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Abstract 

Municipal Solid Waste (MSW) is a growing problem.  Landfill is the most prevalent 

method in MSW management.  However using of landfills poses the probability of 

groundwater contamination.  The objective of the present study is to evaluate the 

temporal variations of the MSW leachate properties, to investigate the effect of 

different types of soil on leachate characterizations, and to categorize the 

contaminants that may percolate to the groundwater. 

In this study, three columns were used for extraction of MSW leachate.  Other three 

columns were used to simulate the leachate transportation in different soil types.  An 

actual leachate sample was collected from an active landfill, and compared with the 

extracted leachate.  While groundwater samples, were collected from seven wells 

located in the ambient area of Dier Albalah landfill in the middle area of Gaza Strip. 

All the leachate and the groundwater samples were tested for several physical and 

chemical parameters, which are pH, E.C., TDS, NO3
-
, NH3, Cl

-
, Alkalinity, Hardness, 

Ca
++

, Mg
++

, K
+
, Na

++
, COD and BOD.  Two types of soil were used in packing the 

soil columns, the sandy soil, and the sandy clay loam soil.  While the third column 

packed with two equal layers of the two soils.  The Geographic Information System 

(GIS) was used for illustration of the analyzed groundwater samples, in order to 

evaluate the leachate plume movement and its effect on the groundwater. 

The results of the study demonstrated that, the characterizations of the extracted 

leachate found to be in the highest ranges of the contaminations.  However, the 

concentrations of the contaminants increased with time up to a certain time, and then 

the concentrations decreased.  The removal efficiencies of the soils varied from soil to 

soil.  It was found that the removal efficiency of the COD reached up to 51% for the 

sandy clay loam soil, while it reached 33% for the layered soil.  The lowest efficiency 

was for the sandy soil, where it reached 12% only.  The removal of the contaminants 

increased with time, up to a certain time, and then it decreased.  The results gave an 

indication for the effect of the landfill leachate on the groundwater quality. 

The study concluded that the extracted leachate characterized, as a very high 

contaminated leachate.  The soil plays an important role in delaying the arrival of the 

contaminants to the groundwater but not prevention them.  The groundwater in the 

ambient area of Dier Albalah landfill is affected by the landfill leachate.  
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The study recommended that, seasonal variations of the leachate should be considered 

in any future study. And the ambient area of Dier Albalah landfill should be given 

more attention from the governmental and non governmental organizations. 
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 ملخص الرسالة

الطريقة ا�كثر شيوعا في إدارة النفايات  مكبات النفايات تعد كما .مشكلة متنامية البلدية الصلبةتعتبر النفايات 

من  لذا كان .يزيد من احتمالية تلوث المياه الجوفية من النفايات للتخلص إن استخدام المكبات. البلديةالصلبة 

ا�نواع  ختبار تأثيرا كذلك، والبلدية  الصلبة الزمنية على خواص المواد الفروقتقييم تأثير  ھذه الدراسة أھداف

يمكن أن ترشح إلى المياه تصنيف الملوثات التي إضافة إلى خواص عصارة النفايات، المختلفة من التربة على 

 .من مكبات النفايات الجوفية

. البلدية الصلبةاستخ5ص عصارة النفايات و  لمحاكاة مكبات النفايات في ھذه الدراسة ا�عمدة تاستخدم حيث

 حصفتم وفي نفس الوقت  .بينما استخدمت أعمدة أخرى لمحاكاة انتقال العصارة خ5ل أنواع مختلفة من التربة

عينات من إضافة لذلك تم فحص  .وتم مقارنتھا مع العصارة المستخلصةفعال  نفايات ت من مكبجمع عينة

طقة المحيطة بمكب نفايات دير البلح الواقع في وسط من سبعة آبار مختلفة تقع في المن تالمياه الجوفية جمع

: زيائية والكيميائية التاليةفيالمؤشرات الفحصت عبر  ات المياهجميع عينات العصارة وعين. قطاع غزة

الحامضية، و التوصيل الكھربائي، ا�م5ح الكلية الذائبة، و النيترات، وا�مونيا، والكلوريد، والقلوية، والعسر، 

، وكمية COD والكالسيوم، والماغنيسيوم، والبوتاسيوم، والصوديوم، وكمية ا�كسجين المستھلكة كيميائيا

  .BOD ا�كسجين المستھلكة عضويا

عينات المياه الجوفية التي تم تحليلھا من أجل تقييم  نتائج لتوضيح ،GISالجغرافيةنظام المعلومات  استخدمبينما 

  .حركة سحابة العصارة وأثرھا على المياه الجوفية

فإن تركيز  ،ذلك غمر. في أعلى معدMت التلوث كانتأظھرت النتائج أن خصائص العصارة المستخلصة 

كما أوضحت الدراسة أن  .باMنخفاضوقت معين ثم بعد ذلك بدأت ، وذلك حتى الوقتبازدياد  الملوثات ازداد

أن كفاءة اQزالة لكمية ا�كسجين المستھلكة  حيث أظھرت النتائج. الملوثات تختلف من تربة �خرى إزالةكفاءة 

COD  للتربة الرملية الطميية الطينية % 51 إلىوصلت(Sandy clay loam)  33، بينما وصلت ل %

 ا�قل ھي ،(Sandy soil) كفاءة إزالة الملوثات للتربة الرمليةكانت بينما . (Layered soil)للتربة الطبقية 

أظھرت النتائج أن  في حين. فقط% 12، حيث وصلت إلى ضمن ا�نواع التي تم استخدامھا في ھذا البحث

أعطت النتائج مؤشرات  في الوقت نفسه. لتناقصبازدياد الوقت إلى حد معين ثم بدأت با تزداداإزالة الملوثات 

  .على تأثير عصارة المكبات على جودة المياه الجوفيةواضحة 

وأن التربة تلعب دور مھم . خواص العصارة المستخلصة تصنف كعصارة عالية التلوث أناستنتجت الدراسة 

كما استنتجت الدراسة أن المياه الجوفية في . منعھا في في تأخير وصول الملوثات إلى المياه الجوفية وليس

  . حيطة بمكب دير البلح للنفايات متأثرة بعصارة المكبالمنطقة الم

كما أوصت . أوصت الدراسة بأنه Mبد من اخذ اMخت5فات الفصلية بعين اMعتبار في أية دراسات مستقبلية

الدراسة بضرورة إعطاء المياه الجوفية في المنطقة المحيطة بمكب دير البلح مزيد من اMھتمام خاصة من قبل 

     . لحكومية أو ا�ھلية العاملة في المجالالمنظمات ا
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          1.1 Municipal solid waste management: 

In the last decades the population of the world increased rapidly, it reached about 7 

billion on 2011, (Population Reference Bureau).  Therefor, the amounts of solid waste 

increased too, this posed the municipal solid wastes (MSW) disposal problem.  In 

early times, the disposal of human and other wastes did not pose a significant 

problem, for the population was small and the amount of land available for the 

assimilation of wastes was large (Tchobanoglous and Burton, 1991). 

The municipal solid wastes (MSW) are generated by the routine activities of every 

day life, in addition to the unusual activities.  The principal sources of MSW are 

homes, businesses, and institutions (Liu, 1999; Tchobanoglous and Kreith, 2002).  

However, any production of MSW must be managed somehow.  The fundamental 

challenge of MSW management is to minimize the potential negative effects while 

maximizing the recovery of useful materials from the waste at a reasonable cost (Liu, 

1999).  The theoretical preferred MSW management is preventing the production of 

the wastes, which it seems to be impossible.  There is no ideal method to manage the 

MSW all over the world, and there is no unique method too. 

The U.S. Environmental Protection Agency (EPA) has identified four basic 

management options for integrated waste management: (1) source reduction, (2) 

recycling and composting, (3) combustion, and (4) landfill (Tchobanoglous and 

Kreith, 2002).  The implications of the waste reduction, recycling, composting, 

combustion, and landfill are differentiating from place to another depending on the 

capabilities and resources of that place.  Figure 1.1 illustrated the variations of MSW 

management through time in the USA, and the increase in MSW production through 

the time.  It apparent, that the MSW production increased with time.  The utilizing of 
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different MSW management varied with the time, recently recycling is concerned 

more than any time before.  

 
       
          Figure 1.1 Generation and management of MSW 1960-2005 [U.S. EPA (1999) and data     
…....developed for the U.S. EPA]     (Tchobanoglous and Kreith, 2002) 

 
The reduction of wastes is the most effective option, but it should be introduced by a 

big awareness campaign and actions on the ground.  Source reduction is an essential 

MSW management; it involves altering the design, manufacture, or the use of 

products and materials to reduce the amount of discarded materials.  

Recycling is diverting of materials like paper, glass, metals, and plastic from waste 

streams.  These materials collected, sorted, processed, and then manufactured to 

produce new usable materials. 

Composting includes decomposes organic waste, such as food waste, grass trimming 

and trees leaves with microorganisms; to produce a humus-like substances.  The final 

product of which is used as a soil conditioner. 
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While by combustion, the waste is collected after sorting and burned to produce 

energy and electricity.  The volume of waste is reduced 90% and the weight is 

reduced 75% by this method as stated by Liu (1999).  Some of the ashes produced can 

be used for other purposes, like constructions road asphalts. 

However, landfill remains the prevalent method in MSW management and the most 

popular disposal option.  

The wide use of landfills poses the probability of groundwater contaminations.  

Landfills have been identified as one of the major threats to groundwater resources 

(Despina et al., 1999).  The impact of landfill leachate on the surface and groundwater 

has given rise to a number of studies in recent years (Abu-Rukha and kufahi, 2001; 

Christensen et al., 2000; Mor et al., 2005).  When leachate percolates to the 

groundwater and mixes with it, it forms a plume that spreads as the groundwater 

flows.  The degree of contamination in the aquifers depends on the transport rate of 

contaminants and depository conditions at the site as the contaminants permeate 

through the soil media (Vasanthi et al., 2007)   

In this research the impact of leachate percolation on groundwater quality was 

investigated from a sanitary landfill and through soil column investigations.  

1.2 Scope and objectives: 

The aim of the research is to examine the effect of different types of soil on the MSW 

leachate characteristics. 

 The objectives of this research work are:  

• To investigate the temporal variations of the leachate properties. 

• To understand the leachate transport phenomena. 
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• To investigate the effect of different types of soil on leachate 

characterizations. 

• To determine the categories of contaminants that may percolate to the 

groundwater, under Dier Albalah landfill.  

1.3 Problem statement: 

Landfill is a prevalent option in the solid waste disposal.  The deposit of MSW in 

landfill produces leachate, which is considered crucial in groundwater contamination.  

Leachate percolates to the aquifer through the soil profile bearing organic and 

inorganic matters, heavy metals and some other contaminants. 

Landfills designed to prevent percolation of the leachate to the groundwater.  

However, leachate can seeps to the down strata in different ways (especially old 

landfills): 

• In case of any damage on the bottom liners. 

• If any leakage in the leachate collection system occurs. 

• Clogging of the drainage system which means the physical buildup of 

materials in the pipe or drain layer (Jeffery, 1985). 

• Flooding in the collection pool as it happened this year 2012 in Dier Albalah 

landfill.  

• Some leachate used illegally, as a fertilizer (based on personal interviews with 

some farmers). 
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1.4 Structure of the study: 

The study focused on the effect of soil on the MSW leachate.  Where, the leachate 

percolates through the soil stratas to reach the groundwater.  Different types of soils, 

were used in columns experiment, in order examine the removal efficiencies of these 

different soils and their effects on the concentrations of the leachate contaminants. 

The study is structured into (six) chapters: 

Chapter one, gave a general view about the solid waste management, definition of the 

municipal solid waste and the danger of the MSW leachate on the groundwater. 

Chapter two, provided a literature review on MSW leachate and its effect on 

groundwater, and focused the other works in the same field. 

However, chapter three gave a basic discussion about the Gaza strip.  Section one 

concentrated on the location.  While section two talked about the population and the 

climate.  Where, section three focused on the MSW management in Gaza strip.  

Moreover, section three gave a general view about the MSW characterizations on the 

Gaza strip.  

Chapter four outlined the study and methodological framework and the organization 

of the experiment. 

Chapter five showed and discussed the results of the study.  Whereas, section one 

discussed the results of the leachate characterizations, while section two discussed the 

fate of the leachate on the different soils on the sight of the results of the study.  In the 

same time, section three discussed the removal efficiencies of the different soils that 

were used in the experiment.  However, section four presented the properties of the 

actual leachate from Dier Albalah landfill as an example.  While section four, 

discussed the groundwater quality in the ambient area of Dier Albalah landfill. 
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Chapter six summarized the conclusions and the recommendations of the study. 
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          2.1 Introduction: 

Solid waste disposal is a major environmental problem all over the world.  Landfill is 

the most common solid waste management.  Up to 95% of total MSW collected 

worldwide is disposed of in landfills (Tonni et al., 2006).  Landfill is the oldest 

method for MSW disposal (Tchobanoglous and Kreith, 2002).  The application of 

any MSW management must company with landfill, to handle the residual waste 

material.  Landfill considered one of the easiest options in disposing the solid waste.  

Many environmental problems exist because of landfill management.  Among which, 

is the impact of leachate on groundwater (Aik et al., 2010; Al-Muzaini et al., 1995; 

Chiemchaisri and Srisukphun, 2003; Jahangir and Singhal, 2004).  All governmental 

and nongovernmental associations have concerned about the impact of landfill on the 

environment and groundwater.  Many researches have been done to investigate the 

problem and to recommend the solutions (Al-Muzaini et al., 1995).  Different 

approaches for the effect of landfill's leachate on groundwater have been found in the 

literature (Mirbagheri, 2004).  

