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Abstract 

This study has been carried out to investigate the quality of organic domestic waste 

(compost) available in the West Bank local market and farmers' acceptance of its use in 

Hebron district in Palestine. In Hebron district, there are about 530,632 dunums of 

agricultural land, planted with crops, vegetables and olive trees. Hebron district was 

selected for this study because of its large agricultural area which requires large 

quantities of compost, in addition to the environmental problems in this area related to 

solid waste which causes air, water and soil pollution.     

 

A questionnaire was used as a tool for data collection from farmers, as 321 

questionnaires were analyzed.  Compost samples were analyzed in the laboratory of the 

Palestinian National Agricultural Research Center (NARC), Qabatiya - Jenin. The 

quality of compost was checked for some of the physical and chemical parameters (pH, 

EC, C/N, OM, TN, TC, TP and the concentrations of Cl, Ca, Mg, Na).  

 

The surveyed sample distribution was analyzed based on different socio-economic 

variables. 90% of the surveyed sample was living in urban areas, 54% of respondents 

live in a house where the number of members in the household is (5-8) members, 82% 

of respondents were living in independent house, and 67% of respondents have a 

monthly income in the range of 1501-3000NIS.   

 

Regarding the trends of farmers, 97% believe the need to improve Solid Waste 

Management (SWM), 51% believe that source separation is needed for improving 

SWM, 80.7% believe that recycling should be the mean for disposing SW.  The highest 

percentage of respondents (54%) who have higher education, believe that compost is 

better than chemical fertilizer because it produces healthy food without chemicals 

compared with other levels of education. 
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There was also a statistically significant relationship (p< 0.05) between the type of 

household and the believe that compost is better than chemical fertilizer because it 

contains useful substances. The highest percentage of farmers who live in independent 

houses (36 %) believed in that. Regarding the type of crop, it is found that the highest 

percentage (95%) of farmers who believe that compost is better than chemical fertilizers 

farmers was those who grow vegetables in their farms.  

 

Fourteen compost samples were tested to verify the physical and chemical quality of 

compost. Out of the 14 tested samples, only two of them exceeded the recommended 

range of pH which is between 6.9 and 8.3. The content of organic matter in six compost 

samples was greater than the lowest critical threshold level of 30%. As an indication for 

maturity, the C/N ratio of 18.6 indicates a maturate compost in all samples.  The EC 

was well beyond the recommended one indicating high concentration of salts that may 

affect the biological activity.   Ten of the tested compost samples contained adequate 

amounts of TN and all of the tested compost samples contained sufficient amounts of 

available NO3-N. The concentration of available PO4-P was found to be quite low in the 

all tested compost samples. Only two compost samples  contained sufficient amounts of 

calcium required for plant growth, but concentration of calcium for twelve samples  was 

found to be quite low and below the lower threshold level 0.08% dw.  Eight of the 

tested compost samples contained the typical range concentrations of magnesium, 

however in six samples have been contain magnesium below the lower threshold level 

(0.02% dw). The average of the C/ N ratio for the compost samples was calculated to be 

9.99%, which is below the recommended limit of 25 stipulated by the EPA.   So 

monitoring of the feedstock and the composting process should be carried out in order 

to achieve a stable compost with its parameters within the recommended limits. 
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 اىميخص

 المتوفرة( الدبال) المنزلٌة المحلٌة العضوٌة النفاٌات سماد جودة من والتحمك الكشف اجل من الدراسة هذه أجرٌت
 .الخلٌل محافظة فً لاستخدامه المزارعٌن تمبل ومدى الغربٌة الضفة فً المحلً السوق فً

 والخضار بالمحاصٌل المزروعة الزراعٌة، الأراضً من دونم 536632 حوالً هنان الخلٌل، محافظة فً

 كمٌات تتطلب التً الكبٌرة الزراعٌة لمساحتها نظرا الدراسة لهذه الخلٌل محافظة اختٌار تم. الزٌتون وأشجار
 تسببه وما السلبٌة وأثارها منها والتخلص النفاٌات بجمع المتعلمة البٌئٌة المشاكل إلى بالإضافة السماد، من كبٌرة

 هذه تهدف كما. المشاكل هذه على التغلب وبالتالً الإنسان صحة على وتأثٌرها والتربة والماء الهواء تلوث من
 من والبٌئة الإنسان وحماٌة التدوٌر إعادة وتعزٌز، منها والتخلص طمرها الواجب النفاٌات كمٌة تملٌل الى الدراسة
 .جدٌدة عمل فرص وإٌجاد للأسمدة المفرط الاستخدام من والحد، التلوث مخاطر

 لعٌنات تحلٌل اجراء تم ولد. استبانة 321 تحلٌل تم كما المزارعٌن، من البٌانات لجمع كأداة الاستبانة استخدام تم

. تم فحص نوعٌة السماد جنٌن - ،لباطٌة(NARCمختبر المركز الوطنً الفلسطٌنً للبحوث الزراعٌة ) فً السماد

نسبة النٌتروجٌن الى  ,من خلال المعلمات الفٌزٌائٌة والكٌمٌائٌة )درجة الحموضة، والموصلٌة الكهربائٌة، 

وتركٌزات الكلور، الكالسٌوم، والمغنٌسٌوم،  الفسفور، البوتاسٌوم، النٌتروجٌن الكلً، المادة العضوٌة، الكربون
 الصودٌوم(. 

 العٌنة من٪ 96. مختلفة والتصادٌة اجتماعٌة متغٌرات أساس على الدراسة شملتها التً موزعةال العٌنات تحلٌل تم

 عدد حٌث منزل فً المشاركٌن من٪ 54 وٌعٌش الحضرٌة، المناطك فً ٌعٌشون كانوا الدراسة شملتها التً

 المشاركٌن من٪ 67 و مستمل، منزل فً ٌعٌشون كانوا المشاركٌن من٪ 82 خمسة، من ألل المنزل فً الأفراد

 .شٌكل 3666-1561 حدود فً الشهري الدخل لدٌهم

 عند النفاٌات فصل ان ٌرون% 51 الصلبة، النفاٌات ادارة نظام لتطوٌر الحاجة ٌرون% 97 ان الدراسة اظهرت

 من للتخلص الجٌدة الطرٌمة هو التدوٌر اعادة ان ٌعتمدون% 8607 النفاٌات، ادارة نظام لتطوٌر ضروري المصدر

. الدٌموغرافٌة والعوامل المزارعٌن وممارسات توجهات بٌن العلالات واٌجاد البٌانات تحلٌل تم. الصلبة النفاٌات
 السماد من افضل الكمبوست بان ٌؤمنون التوجٌهً، من اعلى شهادة ٌحملون ممن العٌنة من% 54 هنالن

 حٌث ضروري غٌر بانه للشعور الكمبوست استخدام وعدم التعلٌم مستوى بٌن احصائٌة علالة هنالن. الكٌماوي
 .اعدادي التعلٌم مستوى عندما% 16 نسبة اعلى كانت

 أفضل هو الكمبوست أن والاعتماد الأسرة نوع بٌن( P <0.05) إحصائٌة دلالة ذات علالة وجود أٌضا هنان كان

 الذٌن المزارعٌن من علٌها حصلنا نسبة أعلى كانت حٌث. مفٌدة مواد على ٌحتوي لأنه الكٌماوٌة الأسمدة من
 أعلى وجدت المزرعة، فً المحاصٌل من نوع فً ٌتعلك وفٌما. ذلن ٌعتمدون٪( 36) مستمل منزل فً ٌعٌشون

 هم المزارعٌن وأولئن الكٌماوٌة الأسمدة من أفضل هو الكمبوست بأن ٌعتمدون الذٌن المزارعٌن من٪( 95) نسبة

 .مزارعهم فً الخضروات ٌزرعون الذٌن

 ٌمومون والتً المزارعٌن لدى المتوفرة الأنواع من والبعض التجاري الكمبوست عٌنات من مجموعة تجمٌع تم

 .وإسرائٌلً فلسطٌنً إنتاج من عٌنة 14 على شملت حٌث حمولهم فً باستخدامها

 المادة من المحتوى ،803-609 الحموضة لدرجة الممبول المدى خارج كانت عٌنتٌن ان اظهرت الفحوصات نتٌجة

 من كافٌة كمٌات تحوي كانت العٌنات من عشرة%( . 36) الادنى الحد تجاوز العٌنات لجمٌع العضوي

اظهرت نتائج تحلٌل .NO3-Nشكل على المتوفرالنٌتروجٌن  من كافٌة كمٌات تحوي العٌنات وجمٌع النٌتروجٌن،



 
 

 8 

 المتوفر الفوسفور من المحتوى ناضج كفاٌة. مما ٌدل ان الكمبوست 1806نسبة الكربون الى النٌتروجٌن ان النسبة 

 تركٌز بٌنما الكالسٌوم من كافٌة كمٌات تحوي كانت فمط عٌنتان. العٌنات جمٌع فً للٌلا كان PO4-P شكل على

 العٌنات منة ثمانٌ.  الجاف الوزن من % 6068 من والل للٌلا كان الاخرى عشر الاثنتً العٌنات فً الكالسٌوم

 الكربون نسبة متوسط( .  الجاف الوزن من%  6062 من اكثر)  المغنٌسٌوم من كافٌة كمٌات تحوي كانت

 الكربون الى النٌتروجٌن نسبة متوسط حساب تم %.25 المثالٌة النسبة من الل والذي% 9099 كانت للنٌتروجٌن

 حماٌة وكالة لبل من علٌها المنصوص %25 بها الموصى الحد من ألل وهو ،٪9099 لتكون الكمبوست لعٌنات

 .البٌئة

ٌتوجب مرالبة المواد الداخلة فً انتاج الكمبوست وكذلن العملٌة برمتها للتأكد من ان المؤشرات أعلاه تمع ضمن  
 النسب الموصى بها. 
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Chapter One 

Introduction  

 

1.1 Introduction 

Solid waste is a byproduct of human activities that is unavoidable, and a noticeable 

increase in waste quantity and complexity is continuously observed as a result of 

improving living standards, urbanization, and economic development (Rathi, 2005; 

AIT, 2004). A troubling issue of Municipality Waste (MW) in developing countries is 

rapidly growing, as there is a significant increase in the quantity of Solid Waste (SW) 

generated as a result of fast increase in the population and change in the people‟s 

lifestyle due to accelerated urbanization (AIT, 2004; Sida, 2006).  

The rapid growth in population and industrialization has led also to environmental 

deterioration and pulled down sustainable development in the developing world (Rathi, 

2005). Accordingly, developing countries raise the level of concern to improve 

municipal solid waste management (MSWM) practices in order to protect public and 

environmental health (AIT, 2004). However, municipalities of the developing countries 

are incapable of handling the increase in the waste quantities that cause waste 

accumulation in streets and public areas. So that there is an urgent requirement to build 

a sustainable SWMS that needs sustainability in social, economical, financial, 

institutional and environmental aspects (Rathi, 2005). 

 

A threat to sustainability of the world and its urban communities is bad management 

and handling of domestic solid waste.  Moreover, this domestic waste is considered a 

wealth that can be used and utilized as an economic resource, failure to invest in this 

resource is considered as a missed opportunity for economic and  community 

development.  Failure to investigate local trends, behavior, preferences, and knowledge 

will lead to unsuccessful innovations in SW management. 
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To develop MSWM strategies, most industrialized nations adopted Waste Management 

(WM) hierarchy (incineration and land-filling, recovery of materials, minimization 

/prevention) (Sakai et al., 1996). 

Many factors determine the option that a given country uses, including population 

density, topography, infrastructure and transportation, environmental considerations and 

social factors, and economic condition (Sakai et al., 1996). 

1.2 Trends in the treatment of MSW 

The Landfill Directive, more formally Council Directive 1999/31/EC of 26 April 1999 

on the landfill of waste, is a European Union directive issued by the European Union to 

be implemented by its Member States by 16 July 2001 (EC ,2007). 

 

The Directive's overall aim is "to prevent or reduce as far as possible negative effects on 

the environment, in particular the pollution of surface water, groundwater, soil and air, 

and on the global environment, including the greenhouse effect, as well as any resulting 

risk to human health, from the landfilling of waste, during the whole life-cycle of the 

landfill". This legislation also has important implications for waste handling and waste 

disposal (EC, 2007). 

The Landfill Directive5 has imposed regulations for the sake of reducing the amount of 

organic waste entering landfills as follows: 

• Less than three quarters by 2006 

• Less than half by 2009 and 

• Less than on third by 1 2016 

The objectives of this policy are reducing pollution to environment coming from the 

biodegradable portion, utilization of the rich fertilizer in agriculture and increasing the 

service lifetime of the landfill (EC, 2007).    

 

There are different rankings of the countries in following these regulations.  In order to 

enhance the application of this policy The Landfill Directive asks the states that are 

member to launch implementation strategy on the national level aiming at reducing 
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biodegradable MSW that is disposed to landfill. In 2005 the European Commission 

reviewed  the strategies (national)  submitted by Denmark, Germany, France, Greece 

Italy, Netherland,  Luxembourg, Sweden and Portugal, Wales,  England, Scotland, 

Ireland, Gibraltar, Austria, Belgium. The document illustrates different methodologies 

that give different objectives of composting exist between these different strategies. In 

the following paragraphs, illustration is given how three of these strategies differ from 

each other (Paulin and O‟Malley, 2008). 

 

Austria for example has imposed regulation requiring separation of the biodegradable 

portion of the MSW from other wastes.  This imposition has raised the biodegradable 

quantity collected in 1989 from several tones to half million tons in 2001 out of the total 

biodegradable portion which was 2.7 million tones.  This was accompanied by 

regulations specifying the quality for composts produced from the biodegradable 

portion, and the quality of the source material to be used in compost production, and the 

methodology of producing and marketing these composts (EC, 2008).  Nowadays 

Austria has100% fulfilling the required landfill directive objectives. 

Denmark is another example that fulfilled the directive objective, however in a different 

way. In the past, in 2000 all the waste was to be sent for incineration.  Nowadays,   less 

than ten percent of the biodegradable portion goes to landfills (EC, 2008). 

Italy had chosen a different strategy which delayed its fulfillment of the directive 

objective.  In 2014 Italy achieved the target of 2006.  In 2002 about 8.3 million tons of 

biodegradable SW were shifted from going to landfills by (EC, 2014): 

• Collecting biodegradable separately (3.8 million tons), 

• Treatment of the biodegradable portion mechanically (5.6 million tons of unseparated 

SW where the expected organic portion was 3.1 million tons) and 

• Incineration (2.7 million tons of SW, biodegradable portion of it was 1.5 million tons) 

(Pauline and O‟Malley, 2008). 
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1.3 Compost and the handling of MSW 

Municipal solid waste is composed from waste from different sources like houses, 

clinics, commercial establishments and entities, some small scale workshops, and other 

sources like street garbage. The MSW components differ from locality to another and 

also among each locality and it also varies from time to time.  The common factor 

between the MSW is that it contains a considerable portion of biological matter as an 

average, the organic waste (kitchen and garden) form one third to on half of the MSW.  

This portion of MSW is called bio-waste or putrescible waste.  Wastes that come from 

kitchen are mostly composed from food wastes, and on the average it has the same 

amount of organic matter coming from kitchen, with some variations between rural and 

urban areas.  Paper and non-synthetic textile are considered part of the biological matter 

as shown in Fig 1-1. 

Waste composition is influenced by factors such as culture, economic development, 

climate, and energy sources; composition impacts how often waste is collected and how 

it is disposed (EC, 2007). 

In the municipalities‟ solid waste stream, waste is broadly classified into organic and 

inorganic. Waste composition is categorized as organic, paper, plastic, glass, metals, 

and „other.‟ These categories can be further refined, however, these six categories are 

usually sufficient for general solid waste planning purposes. Figure 1.1 describes the 

different types of waste (EC, 2007). 
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Fig. 1.1: Waste Composition in Surabaya (Maeda, 2013). 

It is well known that biological waste is biodegradable under aerobically or anaerobic 

conditions (with or without oxygen respectively).  The only exception of that is lignin 

(wood material), that degrades only under aerobic conditions and does not degrade 

under anaerobic conditions. Degradation speed differs from material to material 

depending on its physical structure and some other factors like pH, moisture, 

temperature.  The other alternative for degrading the biological matter is incineration or 

burning (EC, 2007). 

