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EXECUTIVE SUMMARY 
  
The Mountain Aquifer underlies most of the West Bank and part of Israel.  Pollution hazards – such 
as waste and sewage – are found throughout the West Bank, largely due to inadequate and poorly-
maintained infrastructure.  These physical threats are compounded by governance problems that 
exacerbate the likelihood of contamination of the Aquifer.  Yet the Mountain Aquifer is a critical 
trans-boundary groundwater resource, because it is the main source of drinking water for Palestinians 
in the West Bank; it also serves as a key source of drinking water for Israelis.  
 
This paper contains research findings and policy recommendations to help West Bank municipalities 
that lie in the Aquifer recharge area alleviate pollution of this vital resource.  It also contains more 
detailed findings and recommendations for Tulkarm, which serves as the Palestinian case study 
municipality for this project.  This paper is one component of a two-year, joint Palestinian-Israeli 
project, referred to as “Pro-Aquifer,” being conducted by House of Water and Environment and 
EcoPeace/Friends of the Earth Middle East.  
  
The Mountain Aquifer is threatened, because the sewage from more than two million people, 
Palestinians and Israelis alike, is discharged into streams and wadis every year without adequate 
treatment, if treated at all, and can eventually reach the ground water.   
 
Leachate from solid waste is another significant threat to the Mountain Aquifer.  The Aquifer will 
become more vital with population growth and projected climate impacts on regional water resources.  
Thus, if it were to become contaminated, the overall water situation in the region would deteriorate 
and could exacerbate the already-existing political conflict.  The "Pro-Aquifer" project aims to protect 
this vital resource and to foster cross-border cooperation in doing so to mitigate the potential for 
conflict, because the Aquifer is a shared resource.   
 
Project and Research Methodology 
The project has focused at the municipal level, because municipalities play a pivotal role in 
environmental resource management and in infrastructure planning.  The project consisted of having:  
1) undertaken research in the case study municipalities; 2) implemented joint and parallel Palestinian-
Israeli training courses and study tours; and 3) developed detailed policy recommendations for the 
two case study municipalities (Tulkarm, and Umm el Fahem, the Israeli case study municipality), and 
“generic” guidelines for Palestinian and Israeli municipalities in the recharge area, hereinafter referred 
to as recommendations.   
 
Overview of Key Recommendations for Palestinian Municipalities in the Aquifer Recharge 
Area 
The “Pro-Aquifer” methodology is designed to provide a systematic approach to help empower 
municipal staff and better equip them to begin to alleviate contamination threats to the Mountain 
Aquifer.  For those municipalities with systems in place for protecting groundwater resources, these 
recommendations will be useful as another checklist to make sure that all issues are covered.  For 
municipalities, such as Tulkarm, that are overwhelmed by the extent of the pollution problems they 
face, these recommendations will provide a methodology to help them begin solving these issue.    
 
This approach and its tools consist of seven steps.  The first two steps form the basis of the Pro-
Aquifer “toolkit” and the additional five steps serve as “generic” policy recommendations to help 
municipalities prevent groundwater pollution, and which comprise a third key component of the “Pro-
Aquifer” toolkit.  In brief, these steps are: 
 

 Step 1:  Conduct scientific and institutional research; and, use Geographic Information 
Systems (GIS) to prioritize threats to the Aquifer. 

 Step 2:  Provide training courses on relevant topics (e.g., sewage treatment management 
techniques) for municipal staff. 

 
 Step 3:  Develop a strategic plan to prevent groundwater pollution. 
 Step 4: Enhance infrastructure. 
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 Step 5:  Conduct inspections, monitoring, and enforcement. 
 Step 6:  Secure sustainable financing.  
 Step 7:  Improve education and awareness. 

 
Municipalities that conduct their own research will be able to develop additional or modified 
recommendations specific to their unique circumstances and needs. It seems reasonable to believe that 
these tools also could be replicated and applied in other areas where there is a need to protect trans-
boundary groundwater resources.      
 
Overview of Key Recommendations for Tulkarm 
For Tulkarm, a series of more detailed, short (1-2 years), medium (3-5 years) and long term (5+ years) 
recommendations were developed.  These recommendations include: 

• Enhancing infrastructure, taking population growth into account, to improve solid waste 
collection and disposal/prevent illegal dumping, and to enhance sewage treatment; 

• Expanding public education and awareness on local environmental conditions and on ways in 
which to protect the local, trans-boundary groundwater resources of the Mountain Aquifer, 
especially by working with youth, women, and NGOs. 

• Increasing the municipality's institutional capacity to conduct inspections and  monitoring of 
infrastructure and of businesses, and its capacity to enforce against environmental violations; 

• Securing sustainable local financing, for example, by directing municipal taxes for water and 
sanitation back into operating, maintaining, and upgrading these systems;  

• Developing a strategic plan to prevent groundwater pollution that incorporates a holistic 
approach, based on the concept and principles of Integrated Water Resources Management 
(IWRM); 

• Improving coordination and communication among municipal departments to properly assign 
and address environmental hazards. 
 Using GIS to share information among different departments and provide a common 

base of information for dialogue.  
 Learning from other experiences in the region through cooperation and exchanging 

ideas and information. 
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1.  INTRODUCTION 
 
This paper contains research findings and policy recommendations for Palestinian municipalities that 
sit in the recharge area of the Mountain Aquifer, and specific policy recommendations for Tulkarm 
municipality.  These recommendations are designed to help the municipalities address actual and 
potential pollution threats to the Mountain Aquifer.   
 
The Mountain Aquifer recharge area lies in a significant portion of the West Bank, and in part of 
Israel.  Over 2.3 million people live in the West Bank, with a growth rate of more than three percent 
each year.1  Population increase is a fundamental parameter affecting future municipal, industrial, and 
agricultural water needs.  The Mountain Aquifer is presently the main source of drinking water for 
Palestinians in the West Bank. 
 
This paper is based on the joint Palestinian-Israeli "Pro-Aquifer" project conducted by House of 
Water and Environment (HWE) and EcoPeace/Friends of the Earth Middle East (FoEME).  Pro-
Aquifer has consisted of: research, training, and policy recommendations that have been developed 
and implemented for the Palestinian case study municipality of Tulkarm and for the Israeli case study 
municipality of Umm el Fahem.  This paper contains recommendations for Palestinian municipalities 
to prevent pollution of the critical trans-boundary groundwater resources that underlie the Mountain 
Aquifer, based on the findings and recommendations of the Tulkarm case study, the latter of which 
also are contained in this document.   
 
Importance of This Project 
Despite the clear importance of this shared groundwater resource, sewage has been flowing in the 
Aquifer’s recharge area for years.  The sewage of over two million people – Palestinians and Israelis -
- is still discharged, largely untreated, into streams and wadis, ultimately percolating into the ground 
water.  Thus, the water of the Mountain Aquifer is directly threatened.  Another significant threat to 
the ground water of the Mountain Aquifer is leachate from solid waste, which also percolates into the 
ground and can threaten the underlying water resources.   
 
This project aims to protect the Aquifer in order to prevent deterioration of the overall water situation 
and to foster cross-border cooperation at the municipal level in the process of doing so.  It has 
achieved this goal by working to improve practices – at the municipal level – to alleviate groundwater 
pollution, because municipalities play a pivotal role in protecting the local environment and in 
infrastructure planning and operations.   
 
Research Methodology 
Consequently, the project methodology was designed from the outset with and for municipal needs in 
mind.  A joint Palestinian-Israeli Steering Committee provided input into all aspects of this project.   
Tulkarm was selected for this project based on an extensive process, including the nature and 
severity of hazards that could threaten the Aquifer, its hydrological sensitivity, and its willingness to 
participate in this effort.  Tulkarm is a Palestinian municipality in the West Bank, which sits in the 
recharge area of the Mountain Aquifer and is affected by pollution – such as waste and sewage – both 
from within the municipality, as well as from other Palestinian areas, and from Israeli settlements in 
the region (including a nearby industrial facility).  These physical threats are compounded by 
governance issues, all of which can contribute to eventual contamination of the Aquifer.   
 
