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ABSTRACT

This study presents the Assessment of Solid Wasteagement, case of Himo
township in Moshi district. The aim of the studysata address the problem of poor
SWM that resulted in littering of the town, carriedit between July, 2010 and
December, 2012. Four specific objectives namelaratterization of the solid
waste, examination of existing status of collectiamd transportation and
identification of solid waste disposal methods Ine tstudy area were observed.
Likewise, determination of the level of pollution dumpsites and landfills for
moisture, nitrogen, phosphorus, potassium and @gamatter content were
performed. Literature review, internet and jourpaiochures, books and review of
methodology for characterization and quantificatcdrSW were sought, along with
secondary data pertaining the study. Field invattig involved quantification and
physical and chemical characteristics which enaltadent SWM assessment.
Results from analysis of data, using the Statisteogramme for the Social
Sciences (SPSS) revealed that, SW was dominatetabic and polythene bags by
24.4% and paper by 17.26%, and 65% of collectiorrewieousehold based.
Phosphorus in all dumps and landfills were low,le&/Nitrogen level were elevated.
This research concludes that factors affectingrB&agement in Himo were typical
of many tropical urban environments. Since 71.6%ewmsot satisfied with SWM
services, 73.3% were not aware of by-laws pertgilSiVM. There was poor waste
management regime. It is recommended that the éregyuof solid waste collection
be enhanced, along with construction of enginekedfills in the town. The review
of SWM aspects should be strengthened and harntizeugh by-laws on solid

waste management.
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CHAPTER ONE

1.0INTRODUCTION

1.1 Background of the Study

One of the most earthly environmental problemsrman and rural areas is huge
generation of Municipal solid wastes (Read, 2008)nicipal solid wastes are left

over materials comprising of household garbageudinly kitchen waste, street

sweepings, sanitation residues, construction amabtigon debris, commercial and

industrial refuse and also biodegradable wastenEkanen, 2000). The state of solid
waste management in small and growing towns andgsbips of most developing

countries is fast assuming the scale of a majaakand environmental challenge in
present years than ever before (Daskalopolous,a)998lid waste is any substance
be it liquid, solid, gaseous or even radioactivescarded into the environment
because it is unwanted, which may cause significargance or adverse impact in

the environment.

In Sub-Saharan Africa (SSA) in particular, the comld influence of poverty,
population growth and rapid urbanization has ineeeasolid waste generation
tendency (Johannessen and Boy®99). In response to the solid waste challenges
therefore, most of the developing countries havebaked upon ambitious
environmental reforms, recording remarkable advanoe best practices and
sustainable management of their generated solitesaldowever, many developing
countries including Tanzania have joined the glad#dirt in sustainable solid waste

management strategies in rural or urban areasafE2009a).



A study in Ghana, Benin, Malawi and Nigeria by #hiican Development Bank
(AfDB, 2002) on solid waste management options Africa, revealed that solid
waste management in most African countries is dbaraed by inefficient
collection methods, insufficient coverage of thellemtion area and improper
disposal of the solid waste so collected while wa$taracterization data specific to
urban and rural areas in these countries are okinla There is a general lack of
regulatory initiatives to manage and solid wastedtiag.

In this regard Tanzania in the Africas’ sub sahatauntries can’t be excluded in
discussion regarding persistent solid waste manageproblems. In Tanzania, and
in particular Himo, solid waste is not adequatedpdiied to let the environment clean

and aesthetic.

Solid waste is a result of human activities (Tramhg 2000). It is a by-product of
human activities, economic development in manufauguindustries, urbanization,
and improvement of living standards of people kyim cities and towns. Once
produced they create a menace to public healthutiieke valuable space needed for
other purposes and generally become an unpleaghnin®t tolerable to the public.
Although MSW does not have the catastrophic paénfieither global warming or
stratospheric ozone depletion, it poses long téneats to the environment. Methane
gas produced by the anaerobic decomposition ofeMastied in landfills and open

dumps is not a significant contributor to globalrmang. Emissions were estimated

to reach 162 g/yr (AfDB, 2002). Thus, managing and collectingy/ $ as important
to the public as it helps to minimize the effedtattmight result from uncontrolled

SW (Zavodska and Knight, 2002).