Other alternatives for treating the biological portion of municipal solid waste: 

 Landfill 

In old days all the municipal solid waste was mixed together without any separation and 

loaded to landfill.  Nowadays, a requirement of the landfill directive is to reduce the 

biological portion of the MSW to less than one third.   This is for preservation of 

environment and for controlling the leachate, landfill gas and also for reducing the 

settlement of the landfill(EC, 2007). 

.   

 Incineration of MSW 

The incineration of SW will reduce its quantity to be backfilled and change it into an 

inorganic inert material.  In combustion, organic carbon is changed into CO2 and water 
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by oxidization that is launched to the air in the stack gas. The most common type of 

incinerators is the large ones, with no separation before combustion.  Recent 

incinerators utilized heat to generate electricity. The energy  value of different  types of 

SW  vary from one type to another, ranges  from null  for wet putrescible waste to more  

than thirty GJ/tone for specific types of  plastics (Smith et al., 2001). If the  putrescible 

waste is very wet it will come through the waste streams, so  fuel will  be added  to 

make sure that there is  sufficient  high temperature for  combusting these wet wastes. 

One of the alternatives is processing the SW for producing RDF (refuse derived fuel). 

Pre-process will make sure that recyclable SW is taken out from the combustible 

portion, also organic wet matter like garden waste and food are removed for further 

treatment. The combustible portion will be incinerated directly or combusted, such as 

cement kilns or power plants that uses coal (Smith et al., 2001). 

 

Most recently new technologies were evolved such as gasification.  In these 

technologies the organic material are broken down into a mixture of liquid or/ and 

gaseous product which is utilized as secondary fuel. The Directive of Waste 

Incineration main objective is to alleviate or prevent adverse impacts on the 

environment because of incineration and co-incineration of waste. Particularly, the 

Directive should minimize pollution as a result of the emissions that are going to pollute 

soil, air, ground and surface water and groundwater, and by this decrease risks that are 

posed to human health. These objectives will be drawn by making sure of good 

condition for operation, technical requirement, and making sure that threshold limit 

values for emission are not exceeded (Smith et al., 2001). 

 

 Mechanical biological treatment 

In this type of treatment, the municipal solid waste will be sorted mechanically into a 

biodegradable portion and a rejected portion, that is sorted out and metals are extracted 

for recycling. The remaining residue of the rejected portion is taken away to landfill, 

and utilized there as cover material or simply will go for incineration (EC, 2007). 
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The biodegradable portion will be aerobically digested or composted. The residue after 

composition will have a reduced volume when land-filled, and less tendency of 

producing leachate and gas in the landfill with a good compactable characteristic.  This 

material is best used for restoration of land, but it will not be suitable for horticulture or 

agriculture(Smith et al., 2001). 

 

1.4 Goal and Objectives of study: 

The main goal of this study is to assess the quality of organic domestic waste compost 

and farmers‟ acceptance of its use in Hebron district in Palestine. 

The following objectives are to be satisfied in order to achieve the main goal: 

1) Assessment of the physical and chemical quality of compost materials available in 

the West Bank of Palestine. 

2) Investigate attitude, cognition and acceptability of farmers in Hebron district 

towards using the compost as an alternative to the chemical fertilizers 
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Chapter Two  

Literature Review  

2.1Compost 

Compost is a stable organic material that is decomposed aerobically. Most of it is 

organic matter and is considered biological active substance, and varies in texture.  

Compost usually has brownish dark color appearing and smelling earthy. Compost is 

manufactured through decomposing the originally organic materials through breaking 

down and transforming the organic substances into different organic material that is 

called humus.  This process is carried out by very tiny aerobic organisms (Pauline, 

2008). 

The organic matter of waste or wastewater can be characterized by the following 

approximate chemical composition: C18H19O9N. This average elemental composition 

was calculated on the basis of formulae for carbohydrates, fats and proteins. 

The general aerobic biological transformation of solid waste can be described by means 

of the following equation: 

Bacteria                   resistant 

Organic+ O2+ nutrients -------> new cells + organic+CO2+H2O+ NH3 + SO4
2-

+..+ heat 

Matter 

If the solid waste organic matter is represented as CaHbOcNd, biosynthesis of new cells 

and production of sulphate and phosphate is not taken into account and the composition 

of the resistant organic matter is represented as CwHxOyNz, then the amount of oxygen 

required (on molar basis) for the aerobic stabilization of the organic fraction of MSW 

can be estimated by the following equation: 

CaHbOcNd + 0.5(n · y + 2s + r − c)O2 → nCwHxOyNz + sCO2 + rH2O + (d − nz)NH3 

where r = 0.5·[b−n·z−3·(d−n·z)], s = a−n·w, n = moles of organic matter in the 

output/moles of organic matter in the input. 
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The terms CaHbOcNd and CwHxOyNz represent the empirical elemental composition 

of the organic material at the beginning and at the end of the process, respectively 

(Bizukojc and Ledakowicz, 2003). 

During aerobic degradation the oxygen present during burial of refuse is consumed with 

the available organic waste serving as the source of aerobic microbial activity. Oxygen 

serves two different functions during degradation: a terminal electron acceptor of 

electrons released during oxidation of organic carbon and a reactant in the attack on 

substrate molecules (Bizukojc and Ledakowicz, 2003). 

Although aerobes initiate the overall degradation process, they play a minor role in 

refuse decomposition and landfill gas production as a whole. The aerobic or initial 

adjustment phase normally lasts only a few days, depending on other refuse conditions 

such as moisture content. After oxygen depletion, roughly 98% of the soluble sugars 

remain. Landfill gas composition during this phase is nearly 100% carbon dioxide 

(Bizukojc and Ledakowicz, 2003). 

Two important factors of the landfill ecosystem are generated during this phase: heat 

and moisture. Aerobic decomposition generates heat with a possible temperature rise of 

10 to 20 deg C above ambient temperature. Such heat generation is important in 

providing the temperature range to maintain anaerobic digestion. The addition of 

moisture is also crucial in providing the proper environmental conditions for the 

anaerobic bacteria to carry out further degradation of organic material (Bizukojc and 

Ledakowicz, 2003). 

Many of the necessary features of good quality soil are attributed to compost, like 

capability of holding moisture and plant nutrients that make the soil of very good 

quality. As it is known, main constituent of compost is organic material, with a suitable 

ratio of carbon to nitrogen.  It is to address that the important factor in manufacturing 

compost is to control the oxygen, temperature, and moisture level within the optimized 

levels (Paulin and O‟Malley, 2008). 
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We should learn from nature, how to keep our universe clean and develop in a healthy 

way.  Nature decomposes all unwanted materials and substances like dead animals, tree 

leaves and dead trees and branches, using its soldier that is composed of millions of 

very small organisms.  These organisms will spend their time decomposing these 

organic substances into a more soil- healthy compound that retains all nutrients and 

moisture required for a smooth growth of plants.   We should use this technology in 

getting rid of all unwanted material like organic garbage, our garden residues, and any 

other organic source in manufacturing compost in order to enrich our soil and increase 

its productivity and keep our universe clean.  All that we need for this clean health 

universe is small area to produce and manufacture the compost, the unwanted garbage, 

and some of our time and effort (EPA, 2009). 

Composting is defined as a process in which a biological disintegration takes place 

under aerobic / or anaerobic environment with control on input, output and on the 

process as a whole (CIAS, 2002).  Five parameters are to be controlled which are 

oxygen, moisture, carbon to nitrogen (C/N) ratio, temperature, and pH. During this 

action, biological waste is transformed into humic materials that are called compost 

(CIAS, 2002).   

Compost will have many economical advantages (Otten, 2001; Hoornweg et al., 2000), 

however it may have adverse effect on environment like  odors and leach ate, and 

implications related to financing (Kwon, 2005). 

Composting is also defined as sanitization and stabilization of the organic material to 

produce the solid particulate substance Compost is the output of the operation of 

decomposition of biodegradable substances under controlled and monitored 

environment that are mainly aerobic and make it possible to provide suitable 

temperature for thermophilic organisms as a result of heat which is produced 

biologically (EC, 2014). 

Biodegradable  waste change into compost by controlling the  bioactivity which is  an 

alternative to landfill and combustion of  MSW. Old, MSW is first pre-treated with 
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anaerobic process first and then aerobic curing steps are utilized (Silva et al. 2007). In 

the process of compost generation, many types of fungi, bacteria and yeasts disintegrate 

the MSW to stable products that are like soil in appearance and rich in organic matter, 

in addition to carbon dioxide, microbial biomass, and energy (de Bertoldi et al. 1983). 

The composting entities for aerobic treatment of waste constitute of a preliminary 

procedure, in which removal of contaminants and other inorganic matter takes place 

using screening. The organic SW will remain in composting tunnels, aerated piles, static 

piles, or windrows for many days. Periodic aeration of compost material should be 

carried out, as disintegration of biological waste will take place, and this will be done, 

either mechanically or by open floor systems that generate forced aeration. Further to 

this active process two to three months are required as a curing period for the bio-waste 

to change into mature and to be stabilized as compost, to be utilized in, soil reclamation, 

agriculture, gardening, landscaping (Silva et al., 2007). 

Main objective of composting of MSW is to reduce the load on the landfills and 

combustion.  However, compost is a marketable material, and in case of effective 

process that generates good quality compost it may have an acceptance and economic 

return as shown in Fig 1.2 (Lasaridi et al. 2006).  

But, compost product is considered a sub-product, and in no way should be considered 

as the main target, which is diversion of parts of MSW away from landfills. In order to 

produce compost of very good quality, source-separation of biological waste at origin 

should be carried out and improved. The provision for composting process should be 

developed with the aim of improving the quality of the final product (Silva et al., 2007). 

 

Fig2.1: Steps involved in the aerobic composting process (Jovičić et al, 2006). 
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Any further microbial decomposition occurs only very slowly. Figure 2.1 provides the 

overall steps involved in the aerobic composting of the organic fraction of MSW.  

Composting requires attention about factors that affect the process, to carbon and 

nitrogen ratios, moisture content, oxygen availability, maintenance of favorable 

temperatures. Altogether compost creating time is determined by composition of waste 

but primarily by type of applied process (Jovičić et al, 2006). 

The actual compost process can be established in a number of environments, from 

simple outdoor piles to sophisticated reaction vessels with controlled temperature, 

airflow, and humidity (Jovičić et al, 2006). 

From agricultural point of view, classification of the compost will be in accordance to 

time of application (Paulin and O‟Malley, 2008). 

2.2 Advantages of compost 

There is clear advantage of using compost on soil both on quality of the organic 

material in the soil and on quantity of that organic material.  Also it has a good effect in 

increasing the stability of the carbon levels in soil (Paulin and O‟Malley, 2008). 

 

Compost may replace mineral fertilizer, especially for phosphate and potassium.  

However, for nitrogen, this is not the case as it will not be available to plant quickly, if 

it originates from compost.  To figure out, only less than 2% of the nitrogen contained 

in the compost is taken annually. Utilizing compost will decrease the quantity of 

mineral fertilizer, that its production has many environmental implications. Main 

implications are phosphate extraction and emissions that increase greenhouse gas 

(energy related emissions and N2O). If compost was used for long time, reduction of 

mineral fertilizer will be achieved and thus reduction of nitrate leaching is 

accomplished. Usually, the run-off of the nutrient into surface water and ground is 

negligible (EC, 2001). 
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Other advantage of compost is increasing organic matter in soil by the humus which is 

generated from compost, and also increase storage capacity of the biomass carbon 

contained in compost for a long period. This carbon is impounded from the surrounding 

air, and by this it decrease global warming. More advantages on environment are (EC, 

2001): 

• Reducing soil erosion 

• Controlling plant diseases and reducing the need for using pesticides 

• Improving water retention, and thus the need for irrigation is reduced which leads to 

less flooding 

• Using fuel will be less as soil structure is improved leading to lower use of agricultural 

machinery. 

Using compost to replace  peat in growing media, will result in less global warming as 

degradation of  peat is faster when exposed to oxygen and release of CO2 will be more 

(EC, 2001).  

2.3Soil and compost incorporation 

The main trick of making good compost is by degrading the carbon in the raw materials 

of the compost.  This can be achieved by grinding the components so they will be 

exposed more to the microorganisms that execute the decomposing.  Turning over the 

material is the important factor that results in good compost that is best degraded.  

Design of good turning system is important as much as suitable grinding the materials.  

This will result in good compost that is close to the soil structure from texture and 

characteristics.  Adding some clay to this compost will enhance more its properties.  It 

is good to bear in mind that woody materials will take more time to degrade than other 

organic material.  So good grinding of woody material is a requirement of good 

compost as soil quality factors will be affected as shown in Fig 2-2 (Paulin and 

O‟Malley, 2008). 

The use of woody components in making the compost requires screening of these 

woody elements with a 100 opening sieve, by this increasing the exposed area of the 

material to the bacterial activity. The fear is that some of the un-decomposed material 

will be in the compost and thus it will be mixed with the soil.  Degrading process will 
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continue in the field be degrading these fractions that has not finished degrading. This 

will be done by bacteria that will need nitrogen.   So there will be a competition on the 

nitrogen between the plants and the bacteria and thus productivity of the field will go 

down (Paulin and O‟Malley, 2008). 

 

 

Fig. 2.2: Three aspects of soil quality (Paulin and O‟Malley, 2008). 

Some of the main aspects in classifying soil are physical properties, chemical properties, 

and soil organic matter.   Soil organic matter is very important as it will affect both 

physical and chemical properties and it can improve soil and plant production and result 

in: 

• Improved performance of crop and its quality 

• Better nutrient and efficiency of irrigation will be improved 

• Compaction will be reduced and infiltration will increase. 

• leaching of nutrient will decrease and capacity of holding nutrients will increase. 

• The need for pesticides will decrease. 

Better soil characteristics will be achieved through more active soil from biological 

point of view. The physical properties like the drainage, less compacted soil, erosion, 

and moisture holding characteristic will be improved.   Fertility will also go up and 

considered to be improved (Paulin and O‟Malley, 2008). 

It is too being addressed that the most important component of soil is its organic carbon 

content.  The soil food web which is the different types and large amounts of organisms 

will work on decomposition of the organic compounds in the soil.   These organisms 
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work to complete the circle of organic compounds by returning them back to soil.   

Different types of organic compounds are generated through this process.   These 

products range from simple sugar that works as power source for the biological actions 

to more complicated compounds that attribute structure to soil like cellulose.  One of the 

products is the humic matter that contributes in providing the soil with many advantages 

like stabilization of its carbon content.  To achieve that, systematic addition of organic 

substances should be carried out.  So, one of the advantages of compost is be providing 

soil with humic material which will stabilize carbon levels in soil (Paulin and O‟Malley, 

2008).  Organic matter in compost ranges from 30-70% (US Composting Council, 

2003) and it should not be less than 30% (Herity, 2003). 

It is to mention that carbon to phosphorus of>300: 1lowers solubility of phosphor but 

this of course will depend on the decomposition rate. Large amounts of organic material 

will not allow phosphorus to be mobilized into the organic material through the 

biological action which will lead to less phosphorus solubility. On the other hand, 

disintegration of organic substances when carbon to phosphorus is lower than 200:1 will 

lead to releasing soluble Phosphorus. The on ground release/ retention  is affected by 

the existing conditions, and the soluble phosphorus that is generated from organic 

substances disintegration  is not going to  leach from soils in case  it is absorbed  by the 

plant or getting tight to soil through adsorption.  So, either the phosphorus is released 

through disintegration or it is absorbed by soil particles (Harrison, 2011). 