Pro-Aquifer also focused on the Israeli Arab municipality of Umm el Fahem, as a case study, because 
it, too, sits in the Aquifer recharge area and possesses significant hazards and institutional issues and, 
again, because of the cross-border nature of this issue (the findings and recommendations for Umm el 
Fahem, as well as “generic” recommendations for Israeli municipalities, are published in a separate 
paper).   
 
HWE – in cooperation with Tulkarm’s municipal staff – conducted two types of research:  scientific 
and institutional to produce the policy recommendations contained in this document.  This process is 
outlined in the following chart.  

                                                
1 “Palestine in Figures 2007.”  Palestinian Central Bureau of Statistics.  May 2008.  Palestinian Central Bureau of Statistics.   
15 July 2008.  <http://www.pcbs.gov.ps/Portals/_PCBS/Downloads/book1432.pdf>. [Palestine in Figures 2007]. 
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Pro-Aquifer methodology: From Research to Policy Guidelines 

 
 

First, HWE and municipal staff conducted scientific research – through field data collection – on 
existing and potential hazards to ground water within Tulkarm, including the state of its physical 
infrastructure.  Not surprisingly, it was found that sewage, and hazardous and solid waste from the 
city and from the nearby Israeli industrial facility, constitute major hazards in Tulkarm.  The 
infrastructure that exists is poorly maintained and modern infrastructure for waste and sewage 
treatment are still sorely lacking in many places.  Other West Bank municipalities in the Mountain 
Aquifer recharge area likely face similar types of pollution threats and infrastructure problems.   
 
Geographic Information Systems (GIS) maps were developed during the course of this Project to 
provide an overview of Tulkarm’s environmental situation.  The maps also help prioritize 
environmental hazards with respect to groundwater sensitivity (i.e., through risk analyses).  The 
results of the scientific research and the GIS mapping process have been published by HWE and 
FoEME in a separate Scientific Paper developed for this project, which is referenced throughout this 
document.2  The GIS is a valuable tool to help municipalities gain a real understanding of the most 
pressing threats to ground water. 
 
Second, governance and institutional research was conducted on Tulkarm’s municipal structure, as 
well as on relevant laws, standards, and regulations.  The institutional research consisted of gaining an 
understanding of Tulkarm’s municipal structure and the roles and capacity of its municipal staff that 
help explain the reasons for the current environmental situation that could ultimately lead to 
contamination of the Aquifer.  Again, these findings likely apply to other West Bank municipalities, 
as well. 
 
Municipal financing also was identified as a problem in Tulkarm and throughout the West Bank.  
Donor countries are providing financial and technical assistance for new solid waste and sewage 
treatment infrastructure.  However, these projects have experienced ongoing delays for the past eight-
to-twelve years, throughout the Second Intifada, and due to the Israeli Occupation of the West Bank, 
which have led to financing problems and further delays.  In the meantime, the waste and sewage 
problems in many places in the West Bank remain unresolved. 

                                                
2 Aliewi, Amjad, et. al., Pro-Aquifer: Protecting Trans-boundary Groundwater Sources from Pollution: Research, Training 
and Guidelines for Palestinian and Israeli Municipalities. Ramallah and Tel Aviv: HWE and FoEME, 2008, 
http://hwe.org.ps.  [Pro-Aquifer Scientific Paper]. 
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The political situation presents significant challenges, including, for example, for equipment and for 
people to move in and out of the West Bank, but the need to protect this resource provides an 
opportunity for people to work toward a common, concrete goal and to foster a greater understanding 
between Palestinians and Israelis in doing so.  This paper highlights these scientific and institutional 
capacity research findings, and presents policy recommendations, drawing on these results, including 
facilitating cross-border cooperation to try to protect the trans-boundary Mountain Aquifer.   
 
Improved Capacity and Cross-border Cooperation 
Thus, HWE and FoEME also conducted several parallel and joint training courses as part of this “Pro-
Aquifer” project, both to enhance municipal capacity and to foster cross-border cooperation.  Courses 
on sewage treatment technologies and management techniques, and on GIS, were held in parallel with 
Israeli municipal staff, and a course on these policy recommendations and two joint study tours of 
sewage treatment facilities were conducted jointly, to foster cross-border cooperation, as well as to 
enhance institutional capacity.  These courses and tours helped achieve cooperation by: 1) helping to 
develop a common knowledge base and set of tools to help these practitioners work toward better 
protecting the Mountain Aquifer; and 2) establishing a cross-border network of water and wastewater 
experts that staff on both sides of the border can access to better address water and sewage treatment 
needs.   
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2. PALESTINIAN GUIDELINES FOR MUNICIPALITIES:  APPLYING THE PRO-
AQUIFER METHODOLOGY 
 
BACKGROUND  
 
Following are seven steps that comprise the Pro-Aquifer methodology.  The first two steps form the 
basis of the Pro-Aquifer “toolkit.”  The subsequent five steps consist of additional “generic” 
recommendations to help municipalities prevent contamination of groundwater resources.  These tools 
are designed to empower municipal staff in the Mountain Aquifer recharge area to better understand 
and fulfill their roles to ultimately protect the Aquifer to a greater extent. 
 
This approach provides scientific and policy tools, training, and recommendations to Palestinian 
municipalities to help alleviate groundwater contamination.  Part II contains more detailed 
recommendations that were developed specifically for Tulkarm (as the case study for this project) to 
help it alleviate contamination that threatens the Mountain Aquifer.   
 
Step 1: Conduct two levels of research:  scientific and institutional/legal (national and local); use 
GIS as a tool to map and prioritize risks to ground water. 
 
For scientific research: 

 Conduct site visits to a given municipality and collect data on the topography, soils, and 
hydrological sensitivity, to understand the types of pollutants, geography, and so on, 
contained within a given municipality.   

 Learn the structure, operations, and maintenance of the physical wastewater treatment, and 
solid waste collection and disposal infrastructure, as well as future development/expansion 
plans.   

 
For governance research: 

 Conduct research on and with national and local institutions, including "on-the-ground" 
interviews with local municipal officials, that govern environmental resources, particularly 
ground and surface water, hazards, and waste disposal and wastewater treatment 
infrastructure.   

o Focus on capacity to protect environment, and inspect and enforce environmental 
requirements, including awareness of environmental issues and groundwater threats 
on the part of municipal staff. (See training items below.) 

 Research the laws, standards, and regulations on the national and municipal levels. 
 Research financing of environmental institutions, hazardous and solid waste remediation, and 

related environmental protection and infrastructure matters. 
 
Use the GIS process to identify and address greatest threats to the ground water: 

 Acquire the necessary GIS software package. 
 Once the skills to use GIS have been acquired (see training recommendations in Step 3), 

incorporate these scientific data into the GIS system and begin to use the GIS map as a tool.  
 Identify the highest priority risks (areas and hazards), using the GIS.  The map below shows 

the areas of greatest risk (in red) for Tulkarm, as an example, based on the risk analyses 
conducted for this project.   

o Assign the highest-risk hazards to the appropriate departments to remediate them. 
 
 Create a central GIS system (Internet-based) under the responsibility of the Palestinian 

Authority for creating and maintaining GIS data – and make this publicly available, with 
certain parameters. 3  

 Educate and involve additional municipal staff on using GIS to help identify the highest 
priority threats to ground water, remediating them, and preventing them in the future. 

                                                
3 GIS Needs Assessment, pp. 44, 51.  
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Risk Map of Tulkarm

4
 

 
Step 2:  Conduct training courses for municipal staff 
Conduct training on sewage treatment management techniques, sewage treatment technologies, GIS, 
and/or on other topics identified by a particular municipality to meet local needs to better protect the 
Aquifer.  This will establish a trained network of practitioners.  For trans-boundary resources, training 
municipal staff on both sides of the border develops a common base of knowledge and a network to 
facilitate cross-border solutions, and thus, is highly recommended, along with the following measures.    
 

