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Abstract

This study describes the problems, issues and challenges of MSWM faced
by local authorities in Qalqilia district. Approaches of possible solutions
that can be undertaken to improve MSW services are discussed. The study
consists of a public survey, survey and discussions with local authorities
staff involved in waste management, determination of waste composition
by segregation of 30 samples from 5 sites, review of documents and field
observation. The study provides information on MSW collection services

availability and waste disposal practices in Qalqilia district.

It was found that little or no consideration of environmental impacts was
paid in the selection of dumpsites. Inspection and monitoring of the
dumpsites was not consistent, 46.2% of local authorities dispose waste in
open random dumps without any further treatment and 15.4% of local
authorities disposes waste in open random dumps and then burn it. 100% of
local authorities employ workers in the MSW services without any training
and they do not train them later to do their work but they obtain the
experience from experiment and from their companion, so they are usually
exposed to danger. The collection workers and the vehicle are divided
between small localities. Little numbers of waste containers is available in

most localities. MSW collection frequency in several villages is around or
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below 2 times per week. The overall average MSW generation rate per
capita for 26 localities in Qalqilia district is 1.46 kg per person per day.
The results obtained indicate that more than 83% of MSW could potentially
be either recycled or composted. It was noticed that MSWM budget ranges
between (3% to 9%) of the total budget and about 42.3% of localities has a
MSWM budget less than 3% of the total budget, 34.6% between 3% and
6% and 15.4 between 6% and 9%. Involvement of public is important to
achieve any meaningful and sustainable MSWM also explored. Results
also show that 97.3% of residents are willing to pay more for better service
and 60.6% of residents are willing to separate wastes into organic and
inorganic without money but 18.6% are willing with little money. 71.6% of
residents are ready to transform organic wastes to natural fertilizer if they

were trained.
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Chapter One
1.1 General Introduction

Solid waste is defined as a material that is cheaper to throw away than to
store or use. It is no longer considered as wanted material to be dumped out
of site. Solid wastes are simply 'material of wrong place', which can be
segregated, transformed, recycled and reused with great financial and

environmental benefits (Igbal and Ahsan, 2003).

Solid waste management (SWM) is an important environmental health
service, and 1s an integral part of basic urban services. From the earliest
primitive human society there have been attempts to safely dispose of solid
waste. In the early days, disposal did not pose difficulty as habitations were
sparse and land was plentiful. Disposal became problematic with the rise of
towns and cities where large numbers of people started to congregate in
relatively small areas in pursuit of livelihoods. On one hand, the density of
population increased in these centers of congregation and therefore wastes
generated per unit area also increased. On the other hand, available land for
disposal of waste decreased in proportion. SWM thus emerged as an
essential, specialized sector for keeping cities healthy and livable (Ahmed

and Ali, 2004).

It is clear that SWM in future will expand in scope and complexity. It
will also consume a considerable proportion of city budgets. The SWM

sector, therefore, deserves careful attention for striking a balance between
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quality of service and cost effectiveness. This challenge is particularly
significant for developing countries, where resources are limited but

urbanization is occurring rapidly (Ahmed and Ali, 2004).

Management of solid waste is a major challenge these days for the
administrators, engineers and planners. Huge volumes of solid wastes are
generated and need to be collected, transported and finally disposed of.
These operations have to be carried out speedily and efficiently without
incurring excessive cost or damage to environment. Unfortunately in many
developing countries, the system for managing wastes is primitive and
cannot cope with the huge volumes of wastes being generated (Al-Yousfi

2004, Ahmed and Ali, 2004).

In developing countries, it is common to find large heaps of garbage
festering all over the city. The problem gets further complicated due to
large population and the obsolete techniques employed for waste
management (Mbuligwe et. al., 2002). The solid waste is considered to be
one of the dangerous causes of pollution; therefore this problem has to be
treated in a wise manner to protect our environment (Al-Yaqout et. al.,

2002, Vidanaarachchi et. al., 2005).

Today, Palestine faces the problem of solid waste material which is
becoming more and more difficult. This is due to (1) lack of effective
national authority of Environmental Protection, (2) ever-increasing
population and the industrial development, (3) low environmental

awareness of the citizens, (4) low level of services presented by local
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municipalities, (5) poor mechanical equipment (6) lack of funds,
(Srivastrava et. Al., 2005, Mbuligwe et. al., 2002), and (7) Israeli
occupation that restricted the mobility of Palestinians within limited
territories and prevented solid waste from being delivered to disposal sites,
(Al-Khatib and Abu Safieh, 2003), (8) Israeli pilfering of land, land
confiscation and Annexation Wall that pinches the land. All these have
resulted in poor management practices regarding solid waste material and

higher potential of pollution.

1.2 Solid Waste

1.2.1 Introduction

Solid waste can be defined as any unwanted material that is not
discharged to the atmosphere or via pipe, and cannot flow directly into
streams or rise immediately into the air (Qusus 1988). They are non-liquid,
non-gaseous residues of our manufacturing. Solid wastes are all arising
from human and animal activities that are normally solid and that are
discarded as useless or unwanted. Solid wastes are generally divided into

the following categories: -

a) Domestic solid waste

These wastes are the consequence of house keeping activities such as
food preparation, sweeping and vacuum cleaning and they mainly contain
food waste, packing, paper, dust and worn out; broken or worn household

effects and items of clothing. They may also contain a fuel residue, empty
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containers, waste from repair and redecorating, reading matter, etc.

(Qusus1988; Palestinian National Information Centre, 1999).

b) Commercial solid waste

This is mainly the waste produced by offices and shops which may consist
of wood crates, paper, packing material, and carbon paper. Food waste
from restaurants and cafeterias may be included in this waste. Waste from
hotel, schools, barracks, nurse’s homes and hospital are special waste also

included in this category (Buenrostro et. al., 2001).

C) Street-cleaning waste

This waste varies in nature and quantity according to the habits of people
and the effectiveness of refuse collection system. It contains mainly litter,

girt, paper, small containers and food waste (Qusus 1988).

d) Agricultural and animal solid waste

These kinds are made up of residues, poultry and other animal manure,
certain waste arising from slaughter and from the preparation of carcasses
and waste products from canning and processing of food (Buenrostro et.

al., 2001; Palestinian National Information Centre, 1999).

e) Mining waste

The mining industry produces such large amounts of solid waste that

special emphasis should be given to this material. Unplanned spoil heaps
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impair the landscape, threaten landslides and pollute ground water (Qusus

1988, Palestinian National Information Centre, 1999).
f) Industrial solid waste

Solid waste generated from various processes in small and large scale
industries are classified as industrial wastes. These are highly
heterogeneous in nature and are industry specific. Both hazardous and non
hazardous components are found in industrial wastes (Buenrostro et. al.,

2001).

It consists of all factories unassailable solid waste, 1.e. packing materials,
plastic, etc. some industrial solid waste is highly toxic, so special treatment
must be performed before disposing it (Qusus 1988; Palestinian National

Information Centre, 1999).

Of the six types mentioned above, the first three are combined into what is

known as "municipal solid waste" (MSW).
1.2.2 Solid waste characteristics
The most significant characteristics of solid waste are: -
1- Density of solid waste :- Density is usually expressed as kg/m’

2- Moisture content: - the moisture content is usually expressed as the
weight of moisture per unit weight of wet or dry material. In the wet weight
method of measurement, the moisture in a sample is expressed as a

percentage of the total weight of the sample.
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3- Chemical Composition: - Information on chemical composition of
solid waste is important in evaluating processing and recovery options (i.e.

Energy recovery, composting process, waste derived fuel, etc.)

4- Physical composition: - Information on physical composition is also

necessary in evaluating processing and recovery options.

These characteristics vary widely for the major solid waste

components, such as garbage, rubbish, street sweeping, etc.

These characteristics are affected by (1) Type of collection systems, (2)
Standard of living, (3) Seasonal and local variables, (4) Extent and type of
commerce and industry, (5) Prevailing climate, and (6) other considerations

(Srivastrava et. al., 2005).

1.2.3 Quantities and composition of solid wastes

Because solid waste is generated from many different sources, it
naturally contains an almost infinite variety of materials. These range in
size from specks of dust to discarded automobiles. The major constituents
of domestic and commercial wastes are fermentable organic matters; glass,
wood, metals and plastic with relative proportion depending upon many

local factors (Palestinian National Information Centre, 1999).

Quantities of solid waste discarded each day vary through the week
according to whether it is the weekend, shopping days or holidays. They

also vary through the season depending on the availability of fresh fruit and
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vegetables. Solid waste composition and quantities also vary over the year
with changes in diet, packaging, etc. Residents of large towns also seem to
throw away more than the people in small towns. In short, the general rule
is that as one goes from a small poor traditional, illiterate community to a
large, rich, modern, and literate one, the refuse weight becomes more, the
food preparation waste becomes less, the paper and packaging fraction
increases and the average particle size increases (Qusus 1988; Srivastrava

et. al., 2005, Idris et. al., 2004).

1.2.4 Solid waste generation

The quantities of solid waste produced by the developed nations of the
world are large and are increasing along with a growing affluence and
improved standard of living (Idris et. al., 2004, Mcbean et. al., 1995,
Kaviraj 2003).

The generation of refuse in a community also varies throughout the year.
The cold months of winter result in low generation rate. In addition to
seasonal variations, refuse generation varies with the day of the week.
Collection frequency also affects the production of refuse. Generally, the
more frequent the collection, the more MSW is produced. An increase in
urbanization also affects the overall rate of solid waste generation in many
countries. (Idris et. al., 2004, Pokhrel and Viraraghavan, 2005).The
conclusion is therefore that waste generation is governed by these factors
(Vesilind et. al., 1987). Refuse quantities, in conjunction with the fact that

many landfills are reaching capacity, indicate very severe impending
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problems. So we need to manage the generation of solid waste

(Vidanaarachchi et. al., 2005).

Table 1.1 shows the quantity of solid waste produced daily, the average
daily household production, and the average per capita daily production of

solid waste in the Palestinian Territory by region.

Table (1.1): Solid waste statistics of the Palestinian Territory
(Palestinian Central Bureau of Statistics, 2005)

Region Total daily Average Average daily
produced : )

: household daily | production per

quantity production (kg) capita (kg)
(Ton)

Palestinian Territory 2,728.3 4.6 0.7
West Bank 1,722.1 4.4 0.7
North of West Bank 765.1 4.7 0.8
Middle of West Bank 556.7 4.5 0.8
South of West Bank 400.3 3.7 0.6
Gaza Strip 1,006.2 5.0 0.7

1.2.5 Solid waste management

Historically, waste management has been an engineering function. It is
related to the evolution of a technological society which, along with the
benefits of mass production, has also created problems that require the
disposal of solid wastes. The most effective way to ameliorate the solid
waste disposal problem is to reduce both the amount and the toxicity of
waste that is generated. But as people search for a better life and a higher
standard of living, they tend to consume more goods and generate more

waste. Consequently, society is searching for improved methods of waste
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management and ways to reduce the amount of waste that needs to be

landfilled (Huang et. al., 2005).

Solid waste management in developing countries is plagued by a number of
problems, solutions for which are mainly constrained by financial and
technological deficiencies. As a result, there is dependence on donor
funding, with the consequent non-sustainability of solid waste management
service upon termination of donor funding (Mbuligwe et. al., 2002). The
most problematic functional element of solid waste management in
developing countries has been identified as disposal. A manifestation of
this problem is pollution of ground and surface water sources by leachate
from poorly managed and illegal solid waste dumps. Minimizing waste
generation by focusing on management practices at the source can save
disposal sites space, reduce illegal dumping, and therefore, cut down on

pollution potential from solid waste (Mbuligwe et. al., 2002).

Solid waste management is a complex process because it involves many
technologies and disciplines. These include technologies associated with
the control of generation, handling, storage, collection, transfer,
transportation, processing, and disposal of solid wastes. All of these
processes have to be carried out within existing legal and social guidelines
that protect the public health and the environment and are aesthetically and
economically acceptable. For the disposal process to be responsive to
public attitudes, the disciplines that must be considered include

administrative, financial, legal, architectural, planning, and engineering
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functions. All these disciplines must communicate and interact with each
other in a positive interdisciplinary relationship for an integrated solid
waste management plan to be successful (Tchobanoglous and Kreith,
2002). The management of solid waste at all stages of collection, transport
and disposal has been less than effective in the most of Palestinian
localities, with its responsibility is divided between municipalities, village

councils, and village committees or UNRWA in the refugee camps.

Collection and transportation of solid waste in some cities is
relatively acceptable, but disposal is not adequate at all location since the
most common method of the disposal are dumping and burning in open
areas (Al-Khatib and Abu Safieh 2003). The inadequate number and
distribution of collection containers and irregular collection schedule have
encouraged the accumulation of solid waste in streets. As a rapid method of
disposal, burning takes place in densely populated areas where clouds of

smoke dominate.

Modern machinery for collection and transportation of solid waste have
been employed in most of the major municipalities, compositing vehicles
and some hydrau-lie lift containers are in service in the cities, however the
number of vehicles and trucks is not adequate to provide service to all
people and to empty containers as needed ( Augenstein et. al., 1996). In
some villages, the village council owns a truck for the collection of solid
waste, usually an agricultural tractor. In other villages, and due to lack of

fund village councils rent agriculture tractors for the purpose of collection.
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Village's councils rarely provide collection containers, and the village
households store waste in plastic bags close to their houses or in the street

until the collection truck passes by.

Dumping sites in the West Bank are not designed as sanitary landfills.
These sites lack ground lining or leachate collection system to protect
ground water. These sites are open and management is restricted to
frequent burning of waste piles (Al-Khatib and Abu Safieh, 2003;  Al-
Khatib et. al., 2006).

Although there have been improvement in collection procedure in some
areas, the problem of waste disposal has not been solved, solid waste
disposal in unsuitable dumping sites is creating environmental and human

health problem (Al-Khatib and Abu Safieh, 2003).

1.2.6 Environmental considerations of solid waste

Unless properly managed, solid wastes have potential of serious impacts on
environment. It can lead to surface and ground water contamination, land
population and air quality deterioration (Palestinian National Information

Centre, 1999).

