, gov-
ernmental and non-governmental (NGOs) institutions, private sector and
local communities is growing. In order to support this interest and manage
the needs, Birzeit University (BZU) has established for future a regional
knowledge center called Water Studies Institute (WSI). BZU is the only
Palestinian university offering MSc degrees in Water Science and Engi-
neering specializations. Other Palestinian universities either they do not
have any water related institutes or do have some but has frozen their
water programs. This paper presents the various activities of the WSI and
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lessons learnt with regard to education, training, research and develop-
ment, partnerships and networking in the past six years and discuss the
major constraints faced in achieving these activities. Furthermore, prob-
lems solving approach, future plans and the required aids to sustain and
enhance the activities of the WSI are also introduced and discussed.

1- Birzeit University, Water Studies Institute
P.O. Box 14, Birzeit, West Bank, Palestine
Email: rsaed@birzeit.edu
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WASTEWATER MANAGEMENT WITHIN
THE PALESTINIAN-ISRAELI
PEACE PROCESS CONTEXT

A regional conflict or an equitable dialogue?

Rashed Al-Sa‘ed1

Abstract
The international community has transformed the increased awareness on
sanitation services into commitments to sustain our available scarce natu-
ral resources. The question is no longer whether or why, but rather how
can we achieve a sustainable wastewater management in a regional con-
text based on equity, environmental sustainability, and economic efficiency.
The sustainability of wastewater treatment facilities in Palestine are not
only governed by financial, environmental and socio-cultural issues but
also by political elements with equal importance. Beside the Water Law
No. 3 of year 2002 and the Environmental Law No. 7 of 1999, the key
regulatory documents in Palestine are the agreements signed with Israel.
The latter include the Palestinian-Israeli Interim Agreement of September
1995 (Annex III, articles 12 and 40) and the memorandum of understand-
ing (MOU) of December 2003. This paper evaluates and makes analysis
on the progress of Palestinian wastewater management in the context of
signed agreements with the Israeli side during the last few years. The fi-
nancial implications as a result of the Palestinian commitments within the
signed agreements on water and sewerage will be presented and discussed.
The MOU entails several agreements on wastewater collection, treatment,
effluent and biosolids use and disposal in cooperative way and commit-
ments on both sides. The treatment technologies and reuse standards of
treated effluent and stabilized biosolids are imposed on the Palestinian
side as dictated. Technically unjustified stringent standards set in the MOU
will urge the Palestinian side to invest huge capital costs for the erection of
future sewage facilities, resulting in unaffordable annual running expendi-
tures. Tedious and long lasting approval process of Palestinian sanitation
projects according to Article 40 rules and the implied Israeli political re-
strictions, Palestinians are not able to improve their sanitation services.
During the last 10 years, only one new wastewater treatment plant has
been erected in Albireh city, and upgrading of other two urban sewage
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works; one in Ramallah and the other in Gaza strip. Based on interna-
tional laws, regulations and treaties, this study has estimated more the one
billion US$ as a result from past (1967-1995) Israeli liable environmental
policy in the West Bank. However, exempting about 10 millions US$ an-
nually from the Palestinian taxations held by the Israeli government is not
the best eco-political solution for endorsing cooperative dialog or regional
projects promotions. To improve sanitation services leading to environ-
mental preservation and public health risk minimization, equitable imple-
mentation of commitments from both sides is urgently needed.

1- Water Studies Institute, Birzeit University, P. O. Box 14, Birzeit, Palestine
Email: rsaed@birzeit.edu
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WATER AND SANITATION APPROACH
TO ACHIEVE EQUITY FOR THE MOST

VULNERABLE SOCIO-ECONOMIC GROUPS
IN THE WEST BANK

Samar M. Husary1 and Saed Jaser1

Abstract
PHG has been working with people in small communities in the West
Bank to explore the potential for an appropriate community driven, par-
ticipatory, low technology response to the immediate problems faced in
these communities. PHG key concern is to reach with these communities
the water and sanitation norm (the right to access to water and sanitation
services). Water and sanitation (WATSAN) are used as an entry point with
innovative responses to meet particular needs of the communities. PHG
tries to meet the community needs, to be efficient, effective and then you
guarantee certain equity.

PHG key concern is always to provide a basic WATSAN norm that is fea-
sible, practical and appropriate. This was done in consultation with men
and women in the communities.  Most particularly the designs have drawn
on the very wide range of indigenous knowledge that people in the com-
munity have provided.

PHG projects provide an extended menu that includes both rectangular
and pear-shaped cisterns, single-cisterns, double cisterns, and tanks.  For
sanitation the project provides single and double latrines, as well as spe-
cial needs design and school latrines. The range of interventions also in-
cludes both new interventions and rehabilitation of existing facilities. This
means that PHG has not only developed an effective mechanism which
addresses needs and provides an equitable provision targeted on the poor-
est but also, has been able to reach the most marginalised and vulnerable
groups within the rural neglected communities. PHG is able to target:
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1. Women through providing latrines and cisterns
2. Landless and semi nomadic groups though providing tanker trailers,

ready made latrines.
3. Handicapped cases through providing special needs latrines.
4. Families living on caves and tents.
5. Hamlets and villages in area B and C.
6. Communities threatened by Demolition or settler harassment.
7. Communities that is isolated, marginalized and vulnerable toward the

recent conflict.
8. Communities that are un represented in any civil or organizational sta-

tus.
9. Communities lack services and access to services.

PHG is using is approach as learning by doing and keep modifying its
approach upon previous experiences.

1- Palestinian Hydrology Group
samar@phg.org
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COMMUNITY APPROACH IN WATER SUPPLY
AND STATUS OF DISADVANTAGED GROUPS

A case of systematic marginalisation

Veerashekharappa1

Abstract
In recent years there is an increasing recognition of the limitations of na-
tional and local government agencies to effectively manage the rapidly
increasing number of development projects and programmes. To avoid
stagnation of development programmes and further efficient implementa-
tion, of late, the governments are assigning a greater role to the private
sector, NGO’s and the community.  Further it is debated that the objective
of community participation is empowering underprivileged to participated
in control over the resources by being pat of decision making body.