Jeffrey and Sajostrom (2010), researched for optimizing the experimental design of 

soil columns in saturated and unsaturated transport experiments.  The study reviewed 

the literature for providing the optimum column design of saturated and unsaturated 

soil.  Besides, it discussed the best practice for potential solution, the basic principals 

and the practical advantages and disadvantages of previous experimental approaches.  

The research concluded that, no standardization of experimental methods has 

occurred.  Making comparison between results was difficult because some columns 

design were unique to their researches.  
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Using the columns either in preparation of the leachate or in applying the leachate to 

the different soil types was widely used by the researchers all over the world.  A few 

studies concerned about the problem of the MSW in Gaza. 

2.2 Landfill design: 

Landfill is a sanitary engineered area were waste placed into the land figure 2.1.  The 

landfill  design  is   a complex   process  were  many  goals  should  be  achieved  like:  

 
              Figure 2.1: Schematic cross section in a sanitary landfill (Nassar and Jaber, 2007) 

 

- Protection of Groundwater quality, protection of air quality, production of energy, 

minimizing of environmental impact, minimizing of disposal cost, minimizing of 

dumping time for site users, extension of site lifetime, and maximizing the use of land 

upon site closure (Liu, 1999).  
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Several factors should be considered in the landfill design, among these factors are:  

� Landfill site, should be geology and hydrology evaluated, esthetic 

considerations, specifications of design dimensions….etc. 

� The amount of received wastes should be calculated. 

� The availability of operational feature for example covers soil and liners. 

� Additionally, design features should be included, the main are summarized 

below: 

• The landfill should have a liner to prevent the percolation of       

contaminates to the groundwater. 

• A leachate collection system must be used to minimize the leachate 

that may seeps from the landfill to the groundwater.  

• The landfill usually has a gas collection system in order to collect the 

gases that emit as a result of the organic waste degradation. 

• Layers covers and final cover should be applied to prevent the 

moisture percolation.  (Liu, 1999; Tchobanoglous and Kreith, 2002) 

A municipal solid waste landfill is not a benign repository of discarded material; it is a 

biochemically active unit where toxic substances are leached or created from 

combinations of non-toxic precursors and gradually released into the surrounding 

environment over a period of decades (Alslaibi, 2009). 

2.3 Leachate:  

   2.3.1 Leachate formation: 

Leachate is liquid phase of high concentration, which contains a lot of organic, 

inorganic ions, chemical oxygen demand (COD), biological oxygen demand (BOD) 
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and heavy metals (Liu, 1999; Gupta and Gurdeep, 2007; Mirbagheri, 2004; Vasanthi 

et al., 2008).   

Leachate is composed of the liquid that has entered the landfill from external sources, 

such as surface drainage and rainfall and the liquid produced from the decomposition 

of the wastes (Tchobanoglous and Kreith, 2002).  

Some of solid wastes decomposition by-products get into water moving through the 

waste deposit.  Leachate accumulates at the bottom of the landfill .The constituents of 

leachate can be categorized into four types' namely organic matter, inorganic matter, 

heavy metal, and Xenobiotic organic compounds (Aik et al., 2010).  

The amount of leachate produced is directly linked to the amount of precipitation fall 

on and around the landfill.  The amount of liquid waste in the landfill can also affects 

the quantity of leachate produced.  A large landfill site will produce greater amount of 

leachate than a smaller site.  The construction of the landfill determines how the 

leachate will reach the groundwater.  In the modern design, the liner will prevent the 

leachate from penetrating to some extend.  

      2.3.2 Leachate characterizations: 

The characterizations of landfill leachate were investigated by several studies in the 

literature.  The results showed high range of contaminants (Al-Muzaini et al., 1995; 

Al sabahi, 2009; Alslaibi, 2009; Al-Yaqout and Hamoda, 2003; Banar et al., 2006).  

However, the leachate characteristics and the range of contaminants didn't show a 

definite trend with age, type of waste dumped, thickness of waste layers, and 

hydrology of landfill (Al-Yaqout and Hamoda, 2003; Banar et al., 2006; Irene and Lo, 

1996; Paris, 1996).  Al-Yaqout and Hamoda (2003) demonstrated that the leachate 

from an active landfill was characterized with high organic due to the waste 
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decomposition and continuous gas flaring.  While in closed landfill, it was 

characterized with low organic.  Irene and Lo (1996), discussed the variations in 

contaminants between the old and young landfills.  The study stated that, the 

BOD/COD ratio plays an obvious rule in the stabilization of the landfill leachate.  It 

was found that the BOD/COD ratio decreased with the age of the landfill figure 2.2, 

this revealed that, the young landfill has much of the organic materials which are 

biodegradable.  This confirms that the age of  the  landfill  plays  an  important  rule  

in  landfill  leachate  characterizations.   

 
          Figure 2.2 Chang in BOD/COD ratio with the age of landfill.  (Irene M., 1996) 

 
Paris (1996) investigated the impact of the age of the landfill, precipitation, and 

treatment on the leachate in nine, sanitary landfill in Taiwan.  It was found that the 

leachate flow increased with the increasing of precipitation, while the leachate 

coefficient decreased, figure 2.3. 

His study demonstrated that the leachate mature-time is shorter than what recorded in 

the literature which was 20-30 years.  Besides, the steady state achieved after one or 

one and a half year for various characteristics of leachate. 

On the other hand, the concentration of pollutants in the leachate were higher during 

the dry seasons (summer season), this due to the minimum amount of moisture 
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percolates through the waste layers.  While in rainy seasons (winter season) the water 

will percolate through the landfill beds dissolve constituents and extract more 

quantities of diluted leachate (Banar et al., 2006), this revealed that the influence of 

climate has an effect on  leachate generation and its characterizations.  The seasonal 

variation of leachate generation pattern and the settlement of landfill indicated that, 

the highest degradation occurred during the rainy season, lowest degradation during 

the dry season; due to the lack of moisture (Tubtimthai, 2003). 

 

         Figure 2.3 Relationship between leachate coefficient C and rainfall.  (Paris, 1996) 

A data base for leachate quality in Hong Kong was developed by Irene and Lo (1996).  

This study worked on characteristics and treatment of leachate from domestic 

landfills.  Chemical analysis data of leachate composition generated from 10 landfills 

in Hong Kong were collected to identify variations in leachate quality.  Several 

leachate indicator parameters were utilized to assess the stabilization of the landfill.  

The  study  depended  on  gross  organic  parameters  such  as  chemical oxygen 

demand (COD), biological oxygen demand (BOD)  and  total organic carbon (TOC) 

to assess the leachate strength.  The ratio of COD to TOC reflected the characteristics 
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in the leachate.  The study demonstrated that, the methanogensis 

was reached earlier in Hong Kong landfills.  Figure 2.4 showed the trends of COD

values in the major landfills in Hong Kong.  

at, the concentrations of the contaminants increased with the 

young landfills and decreased with the old landfills, this indicated that much of the 

organic materials are biodegradable and can be removed from the young landfill

Typical data for the composition of leachate were stated by Tchobanoglous 

Comparison between the constituents' concentrations of a new landfill (less 

than two years) and a mature landfill (more than ten years) were illustrated in

obvious variations in the ranges of constituents' 

between the new and the mature landfill.  It was illustrated that the BOD in the new 

landfill had a range of 2000-3000 mg/l, while in the mature landfill the range was 

he general trend of COD values at eight major landfills in Hong Kong 
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However, the range of the COD for the new landfill was 3000-60,000, but the range 

of the mature landfill was only 100-500 mg/l.  All the other constituents had almost 

similar variations.      

           Table 2.1 Typical data on the composition of leachate from new and mature landfill. 
                                                                                                (Tchobanoglous and Kreith, 2002)                          

 

      2.3.2.1 Characterizations of leachate in an arid climate: 

The assumption that minimal leachate could be formed in the absence of precipitation 

were invalidated.  This was concluded by an evaluation case-study of landfill in an 

arid climate conducted by two unlined MSW landfills, of different ages, in the state of 

 
Constituents 

 New landfill (less than 
2 years) 

Mature landfill 
(great than 10 

years) Units Range Typical 
BOD mg/l 2,000-30,000 10,000 100-200 

TOC mg/l 1,500-20,000 6,000 80-160 

COD mg/l 3,000-60,000 18,000 100-500 

TDS mg/l 200-2,000 500 100-400 

Organic nitrogen mg/l 10-800 200 80-120 

NH3 mg/l 10-800 200 80-120 

NO3
- mg/l 5-40 25 5-10 

Total phosphorous mg/l 5-100 30 5-10 

Ortho phosphorous mg/l 4-80 20 4-8 

Alkaline as CaCO3 mg/l 1,000-10,000 3,000 200-1,000 

pH - 4.5-7.5 6 6.6-7.5 

Total hardness as CaCO3 mg/l 300-10,000 3,500 200-500 

Ca++ mg/l 200-3,000 1,000 100-400 

Mg++ mg/l 50-1,500 250 50-200 

K+ mg/l 200-1,000 300 50-400 

Na+ mg/l 200-2,500 500 100-200 

Cl- mg/l 200-3,000 500 100 

SO4
-- mg/l 50-1,000 300 20-50 

Total iron mg/l 50-1,200 60 20-200 
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Kuwait (Al-Yaqout and Hamoda, 2003).  The investigation determined the chemical 

characteristics of leachate and examined the mechanism of leachate formation in both 

landfills.  Leachate was collected   from   a closed   landfill   and from an operating 

landfill.  The analysis showed high levels of organics, salts, and heavy metals in both 

landfill.  The organic strength in the old landfill found to be reduced due to the waste 

decomposition and the gas formation.  However, both landfills showed severe 

contamination, even with minimum precipitation, (Al-Yaqout and Hamoda, 2003). 

2.3.3 The effect of soil on leachate: 

When leachate penetrates through the soil layers, it contaminates the ambient 

environment.  Constituents move within the soil matrix, mainly due to the 

concentrations gradients (Rattan and Shukla, 2004).  Understanding of leachate 

transportation in the soil is very important in landfill management.  It can help in 

minimizing the movement of the leachate toward the groundwater.  

However, understanding the leachate transportation within the soil depends on 

understanding the structures of the soil.  The variations in soil porosity, hydraulic 

conductivity, particle size, and permeability will lead to variation in contact time with 

the leachate.  Therefor, variations in the outlet leachate characteristics exist.  The 

ability of the soil to remove pollutants out of the percolated leachate through the soil 

depends on soil chemical, physical, and biological process.  It also depends on the soil 

nature (e.g., relative proportion of the inorganic and organic components, coarse or 

fine size, small or large surface area, and low or high charge density) (Rattan and 

Shukla, 2004).  Soil is expected to minimize the amount of contaminants percolate to 

the groundwater.  It can attenuate the landfill leachate by the following mechanisms: 
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adsorption, biodegradation, cation exchange, and to less degree anion exchange 

reactions, precipitation, and filtration (Smith et al., 1999).  

The top soil has considerable effects on the elements that may pass through to the 

aquifer.  In waste disposal areas, the upper soil strata usually contains greater amount 

of organic matters than in lower strata (Al-Soufi, 1994).  The leachate should be 

examined after the treatment through the soil strata, in order to investigate the 

magnitude of contaminants that could reach the groundwater.  Leachate treatment 

before disposal is a concerned issue that should be cared about.     

 Many modeling have been done worldwide to evaluate the transport of various 

contaminants through the soil profile (Jeffrey and Sajostrom, 2010; Gupta and 

Gurdeep, 2007).  

         2.3.4 Determination of leachate quantity: 

The determination of leachate quantities were done by using the Hydrologic 

evaluation of Landfill Performance (HELP) and the Water Balance Method (WBM). 

HELP model is the most widely used tool to predict leachate quantity and analyze 

water balance in landfill lining and capping systems.  It was developed by United 

State Environmental Protection Agency (US EPA) in three versions 1984, 1988 and in 

1994 version 3 was developed.  It is a quasi two dimensional hydrologic model of 

water movement across, into, through, and out of landfills.  The model generates 

estimations of runoff amounts, evapotranspiration, drainage, leachate production, and 

leakage from liners (Schroeder et al., 1994).  

HELP model was developed to help hazardous waste landfill designers and regulators 

to evaluate the hydrologic performance of proposed landfill designs.  Alslaibi (2009) 

applied the Hydrologic Evaluation of Landfill Performance (HELP) model and Water 
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Balance Method (WBM) for the determination of the annual landfills leachate in Gaza 

Strip.  The study found, that the estimated average of volume of leachate discharged 

from Dier Albalah landfill by using the HELP model in the period from 1997-2007 

was about 6,800 m
3
/year.  In the same time, the estimated average by using (WBM) 

model was 7,660 m
3
/year in the same period.  While the assessments of the 

groundwater quality in the Ano Liosia landfill situated in Attica region, Greece had 

been carried out by Despina et al. (1999).  And the hydrologic evaluation of landfill 

performance (HELP) model had been used to determine the amount of leachate seeps 

yearly from the bottom of the landfill.   

            2.3.5 Leachate disposal: 

The components of leachate vary from landfill to another.  Many factors affect the 

variations on leachate characteristics.  Among these factors is the component of 

MSW.  Leachate characteristics vary from site to site.  The age of the landfill will also 

affect the characterizations of leachate.  The climatic conditions have effects on both 

quantity and quality of the leachate.  Minimizing of moisture is a considerable issue in 

a landfill design.  Bases on more water mean more leachate, and more degradation of 

wastes, thus more production of contaminants.  Therefor, a drainage system at the 

bottom, layers cover, and vegetation on the final cover will reduce the infiltration by 

intercepting the precipitation and causing evapotranspiration. 