Water infiltrating through the waste generates leachate, which can
ultimately mix with the ground water. Dust and litter scattered by wind are
responsible for deterioration of air quality in the vicinity of disposal sites.
Non-sanitary method of disposal of wastes also produces odor and affects

the aesthetics of the area. Moreover, decomposition of waste releases
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noxious gases posing high risk to human health. It is now well known that a
large number of disease vectors and water borne disease spread due to poor
collection and disposal practices of solid waste (Kasseva, and Mbuligwe,

2000; Palestinian National Information Centre. 1999).

With the existing management system of solid waste, Palestine faces
an increasing solid waste management problem. Over the past 30 years,
management of solid waste at all stages of collection, transportation and
disposal has not been given enough attention from the Israeli occupier. The
pressure on the Palestinian environment from solid waste management
practices is further intensified by the considerable amount generated by
Israel settlers. Solid waste from Israelis is dumped without restriction on
Palestinian lands, fields, and side roads. Palestinians have no access to
information about neither the composition nor the disposal of solid waste
generated by settlers; however, evidence shows that much of this waste is
being disposed of on the many illegal dumped sites within the Palestinian
Territories. Israel illegally transfers hazardous and toxic wastes generated
inside Israel into the West Bank. The Palestinian Authority has discovered
several cases. In 1998, Israel has illegally transferred 2-3 trucks filled with toxic
and hazardous waste to two locations in the northern area of the West Bank.
The first location is near the eastern border of the Tulkarm municipality. The
second dumping site is located in close proximity to the residential area of
Azzun municipality and 50 meters from their groundwater well used for

drinking purpose.
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In the Palestinian Territories and particularly in the West Bank, MSW
disposal is considered as a problem due to several reasons, including
groundwater aquifer location, the small area of the West Bank, the lack of
sanitary landfills, and the lack of any serious recycling programs

(Talahmeh, 2005).

1.2.7 Solid waste treatment and disposal

A method for disposing of refuse on land without creating nuisances or
hazards to public health or safety, by using correct ways for disposing of
refuse to reduce it to the smallest practical volume and to cover it with a
layer of earth at the end of each day operation, or at such more frequent
interval as may be necessary. Although sanitary land filling is an
acceptable method of solid waste disposal, it has not received wide public
acceptance, principally because so many communities have called their
open dump a sanitary landfill, the public's misconception of sanitary results
from the fact that the vast majority of land disposal sites are not sanitary
but open and burning dumps (Palestinian National Information Centre,
1999). Composting is a method of converting organic material into a drier
of no odor from through bacterial action, primarily to supply soil with
fertility, it is unlikely that this treatment method will become common in

the near future in developing countries( Augenstein et. al., 1996).
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1.3 Integrated waste management

Integrated waste management (IWM) can be defined as a set of
management alternatives that includes reuse, source reduction, recycling,
composting, landfilling, and incineration ( Botkin and Keller, 2003). It can
be also defined as the selection and application of suitable techniques and
management programs to achieve specific waste management objectives
and goals. Because numerous state and federal laws have been adopted,
IWM is also evolving in response to the regulations developed to
implement the various laws. The U.S. Environmental Protection Agency
(EPA) has identified four basic management options (strategies) for IWM:
(1) source reduction, 2) Recycling and composting, (3) combustion (waste-
to-energy facilities), (4) landfills. As proposed by the U.S.EPA, these
strategies are meant to be interactive (US EPA, 1995; Srivastrava et. al.,

2005).

1.4 Municipal solid waste (MSW)

Municipal solid waste definition states that MSW includes wastes
from residential, commercial, institutional, and some industrial sources.
But this definition does not include a wide variety of other non-hazardous
wastes that often are landfilled along with MSW. Examples of these other
wastes are municipal sludge, combustion ash, non- hazardous industrial
process wastes, construction and demolition wastes, and automobile bodies
(Tchobanoglous and Kreith, 2002; Palestinian National Information Centre,

1999).
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1.4.1 Generation of MSW

MSW generation is essential due to discarding of unwanted materials
away for disposal. Huge quantities of municipal solid wastes are generated
in all the megacities of the world. The volume of municipal solid waste
generated varies with the lifestyle of the people. It has been estimated that
each American generates wastes about 4000 times his body weight every
year in his life; each West European 1000 times; and each citizen of the
developing countries like India about 150 times. The United States alone
generates more than 200 million tons of wastes a year-an amount "enough
to fill a convoy of garbage-trucks stretching eight times around the globe

(Khan and Ahsan, 2003).

In our region, the generation of solid wastes has become an
increasingly important environmental issue over the last decade, due to the
escalating growth in populations and the changing life style, leading to new
trends of unsustainable consumption patterns concomitant with inflation in
waste production. Such increase in solid wastes generation concurrent with
shifting characteristics pose numerous questions concerning the adequacy
of conventional waste management systems, and their associated
environmental, economical and social implications (Al-Yousfi, 2004;

Srivastrava et. al., 2005; Rathi, 2005).
1.4.2 Composition of MSW

The composition of municipal solid wastes is the term that describes
the distribution of each component of wastes by its percent weight of the

total. The information is required for the selection of suitable treatment and
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disposal methods. The precise composition of MSW depends upon locality,
season of the year, standard of living, and land use (Khan and Ahsan, 2003;

Srivastrava et. al., 2005).

Good measures of the waste stream composition are hard to obtain,
in part because the opening of bags to determine the wastes percent is an
onerous task. Also, people are reluctant to have their garbage sorted.
Additionally, seasonal trends relating to yard wastes, spring cleanup, ashes,
and the like, as well as the need to collect data over a large number of
households to ensure a representative sample, complicate the problem of

determining refuse composition (Mcbean et. al., 1995).

1.4.3 Characteristics of MSW

As long as the MSW is to be disposed of by landfill, there is little need to
analyze the waste much further than to establish the tons of waste
generated and perhaps consider the problems of special (hazardous)
materials. If, however, the intent is to collect gas from a landfill and put it
to some beneficial use, the amount of organic material is important. When
recycling is planned, or if materials or energy recovery by combustion is
the objective, it becomes necessary to have a better picture of the solid
waste. Some of the characteristics of interest are: Composition by
identifiable items, moisture content, particle size, chemical composition,
heat value, density, mechanical properties, biodegradability (Vesilind et.

al., 1987; Huang et. al., 2005).
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So physical, chemical and biological properties of municipal solid wastes

are important for the design of an integrated wastes management system.
1.4.3.1 Physical properties of MSW

Physical properties of municipal solid wastes include:
(1) Specific Weight:

Specific weights of municipal solid waste is defined as the weight of
wastes per unit volume e.g. tons/m’. It is usually specified as loose,
incompact, or compacted. Specific weights are required to assess the total

volume of wastes that must be managed (Khan and Ahsan, 2003).
(i1) Moisture content

The moisture content of solid wastes is the weight of water in it expressed
as a percentage of its wet or dry weight. Usually it is the weight which is
commonly used to determine the moisture content (Mbuligwe et. al., 2002;

Ma.Teresa Orta de Velasquez et. al., 2003)
(i11) Particle Size and Size Distribution

Particle size distribution of municipal solid wastes i1s an important
parameter to be considered for material recovery, composting, incineration,

landfilling etc. (Huang et. al., 2005; Khan and Ahsan, 2003)
(iv) Field Capacity

Field capacity of solid wastes is defined as the total amount of moisture

that can be held in wastes sample under the gravitational force. It is an
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important parameter, which affects the quantity of leachate generation in
landfills. Moisture available in solid wastes in excess of its field capacity is
released later as leachate. Field capacity of solid wastes varies with the
degree of compacting (Khan and Ahsan, 2003; Ma.Teresa Orta de
Velasquez et. al., 2003).

(v) Permeability

The permeability or hydraulic conductivity of wastes is defined as the ease
with which a fluid can flow through the waste. It is an important parameter
that governs the movement of liquids and gases in the landfill. Permeability
of municipal solid wastes is affected by the shape and size of wastes
components, porosity, and the amount of compaction applied to the wastes.
Compacted wastes have lower permeability (Khan and Ahsan, 2003;

Powrie et. al., 2005)

1.4.3.2 Chemical properties of MSW

Chemical properties of municipal solid wastes are required in the
design of various processes such as energy recovery or composting. The
choice of combustion processes depends upon the chemical position of
solid wastes. For energy recovery consideration, some important analyses

must be carried out (Khan and Ahsan, 2003).

1.4.3.3 Biological properties of MSW

Biological properties of municipal solid wastes include water soluble

constituents( such as sugars, starches, amino acids, and many other organic
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acids); proteins (composed of chain of amino acids); fats oil and waxes;
hemicelluloses (a condensation product of sugars); cellulose (a
condensation product of glucose); lignin content ( a polymeric material);
and lignocelluloses (a combination of lignin and cellulose). Out of these,
lignin content is an important characteristic as it gives an idea of the
biodegradability of the waste and helps in the selection of appropriate

processing technique (Khan and Ahsan, 2003).

1.5 Summary of the MSW (management and handling) rules

The rules of management and handling shall apply to every Municipal
authority responsible for collection, segregation, transportation, processing

and disposal of municipal solid wastes (Huang et. al., 2005)

Every municipal authority shall, within the territorial area of the
municipality, be responsible for the implementation of the provision of
these rules, and for any infrastructure development for collection, storage,
segregation, transportation, processing and disposal of municipal solid
wastes. So any municipal solid waste generated in a city or a town, shall be
managed in accordance with the following compliance criteria

(Vidanaarachchi et. al., 2005).

Collection of municipal solid waste: littering of MSW shall be prohibited
in cities, towns, and urban areas notified by the Government. To prohibit

littering, following steps shall be taken:
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(1) Organizing house to house collection of garbage through any of the

methods.

(i1) Wastes from slaughterhouses, fruits and vegetables markets, which are

biodegradable in nature, shall be managed to make use of such wastes.

(111) Collection of waste from slums and squatter areas/localities including
hotels/restaurants/office complexes and commercial areas shall be devised

in consultation with municipal authority (Khan and Ahsan, 2003).

(iv) Bio-medical wastes and industrial wastes shall not be mixed with
municipal solid wastes as per rules specified separately for the purpose

(Khan and Ahsan, 2003).

(v) Collected waste from residential and other areas shall be transferred to
community bins or halos by hand driven containerized Carts (Khan and

Ahsan, 2003).

(vi) Horticultural and construction /debris shall be separately collected and
disposed off following proper norms. Similarly, activities related to diaries
(milking of cows/buffaloes) shall be regulated in accordance with State

laws (Khan and Ahsan, 2003).

(vi1) Waste (garbage, dry leaves) shall not be burnt.

(viil) Stray animals shall not be allowed to move around waste storage
facilities or at any other place in city and town, and shall be managed as per

State laws.
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Municipal authority shall notify waste collection schedule and the
likely method to be adopted for public benefit in city/town (Khan and
Ahsan, 2003).

Segregation of Municipal Solid Wastes: Municipal authority shall organize
awareness programs for segregation of wastes and shall encourage
recycling / reuse of segregated materials. Municipal authority shall
undertake phased programs to ensure that the community is fully involved

in waste segregation (Mbuligwe et. al., 2002)

Storage of Municipal Solid Wastes: Municipal authorities shall establish
and maintain storage facilities in such a manner as not to create
unhygienic/unsanitary conditions around it. Following criteria shall be

taken into account while establishing and maintaining storage facilities:

(1) Storage facilities shall be created /established by taking into account
quantities of wastes generation in a given area and the population density.
A storage facility shall be so sited such that the user finds it easy to

approach (Huang et. al., 2005)

(11) Storage facility to be set up by Municipal authorities or by any other
agency shall be so designed that the waste stored is not exposed to open
atmosphere and shall be aesthetically acceptable and user-friendly (Huang

et. al., 2005).

(i11)) Storage facilities or bins shall have 'easy to operate' design for

handling, transfer and transportation of waste (Huang et. al., 2005).
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(iv) Manual handling of waste shall be prohibited. If unavoidable due to
constrains, manual handling shall be carried out under proper precaution

with due care for safety of workers (Milhem, 2004).

Transportation of Municipal Solid Wastes: Vehicles used for transportation
of wastes shall be covered. Wastes should not be visible to public, nor

exposed to open environment. The following criteria shall be met:

(1) The storage facilities set up Municipal authorities shall be daily attended

for clearing of wastes.

(i1) Collection and transportation vehicles shall be so designed that multiple

handling of wastes, prior to final disposal, is avoided (Huang et. al., 2005).

Processing of Municipal Solid Wastes: Municipal authorities shall adopt
suitable technology (or combination of such technologies) to make use of
wastes so to minimize burden on landfill. Following criteria shall be

adopted:

(1) The biodegradable wastes not containing any toxic containments, shall
be processed by composting, vermicomposting, anaerobic digestion or any
other appropriate biological processing for stabilization. It shall be ensured
that compost shall be free from contamination due to heavy metals,

pesticides or any other contaminants (Pokhrel andViraraghavan, 2005).

(i1) Waste containing recoverable material shall follow the route of

recycling.
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Disposal of Municipal Solid Wastes: landfilling shall be restricted to non-
biodegrable, inert waste and other waste that are not suitable either for
recycling or for biological processing. Landfilling shall also be carried out
for residues of waste processing facilities as well as for pre-processing
rejects from waste processing facilities. Landfilling of mixed waste shall be
avoided unless it is found unsuitable for waste processing. Under
unavoidable circumstances or till installation of alternate facilities,

landfilling shall be done following proper norms (Augenstein et. al., 1996).

Landfilling shall meet the following criteria (Augenstein et. al., 1999).

(1) Landfill sitting and construction shall be done after proper care.
However, in respect of cities having population over five laces, proper
environmental impact assessment shall be conducted by Municipal

authority before selecting a site.

(i1) Provision for future landfill sites shall be included in the land use plan

of city/town.

(i11) Landfill site shall comply with the norms for control of air and water
(ground and surface water) pollution and other environmental norms as laid

down in the specifications/standards.