In Karnataka, the rural drinking water programmes, which have incorpo-
rated community participation in all stages of implementation. To imple-
ment the programme a community led local institution called the Village
Water Supply Committee (VWSC)1 has been created  which is an  ex-
tended arm of the gramapanchayat.   The VWSC constitutes both elected
members of the panchayat and elderly members of the village.  While
constituting the committee, it is mandatory to reserve 25 per cent and 33
per cent of the total membership SCs/STs and women respectively.   The
representations was provided to safeguard interest of under privilege  and
maintain equity in provision of services among all sections of  the society
In this paper an attempt is made to examine as to what extent VWSC has
safeguarded the interest of  SC/STs, whether they able to participated equally
and access the service, with following objectives:
1. To examine the representation of disadvantaged groups in the institu-

tions.
2. To examine the role played by the local institutions in empowering the

disadvantaged groups; and
3. To examine equity issue  in accessibility and adequate provision of

services among the households
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To operationalise above set objectives, the purpose and random sampling
method was adopted, by this method 9 villages and 754 households have
been selected. As it was intended to collect both quantitative and qualita-
tive information, multiple methods were used to collect data both at the
institutional and household levels, viz., participatory observation, and dis-
cussion method, besides canvassing a structured schedule. The SC/STs could
not become part of the community participation, as the participation was
linked with the cash contribution to share the capital cost of the sanitation
within the villages. In the process not only they have been turned down
from the  committee membership but also they find difficulty in accessing
the source as it was linker to the user pay.

1- Dr Veerashekharappa, Assistant Professor, RBI Endowment Unit, Institute for Social
and Economic Change, Nagarbhavi, Bangalore 560072.
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WATER HARVESTING
IN THE WEST BANK & GAZA STRIP
PRESENT& PROSPECTIVE TECHNIQUES1

Issam Nofal

Abstract
Water is recognized as one of the fundemental sources of conflict in the
Middle East because of inequity of water rights sharing among different
reparians, arid and semi-arid condtions prevailing and rapidly growing
populations with ever increasing demand for water. In particular, The West
Bank and Gaza Strip (WBGS) are facing chronic water shortages mainly
because of the abnormal political conditions (Israeli occupation), Israel
has been able to use more than 80 percent of the groundwater resources
of the WBGS and deny Palestinians access to their water rights in the
Jordan River. Obviously, the demand for water in the Middle East coun-
tries is increasing at a rate much higher than the current developments in
traditional water resources. In many countries the amount of water allo-
cated for agriculture is continuously decreasing due to the increasing de-
mand for domestic and industrial sectors..

There is a consensus in most studies conducted that water harvesting,
among others, is an appropriate option for the future.  This is due to the
fact that it is a considerably more inexpensive option and there is a neces-
sity to benefit from the water flowing into the sea during the winter sea-
son.  There is no need for high technical procedures or rare skills for man-
aging such projects and water-harvesting projects correlate with the eco-
nomic and social situation for the nations of the area.

In the West Bank, there is a consensus that a significant amount of water
runoff could be collected through the construction of small dams and res-
ervoirs on wadis, mainly on the Eastern Slopes. Cisterns and other small-
scale water harvesting (ridges, terraces, greenhouse rainwater harvesting,
etc.) can potentially control and collect significant run-off water.

Since the establishment of the Palestinian National Authority (PNA) in
1994 and after the Ministry of Agriculture (MOA) received the responsibil
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SOCIO-ECONOMIC IMPACT OF WATER PRICE
STRATEGIES IN THE JORDAN VALLEY, JORDAN

Mohammed Rafiq Hamdan and Amer Salman1

Abstract
This paper examines the impact of rising water prices on optimal water
allocation and agricultural cropping patterns in the Jordan Valley, Jordan,
under consideration of water supply, irrigated area, and market condi-
tions. Models of linear programming were used to determine solutions for
maximizing gross margins and minimizing potential variations of these
margins. Optimized allocation of  irrigation water and cropping patterns
have a positive impact on agricultural returns. Full water cost recovery of
$0.05/cm has been considered as the highest level of block charge rate.
The entire irrigated area is about 25,600 ht with a total water demand of
234 MCM and surface water demand of 163 MCM. The total water ex-
penses are about $9 million and the total net income is $143 million.

Keywords: Water Pricing, Water Use, Socioeconomic, Jordan.

1- University of Jordan, Faculty of Agriculture, Amman, Jordan
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T H E M E 4

WATER RIGHTS
AND

 INTERNATIONAL WATER LAW
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WATER CONFLICT
AND INTERNATIONAL LAW*

Stephen C. McCaffrey**

Abstract
The topic of this conference is timely.  Over one billion people lack access
to safe water and some 2.4 billion are without adequate sanitation facili-
ties, according to the World Health Organization.1  Moreover, while the
amount of freshwater on Earth remains constant, the global population
continues to increase.  According to the United Nations Population Divi-
sion, by July of this year the world will have 6.5 billion inhabitants, a
figure which is projected to climb to over 9 billion by 2050.2  The result is
less water on a per capita basis and growing competition for increasingly
scarce water supplies.  An aspect of this problem that is not always appre-
ciated is that much of Earth’s freshwater is shared by two or more states.
According to a United Nations study, the world’s 263 international drain-
age basins account for some 60% of global river flows.3  Around 40% of
the world’s population lives in these river basins, which form at least a
part of the territory of 145 countries.4