 Incorporate IWRM, Integrated Pest Management (where appropriate), and sustainable 
development principles into training courses to instill municipal staff with a holistic approach 
to groundwater resource management.  

 Train staff on the benefits of using treated wastewater for irrigation. 
 Incorporate lessons learned and best practices from other municipalities, the region, and 

abroad. 
 Train municipal staff on GIS, as noted above. 

o Develop specialized materials for these training sessions, including case studies for 
different applications.   

o Provide hands-on experience in using the GIS software packages.   
o Establish additional GIS laboratories and facilities in the West Bank to provide these 

training sessions – one already exists at the House of Water and Environment (HWE). 
 
Additional Recommendations: 
 
Step 3:  Develop a strategic plan to prevent groundwater pollution. 
Take into account protection of the Mountain Aquifer, and include infrastructure and land use needs, a 
holistic approach to water resources management, as well as staffing, enforcement, financial, and 
educational needs, using the GIS as a tool to facilitate this process.   

 Incorporate this into the Municipality’s Master Plan, to the extent feasible.  Reconcile this 
strategic pollution prevention plan with other relevant national water and environmental 
protection plans, as needed.  

                                                
4 Aliewi, Amjad, et. al., Pro-Aquifer: Protecting Trans-boundary Groundwater Sources from Pollution: Research, Training 
and Guidelines for Palestinian and Israeli Municipalities. Ramallah and Tel Aviv: House of Water and Environment (HWE) 
and FoEME, 2008; p. 75, http://www.foeme.org/docs/SCIENTIFIC_PAPER_FINAL_July_2008.pdf. [Pro-Aquifer Scientific 
Paper]. 
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 Update this plan in the medium to long term. 
 Account for anticipated population growth. 

 
Step 4: Enhance infrastructure. 

 Maintain, upgrade and enhance infrastructure to prevent risk of accidents and contamination. 
o Construct and implement appropriate-scale technology that will ensure ongoing 

operations and maintenance.  
o For homes and/or neighborhoods not yet connected to the sewage treatment system, 

consider "low tech" solutions, such as reconstructed wetlands, and expedite 
connection to the main system for the medium-to-long term. 

 Develop local and regional plans for wastewater treatment, water supply, and waste disposal. 
o Incorporate population growth projections. 
o Consider regional longer-term solutions. 

 Incorporate sustainable solutions, including, for example, compost toilets or domestic 
rainwater harvesting systems/greywater recycling systems (to the extent possible to provide 
water for flushing toilets), especially for municipal facilities.   

 Clean up and close illegal waste dump sites. 
 Identify and implement solutions for olive mill waste, where relevant, e.g., develop 

environmentally-sound collection ponds; hire contractors to help collect and dispose of this 
waste. 

 
Step 5:  Conduct inspections, monitoring, and enforcement. 

 Enhance human and financial resources for continual on-site inspections and enforcement. 
 Assign responsibility for inspections and enforcement to the appropriate department, 

according to the relevant laws and regulations. 
 Facilitate and improve coordination between municipal departments. 
 Inspect and monitor most frequently those areas identified by the GIS as posing the greatest 

threats.  
 Conduct enforcement in these areas to a greater extent. 
 Create an enforcement team – integrate with all relevant departments.  Share enforcement 

responsibilities on a national and local basis. 
 

Step 6:  Secure sustainable financing. 
 
 Where taxes for sanitation are not yet being collected, begin imposing such taxes or fees. 
 Use municipal taxes for water supply that are collected, and direct these revenues into funding 

water and sanitation infrastructure construction, operation, and maintenance needs.  
 Enforce collection of all municipal taxes (e.g., through a private contractor) to provide the 

financial resources to implement these guidelines. 
 
Step 7:  Improve education and awareness 
 

 Enhance community education, awareness and participation with respect to local ground 
water issues, best practices, and lessons learned. This will empower local citizens to become 
involved in protecting the local environment and will lead the community to pressure the 
municipal staff.  In turn, the municipal staff will be more likely to address the environmental 
problems in their community.   

 Develop an environmental education curriculum for the schools. 
o Ensure ongoing education and awareness in the schools, especially in kindergarten 

and the early grades, public education centers, and through public forums on local 
environmental issues that can affect the Aquifer.  In this manner, the next generation 
will have a better understanding of the environmental and economic situations and 
can address these together in a sustainable manner. 

 Develop a public awareness/media campaign on threats to ground water pollution and ways to 
prevent this contamination. 
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 Involve the community, especially women and students, and teach them to use GIS to 
understand the local environmental situation and to help address the highest risk problems, to 
the extent this is feasible.  

o Hold public meetings to inform the public about local environmental issues and 
projects.   
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Part II:  Tulkarm Case Study 
 

1.  BACKGROUND ON TULKARM MUNICIPALITY 
 

Geography, Population and Hydrology 
 
Tulkarm is situated on the western part of the northern West Bank, in the foothills of the Nablus 
Mountains, about 15 kilometers west of Nablus, and 15 kilometers east of Netanya, Israel.5  "It is 
bounded by the Jenin, Nablus and Qalqilya districts in the north, east and south, respectively,” and by 
Israel in the West, as illustrated in the map below.6  Its central location between the plains and the 
mountains has made it commercially significant and has had a great effect on its growth.  The rich 
farmlands of the surrounding area have also contributed to its development.  

 

 
 

The current population for the Tulkarm municipality, which includes the city, the localities and the 
Tulkarm refugee camp, is estimated at approximately 86,312.7  Population increase is a fundamental 
parameter that will affect future municipal, industrial, and agricultural water needs.  

 
There are two main natural water resources in the region: ground water and surface water.  Tulkarm is 
located on the northwestern strip of the Mountain Aquifer.  This recharge area is particularly 
vulnerable to pollution from sewage, solid waste, and industrial and other types of pollution, because 
the ground water is particularly close to the land surface.  In addition, some of the most abundant 
water extractions from the Mountain Aquifer occur in this area.  
 

                                                
.  Tulkarm District: 8Environmental Profile for the West Bank Volume ).  ARIJ( Jerusalem – Applied Research Institute 5

Jerusalem: Applied Research Institute – Jerusalem, 1996. available at 
http://proxy.arij.org/arij/images/DownloadedFiles/tulkarm-profile.pdf. [ARIJ]. 
6 ARIJ, p.12. 
7 Personal interview with municipality staff. 

Netanya 
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Springs and Wells:  There are no springs in the Tulkarm municipality.  Water is obtained from 
the 26 wells that are within the municipal boundaries and used for domestic and agricultural 
purposes.  
 
Surface Water: The Tulkarm Governorate contains several wadis, such as Wadi Abu Nar, Wadi 
Ammar, Wadi Hawwatut, Wadi AlSham, Wadi Masseen, Wadi Al Teen, and Wadi Zeimar, that drain 
to the west and ultimately to the Mediterranean Sea.  Two wadis are within the municipal boundaries:  
Wadi Zeimar and Wadi Tin.  When Wadi Zeimar crosses into Israel, it is called the Alexander Stream, 
and it runs through the Emek Hefer municipality before reaching the Mediterranean Sea.  Wadi 
Zeimar is naturally characterized by a typical perennial flow pattern.  However, in the dry season, the 
water flow in the wadi is purely raw wastewater, made up of domestic and industrial wastewater 
discharged from the Nablus, Anabta and Tulkarm areas, as well as the Israeli settlements in the area.  
In the rainy season, surface runoff from the main tributary, Wadi Deir Sharaf in the east (near 
Nablus), contributes to the pollution load in Wadi Zeimar.   