The management of SW is a cause of concern thraumgth® world, in both
developed and developing countries (Tchobanogl@us,Theisen, H. & Vigil, S.,
1993) . Uncollected SW with its associated pubéalth and environmental risks has

become a common phenomenon in most urban andaneas$ as well.

Any solid waste collection system has potentialltheask depending on how it is
carried out, including the cycles from collectiandisposal. For example, a plastic
bottle is unlikely to be responsible for any diwefsealth effects when buried in
landfill. However, the same plastic bottle burnadai poorly managed incinerator
(incomplete burned contents) could generate diowinish could potentially lead to
an increased risk of cancer to people working wingj in the windward side of the
incinerator or just around it (Read, 2003). Foraleping countries, such effects are
likely to be more serious for women and childrenguese of their daily involvement
with waste related activities. SWM is a global genb, but the extent of the problem
in developed countries varies from that in deveigpcountries. In the developed
countries the reasons for SW collection are wetlarstood and acceptable, that is

all wastes are collected, sorted, recycled anddfuse disposed in definite sites.

There exist problems of increased quantities of B&¢ause of low capacity of
recycling of wastes and use of packaging mateni@de from recovery of paper and
plastic. (Morissey and Brown, 2001). In developaogintries where large quantities
of SW remains uncollected and the disposal systarmasnot well organized, and
more so largely uncontrolled there has been a teydef involving private

companies in SWM management undertakings.



In Tanzania, the level of urbanization increasemnfr2.7% to 10.8% between 1980
and 2000, respectively (WHO, 1995). As a resuthao population has been
growing and will still be growing. With so many g#e moving from rural areas to
live in urban centers, changing lifestyles and nmodiving standards that are
associated with the use of plastic items and pppekaging materials and wrappers.
This has left the surroundings and the environmeitih a variety of refuse in

uncontrolled dumps (WHO, 1995). As the human pdpmiaincreases, people
express their desire for better standards of livimigh economic activities expanding
in scale and diversity. In this case solid wastgpoéal methods like engineered

landfills and dumps should be considered to hatidievaste.

Environmental pollution is a term that refers tbthk ways and means that human
activities harm the natural environment. It is thelease of substances to
environment, in quantities which are harmful to lambeings and other living

creaturesembracing all the negative impacts caused by man, in and hen t
environment. The effects of pollution to the enmiment can be identified on land,

water and air in various forms.

Open garbage dumping or automobiles air pollutigexhaust releases) may
represent some of them, being odorless, invisibigangible and tasteless.
Uncontrolled and unmonitored solid waste disposa public health problem and a
concern to man, communities and states alike, lsecdecomposing garbage and
other solid wastes provide food and habitat fos,reddents and other disease vectors

including mosquitoes and houseflies. Such wastesige opportunities for most



species of flies to lay eggs, breed, feed on thmsxd material and carry infection,
likewise attracting rodents and other vermin, whggread the feces, creating an
intolerable and health-threatening situations.af@as where no regulatory disposal
policies are applied, solid waste could be disposgdout consideration of space,

type, time and nature.

Apart from causing direct effect on people’s hedidrmful materials are believed to
contaminate water resources in rivers, streamspis and lakes, being sources for
household water requirements (Da Rosa, C.D, andh,Ly&5. (1997). Inadequate
and unsanitary disposal of human excreta may teacbntamination of ground

water supplies. In most developing countries, badteparasitic and viral diseases
are mainly caused by contamination of water itsgtijch accounts for more than

80% of all infections (WHO, 1995).

Polluted air is a major source of lung diseases ag pneumonia, lung cancer,
asthmas and other pulmonary infections, while somie pollutants like

Chlorofluorocarbon (CFC) gases causes Ozong @Estruction or depletion, which
has lead to fluctuations and alteration of the aten with registered high

temperatures on the earth today. Solid waste didpigsa continuous process
(happening now and then) in varying magnitudegl&ces where solid waste dumps
have been erected or demarcated, solid waste @multbllected to be disposed at
distant locations. In both developed and develogimgntries too little attention has

been paid to SW management (WHO, 1995).

Rapid industrialization, urbanization and populatgrowth have added to lowering

the value of the environment and depletion of ratuesources. However, it is the



development process which man makes, that increhselevel of pollution of the

earth.