However, an engineering designed landfill can cause contaminates percolation, 

according to Mirbagheri (2004) who considered that, leachate from sanitary landfills 

is also recognized as important groundwater pollutants.  When leachate percolates to 

the ambient soil, it contaminates the environment and the groundwater. However, the 

collection system collects the leachate through a series of pipe lines installed into the 
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base of the landfill, and transferred to the collection pool figure 2.5.  The leachate 

then, recycled by flushing back through the waste layers or sent to a treatment plant 

before it discharged to the wastewater plant. 

       Figure 2.5 Leachate collection pool (unpublished report of Solid Waste Council, 2010). 

Recycling of leachate can be done by flushing on the top of the waste layers several 

times.  This will enhance the waste decomposition and the leachate degradation.  

Recycling enhance the landfill stabilization due to the increase of moisture contents.  

Recycling is decreasing the volume of leachate produces by evaporations and 

providing a mean of leachate disposal.  However, recycling concentrates the 

contaminations of the leachate and increases of the rate of groundwater pollution. 

Leachate treatment can be used incase that the regulations of the country allowed.  

Several points should be considered for the leachate treatment process.  Among these 

points is the flow rate of the leachate, which depends on the amount of moisture that 

has been received by the landfill.  As well as, the type of waste received by the 

landfill and the characteristics of the leachate.  The age of the landfill and the 
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conditions of the landfill, included (the pH, temperature, moisture) and climate 

conditions all should be considered in the leachate treatment.  Then the treated 

leachate discharged to the wastewater treatment plant.   

            2.4 Groundwater contaminations: 

The landfill leachate is considered as a main source of groundwater contamination 

(Al-Muzaini et al., 1995; Christensen et al., 2001; Despina et al., 1999; Mor et al., 

2006; Vasanthi et al., 2008).  The effect of the leachate on the groundwater was 

investigated by several studies in the literature.  Abu-Rukah and Al-Kofahi (2001), 

investigated the effect of El-Akader landfill leachate on the groundwater in Jordan.  

The influence on contaminant migration greatly depends on the composition of the 

leachate or contaminant entering the groundwater system.  Similar contaminants may 

behave differently in the same environment due to the influence of other constituents 

in the leachate (Abu-Rukah and Al-Kofahi, 2001).  

Even under controlled conditions such as those of a well planned and well managed 

landfill, leachate may percolate or penetrate through natural ground and may still 

contaminate groundwater and ultimate contaminate fresh water supplies over time 

(Aik et al., 2010).  

The relationship between the impact of land use activities and the water pollution in 

Yemen was the aim of a study carried out by, Al sabahi et al. (2009).  In order to 

achieve that, groundwater samples from three different sites around the landfills in Ibb 

city, Yemen were analyzed for the physico-chemical characteristics. The groundwater 

found to be highly contaminated, in all the sites.  The pH values for all groundwater 

sampling sites were about neutral, in which the range was (7.36-7.99).  High levels of 
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E.C. were founded on many of the tested boreholes at the three sites, in which the 

range was from (624-4,825) µs/cm.  

Alslaibi (2009) founded out that all the tested physical and chemicals parameters of 

the groundwater under Gaza Strip landfills exceeded the permissible limits of the 

WHO.  The E.C. levels ranged from (1,060-4,180) µs/cm.  While, it was found that, 

the concentrations of COD ranged from below detection limit to 448 mg/l, which is 

extremely high. In the same time, the range of the NO3
-
 concentrations was between 

normal and high (40-119) mg/l. Therefor, the study considered that the landfill 

leachate was a major contributor to the groundwater contamination. 

Abu-Rukah and Al-Kofahi (2001), founded that the groundwater under El-Akader 

landfill in Jordan was non-potable because most of the physical and chemical 

parameters examined exceeded the permissible limits by the WHO.  They founded 

that some of the sites were not suitable for the irrigation because of the high 

conductivity which, ranges from (1,200-1,400) µs/cm.  In addition the concentrations 

of the Cl- and NO3- were high also; the ranges were (112-190) mg/l and (32.4-73.4) 

mg/l respectively.  Despina et al. (1999) confirmed  the fact that the landfill leachate 

constitutes are serious threat to the local aquifer, when they found that all the 

parameters that were tested for the groundwater in the ambient area of the landfill in 

Greece were in high levels. 

The assessment of groundwater pollutions near municipal solid waste landfill site in 

India, were carried out by Mor et al. (2006) and by Vasanthi et al. (2008).  Samples of 

leachate and groundwater from the ambient area of the landfills were analyzed.  

Concentrations of various physico-chemical parameters were investigated.  The 

studies concluded that the wells around the landfill have high values of 

contaminations.  The results revealed a poor water quality.  Mor et al. (2006) showed 
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that the increase in the depth of the well and the distance from the landfill improve the 

quality of the well's water.  

 2.5  Soil columns investigation: 

Soil columns have been widely used for evaluations of contaminants mobility in soil, 

and the soil treatment ability (Jeffrey and Sajostrom, 2010). 

Many of the experimental techniques and approaches described in the literature are 

unique to a single researcher or to a research team.  This makes direct comparisons of 

results from different studies are difficult (Jeffrey and Sajostrom, 2010).  It is difficult 

and perhaps impossible to obtain in pore water samples which are not altered or 

biased by the sampling process.  It is therefor, important to define the experimental 

goals and to design the soil columns in a way that will minimize source of bias 

(Jeffrey and Sjostrom, 2010).  

            2.5.1 Columns size: 

 A vast number of articles have been published since 1950 in the fields of hydrology, 

agriculture, and soil sciences which relay primarily on results obtained from soil 

column experiments.  Despite this, no attempt has ever been made to standardize or 

compile the best practices for constructing soil columns and a review of the literature 

reveals a bewildering array of technical approaches.  Some of the smallest columns 

reported in the literature measure 1 cm in diameter and 1.4 cm in length.  While the 

largest measure up to 2m × 2m ×5m and weight over 50 tones (Jeffrey and Sajostrom, 

2010). 

Six laboratory-scale soil columns of 15 cm, diameter and 2.50 m, height were used by 

Chiemchaisri and Srisukphun (2003), study.  Francois et al. (2007) used columns of 
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38 cm diameter and 1.5 m height.  While Jahangir and Singhal (2004) in their study 

used three columns, 50 cm long and 5 cm in diameter were prepared similarly.  The 

columns that used in Palma and Mecozzi (2010) investigation were 120 cm height, 

and 10 cm in diameter.  Constructions of concrete rings of 1.4 m diameter and 3.5 m 

height 1m of them below the ground surface and 2.5 m above the surface were carried 

out by Tubtimthai, (2003).  Different sizes of columns were used by Tuffaha (2006), 

for leachate extraction and soil columns, the study used columns of 15 cm in diameter 

and different heights 0.5, 1.0, 1.5, and 2.0 m. 

             2.5.2 Columns materials: 

Materials which have been experimentally used for constructing the outer shell and 

rigid porous interfaces of soil column experiment include stainless steel, glass, acrylic 

(Plexiglas), PTFE-lined steel, PVC, polybutyrate, fiberglass, and concrete (Jeffrey and 

Sjostrom, 2010).  The choice of materials for constructing the external shell of the soil 

column take into consideration the structural strength of the material, whether or not 

the material will interfere chemically with the solute of interest, whether or not 

transparency is required, and the ease of installing instrumentation.  Furthermore, the 

commercial availability of a product will strongly influence the cost of the fabrication 

(Jeffrey and Sjostrom, 2010). 

Steel cylinders were designed and constructed by Khoury et al. (2000) in order to 

simulate landfill conditions.  Palma and Mecozzi (2010) study used four columns 

made of Plexiglas, closed with PVC tops.  While the research of Tubtimthai (2003) 

used concrete rings for construction of lysimeter.  The concrete rings were reinforced 

with ferro-cement to withstand elevated pressure and plastered inside and out side 

with two coating of waterproofing agent to avoid leakage and corrosive due to acidic 
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environment.  The solid plastic PVC was used in the studies of Francois et al. (2007) 

and Tuffaha (2006).    

            2.5.3 Columns packing materials: 

Two board categories of construction have been reported in the literature: packed 

columns that used disturbed soil and monolithic columns that use undisturbed soil.  

Packed soil columns are built using soils which have been excavated or "disturbed", 

then back filled into rigid container and compacted.  In contrast, monoliths are 

extracted whole and intact from natural soil.  Packed columns are typically much 

more homogeneous than monoliths (Jeffrey and Sajostrom, 2010).       

The experiment of Chiemchaisri and Srisukphun (2003) were conducted by using six 

columns filled with different types of filter materials to compare the performance of 

different types in purifications of the leachate.  They are: 

1) Soil (40% clay, 30% silt, and 30% sand).  (3 columns) 

2) Mixture of soil and planting soil at 2:1 ratio by weight. 

3) Mixture of soil and compost at 2:1 ratio. 

4) Mixture of mixed soil and compost at 1:1 ratio. 

Layers of composting material characterized according to the characterizations of 

solid waste, were used for the production of leachate, and placed above the prepared 

soil layers.  At the top a covering material layer was used. 

Columns for testing the leachate treatment processes were prepared by Gupta and 

Gurdeep (2007).  Different Medias were used in the process; these Medias were 

activated carbon and soil columns. 
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Jahangir and Singhal (2004) used sand packed columns to investigate the relative 

significance of bacterial growth, metal precipitation, and anaerobic gas formation on 

biologically induced clogging of soils.  While Palma and Mecozzi (2009), used four 

columns, for better simulation of the aquifer conditions.  The column was filled with a 

15 kg of saturated soil sampled down gradient of landfill in Rome. 

The research of Tubtimthai (2003) used soil layers at the top of MSW columns the 

soil that had been used in the experiment was sand, silt, and clay as the following 

ratios 70:15:15 respectively, and compost, sand, silt, and clay mixture on the basis of 

the following ratios 40:30:15:15 respectively. 

In the study of Tuffaha (2006), there were 6 soil columns.  Each one contains soil 

from the same Nablus disposal dump site (the study area), near the industrial area. 

            2.5.4 Effect of packing soil on the leachate: 

The soil can attenuate the landfill leachate by the following mechanisms: adsorption, 

biodegradation, cation exchange and to a lesser degree, anion exchange reactions, 

precipitation, and filtration (Smith et al, 1999). 

Chiemchaisri and Srisukphun (2003) deducted that, the organic substances were 

initially adsorbed by soil and released when soil became saturated.  Biological 

degradation also helped in removing a fraction of organic substances and color from 

leachate.  The removal efficiencies were found higher at lower infiltration rate.  The 

variations in organic substance concentration can be explained by the predomination 

of adsorption capacity of soil has been reached. 

The study of Gupta and Gurdeep (2007), demonstrated that the use of soil columns 

and activated carbon columns were amenable to treat the landfill leachate.  However, 

the performance of the activated carbon columns was observed to be better than that 
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of the soil columns in term of BOD, COD, and TDS removal.  While the removal of 

BOD, COD, and TDS increased with the increasing of Hydraulic Retention Time 

(HRT). 

Jahangir and Singhal (2004) found out that physical, geochemical, and biological 

interactions were observed during leachate transport in soil.  Experimental 

observations suggested simultaneous reduction of manganese and iron accompanied 

by sulphate degradation and methane production.  An increase in the substrate 

concentration resulted in rapidly increase in the pH, inorganic carbon, and attached 

biomass at the column inlet, caused to enhance precipitation of Fe, Mn, and Ca at the 

column inlet. 

Tuffaha (2006) demonstrated that not all the constituents were removed from the 

MSW leachate by passing through the soil columns.  The soluble organic as (BOD 

and COD) decreased when came out of the soil column.  The same behavior was for 

the NO3
-
, TDS, E.C., and Cl

-
. 

         2.6 Categories of contaminants: 

The contaminants in the landfill leachate can be categorized into four groups: they are  

dissolved organic matter e.g. chemical oxygen demand (COD) and total organic 

carbon (TOC), inorganic matter e.g. Ca
++

, Mg
++

, Na
+
….etc, Heavy metals e.g. Cd, Cr, 

Pb...etc, and Xenobiotic organic compound (XOCs) these compounds includes 

aromatic hydrocarbon and phenol, and they usually found in low concentrations (Aik 

et al., 2010; Christensen et al., 2001; Ramzi, 1989).  
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            2.6.1 Leachate decomposition: 

The decomposition in the leachate can be defined into two phases.  The first is aerobic 

decomposition or acetogenic phase second anaerobic decomposition or methanogenic 

phase (Aik et al., 2010).  During acetogenic phase the leachate shows low pH values 

and high concentrations of easy degradable organic compound.  In the later 

methanogenic phase pH increased, BOD/COD ratio, which reflecting the 

degradability of the organic carbon, dramatically decreased.  The methanogenic phase 

represents high concentrations of ammonical nitrogen, as well as inorganic matters 

such as iron, sodium, potassium, sulphate and chloride due to active dissolution (Aik 

et al., 2010; Christensen et al., 2001; Francois et al., 2007). 

Data for acetogenic phase leachate and methanogenic phase leachate illustrated in 

table 2.2.  The  Data illustrated in term  of average  values and  ranges.  It was clearly  

Table 2.2 Leachate composition in term of average and range with the deference between 
Acetogenic and Methanogenic. (Christensen et al., 2001) 

Parameter Unit Acetogenic phase Methanogenic phase 

Average Range Average Range 

pH - 6.1 4.5-7.5 8 7.5-9 

BOD mg/l 13,000 40,00-40,000 180 20-550 

COD mg/l 22,000 6,000-60,000 3,000 500-4,500 

SO4
- - mg/l 500 70-1,750 80 10-420 

BOD/COD 
(ratio) 

- 0.58  0.06  

Ca++ mg/l 1,200 10-2,500 80 10-420 

Mg++ mg/l 470 50-1,150 180 40-350 

 

shown that the pH in the methanogenic phase (8) was higher than that in the 

Acetogenic phase (6.1).  While the COD and BOD in the methanogenic phase 3,000 
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and 180 mg/l respectively was lower than the COD and BOD in the Acetogenic phase 

22,000 and 13,000 mg/l respectively. 