 
Economy 
 

Industry 
 
The main industries in the Tulkarm Municipality are:  stone-cutting facilities, building material 
factories, two olive mills, garages, one slaughterhouse, and five gas stations – three of which are 
located very close to each other in the center of the City.  There also are tile and ready-made cement 
factories, food processing facilities, and several chemical workshops.  A large Israeli petrochemical 
plant is located inside the municipal borders, near the Green Line.  The problems related to these 
industries are discussed in greater detail in Chapter 3 below and in the Scientific Paper developed for 
this project.8     
 
 Agriculture 
 
Tulkarm has good, fertile soil, a suitable climate, and relatively moderate annual rainfall, rendering it 
prosperous in rain-fed farming and irrigated agriculture.  The Municipality has a few privately-owned 
tracts of land that grow cauliflower, corn and Bush Okra (a.k.a. “mlukhiyah”).  While the use of 
fertilizers is harmful, particularly with respect to banned fertilizers and pesticides, which are used in 
some instances, and which increase the significance of this problem, these are applied primarily on an 
“as- needed” basis, and no data are available on the types of pesticides used.  Because of the limited 
agriculture and fertilizer use, runoff from fertilizers does not constitute a significant hazard in 
Tulkarm.  There also are several privately-owned, small-scale livestock sheds in Tulkarm, containing 
primarily goats, sheep and chickens.  These sheds are relatively small, thus the organic matter 
produced from them also is negligible. 
 
 
 
 

                                                
8 Pro-Aquifer Scientific Paper, available at: http://hwe.org.ps.   
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2. FINDINGS ON TULKARM'S CURRENT HAZARDS AND POTENTIAL THREATS TO 
THE MOUNTAIN AQUIFER  
 
Tulkarm's most significant pollution problems that pose a threat to ground water are as follows: 
 

1) Insufficient infrastructure and improper disposal of various types of waste;  
2) Inadequate/improperly maintained sewage infrastructure; 
3) Inadequate funding for waste and sewage infrastructure; 
4) Institutional problems -- particularly lack of enforcement; and 
5) Lack of public education and awareness regarding environmental issues. 

 
Pollution Sources and Infrastructure Problems 
 
In Tulkarm, waste (including municipal solid waste, industrial and hazardous waste, and construction 
waste) is one of the biggest problems in the municipality threatening ground water. Issues include:  
improper collection and disposal, inadequate infrastructure, poorly maintained facilities, and lack of 
awareness by citizens to properly dispose of their waste in the facilities that do exist.  There is also a 
problem with the dump sites of the settlements located in the Tulkarm area. 
 
In the Palestinian Authority, the Water Authority, in cooperation with the Environment Authority, 
determine the standards, regulations and principles needed to properly collect, treat, and reuse or 
dispose wastewater to ensure protection of the environment and public health. There have been laws 
created that require pre-treatment of wastewater effluent from harmful industries, including on-site 
pre-treatment requirements, before this effluent is discharged into the main system or into the 
environment. However, these laws are not enforced since, as in most cases in Palestine, there is no 
proper final treatment of the wastewater. 

 
Hazardous Waste 
 

The main industries in Tulkarm are: stone-cutting facilities, building material factories, tile and ready-
made concrete factories, food processing facilities, and several chemical workshops.  Chemical plants 
in Tulkarm often contain cleaning products, small amounts of detergents, and paints.  There is a lack 
of infrastructure for hazardous waste disposal.  Consequently, hazardous liquid wastes often are 
disposed illegally into open areas or into the sewage pipes.  The liquid waste consists of high amounts 
of grit and slurry, which can clog the sewage pipes.   
 
Waste and wastewater disposal practices of certain types of businesses found in Tulkarm, such as 
automobile service stations, dry cleaners, machine manufacturers, and metal fabricators, are of 
particular concern, because the waste they generate is likely to contain toxic chemicals, which can 
threaten the ground water when improperly disposed.  There also are five gas stations – three of which 
are located very close to each other in the center of the City; two olive mills; and one slaughterhouse.  
In addition, hazardous or toxic wastes often are mixed with other waste types and thereby disposed 
improperly, thus increasing the threat to ground water.  The Pro-Aquifer Scientific Paper shows that 
the mature karstic features of outcropping formations in the Tulkarm area are allowing pollutants 
from hazardous waste disposal to reach the water table in a short time.  Thus, their concentrations 
remain high (and are not reduced).   
  
In Tulkarm, there are not enough financial or human resources to implement and enforce the 
regulations pertaining to businesses, nor is environment a high enough priority to focus on such 
implementation and enforcement.  As a result, there is little incentive for businesses to properly treat 
and dispose of these wastes.  In addition, there is little awareness on the parts of business owners 
regarding the threats such hazards can pose to ground water. When any business or workshop owner 
attempts to obtain a license for their businesses from the local authority or the responsible national 
authority, there are no laws or conditions to oblige the owner to ensure the availability of the required 
on-site treatment for the waste. 
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On a related note, a large Israeli chemical industrial area is located inside the Tulkarm municipal 
borders, near the Green line. This industrial area includes mainly chemical industries, fertilizer and 
pesticide production, battery production, and gas storage and filling stations, among other unknown 
industries. However, there are no data available regarding the specific types of pollutants or the types 
of treatment. Moreover, Israeli and Palestinian environmental laws are almost totally disregarded at 
this industrial zone.9 

 
Following are brief descriptions of the threats posed to ground water by specific types of industries 
within the Tulkarm municipality. 
 
Stonecutting Facilities: These facilities particularly generate large amounts of liquid waste that is 
illegally disposed, which can threaten ground water.  The grit and slurry can clog the sewage system, 
as noted above.  
 

 
            Stonecutting facility in Tulkarm City 

 
Olive Mill Waste:  There are two olive mills within Tulkarm’s municipal boundaries.  Olive mill 
wastewater (OMW) is generated by the olive oil extraction process, which is a seasonal (harvest) 
activity (from mid-October to early January).  OMW from the two olive mills is disposed into wadis, 
where it mixes with untreated municipal wastewater or with rainwater.  The wastewater, rich with 
organic matter, contaminates the soil, ground water, and water courses downstream.   
 
Garages:  There are several garages in Tulkarm.  Runoff from these garages causes soil 
contamination, as well as surface and groundwater pollution.  Oil and gas spilled onto paved areas are 
easily washed away by water, either from hoses or rainfall and carried into surrounding land and 
wadis.  There is no on-site treatment of this contaminated water, which may contain copper and brass 
from engine degreasers, as well as antifreeze, grease, oil, and even asbestos from engine and brake 
residues. 
 

                                                
9 HWE personal interview with Tulkarm municipal officials. 
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Oil and grease runoff from a garage in Tulkarm 

 
Gas Stations:  There are five main gas stations in Tulkarm.  Three of these are located in very close 
proximity to each other in the center of the City.  All of the stations use underground storage tanks, 
which hold petroleum products, acids, solvents and chemicals, which can leak from corrosion, 
defects, improper installation, or mechanical failure of the pipes; there is no established monitoring 
system for such leakages.  
 
Slaughterhouses: There is one slaughterhouse in Tulkarm, which is owned by the Municipality.  The 
slaughterhouse is regularly monitored by a veterinarian and Tulkarm municipal staff and is required to 
hold a certificate issued by the Ministry of Health.  The main problem with slaughterhouse 
wastewater is that the effluent is concentrated with chemical and organic matter, which could be 
damaging to the sewage system and the wastewater treatment process.   
 

Municipal Solid Waste Disposal  
 
Within the municipality itself, there is no sanitary landfill for solid waste disposal.  The required 
capacity for collection of solid waste, including workers and appurtenances (trucks, garbage cans, 
etc.) exists within the municipality, but the problem is with the lack of treatment and disposal sites 
(lands).  
 