Environmental sanitation refers to the control bttleose factors in human physical
environment which may cause negative effects orsiphlydevelopment, health and
survival of man and other creatures. In a broanh térincludes water supply, solid
waste disposal (solid, soft or liquid), food samita, insect and rodent control,
atmospheric pollution control, ventilation and awnditioning, lighting, housing,

institutional sanitation, occupational health worlaccident prevention and

eradication of health threatening nuisance (Re@d3Q

In most of African governments, there is little ggare and political will in achieving
development of the environmental sector. This is tduignorance for most people in
need of sanitation who have little or no knowledge environmental matters,
including general cleanliness of the household & surroundings, sweeping,
disposal of waste water, burying of thrash and rotbbbish and making compost
manure. In this view, communities are not motivatea initiate sanitary
improvements that should involve all activities rii@med above. In this aspect, there
is a direct relationship between unhygienic sol@ste disposal, diseases and well
being of the people. In other approaches, wastgclieg could have economic

benefits to the community, if it were at all praeli (Read, 2003).

This scenario brings to focus the importance ofstinely: Assessment of Solid Waste

management in small towns, a case of Himo Townshhoshi district. Findings of



this study will improve the solid waste managemanaictices in the study area and

other small and growing towns in Tanzania, EasicAfand the globe at large.

1.2 Problem Statement

Himo township is predominantly urban covering aakcare of 242 krh Urban
activities in Himo include commercial and small Iscendustries development and
rapidly expanding residential areas. Improved bvatandards of the people in Himo
due to its socio-economic development have ledettegation of enormous quantity
of solid waste. Himo faces crisis in solid wastenagement by lack of suitable and
permanent sites for either dumping or integratdtesee for its sustainable Solid

waste management.

Poor solid waste dumping is prevalent in Himo toskre to improper disposal of
Solid waste accompanied with lack of specific dumgpsites. This has resulted into
the presence of heaps of garbage spots in varmaidns within the town. The
situation calls for quick action to address the bpgm before it grows into
environmental and health hazards to the inhabitahthe town, by education and
practical advice on management of Solid waste megd. However, information on
the status of Solid Waste management is lacking gitesent study attempted to

provide an assessment of different aspects of $vlidte Management in Himo.

1.3 Objectives of the Study
The General Objective of this Study was to AssesBdSWaste Management

practice in Small Towns in Tanzania, a Case of Hiraanship.



1.3.1 Specific Objectives

(i)

(ii)
(i)
(iv)

To characterize the solid waste generatedimdtownship

To examine the existing status of collection aatsportation of waste.
To focus the solid waste disposal methods in theysarea.

To determine the level of pollution in the dumpsitend landfills for moisture,

Phosphorus, Calcium and Nitrogen content.

1.3.2 Research Questions

()

(ii)

(iii)
(iv)

14

What are the characteristics (type, quantitynposition) of the Solid Waste

generated in Himo Township?
What are the methods used in collection of SolasW in Himo Township?
What is the waste disposal methods employed istindy site?

What is the extent of pollution in dumpsites imie of moisture, organic

matter, phosphorus and nitrogen?

Significance of the Study

Finding from the study shall enable the resideritshe entire area to have extra

knowledge on better means of solid waste collectioaesthetic means, yet learn

better transport and disposal methods. The studlypnomote the awareness on

Solid Waste management concept among differenebktdéters in Himo town and

impart a notion of cleaner environment for healthaining on SWM shall change

the attitude of the residents, temporary dwellems @assers-by in Himo town

towards solid waste management approach in general.



1.5 Theoretical Framework

Integrated Sustainable Waste Management (ISWM) imisda model that allows

studies of complex and multidimensional systemanrintegral way. The model was

developed by waste advisors in urban environmedt development partners or

organizations working in developing countries i tmid 1980’s. The model was

further developed by the collaborative working gro(CWG) on Solid Waste

management in the mid 1990’s (Thuo, A.D.M, 2011).