(iv) Waste at disposal site shall not be burnt. Sites where waste is to be
burnt shall be monitored for compliance (Palestinian National Information

Centre, 1999; Tanaka. 1999).
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1.6 Qalqilia District

The name "Qalgilia" goes back to Roman times, and European
Mediaeval sources refer to it as "Kalkelie" used today by its contemporary
residents. Qalqilia District is located in the northern part of the West Bank
with the green line as its western border situated about 12 km from the

Mediterranean coast (Qalqilia.org.ps, 2004)

Qalgqilia is a small district and therefore in many ways connected to
the neighboring district of Nablus from east. It is bounded to Tulkarm

district from the north and to Salfeet district from the south.

The Qalqilia district, with a total area of (151.3 km?) including the Israeli
settlements (Palestinian National Information Centre, 2003), the district
includes within its boundaries 5 municipalities and 30 villages. It also
includes 7 Israeli settlements, there are (2 formal settlements located inside
the completed Annexation wall). Qalgqilia district is, as the rest of the West
Bank, divided into Areas A, B and C, which is an important element in the
closure policy. Roadblocks are placed between and around the different
areas. Qalqilia city has Area a status while most of the villages are area B
and some are area C. All areas next to the green line, the settlements and
the bypass roads are Area C (The Alternative Information Center, 2001),
and figure 1.1 shows the distribution of municipalities and villages among

the district and the location of Qalqilia district.
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Figure (1.1): Qalqilia built up area (Educational Planning Directorate, 2006).

1.6.1 Climate

Palestine enjoys typical Mediterranean climate conditions. It has two
distinctive seasons, a wet winter, which lasts for 5 months (November-
March) and a dry summer, which nearly lasts for seven months (May-
October). Average temperature in winter times is nearly 16C and relative
humidity reaches 70% in the north and 75% in the middle and southern
parts of the West Bank. Meanwhile, the average temperature is in summer
time is nearly 38C and relative humidity ranges from 60% in the north to

nearly 50%in the middle and southern parts of the West Bank. Wind blows
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predominantly from West and North West to East and South East, at an

average speed of 11 knots (Rabi, 2003).

The West Bank is a hilly area, with elevations varying from 400m
(bsl) in the Jordan Valley to 1000m above sea levels in the hills. The
surface geology in the West Bank is compromised of well-fractured and
karstified carbonate rocks, both limestone and dolomite. The presence of
hills in the central part of the West Bank affects the behavior of the low-
pressure area of the Mediterranean and causing precipitation on the hill

ridges (Rabi, 2003).

Qalgqilia has a warm Mediterranean climate, rainy and warm in winter
and hot in summer with humidity levels reaching 70%during July and

August. Annual average rainfall is 550 mm (Qalgqilia.org.ps, 2004).

1.6.2 Demography and population

The total population of the Qalgqilia District is estimated at 97,472 at the
end of 2006 (PCBS, 2004), with annual growth rate of 3.8%
(Qalgilia.org.ps, 2004).

44,709 people are living in Qalgqilia city and the rest in around 35
surrounding villages and bedewing groups. Table 1.2 shows the distribution

of people in the district by locality.
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Table (1.2): Projected Mid -Year Population for Qalgilia Governorate by
Locality 2004- 2006 (Palestinian Central Bureau of Statistics, 2004)

Locality Name Mid- Year Population
2004 2005 2006

Falamya 659 683 706
Kafr Qaddum 3,259 3,376 3,493
Jit 2,165 2,243 2,320
Bagat al Hatab 1,631 1,689 1,748
Hajja 2,360 2,444 2,529
Jayyus 3,086 3,196 3,307
Khirbet Sir 502 520 538
Far'ata 613 635 657
Immatin 2,286 2,368 2,450
Al Funduq 615 637 659
Qalgqilia 41,722 43,212 44,709
An Nabi Elyas 1,133 1,174 1,214
Kafr Laqif 918 951 984
'[zbat at Tabib 197 204 211
Jinsafut 2,127 2,203 2,280
'Azzun 7,710 7,985 8,262
'Arab ar Ramadin 181 188 194
Tsla 827 857 887
Habla 5,740 5,945 6,151
Ras at Tira 370 384 397
Ras 'Atiya 1,492 1,545 1,599
Ad Dab'a 252 261 270
Kafr Thulth 4,072 4218 4,364
'Izbat Jal'ud 133 137 142
Al Mudawwar 206 214 221
'[zbat Salman 600 622 643
'[zbat al Ashqar 390 404 418
Beit Amin 1,070 1,108 1,147
Sanniriya 2,788 2,887 2,987
'Azzun 'Atma 1,559 1,614 1,670
Other Localities 297 307 318
Qalqgilia 90,960 94,210 97,472
Governorate
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1.6.3 Local Economy

Qalgqilia district is dependent on the Israeli market. Most of Qalgilia
labor force (skilled and unskilled) works in the construction, agriculture
and other sectors within Israel. Additionally, 20% of Qalqilia population is
engaged in trade and commerce. Jewish and Arab citizens of Israel in the
villages across the border are an important source of income for this sector.
The recurrent Israeli closures of the West Bank, during which the
movement of goods and persons between Israel and the West Bank (and at
times within the West Bank as well) is prohibited, has had a devastating
impact on Qalgilia economy. Workers are prevented from reaching their
jobs and the agricultural produce cannot be marketed. As a consequence,
the local commercial sector was negatively affected as well. On several
occasions the Israeli military has sealed off Qalqilia from outside world for
prolonged periods, preventing any movement into or out of the City

(Qalqgilia.org.ps, 2004).

1.7 Objectives of the study

During the last years, the quantities of domestic waste have been increased.
Currently heaps of wastes are common along the streets and along the
alleys. Despite the fact that residents pay a service fee (service charge) and
have continually complained to the city council, the city council has done
very little to provide them with storage bins or to collect the waste

regularly. As a result of this growing problem, this study was initiated to
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find out what factors were contributing to the improper management of

solid waste. The five specific objectives addressed by this study are:
(1) To determine the quantities of solid waste at Qalgqilia district.

(2) To determine the socio —demographic characteristics of the study

population;

(3) To assess knowledge and attitudes regarding management of refuse

(solid waste).

(4) To assess people’s knowledge about factors that contributes to the

improper management of solid waste.
(5) To find out what solutions residents offer to alleviate the problem;

(6) To gather information regarding the management of solid waste or

refuse from the Head of the Cleansing Section of city council.

(7) To introduce, in the context of environmental control and public
health, the subject of management of post-collection municipal solid
waste, the present and projected disposal processes, legislation and

future trends.

(8) To determine those areas of the environment on which MSW
disposal impinges and outline the steps taken to minimize any

adverse effects.

(9) To determine the potential for MSW recycling and the factors which

influence the decisions to do so?
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Chapter Tow
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Chapter Tow
Methodology

This study was both descriptive and experimental carried out in
Qalgqilia district, during 2005 and 2006. The population of the study
consisted of two targeted groups. The first targeted group was all people
residing in the district, and included all residents more than 15 years old in
the randomly selected study estates. A random sample of 5% of the

households of each locality was taken.

The second targeted group consists of the key persons in municipalities and

village councils in Qalgilia District.

Two semi-structured, yet simple, questionnaires were designed, pre-
tested, and modified to collect data. The first one was for households in
order to get the public opinion on the problems of municipal solid waste
management in Qalqilia district. The questionnaire covered socio-
demographic variables as well as variables related to knowledge, attitudes,
and practices on management of solid wastes among people living in the
city or villages of Qalqilia district. The interviews were conducted from
door to door and questions were targeted to either the head of the
household or the spouse. In situations where none of them was present,
either the oldest child or a relative (provided he\she will be above 15 years)

was interviewed as shown in table 2.1.
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Table (2.1): Type of respondent to questionnaire

Valid | Cumulative
Type of respondent | Frequency | Percent Percent Percent
Valid | Head of 530 776 | 795 79.5

the house
Adult sons 112 16.4 16.8 96.3
Others 1 1 A 96.4
Children
above 15 24 3.5 3.6 100.0
years
Total 667 97.7 100.0

Missing | .00 16 2.3

Total 683 100.0

Table 2.2 shows the distribution of questionnaires between the city
and the villages; total of (683) persons were interviewed from all over the
district.

Table (2.2): Distribution of questionnaires between the city and the villages

: Valid = Cumulative
Type of locality | Frequency | Percent Percent Percent
City 328 48.0 48.0 48.0
village 355 52.0 52.0 100.0
Total 683 100.0 100.0

The second questionnaire targeted the key persons in municipalities and
village councils in order to get information about the present situation of
MSW quantities, composition, generation, handling, environmental
impacts, treatment and disposal, in the district. A total of (26) key person
were interviewed, one from each municipality or village. (i.e. total of 26

municipalities and village councils were surveyed).

Analysis of data was performed by the use of Statistical Package for

Social Science (SPSS) computer program. Descriptive statistics such as
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means and ranges were computed. Appropriate tests of significance were
performed to determine the relationship between socio-demographic
variables and variables related to knowledge, and practice regarding

management of solid waste.

The third part used in data collection was experimental, in which
segregation and separation of solid waste components at different dumping
sites  into paper, plastic, glass, metals, organic waste, cardboard,
inert( material with radius less than Icm and passes through the screen),
and others was conducted. The method used for separation was picking
(hand sorting) using a screen. This is a process of separation by type. A
series of uniform-sized (1x1cm) apertures allows smaller particles to pass
while rejecting the larger fraction. The procedures followed in the

measurement of solid waste samples was as follows (see Fig 2-1):

1. Determination of weight of empty raw waste container (0.5 m’,

1x1x0.5m) using the weighing balance, before separation.

2. Filling of the raw waste container with sample waste while shaking

the bin constantly to avoid undue void spaces;

3. Determination of gross weight of the container and waste using the

weighing balance;

4. Determination of volume of the waste in the container and

calculating the density.
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5. Emptying the waste in the container on the screen table.

6. Picking the waste on the screen table for sorting operation, the
pickers stand on either side of the screen table and remove the
selected materials and empty them in a plastic bin for each
type,( paper, plastic, glass, metals, organic waste, cardboard, inert,

others) until the sample is over.
7. Determination of the weight of each type and the volume.
8. Determination of the percentage of each type in the sample.
9. Repeating this procedure for 30 samples then analyzing the results.

10.The above procedure was followed for the measurement of samples

of wastes on different sampling days and at different waste sources

during the whole study period as shown in appendix A.

Figure (2.1): Steps of segregation of MSW at Qalgilia dumpsite
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The equipment used for the measurement of wastes were a weighing
balance of capacity up to 220 kg, and a raw waste container(0.5m’,
1x1x0.5m) with an empty weight of 58 kg and volume of 500 liters for
collecting and weighing the waste. The container was custom made from
steel for this purpose. Other tools include shovels and forks for loading and
sorting the waste; and gloves, gum boots and facemasks for personal
protection. For waste volume measurements at the landfill, ten waste bins,
each with a capacity of 90 liters and empty weight of 2.8 kg were used. A
table covered with screen of Icm x Icm holes and 1.5m width, 2m length

used for manual separation of MSW.

The field work started on 15/11/2005 and finished on 28/1/2006. Data

collection was carried out in different dumb sites in the district (Fig 2-2),

and 30 samples were taken from 5 sites.

Figure (2.2): View of Qalqilia dumpsite.
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Chapter Three

Results and Discussion
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Chapter Three
Results and Discussion
3.1 Socio-economic factors

3.1.1 Income

Table 3.1 shows that approximately 88.3% of the respondents were from
low and middle-lower social economic status estates (SES), while 7% and

4.7% were from the upper and high SES respectively.

Table (3.1): Distribution of average family income in new Israel Shekel
(NIS)*

Family income Frequency Valid Cumulative

Percent Percent
<1000 NIS 208 31.5 31.5
1000 - 2000 NIS 271 41.1 72.6
From 2000 to 3000 NIS 104 15.8 88.3
3000 - 4000 NIS 46 7.0 95.3
> 4000 NIS 31 4.7 100.0
Total 660 100.0

* 1US$=4.32 NIS

The study showed that average family income is statistically significant at a
chi-square (17.050), with degree of freedom (8), and a p-value (0.03), with
willingness of citizens to separate waste into organic and inorganic wastes.

It also showed that it is statistically significant at a chi-square (15.464),

with degree of freedom (4), and a p-value (0.004), that citizens are willing

to transform organic waste to natural fertilizer if they have been trained



3.1.2 Respondents

Exactly 79.5% of respondents were heads or spouses of the households,

while children between 15 and 18 years represented 3.6% and adult sons
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above 18 years represented 16.8% as shown in table 3.2.

Table (3.2): Distribution of survey respondents

) Cumulative

Type of respondents Frequency | Valid Percent Percent
Head of the house 530 79.5 79.5
Adult sons over 18 years 112 16.8 96.3
Others 1 1 96.4
Children between 15 24 36 100.0
and18 years
Total 667 100.0

3.1.3 Household occupants

The distribution of occupants in a household is shown in table 3.3, A bout
25.8% of households have less than 5 persons per household, 50.8% have
between 5 to 8 persons, 20% have between 9 to 12 persons and 3.4% of
households have more than 12 persons per household. These numbers
indicate that the majority of families in the district have between 5 to 12
members. (PCBS, 2004) indicates that the average household size in the
West Bank is 6.3 persons. Table 3.4 shows the number of rooms in the
house. 87.7% of families have less than 4 rooms, so because the population
density is high with the low income for most families. This will affect
negatively the behavior and practices of the families towards SWM, which
is in the fact increases littering and careless behavior toward disposal of

solid waste.
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Table (3.3): Distribution of the number of occupants in the households

Number of occupants in Frequency Valid Cumulative
the households Percent Percent

<5 persons 176 25.8 25.8

5 - 8 persons 346 50.8 76.7

9 - 12 persons 136 20.0 96.6

>]12 persons 23 3.4 100.0

Total 681 100.0

Table (3.4): Distribution of surveyed households according to the number

of rooms in the house

Number of rooms in the house | Frequency Valid | Cumulative
Percent Percent

<3 171 25.1 25.1

3 - 4 rooms 427 62.6 87.7

> 4 rooms 84 12.3 100.0

Total 682 100.0

Table 3.5 represents the respondents duration of residence in localities of
Qalqilia district. Most people have lived at the same house for a long time
because they want to stay together as a family which increases the density
per household. Few families change the place where they live due to
marriage or work requirements.