Designated Dump Sites:  There are two main dump sites located just outside the Tulkarm municipal 
borders.  The Anabta dump site is about four dunums (1 dunum equals 1000  m²) and is located on the 
east side of Tulkarm City along the main Nablus road.  The Faron dump site is approximately ten 
dunums and is located south of the City.  These sites were not originally designated as such. Rather, 
they have been used as dump sites for as long as anyone can remember.  As a result, these two sites do 
not comply with environmental standards.  For example, they are unlined, as are most of the dump 
sites in the area, so they can leach into the ground water.  In addition, biomedical and hazardous 
wastes often are mixed with household waste during the collection and disposal phases.  There are no 
monitoring systems for measuring any chemicals or metals that may periodically leach to the 
underlying aquifers.   
 
Waste is burned openly at the Anabta site during daytime hours. Smoke from the site reaches nearby 
residential areas, as well adjacent Israeli localities.  These and other airborne contaminants (e.g., from 
industrial and mining sites and road systems) can include nitrates, sulfates, and trace metals, which 
travel through the air and then dissolve in rain water, eventually reaching the land.  Washing the 
contaminants down to the water table may pose a threat to groundwater quality.     
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A transfer station was recently implemented between Tulkarm and Jenin. On August 5, 2008, transfer 
of solid waste from the Faron dump site to the transfer station in Jenin commenced.  This station 
serves a population of approximately 100,000 in the Faron locality and the surrounding villages.  
Solid waste is transported at a cost of 50 NIS for every ton of solid waste (cost of transport alone; 
does not include collection costs).  This step will lead to the rehabilitation of the Faron dumping site, 
and will eventually convert it to a collection and transfer site.  A rehabilitation process for the Anabta 
dump site is also planned, with aims to convert it to a tourist area (restored site). 
 
Illegal disposal:  Solid waste is dumped randomly in many areas of the Municipality and is quite 
common – without any regard for groundwater contamination.  The Sanitation Department in 
Tulkarm Municipality is responsible for dealing with this waste yet, due to the widespread nature of 
this type of dumping, this remains an unresolved problem.  Unfortunately, solid waste also is mixed 
with factory and agricultural waste in many areas of the City, during both collection and disposal, 
which exacerbates the threat to ground water.  Liquid waste materials also are disposed into these 
dump sites and mixed with solid waste, as well as into sewers and cesspits.   
 

 
Dumpsite in Tulkarm 

 
 

Sewage/Wastewater Treatment: Approximately 60% of the wastewater generated by the Tulkarm 
municipality is collected and transferred to three collection ponds, which were rehabilitated in 2006 
by the German Technical Cooperation Agency (GTZ), one of the primary donor agencies building 
infrastructure in the West Bank.10  This system of collection and sedimentation ponds pre-treat the 
wastewater, which is then transferred across the Green Line to the Yad Hannah Purification Institute.  
 

                                                
10 The GTZ works in cooperation with the German KfW, the entity that finances infrastructure development investments and 
accompanying consulting services in developing countries on behalf of the German Federal Ministry for Economic 
Cooperation and Development.  

Waste being openly burned at the Anabta Dump site 
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The Yad Hannah Purification Institute was established in 2000 as an emergency facility to treat the 
wastewater from Tulkarm.  After purification, the water is dumped back into the Alexander Stream in 
the summer months when flow is low. Treated water is pumped into Emek Hefer’s reservoirs in the 
winter to be used for irrigation.  
 
Because the wastewater collection system in Tulkarm is aging and is not well-maintained, leakages 
occur in pipes of the network; Tulkarm Municipality experts indicate as much as 45% of the sewage 
lines inside the City itself (where the pipes are part of an old network) could contain leakages.11  In 
addition, inspections are rare, so leakages are primarily detected only when someone can see sewage 
at the top of a street, at which time the system is repaired.   
 
In addition, the single pumping station (at Irtah) is too small for the quantity of sewage being pumped 
and treated, which causes additional problems.  When the station is taken "off line" for repairs or 
when there is an emergency, no backup pumping station currently exists, so the sewage flows directly 
into Wadi Al Teen.  However, the municipality has requested a standby pumping station.12  
 
A new network has been designed for the municipality's suburbs, which are not currently connected to 
a wastewater network, and has gained full support from the European Union and the PWA.  When it 
is completed, it will serve around 20,000 residents in the eastern and south-eastern parts of the 
Municipality, as well as some parts of Thinnabeh and Irtah.13  Nevertheless, untreated sewage and 
inadequate sewage treatment infrastructure remain major problems for the Municipality.   
 
Grit and slurry from the illegal disposal of light industrial waste (as discussed in the hazardous waste 
section above) that end up in sewage pipes can clog and cause additional problems for the system.     
 
Untreated wastewater that ends up in Wadi Zeimar, which passes through the City of Tulkarm, 
subsequently adversely affects the environment of the entire area.  Sewage flow in the recharge area 
of the Mountain Aquifer leads directly to pollution of the ground water. Moreover, ground water in 
that area is closer to the surface, which means it takes only a short period of time for pollutants to 
reach it.  If sewage reaches the water table, it can contaminate nearby wells that typically are used for 
drinking water and irrigation.  

 
The German Technical Cooperation Agency (GTZ), one of the primary donor agencies building 
wastewater treatment plants in the West Bank, has indicated that it will build a sewage network 
(conveyance line) to treat Tulkarm’s sewage as well as that of 8 additional villages.14  According to 
the GTZ, there apparently also will be a pre-treatment facility in Tulkarm in the near future.   
 
Additional problems Tulkarm faces with respect to sewage that, in turn, threaten surface water bodies 
and the Aquifer are as follows: 
 
Cesspits:  The eastern part of the City and some parts of the localities of Shwaikah, Thinnabeh and 
Irtah – approximately 20,000 residents comprising approximately 20-25 percent of the City's 
population – is not connected to the sewage network, so people use cesspits or "absorption holes."  
Most of the cesspits are built without a concrete base, which means sewage can infiltrate into the 
ground and eventually reach the ground water.15  The seepage of wastewater from Wadi Zeimar and 
from cesspits is one of the causes of groundwater pollution in Tulkarm.  Local construction permits 
currently require properly-constructed, lined, cesspits, but such requirements typically are not met, in 
reality.   
 

                                                
boundary Groundwater Sources from -sProtecting Tran: Aquifer-Pro, .al. et, Amjad, and Aliewi2008 July , Sheikha- Abu11

House of : Ramallah and Tel Aviv. Training and Guidelines for Palestinian and Israeli Municipalities, Research: Pollution
Water and Environment (HWE) and FoEME, 2008; p. 31, 
http://www.foeme.org/docs/SCIENTIFIC_PAPER_FINAL_July_2008.pdf. [Pro-Aquifer Scientific Paper]. 
12 Abu-Sheikha, July 2008. 
13 Ibid. 
14 FoEME in-person meeting with Nadim Mulhem, Head of the GTZ Water Programme in the Palestinian Territories, May 
 2008. [GTZ, May 2008].   
15 ARIJ, p. 96. 
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Many of the cesspits in Tulkarm are drained by vacuum tankers.  Three-to-four tankers per month on 
average collect roughly 25-30 cubic meters of sewage.16  This waste is then  disposed – accompanied 
by large amounts of harmful bacteria, viruses and undesired microorganisms – into Wadi Zeimar, 
which contributes to the demise of the Wadi and the surrounding ecosystem.  It is important to note 
that before the Intifada, these trucks disposed their contents into the treatment ponds, but have not 
been able to do so since.  For people who choose not to have their cesspits emptied by the tankers, 
because they do not want to do so, or cannot afford to bear this cost, their sewage overflows into the 
streets and the surrounding open area and subsequently into the ground water.    

Combined sewage and drainage systems:  A combined sewage system is used in some 
parts of Tulkarm.  Surface drains, located along the streets, drain runoff  rainwater. They are 
connected to the main sewage network.  Overflows occur regularly in the winter rainy season, 
when the mixture of wastewater, rain water and solid waste accumulates and overloads the 
pipes, and floods the streets. This can end up infiltrating into the ground water.  Solid debris 
constantly clogs the lines, as well.  It is the Municipality’s responsibility to clear these lines 
and ensure their maintenance. 