Soil structure will be improved through increasing the organic fraction of soil, and many 

other characteristics will be improved like water-holding capacity, infiltration of water, 

compaction of combats, and aeration of soil. In case of sand, organic material will 

improve holding capacity of nutrients, combined with increasing nitrogen level that can 

be utilized in providing nitrogen for the plants. Another privilege of organic material is 

resisting acidification that is considered a bad side effect of using fertilizers. The 

accompanying biological activity will decrease pests and diseases (Paulin and 

O‟Malley, 2008). 
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Nitrogen is an important element for plant growth and development.  Mineralization is 

the release of nitrogen to be used by plants, and is considered one of the decomposition 

products.  Using the compost will help in giving the plants the required dosage of 

nitrogen, and at the same time in keeping this nitrogen (nitrate) away from polluting 

ground-water.  Fertilizer, if used will aid in increasing the level of nitrogen in 

groundwater and thus causing pollution.  Thus damage of soil will be reduced, 

groundwater is less polluted by nitrogen and compost will sustain existing soil and 

water resources (Paulin and O‟Malley, 2008). 

To conclude, utilizing compost will: 

• decrease cost of production and improve performance of crop through: 

  Improving yield products, both the quality and storage time 

 Reducing the quantity of fertilizer to be used  and more effective utilization of 

pesticides and  fertilizers, also soil fumigants 

 Irrigation is utilized in a more efficient way 

  Crop will have more resistance to diseases and pests. 

• Soil quality will be improved by: 

 Levels of organic matter will be improved and  organic cycles are optimized 

 Plants will have more water 

 Nutrient availableness  and nutrient-holding capacity will be much better 

  Improving  structure of soil  

  Reducing pests and pathogens of soil-borne plant. 

This includes determination of all materials containing carbon by laboratory testing of 

compost.   It is known that carbon content decreases during composting, so this is an 

indirect estimation of organic carbon. The usual procedure for estimating OM is 

described below (CCQC, 2001). 

Organic matter is represented by volatile solids (VS) which is the combustible portion 

which is lost during ignition as OM or VS. OM can be calculated by a total-carbon 

analysis which is represented by TOC. Alternatively, carbon can be found from organic 
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matter as it is approximately 54% of volatile solids. The typical OM content is a 

function of the age of compost, intended use, and its nitrogen content. The organic 

matter test is the basis for finding out C: N ratio (Woods End Research Laboratory, 

2005). 

 

 

2.4Composting process production and stages 

Compost is made from a wide variety of materials, under desired conditions 

(temperature, moisture, oxygen). Compost processing may be indoor or outdoor, or in 

closed vessels.  There should be a control on: 

• C: N ratio should be within 25 to 35:1 

• Oxygen level should be adequate 

• Moisture content should be between 40 and 60% 

• Temperatures should be within the limits 55 - 65°C. 

In 2000, approximately 14% of compost production in the world was used in landfills, 

43% in agriculture, 8% in landscaping, and 4% in horticulture, 14% in and for their 

restoration, 13% in private gardens (SV and A, 2005). 

Composting process consists of three stages which are preprocessing, processing and 

post-processing. The preprocessing stage involves removing undesirable material and 

sorting and shredding to typical particle size. The processing stage has two phases: 

which are the composting phase and the curing phase. In this stage weight of feedstock 

reduces because of disintegration of some of the organic material. In the curing phase 

compost changes into a stable biological material, in which microorganisms are active 

at lower level than in the actual composting. Within this stage of curing, aeration should 

be carried out and less heat is generated and the compost begins to cool, which is an 

indication of decrease in the microbial activity.  Fig 2.3 shows the composting and 

transition of microorganisms and the associated change in temperature (United States 

Environmental Protection Agency, 1994). 



 
 

 31 

 

Fig. 2.3: Composting and transition of microorganisms (Maeda, 2013). 

 

The post-processing stage is optional but may be required to ensure compliance with 

customer needs. Example of what can be done in this stage is: (United States 

Environmental Protection Agency, 1994)  

• Ensuring complete stabilization by analyzing compost;  

• Determining nutrient level and testing compost for pathogenic or chemical pollutants;  

• Removing unwanted material; and  

• Reducing compost size, screening, and sorting by size, and blending it with other 

materials. 

Compost procedures may be carried out into different ways as follows: vermin-

composting, anaerobic processing, in-vessel composting, aerated static pile, turned 

windrow, and passive pile.  Variation among these methods is in the air supply method, 

turning/ mixing the material, temperature control, and the time required for composting 

(ARIJ, 2005). 
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Fig. 2.4: Temperature changes during in-vessel and static pile composting process 

(Paulin, 2008). 

In the first stage, fungi disintegrate cellulose and other complex molecules, raising the 

temperature to around 65 C disrupting weed seeds and harmful organisms.  In the 

second stage, the fungi disappear, and bacteria disintegrate the organic matter into 

humus. Only half of the mass remains as, the other half are released as water, Co2, and 

heat, and this mass occupies only one third of the initial volume.   Fig 2.4 shows the 

temperature changes during in-vessel and static pile composting process (Schneider et 

al., 2001). 

The pH of the compost changes during the process from 7 to 6 and may go down to 4.5 

before it goes up to 8 and then goes down to 7 gradually with time   (EPA, 1995).   

Raising the pH of the final compost will be achieved by treating with lime (up to 9.0), 

or hydrated lime or ash (up to 11.0). Optimum pH of compost is (6.0 – 7.5) but if pH 

goes above 8.4 it should be controlled as it becomes harmful to plants, and is associated 

with odor and ammonia loss (Woods End Research Laboratory, 2005). 
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Storage time should be minimized as much as possible.  As activity of microorganisms 

depend on moisture content, so enable compost to dry enough is an important issue for 

good storage. Appropriate moisture content of 30% is typical for accepted storage 

conditions (EPA, 1995).  

Other factors that are important are timing of application of compost, application rates, 

and placement, which may affect the results.  If compost is not maturating enough, it 

may cause problems with establishment (EPA, 1995). 

Efficient use of compost requires repeated and regular use. As microbial population and 

organic matter increase in soil; decrease will be achieved in irrigation, fertilizer, and 

pesticide use (EPA, 1995).  

Some quality parameters are presented in table 2.1, which indicate proposed use of 

compost in accordance to its quality.  

 

Table 2.1:  Suggested quality factors for using compost in horticulture (Paulin and 

O‟Malley, 2008). 

Factor Soil incorporation Surface mulch 

Vegetables and  

annual crops  

Orchard, vineyard  

and perennial crop  

establishment  

Orchards, vineyards 

and  

perennial crops  

C:N ratio <17  

 

<20 Not as critical, 

prefer <35 to  

minimize N 

competition 

NDI (Nitrogen 

Drawdown Index) 

>0.6  

 

>0.5 Not critical, prefer 

>0.3 to  

minimize N 

competition 

Electrical 

conductivity 

(mS/m)  

<60.0 <80.0 <80.0 

pH  6.5–7.5 6.0–8.0 6.0–8.0 

Moisture content (% 

dry matter 

) >35 >35 >35 
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Total nitrogen 

(mg/kg)  

>1.5 >1.0  Not critical, 

prefer>0.7 

Soluble nitrogen 

(mg/kg)  

>100 >100 Not critical 

Nitrate: ammonium 

ratio  

>0.14 >0.14 Not critical 

Toxicity %  >60 >60 >30 

Application rate, 

suggested  

typical rang 

15-30 m3 

/ha 

25-75 m3 

/ha trenched  

into planting rows 

50-75 mm depth to 

15-25%  

of land centered on 

the row 

 

Unlike the aerobic composting, anaerobic digestion is carried out without oxygen.  In 

this process the organic products are disintegrated in a closed controlled container for 

15 to 20 days composting, biological wastes can also be decomposed in controlled 

processes in the absence of oxygen.  The important feature is that it is carried in a very 

tight vessel, so outside air is not allowed to interfere in the degradation process and thus 

all the degrading process is carried out without oxygen.   One important product of this 

process is methane gas which is called biogas and has different uses starting with 

utilization in electricity production and ending with use for cooking.  This biogas can be 

used also for heating the process of decomposition and thus maintaining the required 

temperature between 30 to 65 degrees C  Another important product is   the digestate 

which is a residue like sludge  and is usually  dewatered and treated in order to get the 

material stabilized  and then will  be utilized for soil improvement  as it is rich with 

organic matter and considered to be a very good  fertilizer The other by product is the 

liquid portion which is returned back into the closed vessel to enrich the anaerobic 

process and the residue of it could be utilized as a liquid fertilizer.   If the quality of the 

liquid portion is not suitable it can be discarded to sewerage network. The main input of 

anaerobic digestion is putrescible portion of MSW accompanied with some plants 

residues in case of using the digestive as a fertilizer (Paulin and O‟Malley, 2008). 
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2.5 Health and environment impacts of composting 

Composting has different impacts on environment and health that are affected by the 

input materials, the technology used, level of monitoring and control, and other factors. 

(Eunomia, 2000) 

 Emissions to air 

The  compost processes will result in gaseous emissions to air such as water vapour, 

carbon dioxide (CO2), volatile organic compounds (VOC),  small quantity of ammonia 

(NH3), bio-aerosols (mycotoxinsn, endotoxins, actinomycetes, bacteria, fungi). As there 

is no guarantee of 100% aerobic condition, some methane (CH4) emissions will be 

there. Additionally, composting will cause vigorous odors (EC, 2007).  

In the closed process of compost production, for the sake of reduction of emissions, bio-

filter is utilized.  This will decrease the emissions of certain VOC, particulates, aerosols, 

ammonia, and odors.  Conversely, other emissions will be launched from bio-filter, 

particularly new VOC and N2O. The methane and nitrogen dioxide emissions are 

related to climate change effects and carbon dioxide are regarded climate-neutral as it 

originates from biomass.  Other emissions are related to some health and nuisance 

effects on the inhabitants. Labors working in a compost entity are exposed to, and may 

inhale, some gaseous emissions.  Effects will differ from person to person as some will 

be as thematic and individuals with impaired immune will adversely have side effects 

because of being exposed to bio-aerosols.  Mitigation measures should be taken to 

protect close residents and workers of the compost plant. Unfortunately, there is a 

shortage of data regarding air emission quantity and absence of information on 

emissions at the time of storing biological substances (ADEME, 2005 and DEFRA, 

2004). 

 Leachate 

Methodology of treating leachate differs from plant to another.   Some plants treat the 

leachate or directly discharge to sewerage network; others recirculate leachate. As a 

result of evaporation during the composting process, and usually composting needs 

water. In good controlled composting systems, environmental impacts are considered   
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negligible. But, there is lack of data on the quantities and components of leachate 

generated which takes into account the variation in of composting plants (EC, 2014). 

 

 

 Soil-related 

The addition of compost to soil will change its biological, physical, and chemical, 

characteristics. The factors that may be affected are: structure, density, content and 

availability of nutrients required for plants, ion exchange capacity, pH, the organic 

matter in the soil, buffering capacity, chelating ability, biological activity, water 

management.  Composts will be part of the organic material in soil which is called 

humus, and will affect soil properties on the short as well as on the long run. 

Unfortunately, methods in which compost change soil characteristics are not modeled 

and complicated and very difficult to understand; but, it is agreed that soil fertility is 

positively affected by compost on both short and long run (EC, 2014). 

 

Meanwhile, utilization of compost as soil improver or an organic fertilizer has different   

environmental effects. When compost is added to soil, the chemical components of the 

composts are conveyed to the soil. One of the adverse impacts is that to consider 

organic pollutants and heavy metals. Usually, heavy metals contents in compost are 

controlled and studied compost utilization. Input materials entering the process will 

determine these portions. The adverse effect of heavy metals is their toxicity to plants 

and their harmful effect on humans if passed through the food chain. The destiny of the 

heavy metals in soil varies from one site to another and is affected by some parameters 

like crop nature, and pH of the soil. It is to address that continuous adding of compost to 

land will increase the heavy metals concentrations in soil,  however assessing this  in 

terms of environmental effects is not conveniently handled  among researchers.  Some 

issues to be studied in this regard are leachability of heavy metals into groundwater, 

background concentrations of these metals, consequences of the increase in the uptake 

of heavy metals by plants that enter into the food chain.   Nickel, zink and copper are 

important for plant growth as trace elements with a controlled quantity (EC, 2014). 
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Hygienically, the application of compost may induce some risks, as biological wastes 

include some types of pathogens that may be viruses, bacteria, parasites, fungi, and 

prions.  Many factors affect the quantity of these pathogens like the original 

components, storage conditions, handling, and initial treatment of the waste. If measures 

are not taken to prevent these pathogens during the processing, then the compost may 

contain these pathogens with higher quantity.   These pathogens may lead to infection of 

humans, animals, and plants causing serious health problem. Particularly, attention 

should be paid for production of vegetables that do not need cooking, salads and 

grazing.  To overcome this risk, sorting of raw material before composting process 

should be carried out, taking away the nappies, and ensuring proper system of sanitation 

is carried out by subjecting the input materials to a temperature-time profile killing all 

pathogens (EC, 2007). 

 

Care should be drawn also to concentration of the pollutant as well as its load.  High 

concentrations may affect labor health in growing media.   Also, safety considerations 

are important for example a piece of glass may cause injuries (EC, 2007). 

 

2.6 Quality of compost 

 Compost quality standards for land application 

Main parameter affecting compost quality is input materials. The WD in its 2
nd

 draft 

published specifications for input material (EC, 2001).  Accordingly, only compost 

originating from MSW that is source separated and containing only animal waste and 

vegetable is allowed (CEC, 2006). 

Other standards, for the process of composting   which objective is to make sure of 

ensure compost sanitization, are published also as shown table 2.2. 
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Table 2.2: Standards for composting process to ensure compost sanitization (EC, 2001; 

BSI, 2005).  

 Composting  

Process 

Temperature  

(
o
c) 

Moisture 

(w/w)  

Time 

(weeks)  

Mixing/turning 

EC 2001 Windrow  ≥ 55 n.a. 2 5 

 Windrow ≥ 65 n.a. 1 2 

 In-vessel ≥ 60 n.a. n.a. n.a. 

BSI 2005 n.a. ≥ 65 ≥ 50 % 1 ≥ 2 

 

There are also standards specifying the maximum content of physical, organic and 

physical pollutants, weeds, and pathogens for bio-waste treatment, for the 

polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) only; 

their limits have to be according to Sewage Sludge Directive (86/278/EEC).  Generally,  

organic contaminants should have low values in compost originated form source 

separated MSW, thus no need for setting limits for organic pollutants in European 

countries (Hogg et al., 2002). 

Limits for the physical contaminants are to be less than 5% of the weight of compost 

when sieving with mesh size > 2 mm. These impurities include plastic, glass, metal. 

Stones > 5mm should be less than 5% of compost weight (EC, 2001).  This percentage 

should not be more than 8% for stones >4 mm (BSI, 2005).  

There are other standards specifying number of weed seeds, plant, and compost 

maturity, and compost nutrient related properties (CEC, 2006). 

In general there are many different standards for compost quality according to country 

and development and progress in their using compost.  But most of countries begin 

publishing routine guidelines.   It is to address that these specifications are not enforced 

by law as some of them are voluntary (Brinton,2000). 

Comparison between standards of compost in different countries reveals that Europe has 

make steps forward than other countries in the world.  This is because of the political 

will in Europe to address this issue as very serious, in addition to scientific capabilities 

that are present in Europe regarding testing compost (Brinton, 2000). 

Compost is not classified as fertilizer as it does not contain sufficient amounts of 

potassium, nitrogen, and phosphorus, although it contains other plant nutrients that 

increase the fertility of soil (Diaz at al., 1993:103).  
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 The objectives of Guidelines for Compost Quality are to: 

• Protect environment and public health; 

• Ensure that compost product is of high quality by encouraging source separation; 

• Ensure that compost quality and standards are consistent and similar in all parts of the 

country; 

• Utilizing the experience of technology and industry when practicing the guidelines, so 

that the national guidelines make use of new development in science and technology; 

• Reduce the use of untreated organic wastes; and, 

• Increase confidence of consumer by product that is consistent in accordance to quality 

standards (CCME, 2005). 

 Compost Product Guidelines 

Four parameters govern the guidelines for compost product that are related to safety 

issue: Maturity, pathogens, foreign matter, and trace elements.  

Objective of the final use of the compost product is important for imposing the quality 

standard. Important limits are the total nitrogen, C: N ratio, available nitrogen. Element 

contents in conventional compost of waste are presented in table 2.3. 

Table 2.3: Element contents in conventional compost of waste concern (Rothenberger et 

al., 2006). 