            2.6.2 Dissolved Organic Carbon (DOC): 

According to Christensen et al. (2001), few investigations have been concerned about 

Dissolved Organic Carbon (DOC) in landfill leachate.  However, Christensen et al. 

(2001) highlighted the DOC by reviewing the very few investigations concerned 

about it in landfill leachate.  In the Acetogenic  phase, it was found that more than 

95% of the DOC consisted of volatile fatty  acids  and  only  1.3%  of  the DOC 

consisted  of  high  molecular  weight  compounds.  Also, volatile amines and 

alcohols were detected.  On the other hand, in the methanogenic phase leachate, no 

volatile acids, amines, or alcohols were detected.  About 32% of the DOC consisted of 

high molecular weight compounds.  More than 60% of the DOC defined as humic like 

materials. 

            2.6.3 Inorganic components: 

Inorganic components such as Ca
++

, Mg
++

, Na
+
, K

+
, Cl

-
, SO4

--
, and HCO3

-
.
  

The 

concentrations of some of inorganic compounds depend on the stabilization process of 

the landfill (Christensen et al., 2001).  Therefor and, as shown in table 3.2 the cations 

Ca
++

, Mg
++

 are lower in the methanogenic phase leachate, this accordance to what 

stated by Aike et al. (2010).  Christensen et al. (2001) attributed the decreasing in the 

inorganic components to the high pH in the methanogenic phase, which enhances the 

sorption and precipitation.  Sulphate concentrations are also low in the methanogenic 

phase leachate.  The ratio of SO4
--
/Cl

-
 indicates the degree of stabilization of landfill, 

as it decreases with the age of the landfill.  The decrease in the SO4
--
/Cl

-
 ratio is due to 
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the decrease of SO4
--
 (Irene, 1996).  Some other organic components (e.g. Cl

-
, Na

+
, 

and K
+
) are removed as a result of washout by infiltrating rainwater (Christensen et 

al., 2001; Tuffaha, 2006). 

            2.6.4 Heavy metals:  

Landfill leachate contains heavy metals (e.g. cadmium, nickel, zinc, copper and lead) 

at moderate concentrations levels.  Typical values are in the range of Cd 5-10 µg/l, Ni 

100-200 µg/l, Zn 500-2000 µg/l, Cu 50-100 µg/l, and pb 50-100 µg/l, but higher 

concentration may appear (Abu-Rukah and Al-Kofahi, 2001).  In places where high 

intensity of industry is encountered, high concentrations of heavy metals may reach 

the groundwater body from the waste disposal (Al-Soufi, 1994).  The concentration of 

heavy metals, decrease with the age of the landfill, perhaps due to the high pH (Irene, 

1996).  

            2.6.5 Xenobiotic Organic Compounds (XOCs):  

The landfill leachate may collects contaminants produced inside the landfill.  Landfill 

leachate presents a very complex mixture that may contain a large number of 

Xenobiotic Organic Compounds (XOCs).  These compounds are usually found in low 

concentrations less than 1 mg/l (Banar et al., 2006; Christensen et al., 2001).  

Xenobiotic is any substance -harmful or not- that, foreign to the animals biological 

system.  In the environment the Xenobiotic include synthetic pesticides, herbicides, 

and industrial pollutants that would not be found in nature (Medical-dictionary).  The 

most XOCs found were the aromatic hydrocarbon (benzene, toluene, ethyl-benzene, 

and xylenes) and halogenated hydrocarbons like tetrachloroethylene and 

trichloroethylene (Christensen et al., 2001).  The concentrations of the XOCs in 
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landfill leachate expected to decrease over time.  While the reduction of each 

compound, depending on its degradation in the landfill, and on its volatilizations with 

the landfill gas.  The analysis of leachate for XOC may be biased by loss of pollutants, 

due to volatilization in sampling equipment. 

 2.7 Moisture contents: 

The moisture in the MSW has several sources among is the received precipitations, 

moisture content of the MSW and re-circulated leachate (Alsalibi, 2009).  Liu (1999) 

added to that the water that absorbed by the paper towel.  However Alsalibi (2009), 

considered that about half of the leachate quantity in Dier Albalah, comes from 

moisture content of the waste while the remaining comes from the infiltrations of the 

precipitations and the re-circulated leachate. 

 2.8 Temperature effects:  

Weather conditions have a significant role in determining the leachate quantity, and 

leachate characterizations, these conditions, such as precipitations, temperature, and 

solar radiations (Alsalibi, 2009; Alyaqout and Hamoda, 2003; Nassar and Jaber, 

2007).       
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         3.1 Introduction: 

Gaza Strip is a narrow strip located in the southwestern part of Palestine, at the 

Mediterranean Sea, the geographic coordinates are: 31
0
 25

'
 N, 34

0
 20

'
 E, figure 3.1.  It 

is approximately 41 kilometers long.  Its width ranges from 6-8 kilometers on the 

north, 10-12 kilometers on the south.  The total area is relatively small about 378 

square kilometers (km
2
) (UNEP, 2009).  

 

                            Figure 3.1 The location of Gaza Strip map (Current study). 

         3.2 Population and Climate in Gaza Strip:          

The estimated population of Gaza Strip in 2011, based on Palestinian Central Bureau 

of Statics (PCBS, 2011), was about 1,588,691 inhabitants.  Gaza Strip is a highly 

populated area were about 3,881 inhabitants living in 1 km
2 

(PCBS, 2011).  
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Gaza Strip considered as a semi-arid climate conditions.  Annual precipitation is 

approximately 446 mm/year according to Palestinian meteorological data.  The 

raining season is from October to April.  Scarcity of water are strongly  present in 

Gaza Strip, the only source of water is the groundwater, which is considered as a 

major problem and always voluntary for pollution, because the soil profile is consist 

of sand, sand stone and gravel mainly.   

         3.3 Collection of MSW in Gaza Strip: 

Most municipalities within the Gaza Strip collect domestic solid waste, using animal 

carts wandering door to door.  The waste is dumped in temporary accumulations 

within the city limits.  Yarmouk transfer station in Gaza City is an example.  In many 

cases, the wastes remain in these temporary accumulations for several days, before 

transferring to the main landfills.  The accumulations points attracting pests and flies, 

and posing direct environmental and public health threats.  Waste scavenging for 

metal and plastics at these waste accumulations is common.  Large locally made 

containers placed on the sides of the roads for daily disposal.  Eventually the wastes 

are moved on using larger capacity skip trucks to the three operating dumpsites 

illustrated in figure 3.2.  Rafah or (Sofa) located east of Rafah municipality in the 

south, Dier Albalah located east of Dier Albalah municipality in middle of Gaza Strip, 

and Joher El Deek located southeast of Gaza municipality in the north-east of Gaza 

Strip. 
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                              Figure 3.2 The locations of landfills in Gaza Strip (current study, 2012). 

         3.4 MSW management in Gaza Strip: 

The political situation in Gaza Strip, the closure and the economical restrictions, have 

made a great pressure on the public services and mainly on the solid waste 

management.  Landfill is the main MSW management utilized in Gaza Strip.  MSW 

applied to three landfills which were not designed as engineered sanitary landfill, if 

Dier Albalah landfill was exempted, figure 3.3 and 3.4.  It has a liner, leachate 

collection and treatment system, according to the Environment Quality Authority 

(EQA) standards (Alslaibi, 2009).  Nowadays all are acting as dumping sites, since 

they exceeded their maximum capacity, figure 3.5 and 3.6.  
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     Figure 3.3 Dier Albalah landfill a picture taken from Google earth (Current study, 2012). 

 

 
     Figure 3.4 Liner at the bottom of Dier Albalah landfill and leachate collection system in 
….addition to leachate recirculation by spraying. (Council of Solid waste management, 2010). 
 
 
The locations of the landfills at the east of Gaza Strip on the buffer zone with Israel 

make the reaching of the landfills is a complicated action.  Therefor, some 

accumulation stations established in several places, usually the MSW transfers to the 

landfill from these accumulation stations daily, but in many cases the MSW remains 
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for many days.  However, random dumping sites spread on the Gaza Strip without any 

further control or protection.  This poses the direct thread to the groundwater quality.   

 
        Figure 3.5 Dier Albalah landfill.  Solid waste scatters out the landfill, and leachate seeps  
....... ……at the sides of the landfill (Current study, 2012).  
 

 

 
                Figure 3.6 Dier Albalah landfill (Current study, 2012). 

Dier Albalah landfill is the only landfill has a lining at the bottom, figure 3.4.  

However, and due to the exceeding load in the landfill, the leachate seeps from the 

sides of the landfill, figure 3.5 and runs off at the ground surface.  Recirculation of the 

leachate on Dier Albalah landfill performed, by spraying it at the surface of the 
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landfill.  Recirculation used in order to dispose off the leachate and minimize the 

quantities of the leachate by evaporation.  Since the average evaporation on the area is 

relatively high about 1,000 mm/year according to Ministry of Agriculture, 

(Unpublished Data, 2011).   

All the landfills in Gaza Strip had exceeded their life spans according to council of 

solid waste management (an office visit).  The heights of the waste reached more than 

25 m in Dier Albalah landfill.  The political situation does not allow for any 

expansions or modifications.  

Utilizing any MSW management is difficult due to political and economical 

situations. Recycling for some plastic, metals and sometimes glass usually performed  

 
          Figure 3.7 The planted part of the landfill in Dier Albalah landfill.  (Council of Solid waste   

         management, 2010) (unpublished report). 

by scavengers.  There was a trail for composting and producing soil conditioner in 

Dier Albalah landfill, this conditioner was used in planting part of the landfill upon 

the closure of area of 4,600 m
2
 of the landfill in the year of 2000, figure 3.7.  The 

composting project failed to proceed and it was stopped on the year of 2005, because 

of the military activities of the Israeli troops. 
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            3.5 MSW production in Gaza Strip:    

The variations in the MSW production in Gaza Strip illustrated, by Nassar and Jaber 

(2007).  The refugee Camps had a range of 0.5 – 0.8 kg/capita/day.  While in the cities 

the production range was the highest 0.9-1.2 kg/capita/day.  However, the rural area 

had the lowest range 0.4-0.6 kg/capita/day.  This was in accordance with the data 

collected through an office visits to the landfills administrations which illustrated in 

table 3.1.  Where the production rate in Gaza city and the north area was as expected, 

the highest 1 kg/capita/day, and Johr Aldiek dumpsite receives double quantities of 

what the other landfills receives.  The lowest production rate found, in the middle 

area, and Khanyonus area 0.65 kg/capita/day.  

Table 3.1 The MSW production in Gaza Strips:  

Landfill *Description Area of 
services 

**Population 
(Inhabitant) 

***The received 
MSW Ton/day 

***kg/capita
/day 

Johr 
Aldiek 

Dumpsite Gaza area, 

North       

area. 

915,000 900 1.00 

Dier 
Albalah 

Landfill Middle     

area, 

Khanyonus 

area 

440,000 300 0.65 

Rafah Dumpsite Rafah       

area 

184,000 150 0.80 

*
Description: landfill: with liner and leachate collection system, and dumpsite: without liner and 

without leachate collection system.  
**

According to UNEP (2009). 
***

Based on office visits to the Landfill administrations and their annual reports, (2010-2011).  

         3.6 Characterizations of (MSW) in Gaza:  

The compositions of MSW in Gaza as illustrated by Nassar and Jaber (2007), is 

summarized by table 3.2.  The majority of the waste was biodegradable organic 

matter, 70% of the waste weight.  However, the metals form the minimum of the 

waste with only 3% of the total weight. 
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                                   Table 3.2 Compositions of MSW in Gaza Strip  
                                                                               (Nassar and Jaber, 2007). 

Categories Percentage By 

Weight (%) 

Organic matter 70 

Paper 8 

Plastic 8 

Glass 6 

Metals 3 

Others 5 

Total 100 

 

Several studies have been investigated the MSW composition and Generation in Gaza 

Strip.  Obvious variations on compositions of the generated MSW have been found on 

the local areas.  Several reasons could stand behind these variations. Lack of reliable 

data; due to weakness in the organizations and the administrations that concerned 

about the MSW management, shortage of the trained manpower in the field, and the 

existence of the random dumping site in some areas in Gaza Strip.  However, the 

variations on the life standard in the local areas should be considered here.  Definitely 

the life standard in the refugee camps different than that in the cities or the villages. 
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         4.1 Introduction: 

In order to investigate the effect of the soil on the municipal solid waste (MSW) 

leachate, a laboratory experiment was carried out.  Column method was used to 

simulate landfill conditions.  The experiment was performed under local conditions of  

Gaza city.  Two experimental setups were used: 

•  The first was for preparation or extraction of leachate from MSW.  

• The second was leachate percolation experiment to demonstrate the effect of 

the soil on the MSW leachate.  The experiment took place at the roof of Al 

Azhar University, Gaza city, figure 5.1, from the period of 20, June, 2011 to 

19, August, 2011. 

 

                        Figure 4.1 The simulation columns at the roof of Al Azhar University. 
 