Table (3.5): Distribution of surveyed respondents according to duration of
residence in localities of Qalqilia district

Duration of residence in Frequency Valid Cumulative
localities (years) Percent Percent
<10 72 11.2 11.2
25-10 172 26.7 37.8
26 -35 108 16.7 54.6
>35 293 45.4 100.0
Total 645 100.0

3.1.4 Educational level

Table 3.6 shows the percentage distribution of educational level of

respondents. Although the sample represents all levels of education,
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unfortunately most respondents do not know the exact meaning of the term

"solid waste" as will be shown next.

3.2 Respondents knowledge about the meaning of "'solid waste""

The majority of respondents stated that solid waste was either chemical
substance, factory waste, decomposable waste, municipal waste, metal and
wood, paper, and liquid substances as shown in table 3.7.

Table (3.6): Distribution of respondents according to educational level

Educational level of Frequency | Valid Percent Cumulative
respondents Percent

Illiterate 17 2.5 2.5
Elementary 70 10.3 12.8
Preparatory 165 24.2 37.0
Secondary 257 37.7 74.7
Post secondary 172 25.3 100.0
Total 681 100.0

Table 3.7 Distribution of respondents' answer about the meaning of the

term solid waste

Respondents answer about the

. : Frequency Percent
meaning of solid waste
Chemical substances 4 0.6
Factories waste 44 6.4
Decomposable waste 21 3.1
Municipal wastes 56 8.2
Metal and wood 330 48.3
Do not know 180 26.4
Paper 3 0.4
Liquid substances 2 0.3
Waste in the solid state 27 4.0
Others 16 2.3

The study indicated that 32.9% of the respondents agreed that solid waste

was a real problem in Qalqilia district as shown in table 3.8.
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The study showed that the educational level is statistically significant at a
chi-square (5.259), with a degree of freedom (1), and a p-value (0.022), in

relation of the meaning of the term solid waste.

Also the study indicates that existing of problems related to solid waste is
statistically significant at a chi-square (11.197), with a degree of freedom
(3), and a p-value (0.011), with the duration of residents. It is also

statistically significant at a chi-square (9.511), with a degree of freedom

3),

and a p-value (0.023), with number of occupants in the house. It is also
statistically significant at a chi-square (6.107), with a degree of freedom
(2), and a p-value (0.047), with number of rooms in the household.

Table (3.8): Response of surveyed respondents about if there is a solid
waste problem in their localities

Is there a solid waste

problem in your locality Frequency Valid Percent

Yes 220 32.9
No 449 67.1
Total 669 100.0

3.3 Practices and attitudes

Table 3.9 shows the Percentage distribution of surveyed residents
committed to paying fees for MSW collection services. According to table
3.9, we can see that some of the residents are not committed to paying the
fees dedicated for MSW collection services. This is due to the absence of
executive power or the bad economical situation of residents due to Israeli

occupation and unstable political situation. As a result, the quality of MSW
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management is not appropriate and the citizens complained about

uncollected garbage along the streets.

Table (3.9): Percentage distributions of surveyed residents committed to
paying fees for MSW collection services

Residents committed by paying fees | Frequency Valid |Cumulative
for MSW collection services (%) Percent Percent
<50 3 11.5 11.5
50-90 5 19.2 30.8

>90 18 69.2 100.0
Total 26 100.0

Table 3.10 indicates that 46.2% of localities can easily find MSW workers
when they need because of the economical situation that results from the
Israeli closure that prevent Palestinian workers to work behind the green
line or in the colonies which oblige some of poor workers to agree working
in MSW collection services. It was difficult for 53.8% of localities to find

MSW workers when they need because of several reasons shown in table

3.11.

Table (3.10): Availability of MSW workers in Qalqilia district

Can you easily find MSW Frequency Percent
workers when you need
Yes 12 46.2
No 14 53.8
Total 26 100.0

Table (3.11): Reasons that prevent people to work in MSW management.

Reasons that prevent people for Frequency Valid
working in MSW management Percent
Shamed of the career 5 50.0
Scared of diseases 1 10.0
Social status and low salary 4 40.0
Total 10 100.0
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Table 3.12 indicates that 42.3% of solid waste collection workers wear
special uniform provided to them during the collection process. That
uniform is important for the safety of workers which includes a hat, special
shoes, gloves and a plastic coat. 57.7% of collection workers do not wear
that uniform because the localities do not provide that uniform to its
workers due to financial problems or because they do not care about the
safety of collection workers or do not know the hazards of MSW. It was
found that none of the localities provide training to its solid waste
collection workers to do their work, and they obtain their experience from
practice and error which expose their life to danger (see figure 3.1). A
study was made by Milhem about the investigation of occupational health
and safety hazards among domestic waste collectors in Bethlehem and
Hebron districts showed that 44.7% of surveyed waste collectors have
suffered from sore throat, cough, and high temperature. It also shows that
27.9% have suffered from diarrhea or bloody stool, 25% have suffered
from shortness of breath, and 20.2% have suffered from skin diseases
(Milhem, 2003).

Table (3.12): MSW collection workers use of special uniform, during
collection process.

Do the workers wear special Frequency Percent
uniform during collection process
Yes 11 423
No 15 57.7
Total 26 100.0




Figure (3.1): Collection workers without uniform

It was noticed from table 3.13 that some citizens burn the waste container
that is close to their household because when they want to dispose their
waste they find the container full of waste. They burn the container to
decrease the waste volume and make a space for their waste or because
they do not sustain the bad odor of the waste container so they burn it to
reduce the odor. Burning of these waste containers will affect the safety of
residents in the surrounding area by polluting the air, will cause many
respiratory problems such as shortness of breath, and the localities will
suffer from the shortage of the containers.

Table (3.13): Waste burning practices

Do citizens burn the waste in | Frequency |Valid Percent
the containers?

Yes 1 4.3
INo 11 47.8
Sometimes 11 47.8

Total 23 100.0
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It is common to see waste scattered around containers especially full ones.
Table 3.14 shows that 36.4% of the key persons in the surveyed localities
said that they always find scattered waste around the waste container. This
is due to low collection frequency, long distance between the waste
containers due to the insufficiency of waste containers. 13.6% mentioned
that they do not find waste around the waste container because they empty
the containers every day or they have sufficient number of waste containers
spread all over the locality to tolerate collection frequency. 50% said that
they some times find waste around the waste container when they delay the
collection time or because of disposal practices of some citizens that leaves
the waste sacks near the waste container or due to wind that blows and

scatters the waste from the container that do not contain a cover as shown

in figure 3.2.

Figure (3.2): Scattered waste around waste container
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Table (3.14): Resident practices when disposing waste

Do you find scattered Frequency |Valid Percent
waste around container?
Yes 8 364
No 3 13.6
Sometimes 11 50.0
Total 22 100.0

Results in table 3.15 show that about 17.1% of waste is disposed by
children which usually through the garbage near the waste container
because they cannot raise the waste to put in the container or they are not
tall enough to reach the container and this practice may expose children to
great danger, as a result the waste will accumulate near the waste container
and the environmental view will be very unsightly, the bad odor will spread
to the surrounding area, the insects and the rodents will spread and breed
all over the area, the animals (especially cats and dogs) will spread the
waste searching for food as shown in figure 3.3. Because of that, residents
are afraid to put waste containers near or close to their houses. As shown in
table 3.16, 27% of residents are disturbed from putting a waste container

close to their houses and the reasons are shown in table 3.17.

Figure (3.3): Cats scattering waste searching for food
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48

container

Household member that disposes Frequency Valid
their waste into waste container Percent
Father 244 364
Children 117 17.5
Mother 119 17.8
)Adult sons( more than 18 years) 133 19.9
Father and adult sons 26 3.9
Mother and adult sons 9 1.3
Others 22 33
Total 670 100.0

Table (3.16): Peoples attitudes toward the site of waste container

Is putting the waste container Frequency Valid
close to your house disturbs you? Percent
Yes 183 27.0
No 496 73.0
Total 679 100.0

Table (3.17): Reasons that explain peoples concern about putting the waste

container close to their houses

Why putting the waste container Frequency Valid
close to your house disturbs you? Percent
Waste accumulation 23 12.6
Bad odor 108 59.0
Good environment for insect

: 5 2.7
breeding
Unsightly view and Bad odor 17 9.3
Insects and dirt 6 33
Dirt's and bad odor 8 4.4
Insects and odor 16 8.7
Total 183 100.0

Results also show that 97.3% of residents are willing to pay more for better
service as shown in table 3.18 but their willingness to pay is due to the

existing situation of insignificant management.
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The study showed that the educational level is statistically significant at a
chi-square (47.289), with a degree of freedom (20), and a p-value (0.001),
in relation of willing to pay more for better service.

Table (3.18): Monthly money (in shekel) that residents are willing to pay
more for better service.

Monthly money that residents are willing Frequency Valid
to pay more for better service (NIS) Percent

6-12 302 46.0
12- 24 202 30.8
24 -36 78 11.9
36 -48 20 3.0
> 48 36 5.5
Do not want to pay 18 2.7
Total 656 100.0

Table 3.19 indicates that 47.3% of residents are satisfied about the distance
between the waste containers and their houses, 17.2% are not satisfied
because the distance between the container and their homes is far away and
they have to walk for a long distance to reach the waste container, 23.4%
said that the distance is fairly good, these residents prefer the waste
container to be far away from their houses because of unsightly view, bad
odor, and spread of insects and rodents, 12.1% of residents do not have any

waste container in the area.

Table (3.19): Suitability of the distance between the container and the house

Is the distance between the F Valid P ¢
container and the house suitable? requency alid Fereen
Yes 321 47.3
No 117 17.2
Fairly good 159 23.4
No container 82 12.1
Total 679 100.0

Table 3.20 indicates that 52.4% prefers the waste container to be far away

10 to 20 meters from their houses, also the table show peoples willingness
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to walk to reach the container if it is far away from their houses or if the

waste vehicle cannot reach the household.

Table (3.20) Distance in meters that people are willing to walk to reach the
waste container

]?Ilrslt;g:)e Frequency Valid Percent Clg:;f::lltve
10 - 20 353 52.4 52.4
20-50 215 31.9 84.3
50-100 49 7.3 91.5
100 - 150 36 53 96.9
<150 21 3.1 100.0
Total 674 100.0

3.4 Solid waste reduction opportunities

Results in table 3.21 reveals that 42.5% of residents are ready to separate
waste for five components without money to reach a sustainable solid
waste management, 23.8% with little money, and 33.8% of residents are
not ready to separate waste for five components, and when asked about the
reason 39.4% of them said that there is no enough time, others said there is
no place for that, others said it is useless process.

Table (3.21): Willingness to separate waste into five components

Willingness to separate waste Frequency Valid Cumulative
into five components Percent | Percent
Yes without money 284 42.5 42.5

Yes with little money 159 23.8 66.2

No 226 33.8 100.0

Total 669 100.0

Table 3.22 also measures resident attitudes toward their willing to
participate in municipal solid waste management, so when asked about

separating waste into two components (organic and inorganic), 60.6% said
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yes without money, 18.6% said yes with little money and 20.8% refuses to
participate and said no, and when asked about the reason, some of them did
not know the meaning of organic and inorganic, others afraid of waste and

said this is dangerous process.

It is statistically significant at a chi-square (21.448), with a degree of
freedom (8), and a p-value (0.006) that higher education citizens are willing
to separate waste into five components. So education factor plays a positive
parameter.

Table (3.22): Willingness to separate MSW into organic and inorganic

Willingness to separate Frequency Valid | Cumulative
waste into 2 components Percent | Percent
Yes without money 410 60.6 60.6
Yes with little money 126 18.6 79.2
No 141 20.8 100.0
Total 677 100.0

Results in table 3.23 shows that 56.5% of residents get rid of their food
waste with other waste, 1.5% as organic fertilizer but without any treatment
and just mix it with soil, 30.7% of residents use the food residues as animal
food, this practice is familiar in villages. Local authorities should explore
the possibility of the potentially high willingness of people towards home
composting as revealed in this study. If implemented properly, home
composting would be a sustainable solution for small local authorities with

waste generation less than 2 tons/day.
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Table (3.23): Disposal methods of food wastes

: Valid | Cumulative
Disposal of food waste | Frequency Percent Percent

With waste 379 56.5 56.5

As organic fertilizers 10 1.5 58.0
Animal food 206 30.7 88.7
Others 21 3.1 91.8
With waste and animal 55 39 100.0
food

Total 671 100.0

Table 3.24 shows the capability of residents to transform organic
waste to natural fertilizer if they were trained by specialists, but results
indicate that 28.4% of residents refuses the idea because some of them
(19.7%) do not have time, others (61.1%) do not have a backyard, and the

rest said that they do not care or they obtain the fertilizer from animals.

The study showed that willingness of citizens to transform organic waste to
natural fertilizer if they have been trained is statistically significant at a chi-
square (15.523), with a degree of freedom (4), and a p-value (0.004), with
the educational level. It also showed that it is statistically significant at a
chi-square (23.14), with degree of freedom (7), and a p-value (0.02), with
type of locality. It is also statistically significant at a chi-square (15.464),
with a degree of freedom (4), and a p-value (0.004), with average family
income.

Table (3.24): Willingness of citizens to transform organic waste to natural
fertilizer if they have been trained

Willingness to transform organic Freduenc Valid | Cumulative
waste to natural fertilizer d Y| Percent | Percent
Yes 487 71.6 71.6
No 193 28.4 100.0
Total 680 100.0
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It was noticed that citizen's attitudes are influenced not only by impacts,
but also by a lack of credibility in waste managers, decision makers,
decision processes, and control mechanisms for waste facility sitting and
operation. Also citizen's attitudes depend on knowledge about facility, so
residents tend to show more negative attitudes to unfamiliar facilities of
which they have no experience, compared with similar facilities that
already exist. Table 3.25 shows that 38.6% of household served by waste
collection are satisfied with the existing system but they would prefer a
higher frequency of collection, 44.7% of households are relatively satisfied
and they wish for a better improvement in the existing services, 16.7% of
households are not satisfied with the existing services because of the

reasons shown in table 3.26.