 

 

 

 

 

 

 

 

 

 

The parameters that affect the quality of compost product depend on the rate of 

composting process and depend on the chemical and physical factors. Temperature is an 

important factor that determines the success of composting process. Particle size and 

moisture content are physical characteristics that influence the rate of the composting 

Elements Concentration (%) 

Organic matter (OM) 35-40 

Nitrogen (N) 1.0 – 2.0 

Phosphorus (P) 0.4 – 4.0 

Potassium (K) 0.5 – 2.6 

Ph 7.8 

Moisture content 25-55% 
pH 5.5-8.5 

EC Less than 5.0 ds/m 
C/N ratio 10-40 

Heavy metal Cu less 300ppm   Zn less 900 ppm 
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process.  Other factors include the shape and size of the system that influence the rate 

and type of aeration as well as the trend of the compost to keep or lose the energy which 

is generated (Rothenberger et al., 2006). 

  

 Temperature  

Temperature of the compost during the process depends on moisture content of the pile 

its size, C/N ratio, and aeration, and C/N ratio (Australian Alps Best Practice, 2000). 

 

Fig 2.5: Compost temperature 

Changes in temperature of the compost pile change with time as shoe Decomposition 

shown in Fig2-5 reaching its amplitude between 40-60°C, for several weeks or months.  

And this stage is called thermophilic phase (Khatib et al., 2010). 

 

The importance of the heat amplitude is for destroying fly larvae, pathogens, and weed 

seeds. it is also important that temperature does not exceed 60-65°C C as at this 

temperature most microorganisms could not survive, so aeration and turning of the pile 

is needed  (Trautmann et al., 2000). 
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 Particle Size 

Particle size should be small enough so as microbial activity takes place on the surface 

of Microbial activity generally occurs on the surface of the particles, so increasing 

surface area will increase the decomposition process.  He particle size should not be too 

small so as to allow enough circulation of air that includes oxygen which is necessary 

for the process of disintegration (Holmer, 2002). 

 

  Aeration 

Percentage of oxygen in pile should be kept between 15-20% as in the natural air.  F this 

percentage falls below 5%, anaerobic decomposition takes place, and thus bad odours 

are produces.  Good aeration can be achieved through turning, aeration pipes, drilling 

air holes, or forced air flow (Holmer, 2002). 

 

 Moisture content 

Best water holding capacity (WHC) of the feedstock is 80-85% of the saturated WHC, 

but it depends on other factors like the organic matter content (Woods End Research 

Laboratory, 2005). High water contents may increase leachate and potential of 

anaerobic digestion.   Usually, there is a need to add water to keep the ideal water 

content (Woods End Research Laboratory, 2005). 

 Oxygen 

Oxygen is necessary to guarantee aerobic process in which microorganisms use it to 

oxidize carbon for energy (Holmer et.al, 1997). 

Optimum oxygen concentration is greater than 10% but if it goes down to 5% then 

anaerobic process starts (Dickson et al., 1991). 

 Nitrogen: total-Kjeldahl-N, organic-N, ammonium, nitrate, nitrite: 

Compost to be considered fertilizer should have TN more than 1%, dry weight, the ideal 

range is 1-3%, as over 3% will be ammoniac and immaturate (Barker, 1997). 
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Maturate compost, will have organic nitrogen, and large amounts of NO3.  Ammonium 

nitrogen will volatile as NH3 vapor and lost and if it exceeds 15% of TN, it is regarded 

high loss (Woods End Research Laboratory, 2005). 

Total nitrogen consists from organic nitrogen ad inorganic nitrogen (ammonium-, 

nitrite-, and nitrate-N).  

Kjeldahl Nitrogen (Wet Combustion) is the test for finding organic- plus ammonium-N 

in the sample. When the nitrate-/nitrite-N portion is large, then a modification of the 

Kjeldahl method will be the reduction step that changes the nitrite- and nitrate-N into 

ammonium. The resulting will be the total N content that will be used to find out the C: 

N ratio (CCQC, 2001). 

The most available form of nitrogen to plants is NO3.   Environment Agency (2000) 

classified the compost to be utilized in agriculture according to its NO3-N content as 

shown in table 2.4. 

Table2.4: Interpretation of available Nitrogen as NO3-N in compost (Environment 

Agency, 2000). 

Interpretation  NO3-N (mg/L) 

Deficient 0-15 

Low 16-25 

Satisfactory for seedling and nursery stock 26-50 

Satisfactory for pot plants and bedding plants 51-80 

Satisfactory for tomatoes, cucumbers and carnations 81-130 

 131-300 

Unnecessarily high for all crops 201-300 

Excessive Over 300 

 

 Carbon: Nitrogen Ratio: 

The C: N ratio is an indication of the rate of disintegration of the compost and may be 

considered for testing maturity (Anon, 1998). The EPA states that the C: N ratio of 

compost must be less than 25 (Herity, 2003). If C: N was lower than 30, N may be more 

than required causing the excess to l be lost as ammonia gas, which causes bad odors. If 

C:N ratio was higher, this implies that there is no enough N for ideal conditions for the 
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growth of the microorganisms causing the compos to stay  cool and disintegration may  

continue  at a slower rate(Dickson et al.,1991). 

Usually composting process can be regarded finished when a C: N of 17 or less is 

reached (Woods End Research Laboratory, 2005). 

If the total C: N is lower than 20:1, ammonia will be given off by the microorganisms 

generating odor. The C: N was in the range 40:1, the microorganisms will slow till the 

extra Carbon is oxidized.  Normally, C and N should be supplied in the appropriate ratio 

to ensure nutrients are available to the microorganisms (Schneider et al., 2001). 

The (C: N) ratio should be less than 25 so as to be considered acceptable B (CCQC, 

2001). 

2.7Categories of compost 

According to use of com[post product, two categories were developed for foreign sharp 

material and trace element concentrations category A for unrestricted use and category 

B for restricted use (CCME, 2005). 

Category A is for compost which may be used in any application, like horticultural 

operations, residential gardens, agricultural lands, the nursery industry, and others. 

In order to achieve category A standards for trace elements, there should be use of 

MSW that are source separated, pulp and paper mill, and municipal bio-solids, or 

manure (CCME, 2005). 

In case of presence of foreign sharp material or high trace elements, then compost 

category is B which has a restricted use. Compost category B requires additional control 

as it fails to meet all the criteria for the unrestricted use and only achieved the criteria of 

category B.  In case compost fails to meet the criteria for category B it should be 

appropriately disposed (CCME, 2005). 

Quality of compost is the main factor that ensures consumer satisfaction, and in turn 

permanent request of the product.  If compost was of low quality such as having foreign 

matter like sharps or glass, it will cause complains from farmers as they will be injured.  

In addition to that, low quality compost may contain toxic compounds, invisible 
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contaminants, and heavy metals that will affect the consumers and farmers and cause 

pollution of groundwater.  Other criteria of classification depends weather visible and 

invisible as shown in table 2.5 (CCME, 2005). 

 

 

 

Table 2.5: Quality criteria for compost (Rouse et al., 2008). 

 

Visible criteria: 

Customers can assess 

Invisible criteria: 

Customers cannot assess 

 Colour 

 Smell 

 Visible foreign matter 

(wires, plastic, glass) 

 Degree of maturity 

assessed by 

 Colour and smell 

 Nutrient content (NPK) 

 Degree of maturity in terms of 

chemical constituents 

 Suitability for plants (salt content, pH) 

 Weed seeds inactivation 

 Existence  of pathogens 

 Heavy metal content 

 

 

It will be useful if an external party took the responsibility of testing compost product.  

This may increase consumer confidence and satisfaction regarding quality. Any 

compost should meet the national or international standards relating to heavy metals, 

pathogens, and toxic chemical, as they are measures of safety more than quality (Rouse 

et al., 2008). 

A successful example of quality assurance in a developing country is the case of Dhaka, 

Bangladesh.   There, they know the importance of consistent high quality compost 

product.  After producing their finished compost, they sell it to MAP Agro that owns 

compost grinding and cleaning machinery.   In this plant, any glass shards are reduced 

to harmless powder, in addition to separating metal and removing polythene by an air 

sorter. Although this process costs more effort, money and time, farmers consider it 

vital because it protects human safety. In order to control heavy metal levels, careful 

selection of raw material for composting was carried out (Ali, 2004). 
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2.8Minerals in the compost 

- Phosphorus, Potassium, Calcium, Magnesium, Sodium, Chloride, Sulfate: 

Table2.6: Concentration of the rest of the elements, and the favorite value of each 

(Qadomi, 2014). 

Favorites Value  Test Name 

0.08-1.49 % dw CaO% content 

0.02-0.49 % dw MgO % content 

Less than 0.45 % dw Na% content 

Less than 0.17 % dw Cl% content 

 

Table 2.6 shows the favorite values of minerals as total form, for  k and Na about 80% 

of the total is available, while for P and Ca and Mg the available ranges from 25%  to  

75%. Considering 50% of the total P, Ca, and Mg available will be a good 

approximation (Woods End Research Laboratory, 2005.) 

Phosphorus 

The form of available phosphorus is PO4-P in units of mg/L. Usual range of total 

phosphorus is between0.4 - 1.1%, dry wt. For green waste and   biowaste the ideal range 

of available P  50-120 mg/L (Herity,2003). 

Potassium 

Available form of K is K2O, and its percentage depends on the feedstock and the 

composting process (Barker, 1997).  The percentage of Potassium in compost is low 

because of its high solubility and thus goes into the leachate (Fricke and Vogymann, 

1994). BordnaMona (2003) recorded that  the ideal content  of total potassium (TP) in 

green-waste and bio-waste ranges from 0.6-1.7%, dry wt, while the ideal content  of 

available potassium ranges between  620-2280 mg/L, fresh wt (Herity,2003).Researches 

show that potassium in compost is more efficient than that in fertilizer by 20%.  
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Compost is beneficial for container production of crops where the calcium content in 

beat is low (Herity, 2003).  

Magnesium 

Magnesium is totally available in compost and this may compensate magnesium sulfate 

(Paulin et al, 2008).  It is known that it has a basic nature and it will counteract the 

acidity of soil when it is available as carbonates, hydroxides, and oxides which will 

increase the pH of soil.  Table 2.7 presents the concentration of essential elements 

(Fricke and Vogtmann, 1994).   

Table2.7: The concentration of the essential elements (Qadomi, 2014). 

Preferred values Test Name 

More than 0.5% dw P2O5 Content 

More than 0.1% dw K2O Content 

More than 1.0% dw Total nitrogen content 

25-35 % Organic carbon content 

20-150 ppm NO3-N 

Less than 1% of foreign matter (no plastic, glass 

or metal ) of total air –dried sample by mass 

Impurities 

 

Electrical conductivity is a mean for measuring the dissolved salts in compost.  Most 

element contributing to salinity are VOA, ammonia, sulfate, nitrate, chloride, potassium, 

and sodium.  Low values are indication of shortage in minerals, but large values indicate 

high percentage of soluble minerals which may affect bioactivity or adversely affect soil 

in case it was applied in high quantities. The units of conductivity in the report are the 

traditional mmhos/cm, which is equivalent to dS/m(Woods End Research Laboratory, 

2005). 
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2.9 Marketing Compost 

Cost of production of compost depends on many factors like local condition, type of 

feedstock and may range between 5EUR -60EUR per ton (Eunomia, 2000). 

There is a need to improve the view of citizens toward compost, in order to market it, as 

many factors play a role in the unwillingness of citizens to utilize it, among them are: 

- lack of knowledge and awareness  on when and  how to use compost;  

- Extra expectations from compost that leads to overestimation of its efficiency 

compared to chemical fertilizers ; 

- Unsuccessful previous experiences in utilizing compost; 

- The intention of most farmers to get fast results ;  

- Comparison with  other chemical fertilizers, as they are low cost such as  manure; 

- high transportation cost because it is usually  produced far distances away; 

- Lack of policies and regulations that encourage its utilization. 

Production cost includes spreading, distribution, processing, and raw materials.  

There should be quality standards and guidelines showing and facilitating purchase of 

compost that is appropriate to the intended use (Paulin, 2008.) 

India is a typical case of a country that considers use of compost old fashion and 

encourages the use of chemical fertilizer( Ali, 2004). 
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Chapter Three 

Study area and compost horizons in Palestine 

3.1 Study Aria 

Hebron city is considered one of the oldest cities in the world.  Many other towns and 

villages fall within Hebron district.  Hebron is the largest city in the southern area of 

West Bank, and it is 36 km south from Jerusalem.   It is bordered by Bethlehem from 

north, and by the green line from the other directions as shown in Fig 3.1. According to 

PCBS and the population were 389,014 in 1997. This population is approximately 

distributed as one third residing in Hebron city, one third in other villages and towns 

and the other third is living in rural areas, and a small portion 3% living in refugee 

camps (ARIJ,2000). 

 

Fig. 3.1: Map showing location of Hebron District (ARIJ, 2000). 

The number of inhabitants in mid-2010 in Hebron was 600,364 citizens of whom 

306,185 males and 294 179 female population, it can be seen that the number of 

population increased by 55.9% of the total population of the province in 1997. The 
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population density reached in mid-2009 in the province 582.7 persons /km ².Distribution 

of inhabitants in according to locality urban and year are presented in table 3.1(PCBS, 

2010). 

 

Table3.1: Localities in Hebron Governorate, Estimates, 2007-2016 (PCBS, 2013). 

Locality Name 

Years 

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Urban Total 151,464 186,581 166,847 644,466 646,164 618,446 656,484 678,758 564,751 544,446 

Rural Total 56,644 58,846 56,675 84,846 81,816 88,416 86,761 74,186 76,444 78,711 

Camps Total 41,457 41,818 46,416 46,816 45,486 45,746 48,887 48,666 47,681 46,446 

Total Hebron 

Gov. 
618,764 654,414 676,666 566,851 546,148 514,486 554,161 571,415 865,666 846,468 

 

The cultural and physical geography of the district has a lot of variations, for example 

height above mean sea level changes from 1,011 m in Halhul into only one hundred 

meter in the eastern areas. Most citizens of the district are living in areas that are under 

1000 m and over 600 m from sea level. These changes in level impose changes in 

climate that changes from arid in the southern parts to semi-arid.     The mean monthly 

temperature differs from 22 c in summer to 7.5 to 10 C in the winter (ARIJ, 2000). 

Manufacturing and agriculture marketing form the skeleton of Hebron economy. 

Presence of many and different industries make Hebron leader of the West Bank in 

terms of industrialization (ARIJ, 2000). 

The main industries in Hebron include stone and aggregate quarrying, production of 

leather products, tanning of leather and, production of  hand-blown distinctive blue 

glass, stone and marble  cutting, cultivation (in the west areas).   Most agriculture 

depends on rainfall and not irrigation.   Fruit production constitutes a major sector, as 

Hebron is classified as the second on the West Bank level in fruit production. The main 
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fruit products are grape, as approximately 68% of total national grape product comes 

from Hebron District (ARIJ, 2000). 

According to 1993 accords of Oslo, Hebron was divided into three zones:  

• "Zone A" where the Palestinian Authority is responsible for civil functions and 

internal security, and this is the city of Hebron;  

• "Zone B" where the Palestinian Authority is responsible for civil functions, and these 

include Palestinian built-up areas, camps, populated villages;  

• "Zone C" where Israelian Authorities are responsible for civil functions as well as 

internal security, and this include other areas in the district (ARIJ, 2000).  

Fig 3.2 shows the division of Hebron in accordance with controlling authority. 

 

Fig.3.2:Map illustrating division of Hebron into three areas (ARIJ,2000). 
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The Population of the Hebron district is increasing rapidly from year to year. As 

mentioned earlier, the estimated population is 250,000 for year 1992. The population of 

the Hebron city is 120,000 and the populations of the Hebron villages are 130,000 

(ARIJ, 2000). 

Governorate area is 997 km ² in 2008, or about 17.6% of the total land area of the West 

Bank (PCBS, 2010). 

3.2 Climate 

The data show that more or less the average temperature is the same for all the places 

which have a moderate temperature in the summer (20-30°c) and the winter temperature 

is low. Yatta has a highest average temperature and Halhul has the lowest temperature 

due to the height with respect to sea level (ARIJ,2000). 