         4.2 Leachate preparation experiment: 

            4.2.1 Leachate columns: 

Three columns made of PVC plastic 100 cm long, and 20 cm inner diameter were 

used to simulate the production of MSW leachate.  A metal screen mesh at the bottom 

of each column was fixed; to withheld waste from dropping and allow the leachate to 
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flow out.  A funnel was manufactured and mounted at the end of each column.  A 

valve was installed at end of each funnel to control both the leachate flow and 

collection.  A gravel layer of 10 cm thickness was placed at metal mesh on the bottom 

of each column.  The gravel particle size was between 10 mm and 4.46 mm.  The aim 

of this gravel layer was to enable leachate drainage at the bottom of the column. 

            4.2.2 MSW sample: 

Samples of MSW were created and introduced into each column.  The weight of each 

sample was 16.5 kg.  This weight was calculated basing on the density of Gaza Strip 

MSW, which is 300 kg/m
3
 in the container and 800 kg/m

3
 in the landfill, the average 

is 550 kg/m
3
 (Municipality of Gaza unpublished data).  Since the volume of each 

column is 0.03 m
3
. Then the mass that should be introduced to each column can be 

calculated from the following equation: 

W = D × V                                                                                  (1) 

Where: 

W: is the weight of MSW, kg. 

D: is the density of MSW, kg/m
3
. 

V: is the volume, m
3
. 

Each 16.5 kg sample was consisted 70% organic matter, 8% plastic, 8% paper, 6% 

glass, 3% metals, and 5% others, (Nassar and Jaber, 2007). 

To prepare this MSW sample, 11.5 kg of organic matter (16.5	�	 × 0.7), 1.32 kg 

plastic, 1.32 kg paper, 1 kg glass, 0.5 kg metal and 0,83 kg others materials, were used 

All the categories were cut to small parts less than 2 cm, mainly the organic matter 

and the paper; in order to make the degradation of the waste easier and faster.  Glass 

bottles and metals cans were crashed.  All the categories were very well mixed 
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manually, and introduced into the column without compaction.  The sample of each 

column was prepared separately, 12 hours before the introduction to the columns.  

Then the waste was distributed uniformly in the columns.  A clearance of one week 

was left between each column and another; for better control and better management 

of the experiment.  

To simulate the annual precipitation, treated water was added on the top of the 

column.  The amount of water that had been added was calculated according to the 

following equation (Tuffaha, 2006): 

L = P	(1 − C) − E                                                                      (2) 

Where: 

L = Depth of the leachate water, mm. 

P = Precipitation, mm. 

C = Leachate coefficient. 

E = Evaporation, mm. 

The leachate coefficient (C) in this study was 0.1 depending on the average daily 

precipitation about (11 mm) and the relationship given by Paris (1996), as shown by 

figure 2.3.  

Depending on this, the amount of water to be added at the top of each column can be 

calculated as following: 

 � = L × A                                                                                  (3) 

Where: 

W = water that will be added, L. 

L = Depth of the leachate water, mm. 

A =   Area of the column surface, m
2
.          
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The time of preparation the leachate was 40 days for each column, in no raining 

season (summer).  The information of leachate in Gaza Strip is mainly take place 

during the wet season.  The average rainy days in Gaza Strip is 40 days (based on 

unpublished data of Ministry of Agriculture 1985- 2010).  

Basing on this, water was added to the MSW column within 40 days to form the 

leachate. 

By applying the figures on, table 4.1 to equation 2.  The amount of leachate water 

during the rainy season will be:  

�1	 = 	398.1	(1	– 	0.10)	– 	341.7	 = 	16.95	��	� 	!"� � 	#$"#% .   

               Table 4.1 The rainfall and evaporation at winter months. 

Month *Precipitation (mm) *Evaporation (mm) 

December 132.4 79.5 

January 142.1 66 

February 86.9 92.4 

March 36.7 103.8 

Total 398.1 341.7 

                *Based on unpublished data from 1985- 2010 (Ministry of Agriculture). 

Since the experiment was carried out during the summer time and evaporation is 

significant during this period, figure 4.2.  The amount of evaporation was added to the 

leachate water (L1).  
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                                    Figure 4.2 Evaporation and precipitation in Gaza Strip. 

Once again by applying equation 2, with the figures in, table 4.2.  The amount of 

leachate water evaporated during the summer season will be: 

�2 = 	3	(1	– 	0.10)	– 	301.2	 = 	−298.5	��	� 	#'��$!	#$"#% .  (The negative sign 

indicates that this is evaporated water).  

So the total head at water to be added to each column is: 

� = 	16.95 − (−298.5) 	= 	315	��.	

                               Table 4.2 The rainfall and evaporation at experiment months. 

Month *Precipitation 

(mm) 

*Evaporation 

(mm) 

June 2 152.7 

July 1 148.5 

Total 3 301.2 

                           *Based on data from 1985- 2010 (Ministry of Agriculture, unpublished data). 

The surface area of the column (A) was 0.03 m
2
.  

By applying equation 3:      

(ℎ$	"�%' *	%+	,"*$!	(�)	*ℎ"*	,�--	.$	"//$/	 = 	315	 × 	0.03	 = 	9.5	� 
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The 9.5 L of water were distributed for four equal patches during the experiment 

period (40 days).  Each patch of water was about (2.5 L) and added every 10 days.  

The leachate in each column was retained in the columns until the end of the 

experiment.  The retention of the leachate in the column is expected to enhance the 

degradation of the organic matter and to compensate some of the short period of the 

experiment.  

            4.2.3 Leachate analysis: 

Sample from the leachate was taken for testing, every 10 days.  50 ml samplers 

(centrifuge tubes) were used for the collection of the samples.  The samples were 

transferred immediately to the laboratory of Al Azhar University and to the public 

health laboratory in the ministry of health for analyzing.  The leachate was 

categorized for different physical and chemical parameters.  The parameters are: 

• pH, Electrical Conductivity (E.C.), and Total Dissolved Solids (TDS). 

• Nitrate (NO3
-
), Ammonia (NH3), Sulfate (SO4

--
), and Chloride (Cl

-
). 

• Calcium (Ca
++

), Magnesium (Mg
++

), Potassium (K
+
), and Sodium (Na

+
). 

• Total Alkalinity as calcium carbonate (CaCO3) and Total Hardness as 

(CaCO3). 

•  Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD), and 

BOD/COD ratio. 

All the analysis was conducted according to the Standard Methods for the 

Examination of Water and Wastewater, 20
th 

Edition (APHA). 
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Table 4.3 shows the methods that have been used and equipments have been used 

also.  

Table 4.3 Method used for the leachate analysis  

Parameter 
(MSW) 

Unit Method Equipment* 

pH  pH meter JENWAY pH meter 3310 

E.C s/cm E.C.  meter Conductivity meter SENE Ion7 

(Hach) 

TDS g/l Calculations Conductivity meter SENE Ion7 

(Hach) 

NO3
- g/l UV Spectrophotometric UNICAM 8625 

UVSpectrophotometer 

NH3
 g/l Phenate Spectrophotometric JENWAY 6305 

Spectrophotometer 

Cl- g/l Titrametric method  

SO4
-- g/l Turbidimetric method HACH 2100 Turbidity meter 

Alkalinity g/l as 

CaCO3 

Titrametric method  

Hardness g/l as 

CaCO3 

Titrametric method  

Ca++ g/l Titrametric method  

Mg++ g/l Calculation from Total Hardness 

and Calcium method 

 

K+ g/l Flame  Emission photometric Flame photometer 410 

Na+ g/l Flame  Emission photometric Flame photometer 410 

COD g/l Closed Reflux colorimetric method HACH COD Reactor and 

JENWAY 6305 

Spectrophotometer 

BOD g/l Respirometric method OXI TOP, FTD250 

refrigerator(incubator) 

BOD/COD ratio - calculations  

*
Trade names and company names, when included, are for the convenience of the reader and don’t 

imply preferential endorsement at a particular product or company over others. 

 

         4.3 Leachate percolation experiment: 

            4.3.1 Soil columns: 

Another three columns made of PVC plastic 100 cm long, and 20 cm inner diameter, 

were used for soil repacking.  As in the leachate production columns, 10 cm of the 
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same particle size gravel were mounted at the bottom of the columns; in order to 

prevent clogging.  Metal screen mesh at the bottom of each column was fixed; in 

order to prevent the soil plunging.  A funnel was mounted at the end of each column 

for the collection of leachate, through the attached valve on the funnel.  Two 4 mm 

bores were drilled along the column wall at distance of 20 cm and 40 cm from the soil 

surface; in order to fix micro lysimeter, figure 4.3, to extract leachate at different 

depth.  

 
                                 Figure 4.3 The micro lysimeter. 

 

            4.3.2 Repacking soils: 

Three different types of soil were used for columns packing.  The textures of the soils 

were analyzed using the sieve analyses and the hydrometer analyses.  The results were 

applied to the soil texture triangle to recognize the type of the soil.  The Cation 

Exchange Capacity (CEC) meq/100g was analyzed by using flame photometer as 
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described by reference.  The particle density of the soils was measured using the 

volumetric flask method.  The bulk density of the soils was measured using the soil 

cores method.  The porosity was calculated according to equation 4, all the 

measurement of the soil characterizations were carried out according to Handbook of 

Soil Analysis, (Pansu and Gautheyrou, 2006).  

Porosity	% =
789:;<=>	?>@A;:BCDE=F	?>@A;:B

789:;<=>	?>@A;:B
× 100                                                     (4)   

Two types of soil were used, one of the columns was packed with type, and a second 

column was packed with different type.  The third column was used to simulate a 

layered soil profile.  Half of the column was packed with type and the second column 

with another type, as shown in figure 4.4. 

 
                 Figure 4.4 Schematic diagram of soil column used in the experiment. 

            4.3.3 Application of leachate: 

The produced MSW leachate was applied at the top soil at each column at constant 

rate of 2 L/h, figure 5.5.  The leachate has flowed out from the outlet port at the 

bottom of the column through the valve. 
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                                   Figure 4.5 Leachate applications to the soil column. 

            4.3.4 Leachate analysis:   

Samples of leachate that percolated from the columns were collected every hour.  

Samplers of 50 ml were used for the collection of the leachate.  The samples were 

kept in an ice box during the day of the experiment.  The samples then kept in freezer 

at less than zero C
o
 till the second day.  Characterizations of the leachate were carried 

out on the other day for all the physical and chemical parameters that mentioned in 

table 4.3. 

An actual leachate sample was taken from Dier Albalah landfill and analyzed for the 

different parameters.  Due to the security pan, the sample was collected by the landfill 

workers.                    

         4.4 Groundwater analysis: 

Groundwater samples were collected from several wells around Dier Albalah landfill.  

The locations of the wells presented in figure 4.6.  The wells represented the 
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downstream of the landfill on the west side, where the lateral flow direction of Gaza 

Strip from east to west.  The attempts to get samples from the wells in the upstream of 

the landfill were failed, due to the security situation of the area.  However, the 

mounting well of the landfill was destroyed by the military actions in the area. 

 
                      Figure 4.6 The locations of the tested wells near Dier Albalah landfill. 

The groundwater samples were tested for the following: pH, E.C., TDS, NO3
-
, NH3, 

COD, BOD, Hardness, Alkalinity, Ca
++

, Cl
-
, Na

+
, K

+
 and Mg

++
.  The analysis was 

conducted according to APHA (1995). 

For illustrating the spatial distributions of the pollutants, the Geographic Information 

System (GIS) was used.  Inverse Distance Weighting (IDW) method was used for the 

interpolation of the results on the unknown points.  IDW is a method of interpolation 

that estimates cell values by averaging the values of sample data points in the 

neighborhood of each processing cell.  The closer the point to the center of the cell 

being estimated, the more influence, or weight it has in the averaging process (ArcGIS 

Desktop Help, 2006).  GIS also helps in understanding the groundwater flow and the 

transfer direction.  This helped in the interpolation of the leachate plume movement 

from the down-gradient and its effect on the characteristics of the groundwater. 
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         5.1 Introduction: 

This chapter will discuss the main characteristics of the prepared MSW leachate, the 

fate of the leachate constituents in different soil types, and the removal efficiencies of 

the soils used.  In addition to that, the quality of the groundwater in an ambient area of 

a landfill will be investigated. 

         5.2 Characterizations of the MSW leachate: 

The characteristics of the prepared MSW leachate, found to be in the highest ranges or 

some times higher than the ranges that stated, by Tchobanoglous et al. (2002), for 

leachate from the new landfills, as presented in table 2.1.  The results obtained in this 

study regarding the characterizations of the extracted leachate are summarized in table 

5.1.  

                       Table 5.1 Variations in leachate characteristics as a function of age. 

Parameter Unit 10 
days 

20 
days 

30 
days 

40 
days 

pH - 7.09 6.51 6.49 5.4 

E.C s/cm 31.56 32.36 44.0 27.0 

TDS g/l 19.57 20.06 27.28 16.74 

NO3
- g/l 2.03 1.9 1.62 1.18 

NH3 g/l 0.11 0.33 0.44 0.55 

Cl- g/l 2.34 2.34 2.06 2.86 

Alkalinity g/l as 

CaCO3 

9.48 9.48 6.56 7.78 

Hardness g/l as 

CaCO3 

12.38 13.8 11.67 14.58 

Ca++ g/l 3.72 3.7 3.35 2.68 

Mg++ g/l 0.75 1.1 0.8 1.92 

K+ g/l 1.92 2.04 2.0 1.76 

Na+ g/l 1.12 1.12 1.2 1.2 

COD g/l 45.2 59.07 66.96 49.0 

BOD g/l 22.5 41.0 43.25 17.5 

BOD/COD - 0.5 0.7 0.65 0.36 

 

It is apparent that the pH for the leachate decreased with time.  It was reported to be 

7.09 at the 10 days age, and became 5.4 for leachate of age 40 days table 5.1.  There is 
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almost general consensus that during the initial stages of the landfill the pH values are 

quite low.  Such behavior was observed also by Aik et al. (2010) and Despina et al. 