When the decreasing availability of freshwater is combined with the ex-
tent to which it is shared internationally, the potential for disputes be-
tween countries over this precious resource becomes obvious.  How do
states deal with these disputes?  Are there relevant principles of interna-
tional law that can be of assistance in resolving them?  I have been asked
by the organizers of this conference to provide examples of disputes be-
tween states over shared freshwater resources and to indicate how they
have been addressed from the perspective of international law.  I will be-
gin by outlining in broad terms the rules of international law governing the
use of international watercourses.  I will then review briefly a number of
disputes between states sharing freshwater resources.  Finally, I will at-
tempt to draw some conclusions regarding disputes between states over
water and the factors that indicate they will be resolved peacefully.  In
addressing these questions I will confine myself to the non-navigational
uses of international watercourses.
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*- Copyright (c) 2005 Stephen C. McCaffrey.  This paper draws in part on Water Disputes
Defined: Characteristics and Trends for Resolving Them, in RESOLUTION OF INTERNA-
TIONAL WATER DISPUTES, p. 49 (International Bureau of the Permanent Court of
Arbitration, ed. 2003).
**- University of the Pacific, McGeorge School of Law, Sacramento, California, USA.
1- WHO, THE GLOBAL WATER SUPPLY AND SANITATION ASSESSMENT 2000 1
(2000).
2- United Nations Department of Economic and Social Affairs, Population Division,
World Population Prospects, The 2004 Revision, U.N. Doc. ESA/P/WP.193, 24 Feb.
2005 at 1 (the report’s “medium variant” projects the population in 2050 to be 9.1
billion, and still rising at a rate of 34 million persons per year).  The report is available
on the Population Divison’s  website, http://www.un.org/esa/population/publications/
WPP2004/WPP2004Highlights_final.pdf.
3- UNITED NATIONS ENVIRONMENT PROGRAMME, FOOD AND AGRICULTURE
ORGANIZATION & OREGON STATE UNIVERSITY, ATLAS OF INTERNATIONAL
FRESHWATER AGREEMENTS, p. 2 (2002) (hereafter referred to as ATLAS OF INTERNA-
TIONAL FRESHWATER AGREEMENTS).
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THE WATER RIGHT AS A SOCIAL
AND COLLECTIVE RIGHT

Danilo Zolo1

Abstract
The main subject I address in my paper is the water right conceived as a
new ‘social right’ and as a ‘collective right’. As a ‘social right’ the water
right can be claimed by all the members of a given social community
towards its political authorities and must therefore be guaranteed by these
authorities. As a ‘collective right’, the water right can be claimed within
the international legal system by the political authorities which legitimately
represent a population inhabiting a given territory. Therefore, I am not
incline to regard the water right either as a simple ‘subjective right’, or as
a generic ‘universal right’ (natural right, humanitarian right, and so on).
My paper consists of four paragraphs. In the first I analyse the present
international rules concerning the water right and the use of water re-
sources, particularly ‘international’ water resources, namely belonging to
a plurality of political communities. In the second paragraph I put forward
some arguments in favour of the idea of the water right as a social and
collective right. In the third paragraph, I address the violations of the water
rights of Palestinian population, namely of a population under illegal mili-
tary occupation. As a conclusion I present some hypotheses of interna-
tional initiatives which the Palestinian people may take in order to obtain
an effective acknowledgment of their collective right to freely use the water
resources of their territories. The most interesting hypothesis may be the
thesis according to which the question of water rights of the Palestinian
people should be addressed as a Mediterranean question.

1- University of Florence, Italy
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CONFLICT AND MANAGEMENT OF WATER
RESOURCES IN INTERNATIONAL LAW

THE EXAMPLE OF THE BASINS OF PALESTINE.

Ferran Izquierdo Brichs1

Abstract
In order to deal with the problems of shortage and of the potential conflict
derived from a distribution based on power, an efficient management of
water resources is required that is negotiated between all of the parties
involved. The principles established by the Convention approved by the
General Assembly of the United Nations in 19972 will be discussed, since
international law should be of great help both to deal with the conflict and
to improve the efficiency of water management. Finally, the analysis of the
agreement of 1995 between Israel and the PLO does not leave room for a
great deal of optimism, since it has not been guided by the 1997 Conven-
tion, but rather by the balance of power. Such agreements have not sought
a greater degree of efficiency in the management of water, nor to offer a
response to the needs of the population, but rather formalise de iure a
series of faits accomplis achieved by military force. Thus, a status quo
favourable to Israel, the hegemonic party, has been established, which
will only make the shortage and the conflict worse. However, this does
not make the principles of the 1997 Convention less useful in the fight
against shortage and to help lay the foundations for peace in the region,
but rather turns them into an instrument to guide future negotiations.

Keywords: Water management / International Law / Israel / Palestine / Negotiation

1-  (Universitat Autònoma de Barcelona)
2-“Convention of Non-navigational Use of International Water Courses” (A/Res/51/229
of 21st May, 1997).
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THE WATER RIGHTS OF THE CO-RIPARIANS
TO THE JORDAN RIVER BASIN

David J.H. Phillips1, Shaddad Attili2, Stephen McCaffrey3,
John S. Murray4, and Mark Zeitoun5

Abstract
Access to sufficient volumes of water of appropriate quality is a vital hu-
man need, and the United Nations Committee on Economic, Social and
Cultural Rights has recently recognized the human right to water.  The co-
riparians of the Jordan River basin (Lebanon, Syria, Israel, the occupied
Palestinian territories and Jordan) suffer differing degrees of water stress,
as measured by international benchmarks.  The quantification and attain-
ment of their water rights is thus an important topic, especially as the
demand for water is growing throughout the region as a whole.

Previous international agreements amongst the co-riparians concerning water-
related topics are addressed, and it is demonstrated that none of these has ad-
equately quantified the water rights of any of the parties.  The allocations of the
Jordan River proposed by US Ambassador Eric Johnston in the mid-1950s may be
thought to represent an important international standard, but also cannot be con-
sidered to equate to the full present-day water rights of the co-riparians to that
system.  This is principally because no regard was given in the work by Johnston
to the groundwater resources available to the co-riparians, and the only demand
deemed to be of relevance was the use of water for agricultural irrigation.

Customary international water law (evidence of which may be found in
The Helsinki Rules on the Uses of the Waters of International Rivers of
1966 and the 1997 United Nations Convention on the Law of the Non-
navigational Uses of International Watercourses) determines the water rights
of the parties at the present time in a broad fashion, but provides only
general guidance in identifying legitimate quantitative allocations of fresh
waters for the co-riparians of the Jordan River.

It is argued that despite such difficulties, quantitative equitable and rea-
sonable allocations can and must be derived for the co-riparians of the
Jordan River basin, and such allocations will be a critical component in
fully defining the water rights of the parties.  One of the key elements in
such a process should be the allocation of equal per capita volumes of
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fresh water to the various parties.  Equal per capita allocations appear a
just and reasonable starting point in deriving an equitable apportionment
of fresh water for domestic uses, at least.