The average rainfall is 588 mm, with extremes of 1027 mm as the largest and 200 mm 

as the least.  As we go to the south and east, rainfall quantity decreases Rainfall in the 

Halhul and Beet Ommar is high around 650 mm where in Yatta is comparatively low 

around 350 mm. The average annual rainfall in the Hebron city areas and Dura village 

are almost same which is about 500 mills (ARIJ, 2000). 

There are two types of climate in Hebron, the first Mediterranean climate: which 

prevails most areas of the province, which is characterized as Mater relatively warm 

winters and hot, dry summers, and the second desert climate: The prevailing eastern 

slopes of Mount Hebron and the coast of the Dead Sea, which is characterized by a 

warm winter and high temperatures and drought in the summer (PCBS, 2010). 

3.3 Infrastructure and environment: 

Hebron district suffers from water scarcity, either the lack of rainfall that falls on the 

territory of the province, especially the southern and eastern, or lack of artesian well. In 

addition to the Israeli control of the aquariums which aggravates the problem. The 

deficit of water in the province in 2010 was 18.3 million cubic meters while it was 64.3 

million cubic meters in the West Bank, excluding the city of Jerusalem. About forty 

populated sites don't have water networks and rely on water wells, or they are obliged to 
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buy water*. The amount of water, which the population were obliged to buy in 2010, 

was estimated by 8.5 million $(PCBS, 2010). 

 Solid waste: 

Collection of solid waste responsibility: 

According to study in 2008, collection of solid waste was carried out by the local 

councils in 41 localities, the international relief agency was responsible for this service 

in 5 localities, and 3 localities did not specify the party responsible for the waste 

collection, while 43 lacks this service. With regard to frequency of waste collection, it 

has been shown that 19 localities collect waste on a daily basis, and 14 collect waste 

once a week, and 11, collect waste more than once a week, and 5 localities are 

collecting once every two weeks or more, and 44 localities acquired special vehicle for 

waste collection, one use a tractor and 4 of the localities use other means. Distribution 

of dumps in Hebron is presented in table 3.2(PCBS, 2010). 

 

Table3.2: Distribution of dumps in Hebron Governorate,2008(PCBS, 2010). 

Item Number 

 

Number of dumps 

Ownership of Dump: 

Local Authority  

Governmental 

Rented  

Other 

Year of Establishment of the dump: 

Before 1993 

After 1993 

14 

 

5 

1 

6 

2 

 

1 

13 

 

There are more than 35 localities that don‟t have any solid waste collection. The solid 

waste dumping site which is located in the east of Yatta causes a healthy nuisance and 

pollutes the air. The bad economic conditions prompt more than100 scavengers to 

extract the buried copper and iron from the solid waste and convey it to residential areas 

where they burn the plastic material that covers it to sell it (PCPC, 2010). 
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3.4 Reality and the use of compost in Palestine 

The results of the agricultural census in 2010 revealed that 64.9% of the farmers in the 

Palestinian territories are using organic fertilizers, and 34.8% are using chemical 

fertilizers, in addition to the 49.7% of the total who are using agricultural pesticides 

(MoA, 2011). 

Israel worked for many years, especially with the start of the second intifada, on   

preventing and restricting the import of all kinds of fertilizers, whether organic or 

chemical except under stiff regulations and under many complications for a variety of 

reasons.  This led to the damage to agriculture and decrease in production, degradation 

of farmland, as a result of the high prices of fertilizers.  This in turn led to increased 

amounts of fertilizer smuggled and adulterated that do not match the specifications 

(MoA, 2011). 

 

Accordingly, the Ministry of Agriculture invited businessmen and investors, and 

agricultural associations to invest in the production of organic fertilizers and marketing 

these products in the Palestinian market, so as to compensate for the shortage in 

quantities of the fertilizer (MoA, 2011). 

The Ministry of Agriculture worked hard on spreading the culture of using the national 

product alternative to importing from Israel,  as  it is good quality compared to the 

imported fertilizers which have  high price  and sometimes  anonymous and adulterated 

with low quality (MoA, 2011). 

Currently, there are units or some factories that produce compost in Palestine, five 

factories distributed as follows: one in Tulkarem - Thinnaba, one in Hebron - Dura, and 

three in Jericho and the Jordan Valley as shown in Fig 3.3. There are two units in the 

northern part of Jordan Valley and it is expected to open the other during the next two 

years (MoA, 2011). 
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Fig. 3.3: Compost Center in the West Bank (EVAP and JICA, 2013)  

The Ministry of Agriculture to issue a set of regulations and acts concerning the 

organization of the fertilizer sector, these include the following decisions: 

The need to obtain prior authorization from the Ministry of Agriculture to import 

fertilizer from Israel, similar to issuing permits to import from other countries. 

The need for Palestinian import companies to obtain on the import agency production 

manufacturers (PSI, 2011).  

Need to have a card statement in Arabic stating all relevant information needed for the 

use of fertilizer and the technical instructions in addition to the original manufacturer 

language. Also, its role is issuing technical approvals to import fertilizer, for the 

companies that import fertilizers, from Israel or from the rest of the world. 

The final draft of the compost specification is the specification of the Palestinian - 

organic fertilizers MF609-2001 and this standard include on many articles and 

definitions covering supply, and other important issues and specification (PSI, 2011). 
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Packing and storing compost is an important issue.  Provide compost in bulk form or 

being packaged in containers or bags in a strong, airy, resistant storage and 

transportation. Storing compost should be in dry stores and so appropriate ventilated 

and proper storage methods should be ensured (PSI, 2011). 

For marketing, compost must be placed in sacks with a label specifying (PSI, 2011). 

 Product name and trademark, if any.  

 Name of the manufacturer, importer and address.  

 Production date (month and year) or manufacturer. 

 The phrase "not to eat", those words are printed in a different color. 

 Basic raw material for organic fertilizer, and the relative quantities. 

 The target and the nature of the work of the compost. 

 Weight or volume of compost (kg / l). 

 Characteristics of organic fertilizer, as detailed in the specification. 

 Determine the electrical conductivity of the product and the amount used for each 

donum based on Table 3.3 and 3.4. 

 

 

Table 3.3: Organic fertilizer use for coverage or burial by soil at a depth of up to 5 cm 

(PSI, 2011). 

electrical conductivity  (dS / m) The maximum size of the manure (m3/dunum) 

Sensitive crops from 
salinity 

Crops resistant to salinity 

0.0 – 0.2 No identification No identification 

0.2 – 0.4 15 60 

0.4 – 0.8 8 32 
0.8 – 1.6 4 16 

1.6 – 2.4 3 12 
2.4 – 3.2 2 8 

3.2– 4.0 1 4 
More than 4.0 Prohibits the use of Prohibits the use of 

Note regarding the table:  
(A) 1 cubic meter of dunams = 1 liter per square meter 
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Table 3.4: Use organic fertilizer for burial in the soil depth of 20 cm at least (PSI, 2011). 

Electrical conductivity (ds/m) The maximum size of the manure (m3/dunum) 
Sensitive crops from 
salinity 

Crops resistant to salinity 

0.0-0.4 8 24 

0.4-5 6 18 

5.0 - 6.0 4 12 

6.0  -7.0 2 6 

More than 7.0 1 3 

Note regarding the table:  
(A) 1 cubic meter of Dunums = 1 liter per square meter 
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Chapter Four 

Research Methodology 

4.1 Introduction 

This chapter reviews the approach used to investigate the research objectives, and 

discusses the methods of data collection, pilot scale, lab. analysis, questionnaire design, 

and the materials used through that. 

4.2 Laboratory Analysis 

4.2.1 Purpose 

There are many developed tests for compost output product.   These tests are important 

in order to ensure the compost product is safe and satisfies consumer demands. 

Protocols for sampling monitoring, and analyzing of materials are available within these 

testing methods of examiningthe compost to ensure product characterestics, and to 

prevent environment  degradation. 

Using  standard protocols and  methods  for reporting, laboratory analysis  sampling,  

and interpretation of test results may improve  product in addition to open  market 

horizons and improve quality of compost.Table4.1 shows the test methods used for 

samples testing in the laboratory and units used. 

Table4.1: The methods used in the laboratory and units used(PSI, 2011). 

Examination Name Unit used Test method 

Moisture content % EPA 160.3 

Electrical conductivity dS/m  

Organic matter content % of dry matter EPA 160.4 

Total nitrogen content % of dry matter EPA 351/353 

Carbon – nitrogen Ratio   

Phosphorus content (P) % of dry matter EPA 365 

Potassium content (K) % of dry matter EPA 3050/7610 

Sodium content % of dry matter  

pH  EPA 9045 
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4.2.2 Samples collection 

The samples were taken randomly from compost available in the local market from the 

different sources including the the Israeli market; and used mainly in local farms and 

seedlings-producing farms which are promoted and sold to stores that sell agricultural 

requirments, and then samples were taken and analyzed in the laboratory of the 

Palestinian National Agricultural Research Center (NARC) Qabatiya - Jenin in 

accordance with the standard methods for the analysis of soil and plant and standard 

methods for analysis of solid compost.Laboratory analysis was carried out to determine 

the amount of nutrients in the compost and the poassible contaminants such as heavy 

metals.The tested parameters include pH, EC, and nutrient content (N, P, K), and 

humidity, organic matter, and the concentrations of Cl, Ca, Mg, Na,Total Nitrogen C/N 

Ratio. The results were compared with national standards in order to verify the quality 

of the finished compost. 

Samples that have been tested and analyzed included fourteen different samples and 

were divided into: -  

- Six samples of the Ministry of Agriculture - Jericho (Mothalath, Thinnaba, 

Qawasmeh, Nsarih, Jeftlek, Haifa),  

- Two samples of Holland (Tubas, Aqaba).  

- One sample factory Agri Plant - Dura.  

- One sample from Palestinian Agricultural Relief Committees (PARC) - Jenin.  

-One  sample from Palestinian Agricultural Relief Committees (PARC) - Wadi Fukin.  

- Three Israeli samples (Green Grass, Jenas, Israeli) 

4.2.3 Test methods and general testing procedures 

The following procedures are applied for all tests except for moisture and density tests 

and in accordance to standard testing details.  The compost was dried in a well-

ventilated oven in a temperature of (5 ± 65) degrees celsius for a period of at least 48 
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hours and then it was cooled by a Dezekitor and then it was weighed. Continuous drying 

in an oven was used to ensure that the difference between successive two weights is not 

greater than 0.1 grams, for each individual sample then spreading of the sample was 

done for further air drying in order to conduct the remaining tests (Qadomi, 2014). 

 Moisture content 

In order to conduct this test no drying of sample is carried out is explained in preceding 

paragraph.  Fifty gram of compost is taken and screened with a sieve which opening is 5 

mm with an accuracy of 0.1 g.  Compost is then spread on container which weight is 

known, and the layer thickness should not exceed 1 cm.  The container is kept in an 

oven at 105 ± 5 C for 24 hours and then it was cooled by a Dezekitor and then it was 

weighed. Continuous drying in an oven was used to ensure that the difference between 

successive two weights is not greater than 0.1 grams (Qadomi, 2014). 

.  Moisture content is calculated according to the following equation: 

H% = 100*(W1 – W2) /W1 

• H%= moisture content 

• W1= weight of compost before drying (g) 

• W2= weight of compost after drying (g) 

 pH 

Distilled water is added to compost that passes the 5 mm openning sieve in a ratio of 

1:10 but quantity of compost should not be less than 20 grams, and then stirring for 24 

hours at a rotation speed of 125 rpm (Qadomi, 2014). 

Then filtration through filter paper equivalent to Autaman 1was carried out for the 

sample. 

The pH was read for the filtered solution on the ndevice for measuring acidity. 
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 EC 

It was measured using the electrical conductivity of the Filtred solution,  with a 

measuring accuracy of 0.05 Dsasameenz per meters (Qadomi, 2014). 

 

 Content of organic matter 

It was done by  taking about - 20 grams of compost that has passed through a sieve size 

5 slot / mm and dried out of water. First carefulweighing of 0.1 grams. crumbling 

compost was done and then levelled for a thickness less than 1 cm, on the basis of a 

known weight vine The vine was kept  with compost in the oven at a temperature (5 ± 

550) º C for a period of 6 hours at least.  Then cooling was carried out  through a 

Aldezictor then weighing was done in the organic matter content is calculated  by the 

equation(Qadomi, 2014): 

% F = O1 - O2 / O1 * 100 

Of which: 

The proportion of organic matter. = F% 

Weight after drying compost  to  105 º C (g) = O1 

 weight after drying compost to 550 º C (g) = O2 

 C/N Ratio 

This resembles the ratio between  carbon and total nitrogen content and referred to as 

C/N ratio and is calculated according to  the equation(Qadomi, 2014): 

C / N 

Of which: 

- The total nitrogen content = N 

- Organic matter content =% F 

Calculated the carbon content of the organic matter content by the equation C = % 

C = 0.58F% 
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 Total nitrogen content 

This is done by  taking about 1 gram of compost that has passed through a sieve size 5 

slot / mm,  and thetotal nitrogen content is determined by  Keldhal method  or any 

another equivelant method. In case of difference between different methods, the  

Keldhal method will be the governing one(Qadomi, 2014). 

 The content of phosphorus, potassium, sodium and heavy metals 

Compost is  grinded finely and dried.  Then 1.5 g are taken and accurately weighe with 

an accuracy of 1 mg. Then 18 ml of hydrochloric acid HCL with a specific weight of 

1.16 are added to the ), then 6ml  of nitric acid HNO3 with a specific weight 1.42 is 

added to the test tube(Qadomi, 2014). 

Filtration is carried out by filter paper equivalent to Autaman 42, and then volume is 

completed to  obtain100 ml(Qadomi, 2014). 

Then Examination of the content of sodium, potassium, phosphorus and heavy metals 

are carried out using photometric device or in the Auto Abozorbishn Spictrofotomitr 

device and can also examine the content of sodium and potassium from your 

Votomitrlhba(Qadomi, 2014). 
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4.3 Questionnaire 

The questionnaire was among farmers distributed in the study area; Hebron and its 

surroundings where the  study was carried out. 

 The population under study  consistedfrom farmers of Hebron district, and a random 

sample was selected.  The sample size was 321 farmers  

Data collection was done using questionnaire that was designed for this research. 

Socioeconomic factors as well as practices and trends regarding compost were included 

in this questionnaire.  

The questionnaire included six independent variables:locality type, number of 

household, gender, type of house education level and Monthly income. 

The questionnaire  was in Arabic language to enable  respondents to smoothly answer it.  

Interviews were carried out from door-todoor which target was farmers weather  female 

or male.  Surveys among compost users were conducted using the questionnaire that 

was distributed to those who are practising in the field of compost from Engn or 

vendors or others. 

Statistical Package for Social Sciences (SPSS) was used in analyzing the data in 

addition to  Excel Means and ranges were calculated (descriptive statistics) and  

relationships among different parameters was tessted using Chi square test.  

4.3.1 Questionnaire for farmers 

Questionnaire included the main questions:- 

General Information:Type of locality Gender, LivingEducation, Area of cultivated land 

What do you know about compost? 

Are you using compost in agriculture? If yes, how often? 

What is the price of compost? 

Who is your compost supplier? 

Do you face any problems with the use of compost? If yes, please explain? 
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If you don‟t use compost, could you please explain why? 

What types of fertilisers are you using? (Chemical fertilisers, manure, compost?) 

What are the costs of the fertilisers used? 

What is the best fertiliser to apply? 

How much of which fertiliser do you need per year? 

Have you ever produced compost? If yes, how? 

What raw materials do you use in composting? 

What plants do you cultivate? 

Do you think the local market needs compost? 
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Chapter Five 

Results and Discussion 

 

 

5.1. Compost samples quality: Chemical analysis 

The evaluation of compost quality has mainly been based on physicochemical 

properties. The most relevant physicochemical parameters of compost analyzed in the 

present study are shown in Table 5.1. 

  

Compost quality testing is necessary to determine the quality of the compost in order to 

protect the environment and humans from any harmful substances it may contain to 

maintain the composting process and to verify compost attributes. Results of compost 

quality testing provide the basis for which recommendations can be made regarding 

suitable end uses for the product. 