Satisfaction with the existing MSW services were cross tabulated with
other factors. It showed that some factors are statistically significant, such
as average family income at a chi-square (17.837), with a degree of
freedom (8), and a p-value (0.022); number of residents in the house hold at
a chi-square (22.81), with a degree of freedom (6), and a p-value (0.001).

Table (3.25): Satisfaction with the existing MSW services

Satisfaction with the existing Frequency Valid | Cumulative
MSW services Percent | Percent
Yes 263 38.6 38.6

No 114 16.7 55.3
Relatively 305 44.7 100.0
Total 682 100.0
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Table (3.26): Reasons of un satisfaction with the existing MSW services

Reasons of un satisfaction with Frequenc Valid Cumulative
the existing MSW services d Y| Percent Percent
Irregular collection of waste 21 19.1 19.1
Careless protection to containers 15 13.6 32.7
Deficiency of waste containers 22 20.0 52.7
They do not splash the streets 15 13.6 66.4
Others 14 12.7 79.1
Every thing mentioned 23 20.9 100.0
Total 110 100.0

3.5 MSW Caollection and transportation

Table 3.27 shows the percentage of households covered by MSW
collection services, the average MSW collection frequency (times/week),

average monthly salary of MSW collection employees, and number of

MSWM workers.

From public survey a wide variation is noted in collection frequency, which
ranges from 1 to 6 times per week. The results in table 3.27 reveals that, the
percentage of households covered by MSW collection service, ranges
between (80% and 100%) with an average of 96.88% compared to only
67% in year 2000 (Abu Thaer, 2005), and to 90.7% in year 2005 (PCBS,
2005). The non-coverage of the remaining households is due to their
locations and the absence of paved roads to reach these households. We
notice that MSW collection frequency in some villages is very low and
from 683 questionnaires about 25.7% of residents said that MSW collection
frequency is less than twice a week, 25% said three times a week, and
49.3% said six times a week. So we notice that Qalgilia city had the highest

MSW collection frequency, (6 times/week) among all areas studied. This is
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attributed to the broader scale of services offered by the cities, including

street cleaning.

Analyzing the questionnaire of the local authority revealed that 65.4% of
local authorities collect less than 2 tons of waste per day, and this leads us
to the fact that the localities population density is very low, so the low
collection rate is primarily due to resource constraints such as lack of

collection vehicles, financial constraints or appropriate disposal site.

The study revealed that 88.5% of localities share the waste collection
vehicles and /or collection crew under a system known as the "common
service councils", and sometimes seven localities share the same vehicle
and the same crew which alleviated some of the financial burden borne by
the smaller villages in the past to provide these services to their citizens, So
this explains the increase in collection service coverage from the year 2000.
But most of these vehicles is 3 ton compactors (see figure 3.4) that takes
one deliver from each locality every two or three days and sometimes the
compactor is filled with waste before emptying all waste containers in the
same locality, so these containers will not be emptied till next time, which
spreads bad odor all the week and will be a suitable environment for insect

breeding, not to mention the ugly site.



Figure (3.4): Three tons solid waste compactor

It can be noticed from table 3.28 that the average salary of solid waste
collection worker ranges between 1000 to 1750 NIS per month, and this
salary is low, so many persons refuses to work in such a job due to its low
salary and because most Palestinians consider this job a low status job.
Discussion with local authority's staff responsible of MSWM revealed
difficulties in finding workers who accept to work in waste collection, so
we can find many employees with special needs working in solid waste

collection.
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Table (3.27): MSW collection in surveyed residential areas

No | Locality Average Average Average Number
Name percentage of | MSW salary of of MSW
households collection | MSW managem
covered by frequency | collection ent
MSW times/week | workers workers
collection NIS/month
services (%)
1 Qalqilia 95 1350 80
2 Kafr 98 1750 2/3
Qaddum
Jit 100 2 1200 3/6
Bagqat al 99 2 1200 3/6
Hatab
5 Hajja 100 2 1200 3/6
6 Jayyus 90 3 1000 3/4
7 Khirbet Sir 100 2 1000 3/4
8 Far'ata 95 1 1200 3/6
9 Immatin 95 2 1200 3/6
10 | Al Funduq 90 2 1750 2/3
11 'Azzun 100 2 1700 2/7
'Atma
12 | An Nabi 100 3 1000 3/4
Elyas
13 | Kafr Laqif 95 2 1200 3/6
14 | 'Izbat at 90 1 1700 2/7
Tabib
15 | Jinsafut 80 2 1750 2/3
16 |'Azzun 100 3 1150 7
17 | Sanniriya 100 2 1500 3/3
18 |'Isla 100 1 1000 3/4
19 | Habla 95 3 1200 3
20 | Beit Amin 100 2 1500 3/3
21 Ras 'Atiya 100 2 1700 2/7
22 | Ad Dab'a 100 1 1700 2/7
23 | Kafr Thulth | 100 3 1500 3/3
24 |'Izbat Jal'ud |98 1 1700 2/7
25 | 'Izbat al 100 2 1700 2/7
Ashqar
26 | 'lIzbat 99 2 1700 2/7
Salman
96.88 2.2 1336 103

Average
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3.6 MSW Generation Rates

Table 3.28 shows the average per capita MSW generation rates for 26
localities in Qalgqilia district studied. For each locality, waste amount and
population number were shown, from which we calculate the per capita

generation rates.

It is observed in table 3.28 that MSW generation rate in the city of Qalqilia
is higher than the villages in the district. This is attributed to the higher
living standards, economical activities in the city, population density, and
average MSW collection frequency compared to the villages. Also, in the
villages, a fraction of the organic waste is fed to farm animals and is,
therefore, diverted from the MSW collection stream. It is also observed that
the MSW generation rate for the villages that occurs on the main road (Al
Funduq and An Nabi Elyas) is higher than villages far away from the main
road. This is due to the economical and commercial activities that the
Israelis made when they pass through the road seeking lower prices, so the
commercial activities resulted in higher income for residents as well as
larger amounts of MSW. The MSW generation rate per capita for the 26
localities ranges between (0.76 kg. person'day” and 1.79 kg. person™day
Y. The overall average MSW generation rate per capita for the 26 localities
is 1.46 kg. person'day”. The per capita solid waste generation rates in
seven Palestinian cities were estimated as Ramallah and Bireh (1.56 kg.
person” .day™"), Nablus (1.38 kg. person”'day™), Tulkarem (0.90 kg. person’
'day™), Qalqilia and Salfit (2.00 kg. personday™), Tubas and Jenin (1.71
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kg. person”'day™) (" Al-Khatib et. al., 2006).The best estimate of total MSW
generation in Qalgilia district is around 142.31 ton/day. These results are in
agreement with global trends for developing countries, (Idris et. al. 2004;
Pokhrel and Viraraghavan 2005).

Table (3.28): MSW generation rates in surveyed residential areas

: Population | Daily collected | MSW generation rate

No | Locality Name (1; 006) MgW (ton) (ke. pge rson” day™)
1 | Qalgilia 44,709 80 1.79
2 | Kafr Qaddum 3,493 3 0.85
3 it 2,320 2.5 1.07
4 | Bagat al Hatab 1,748 2 1.14
5 | Hajja 2,529 3 1.18
6 | Jayyus 3,307 4 1.20
7 | Khirbet Sir 538 0.5 0.92
8 | Far'ata 657 0.5 0.76
9 | Immatin 2,450 2 0.82
10 | Al Funduq 659 1 1.51
11 |'Azzun 'Atma 1,670 2 1.19
12 | An Nabi Elyas 1,214 2 1.65
13 | Kafr Laqif 984 1.5 1.52
14 | 'Izbat at Tabib 211 0.2 0.95
15 | Jinsafut 2,280 2 0.88
16 | 'Azzun 8,262 12 1.45
17 | Sanniriya 2,987 3 1.01
18 | 'Isla 887 1 1.12
19 | Habla 6,151 7.5 1.22
20 | Beit Amin 1,147 1.5 1.30
21 | Ras 'Atiya 1,599 2 1.25
22 | Ad Dab'a 270 0.3 1.11
23 | Kafr Thulth 4,364 4 0.91
24 | 'Izbat Jal'ud 142 0.2 1.40
25 | 'Izbat al Ashgar 418 0.5 1.19
26 | 'Izbat Salman 643 1 1.55

Total 95,639 139.7 1.46
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3.7 Methods of final waste disposal

Observation and segregation were made at 5 disposal sites, these disposal
sites were selected to represent different zones in the district. So location,
operational conditions, and environmental impacts were observed. The
disposal sites were of different sizes and disposal rates. All the dumpsites
are located at environmentally sensitive areas, which is in the middle of

agricultural lands (see figures 3.5 and 3.6). Qalgilia dumpsite is in the

middle of water-bearing layer.

Fig. (3.5): Waste dump for Qalgqilia Fig. (3.6): Jayyus solid waste dumpsite

Table 3.29 shows a summary of final disposal methods for MSW in
Qalgqilia district. It is worrying to see from table 3.29 that most localities
dispose of and sometimes, burn their waste in random open dumps lacking
proper health and safety requirements. So the reason that localities use the
burning method is volume reduction or financial constraints that the budget
for disposal is very small and do not allow further treatment. As a result,
localities may perform its service according to the resources available that
it can manage from the collection fee, and the collection service will

deteriorate. Because the localities have very limited financial resources,
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uncontrolled dumping may be the only option available at the moment
because it is the cheapest type of land disposal. However, it should be
noted that such a practice puts the public and the environment at risk from
underground and surface water contamination, toxic smoke and waste
blown by the wind, vectors, etc. Such a practice should not continue
because it is not environmentally acceptable, and it makes the useful life of
a disposal site even shorter. The economic reason for taking care that
disposal sites have the longest possible life is that, once these sites are
filled new ones usually can be found only at a greater distance and this
increases transportation cost considerably, which accounts for the major
share of overall cost. Still, an effective strategy to make the disposal sites
have the longest possible life should focus not only on technical operation
at the site, but also on waste diversion that will include source reduction,
recycling, and waste transformation through composting. However,
burning of waste releases toxic gases such as dioxins, that pollutes the air
and contaminates the ground water (World Health Organization (WHO),
2000).

Moreover, during our visit to the dumpsites we notice that the dumpsites is
not protected from the entrance of people and animals, and this is a serious
problem, because animals eats polluted waste from the dumpsite, and
children searching the waste for metal, but we know that 46% of localities
dispose their medical waste with MSW without treatment, which puts the

animals and children under the risk of being infected with many diseases.
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Table (3.29): MSW disposal methods of surveyed residential area

Cumulative

Method Frequency | Percent Percent
Burned only 7 26.9 26.9
Semi-covered 3 11.5 38.5
Open ~ random  dumps —, 46.2 84.6
without burning
Oper} random dumps with| 4 15.4 100.0
burning
Total 26 100.0

The medical waste generated in Qalqilia district, is a threat to the
population of the area, as little of the generated medical waste is properly
treated before disposal and the most ends up with municipal garbage that is
disposed in waste containers and mixed with MSW. This wrong practice
exposes the collection workers and scavengers to a great danger of
infection of disease. Table 3.30 shows the ways that local authorities get rid
of medical waste that came from health centers.

Table (3.30): Disposal methods of medical waste that came from health
centers

Disposal methods of medical Frequency Valid |Cumulative
wastes Percent Percent
Collected with MSW 11 45.8 45.8
.Col.lected and burned in special 5 0.8 66.7
incinerator

Others 1 4.2 70.8

INo health center 6 25.0 95.8
Collected with MSW and burned 1 4.2 100.0
Total 24 100.0

Discussion with local authority indicates that out of 26 localities (as shown
in table 3.31), 5 owns the land of the dumpsite, 20 localities rented the land
of the dumpsite from citizens, and 1 locality disposes the waste in public

land. Renting the land of the dumpsite increases the financial load over
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localities and participate in decreasing the MSW services offered to the
citizens, also renting the disposal land increases the environmental
problems because every locality wanted the location of the dumpsite to be
not so far to reduce the transportation distance and the fuel of the vehicle,
and this practice causes the spread of dumpsites all over the district without
any treatment and causes a dangerous environmental problem.

Table (3.31): Ownership of the land of the dumpsite

The land of the dumpsite Cumulative

Frequency | Percent

Percent

Mumgpahty/vﬂlage council 5 192 192
owns 1t
Rented 20 76.9 96.2
Public 1 3.8 100.0
Total 26 100.0

3.8 MSW management budgets

Table 3.32 shows the percentage of total budget allocated for MSWM in
Qalqilia district. It was noticed from the table that MSWM budget ranges
between (3% to 9%) of the total budget and about 42.3% of localities has a
MSWM budget less than 3% of the total budget, 34.6% between 3% and
6% and 15.4 between 6% and 9%. It is very small when compared with
MSWM budget in Sri Lanka that ranges between 12% and 20% (DCS,
1998). When local authority staff were asked about the fees that they

collect from citizens and the expenses for SWM (84.6%) said that it is

enough for the existing service, and (15.4%) said that it is not enough
because the majority of that money is spent as salaries to staff and laborers,

fuel for vehicles and vehicle maintenance. The expenditure on final
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disposal is low. This small MSWM budget causes bad SWM service to
citizens, less collection frequency, no street litter collectors and absence of

a suitable method for final waste disposal.

Because the localities have very limited financial resources, uncontrolled
dumping may be the only option available at the moment because it is the
cheapest type of disposal.