Even if the water rights of the parties were to be quantified, however, problems
would remain in certain parties attaining their rightful allocations of shared
watercourses.  It is argued that these are mainly due to the existence of a ‘zero-
sum game’ in many such circumstances, where water volumes gained by one
party are lost by another party.  In the case of the co-riparians of the Jordan
River, it is suggested that this problem can be surmounted by the addition of
‘new water’ to the regional resource, thus generating a ‘positive-sum game’ where
all parties benefit over time.  The general pattern of such allocations is pro-
posed, and recent plans for desalination in the region are reviewed, specifically.

The distinction between water rights and water use is also discussed briefly.
It will be important in any future agreements to separate the concepts of
water rights and water use, neither of which fully defines the other (either
before or after agreements are concluded on water allocations).

Unless international agreements determining equitable and reasonable
allocations to the co-riparians of the Jordan River can be concluded (in-
volving each of the parties and all of the water resources, not simply sur-
face waters), none of the parties will understand their water rights, or be
able to attain water security in the future.  It is in the interest of all the
countries in the region to cooperate on the allocation and management of
the available water supplies, rather than competing for these.  Each of the
co-riparians should prepare Master Plans for water use and for the devel-
opment of new water resources in the future, as a matter of high priority.
These Master Plans should recognize international standards; should rely
on the cooperative or (preferably) joint management of shared watercourses;
and will define a number of strategic aspects of the future economic and
social development of the countries involved.

1- Freelance Consultant, Adam Smith Institute, 3 Albert Embankment, London SE1 7SP,
England.  E-mail: djhphillips@hotmail.com
2- Policy Adviser, the Negotiations Support Unit, Ramallah, Palestine.
3- Distinguished Professor and Scholar, University of the Pacific, McGeorge School of
Law, 3200 Fifth Avenue, Sacramento CA 95817, USA.
4- Professor of Practice in International Relations, PARC, 410 Maxwell Hall, Syracuse
University, Syracuse, NY 13244, USA.
5- Independent Water Consultant, King’s College London, London, WC2R 2LS, UK.
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VALUES AND RIGHTS
IN THE SILENT REVOLUTION

OF INTENSIVE GROUNDWATER USE

M.R. Llamas1 and P. Martínez-Santos2

Abstract
Over the last decades, agriculture in arid and semi-arid countries has ex-
perienced a true “silent revolution” of intensive groundwater use. Millions
of independent farmers worldwide have chosen to become increasingly
dependent on the reliability of groundwater resources, and as a result their
countries have reaped abundant social and economic benefits. This spec-
tacular increase in groundwater use is driven by economic reasons: usu-
ally the cost of abstracting groundwater is only a small fraction of the
guaranteed crop. The magnitude of these benefits is such that groundwater
probably constitutes the only viable alternative to meet the goals of the
United Nations Millennium Declaration. Data from several countries shows
that groundwater irrigation presents significantly greater efficiency than
surface water irrigation systems, thus contributing to fulfil the motto of
“more crops and jobs per drop”. If this situation is confirmed globally, the
usual world water visions have to be significantly reviewed. However, the
“silent revolution” has been carried out with scarce control on the part of
government water agencies, and thus a series of unwanted effects have
developed in certain places. While these by no means justify the perva-
sive “hydromyths” and obsolete paradigms that voice the frailty of
groundwater, appropriate management of groundwater resources remains
a worldwide challenge. In most countries, a reliable inventory or registry
of groundwater wells and rights does not exist. This paper provides an
overview of these issues, and concludes with the need there is to educate
all levels of society on the importance of groundwater and to create bot-
tom-up user associations to manage aquifers as a common pool resource.
Keywords: groundwater use, silent revolution, irrigation efficiency, world
water visions, UN Millennium Goals, hydromyths, groundwater user as-
sociations.

1- Spain’s Royal Academy of Sciences - mrllamas@geo.ucm.es
2- Dept. Geodynamics, Universidad Complutense of Madrid - pemartin@geo.ucm.es
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WATER CO-OPERATION BETWEEN ISRAEL
AND THE PALESTINIANS IMPLICATIONS

FOR WATER RIGHTS

Anders Jägerskog1

Abstract
The focus of this paper is on foreign-policy decision-making in circum-
stances of water scarcity. It focuses on how the issue of water has been
treated in the negotiations within the Peace Process between Israel and
the Palestinians as well as between Israel and Jordan. It also analyses the
implementation phase. The aim is to explain why and under what condi-
tions co-operation between Israel and the Palestinian Authority has oc-
curred and how it has functioned in the water sector. Based on an overall
actor-structure framework of analysis the factors identified as being impor-
tant in affecting the process and outcome are identified. The development
of a shared system of norms, rules and procedures (herein labelled a water
regime) for how to manage the water resource are seen as a vital explana-
tory variable for the water co-operation in the Jordan River Basin. Specific
discussion will be made on the implications that this has for the water
rights discussion. It is concluded that the water negotiations, both between
Israel and the Palestinians and between Israel and Jordan have been inti-
mately linked to the other issues on the negotiation table. Furthermore, it
is concluded that water has been sub-ordinate to other politically more
salient questions in the negotiations.

Keywords: conflict, cooperation, Israel, Palestine
1 The views expressed in the paper are those of the author and not of the EGDI nor of
the Swedish Ministry for Foreign Affairs.