Most of the compost quality testing was carried out in Palestinian National Agricultural 

Research Center (NARC) Laboratories based in Qabatiya - Jenin.  The main quality 

parameters analyzed determine the pH, EC, and nutrient content (N, P, K), and 

humidity, organic matter, and the concentrations of Cl, Ca, Mg, Na,Total Nitrogen C/N 

Ratio, in fourteen types of  compost samples  (Mothalath, Thinnaba, Qawasmeh, Nsarih, 

Jeftlek, Haifa, Tubas, Aqaba, Dura, PARC, WadiFukin, Green Grass, Gennass, Garden 

Bio ). 

Laboratory results showed that the concentration of elements varied considerably from 

type to other. The results were compared with national standards in order to verify that 

the compost is identical global and local specifications, and to verify of quality of the 

finished compost. 

 

Table 5.1 shows the results of the lab analysis for the compost samples. 
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Table 5.1: Laboratory Analysis of Compost Sample. 
 

 

1) PARC    2)Thinnaba3)Quasmeh4)WadiFukin5) Dura     6) Tubas /Holand 

7) Aqaba /Holand8)Mothalath(Israel)9) Haifa (Israel)       10) Garden Bio (Israel) 

11) Green Grass12)Gennass (Israel)   13)An- Nasrih14)Jeftlek 

 

pH: acceptable  pH range is 6.05–7.5. If it reached 8.0 it should be lowered. This is 

done by reducing the  ammonia volatilization and thus odours are reduced, which makes 

a favourable environment for microbial organisms. 

In this study,pH values of the tested compost samples obtained from organic domestic 

waste (Thinnaba, Nasrih and jeftlek) presented the highest pH values, and sample from 

Thinnaba has the highest pH value whereas (Mothalath and Green Grass)  showed the 

lowest pH (Table 3.1 ).The range of values for pH of  the tested samples is 

between(6.56 - 8.88)where 6.56 represented the lowest value for the Mothalath sample, 

while  8.88 represented the highest value sample from Thinnaba. 

 PH EC /ms Cl /ppm Ca /ppm 

Mg 

/ppm PO4 /ppm Na /ppm K /ppm OM % 

NO3 

/ppm T-N ppm 

C/N 

% 

West Bank 

1 7.1 15.8 351.5 30.3 9.7 240 
         
2,600  

           
4,440  27   

         
23,000    

2 8.88 9.5         533  

             

440  336       2,961.8  

           

800  

           

6,175  56.4 27.9 

         

26,000  12.69 

3 7.12 14.3      1,633  
             
385  366       2,048.3  

         
1,650  

           
5,250  42.6 23.2 

         
15,000  16.8 

4 7.8 2.4      382.3  

             

320  1344 1354.9 

           

500  

           

6,000  5.74 27 

           

5,500    

5 7.25 10.12      665.5  
             
160  336 1661.3 

         
2,000  

         
12,000  26.6 27.3              800    

6 8.1 7.7      3,479  

           

6,000  96 32.8 

           

750  

           

1,250  32.3   

         

20,000  9 

7 7.8 7.2      3,195  

             

400  72 32.5 

           

220               635  27.8   

         

14,000  11 

Israel 

8 6.56 13.9         433  
           
1,100  792       2,518.9  

           
625  

           
4,325  30.8 27.6 

         
15,000  11.71 

9 7.18 4.6         327  

             

770  492       2,491.2  

           

400  

           

1,250  23.6 20.2 

         

22,000  6.3 

10 7.16 3.95      332.8  
             
200  528 1633.6 

           
600  

         
18,000  32.1 27 

           
3,640    

11 6.97 9.1        99.1  

               

80  240 1737.5 

         

2,000  

           

8,000  31.36 26 

         

17,150    

12 7.95 6.59      141.6  
             
440  168 1406.4 

         
1,200  

           
4,000  21.9 26.5 

           
4,200    

EVAP Farmers Group 

13 8.56 7         426  
             
330  204       1,882.2  

           
575  

           
4,325  9.8 24.9 

         
14,000  4 

14 8.18 11.3         746  

             

220  168       2,297.4  

           

875  

           

4,825  21.6 28.6 

         

15,000  8.4 
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In the present study, pH values were neutral in the composted samples 

(Quasmeh,Haifa,Garden Bio, Dura,Green Grass)   and slightly alkaline in the samples 

from Thinnaba,An- Nasrih, Jeftlek,Tubas /Holand compost, whereas the Al-Mothalath 

compost was slightly acidic. Inert materials are those that do not contribute to compost 

activity and include metals, non biodegradable plastics, glass, stones, etc. 

An important factor of the compost is its  pH value as it may affect the soil pH and in 

turn have effect on  effect on nutrients availability for the crops.  A recommended range 

for acceptable pH is 6.9-8.3 as proposed by Bord na Mona (2003). Lowering pH should 

be carried out in case it exceeds the preceeding limits. 

Some substances may be added to the compost in order to control the pH to be within 

the acceptable limits.   Adding lime for example, will increase the pH, while adding 

sulfur will decrease it.  Side effects of this addition may arise, making this adjusted 

compost suitable for some applications and unsuitable for others, and thus restricting its 

use.   

Usually, controlling  the pH in the process of  composting is easy, and no attention is 

required in case good aeration is preserved throughout the process, however, there will 

be  production of great amopunts of organic acids in the anaerobic disintegration case  

within a  a stock. Lime, carbonates, ash, and other alkaline materials may  act as a 

buffer and thus keeping the pH within the acceptable limits and preventing it from 

gouing very low. Addition of  alkalinity is usually unnecessary in aerobic 

decomposition.  Actually, it is more  harmful as  the loss of nitrogen that occurs when 

ammonia gas is released  is  greater when the alkalinity is high (high pH). For most 

organisms, the  optimum pH is in the range of  6.5-7.5, so it is better to keep the pH 

within these limits. But, ascomposting process  is a batchprocess, small deviations in the 

pH are usual. 

Lowering the pH will  help reducing volatilisation of ammonia and thus reducing 

odours (Woods End Research Laboratory, 2005). 
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The pH of Thinnaba and An- Nasrih compost it exceeds about pH range (Schneider et 

al., 2001). Lowering a high pH lowers ammonia volatilization and reduces odours, 

favouring a balanced microbial population. 

 

Organic matter (OM):  It is calculated by determining the difference in weight before 

and after combustion. There are no specific limits for the appropriate value, as it 

depends on many factors such as nitrogen content, age of the compost, the intended use 

of compost.  In all cases it is advantageous to record the initial and the final organic 

matter values, as these records are valuable in detecting the extent of decomposition. 

However, organic matter is necessary for improving some soil properties, such as water 

holding capacity and nutrient availability. Knowledge of OM content is vital for 

determining the physical characteristics of compost and its age.  Organic matter content 

is also necessary for estimating the application rates of compost on some crops and for 

turf establishment. In these cases, test kits are provided to find out the best rates of OM 

for best results. 

The OM contents were higher in Thinnaba sample (56%) in comparison with the other 

compost samples. In particular, the OM values of WadiFukin composts were the lowest 

values (5.74%) compared with other values. 

Reference to US Composting Council (2003), the organic matter may range from 30-

70%, just six samples were in this range. In view of the EPA waste-licensing system, 

eight sample have OM below 30% which is lower than required (Herity, 2003), and 

from these eight sample we have two samples from WadiFukin (5.74%) and An- Nasrih 

(9.8%) contain only a very small percent of OM. 

 

Total Nitrogen: It is very important and considered as one of the main factors in 

getting good compost.  Nitrogen is present in the compost as organic (proteins) and 

some amounts of these changes into ammonia and nitrate through ammonification and 
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nitrification.   The total Kjeldahl nitrogen provides estimates of possible nitrogen 

available.  It is not only the quantity of Nitrogen that is important, but also the form of is 

important in determining the quality of compost. 

In this study the nitrogen contents were larger in the Thinnaba composts than in other 

samples. 

For ten samples out of 14 compost samples tested for TN, the TN content was found to 

be over 1%, dry wt. By reference to the table (3.1) the concentration of TN must be 

more than 1.0% dw (Qadomi, 2014). But in four samples from different sources 

(WadiFukin, Dura, Garden Bio /Israel, Gennass /Israel), it was found that they contain 

TN of less than 1%. Additional nitrogen fertilizer is required in case the compost is to 

be utilized as a soil improver or in potting media, to note also that these four samples 

contain less than 0.6%, so there is a fear that nitrogen immobilization will occur (Herity, 

2003). 

 

Available Nitrogen as NO3-N: 

The concentration of NO3-N in the Jeftlek compost sample has the highest value (28.6 

ppm), which is within the recommended limits.  All of the samples were above the 

recommended lower threshold, as NO3-N content in all compost samples that were 

tested are more than 20 ppm. 

The mean NO3-N values for the compost samples was found to be between (20.2 ppm-

28.6 ppm) which is in the range of favorite Value (20-150 ppm) of NO3-N content 

(Qadomi, 2014). 

 

C/N Ratio: The mean of the C:N ratio for the Quasmeh compost was found to be 16.8, 

this value is less than the recommended limit set up by the EPA which is 25. 
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In the all Compost samples the average of the C:N ratio was found to be lower than 25, 

which is below the EPA limit, thus, in accordance to the EPA all the samples are 

considered mature. 

The ratio of C/N can be used to find out the degree of disintegration of compost, so it 

will represent the maturity of the compost. But, depending only on the C/N ratio may be 

misleading. It is known that microbial organisms can utilize only part of the carbon such 

as in composted pine bark and peat. In addition, if nitrogen content is reduced for any 

reason, C/N ratios will get larger in the final stages of composting. 

The C/N ratio will decrease throughout composting process, and this ratio gives 

indication about the stability of the compost (Sánchez-Monedero et al. 2002), though 

the feedstock characteristics will govern the final ratios. For compost to be considered 

stable the C/N ratio should be 17 or less. In this study the al Qwasmeh composts 

showed C/N ratios (16.8). 

EC: It is used as indication of amount of salts in soil, as the electrical conductivity will 

increase as the percentage of soluble salts increases.  Unit of conductivity is dS/m. The 

main ions contributing to salinity are sulphate, nitrate, ammonia, Cl, K, and Na. Small 

values are indication of shortage of available salts, on the other hand, large values are 

indication of high amounts of soluble salts which can prohibit biological activity or can 

be inadequate to be applied on soil for large amounts as it may increase the soil salinity. 

The EC of WadiFukin samples were small if we compare them with that of other 

samples, which have relatively close values of low nutrient contents. 

Range of recommended conductivity in compost is between 2,000-6,000 μS/cm (2-6 

dS/m). In the (WadiFukin, Haifa /Israel, Garden Bio /Israel) compost, the mean 

conductivity of (2.4, 4.6, 3.95 dS/m) was reported which is  within this range. Eleven 

samples did not coincide within these limits, and this may be attributed to the variation 

in the feedstock and the salts leaching during the process of composting in the windrows 

which are normally uncovered. 
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Nutrient elements like Ca, K, Mg, and P are essential factors for the growth of plant.   

The concentration of such elements may be expressed as available or total form. 

PO4– P: The average of the PO4-P content of the fourteen samples was calculated and it 

was lower than the recommended limits between 0.3 to 0.9. 

The average of the PO4-P content was recorded to be lower than 0.3 percent dry weight.   

This is a small value especially none of these samples achieved the minimum threshold 

limit of PO4-P. 

Available Potassium (K2O) 

The mean content of available K in Thirteen compost samples was found to be more 

than 0.1% dw which is within the typical range of favorite value more than 0.1% dw of 

K2O(Qadomi, 2014), while only one sample (Aqaba /Holand) was below the threshold 

level 0.1% dw. 

 

Magnesium 

The average of the total magnesium concentration in eight of the compost samples was 

recorded to be more than 0.02% dw, which is just within the typical range of 0.02-

0.49% (Qadomi, 2014). In six compost samples the concentration was recorded to be 

lower than0.02% dw.  So, the concentrations of the total magnesium in these samples 

are very low and may be attributed to the feedstock substances that did not contain 

appropriate amounts of magnesium (Barker, 1997). 

Calcium 

The average  of the total calcium  concentration in  two  samples (Tubas /Holand, 

Mothalath/Israel) was recorded  to be higher  than 0.08% dw, which lies inside  the 

recommended limits of 0.08-1.49% dw (Qadomi, 2014 ; Herity, 2003). Twelve 

samples of the compost were lower than the recommended limit of 0.08% dw. 
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5.2 Farmers’ Survey Results 

Farmer's viewpoints are very essential. So, a questionnaire was set up in order to 

investigate trends, beliefs, ideas, awareness, and practices of farmers in relation to 

compost manufacturing and utilization in agriculture. The questionnaire is designed to 

measure the awareness and concerns of farmers about organic waste (compost) issues.  

The questionnaire was designed to achieve some goals of which investigating awareness 

about the use of organic waste fertilizer and reducing the MSW that is landfilled and the 

best suitable ways for making use of these wastes and benefitting from them, in order to 

minimize the environmental impacts, and to get vegetarian food products free of 

pesticides and chemical contaminant 

The response of the farmers for suggesting proposals to improve solid waste 

management system will be detected. 

5.2.1 Socioeconomic characteristics of the Sample 

The population sample consisted of 321 farmers. The surveyed sample distribution was 

based on locality type, number of household members, gender, type of house; education 

level and monthly income are presented in Table 4.2. 

The largest  percentage of respondents (90%) with respect to locality type were those 

who are living in urban areas, whereas the largest  percentage (54%) of respondents was 

who are living in houses where the number of persons in the household is between 5 and 

8 persons and the lowest percentage was for the household having less than 5 persons. 

With respect to gender, the highest percentage (80%) of the respondents was males. 

With respect to the type of house, the  highest percentage  (82%) were living in 

independent house, whereas in terms of education level the highest percentage (47 %) of 

respondents have higher education, the highest percentage (67%) of respondents  have 

monthly income in the range of 1501 – 3000 NIS. 
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Table 5.2: Surveyed sample distribution 

Independent 
group 

Number of respondents (percentage in 
parentheses) 

 

Total 

Locality Type Camp Rural Urban 100% 

13 (4%) 18 (6%) 290 (90%) 
Number of 
household 

more than 8 5-8 Less than 5 100% 

91 (28%) 174 (54%) 56 (18%) 

Gender  Female Male 100% 
63 (20%) 258 (80%) 

Type of house apartment rented Independent 100% 
35 (11%) 22 (7%) 264 (82%) 

Education 
level 

higher 
education 

secondary 
education 

preparatory or less 100% 

152 (47%) 125 (39%) 44 (14%) 
Monthly 
income 

more than 
3000 NIS 

1501-3000 
NIS 

Less than 1501 NIS 100% 

54 (17%) 215 (67%) 52 (16%) 
 

 

5.2.2 Overall Farmers response to the survey questions. 

This part of the survey questionnaire was to investigate the willingness and practices of 

farmers toward, source separation, recycling and reuse of waste on. 

Table 5.4shows the results of a question about the need to improve SWMS in the 

district. It was concluded that about 97% of the respondents said that there is need to 

improve SWMS. 51% of the respondents see that steps needed for improving SWMS is 

source separation of SW, while about 45% see steps needed are time scheduling for 

collecting SW and about 13% see that recycling SW is the practice for improving 

SWMS. 

The results showed that majority of the respondents) 80.7%  ( said that the best method 

for disposing SW in respondent viewpoint is recycling as shown in Table 5.3. 
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Table 5.3: Existing system for SWM service and management in Hebron District. 