(1999).  The degradation of carbohydrate in the leachate to form fatty acids is the 

main contribution in the pH reduction (Al-Muzaini et al., 1995).  

As it was expected, the TDS and E.C. were extremely high.  Moreover, the results 

demonstrated that TDS and E.C. increased with time up to the age of 30 days.  An 

obvious decreasing was detected in the last 10 days as shown in figure 5.1.  The 

relative high values of TDS and E.C., can be attributed to the presence of high amount  

 
 
                                     (a)                                                                           (b) 
            Figure 5.1 The variations in E.C. (a), and TDS (b) of extracted leachate as a function of time. 

of inorganic materials (Al-Yaqout and Hamoda, 2003; MOR et al., 2006; Vasanthi et 

al., 2008).  However, the decreased concentration of the TDS at the age of the 40 days 

age reflected the effect of the dilution that could occurred by the continues addition of 

water, this was agreed to what stated by Paris (1997); Tuffaha (2006); Yildiz et al 

(2004).  Admittedly, the fluctuating in TDS values prevailed that; the concentration of 

the inorganic matter can't be controlled by obvious rules in this short period of the 

experiment. 

As it is apparent in table 5.1, the concentrations of BOD and COD were relatively 

high compared to the typical values and ranges that demonstrated by Tchobanoglous 
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et al. (2002), table 2.1.  Generally, young age leachate will be high in BOD and COD, 

as a result of organic waste decomposition.  This was similarly to what demonstrated 

by Al-Yaqout and Hamoda (2003); and Alsabahi et al. (2009).  The concentrations of 

BOD increased with time up to the age of 30 days.  While during the last 10 days the 

concentrations decreased drastically.  A decline in BOD concentrations generally 

referred to the reduction in organic contaminants.  The COD concentrations in the 

leachate when plotted against waste age shows a similar behavior to that of BOD as 

shown in figure 5.2.   

 
           Figure 5.2 The variations in COD and BOD of extracted leachate as a function of time. 

As BOD decreased faster than COD in the last 10 days, then the ratio of BOD/COD 

was decreased figure 5.3.  However, the ratio varied from 0.7 to 0.36 as demonstrated 

by table 5.1, which an indication that the organic matter was readily degradable 

(Banar et al., 2006).   

The NH3 was relatively high 0.11 g/l at the 10 days age and increased with time 

constantly, it reached 0.55 g/l at the 40 days age.  In contrary to this, there was an 

obvious decreasing in the NO3
-
 concentration all the time it reached 1.18 g/l at age of 

40 days as it was extremely high 2.03 g/l at the age of 10 days, figure 5.4.  The 
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reduction of NO3
-
 can be attributed to anaerobic conditions, which might be presented 

in the column.  

 

 
       Figure 5.3 The variations in BOD/COD of extracted leachate as a function of time. 

 
      Figure 5.4 The variations in NO3

- and NH3 of extracted leachate as a function of time. 

         5.3 The fate of leachate in soil: 

            5.3.1 Soil texture: 

Soil texture analysis for the two types of soils used in this experiment is presented in 

table 5.2.  The result showed that the first type of soil was classified, based on USDA 

classification scheme, as Sandy Soil figure 5.5.  However, the hydrometer results and 

the sieve analysis results for the second type are presented in table 5.2.  Using the 
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same classification, the second soil used in this experiment was classified as Sandy 

Clay Loam Soil figure 5.6.  

                 Table 5.2 The textures of the soils used in this study.              

 Soil A Soil B 

Sand % 

 

100 

Coarse Sand % 1 

Medium Sand % 22 

Fine Sand % 77 

 

65 

Coarse Sand % 10.8 

Medium Sand % 13.8 

Fine Sand % 75.4 

 

Silt % - 15 

Clay% - 20 

 

                   
Figure 5.5 Soil texture triangle sand.                                                    Figure 5.6 Soil texture triangle sandy clay loam. 

 
The sandy soil was completely sand differentiated from 1% coarse sand and 22% 

medium sand to 77% fine sand, table 5.2.  On the other hand the sandy clay loam 

contained 65% sand the majority of it was fine sand with 75.4 % of the total sand.  

While 20% of the sandy clay loam soil was clay and 15% silt, table 5.2. 
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            5.3.2 Physical characterizations of soil: 

The physical characteristics of the two types of soil used in the experiment are 

presented in, table 5.3.  The porosity of the sandy clay loam was higher than the 

porosity of the sandy soil.  That had an obvious effect on the percolation of the 

leachate. 

As it was expected, the first outlet leachate sample of the sandy soil column was 

received faster only after 52 minutes from the inlet time.  While the first sample from 

the sandy clay loam soil took longer time, it was received after 3 hours and 20 

minutes.  In the third column (layered soil), first sample had been received after 2 

hours and 10 minutes. 

The cation exchange capacity (CEC) was higher 13.2 meq/100g for the sandy clay 

loam soil as shown by, table 5.3, while 1.5 meq/100g for the sandy soil.  

              Table 5.3 Physical characteristics of the soils used. 

Parameter Unit Sandy 
soil 

Sandy Clay Loam 
soil 

Layered 
soil 

Size  mm 0.075-2 0.0005-2 0.0005-2 

Weight (column)  kg 26.5 23.1 23.2 

Particle density  g/ml 2.58 2.46 2.52 

Bulk density (field)  g/ml 1.66 1.50 - 

Bulk density 
(column)  

g/ml 1.40 1.22 1.22 

Porosity (field)  % 35.7 39 - 

Porosity (column)  % 44.8 50.4 51.6 

CEC  meq/100g 1.5 13.2 - 

 

 



Chapter 5: Results and Discussion                                                                    El-Nakhala, 2012  

 

S  

   
   60 

 

  

            5.3.3 Chemical characterizations of soils: 

Table 6.4 illustrated the chemical characteristics of the soils used in the study.  In 

general the concentrations of ions in the sandy clay loam soil were significantly 

higher than the concentrations of the ions in the sandy soil. 

                                Table 5.4 Chemical characteristics of the soils. 

Parameter Unit Sandy Soil Sandy 
Clay Loam 

pH - 7.55 6.89 

EC  µs/cm 120 460 

TDS   mg/l 74 285 

NO3 
-
  mg/l 9 22 

NH3    mg/l 0. 1 0 

Cl-     mg/l 50 78 

Alkalinity  
 

mg/l 

as CaCO3 

19 126 

Hardness  
 

mg/l 

as CaCO3 

56 150 

Ca++   mg/l 15 46 

Mg++  mg/l 5 8 

K+      mg/l 0.7 2 

Na+    mg/l 4 13 

          

            5.3.4 The fate of leachate in sandy soil: 

The characteristics of the leachate changed significantly, as it moved downward.  

There were some attempts to extract leachate from the soils at different depth using 

the micro lysimeter figure 4.3.  Unfortunately, all the attempts were failed.  Therefor, 

the leached collected only from the bottom of columns. 

The changes in the characteristics of the leachate percolated through the sandy soil are 

summarized   in table 5.5. 

In the sandy soil column, the pH values of the outlet leachate increased from an inlet 

value of 5.4 to the range of outlet value from 6.3 to 6.9, figure 5.7.  The increased 



Chapter 5: Results and Discussion                                                                    El-Nakhala, 2012  

 

S  

   
   61 

 

  

values of pH were an indicator of high biological activities, leaded to dissociation of 

the fatty acids in the leachate. 

             Table 5.5 Variations in leachate characteristics as a function of time (sandy soil). 

 

  
       Figure 5.7 The variations in pH of leachate in sandy soil as a function of time. 

E.C. and TDS decreased constantly by the time till the fifth hour.  At the end of the 

experiment time, their values became more or less the same as the inlet value, figure 

5.8 a&b.  The E.C. and TDS were 23.18 s/cm and 14.37 g/l, respectively.  

The adsorption   capacity of   the soil   increases with increasing of the Hydraulic 

Retention Time (HRT) (Lieu 1999).  Matching to what approached by Gupta and 

Singh (2007), the TDS of the leachate decreased with the increasing of the (HRT).  It 
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Parameter Unit Inlet 1st 
hour 

2nd 
hour 

3rd 
hour 

4th 
hour 

5th 
hour 

6th 
hour 

pH - 5.6 6.5 6.45 6.32 6.61 6.88 6.9 

E.C  s/cm 22.8 21.6 21.4 21.13 21.1 20.5 23.18 

TDS   g/l 14.14 13.39 13.3 13.1 13.08 12.68 14.37 

NO3
-   g/l 1.06 0.62 0.73 0.73 

 

0.76 0.78 0.86 

NH3   g/l 0.55 0.48 0.43 0.41 0.39 0.37 0.32 

Cl-     g/l 1.77 1.68 1.68 1.68 2.13 2.48 3.19 

Alkalinity   g/l as 

CaCO3 

9.72 8.99 8.75 8.26 7.78 8.26 8.51 

Hardness   g/l as 

CaCO3 

5.21 6.25 6.25 6.25 6.25 8.13 8.75 

Ca++    g/l 1.17 1.63 1.67 1.67 1.67 1.84 2.01 

Mg++   g/l 0.55 0.53 0.5 0.5 0.5 0.85 0.91 

K+       g/l 1.3 1.26 1.26 1.28 1.28 1.35 1.45 

Na+     g/l 0.75 0.76 0.9 0.9 0.9 1.0 1.2 

COD   g/l 42.89 41.94 38.0 37.56 37.7 38.03 38.53 

BOD   g/l 22.5 19.0 17.0 15.0 12.0 12.0 14.0 

BOD/COD - 0.53 0.45 0.45 0.40 0.32 0.32 0.36 
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was found that the TDS at the inlet was 14.14 g/l, and decreased to reach 12.68 g/l at 

the fifth hour  table  5.5,  as  the  retention time of the leachate increased.  Decreasing 

 

                                  (a)                                                                                             (b)                      
Figure 5.8 The variations in E.C. (a) and TDS (b) of leachate in sandy soil as a function of time. 
 

continued until, the time that adsorption capacity of the soil might reached its 

maximum capacity.  The adsorption regarded as the most purification process during 

infiltration and percolation (Malolo, 2011).  Then after that, the TDS obviously 

increased to reach 14.37 g/l at the sixth hour, whereas the adsorption seemed to be 

diminished.  The TDS behavior reflected the behavior of most of inorganic materials, 

with some variations in the sorption capacities, and in the exchange capacities.  It was 

found that the concentrations of Mg
++

 decreased till the end of the fourth hour, while 

the Cl
-
 decreased till the third hour, while the K

+
 concentration decreased only on the 

first two hours before it increased again.  In the contrary were the behavior of the Ca
++

 

and Na
+
, where their concentration increased constantly. 

Unexpectedly, the NO3
-
 concentration decreased drastically after the first hour, then 

increased constantly, figure 5.9, a.  In the same time, the NH3 decreased continuously, 

this can attributed probably, to the presence of an aerobic condition.  Due to that the 

nitrification occurred and NH3 reduced to NO3
-
.  The reductase of NO3

-
 in the first 

hour may attribute to assimilation of NO3
-
, which can occur under aerobic and 
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anaerobic conditions according to Van et al. (1968).  This incompatible to what 

demonstrated by Cha et al. (2005).   

                                                                                          
                              (a)                                                                                       (b)                                                                            
 Figure 5.9 The variations in NO3

-(a) and NH3 (b), of leachate in sandy soil as a function of time. 

 
                                        (a)                                                                                           (b) 

  Figure 5.10 The variations in COD (a) and BOD (b), of leachate in sandy soil as a function of time. 
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respectively.  The behavior of the BOD and COD concentrations, demonstrated the 
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biodegradation that occurred released the organic substances, and the COD increased, 

this agreed to what achieved by Chiemchaisri and Srisukphun (2003).  In addition, the 

effluent of the leachate and the high concentrations of the organic substances in the 

leachate may cause a plugging on the ion exchange in the soil, causing an inefficient 

removal of organic substances after the fifth hour.     

            5.3.5 The fate of leachate in sandy clay loam soil: 

The results obtained are shown in table 5.6.  The characteristics of the leachate have 

significantly changed when applied to the sandy clay loam soil column.  The pH has 

increased from 5.41 on the inlet leachate to 6.57 at the out let leachate after the sixth 

hour as apparent in, table 5.6.  The pH firstly increased in the first hour and decreased 

 
        Table 5.6 Variations of leachate characteristics as a function of time (sandy clay loam).   

Parameter Unit Inlet 1st 
hour 

2nd 
hour 

3rd 
hour 

4th 
hour 

5th 
hour 

6th 
hour 

pH - 5.41 6.69 6.36 6.46 6.58 6.5 6.57 

E.C  s/cm 27.0 26.58 27.1 27.13 27.6 28.0 28.13 

TDS  g/l 16.74 16.48 16.8 16.82 17.11 17.36 17.44 

NO3
-  g/l 1.18 0.69 0.58 0.47 0.53 0.53 0.6 

NH3  g/l 0.55 0.48 0.45 0.31 0.28 0.25 0.22 

Cl-    g/l 2.87 3.19 2.84 2.84 2.48 2.48 2.48 

Alkalinity  g/l as 

CaCO3  

7.78 10.45 9.11 8.51 7.9 8.14 10.33 

Hardness  g/l as 

CaCO3 

14.58 15.52 14.06 14.27 13.33 12.71 9.9 

Ca++    g/l 2.68 4.35 4.42 3.6 3.01 2.72 2.51 

Mg++   g/l 1.92 1.13 0.85 1.28 1.41 1.44 0.88 

K+       g/l 1.76 0.35 0.38 0.34 0.4 0.44 0.48 

Na+     g/l 1.2 1.13 1.08 1.08 1.13 1.15 1.15 

COD   g/l 49.0 24.6 24.2 24.15 24.1 24.9 24.9 

BOD   g/l 17.5 8.4 5.2 4.6 4.6 4.8 5.0 

BOD/COD - 0.357 0.341 0.206 0.183 0.183 0.193 0.202 

 

in the second hour.  In the third hour, pH increased slightly, while in the fifth hour it 

decreased again, before it was increased slightly at the last hour figure 5.11.  The  

fluctuating  of  the pH  values  indicated  that there  was  no  balance between  acid  
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producing  process ( e.g. lipid degradation) and acid consuming process (e.g. methane 

formation) this was matching with what stated by Khoury et al. (2000). 