Gutters:  In Tulkarm, most household gutters are connected to the sewage system.  Most homes have 
rainwater collection cisterns from which the water is collected and used mainly for irrigation, but also 
is used for some domestic purposes. 
 
Lack of Funding 
 
Tulkarm has little-to-no funding specifically designated for environmental protection; however, 
municipal taxes are collected for water supply and are increased according to the quantity used.17  
And, there is an additional sewage fee of 2 shekels added to the water bill to help cover regular 
maintenance costs of the sewage network.  Thus, the Municipality mainly relies on external donor 
assistance, such as from the KfW and GTZ (referenced in the sewage treatment section above), to 
help finance and construct sewage treatment and solid waste disposal infrastructure projects.  
However, such donor assistance has been subject to political among other delays over the past eight-
to-twelve years, which contributes to the ongoing problems described herein that threaten the 
groundwater resources of the Mountain Aquifer recharge area. 
  
Institutional Problems: Lack of Capacity and Lack of Enforcement 
 
In Tulkarm, there is little human capacity to implement and enforce the regulations pertaining to 
businesses.  In addition, environment has not been a priority, because of the difficult political and 
socioeconomic conditions.  Not surprisingly, then, there is little awareness about the threats such 
hazards can pose to ground water.  
 
Municipal bylaws exist pertaining to management and disposal of various waste types.  However, in 
Tulkarm, municipal staff lack adequate authority to inspect facilities, identify potential violations, and 
conduct environmental enforcement of these bylaws and related local and national laws and standards.  
They also are overwhelmed by the magnitude of the problems they face.  The Health Department has 
responsibility for some site inspections but these typically do not occur for various capacity and 
political reasons, as well as due to a general lack of awareness of environmental issues and standards, 
including threats to ground water posed by various types of waste.18   
 
 
Lack of Education and Awareness on Environmental Issues  
 
Given the extent of the problems that exist in terms of physical infrastructure and at the municipal 
level, lack of awareness on the part of citizens and lack of incentive to protect the local environment 

                                                
16 Abu-Sheikha, July 2008. 
17 Ibid. 
18 Ibid. 
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are not a surprise.  Yet, such lack of awareness contributes to the environmental problems the 
Municipality faces and to the groundwater contamination threats. 
 
In an attempt to raise awareness regarding environmental issues among school children, some 
campaigns have been implemented.  For example, in the past year, there have been awareness 
campaigns in several schools in Tulkarm concerning topics such as water, wastewater, and solid waste 
disposal.  UNICEF, as well as other local NGOs, such as PHG, Oxfam, and CHF, all contributed to 
these efforts.  The Tulkarm Municipality has prepared brochures and formulated ideas in order to 
raise awareness regarding environmental issues among citizens, yet it has continually faced a lack of 
funding. 
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3. RECOMMENDATIONS TO ALLEVIATE CONTAMINATION OF THE MOUNTAIN 
AQUIFER 

 
The goals of these recommendations are to protect and prevent further deterioration of the resources 
of the Mountain Aquifer and to enable and empower municipal officials and staff to achieve these 
goals.19  The recommendations are broken down into the short, medium and long term.  Short term is 
defined here as one-to-two years, medium term as three-to-five years, and long term as beyond five 
years.   
 
The following figure consists of: 

• A hazard map: which shows a classification of all of the polluting activities in the Tulkarm 
Municipality; 

• A vulnerability map: which displays the sensitivity of the natural ground cover of the 
region; and, 

• A risk map: which results from the overlay process of both the hazard and vulnerability 
maps; this map shows the areas of greatest risk, based on the scientific and risk analyses 
conducted for this Project.   

                                                
19 SUSMAQ Project. "Sustainability Assessment and Management of the Palestinian Water Resources:  Groundwater 
Protection Policies."  Palestinian National Authority (PNA)/Palestinian Water Authority (PWA).  Ramallah, 28 June – 1 July 
2008. [PNA/PWA Presentation].  
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Risk Map Production of Tulkarm20 

                                                
20 Pro-Aquifer Scientific Paper.  
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Hazards located in the highest risk areas (red) on the risk map should be addressed and remediated 
first.  Potential hazards should be particularly avoided and prevented in this area.  Hazards in the next 
greatest areas of risk should be addressed subsequently. 
 
In addition, it is important to begin to address the governance/institutional issues, followed by those to 
improve public education and awareness as quickly as possible; these recommendations also might be 
easier to address, because of the financing issues the Municipality faces and the fact that the 
governance and education-related recommendations will generally be less expensive to implement 
than the infrastructure recommendations, particularly those infrastructure items identified for the 
medium and long term.   
 
In general, Tulkarm should: 

 Continue to use the GIS map as a tool, which will help strengthen its GIS and mapping unit.   
 Develop a strategic plan to prevent groundwater pollution in the short-to-medium term – 

that takes into account infrastructure, education, and enforcement needs, IWRM principles, 
and staff and financial needs, as well as protection of the Mountain Aquifer – this should be 
reconciled with other relevant national, regional, and local plans.   

 Focus on institutional improvements, environmental awareness, and enforcement, as well as 
on infrastructure development. 

 
More detailed recommendations are provided below.
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Pollution Sources and Infrastructure  
 
Hazardous Waste 
 
Short-Term Recommendations: 

 Address hazardous waste contamination problems in the highest risk areas, according to the 
risk map above, and then prioritize them by dividing the areas into zones and waste groups, 
based on type of pollution, method of treatment required, cost, time required for 
implementation, the role of society, and so on. 

 Educate and provide financial support for business owners, especially small business owners, 
on the hazards and potential impacts posed by their industrial waste and on the threats to 
ground water, especially when hazardous and solid wastes are improperly mixed and/or 
improperly disposed, to help them change their practices.21  Support might include, for 
example, helping business owners design and implement small-scale treatment units, and/or 
working with them to properly separate their wastes and recycle. 

 Provide financial incentives to business owners to properly dispose their waste (e.g., reduce 
disposal fees). 

 Implement awareness campaigns for the residents concerning pollution and hazardous waste, 
and how these impacts could affect their lives and the lives of their children in the future. 

 Implement different activities with civil society to protect land, water, and surrounding areas 
from different kinds of pollutants.    

 
Medium/Long-Term Recommendations: 

 Continue to educate business owners on the value of properly disposing hazardous waste and 
of preventing contamination of local groundwater resources. 

 Issue business licenses or permits that ensure compliance with various environmental 
requirements. 

 Inspect and monitor facilities; enforce existing laws and regulations with regard to cleaning 
up polluted areas and industrial facilities, e.g., garages. 

 Conduct enforcement against environmental violations. 
 
Israeli Industrial Zone 
 
Short-Term Recommendations: 

 Identify the types of hazards in this zone and work with the relevant stakeholders to address 
hazardous waste problems stemming from this zone. 

 Arrange for monitoring and inspections of these facilities. 
 Enforce existing Palestinian laws and regulations that apply to industrial facilities. 
 Create a joint Palestinian-Israeli group to petition and rally against this industrial zone. 

 
Medium/Long Term: 

 Present a petition to the Israeli Environmental Protection Ministry, with cooperation from 
Palestinian and Israeli environmentalists and active international environmental groups, for 
the closure and re-location of this industrial zone from the Palestinian residential area within 
the borders of Tulkarm Municipality to an isolated location within Israel. 
 

Olive Mill Waste 
 
Short-Term: 

 Instead of the present dumping of olive mill wastewater into nearby lands and wadis, 
encourage the collection of OMW on-site and pre-treatment in evaporation ponds. 

 Introduce the concept of wastewater re-use for olive washing and/or for irrigation. 
 Conduct educational activities for mill management and staff. 
 