1- Expert Group on Development Issues (EGDI)
Department for Global Development, Ministry for Foreign Affairs, Sweden
anders.jagerskog@webaid.se
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THE UN CONCEPT OF WATER
AS A HUMAN RIGHT AND ITS IMPLICATIONS

ON THE ISRAELI-PALESTINIAN
WATER DISPUTE

Simone Klawitter1

Abstract
The United Nations has deemed 2003 the International Year of Fresh Water.
Last March the World Water Forum was held in Japan to remind the World
of an increasingly developing crisis. Half of the worlds population is living
in unsafe sanitary conditions without access to clean water. A report, drawn
up by the World Commission on Water for the 21st Century, estimates that
three billion of the world’s most deprived people live without access to
proper sanitation. One billion of them have no access to safe water at all.
The international community has affirmed the Human Right to Water in a
number of international treaties, declarations and other documents. Most
notably, the UN Committee on Economic, Social and Cultural Rights
adopted in November 2002 a General Comment on the Right to Water
setting out international standards and obligations relating to the right to
water. The Human Right to Water recognises the essential nature of water
for human life. It also highlights the fundamental nature of the problem:
there is enough water for everyone, but the poor, vulnerable and
marginalized are denied equal and affordable access.
First, the paper aims to provide pragmatic information for politicians, gov-
ernment experts, stakeholders and other professionals on the UN concept
and will summarize the main challenges facing strategic and coordinated
action towards the UN concept of water as a human right in general.
Second, by drawing lessons from case studies done in 2004 on “Water as
a human right” in the Palestinian Territories and Israel by local experts on
behalf of Heinrich Böll Foundation it will be analysed if and to what ex-
tend these concept is acknowledged on both sides of the Green Line. The
analysis follows the criteria which are set in The General Comment 15 on
the right to water for the full enjoyment of the right to guideline an evalu-
ation.
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(a) Availability of sufficient and continuous water supply
(b) Quality of water
(c) Accessibility of water and water facilities and services: Physical acces-
sibility of water, Economical accessibility,
(d) Non discrimination against marginalized areas or groups,
(e) Information on water issues

Each case study aims to identify the scale of knowledge of and commit-
ment to the UN concept in the region and is meant to identify the main
areas of concern in each country regarding water as a Human Right.
Finally, the paper analyses if and to what extend the ongoing international
discussion about the perception of Water as Human Right could have an
impact on a possible solution of the Israeli-Palestinian water dispute by
identifying  the challenges as well as the limits of the UN concept.

Key words: Water as human right, UN Committee on Economic, Social and Cultural
Rights, Israel, Palestine

1- The opinions expressed in this document are those of the author and do not necessar-
ily reflect the opinions of other contributors and the Heinrich Böll Foundation.

mail@klawitter-berlin.com

on behalf of:
Heinrich Boell Foundation, Arab Near East Office
Tel az-Zaatar St. 6, Ramallah, Palestine
PO Box 38570, Jerusalem 91385
And
Heinrich Boell Foundation, Israel Office
Nahalat Binyamin 24, 65162 Tel Aviv
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CONFLICT AND WATER IN PALESTINE
The Consequences of Armed Conflict on Drinking-Water

Systems in Jenin, West Bank

Mark Zeitoun1

Abstract
The last four years of the Palestinian-Israeli conflict has had considerable
effect on drinking-water systems within the West Bank and Gaza Strip.
Characterized by tanks, bulldozers and vastly asymmetric power relations,
the conflict’s visible impact has perhaps overshadowed the significant but
less-visible economic and political damages.

What exactly is the impact of armed conflict on water-delivery systems in
the West Bank?  Are the damages sustained similar to other urban war zones?
To what extent are the damages enabled by the asymmetric power relations
between the combatants?  Is the destruction intentional?  Does it matter?
This paper examines these questions through three different types of frame-
works.  Practical frameworks are provided by the professional world of
the International Committee of the Red Cross and the American Water
Works Association.  An empirical framework is given by Gleick’s Chronol-
ogy of Water Conflicts.  The school of Security Studies provides a theoreti-
cal framework.

The Israel Defense Forces’ incursion into the West Bank city of Jenin in
April 2002 is the case used for analysis.  The armed conflict resulted in
thousands of people being without running water for weeks due to de-
struction that is shown to be either indiscriminate or deliberate.  It is shown
that the types of damages are similar to those typically found in other
urban conflict zones, but that Gleick’s classification of water-conflicts does
not comfortably fit the events.  The relative success of the Municipality of
Jenin’s efforts at mitigating damages contrasts with the limited effect of
international humanitarian-aid organizations.

Keywords:  water, conflict, jenin, urban conflict, infrastructure, damage

1- Department of Geography, King’s College - London
mark.zeitoun@kcl.ac.uk



125

International Conference>  WATER: VALUES AND RIGHTS > ABSTRACTS

THE CONFLICT VS. COOPERATION PARADOX
Fighting Over or Sharing Of Palestinian-Israeli

Groundwater?

Mark Zeitoun1

Abstract
Different mantras are heard these days from analysts studying relations
between Israel and Palestinians on water issues.  One is apocalyptic: ‘The
next war in the Middle East will be fought over water’.  The second mantra
is more peacefully reassuring:   ‘The transboundary nature of water cre-
ates an interdependency between states that obliges cooperation’.  Nei-
ther is accurate.  Both conflict and cooperation exist, nonetheless, and
often simultaneously.

The paradox is explained by two phenomena: a) misunderstandings of the
term “conflict”, and b) a narrow focus and simplifed analysis of a very
broad and complex subject.  By re-establishing the definition of “conflict”
as ‘a situation in which competing actors have different interests that they
are prepared to aggress for or defend’ and recognizing the inherent differ-
ent intensities therein, this paper stresses the distinction between conflict
and war, and presents a conflict framework which helps to understand the
distinction, and to classify different types of conflict.

The limiting effects of a narrow focus are examined through a range of
theories.  Regime Theory coupled with the analysis of the effects of dis-
similar levels of development reveal how internal and international con-
flicts lead Israel to maintain its hegemonic position and corresponding
“hydraulic supremacy”.  Realist politics has shown that cooperation over
‘low political’ issues (such as water) has limited influence over ‘higher
political’ issues (such as land) over which the competitors are savagely
fighting.  Security Studies theory reveals a vast asymmetry in power rela-
tions, and the resultant set of tools available to Israel to maintain its
‘hydraulical hegemon’ position.  An examination of the dynamics active
at the Joint Water Committee established for the joint Palestinian-Israeli
management of shared aquifers, reveals that one of the results of this asym-
metric containment is that coercion is often viewed as cooperation.
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A Theory and Conflict framework illustrates the vast scope of this area of
study, particularly under different types of conflict.  It is shown that a nar-
row analytical focus has the polarizing and misleading effect of amplify-
ing either conflict or cooperation on water issues.  The clarity shed on the
subject by this paper may assist in increasing the cooperation and de-
creasing the conflict.