 
         Figure 5.11 The variations in pH of leachate in sandy clay loam soil as a function of time. 

E.C. and TDS concentrations decreased in the first hour.  Then their concentrations 

unexpectedly increased from 26.58 and 16.48 g/l at the first hour to 28.13 and 17.44 

g/l, respectively at the last hour, figure 5.12 a&b. Matching to what stated by Tuffaha 

(2006), this could be due to the flushing out of the soluble ions from the soil to the 

leachate.  Moreover, the permeating of sever contaminated leachate through the soil 

matrix; can significantly affected the adsorption and ion removal mechanism 

(Francisca and Glastein, 2010).  Though, the concentration of TDS at the outlet 

increased more than its concentration at the inlet.  

 
                                        (a)                                                                                      (b) 

      Figure 5.12 The variations in TDS (a) and E.C. (b) in sandy clay loam as a function of time. 

NO3
-
 concentration, figure 5.13 a, decreased from 1.18 g/l at the inlet leachate to 0.47 

g/l after the third hour table 5.6.  Then it increased after the fourth hour and reached 

5

5.5

6

6.5

7

0 1 2 3 4 5 6

p
H

Hours

outlet

Inlet 

16

16.5

17

17.5

0 1 2 3 4 5 6

T
D

S
 

g
/l

Hours

outlet Inlet 



Chapter 5: Results and Discussion                                                                    El-Nakhala, 2012  

 

S  

   
   66 

 

  

2

4

6

8

10

12

14

16

18

1 2 3 4 5 6 7

B
O

D

g
/l

Hours

outlet 

Inlet 

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0 1 2 3 4 5 6

N
H

3

g
/l

Hours

outlet  

Inlet 

0.6 g/l at the end of the sixth hour of the experiment.  A comparison between the NH3 

behavior and the NO3
-
 behavior can indicate the presence of aerobic condition, which 

caused a nitrification process.  Nitrification process led to the reduction of the NO3
-
 in 

the last three hours of the experiment figure 5.13, a.  In addition to that, nitrification 

led to the almost constant decreasing in the NH3 concentrations as presented in, figure 

5.13 b. 

 
                                      (a)                                                                                        (b) 

Figure 5.13 The variations in NO3
- (a) and NH3 (b), of leachate in sandy clay loam soil as a function of time. 

 

 

                                           
                         (a)                                                                                     (b)                                                             

Figure 5.14 The variations in COD (a) and BOD (b), of leachate in sandy clay loam as a function of time. 
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slightly increased till the end of the experiment.  This can be attributed to the 

adsorption, and the filtration of particulate BOD and COD on the soil surface.  Where, 

the soil had its maximum adsorption capacity at first hours.  Then after, the adsorption 

capacity minimized at the last hours and the organic released due to the 

biodegradation that occurred.  

            5.3.6 The fate of leachate in layered soil: 

In the third column, leachate was applied to two layers soil column (consist of sandy 

clay loam soil and sandy soil).  The characteristics of the leachate have significantly 

changed as it was percolated through the layered soil as presented in, table 6.7.  

                Table 5.7 Variations of leachate characteristics as a function of time (layered Soil). 

Parameter Unit Inlet 1st 
hour 

2nd 
hour 

3rd 
hour 

4th 
hour 

5th 
hour 

6th 
hour 

pH - 6.41 6.91 7.12 6.98 6.99 6.89 6.74 

E.C  s/cm 13.0 11.52 12.0 12.4 12.2 12.0 11.85 

TDS   g/l 8.06 7.14 7.44 7.69 7.56 7.44 7.35 

NO3
-  g/l 0.85 0.33 0.11 0.17 0.21 0.32 0.36 

NH3   g/l 0.31 0.05 0.02 0.01 0.012 0.009 0.009 

Cl-     g/l 2.13 2.13 2.13 1.77 1.77 1.77 1.77 

Alkalinity  g/l   as 

CaCO3 

3.89 3.16 3.04 3.28 3.28 3.4 3.52 

Hardness   g/l   as 

CaCO3 

6.67 12.13 12.33 12.05 13.36 12.33 12.46 

Ca++   g/l 13.8 2.09 2.01 17.56 2.09 2.17 2.09 

Mg++  g/l 0.78 1.68 1.78 1.86 1.98 1.67 1.76 

K+      g/l 1.54 0.02 0.019 0.020 0.018 0.017 0.022 

Na+    g/l 0.6 0.58 0.48 0.46 0.48 0.46 0.44 

COD  g/l 75.0 63.0 58.0 54.0 50.0 60.0 63.0 

BOD  g/l 9.0 8.0 7.0 7.0 7.0 8.0 8.5 

BOD/COD - 0.12 0.13 0.12 0.13 0.14 0.13 0.13 

 

pH out of this column increased at the first two hours and then decreased slightly till 

the end of the experiment, figure 5.15.  In general view, the pH was around the 

neutral.  The biological activities were active at the initial hours, where the leachate 

was contacted   first   time to the soil.  This led   probably to dissociations of the  fatty   
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          Figure 5.15 The variations in pH of leachate in layered soil as a function of time. 

acids in the leachate.  After then, a balance could be happened between the acid 

producing process and acid consuming process.  Anaerobic conditions was presented; 

causing a reduction process and removing of hydrogen ions from the leachate, and the 

pH stabilized to about neutral this was compatible to what stated by Smith et al. 

(1999).     

The E.C. and TDS decreased at the first hour, from 13 and 8.06 g/l to 11.52 and 7.14 

g/l respectively, table 5.7.  Then the concentrations increased slightly for two hours 

before it decreased again for the rest of the outlet samples as shown in figure 5.16 

a&b.  This attributed to the adsorption capacity and the ion exchange mechanism. 

 

(a)                                                                                          (b) 
   Figure 5.16 The variations in E.C (a) and (TDS) of leachate in layered soil as a function of time. 

Their concentrations, seemed to be on its maximum value in the first outlet sample, 
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TDS could be increased after the first hour, due the dissolutions of available salts; this 

was supported by the observations of Yildiz et al (2004).  The existing of two layers 

of different soil may contributed in the fluctuating that occurred in the concentrations 

on the inorganic, due to the present of two different sorption capacity and different 

Cation Exchange Capacity CEC.  This can be supported by the behavior of the other 

inorganic matter.  NO3
-
 decreased in the first two hours, then it increased almost 

constantly, figure 6.17,a.  This could attributed to an aerobic condition occurred, 

which led to the depletion of the NH3, figure 5.17, b.  As it shown, NH3 decreased 

almost all the time. 

 
(a)                                                                        (b)         

  Figure 5.17 The variations in NO3
- (a) and NH3 (b) of leachate in layered soil as a function of time. 

  

                                     (a)                                                                                        (b)   
Figure 5.18 The variations in COD (a) and BOD (b) of leachate in layered soil as a function of time. 

The COD decreased all the time, figure 5.18 a, except in the last two hours, it 

increased.  While  the  BOD,  figure  5.18 b,  decreased  in  the  first  two  hours,  then 

stabilized for three hours, before it increased in the last two hours.  The decreasing in 
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the COD and BOD can explain the presence of the readily degradable soluble 

organics.  In addition to the adsorption capacity, which could reached its maximum 

capacity before the last two hours, when the concentrations of COD and BOD 

increased, due to the releasing of the organic substance as a result of the 

biodegradation that occurred.  Layered soil helped in delaying of the leachate 

movement, thus increasing the retention time of the leachate, therefor the removal 

efficiency increased up to a certain time, when the adsorption capacity diminished.  

The diminishing of the adsorption capacity probably occurred, due to the increasing of 

the accumulated ions on the specific surface area.  The filtrations of particular BOD 

and COD can play an important role in the decreasing of their concentration.   

         5.4 The removal efficiencies of the soils: 

The investigated columns in the study packed up with sandy soil, sandy clay loam 

soil, and two layered soil.  The three columns had showed different behaviors 

regarding the removal efficiencies of constitutes from the leachate.  

            5.4.1 Nitrate (NO3
-) and ammonia (NH3): 

It is obviously apparent in figure 5.19 that, the layered soil column showed the highest 

efficiency in removing NO3
-
.  The removal efficiency was 61% at the initial time and 

reached to 57% after six hours, while its removal efficiency's peak was 87% after the 

second hour.  On the other hand, this efficiency was 41% at the initial time and 

reached 49% after six hours, for the sandy clay loam soil.  Its highest removal 

efficiency was 60% and achieved after three hours.  Where for the sandy soil, the 

removal efficiency started with 41% and decreased to reach 19% after six hours as 

demonstrated by table 5.8.   
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                        Figure 5.19 NO3

-, removal efficiency through different soils with time. 

     Table 5.8 The percentage of NO3
-, removal efficiency, by different soils through time. 

 

While for the NH3 the removal efficiency, figure 5.20 of the sandy soil and sandy clay 

loam was at its minimum 12% and 15% respectively at the first sample, and then 

increased with the increasing of the retention time to reach 42% and 59% respectively 

at the last hour.  However, with the layered soil the NH3 removal efficiency was also 

the highest table 5.9, it started with 83% and rose up to 97%.  

 
                     Figure 5.20 NH3 removal efficiency through different soils with time. 
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        Table 5.9 The percentage of NH3 removal efficiency, by different soils through time. 

NH3 Removal eff. % 
1st hour 2nd hour 3rd hour 4th hour 5th hour 6th hour 

Sandy soil 12 21 26 30 33 42 

Sandy clay loam 15 18 44 48 54 59 

Layered soil 83 95 96 97 97 97 

 

The NH3 removal efficiency was almost in contrary to the NO3
-
 removal efficiency, if 

we exempted the layered soil.  The particle size of the soil could play a main rule in 

the removal efficiency of the soil.  Where, the small size of the soil particles sorbs 

more strongly than the larger particle size, thus the sandy clay loam and the layered 

soil more efficient in removal of the ion concentrations.  The presence of almost 

neutral pH in the layered soil helped in increasing of the ion exchange and thus 

increasing the removal efficiency of NH3.  The higher values of CEC in the sandy 

clay loam improved its removal efficiency.  Moreover, the removal efficiency can be 

significantly affected when the permeating leachate contains high concentration of 

contaminants, this in agreement to what demonstrated by Francisca and Glatstein 

(2010).  

            5.4.2 COD and BOD: 

As it apparent in figure 5.21, the COD removal efficiency as it was expected varied 

from soil to soil.  The sandy soil showed the lowest COD removal efficiency.  It was 

2% at the first hour then it increased to 12% at the third and the fourth hours.  Finally, 

it reached 10% at the last hour as illustrated by, table 5.10.  While, with the sandy clay 

loam it was almost constant.  It started with 50% raised to 51% and at last decreased 

to  49%.  The  layered  soil  had  COD  removal  efficiency with a range of 16%-33%  
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                            Figure 5.21 COD, removal efficiency through different soils with time. 

     Table 5.10 The percentage of COD, removal efficiency, by different soils through time. 

 

started with 16% and last with 16%.  The variations in the particle size of the soil and 

its adsorption capacity can contributed in obvious variation of the removal efficiency, 
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contaminants become more strongly sorbet to the soil matrix, probably due to the 

accompanying increase in specific surface area (Bright et al., 2000).  Therefor, the 

sandy clay loam was the most   efficient in removing the COD.  In addition to that, the 

retention time may contributed in improving the removal efficiency, since that the 

leachate retained longer time in the sandy clay loam soil.  The higher CEC of the 

sandy clay loam had an important rule in improving the removal efficiency of the 

soluble chemical oxygen demand COD, and separation by filtration. 

An obvious variations of the BOD removal efficiency in the three columns were 

illustrated in, figure 5.22 and table 5.11.  In the sandy soil the efficiency increased 
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ascending from 16% to 47% and dropped in the last sample to 38%.  While,   in the 

sandy clay loam it increased from 52% to 74% and decreased to 73% then 71% in the 

 
                           Figure 5.22 BOD, removal efficiency through different soils with time. 

         Table 5.11 The percentage of BOD, removal efficiency by different soils through time. 
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leachate from the columns.  The leachate of Dier Albalah landfill was basic, while the 

columns leachate was acidic.  The concentrations of the salinity in the actual leachate 

were higher than the extracted leachate, as well as more dissolution.  While the 

concentrations  of  the  COD  and  BOD  in  the  actual  leachate  was  less  than  their 

                 Table 5.12 The Comparison of leachate characteristics of different MSW sources.  