 

                                                
21 Ibid. 
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Medium/Long Term: 

 Work with olive mill owners/workers to develop more sustainable collection, and disposal 
practices.  This could involve hiring private contractors to collect the waste, and/or 
developing and implementing public-private partnerships to secure necessary funding and 
equipment. 

 Continue to build evaporation ponds for the collection of liquid wastes and promote treatment 
facilities for OMW. 

 Provide adequate pomace storage facilities at the mills, e.g., with a perforated base and pipe 
connection to the OMW collection pit. 

 Establish a monitoring system to allow reporting of improper OMW disposal. 
 Consider constructing a small treatment plant for the olive mills in the entire Tulkarm area 

(there are over 50 olive mills in the Tulkarm District as a whole) to separate water from the 
organic matter, in order to re-use this large amount of water, to benefit the majority of olive 
mill owners, and to protect the groundwater and the wastewater treatment process. 

 
Agricultural Waste 
 
Short Term: 

 Identify and record current levels and types of pesticides. 
 Work with farmers to develop "waste and nutrient management plans for their farms," as well 

as more sustainable land use management and disposal practices. 
 
Medium Term: 

 Introduce Integrated Pest Management (IPM), where necessary and practical. 
 Conduct monitoring on a regular basis and report violations. 
 Investigate the feasibility of introducing organic farming. 

 
Long Term: 

 Continue to conduct monitoring regularly and to report violations. 
 Enforce IPM. 
 Conduct ongoing awareness and education on IPM and organic farming. 

 
Municipal Solid Waste 

 
Short-Term: 

 Clean up all areas where improperly disposed litter is found. 
 Establish adequate collection services, including hiring contractors, if necessary, e.g., through 

public-private partnerships. 
 Push the Palestinian Authority to implement environmental protection laws and projects.22  
 Ensure the transfer/disposal of waste at the new transfer station in Jenin. 
 Create awareness among the citizens on the importance of keeping the land clean and 

encourage changes in behavior to prevent random dumping. 
 Close and clean up illegal dump sites and prevent random dumping, particularly those in the 

highest risk areas, according to the risk map above.   
o Put up signs once a site has been cleaned up, and monitor and enforce to prevent 

future re-contamination of such sites. 
o Have the Municipality play a leadership role to work to clean up solid waste and 

prevent future illegal dumping, including educating the community on the risks 
involved. 

o Use contractors, as needed, to help clean up sites. 
o Include citizens in decision making processes. 
o Enforce penalties for "illegal" dumping. 

 
 

                                                
22 Abu-Sheikha, July 2008.  
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Medium/Long Term: 

 Infrastructure should be the top priority:  that is, constructing and implementing designated 
disposal facilities that meet common environmental standards. 

 Close and clean up any remaining illegal and/or improperly maintained dump sites. 
 Continue education and awareness/campaign activities. 
 Enhance monitoring and enforcement; monitoring should include a set of environmental 

indicators and these should be evaluated in a dedicated database.  These indicators could 
include gas detection, water quality tests, air quality tests, management of the sites, 
management of the collection, and/or cleanliness of surrounding areas and streets. 

 
Sewage/Wastewater Treatment 
 
Short Term: 

 Coordinate with the Israeli side prior to release of stone cutting liquid waste.  
 Encourage coordination between Palestinian and Israelis in the construction of the new 

Tulkarm treatment plant, in order to solve the shared problems together. 
 Consider "low tech" solutions, such as reconstructed wetlands in isolated, unconnected 

neighborhoods to prevent contamination of wells and springs. 
 Ensure that no building permits are approved without assurances for properly-constructed 

cesspits in the areas which are not served by a sewage network. 
 

Medium/Long Term: 
 Ensure appropriate-scale technology is implemented, so it can be properly operated and 

maintained. 
 Begin to expand the capacity of the sewage treatment network and upgrade aspects, such as 

the pumping station. 
o Connect neighborhoods to the sewage treatment system that are not yet connected.   
o In the long term, the entire population should be connected to the municipal sewage 

network.   
o Incorporate population growth needs.   

 Ensure emergency/backup equipment is in place. 
 Enhance the capacity of the local drainage system.   
 Encourage the use of treated wastewater for irrigation to a greater extent.  
 For remaining unconnected sites, permits and new construction should be monitored regularly 

and permit requirements for properly-constructed cesspits enforced. 
 Conduct ongoing inspections and monitoring of the network to prevent and address problems 

that can threaten the ground water. 
 

Funding Issues 
 
Short Term: 

 Consider implementing municipal taxes for sewage treatment; currently, only minimal fees 
are collected for helping to maintain the network.23   

 Seek donor support to further upgrade sewage treatment facilities and have donors committed 
to cover up to 5 years of running costs until fees or taxes from residents are fully 
implemented. 

 
Medium/Long Term: 

 Continue to ensure collection of fees or taxes – and do so in a "closed system," i.e., collect 
fees and put them back into water and sanitation infrastructure upgrades, operation and 
maintenance. 

 Request more national funding for environmental protection. 
 Impose fines for illegal waste disposal and direct these revenues back into infrastructure 

maintenance and upgrades. 

                                                
23 Abu-Sheikha, July 2008. 
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Institutional Issues 
 
Short Term: 

 Create a GIS database in the Municipality, so that updated information on the environment, 
infrastructure, etc. can be readily accessed by the staff. 

 Facilitate communication, for example, by using the GIS on a network basis across 
departments to help everyone have access to the same information and thereby have the same 
basis for dialogue.  

 Create a Master Plan for sanitation, solid waste, water supply, pollution prevention, and other 
services, and encourage implementation of the plan. 

 Train municipal staff on pollution prevention, groundwater and surface water resource 
management, including trans-boundary water management, as well as on the benefits of using 
treated wastewater for irrigation.  

 Educate inspectors and implement awareness campaigns to teach them the applicable legal 
requirements and issues, as well as their roles and responsibilities. 

 Train additional staff to build capacity and strengthen the capacity of the local authorities. 
 Seek more national support for enhancing capacity of municipal staff and for environmental 

protection, more broadly.  
 Use GIS as a tool, which will help strengthen the municipality’s GIS and mapping unit and 

facilitate prioritization and remediation of groundwater threats.   
 
Medium/Long Term: 
 

 Establish an environmental affairs department to include both the water and wastewater 
departments and other related units. 

 Revise the Master Plan every 3 to 5 years.  
 
Enforcement Issues 

 
 Enforce to a much greater extent.  Significantly more enforcement is needed, since 

enforcement basically is lacking at the present time in Tulkarm.  
 Create an enforcement team – integrate with the relevant departments.  Share enforcement 

responsibilities on a national and local basis. 
 
Data Collection/Information Sharing 

 
Science informs good policy, as using science as the basis for these policy recommendations 
demonstrates.  The municipality should address the remaining lack of scientific knowledge and 
cooperation in the following ways: 

 Continue to collect scientific data and build a data base. 
 Invite outside researchers to the municipality to conduct research or establish a “Studies Unit” 

within the municipality. 
 Share knowledge across political boundaries. 
 Enhance transparency of information sharing.  
 Continue to foster cross-border data and information sharing.   

 
Public Awareness 
 
Short Term:  

 Enhance community education, awareness and participation, and project ownership.  
o Facilitate an understanding of the connection among municipal staff and local citizens 

between discharging wastewater and contamination of streams and ground water. 
o Educate citizens about the benefits of using recycled wastewater for irrigation. 

 Implement awareness campaigns for the residents concerning pollution and hazardous waste, 
and how these impacts could affect their lives and the lives of their children in the future. 
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 Implement different activities in conjunction with civil society to protect land, water, and 
surrounding areas from different kinds of pollutants.    

 Work with existing community based organizations, local NGOs, women’s groups, and youth 
organizations to encourage programming and activities concerning local ground water and 
environmental issues, best practices, and lessons learned. 

 Work with school principals and relevant Municipal and national educational officials to 
implement an environmental education curriculum for the schools, beginning with 
kindergarten and continuing through high school. 