1- Department of Geography, King’s College - London
mark.zeitoun@kcl.ac.uk
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PURE WATER:  SECURED OR VIOLATED?
Securitization, Opportunitisation and Violation along the

Jordan River

Mark Zeitoun1

Abstract
This paper examines the applicability of recent developments in the field
of Security Studies to water conflict issues in the Jordan River basin.
Neumann’s contribution to the Copenhagen School of Security Studies,
particularly the concept of the “violisation” of politics, is discussed along-
side Warner’s contribution of the concept of “opportunitisation”.  It is shown
that a combination of these concepts results in an expanded security con-
tinuum (non-politicized - politicized - securitized/opportunitized - vio-
lated) that is directly relevant to the analysis of water conflict issues be-
tween Palestine and Israel.  Warner’s identification of the prime concerns
and goals of actors active in different security sectors is built upon to de-
velop the concept of Security Sector Goals.

Two case studies from 2002 are considered:  water infrastructure damages
in the West Bank and the Wazzani River dispute between Lebanon and
Israel.  Dynamics revealed by the application of the theory include a split
on positions between actors normally considered aligned on one side of a
conflict (for example between sub-national level Palestinian water profes-
sionals and their national-level representatives); the ability of governments
to obscure or enhance water-conflict issues to suit other unrelated politi-
cal interests; the varying position that a conflictual issue can take along
the security continuum in relation to time and circumstance and, perhaps
most notably, the effect of power asymmetries between competing actors
active in issues that have become violated.

Key Words:   security, conflict, water, violisation, violization, violation,
opportunitisation, opportunitization, Palestine, Israel, Jordan River

1- Ph.D. candidate, Department of Geography, King’s College - London
zeitounm@yahoo.com
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ROOTS OF WATER CONFLICT IN THE EAST-
ERN MEDITERRANEAN

Jad Isaac1 and Abeer Safar1

Abstract
The East Mediterranean region is part of the Middle East and North Africa
region (MENA), which is recognized as one of the driest and most water
scarce regions in the world. While holding 5% of the world’s total popula-
tion, the MENA region contains less than 1% of the global renewable wa-
ter resources (World Bank, 1996). The renewable water resources in the
region amount to 245 billion m3 and the population living there is more
than 122 million persons (World Resource Institute, 2003). However, the
water resources in this region have been exploited at much higher rates
than what can be replenished by nature to meet the needs of the rapidly
growing population and the expansion in agriculture and industry. The
overexploitation has increasingly depleted the water resources in the re-
gion. Furthermore, the absence of a comprehensive and integrated man-
agement of the water resources which are transboundary and shared be-
tween the countries of the region has resulted in an inequitable allocation
of the shared water resources making water a catalyst for conflict. There-
fore, this paper will describe the roots of water conflict over the shared
water resources among the countries of the East Mediterranean region
particularly Turkey, Iraq, Syria, Lebanon, Jordan, Palestine and Israel.

Keywords: East Mediterranean region; Shared water resources; Inequitable allocation;
Conflict.

1- Applied Research Institute - Jerusalem, (ARIJ)
jad@arij.org
abeer@arij.org
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TILL THE LAST DROP
The Palestinian Water Crisis in the West Bank,

Hydrogeology and Hydropolitics of a Regional Conflict

Clemens Messerschmid1

Abstract
The Palestinian water crisis is often attributed to natural climatic and
hydrogeological factors. However, it is a known fact that that Israel has
been very successful in securing itself a sufficient water supply. This paper
questions the myth of Palestine as a desert and presents an outline of the
reasons for the current severe crisis. It will shed light especially on the
severe imbalance in water use of Palestinians and Israeli. Thereby, the
hydrogeological causes will be taken into consideration as well as the
historical development, the Israeli - Palestinian conflict over water resources
and the most recent developments. A short outlook onto the different tech-
nical solutions will conclude the paper.

1- Clemens Messerschmid is a hydrogeologist and works for 8 years in the West Bank in
international water resources investigation and development projects.
Clemensmesserschmid@yahoo.de
c/o gtz, PO Box 38383, Jerusalem 91383, Tel.: 0545-26 52 90, 02-2952063
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ESTIMATION OF THE GROUNDWATER
RECHARGE IN FARIA DRAINAGE BASIN / NE

WEST BANK

Marwan Ghanem1, Abdul Rahman Tamimi2 and Broder Merkel3

Abstract
A hydrological study was conducted to determine the volume of recharge
to the groundwater in the Faria basin in the northeastern part of the West
Bank. Thirty five years of precipitation, evapotranspiration, wind, humid-
ity and runoff records were used to determine the recharge rate in the
semi-arid to arid regions. Using global and hydrometeorological
groundwater-balance equations as well as the salt-balance method, the
recharge volume was estimated to be 60 million cubic meters (mcm). The
rate of infiltration was found to be 26 % of the rainfall, which is calculated
to be 196 mm per year. The groundwater balance is estimated to be +16.6
mcm in the area and could be exploited without any negative affect to the
aquifer system in the Faria area.

Keywords: Groundwater recharge, Faria basin, Salt method, Groundwater balnce

1- Birzeit University, Palestine, ghanemphg@yahoo.com
2- Plaestinian Hydrology Group, Palestine, tamimi@phg.org
3- TU Bergakademie Freiberg - Geological Institute, Germany, merkel@tu-freiberg.de
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WATER IN PALESTINE
Acknowledging the Past, Comprehending the Present

and Facing the Future

Said A. Assaf1

Abstract
ASIR has been continuously involved in water research since 1981.  This
water research was initiated by conducting the first published chemical
and hydrological study as a contract in 1982 for the Birzeit Research Center
called then the Documentation and Research Center.  That work was mainly
aimed at studying the water salinity problem in the Jordan Valley.