There is need to improve  SWMS 

(solid waste management) 

Yes 97% 

No 3% 

Steps needed for improving SWMS Source separation of SW 51.1% 

Time scheduling for collecting SW 44.5% 

Recycling SW 13.4% 

Improving existing landfill 11.2% 

Constructing new landfill site 10.9% 

Conducting awareness campaigns 9.7% 

Methods for disposing SW in 

respondent viewpoint 

Burning 12.7% 

Recycling 80.7% 

Changing into compost 6.6% 

 

 

 

Table 5.4: Surveyed sample distribution According to agricultural practices 

Type of plants Vegetables 53.9% 

Fruits 44.5% 

decorative plants 18.4% 

plants in containers 7.2% 

Other 7.2% 

Herbs 4.4% 

Planted area Less than 2 Dunums 33% 

2-5 Dunums 37% 

5 Dunums or more 30% 

Annual manure quantity in Kg per 

dunum 

Less than 350 kg 34% 

350-1300 kg 33% 

1300 kg or more  33% 

Annual chemical fertilizer quantity in 

Kg per dunum 

Less than 40 kg 31% 

40-200 kg 34% 

200 kg or more 35% 

Annual compost quantity in Kg per 

dunum 

Less than 70 kg 34% 

70 -400 kg 36% 

400 kg  or more 30% 
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5.2.3Awareness of citizens 

It is interesting to note that 59% of compost source is home product (Table 5.5).  This 

may be good indicator that the farmers are producing their own compost; however, 

commercial investments should be directed toward compost production on large scale. 

One of the good indicators is that 88% of respondents have knowledge about compost 

before.  So any awareness campaign should take into considerations these advantages.  

One of the findings is that farmers who answered that compost is better than chemical 

fertilizer was because of environmental reasons in 62% of the cases.  This indicates the 

high manners of citizens regarding environmental issues and the respect they have to 

their environment.  About one third believe that compost is better because it contains 

useful substances while only 25.7% believe that it is less costly.  

Regarding the frequency of adding material for producing compost 43.9% of 

respondents were adding it seasonally, and 7.9% monthly.   This trend should be 

improved so that it may be on a daily or weekly basis, and not taking so long time for 

composting.   Regarding the knowledge about the importance of compost for plants, 

77% believe in its importance.  This is a good percentage; however it should be 

improved more.   Better percentage appears for belief of role of compost in defeating 

plant diseases 85%.   A good indicator is 94% believe that compost is a marketable 

material, which indicates the willingness of these respondents to purchase it. 

 

Table 5.5: Awareness of citizens about compost project and important of compost. 

Source of compost home product 59% 

Purchasing 41% 

Supports project for recycling 

organic waste into compost 

Yes 95% 

No 5% 

Belief compost is better than 

chemical fertilizer 

Yes 92% 

No 8% 

Compost is better than chemical 

fertilizer because it 

contains useful substances 32.4% 

has less cost 25.7% 

environmental reasons and chemical 

fertilizer has adverse side effects 

62% 
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Knowledge about compost before Yes 88% 

No 12% 

frequency of adding materials for 

producing compost 

Daily 7% 

Weekly 24.6% 

every two weeks 16.7% 

Monthly 7.9% 

Seasonally 43.9% 

Desire for producing compost Yes 88% 

No 12% 

Knowledge about importance of 

compost for plants 

Yes 77% 

NO 23% 

Belief of role of compost in 

defeating plant diseases 

Yes 85% 

No 15% 

Belief that compost is a 

marketable material 

Yes 94% 

No 6% 

Privileges of compost over 

chemical fertilizers 

Cheaper 52.6% 

more useful to soil 52.6% 

more healthy food 51.7% 

effects are more sustainable 30.5% 

 

It is positive indicator that the percent of respondents has reached (51%) have been 

using compost (Table 4.6). but 49 % of respondents are not using the Compost. The 

reasons for this have been outlined in figure below. 

 

 

Table5.6: Do you use the compost in your garden before. 

 Answer Count Percentage 

Yes 153 49% 

No 162 51% 

Sum 315 100% 
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The majority of respondents (48%) have not been using compost because they do not 

know how to use, and this slice represents the largest one as shown in Fig5.1.  

the other reasons for farmers not using compost is the farmers do not know from where 

to start  (25%), while 23% find it unnecessary, about 17.3% have no place to use it.  

Knowing the reasons why citizens do not use the compost will be important in the 

design of future guidance campaigns and promotions. Clear and user-friendly 

instructions should be set up. 

 

Fig. 5.1. Reasons why farmers do not use Compost. 

The percent of respondents has reached (64 %%) who have not been producing compost 

before (Table5.7), but 36 % of respondents were producing compost before. The 

farmers who have been producing compost before, use several types of materials for 

producing compost, this have been outlined in Fig. 5.2. 
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Table 5.7. Did you produce compost before? 

 Answer Count Percentage 

Yes 114 36% 

No 198 64% 

Sum 312 100% 

 

 

 

 

Fig. 5.2: Materials used for producing compost. 

 

83% of respondents did not experience problems in using the compost, which implies 

that the farmers did not have problems as shown in Table 5.8. 17% of the farmers who 

did answer have the facing problems in using compost. As the compost provides to the 

farmers for use in the garden and agricultural activities, it is important for the supplier to 

ensure that farmers are happy with the service and using of compost. Only 17% of 

respondents had problems with the using of compost. 
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Table 5.8. Facing problems in using compost. 

 Answer Count Percentage 

Yes 42 17% 

No 211 83% 

Sum 253 100% 

 

5.2.4 Effect of the level of education on some variables. 

In order to investigate the influence of education on the perceptions of farmers that 

compost is better than chemical fertilizer, cross tabulation using Chi square test was 

done between education level and the question whether farmers‟ perception that 

compost is better than chemical fertilizer (Table 5.9). 

Table 5.9. Education level of respondents verses the perception that compost is better 

than chemical fertilizer 

V37C Compost is better than chemical fertilizer because it produces healthy food without chemicals 

Total 
 

yes No 

V06A 

Education level 

of respondent 

preparatory or less Count 31 13 44 

% within V06A Education 

level of respondent 

70% 30% 100% 

Secondary education Count 57 69 126 

% within V06A Education 

level of respondent 

45% 55% 100% 

Higher education Count 81 70 151 

% within V06A Education 

level of respondent 

54% 46% 100% 

Total Count 169 152 321 

% within V06A Education 

level of respondent 

53% 47% 100% 

(chi-square = 8.431, df = 2, p-value = 0.0147)  

Generally 53% of respondents believe that compost is better, while this percentage 

increases in the case of farmers who have preparatory or less education and decreases to 

45% in the case of secondary education, with a significant statistically relationship as p-

value is 0.0147. 

The effect of the level of education of respondent on responses of farmers on the 

variable “I do not use compost because it is not necessary” was also investigated. The 

Chi square test revealed that there is a statistically significant relationship between the 

level of education and this variable as shown in Table4.10 with a p-value of 0.0447. 
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This relationship can be explained as follows only 7% of citizens who have higher 

education are not using compost because they believe it is unnecessary, while this 

percentage is 16% in the case of citizens having preparatory or less education, and the 

same percentage decreases to 70% in case of citizens with secondary education. 

Table 5.10. Education level of respondent versus I do not use compost because it is not 

necessary 

 

V40C I do not use 

compost because it is not 

necessary 

Total yes No 

V06A Education 

level of 

respondent 

preparatory or less Count 3 16 19 

% within V06A Education 

level of respondent 

16% 84% 100% 

Secondary education Count 1 68 69 

% within V06A Education 

level of respondent 

1% 99% 100% 

Higher education Count 5 69 74 

% within V06A Education 

level of respondent 

7% 93% 100% 

Total Count 9 153 162 

% within V06A Education 

level of respondent 

6% 94% 100 

(chi-square = 6.213, df = 2, p-value = 0.0447)  

5.2.5 Effect of the plant type in farm on some variable 

The Chi-square  test revealed that there is a statistically significant relationship(i.e., P < 

0.05)  between plants in the farm are vegetables and farmers perception that compost is 

better than chemical fertilizer, as shown in table. 

Table 5.11shows that 54% of citizen planted the vegetables on the farm the percentage 

95% of them belief that compost is better than chemical fertilizer while just 5% belief 

that compost is not better than chemical fertilizer. This reflects the interest and 

knowledge of the farmers of the importance and usefulness of compost. 
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Table 5.11.Plants in the farm are vegetables versus farmers‟ belief compost are better 

than chemical fertilizer. 

 

 

V23 Belief compost 

is better than 

chemical fertilizer 

Total yes No 

V10D Plants 
in the farm 

are 
vegetables 

Yes Count 162 8 170 

% within V10D Plants in 

the farm are vegetables 

95% 5% 100% 

No Count 130 16 146 

% within V10D Plants in 

the farm are vegetables 

89% 11% 100% 

Total Count 292 24 316 

% within V10D Plants in 

the farm are vegetables 

92% 8% 100% 

(chi-square = 4.376, df = 1 p-value = 0.036)  

There is no significant relationship between the Plants in the farm are herbs and 

compost is better than chemical fertilizer because its effect are more sustainable in soil 

(p value = 0.052) as shown in Table 5.12. 

Table 5.12.Plants in the farm are herbs versus Compost are better than chemical 

fertilizer because its effect is more sustainable in soil. 

 

V37D Compost is 

better than chemical 

fertilizer because its 

effect are more 

sustainable in soil 

Total yes No 

V10A Plants in 

the farm are 

herbs 

Yes Count 1 13 14 

% within V10A Plants in 

the farm are herbs 

7% 93% 100% 

No Count 97 210 307 

% within V10A Plants in 

the farm are herbs 

32% 68% 100% 

Total Count 98 223 321 

% within V10A Plants in 

the farm are herbs 

31% 69% 100% 

(chi-square = 3.774, df = 1 p-value = 0.052)  

Table 5.12 shows that 7% of the citizens plants in the farm are herbs belief that 

Compost is better than chemical fertilizer because its effect are more sustainable in soil. 

While, 93% believes the opposite and does not agree that Compost is better than 

chemical fertilizer because its effect are more sustainable in soil. 
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Table5.13.Plants in the farm are vegetables versus Belief that compost is important in 

defeating plant diseases. 

      

V34 Belief that compost is 

important in defeating plant 

diseases 

  

V10D Plants in the farm are 

vegetables 
    yes No Total 

yes Count 149 19 168 

  

% within V10D Plants in the farm are 

vegetables 89% 11% 100.00% 

no Count 114 27 141 

  

  

% within V10D Plants in the farm are 

vegetables 81% 19% 100.00% 

Total 

Count 263 46 309 

% within V10D Plants in the farm are 

vegetables 85% 15% 100.00% 

(chi-square = 3.718, df = 1 p-value = 0.054)  

There is a statistically significant relationship between plants in the farm are vegetables 

and farmers‟ belief that compost is important in defeating plant diseases (.98% of 

farmers who cultivate vegetables believe that compost is important in defeating plant 

diseases, while only 11% of the farmers cultivate vegetables do not believe that compost 

is important in defeating plant diseases. 

Table5.14.Plants in the farm are vegetables versus compost source 

 

V21Compost source  

Total Home Product Purchasing 

V10D Plants in the 

farm are 

vegetables 

Yes Count 46 22 68 

% within V10D Plants in the farm are 

vegetables 

68% 32% 1.0 

No Count 27 28 55 

% within V10D Plants in the farm are 

vegetables 

49% 51% 1.0 

Total Count 73 50 123 

% within V10D Plants in the farm are 

vegetables 

59% 41% 1.0 

(chi-square = 4.340, df = 1 p-value = 0.037)  

It is found that 68% of farmers who cultivate vegetables the compost source is home 

product, while 32% of them buy the compost from market. 
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Chapter Six 

Conclusions and Recommendations 

6.1 Conclusions 

Solid waste management in Hebron District is a problem that affects the human and 

environmental health. This problem requires attention with sufficient and high priority 

consideration. 

The survey results of this study spotlight farmers‟ feelings toward MSW and organic 

waste management in Hebron district; 97% of farmers surveyed believed that the district 

needs to develop and improve a new system for solid waste management. 51% of 

farmers accepted source separation of waste. Regarding time scheduling for collecting 

SW, 44.5% considered it as a step needed for improving SWMS, only 13.4% considered 

recycling SW as a needed step, and only 11.2% considered improving existing landfills 

as needed step, this percentage goes down to 9.7% regarding conducting awareness 

campaigns.   These percentages show that a large percentage of farmers underestimate 

the importance of recycling SW and having a good landfill site and also underestimate 

the importance of awareness of these environmental issues.   

From the survey it was found out that in 59% of the cases the source of compost was 

home product, which indicates a good indicator that farmers are using their own SW to 

make their own compost.   But on the other hand this raise concerns about the quality of 

the compost produced.  

Almost 95% of farmers support having a project for recycling organic waste into 

compost, 92% of farmers believed that using compost is better than chemical fertilizers 

in agriculture. 

A good indicator was that 88% of respondents knew about compost before.  This will 

facilitate any awareness campaign or project for making use of SW in manufacturing 

compost.  Regarding frequency of adding materials for producing compost it is noted 

that 43.9% add it seasonally, which implies long inactive period, that may be attributed 

to carelessness or insufficient knowledge or desire for following up with the composting 
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process.  This practice contradicts with the desire of farmers for producing compost 

which is 88%.   In fact, this is the case with many issues that one knows the best thing to 

be done, but for different reasons, he is not doing it himself.   This is clear also 

regarding the knowledge about importance of compost for plants which is 77%.   So 

there should be efforts to decrease the gap between the knowledge and the practice to 

accommodate with that knowledge. 

It was found that farmers agree and are willing to support the development and 

improvement of a new system for solid waste management and support source 

separation of waste (95%).  This is also clear from the fact that 92% of farmers believe 

that compost is better than chemical fertilizer. This means that there is a good chance 

for the separation system to be successful in the target area, if a proper system is 

adopted. This is essential to reuse the amount of waste to be disposed. 

Lack of enough environmental awareness leads farmers not to comply with innovations 

in SWM issues like source separation, which have a positive effect on environment by 

reducing pollution, and a positive economical effect by making use of the wasted 

materials that are separated. 

The results clearly show that insufficient attention is paid for holding awareness 

campaigns for farmers to present new innovations in SWM and to promote their 

knowledge, trends, and practices. Educating the farmers and focusing on environmental 

issues should be highlighted as it is very important for a balanced social, economical, 

and humanitarian development. 

Organic portion forms the largest fraction that requires special consideration, because it 

is the largest portion of solid waste. Composting of these waste either aerobically or in 

aerobically should be done for its beneficiary to environment as well as for economical 

considerations and advantages. Therefore, there is a good opportunity to initiate a 

composting program in the study area of this study in order to recycle the organic 

fraction of household waste, and it can pose a good option to prevent the adverse impact 

of solid waste on the environment and public health. At the same time composting 
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minimizes the waste amount to be land-filled.  Best limits of organic matter are in the 

range of 30-70%, while in this study only six samples are within these limits and the 

rest are outside these limits.   Some samples are very well beyond these limits in the 

range of 6%.   This is unacceptable and the OM should be monitored and controlled in 

order to enhance the soil properties like the water holding capacity and nutrients 

content. 

The study results assure that composting can be applied successfully as a good option to 

solid waste management in Hebron district. It can produce a benefit final product with a 

suitable quality when compared with international standards, and has the potential for 

many useful uses in agriculture as a soil amendment. 

The pH of the samples ranges between 6.56-8.88 compared to the acceptable limits of 

6.9-8.3.  This is not a large variation and small effort should be carried out to lower the 

pH values to be within the acceptable limits, as lowering pH will control odors. The 

high percentage of compost samples (10 out of 14) contained adequate amounts of TN 

and may be regarded to have good fertilizing capabilities and may be utilized as an 

organic fertilizer in pots and agriculture.  But in the four types of compost (WadiFukin, 

Dura, Garden Bio /Israel, Gennass /Israel) compost contained is insufficient amounts of 

TN however, all of compost samples contained adequate amounts of available NO3-N, 

the compost samples contained adequate quantities of available NO3-N that can be used 

in growing media, but large variation in NO3-N contents was encountered among the 

tested samples. There should be more systematic monitoring and control of the 

composting procedures especially in regard to moisture, temperature, and pH as they 

may affect the N turnover from organic forms into inorganic forms in order to produce 

composts with more stable quality having a good fertilizing capacity (Körner and 

Stegmann 2003. 

For the C/N ratio it was found to be 16.8 which indicate mature compost.  
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The electrical conductivity in most samples (11 out of 14) exceeded the recommended 

limits of 2-6dS/m.   This indicates a high percentage of soluble salts which may affect 

the biological activity and considered to be unacceptable. 