Table (3.32): Percentage of total budget allocated for MSW management

MSW budget/Total budget Cumulative
Frequency | Percent
Percent

Less than 3% 11 423 423
Between 3% and 6% 9 34.6 76.9
Between 6% and 9% 4 15.4 923
More than 9% 2 7.7 100.0
Total 26 100.0

The cost of waste management is covered by a direct fee on households
that is collected monthly with electricity bell (92.3% of localities), or
yearly with a special bell (7.7% of localities). The survey also exposed the
fact that 97.3% of households with waste collection service are willing to

pay for better service.

3.9 MSW collection workers and collection equipment

From table 3.27 the number of MSW workers in Qalqilia district is 103
divided between the city of Qalqilia and the rest of localities, 80 employee
for the city with 1 worker for every 559 citizen, and 23 for the rest of
villages and municipalities with 1 worker for every 2214 citizen. This is

due to the employment of street litter collectors by the city of Qalqilia, (35
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collectors), to keep the city clean because the city of Qalqilia is the center
of the district that contains the vital establishments, whereas villages hire 2
to 3 workers, (the driver and one or two assistants), for household waste
collection only and these workers and the vehicle are divided between 3 to
7 villages. Village councils do not hire street litter collectors because of
financial problems, but the citizens habits of cleaning their streets reduces
the littering problem. Table 3.33 shows the Number of street litter
collectors in localities of Qalgilia district.

Table (3.33): Number of street litter collectors in localities of Qalgilia district

No of street litter Frequency | Valid Percent Cumulative
collectors Percent
.00 14 70.0 70.0
1.00 1 5.0 75.0
2.00 3 15.0 90.0
4.00 1 5.0 95.0
35.00 1 5.0 100.0
Total 20 100.0

Table 3.34 shows the average number of MSW collection vehicles per
thousand citizens in the city and the villages of Qalgqilia district. From the
table it is observed that the vehicle serves less people in the city than in the
villages, due to the higher collection frequency in the city, better life style,
high living standards and economical activities in the city. Moreover it was
noticed that in the city the municipality use larger collection vehicles
capable of serving more people than the smaller vehicles used by the
villages and this technique helps in better service and according to World
Health Organization (1988), in average the number of vehicles used for

collection of waste is one large collection vehicle for every 15000 person.
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It was also noticed from the table that small villages share the same vehicle
(which is usually funded by international donors, see figure 3.7) and the
same crew under a system known as "common service council, which
alleviated some of its financial problems, but this makes MSW
management less efficient due to low collection frequency and the vehicle

passes higher distance and more time lost between the villages.

Figure (3.7): Waste compactor funded by international donors
Table (3.34): Average numbers of vehicles and localities shared vehicles

No. of | Localities sharing the same Total Average number
vehicles | vehicle population | of vehicles per
thousand citizens
Qalqilia city 44,709 0.18
1 Kafr Qaddum, Jinsafut, Al 6,432 0.155
Funduq
'Azzun 8,262 0.121
Habla 6,151 0.162
Kafr Thulth, Sanniriya, Beit 8,498 0.117
Amin
1 Jayyus, Khirbet Sir, An Nabi 5,946 0.168
Elyas, 'Isla
1 Jit, Baqgat al Hatab, Hajja,| 10,688 0.093
Far'ata, Immatin, Kafr Laqif
1 '[zbat at Tabib, Ras 'Atiya, 4,953 0.172
Ad Dab'a, 'Izbat Jal'ud, 'Izbat
al Ashqar, 'Izbat Salman,
'Azzun 'Atma
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From table 3.35 it was noticed that 11.9% of the roads are not paved and
this phenomenon is spread in the villages which make it difficult for the
waste vehicle to enter these roads and increase the maintenance fees and
pollutes the air and the surrounding houses with dust, but some of these
roads with a small width and prevent the vehicles to enter, so residents

must carry their waste out of these roads to the nearest container to the

household.

The study showed that the road condition is statistically significant at a chi-
square (14.86), with a degree of freedom (3), and a p-value (0.002), in
relation with the duration of residents. It is also statistically significant at a
chi-square (91.198), with a degree of freedom (3), and a p-value (0.001), in
relation to the type of localities (city or village).

Table (3.35): Road condition that reach the household

Road condition Frequency | Valid Percent Cumulative
Percent
Paved 598 88.1 88.1
Not paved 81 11.9 100.0
Total 679 100.0

From table 3.36 we can notice that 13.4% of households do not have
a container even far away from the household because some localities do
not use containers and collect the waste from door to door, and the citizen
puts the waste sacks out of the house without knowledge about the
collection time which may be more than once a week. This practice may be
the reason of wide spread of insects, rodents, wild animals and may cause

disease. We also notice from the table that some households are far away
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(more than 150 meter) from the closest waste container which make it
difficult for the citizen to reach the waste to the container and cause

littering in that area.

Table (3.36): Distance of the closest container to the household

Distance from : Cumulative
the house (meter) Frequency Valid Percent Percent
10 -20 278 40.8 40.8
21-50 153 22.5 63.3
51 -100 80 11.7 75.0
101 -150 40 5.9 80.9
<150 39 5.7 86.6
No container 91 13.4 100.0
Total 681 100.0

Transportation of MSW includes carrying wastes from transfer stations
for disposal to processing units, most containers in the district, especially in
the villages are hauled container system that hauled to a disposal facility
where these are emptied and returned back (see figure 3.8), this system is
ideal for the locations where waste generation rate is high, as large
containers are employed, but localities cannot sustain the financial load of
increasing the containers, moreover, most of these containers are from
donors and came to service recently, because of this table 3.37 indicates
that 67.2% of residents said that the mechanical situation is good, 18.1%
said they are not good because citizens steel there wheels or crush them to

avoid putting them near their houses.

It is statistically significant at a chi-square (9.841), with a degree of

freedom (4), and a p-value (0.043) that the mechanical situation of the
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container is affected by increasing the number of rooms in the house. It
also affected at a chi-square (13.279), with a degree of freedom (6), and a
p-value (0.039) with the duration of resident in the house. Also it is
affected by the type of locality at a chi-square (44.358), with a degree of
freedom (2), and a p-value (0.000).

Figure (3.8): Hauled container system that hauled to a disposal facility
Table (3.37): Mechanical situation of the container

Mechanical situation Frequency Valid Cumulative
of the container Percent Percent
Good 456 67.2 67.2
Not good 123 18.1 85.3
No container 100 14.7 100.0
Total 679 100.0

A variety of waste management problems in the area under study were
identified. More specifically, our study brought to light that some of the
wastes are left outside the bins on the street because the number of bins is
insufficient. When residents were asked if they found waste near the waste

container table 3.38 indicates that 31.4% said that they found waste near
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the container, because the collection frequency is once or twice a week, and
often they found the waste container full of waste as shown in table 3.39,
moreover the waste container without a cover which allow the waste to fly
away out of the waste container (see figure 3.9), 32.6% said that they do
not found waste near the waste container especially in the city of Qalgilia
because the collection frequency is six times a week and they have
employees for scattered waste, 35.9% said sometimes they found waste
near the waste container if the collection time delay from the usual time

and the containers were full of waste.

The study showed that Probability of finding the container full of waste is
statistically significant at a chi-square (6.434), with a degree of freedom
(2), and a p-value (0.04), with the type of locality. It also showed that it is
statistically significant at a chi-square (19.721), with degree of freedom (8),
and a p-value (0.011), with average family income. It is also statistically
significant at a chi-square (11.717), with degree of freedom (4), and a p-
value (0.02), with number of rooms in the house. . It is also statistically
significant at a chi-square (28.771), with degree of freedom (8), and a p-

value (0.00), with the educational level of respondent.

Finding waste near the container was cross tabulated with other factors. It
showed that some factors are statistically significant, such as age of
respondents at a chi-square (16.92), with a degree of freedom (6), and a p-
value (0.01); average family income at a chi-square (18.847), with a degree

of freedom (8), and a p-value (0.016); number of rooms in the house at a
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chi-square (11.154), with a degree of freedom (4), and a p-value (0.025);
duration of resident at a chi-square (15.609), with a degree of freedom (6),
and a p-value (0.016); number of occupants in the house at a chi-square
(13.13), with a degree of freedom (6), and a p-value (0.041); educational
level at a chi-square (29.608), with a degree of freedom (8), and a p-value
(0.000); type of locality at a chi-square (37.982), with a degree of freedom
(1), and a p-value (0.000).

‘. " - , ~ 2 '_‘-:_' il -~

Figure (3.9): Waste container without a cover full of waste

Table (3.38): Littering near the container

Do you found waste Frequency Valid Cumulative
near the container? Percent Percent
Yes 211 314 314
No 219 32.6 64.1
Sometimes 241 35.9 100.0
Total 671 100.0
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Table (3.39): Probability of finding the container full of waste

Do you found the Fr N Valid Cumulative
container full of waste? cquency Percent Percent
Yes 201 29.8 29.8
No 206 30.5 60.3
Sometimes 268 39.7 100.0
Total 675 100.0

The cost of removing waste which has been scattered in the street is much
higher than the cost of collecting similar waste which has been placed in
containers, so most municipalities or village councils do not employ
workers to scavenge the streets because the budget is not sufficient for the
existing situation, but as we see from table 3.40 that 57.4% of residents
said that the municipality scavenge the streets, the majority of these

residents are from Qalgqilia city which employ about 35 worker for the

scavenge process and represent about 50% of residents, 41.9% of residents

do not have this service because of the financial problems.

It is statistically significant at a chi-square (322.511), with a degree of

freedom (2), and a p-value (0.006) that scavenges the streets depends on

locality type.

Table (3.40): Percentage distribution of streets that don't receive scavenge
Do municipality Frequenc Valid Cumulativ
scavenges your street? q Y Percent e Percent
Yes 381 57.4 57.4
No 278 41.9 99.2
Sometimes 5 8 100.0
Total 664 100.0

From table 3.41, 10.1% of residents said that the municipality splash

containers with insecticides and this process happens just in summer to
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avoid the spread or the breeding of insects, 44.7% said that municipality do
not splash containers with insecticides because of financial constrains,
45.3% said that the sometimes the municipality splash containers with
insecticides if the environmental authority deliver insecticides to
municipalities without price.

Table (3.41): Percentage distribution of containers that don't receive splash
with insecticides

Does the municipality splash Frequency Valid Cumulativ
containers with insecticides? Percent e Percent
Yes 68 10.1 10.1
No 302 447 54.7
Sometimes 306 45.3 100.0
Total 676 100.0

Table 3.42 shows the resident respondents about the hygienic situation of
the containers near their houses, 65% said fairly good, this high percentage
from localities with high collection frequency, especially the city or from
citizens unaware of hygienic situation, 21.9% said not fairly good because
of the low collection frequency and the spread of insects, rodents and odor

from the waste container.

Hygienic situation of the nearest container were cross tabulated with other
factors. It showed that some factors are statistically significant, such as
educational level of respondents at a chi-square (22.431), with a degree of
freedom (8), and a p-value (0.004); average family income at a chi-square
(20.054), with a degree of freedom (8), and a p-value (0.01); number of
rooms in the house at a chi-square (14.192), with a degree of freedom (4),

and a p-value (0.007).
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Table (3.42): Hygienic situation of the nearest container

Hygienic situation of Frequency Valid Cumulative
the nearest container Percent Percent
Fairly good 440 65.0 65.0
Not fairly good 148 219 86.9
No container 89 13.1 100.0
Total 677 100.0

3.10 Other findings and lessons from the study.

Some unpleasant experiences were encountered in addition to the odor.
Some householders were not co-operative during the execution of the
project. Negative attitudes were observed, especially regarding separation
of the wastes. Worse still, some households discharged water into the waste
storage bags. This made the final sorting exercise difficult. Some
households used the waste storage bags for storing other household items
instead of the intended waste. Such a situation clearly shows that,
continuous sensitization on needs and benefits of solid waste management
and general health education should be an integral part of solid waste
management efforts. Another problem arose from the lack of appropriate

places to store the waste storage bags in the households before collection.

As such, the waste storage bags were vandalized by domestic animals,
especially dogs and cats, which tore them in the process of looking for
food, hence spreading the waste around household premises. Therefore,
scavenging by animals requires attention for the success of the solid waste
management endeavor. Furthermore, the poor road condition along the

collection route necessitated undue delays, and may have influenced the
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hiring cost for the waste collection vehicle. Demonstrating satisfaction with
the service rendered, majority of the respondents expressed willingness to
pay for the solid waste management service. Different respondents were
willing to pay different amounts so as to benefit from solid waste

management service.

For composting to make an impact on solid waste management in Qalqilia
district, a larger area of operation needs to be incorporated. Such a measure
will also improve economies of scale. Many people may not be aware of
composting, so for composting to take off successfully training of
composting plant operators and individual practitioners will need to be
done. General sensitization will also be needed for changing people’s waste
handling practices and perceptions as well as soliciting their cooperation. In
addition to demonstration projects, production of guidelines in form of
booklets and fliers that can be availed to the target group can greatly

enhance the training and sensitization objective.

This study has revealed that one of the most promising strategies for
improving solid waste management in Qalqilia district is waste
minimization coupled with maximization of resource recovery. The study
has reported on composting as an important potential resource recovery

technique.
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3.11 MSW composition

The composition of MSW is the term that describes the distribution of
each component of wastes by its percent weight of the total. The
information is required for the selection of suitable treatment and disposal

methods.

Analysis for SW composition was carried out as outlined in the
methodology in order to know the constituents as well as the overall

composition of SW from different sources and dumpsites.

The composition of MSW has been studied extensively. The precise
composition depends upon the locality and standard of living. Important
constituents of MSW generated in 5 dumpsites of Qalqilia district are

organic wastes, plastic, paper, metal, glass, cardboard, inert, and others.

Composition of wastes also differs from dumpsite to dumpsite. People
in a particular locality often have similar background in terms of incomes,
tastes, and expenditure. Composition of wastes from commercial areas
depends upon the nature of activities. Around offices and institutions
usually paper and packaging are the major components while close to

vegetable and fruits markets, food wastes are predominant.