 Teach community members, especially youth and women, to use GIS to understand the local 
environmental situation and to help address the highest risk problems, to the extent this is 
feasible.  

 Hold public meetings to inform the public about local environmental issues and projects.   
 
Medium/Long Term: 

 Continue to enhance knowledge of community GIS, and community involvement and 
empowerment. 

 Ensure ongoing education and awareness in the schools, especially in kindergarten and the 
early grades, public education centers, and through public forums on local environmental 
issues that can affect the Aquifer.  In this manner, the next generation will have a better 
understanding of the environmental and economic situations and can address these together in 
a sustainable manner. 

 Continue to increase environmental education for the women, NGOs, and the public. 
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4. CONCLUSION  
 
Tulkarm’s environmental challenges are significant, ranging from: 

• Inadequate and poorly-maintained infrastructure for solid waste collection and disposal as 
well as for sewage treatment;  

• Lack of sufficient funds to address the problems at hand; 
• Insufficient solutions to stop the continuous closures and Israeli political constraints; 
• Lack of awareness among the society on essential environmental issues; and, 
• Lack of availability of lands for treatment and disposal facilities.   
 

Therefore, municipal staff are overwhelmed by the challenges they face.   
 
Given the current political conditions, namely the Israeli Occupation of the West Bank, and the 
consequent socioeconomic conditions, environment, understandably, has been a relatively low priority 
for Tulkarm.  The political conditions also have made it difficult for capital equipment for 
infrastructure development to enter the West Bank, which means the existing problems remain largely 
unresolved.   
 
Nevertheless, such challenges present certain opportunities.  Specifically, because a number of these 
waste problems affect both sides of the border, and because the Aquifer is a trans-boundary resource, 
efforts to cooperate can both help address these problems and help foster greater cross-border 
understanding among the two peoples.  For example, there are efforts for Tulkarm and Emek Hefer to 
cooperate on treating olive mill waste.  Through this “Pro-Aquifer” project, joint training and study 
tours were conducted between Tulkarm, Umm el Fahem and other neighboring municipalities to 
establish a common knowledge base on sewage treatment issues, GIS, and to create a network that 
serves as a resource for municipal staff on both sides of the border.             
 
The systematic approach this Project has established to rectify these circumstances can help create a 
greater environmental understanding within the Municipality.  Municipal staff and officials are 
recognizing that addressing environmental problems also can lead to better circumstances within the 
Municipality (e.g., through improved sanitation and health of the local population).  Such 
improvement include greater economic development, for example, by creating jobs for waste 
collection, infrastructure development, and more.  Through such findings, preventing pollution that 
threatens the groundwater resources of the Mountain Aquifer will likely – and has already – become a 
higher priority on the Municipality’s agenda.     
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Appendix I: Select Relevant National Water and Sanitation Management  
Bodies and Laws 

 
PWA's authorities were established through By-Law No. 2 of 1996.24  The PWA is responsible for 
legislation, monitoring25 licensing and approving (including issuing permits) water and wastewater 
treatment projects,26 ensuring compliance with standards, regulations, as well as for coordinating with 
local and regional utilities and other bodies.  The PWA is responsible for approving all new wells, for 
example.  Ultimately, however, municipalities have primary responsibility for operating these 
systems.   
 
Law No. 3 of 2002 established the National Water Council (NWC).  This Council is composed of the 
most important water-sector stakeholders, such as “ministries, authorities, water utilities, [and] 
municipalities.”27  The NWC was designed to be the decision-making body that oversees the PWA.  
For example, it approves national water policies and facilitates their legislative ratification, and sets 
appropriate tariffs and price structures for water resources.28  Ideally, the National Water Council is 
also supposed to update the above-mentioned National Water Plan at the end of each year.  However, 
the Council has never convened and therefore has not performed any of its intended duties.   
 
The EQA was established in 1999 by Environmental Law No. 7 to regulate all environmental issues 
and planning.  The EQA coordinates with several other authorities.  It cooperates with the PWA, for 
instance, on groundwater protection, with the Ministry of Local Government on solid waste 
management, and with the Ministry of Industry on hazardous and industrial waste issues.29  Both the 
EQA and the Ministry of Economy and Trade issue permits; the former for new industrial facilities, 
and environmental impact assessments; the latter for factories (also referenced in municipal section 
below).   
 
The Ministry of Planning is responsible for planning and overseeing all major investments, i.e., all 
large-scale infrastructure projects.  The Health Department is responsible for sanitation (and 
slaughterhouses).   

  
There also is a Ministry of Local Government that oversees municipalities and many of their 
responsibilities, e.g., business licensing, permits, and water supply and wastewater treatment.  Many 
municipalities belong to Joint Planning Councils, which at the regional level manage water and solid 
waste management, and more.  The number of Council Members from a municipality depends on the 
size of the municipality.  Tulkarm, with more than 80,000 people, is in the top category for size and 
therefore would have substantial representation on a Joint Planning Council.   
 
Water supply in the West Bank currently is largely controlled by the Israeli water company, Mekorot.  
Beyond the Interim Agreement currently in place (See Appendix II), the PWA is working on 
identifying additional supplies.  In 2000, the PWA created a National Water Plan, which details 
Palestinian development goals in reference to water management and supply.  It envisions a 
sustainable development path that both guarantees affordable access to water for present and future 
generations and allows for the management and protection of water supplies.   
 

                                                
24 UNEP, p. 21. 
25 EMWATER, p. 10. 
26 EMWATER, p. 12. 
27 UNEP, p. 22. 
28 UNEP, p. 24. 
29 UNEP, p. 14. 
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Appendix II:  International Agreements 
 
In 1995, Israel and the Palestinian Authority (PA) signed an Interim [peace] Agreement (Oslo II 
Accords).30  Annex III, Article 40 of the Interim Status Agreement was designed to address water and 
sewage issues by recognizing Palestinian water rights. It immediately allocated 28.6 mcm/year to the 
Palestinians for domestic consumption and recognized that the PA will need approximately 70-80 
mcm/year of water in the interim period.31 However, these needs were identified over a decade ago 
and, according to the Palestinians, referred only to the Mountain Aquifer. Moreover, the Palestinians 
had requested 450 mcm/year of water.32 Water ultimately was left as one of five major issues to be 
addressed later, i.e., in the Final Status negotiations, because it remains so highly contentious. 
 
The manner in which these issues are resolved could affect future needs, infrastructure, and financing.  
Resolution of these issues also could help expedite donor infrastructure construction and help the 
Palestinians take over responsibility at an earlier. 
 

                                                
30 This Agreement followed the previous Declaration of Principles of 1993, which established the Palestinian Water 
Authority (PWA), and the Gaza-Jericho Agreement of 1994, which stipulates that all water and sewage systems and 
resources in the Gaza and Jericho areas shall be operated, managed and developed by the PWA.  Accordingly, the PWA 
committed to pay Mekorot Water Co. (the Israeli Water Company) for the costs of water supplied and for the real expenses 
incurred in supplying water from Israel and to the PA.  Source: Libiszewski, Stephan, Water Disputes in the Jordan Basin 
Region and their Role in the Resolution of the Arab Israeli Conflict, 12, Center for Security Studies and Conflict Research, 

; 86-85.pp, 1995pdf.95water_Mew/org.mideastweb.www://http.  
Israel .  1995Sep   28 .Israel Ministry of Foreign Affairs”  .III Annex –Palestinian Interim Agreement -The Israeli“ 31

Ministry of Foreign Affairs.  13 Aug 2008.  <http://www.mfa.gov.il>. Path: Peace Process; Reference Documents; Interim 
Agreement Between Israel and the Palestinians; Annex 3 (see Article 40: Water and Sewage).  
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International Affairs.  12 Aug 2008. < http://www.passia.org/palestine_facts/pdf/pdf2006/7-Water-Environment.pdf>.    