The concentration of available PO4-P was found to be quite low in the all compost 

samples. The fourteen compost samples contained inadequate concentrations of PO4-P. 

Potassium concentrations of these composts, contained sufficient amounts. However, 

one sample (Aqaba /Holand) it contained low concentrations of potassium.   For the MG 

in six samples there was no enough MG according to recommendation as it was less 

than 0.02% of dw.  This applies also to CA where 12 out of 14 samples content was 

below the recommended of 0.08% of dw. 

The concentration of K was within the limits.  

Furthermore, there are other factors that may support the implementation of the 

integrated approach, these are:  

• Willingness of farmers to separate waste at source;  

• Willingness of farmers to use compost;  

• Willingness of farmers to pay higher fees for a better service; and  

• Availability of trained personnel to operate recycling, composting and incineration 

facilities. 

6.2 Recommendations 

Based on the previous results and the entire study, some recommendations may be 

drawn. 

1- Increasing awareness of farmers and citizens in regard to the environmental issues.  

This can be achieved through awareness campaigns, leaflets, bulletins, workshops, and 

through media.  
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Increased financial support for organic domestic waste management sector and 

awareness campaigns should target farmers to enhance the use of compost for 

agricultural purposes. 

2- Ministry of Education should prepare simple teaching materials in the curriculums, 

and school children should be encouraged to participate in public awareness in 

composting and compost advantages over chemical fertilizers. 

3-Ministry of Agriculture should encourage farmers to use compost in order to improve 

the soil properties, and explain the impacts of using fresh manure of animals and poultry 

or excessive amounts of chemical fertilizers. 

4-Environmental health institutions, academic institutions and NGOs should be 

encouraged to promote and support pilot projects to increase community participation to 

develop compost facilities. 

5-The Higher Joint Service Council for Solid Waste Management in Hebron and 

Bethlehem districts should give consideration to involve the private sector in solid waste 

management, especially composting the organic waste. 

6-Training efforts should be undertaken to prepare a good team of engineers, managers 

and workers in order to achieve healthy and safety requirements for composting.  

7. Compost as an option should be seriously taken into consideration as the organic 

portion constitutes the largest fraction among solid waste, paying attention that Hebron 

provenance possesses considerable areas of agricultural lands. 

8. The physical, microbiological and chemical quality of compost that is sold in the 

Palestinian market  should be monitored by the Ministry of Agriculture to make sure 

that it is safe to use and has the required quality according to the Palestinian and 

International standards.  The pH should be monitored and it is to be lowered if it 

exceeds the limit of 8.3 by adding sulfur.  The OM should be monitored and controlled 

in order to provide good compost that enhances soil properties; this can be done through 

control of the materials entering the compost batch.  Although in general there was 
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sufficient N in the samples, but the great variation in its content requires more 

monitoring and control, to ensure stable compost with less variety.  The maturity of 

compost is good and to sustain this result.  The monitoring of input material to the 

compost batch and the composting process should be carried out to ensure acceptable 

limits of the EC as they were well beyond acceptable limits.  Farmers should add 

fertilizers that contain P, as the available content of P in almost all samples was very 

well below recommended limits.  Conversely, the concentration of K was enough and 

no requirement for additional K fertilizer.   For the Mg additional fertilizer should be 

added to substitute the shortage in Mg.  This applies also for the Ca where additional Ca 

fertilizer is required.  

9.  The high support of farmers to composting should be well addressed and invested in, 

in order to make use of this high human resource in developing mechanisms for 

composting and marketing and utilization in agriculture.   
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Appendix A. Farmers’ Questionnaire 

 

 بعىُان مبجسخٕز رسبىت ىعمو اىلاسمت اىمعيُمبث جمع إىّ الاسخبٕبن ٌذا ٍٔذف

(Quality of organic domestic waste compost and farmers acceptance of its use: a 

case study from Hebron district in Palestine) 

 معٍذ مه َاىبٕئت اىمٕبي عيًُ حخصص فٓ اىمبجسخٕز درجت لاسخنمبه محمد عبذ اىمجٕذ محمد سزحبن اىطبىب أوب بإعذادٌب أقًُ َاىخٓ

 لأغزاض حسخخذً سُف فًٕ اىُاردة اىمعيُمبث ببن عيمب مبملا الاسخبٕبن حعبئت أرجُ .بٕزسٔج جبمعت فٓ َاىمبئٕت اىبٕئٕت اىذراسبث

 .فقظ َالأمبدٔمٓ اىعيمٓ اىبحث

عشٔشْ اىمُاطه: بٕه ٔذٔل اسخببوت ىذراست عيمٕت فٓ مجبه حذَٔز اىىفبٔبث اىعضُٔت اىمىشىٕت َ ححُٔيٍب إىّ سمبد عضُْ 

فٓ محبفظت اىخيٕو بٍذف معزفت جذَِ اسخخذاً سمبد اىىفبٔبث اىعضُٔت َاىحذ مه اوخشبر اىىفبٔبث اىصيبت فٓ   )اىنُمبُسج(

اىمحبفظت َاىطزق الاوسب لاسخخذامٍب َالاسخفبدة مىٍب , َاىخقيٕو مه اضزارٌب َاىحصُه عيّ مىخجبث وببحٕت غذائٕت خبىٕت مه 

 اىمبٕذاث َاىميُثبث اىنٕمٕبئٕت.

حذمز عشٔشْ (ك: أرجُ أن حشبرك ببلإدلاء بزأٔل بصزاحت حبمت دَن اىحبجت ىذمز اسمل أَ مب ُٔضح ٌُٔخل . عشٔشْ اىمشبر

 )اىمشبرك أن دقت اىىخبئج فٓ ٌذي اىذراست حعخمذ عيّ دقت الإجبببث عيّ الأسئيت
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 .......................:رقمبلاسخببوت......................         .... :.....................                   اىخبرٔخ  :اىًُٕ

V001  
 

 .............................:اٌسىبٟٔ اٌزدّغ اسُ

V002  
 ٔٛع اٌزدّغ اٌسىبٟٔ اٌزٞ رسىٓ ف١ٗ؟

 ..............حذد رٌه غ١ش )4ِخ١ُ )3لشٚٞ   ِدٍس)2ثٍذ٠خ   ) 1

V003  
 

 ......لأسشح ثج١زه: .................ِب ٘ٛ ػذد أفشاد ا

V004  
 

 أٔثٝ )2روش        )1اٌدٕس:      

V005  
 ٔٛع اٌج١ذ اٌزٞ رسىٓ ف١ٗ؟ ِب ٘ٛ

 غ١ش رٌه           4) سىٓ فٟ ػّبسح سى١ٕخ 3) ا٠دبس                  2)  سىٓ ِسزمً 1)

V006  
 اٌّسزٜٛ اٌزؼ١ٍّٟ ٌّد١ت ػٓ الأسئٍخ:  

 ٟرؼ١ٍُ ػبٌ -5ثبٔٛٞ     -4إػذادٞ         -3اثزذائٟ        -2  أِٟ     -1

V007  
 ِب ٘ٛ ِؼذي اٌذخً اٌشٙشٞ؟

 ش١ىً 1511اٌٝ  1ِٓ 1)

 ش١ىً 2111اٌٝ  1511( ِٓ 2

 ش١ىً 3111اٌٝ  2111ِٓ  3)

 ش١ىً 4111اٌٝ  3111ِٓ  4)

 ش١ىً 4111أوثش ِٓ  5)

V008  
 ٔظبَ خذ٠ذ لإداسح إٌفب٠بد؟ً٘ رؼزمذ أْ اٌجٍذح ثحبخخ اٌٝ رط٠ٛش 

 لا 2)ٔؼُ              1)

V009  
 إرا وبٔذ الإخبثخ ٔؼُ , أٞ اٌخطٛاد اٌزب١ٌخ رؤ٠ذ ٌزط٠ٛش ٔظبَ خذ٠ذ لإداسح إٌفب٠بد اٌظٍجخ؟

 فظً إٌفب٠بد فٟ اٌّظذس ثح١ث ٠ٛػغ وً ٔٛع فٟ حب٠ٚخ خبطخ. 1) 

 ٠بد ٌدّؼٙب.رحذ٠ذ أٚلبد فٟ ثشٔبِح صِٕٟ ٠أرٟ ف١ٗ ػّبي إٌفب 2)

 رذ٠ٚش إٌفب٠بد ٚإػبدح رظ١ٕؼٙب. 3)

 إػبدح رأ١ً٘ ِىت إٌفب٠بد اٌحبٌٟ. 4)
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 إٔشبء ِىت ٔفب٠بد طحٟ. 5)

 ػمذ دٚساد رثم١ف١خ ٚرٛػ٠ٛخ ِٓ لجً اٌّؤسسبد الأ١ٍ٘خ ٌخٍك ٚػٟ ث١ئٟ ٌذٜ اٌّٛاؽ١ٕٓ. 6)

V011  
 ٔٛع اٌّضسٚػبد اٌزٟ رمَٛ ثضساػزٙب فٟ أسػه؟ ِب ٘ٛ

 فبوٙخ    5)خؼشٚاد    4)ٔجبربد ص٠ٕخ      3)ٔجبربد فٟ اٚػ١خ صساػ١خ      2)أػشبة 1)

 .....رٌه ............. غ١ش 6)

V011  
 

 ثبٌذُٚٔ.ِبٟ٘ ِسبحخ اٌّضسػخ اٌزٟ رّزٍىٙب .................... 

V012  
 

 .ِسبحخ الأسع اٌّضسٚػخ...............................ثبٌذُٔ

V013   

 وغُ. ............................... اٌؼبَ فٟ اٌّسزخذَ اٌجٍذٞ اٌسّبد و١ّخ

V014   

 ................................ اٌّسزخذَ اٌجٍذٞ اٌسّبد ٔٛع ِب ٘ٛ

V015   

 ش١ىً. ............................... اٌؼبَ فٟ اٌّسزخذَ اٌجٍذٞ اٌسّبد رىب١ٌف ِبٟ٘

V016   

 ............................... اٌّسزخذَ اٌجٍذٞ اٌسّبد ِظذس ٘ٛ ِب

V017  
 

 و١ّخ اٌسّبد اٌى١ّبٚٞ اٌّسزخذَ فٟ اٌؼبَ .............................. وغُ.

V018  
 

 رىب١ٌف اٌسّبد اٌى١ّبٚٞ اٌّسزخذَ فٟ اٌؼبَ ............................ ش١ىً.

V019  
 

 وغُ. اٌّسزخذَ فٟ اٌؼبَ ..................................... و١ّخ اٌىّجٛسذ

V020  
 

 ش١ىً. رىب١ٌف اٌىّجٛسذ اٌّسزخذَ فٟ اٌؼبَ ...............................

V021  
 

 ِب ٘ٛ ِظذس اٌىّجٛسذ اٌّسزخذَ ...................................

V022  
 ؟)وّجٛسذ(ً٘ رؤ٠ذ أٔشبء ِششٚع ٌزذ٠ٚش إٌفب٠بد اٌؼؼ٠ٛخ إٌّض١ٌخ ٚرح٠ٍٛٙب إٌٝ سّبد ػؼٛٞ 

 لا )2ٔؼُ              )1
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V023  
 

 لا )2ٔؼُ              )1ً٘ رؼزمذ أْ اسزخذاَ اٌىّجٛسذ أفؼً ِٓ اسزخذاَ اٌسّبد اٌى١ّبٚٞ؟     

V024  
إرا ٔؼُ فّب ٘ٛ اٌسجت: 

................................................................................................ 

V025  
إرا لا فّب ٘ٛ اٌسجت: 

.................................................................................................. 

V026  
 ؟ٚاٌى١ّبٚٞ )اٌىّجٛسذ (اٌؼؼٛٞ اٌسّبد ث١ٓ الأسؼبس فٟ ٌٍزفبٚد اٌّئ٠ٛخ إٌسجخ ِٟ٘ب

 ............................% 

V027  
 لا )2ٔؼُ              )1ِٓ لجً:       ٌىّجٛسذ ً٘ سّؼذ ػٓ ِٕزح  ا

V028  
 لا    )2ٔؼُ              )1ً٘ لّذ ثبسزخذاَ اٌىّجٛسذ ِٓ لجً:           

V029  
 لا )2ٔؼُ              )1ً٘ لّذ ثئٔزبج اٌىّجٛسذ ِٓ لجً:              

V030  
 إرا وبٔذ الاخبثخ ٔؼُ ,ِبٟ٘ اٌّٛاد اٌزٟ رسزخذِٙب فٟ أزبج اٌىّجٛسذ؟

 ِخٍفبد اٌحذ٠مخ )1

 ثمب٠ب اٌخؼبس ٚاٌفٛاوٗ )2

 الاٚساق3)

 ِب روشخ١ّغ  )4

 غ١ش رٌه ...........................5)

V031  
 ِبٟ٘ اٌفزشح اٌض١ِٕخ اٌزٟ رحزبخٙب ػبدح لإػبفخ اٌّٛاد اٌٝ اٌىّجٛسذ اٌخبص ثه؟

 ِٛس١ّب 5) شٙش٠ب            4) ِشح وً اسجٛػ١ٓ                  3) أسجٛػ١ب 2)١ِٛ٠بً         1) 

V032  
 فٟ اٌّسزمجً: ) ٌىّجٛسذ) ااٌؼؼٛٞ اٌسّبد إٔزبج فٟ اٌشغجخ ٌذ٠ه ً٘إرا وبٔذ الاخبثخ لا ,

 لا )2ٔؼُ              )1    

V033  
 لا )2ٔؼُ              )1:    إٌجبربد رغز٠خ فٟ ٌىّجٛسذأ١ّ٘خ ا رؼشف ً٘

V034  
 إٌجبد؟ أِشاع ثؼغ ِىبفحخ فٟ دٚس ٌٍىّجٛسذ ً٘ ٔظشن ٚخٙخ ِٓ

 لا )2ٔؼُ              )1

V035  
 : إٌفب٠بد ِٓ اٌزخٍض ثٙب ٠ّىٓ اٌزٟ اٌطش٠مخ ِبٟ٘ ٔظشنٚخٙخ  ِٓ

 أخشٜ أروش٘ب .............)3اٌزذ٠ٚش         )2اٌحشق           )1 

V036  
 لا )2ٔؼُ              )1:        رس٠ٛمٗ ٠ّىٓ ِٕزح اٌىّجٛسذ ً٘ ٔظشن ٚخٙخ ِٓ
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V037  
 ثُ ٠ّزبص اٌىّجٛسذ ػٓ اٌسّبد اٌى١ّبٚٞ:

 ألً ثّٕبً ِٓ اٌسّبد اٌى١ّبٚٞ )1

 ٠حسٓ ِٓ خظبئض اٌزشثخ ِثً خظٛثزٙب ٚلذسرٙب ػٍٝ الاحزفبظ ثبٌّبء ِٚمبِٚخ الأفبد )2

 ٠ؤدٞ إٌٝ أزبج غزاء طحٟ ٚخبٌٟ ِٓ اٌٍّٛثبد اٌى١ّب٠ٚخ.)3

 ٠ذَٚ رأث١شٖ فٟ اٌزشثخ ٌفزشح ص١ِٕخ ؽ٠ٍٛخ. )4

V038 

 

 
 ً٘ وبْ ٌذ٠ه أٞ ِشبوً ِٓ اسزخذاَ سّبد اٌىّجٛسذ؟    

 لا )2ٔؼُ              )1        

V039  ......................... ارا وبٔذ الاخبثخ ٔؼُ فّبٟ٘ اٌّشىٍخ 

V040 

 

 
 إرا ٌُ رمُ ثبسزخذاَ اٌىّجٛسذ , ٌّبرا لا؟

 أٔب لا أػشف و١ف أسزخذِٗ )1

 أٔب لا أػشف ِٓ أ٠ٓ أثذأ )2

 أٔب لا أسٜ حبخخ ٌٗ.)3

 . لا ٠ٛخذ ٌذٞ ِىبْ لاسزخذاَ اٌىّجٛسذ )4

 ٌُ أفىش ثزٌه. 5)

 حبٌٚذ إٔزبخٙب سبثمب ٚوبٔذ ِٕزدبد راد خٛدح سد٠ئخ 6)

 غ١ش رٌه. 7)