Results of waste composition analysis from 5 dumpsites in Qalqilia district

are presented in figure 3.10.
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MSW in Qalqilia district has a high content of organic matter (54%),
because the nature of the district is agricultural, moderate content of plastic
and cardboard (14%,8%), and low content of metal and glass (3%, 3%).
The typical MSW composition by weight in Qalqilia district as shown in
Fig.3.10 is comparable with typical developing country values (Rushbrook
and Pugh, 1999). Also it is comparable to waste composition in Sri Lanka

(DCS, 1998).

It can be observed from figure 3.10 that there is a great potential of
recovery of organic waste if the waste is sorted at the source. The waste is
suitable for feeding animals (as it is done now to some extent), and it can

also be used as feed material in composting and biogas production.

Recovery of organic waste and recycling of waste paper can potentially
reduce the solid waste quantity. This presents a corresponding potential

saving in landfill space as well as in collection and transportation costs.

Also Fig. 3.11. shows the average MSW composition by volume in
Qalgqilia district. From the figure we can observe that plastic represents
35% of the total volume, organics 28%, paper 8%, cardboard 14%, metal
3% and glass 3%. It can be observed that there is a great potential of
recovery of organic wastes by using it in composting and biogas
production. Recycling of waste paper, cardboard and metals can potentially

reduce solid waste quantity saving in landfill space.
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Fig. (3.10): Average composition of MSW by weight in Qalqilia district
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Fig. (3.11): Average composition of MSW by volume in Qalgqilia district
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Fig. (3.12): Average composition of MSW by weight in Qalqilia dumpsite
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Fig. (3.13): Average composition of MSW by volume in Qalgilia dumpsite

Fig.3.12. shows the average composition of MSW by weight in Qalqilia
dumpsite that is only for the city of Qalqilia and the municipality owns the
land of the dumpsite. It was observed that the percentage of organic wastes
in Qalqilia dumpsite is 52%, the majority of these organic waste comes

from the vegetable market.

Fig. 3.13 shows the average composition of MSW by volume in Qalgqilia
dumpsite. Composting of organic wastes and recycling of plastic can

reduce the quantity of wastes and save space.
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Fig. (3.14): Average composition of MSW by volume in Sanniriya

dumpsite
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Fig. (3.15): Average composition of MSW by weight in Sanniriya dumpsite

Fig.3.14. shows the average composition of MSW by weight in
Sanniriya dumpsite. This dumpsite is shared between 7 localities and is
located in the valley of Sanniriya. The land of the dumpsite is rented. It was
observed that the composition of all waste components by weight in
Sanniriya dumpsite is comparable with the composition of waste

components in the whole district.
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Fig.3.15. shows the average composition of MSW by volume in Sanniriya
dumpsite. It was observed that the composition of all waste components by
volume in Sanniriya dumpsite is comparable with the composition of waste

components in the whole district.
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Fig.(3.16): Average composition of MSW by weight in Kafr Laqif dumpsite
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Fig.(3.17): Average composition of MSW by volume in Kafr Laqif dumpsite

Fig.3.16 shows the average composition of MSW by weight in Kafr

Laqif dumpsite, this dumpsite is only for Kafr Laqif and the village council
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owns the land of the dumpsite. It was observed that the percentage by
weight of organic wastes (65%) is higher than the percentage of organic
wastes in the district; this is due to the high standards of living and higher

income of the citizens of this village.

Fig.3.17 shows the average composition of MSW by volume in Kafr
Laqif dumpsite. It was observed that the composition of organic wastes,
plastic and cardboard by volume in Kafr Laqif dumpsite is higher than the
composition of organic wastes, plastic and cardboard in the district, this is

due to the higher standards of living and higher income.
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Fig. (3.18): Average composition of MSW by weight in Jinsafut
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Fig. (3.19): Average composition of MSW by volume in Jinsafut

Fig.3.18 shows the average composition of MSW by weight in
Jinsafut. It was observed that the percentage by weight of organic wastes
(72%) 1is higher than the percentage of organic wastes in the district; this is
due to the agricultural practices in the village. The majority of the citizens
work in agriculture, so the residue of plants and vegetables will be thrown

into the waste container.

Fig.3.19 shows the average composition of MSW by volume in
Jinsafut. It was observed that the composition by volume of organic wastes
is higher than the composition of organic wastes in the district because

Jinsafut is the most famous village in agriculture.
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Fig. (3.20): Average composition of MSW by weight at Far'ata dumpsite
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Fig. (3.21): Average composition of MSW by volume in Far'ata dumpsite

Fig.3. 20 shows the average composition of MSW by weight in Far'ata
dumpsite which is shared between 6 localities, that rented the land of the
dumpsite from a citizen in the village of Far'ata. These localities are Baqgat
al Hatab, Kafr Qaddum, Far'ata, Al Funduq, Immatin, and Hajja. It was
observed that the percentage by weight of organic wastes is the least all

over the district. This is due to the weak agricultural practices in these
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localities and low lifestyle. The agricultural practices of these localities are

limited on olive oil trees.

Fig.3.21 shows the average composition of MSW by volume in Far'ata
dumpsite. It was observed that the composition by volume of organic
wastes in Far'ata dumpsite is the least in the district because of the absence

of some agricultural practices and their standards of living.
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Table (3.43): Average percentage weight and range of 8 municipal solid waste components from different samples and
dumpsites.

Average percentage weight and range of waste components (%)
. NO. of . . .
Dumpsite Plastic Paper Metal Glass Cardboard Organic Others inert
Samples
14.67 4.1 3.34 3.34 8.44 51.63 10.79 3.65
Qalqilia 15
10-17.78 1.9-6.67 0.95-4.44 2.22-6.84 5-13.64 51.43-54.05 6.67-19.61 1.82-4.73
14.49 33 3.72 3 8.38 52.45 9.83 4.74
Sanniriya 8
6.92-20.8 1.89-6.19 1.54-5.4 0.8-5.31 5-9.76 46.15-75.38 1.54-13.3 3.77-6.9
13.73 3.79 1.85 4.6 11.06 43.37 16.72 4.84
Far'ata 3
14.61-14.72 2-6.74 1.31-2.25 2.32-5.88 9.8-12.36 41.18-46.51 11.24-20.92 4.49-5.23
7.19 2.15 1.07 1.79 5.03 71.94 4.13 6.65
Jinsafut 2
6.76-7.69 1.54-2.7 0.77-1.35 1.35-2.31 4.05-6.155 69.23-74.32 2.7-5.77 6.54-6.76
10.36 1.35 2.7 2.25 6.3 64.41 72 5.4
Kafr Laqif 2
5.08-16.35 0.85-1.92 0.85-4.81 1.92-2.54 5.77-6.78 50-77.12 1.69-13.46 5.08-5.77




Table (3.44): Average percentage volume and range of 8 MSW components from different samples and dumpsites

Average percentage volume and range of waste components in m’

. NO. of , Cardboa : .
Dumpsite Plastic Paper Metal Glass Organic Others inert
Samples rd
‘e 35.5% 10.16% 2.36% 1.72% 13% 26.53% 9.07% 1.62%
Qalgilia 15
29.41%-42.37% | 2.54%-17.64% 0.5%-3.8% 0.65%-6.27% | 8.98%-15.94% 22%-30.23% 5.88%-14.75% 0.76%-2.16%
Sanniriya 8 34.04% 6.49% 1.76% 1.34% 16.08% 28.66% 9.77% 1.83%
25.28%-42.37% | 3.86%-11.32% 0.95%-3.5% 0.17%-2.76% 12%-18.13% 22.64%-46.93% 1.15%-15.07% 1.34%-3.13%
31.91% 9.78% 1.36% 3.06% 16.1% 21.71% 13.92% 2.12%
Far'ata 3
31.65%-32.65% | 6.32%-16.57% | 0.93%-2.05% 0.85%-6.98% | 12.74%-18.8% 18.8%-24.61% 12.47%-16.58% 1.49%-2.79%
Jinsafut 2 24.97% 4.43% 0.66% 0.85% 15.64% 45.14% 5.08% 3.2%
23.8%-26.21% 3.5%-5.31% 0.58%-0.73% 0.55%-1.16% 13%-18.45% 41.75%-48.35% 4.94%-5.24% 3.1%-3.3%
Kafr' 5 32.46% 4.65% 1.76% 0.75% 16% 32.55% 8.1% 3.72%
Laqif

18.3%-45.68%

4.62%-4.67%

0.96%-2.52%

0.36%-1.15%

13.3%-18.88%

21.94%-43.93%

6.74%-9.35%

2.16%-5.39%
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Table (3.45): Average density and range of 8 municipal solid waste components from different samples and dumpsites

Average density and range of solid waste components in kg/m’
Total
. NO. of densi . . .
Dumpsite vy Plastic Paper Metal Glass Cardboard | Organic | Others nert
Samples before
separation
100 100 350 550 150 450 270 520
Qalgilia 15
262 70-110 80-130 210-570 190-750 80-250 420-510 170-420 420-570
90 110 540 600 110 400 230 600
Sanniriya 8
237 70-100 80-140 210-880 270-1000 80-140 330-430 180-330 240-820
100 90 330 510 160 440 250 500
Far'ata 3
247 80-110 70-130 250-400 230-710 120-210 380-510 150-340 500-500
80 130 420 590 80 420 220 550
Jinsafut 2
278 70-80 110-140 330-500 500-670 80-80 420-420 150-280 530-580
70 60 280 750 80 420 170 360
Kafr Laqif 2
222 60-70 40-80 200-380 500-1000 80-80 400-430 60-270 210-500
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Chapter Four
Conclusions and Recommendations
4.1 Conclusions

In all local authorities studied, it was found that little or no consideration of
environmental impacts was paid in the selection of dumpsites, including
those currently in use. Convenience or availability of land took priority in
the sitting of dumpsites. Inspection and monitoring of the dumpsites was
not consistent, 46.2% of local authorities dispose waste in open random
dumps without any further treatment and 15.4% of local authorities
disposes waste in open random dumps and then burn it, no sanitary
practices such as application of daily soil cover or fencing were practiced
in any of the location studied except for Qalqilia dumpsite the municipality
covers the waste with a thin layer of soil. None of the dumpsites meet the
basic requirements in protecting ground water from pollution by leachate as

they have no liners.

Local authorities employ workers in the MSW services without any
training and they do not train them later to do their work but they obtain the
experience from experiment and from their companion, so they are usually
exposed to a great danger. The local authorities often are faced with
financial difficulties in meeting the large payment of wages, fuel and
maintenance of vehicles, etc. Most local authorities have become

economically constrained in offering efficient management of MSW. The
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rapid population growth has overstretched the capacity of local authorities
to adequately provide services often provided. In spite of the high coverage
rate of waste services to all citizens, MSW collection frequency in some

villages is around or below 2 times per week.

The improvement of MSW collection and disposal capacity needs a
broader approach to address the improvement of local infrastructure;
including the need to upgrade roads leading to dumpsites to all weather
roads. Many local authorities blame breakdowns of their MSW collection
trucks and the aggregation of waste in and near containers especially in

winter to the poor condition of the roads.

Local authorities, though poor, should develop area-specific solutions to
their problems in the management of municipal solid waste. Consideration
of the composition of MSW can help make the correct choices in importing
MSW handling equipment. For example, there is no need to import
compactor trucks which are suitable to less dense MSW; dense MSW
which needs no compaction but just needs hauling trucks which might be
cheaper. Community involvement through neighborhood groups of people
from middle and higher income groups and business individuals can
provide the needed solution in mobilization of community-based efforts.
Clean neighborhood groups can mobilize financial resources and engage
private groups or hire private trucks to occasionally collect and dispose
MSW from their neighborhoods. Other measures include cultivation of a

sense of clean environment through clean community awareness
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programming. These can go a long way in sensitizing people to keep the
environment clean. Regular activities such as clean up of the
neighborhoods, schools, parks and roadsides can be effective in changing
the citizen's attitudes even among the poor communities. In general, the
proper management of municipal solid waste is determined by the attitudes
of people towards waste, such as the ability to refrain from indiscriminate
dumping. Socio-economic characteristics may determine attitudes such as
the ability/willingness to recycle MSW. These attitudes, however, may be
positively influenced by awareness-building campaigns and educational
measures. In a word, it is the desire of the people that can keep the locality

clean.

One of the objectives of the project was to provide information on the
arisings of potentially recyclable or compostable materials contained in
MSW in Qalgqilia district. The results obtained indicate that more than 83%

of MSW could potentially be either recycled or composted.

4.2 Recommendations

For a better sustainable MSWM, this study recommends the following:

4.2.1 Collection of MSW: Littering of MSW shall be prohibited by

Government. To prohibit littering, following steps shall be taken:

1. Organizing house to house collection of garbage through any of the
methods, like containerized collection, central bin collection, house to

house collection, collection at regular pre-informed timings and scheduling.
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2. Wastes from slaughterhouses, fruits and vegetable markets, which are

biodegradable in nature, shall be managed to make use of such wastes.

3. Bio-medical wastes shall not be mixed with MSW but collected alone

and managed in a suitable way.

4. Wastes shall not be burnt any where.

5. Collection frequency must be increased for some localities.

4.2.2 Segregation of MSW: Local authorities shall organize awareness
programs for segregation of wastes to ensure full community involvement
of waste segregation and shall encourage recycling/reuse of segregated

materials.

4.2.3 Transportation of MSW: Vehicles used for transportation of wastes
shall be covered to prevent flying of wastes out of the vehicle. The vehicles

shall meet the following criteria:

1. The storage facilities shall be daily attended for clearing of wastes.

2. Collection and transportation vehicles shall be so designed that the

multiple handling of wastes is avoided.

4.2.4 Storage of MSW: Local authorities shall establish and maintain
storage facilities in such a manner as not to create unhygienic conditions
around it. The following must be done while establishing and maintaining

storage facilities:
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1. Storage facilities shall take into account quantities of waste generation in

a given area, population density and a suitable site to be approach easily.

2. Storage facilities shall be designed that waste stored is not exposed to
open atmosphere and being covered to prevent flying of waste out of the

waste container and to keep animals far from waste.

3. Storage facilities shall be designed to be easy to handle for the collection

vehicle.

4. If manual handling is unavoidable due to constraints, it should be carried

out under proper precaution for safety of workers.