Parameter Unit Dier 
Albalah 

2011 

1st 
column 

2nd 
column 

3rd 
column 

pH - 8.36 5.6 5.4 6.41 

E.C  µs/cm 62800 22800 27000 13000 

TDS   mg/l 38936 14136 16740 8060 

NO3
-  mg/l 173 1062 1175 846 

NH3   mg/l 52 548 549 311 

Cl-     mg/l 12357 1773 2863 2127 

Alkalinity  mg/l as 

CaCO3 

2822 9722 7778 3889 

Hardness  mg/l as 

CaCO3 

1512 5209 14584 6178 

Ca++    mg/l 214 1171 2676 2446 

Mg++   mg/l 237 554 1916 15 

K+       mg/l 4493 1298 1757 1537 

Na+     mg/l 7350 750 1200 600 

COD  mg/l 12950 42894 49000 75000 

BOD  mg/l 2000 22500 17500 8000 

BOD/COD - 0.15 0.52 0.36 0.11 

 

concentrations in the leachate of the columns.  This illustrating that the concentrations 

of the actual leachate of Dier Albalah landfill, presenting the methanogenic phase, 

since it's an aged landfill, and the concentrations of leachate extracted from the 

column was illustrating a new landfill.  Dier Albalah landfill is a working landfill, 

therefor some of its characterizations reflect the early methanogenic phase, (e.g. pH, 

BOD, and NH3) and some other reflecting the late acetogenic phase, (e.g. COD, and 

TDS).  In addition to that the period of the experiment was too short to be affected by 

the other factors that may affect the leachate characterizations such as temperature 

variations due to the seasonal variations.    
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The historical characteristics of the leachate in Dier Albalah landfill are illustrated in, 

table 5.13.  The pH of the leachate almost stable and it was ranged in the value of  

8.2-8.7.  Fluctuating in the historical values of the the NH3.  Most probably, this was 

due to the inappropriate collection of the samples.  This fluctuating was clear in all the 

parameters.  Moreover, the COD concentrations and the BOD concentrations are not 

stable and fluctuating up and down through the years.  This gave an indication that; 

the landfill is still in use. 

                          Table 5.13 Characterizations of Dier Albalah leachate. 

 

Parameter 

 
 

Unit 

Year 

1997 1998 1999 2001 2008 2011  
current 
study  

pH - 8.22 8.7 8.2 8.2 8.3 8.36 

E.C  µs/cm 37200 35500 55400 35500 32200 62800 

TDS    mg/l - - - - - 38936 

NO3
-   mg/l - - - - 440 173 

NH3    mg/l 4233 1864 5052 2320 3470 52 

Cl-      mg/l 7350 6900 10500 8000 9440 12357 

Alkalinity   mg/l as 

CaCO3 

- - - - - 2822 

Hardness    mg/l as 

CaCO3 
- - - - - 1512 

Ca++   mg/l - - - - - 214 

Mg++  mg/l - - - - - 237 

K+      mg/l - - - - - 4493 

Na+    mg/l - - - - - 7350 

COD  mg/l 39750 12840 28350 25280 46500 12950 

BOD  mg/l 1120 3700 12500 4000 800 2000 

BOD/COD mg/l 0.282 0.2881 0.441 0.158 0.017 0.154 

 
  

         5.6 Groundwater quality: 

Landfill has been identified as one of the major threats to groundwater resources 

(Despina et al., 1999).  Therefor, several studies had been concerned about the impact 

of the landfill leachate on groundwater and its adverse effects on human health (Abu-
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Rukha and Al-Kofahi, 2001; Al Sabahi  et al, 2009; Despina et al, 1999; Mor et al, 

2006).  Different approaches have been found for this problem (Alslaibi, 2009; 

Mirbagheri, 2004; Mor et al, 2006; Sidra et al, 2010).  This study investigated the 

impact of landfill leachate on groundwater by a laboratory experiment through the soil 

columns.  The study considered the analysis of the results of the groundwater samples 

taken from wells around the landfill of Dier Albalah.  The GIS was used for 

illustrating of the results and evaluation of the contaminants plume under the landfill.  

The distances of the wells from the landfill are presented in table 5.14.   

                  Table 5.14 Distances of the wells from the nearest point of Dier Albalah landfill. 

Well Name Well No. Well type Distance from 
Landfill 

Unknown W1 Illegal 626 m 

Khaled Bin Saed W2 Illegal 234 m 

Yusery Abubalaha W3 Illegal 218 m 

Saady Sleem W4 Illegal 174 m 

Seraj Abukasem W5 Illegal 158 m 

Muhana W6 Illegal 203 m 

 

 

            5.6.1 Analysis of groundwater samples: 

The results of examined water quality are shown in, table 5.15.  The results illustrated 

that, the pH in all the tested wells were around neutral; its range was between 7.22-

7.78.  The  E.C  was  higher  than  the World Health Organization WHO (2006) levels 

(1500 µs/cm) in all the tested wells except W3 which was 1300 µs/cm , the highest 

value found in W6 which was 4150 µs/cm, figure 5.23.  The high conductivity values 
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of the measured groundwater samples are an indication of the presence of dissolved 

inorganic materials which is an evidence of the landfill effect on water quality.               

The concentrations of the nitrate (NO3
-
) ranged from 27.9-88 mg/l.  Unexpectedly, the 

majority of the tested wells were below the WHO (2006) 50 mg/l and the Palestinian 

standards 70 mg/l.  W6  had  the  highest  value  which  was  88 mg/l, this might be an  

 
                  Table 5.15 The groundwater quality near Dier Albalah landfill.  

Parameter Unit W1 W2 W3 W4 W5 W6 
X - 90633 90923 90871 90924 90951 90988 

Y - 89327 89171 89295 89294 89355 89419 

pH - 7.78 7.52 7.68 7.45 7.22 7.7 

E.C  µs/cm 2100 3750 1300 1991 2530 4150 

TDS  mg/l 1302 2325 806 1234 1569 2573 

NO3
-  mg/l 41 27.9 33.2 46.3 51.2 88 

NH3   mg/l 0.8 1.4 2.5 3.3 3.4 4.5 

Cl-     mg/l 511 923 263 497 582 770 

Alkalinity  
 

mg/l as 

CaCO3 

216 199 234 216 238 320 

Hardness  
 

mg/l as 

CaCO3 

213 473 187 342 300 483 

Ca++    mg/l 39 77 27 54 46 75 

Mg++   mg/l 28 68 29 50 45 99 

K+       mg/l 2 3.5 1.2 2 2.8 3.1 

Na+     mg/l 360 600 220 300 430 582 

COD   mg/l 1.7 22.8 8.32 24 1.04 34 

BOD   mg/l ND* 2 ND* 2 ND* 8 

                  ND*: Not Dedicated  

 
Figure 5.23 The levels of E.C in the tested wells compared to the WHO and the 

………..Palestinian standards. 
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indicator of the landfill effects.  In addition, this could be due to the effect of 

fertilizers and manure that been used in the area of the well, since it's an agriculture 

area.  

The ammonia (NH3) concentrations, figure 5.24 were relatively high.  The range was 

from 0.8-4.5 mg/l.  The (NH3) values in most of the tested wells were higher than the 

WHO (2006) standards and the Palestinian standards (1.5 mg/l).  This is a strong 

evidence of the effect of the landfill leachate. 

 
Figure 5.24 The concentrations of NH3 in the tested wells compared to the WHO and the 

……….  Palestinian .standards.  
 

Another evidence for the effect of the landfill leachate on the groundwater is the high 

concentrations of Cl
-
 in the tested wells on the ambient area of the landfill.  The range 

of the Cl
-
 values was 263- 923 mg/l which is higher than the permissible value of the 

WHO (2006) and the Palestinian standards 250 mg/l, figure 5.25.  An access of Cl
-
 in 

water is usually taken as an index of pollution and considered as tracer for 

groundwater contaminations (Mor et al., 2006). 
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Figure 5.25 The concentrations
……….  Palestinian .standards. 

 

COD concentrations indicates the moderate presence of organic contaminants in the 

groundwater on the near by area of the landfill

possibility of groundwater contamination because of the potential pollution 

leachate originating from the near by site (Mor et al., 2006).

The concentrations of COD range

W6, while the lowest value was in 

BOD  concentrations  ranged 

                             Figure 5.26 The concentrations of BOD in the tested wells
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concentrations of Cl- in the tested wells compared to the WHO and the 
standards.  

COD concentrations indicates the moderate presence of organic contaminants in the 

groundwater on the near by area of the landfill.  Areas near landfill have a greater 

possibility of groundwater contamination because of the potential pollution 

leachate originating from the near by site (Mor et al., 2006). 

concentrations of COD range from 1.7 mg/l to 34 mg/l.  The highest value was on 

W6, while the lowest value was in W1. 

ranged  from  not  dedicated  to  8 mg/l  figure  5.26

Figure 5.26 The concentrations of BOD in the tested wells 
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tested wells compared to the WHO and the 

COD concentrations indicates the moderate presence of organic contaminants in the 

Areas near landfill have a greater 

possibility of groundwater contamination because of the potential pollution source of 

The highest value was on 

5.26, which an  
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evidence of the effect of the landfill on the groundwater, as it reflect the presence of 

biological activities. 

         5.6.2 GIS analysis: 

GIS have been used for illustrating the results of the analysis of the groundwater 

samples in the ambient area of the landfill.  The results showed high concentrations of 

the E.C. around the landfill as illustrated by, figure 5.27.  Almost the same results for 

the Cl
-
 were illustrated by figure 5.28.  It was found that the Cl

-
 made a plume of 

contaminants under the landfill and the ambient area.  This is a strong evidence for the 

effect of the landfill leachate on the groundwater.  

 

                      Figure 5.27 E.C. levels of the groundwater beneath Dier Albalah landfill. 
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                        Figure 5.29 NH
                        Dier Albalah landfill.
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                          Figure 5.30 NO3

- concentrations of the groundwater beneath  
                          Dier Albalah landfill.   

 

The concentrations of the ammonia NH3, figure 5.29 found to be high on the north 

direction and the northwest direction of the landfill, which seems to be the lateral flow 

direction on the area.  This was another strong evidence for the effect of the landfill 

leachate on the groundwater. 

However, that the nitrate NO3
-
 concentrations found to be in low concentration, but 

the highest concentrations found on the northwest direction of the landfill, which is 

the lateral flow in the area as shown by, figure 5.30. 

The results indicated that the landfill leachate is a source of contamination to the 

groundwater; even with exist of the lining at the bottom of the landfill.  
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 Conclusions and 

Recommendations



References                                                                                                     El-Nakhala, 2012  

 

S 

  
   85 

 

  

         6.1 Conclusions: 

Columns investigation experiments were performed in order to investigate the 

characterizations of MSW leachate, the fate of the leachate in different soil types, and 

the removal efficiencies of the different soil types that were used.  Three columns 

were used for the extraction of the MSW leachate, each column was monitored for 40 

days.  Other three columns were used for the simulation of the percolation of the 

extracted leachate in three types of soil.    

Results showed that, the concentrations of MSW leachate differ from landfill to 

another, even with the same MSW compositions.  The prepared MSW leachate 

concentrations can be characterized as a very high contaminated leachate.  Time plays 

an important rule in affecting the leachate concentrations.  The concentrations of the 

contaminants in extracted leachate, generally had increased with time up to a certain 

time, then it started to decrease.  The properties of the contaminants played an 

important rule in the attenuation of the contaminants their selves.  There was an 

obvious variation between the characterizations of the extracted leachate and the 

actual landfill leachate. 

The characteristics of the leachate changed significantly, as it moved downward in the 

soil columns.  Several mechanisms affecting the attenuation of the contaminants of 

the leachate in the soil among this mechanism are adsorption, cation exchange, and 

infiltration which increased with the increasing of the hydraulic retention time HRT.  

As the HRT increased the contaminants concentration decreased, till a certain time.  

Then the contaminants concentrations increased again.  It was found that, the 

adsorption capacity of the soil played an important role in decreasing the 

concentrations of the contaminants.  Layered soil helped in delaying of the leachate 
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movement.  The concentration of the inorganic matter can't be controlled by obvious 

rules in this short period of the experiment.    

The percentage of the removal efficiency of COD, BOD, and NH3 increased with the 

increasing of the HRT.  The layered soil was more efficient in removal of the NO3
-
 

and the NH3.  While the sandy clay loam, was more efficient in removal of COD and 

BOD.  The pH of the leachate should be considered when talking about the removal 

efficiency.  The particle size of the soil could have an effect on the removing 

efficiency.  Using the expression (Removal Efficiency) is not an adequate with the 

leachate in the soil.  Because generally, the soil can plays a role in only delaying the 

transfer of the pollutants.  The analyses of the groundwater in the ambient area of Dier 

Albalah, gave an evidence for the contaminations of the groundwater by the landfill 

leachate.   

Therefor, and basing on the study results, the contaminants of the MSW leachate will 

reach the groundwater, with time passing in the active landfill.  The groundwater in 

the ambient area of Dier Albalah landfill found to be contaminated by the landfill 

leachate. 
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         6.2 Recommendations:  

It's recommended that: 

- The seasonal variations of the leachate should be considered, in any future 

study.  

- However, the retention of the leachate in the columns enhanced the 

degradation of the leachate, but still the period of the experiment was not long 

enough, to express the stabilization of the leachate.  Therefor, it's 

recommended that the experiment should have a longer period, if it will be 

repeated, the study suggests that it can be one year. 

- The characterization of the groundwater in the ambient area of the landfill 

should be investigated and compared with previous results by using more 

monitoring wells, in order to realize the amount of the degradation occurred in 

the groundwater. 

- The result of study should be supported by an application of the results to a 

computerized program model to illustrate the fate of the leachate through the 

soil layers.  

- The groundwater in the ambient area of Dier Albalah landfill should be given 

more attention from the governmental and non governmental organizations.  

It's recommended that an annual testing of the groundwater quality should be 

done, through monitoring wells in the area.  More concern should be given to 

the other landfills.  
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