A comprehensive basic data on “The Water Situation in the Occupied
Palestinian Territories” was later-on presented by ASIR in a book in Arabic
in 1985 on “Arab Waters” by the Arab Fund for Social and Economic
Development of Kuwait.  Water in Palestine as a source of food security
was also the work of ASIR and published in 1986 by the United Nation’s
combined FAO and ESCWA Joint Division and AOAD of the Arab League.
In retrospect, these core studies indicated that the various aquifers of the
West Bank would be sufficient to cover all the current drinking water needs
of the Palestinian people in the West Bank and Gaza Strip if Israel gave
permission to use these abundant water resources.

Despite the vast supplies of rainfed renewable groundwater resources in
Palestine, many towns and villages are still at present without the needed
drinking and household water supplies.  Even the Oslo Agreement of 1993
between the PLO in behalf of Palestine and Israel is not fully implemented
as Israel has the veto power over the decisions of the joint Israeli-Palestin-
ian water committee.  Israel has also the power and the control over all
water resources and as an occupying power has been using West Bank and
Gaza Strip water resources for building and expanding Israeli settlements
on Palestinian lands.  Hopefully in the Gaza Strip with the anticipated
Israeli withdrawal in 2005 and hopefully a full implementation of the part
of the Oslo agreement on providing the needed drinking water for the Gaza
Strip, the water situation there will improve, especially with regard to de-
creasing the Gaza coastal aquifer damage from seawater intrusion.
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A water plan for the future must take into consideration that if Palestine in
the near future becomes truly independent, use and allocation of water
resources must be such that no village or town will be left without the
needed potable water supplies, as in addition to the renewable water re-
sources, we have the engineers and technical know-how in Palestine to
carry this out.  Since over 70% of the water supplies in the area are used in
agriculture, an equitable and economic rather than a political use of water
for agriculture is essential and crucial.  The future in implementing that
policy lies with a comprehensive agreement on water use by the riparian
countries of the Jordan River Basin (Palestine, Jordan, Lebanon, Syria and
Israel).  Any small step in that direction will be a major step toward sus-
tainable peace - and sustainable water resource use - in the Middle East
region.

1- Director General of Arafat National Scientific Center for Applied Research and
Coordinator of ASIR, the Arab Scientific Institute for Research and Transfer of Technol-
ogy, Palestine
Email: kassaf@planet.edu



133

International Conference>  WATER: VALUES AND RIGHTS > ABSTRACTS

THE STATUS OF ACCESS TO DRINKING WATER
AND SANITATION IN OPT IN RELATION TO
THE MILLENNIUM DEVELOPMENT GOALS.

Basema Bashir1 and Ayman Rabi1

Abstract
Access to drinking water & sanitation are main indicators of the human
well-being. In adopting the Millennium Development Goals, countries of
the world pledged to reduce by half the proportion of people without
access to safe drinking water & basic sanitation by the year 2015. The
Palestinian Hydrology Group (PHG) has set up the Monitoring Program to
check the extent to which such goal can be attained in the OPT and to
define the main constraints facing its realization.
It has been realized that nearly 31% of the Palestinian communities are
not connected to water network; these communities rely on rainwater
harvesting and on purchasing water from private or municipal water tank-
ers. Tight closure, increased number of checkpoints, and expanded imple-
mentation of permit system often resulted in the inability of water tankers
to reach their destination. Moreover, the construction of the Apartheid
Wall clearly targets the control of the major aquifer in the West Bank.
In addition, it been realized that nearly 76% of the communities that rely
on Israeli water company have encountered severe reductions and in some
cases a complete halt of supply. This in turn has resulted in a serious reduc-
tion in the per capita water supply. It also led to major increase in the water
prices supplied by tankers. Such increase made many families, especially
vulnerable ones, spend large percentage of their income on purchasing
water. Furthermore, it obliged people to use alternative water supplies,
which were often contaminated. This has increased public health risks and
led to the breaking of water born diseases in several communities.

This paper will present summary results and findings of data collected by
the Monitoring Program during the past three years of Intifada. It will shed
light on access difficulties to water and sanitation in the OPT and draw up
some conclusions to overcome such situation.

Key words: Water Access, PHG Monitoring Program, Apartheid Wall, Closure, Water Tankers

1- Palestinian Hydrology Group, P.O.Box 25220, Jerusalem 97300, Palestine
bashir@phg.org, ayman@phg.org
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SOLVING THE WATER SCARCITY PROBLEM IN
PALESTINE (DIFFERENT OPTIONS)

Qasem Abdul-Jaber and Ziad Qannam1

Abstract
The scarcity of the water resources in the West Bank, due to arid to semi-
arid climate, overexploitation, mismanagement as well as the fact that
these resources are shared with Israel, gave it a great importance, there-
fore water become the central issue in the bilateral and multilateral peace
talks. To provide the Palestinians with sufficient potable water hybrid op-
tions could be adopted.

Using treated wastewater for agricultural purposes provides limited addi-
tional water amounts that could partially help in alleviating the exceeding
pressure exerted on the fresh water resources. A second option could be
using the brackish water for irrigating tolerant plants. Because of the lim-
ited amount of brackish water and the dependence of the Palestinian farmers
on salinity non-tolerant crops and fruit trees this option is considered of
low significance.

Another option could be the desalination of either the brackish or the sea
water. This option is multi-challenge because of the limited amounts of
brackish water and the costly desalination facilities. A main challenge for
this option is that the desalinated water must be transport to the West Bank
through the lands of a second country, which make this option fully de-
pendent on the regional peace without which such a project is a miracle.
This challenge applies also to the water import option.

Additional water could be made available through harvesting the rain and
runoff water either through building house cisterns or using the different
means of artificial recharge. This option is costly, and special permissions
from the Israelis especially for the artificial recharge establishments are
determinable.

The Israelis who control the Mountain Aquifer especially its Eastern Basin,
the only available potable water resource for the Palestinians, pump the
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majority of its water to Israel or to the Jewish settlements in the West Bank.
If these amounts of water are made available for the Palestinians parallel
to implementing other above mentioned options, the water demand in the
West Bank will be fulfilled and excess water will be available for the Pal-
estinians in Gaze Strip.