4.2.5 Processing of MSW: Authorities shall adopt suitable technology to

make use of wastes so as to minimize burden on landfill. Following criteria

shall be adopted:

1. The biodegradable wastes free of contaminants shall be processed by

composting.

2. Waste containing recoverable materials shall follow the route of

recycling.

4.2.6 Disposal of MSW: For the whole district their must be one landfill

that shall meet the following criteria:

1. Landfill siting and construction shall be done after proper environmental

impact assessment, enabling 100% collection coverage.
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2. Landfill site shall comply with the norms for control of air and water

pollution.

3. Waste disposal site shall not be burnt.

4. Closure of existing random dumping sites and sealing off those with a

high potential of leachate leakage into groundwater aquifers.

5. Setting up regulation and an enforcement system for generation,

treatment, storage, transport and disposal of hazardous wastes.

4.2.7 Public participation: Involvement of public and private sector in
waste management is required in order to develop public understanding to
reduce the treatment cost, and increasing the MSW fees because most

citizens are willing to pay more for better services

4.2.8 Education and safety of MSW employees: Localities should
provide to their employees an education about personal hygiene and
protective measures and learn them about hazards and their reduction and
prevention to raise awareness about health and safety so to decrease the

risk in their job.
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Appendix A
No Sample Sample Dumpsite Date Results Plastic | Paper | Metal | Glass | Cardboard | Organic | Others inert
net weight | density
weight 17 2 1 7 8 54 13 3
105 3 27/01/2 volume 250 15 3 37 90 130 58 7
1 0.21 Qalqilia 006
density 0.07 0.13 0.33 0.19 0.09 0.42 0.22 0.43
percentage by weight % | 16.19 1.90 0.95 6.67 7.62 5143 12.38 2.86
weight 12 4 5 6 6 71 11 5
volume 170 30 12 20 80 140 65 9
2 120 024 | Qalgilia 270/8é/ 2
density 0.07 0.13 0.42 0.30 0.08 0.51 0.17 0.56
percentage by weight % | 10.00 3.33 4.17 5.00 5.00 59.17 9.17 4.17
weight 23 5 5 4 10 80 14 7
volume 221 51 11 9 75 182 40 13
3 148 0296 | Qalgilia 27683 2
density 0.10 0.10 | 0.45 0.44 0.13 0.44 0.35 0.54
percentage by weight % | 15.54 3.38 3.38 2.70 6.76 54.05 9.46 4.73
weight 18 9 6 3 14 72 9 4
4 135 0.27 Qalgilia 27(;gé/2 volume 185 105 19 6 85 153 35 7
density 0.10 0.09 032 | 0.50 0.16 0.47 0.26 0.57
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percentage by weight % | 13.33 6.67 4.44 2.22 10.37 53.33 6.67 2.96
weight 22 6 4 3 12 78 13 5
s 0256 Qulgitia 7 (;8 é N volume 226 67 18 5 81 160 42 9
density 0.10 0.09 0.22 0.60 0.15 0.49 0.31 0.56
percentage by weight % | 15.38 4.20 2.80 2.10 8.39 54.55 9.09 3.50
weight 23 3 6 5 10 80 21 5
53 0258 Qulaili 200/8é/2 volume 214 25 12 9 75 177 50 9
density 0.11 0.12 0.50 | 0.56 0.13 0.45 0.42 0.56
percentage by weight % | 15.03 1.96 3.92 3.27 6.54 52.29 13.73 3.27
weight 21 7 5 4 11 61 14 5
g 0256 Qulgitia 20(;832 volume 219 72 9 6 72 133 56 10
density 0.10 0.10 | 0.56 | 0.67 0.15 0.46 0.25 0.50
percentage by weight % | 16.41 5.47 3.91 3.13 8.59 47.66 10.94 3.91
weight 24 4 5 4 14 66 13 5
35 07 Qulgilia 20(;8é/2 volume 221 40 15 5 92 138 55 11
density 0.11 0.10 | 0.33 0.80 0.15 0.48 0.24 0.45
percentage by weight % | 17.78 2.96 3.70 2.96 10.37 48.89 9.63 3.70
125 0.25 Qalgilia weight 19 6 4 3 9 64 15 5

20/01/2
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006 volume 180 55 11 5 72 152 62 12
density 0.11 0.11 036 | 0.60 0.13 0.42 0.24 0.42
percentage by weight % | 15.20 4.80 3.20 2.40 7.20 51.20 12.00 4.00

weight 13 8 4 8 11 55 12 6

" o 02 Qulaili 20(;832 volume 160 90 7 12 83 132 48 12
density 0.08 0.09 0.57 | 0.67 0.13 0.42 0.25 0.50
percentage by weight % | 11.11 6.84 3.42 6.84 9.40 47.01 10.26 5.13

weight 23 3 4 3 6 78 30 6

. 53 0306 Qulgilia 060/(1)?2 volume 211 25 17 4 70 182 90 11
density 0.11 0.12 024 | 0.75 0.09 0.43 0.33 0.55
percentage by weight % | 15.03 1.96 | 2.61 1.96 3.92 50.98 19.61 3.92

weight 23 6 4 3 13 66 12 4

- . 262 Qalaili 06(;(1)?2 volume 224 80 15 5 52 155 41 7
density 0.10 0.08 0.27 | 0.60 0.25 0.43 0.29 0.57
percentage by weight % | 17.56 4.58 3.05 2.29 9.92 50.38 9.16 3.05

weight 21 5 5.5 4.5 13 70 15 6

13 140 0.28 Qalqgilia 06(;(1)?2 volume 211 65 22 9 55 154 52 12
density 0.10 0.08 0.25 0.50 0.24 0.45 0.29 0.50
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percentage by weight % | 15.00 3.57 3.93 3.21 9.29 50.00 10.71 4.29
weight 14 6 3 4 15 57 9 2
14 o 023 Qalaili O6(;(l)§/2 volume 185 75 14 8 59 137 42 4
density 0.08 0.08 0.21 0.50 0.25 0.42 0.21 0.50
percentage by weight % | 12.73 545 2.73 3.64 13.64 51.82 8.18 1.82
weight 17 7 4.5 4.5 14 67 12 4
s 30 026 Qulaili 060/(1;/2 volume 182 81 19 8 80 161 46 7
density 0.09 0.09 024 | 0.56 0.18 0.42 0.26 0.57
percentage by weight % | 13.08 5.38 3.46 | 346 10.77 51.54 9.23 3.08
weight 25 5 5 1 6 56 16 6
y 20 024 Sanmiriya 15(;(1);/2 volume 253 35 6 1 72 130 90 10
density 0.10 0.14 | 0.83 1 0.08 0.43 0.18 0.6
percentage by weight % 20.8 4.2 4.2 0.8 5.0 46.7 13.3 5.0
weight 20 4 7 5 11 60 14 9
17 30 026 Sammiriya 15(;(1);/2 volume 201 31 8 8 81 144 51 11
density 0.10 0.13 0.88 0.63 0.14 0.42 0.27 0.82
percentage by weight % 15.4 3.1 54 3.8 8.5 46.2 10.8 6.9
18 113 0.23 Sanniriya weight 19 7 4 6 10 50 11 6

15/11/2
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005 volume 195 60 14 11 75 120 46 9
density 0.10 0.12 0.29 0.55 0.13 0.42 0.24 0.67
percentage by weight % | 16.81 6.19 3.54 5.31 8.85 44.25 9.73 5.31

weight 15 3 6 3 12 64 14 6

o 123 0246 Sammiriya 15(;(1);/2 volume 175 37 7 5 95 153 53 8
density 0.09 0.08 0.86 0.60 0.13 0.42 0.26 0.75
percentage by weight % 12.20 2.44 4.88 2.44 9.76 52.03 11.38 4.88

weight 18 2 4 4 10 56 8 4

2 06 0212 | Sanmiriya 150/(1);/2 volume 192 21 19 15 91 144 44 17
density 0.09 0.10 0.21 0.27 0.11 0.39 0.18 0.24
percentage by weight % | 16.98 1.89 3.77 3.77 9.43 52.83 7.55 3.77

weight 9 3 2 2 10 98 2 4

. 30 026 Sammiriya 23(;%/2 volume 132 32 5 3 92 245 6 7
density 0.07 0.09 0.40 0.67 0.11 0.40 0.33 0.57
percentage by weight % 6.92 2.31 1.54 1.54 7.69 75.38 1.54 3.08

weight 13 3 5 4 8 63 16 6

22 118 0.236 Sanniriya 23(;gé/2 volume 147 25 12 6 97 165 72 11
density 0.09 0.12 0.42 0.67 0.08 0.38 0.22 0.55
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percentage by weight % | 11.02 2.54 4.24 3.39 6.78 53.39 13.56 5.08
weight 18 4 2.5 3.5 12 48 12 4
volume 185 41 6 9 96 145 63 7
23 104 0.208 | Sanniriya 23(;8é/2
density 0.10 0.10 | 0.42 0.39 0.13 0.33 0.19 0.57
percentage by weight % | 17.31 3.85 2.40 3.37 11.54 46.15 11.54 3.85
weight 10 4 2 2 6 110 4 10
volume 130 29 4 3 71 264 27 18
24 148 0296 | Jinsafur | 7012
density 0.08 0.14 | 0.50 | 0.67 0.08 0.42 0.15 0.56
percentage by weight % 6.76 2.70 1.35 1.35 4.05 74.32 2.70 6.76
weight 10 2 1 3 8 90 7.5 8.5
volume 135 18 3 6 95 215 27 16
25 130 0.26 Jinsafut ! 7(;(%/2
density 0.07 0.11 0.33 0.50 0.08 0.42 0.28 0.53
percentage by weight % 7.69 1.54 0.77 231 6.15 69.23 5.77 6.54
weight 17 2 5 2 6 52 14 6
Kaft 28/01/2 volume 254 26 14 2 74 122 52 12
26 104 0.208 Lagif 006
4 density 0.07 0.08 0.36 1.00 0.08 0.43 0.27 0.50
percentage by weight % | 16.35 1.92 4.81 1.92 5.77 50.00 13.46 5.77
27 118 0.236 Kafr 28/01/2 weight 6 1 1 3 8 91 2 6
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Laqif 006 volume 95 24 5 6 98 228 35 28
density 0.06 0.04 | 020 | 0.50 0.08 0.40 0.06 0.21
percentage by weight % 5.08 0.85 0.85 2.54 6.78 77.12 1.69 5.08

weight 19 5 2 9 15 63 32 8

2 53 0306 - 07(;82/2 volume 180 40 6 40 73 123 95 16
density 0.11 0.13 0.33 0.23 0.21 0.51 0.34 0.50
percentage by weight % | 12.42 3.27 1.31 5.88 9.80 41.18 20.92 5.23

weight 13 6 2 5 11 38 10 4

- “ o1 Pt 07682/2 volume 170 89 5 7 90 101 67 8
density 0.08 0.07 0.40 | 0.71 0.12 0.38 0.15 0.50
percentage by weight % | 14.61 6.74 | 2.25 5.62 12.36 42.70 11.24 4.49

weight 19 3 3 3 15 60 20 6

» 126 0258 et 07(;82/2 volume 191 37 12 5 110 144 74 12
density 0.10 0.08 0.25 0.60 0.14 0.42 0.27 0.50
percentage by weight % | 14.72 23 23 23 11.62 46.51 15.5 4.65
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Appendix B
Average weight and range of solid waste components in kg
Dumpsite NO. of Samples Plastic Paper Metal Glass Cardboard Organic Others inert
19.3 5.4 4.4 4.4 11.1 67.9 14.2 4.8
Qalgilia 15
(12-24) (2-9) (1-6) (3-8) (6-15) (54-80) (9-30) 2-7
17.1 3.9 44 3.6 9.9 61.9 11.6 5.6
Sanniriya 8
(9-25) 2-7 2-7 (1-6) (6-12) (48-98) (2-16) 4-9)
17 4.7 2.3 5.7 13.7 53.7 20.7 6
Far'ata 3
(13-19) (3-6) (2-3) (3-9) (11-15) (38-63) (10-32) (4-8)
10 3 1.5 2.5 7 100 5.75 9.25
Jinsafut 2 85
(10-10) 2-4) (1-2) (2-3) (6-8) (90-110) (4-7.5) 1('))_
11.5 1.5 3 2.5 7 71.5 8 6
Kafr Laqif 2
(6-17) (1-2) (1-5) (2-3) (6-8) (52-91) (2-14) (6-6)

Table: Average weight and range of 8 municipal solid waste component from different samples and dumpsites
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Appendix C
Average volume and range of solid waste components in m’°
. NO. of . . .
Dumpsite Plastic Paper Metal Glass Cardboard Organic Others inert
Samples
0.2039 0.0584 0.0136 0.0099 0.0747 0.1524 0.0521 0.0093
Qalqilia 15
(.16-.25) (.015-.105) (.003-.022) | (.004-.037) | (.052-.092) (.13-.182) (.035-.09) (.004-.013)
0.185 0.0353 0.0096 0.0073 0.0874 0.1558 0.0531 0.010
Sanniriya 8
(.132-.253) (.021-.06) (.005-.019) | (.001-.015) | (.072-.097) (.12-.245) (.006-.09) (.007-.017)
0.1803 0.0553 0.0077 0.0173 0.091 0.1227 0.0787 0.012
Far'ata 3
(170-191) (.037-.089) (.005-.012) (.005-.04) (.073-.11) (.101-.144) | (.067-.095) | (.008-.016)
0.1325 0.0235 0.0035 0.0045 0.083 0.2395 0.027 0.017
Jinsafut 2
(130-135) (.018-.029) (.003-.004) | (.003-.006) | (.071-.095) | (.215-.264) | (.027-.027) | (.016-.018)
0.1745 0.025 0.0095 0.004 0.086 0.175 0.0435 0.020
Kafr Laqif 2
(95-254) (.024-.026) (.005-.014) | (.002-.006) | (.074-.098) | (.122-228) | (.035-.052) | (.012-.028)

Table: Average volume and range of 8 municipal solid waste components from different samples and dumpsites
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