1- Al Quds University
Email: qajaber@yahoo.com



136

A PROGRESSIVE MULTIDISCIPLINARY
APPROACH FOR RESOLVING

THE PALESTINIAN-ISRAEL CONFLICT OVER THE
SHARED TRANSBOUNDARY GROUNDWATER

What Lessons Learned from International Law?

Fadia Daibes1

Abstract
The rights and obligations of states to their shared transboundary groundwater
are not fully understood.  The primary reasons for this are the complex
characteristics and behaviours of groundwater, and the lack of full under-
standing of its interconnection with the surrounding environment.  Addi-
tionally, states appear to be reluctant in forming legally binding arrange-
ments that specifically address this topic. Difficult political situations fur-
ther intensify this situation because the parties sharing the groundwater are
unable to foresee the benefits of cooperation concerning this invisible re-
source.  This article addresses two primary issues: (1) the rules and princi-
ples of international law that govern the utilization, development and man-
agement of transboundary groundwater resources; and, (2) the lessons that
could be learnt from international law to help achieve an integrative mutu-
ally beneficial arrangement for the Palestinians and the Israelis on the Moun-
tain Aquifer.  The article employs a multidisciplinary approach that draws
primarily from the disciplines of hydrology and law to address these two
issues, taking into account the prevailing political situation within the area
of study.  The methodology is based on the understanding that the natural
and physical characteristics of the international watercourse coupled with
the social, political and economic conditions of the region have a vital role
to play in offering or hampering solutions for potential international water
conflicts.  The proposal for approaching the problem within the Palestinian-
Israeli context is to progressively establish a solid basis for long-term sus-
tainable arrangements.  This progressive approach starts with a non-binding
flexible arrangement that will serve the short-term need, and gradually build
up into a final, legally binding arrangement based upon international law.

1- Water Law and Policy Specialist, International Water Law Research Institute, Dundee
University, Scotland www.dundee.ac.uk/law/iwlri , Resident Representative and Partner: Nordic
Consulting Group, www.ncg.dk,   e-mail: fadia@sabreen.org, East Jerusalem, P.O. Box 51875.
This article is based on the researcher’s unpublished PhD thesis, Dundee University, 2004.
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MANAGEMENT OF SHARED GROUNDWATER
International vs. Islamic Law

Iyad Hussein1

Abstract
Water problems in the Middle East region are diverse and changing as the
gap between supply and demand is widening. Water issues are linked to
scarcity, misdistribution, and sharing.  The development and management
of regional water resources in the Middle East region presents a challenge
for water managers and experts.
The Middle East is a good example of a region facing relatively acute
water shortages. In 1992, the per capita availability of water from existing
national sources in West Bank and Gaza 111 m3, in Kuwait 180 m3, in
Tunisia 200 m3, in Yemen 210 m3, in Jordan 233 m3 and in Sudan 550
m3 (Rogers et al. , 1993).
Besides scarcity and misdistribution, the third basic aspect of water as a
resource is that it crosses national boundaries. In the Middle East, the Disi
Groundwater aquifer is shared by Jordan and Saudi Arabia, the Tigris and the
Euphrates cross three nations, the Orontes (Asi) also directly involves three.
Thus, if we consider the combination of these  major features of water
(scarcity, misdistribution, and sharing), one outstanding implication emerges
the great need for cooperation among national riparian states, indeed even
among groups within nation states, and the correspondingly great likeli-
hood of potential conflict.
The significance of this paper stems from the fact that future options for
water management in the region include the development and manage-
ment of shared groundwater resources. These options must meet specific
conditions with regard to building consensus on basic assumptions, pro-
cedures, benefits and externalities of future regional projects in the region.
The paper will address these aspects along with identifying relevant Is-
lamic laws and principles to establish binding agreements among riparian
states.

Keywords :Water, Law, International, Islamic, shared, regional

1- Visiting Professor, International School of Water Resources, Colorado State University,
Fort Collins, Colorado 80524
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WATER USE IN THE OCCUPIED
PALESTINIAN TERRITORY

Mara Tignino1

Abstract
In times of armed conflicts, water installations have often been targeted by
military activities. Gaining control over water resources or using water as
a weapon can become a definite strategy in time of occupation. The con-
trol over water by an occupying power can be a tool to strengthen its
power over the territory occupied. The ensuing complex problems are
further worsened when occupation extends over a long period. The occu-
pation of Palestinian territories exemplifies this situation.

Although some provisions of the 1993 Declaration of Principles, the 1994
Agreement on the Gaza Strip and Jericho Area, and the 1995 Palestinian
Interim Agreement, deal with the management of water resources in the
Occupied Palestinian Territory, these rules do not take into account the
general principles of international water law such as the principle of equi-
table and reasonable utilization, the obligation of not causing significant
damage and the obligation of cooperation between riparian of interna-
tional watercourses.

The aim of this contribution is to analyse the general principles of interna-
tional water law provided by the 1997 United Nations Watercourses Con-
vention applicable to the management of the Jordan river basin. At the
same time, it also looks at the rules provided by International Humanitar-
ian Law and International Human Rights. These sets of rules may be of
great help to determine the legal regime regulating the water utilisation
under occupation.

In the area of the Human Rights Law, the 1966 Covenant on Economic,
Social and Cultural Rights and the 1989 Convention on the Rights of the
Child recognizing, implicitly or expressly, the human right to water, play a
central role in ensuring adequate water supplies to the civilian population
in the Occupied Palestinian Territory. As recently recognized by the Inter-
national Court of Justice in its Advisory Opinion on the Legal Consequences
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of the Construction of a Wall in the Occupied Palestinian Territory, Israel
being part to both instruments, it is obliged to comply with their provi-
sions in the territories under its control.

In conclusion, the objective of this contribution is to show that a holistic
approach is required in dealing with water use and protection in the Pal-
estinian Occupied Territory. In particular, the provisions of international
water law, International Humanitarian Law and Human Rights Law must
be read in a complementary manner in order to ensure an effective pro-
tection of water.

1- PhD Candidate, Graduate Institute of International Studies, Geneva
Assistant, Department of Public International Law and International Organization,
Faculty of Law, University of Geneva