Stakeholder involveme

Private
CBO’
Service Generatio Collection
user: n and _ transfer and NGO
separatior transpor
Treatment L | —
Final deposits
leaa
Environme
ntal
political
Recycling
Social-
cultura institutional

Financial-economic-technical

Enabling environment

Figure 1.1: Thel SWM Framework
Sour ce: Resear cher, (2013)
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The model acknowledges the importance of three wkmoes when analyzing,
developing or changing a waste management systdma. dimensions are the
stakeholders that have interest in Solid Waste Igameent, the elements or stages of
the movement or flow of materials from the generapoints towards treatment and

final disposal and the aspects through which tlséesy is analyzed (Read, 2003).

The current work was set within an adapted ISWMmiwork (Figure 1).
Specifically, it focuses on the characterizatiosaifd waste generation, examination

of solid waste collection, transportation and dsganethods.
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CHAPTER TWO

20LITERATURE REVIEW

2.1 Overview on Waste Management

According to the Longman Dictionary of Contempordtpglish (p.1612), solid
waste is defined as unwanted material or substimates left after having been used
for something, while the New Shorter Oxford EngliBiictionary on Historical
Principles defines it as unusable material leftrdi@m a process of manufacture, the
use of consumer goods, or the useless by-prodéidspoocess. Another elaborate
definition of waste is that it embrace all unwantedl economically unusable by-
products or residuals at any given place and tamd, any other matter that may be

discarded accidentally or otherwise into the emuinent (Gilpin, 1996:228).

Gilpin also suggests that what constitutes waststnogcur in such a volume,
concentration, constituency or manner as to causeaficant alteration in the
environment. Thus, apart from waste being an unedhatibstance that is discarded,
its amount and impact it makes on the environmdab decome important
considerations in defining waste. (Troshinetz, Aavid Mihelcic, J.R, 2009). Smith
(1997) also refer waste as the unwanted materiagsng entirely from human
activities which are discarded into the environmdiitis notion, that waste results
entirely from human activities is corroborated byadvDonald (1999a) who noted
that waste is human creation, and there is no guch as waste in nature where cut-
offs of one species become food for another. Tieer® constellation of properties
inherent in any lump, object or material which wskrve to identify it as waste;

however an item becomes waste when the holder aeodoes not wish to take
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further responsibility for it. As a default defilmib, Transkanen (2000) suggests any
substance that is without ownership to be wass® déscribes wastes as unwanted
or unusable materials that emanate from numerouscas, such as industry and
agriculture as well as businesses and househohts ntight be liquid, solid or
gaseous in nature, and hazardous or non-hazardgmending on its location and

concentration.

This relative attribute of waste could be compavath the concept of resource
which has also been defined as material that hawaise and a reflection of human
appraisal (Richard Wright, 2007). Just as a mdté&@gomes a resource when it
gains use-value, it also becomes waste when isliseuse-value. Like resources,
waste is also a relative concept or human appraseduse what constitutes waste
can vary from one person to another, from one $pdee another and over time.
Drawing from the views expressed above, the démiof waste to be used in this
study is any substance be it liquid, solid, gasemusven radioactive, discarded into
the environment because it is unwanted, which @sigmificant nuisance or adverse

impact in the environment.

Generally, waste means something unwanted. Itsisgredefinition and scope
however differs from one country to another anccgdaalike. According to Read
(1999), waste is any substance which constitutepsmaterial or an influent or
other unwanted surplus substance arising from ppdication of a process or any
substance or article, which is required to be disgoof as being broken, worn out,

contaminated or otherwise spoiled. Waste compo$dsusehold, commercial and
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industrial wastes that is be collected by localhatities or any assigned bodies.
Household waste which is part of MSW is by nature of the most difficult sources
of wastes to manage because of the diverse nafuits enaterial and where it
appears to be placed or disposed. Deposition of vilaste can pollute the
environment and require collection of soil samesas to determine the levels of
elements that had been deposited in the soil. Ghoelld be taken so as to get
consistent and reliable results. In this case it sampling procedures including
sample locations can be chosen using haphazard sgnpidgment sampling or

probability sampling procedures.

In haphazard sampling, accessibility, or convereesampling involves a series of
non-reproducible, distinctive decisions by the sEmpnd no systematic attempt is
made to ensure that samples taken are representatithe population being
sampled. This type of sampling is antithetical twestific sampling designs.
Judgment sampling, also termed purposive sampliagtgn, M. Q. (1990), involves

the selection of sampling points based on knowldde by the researcher.

Judgment sampling can result in accurate estintdtpspulation parameters such as
means and totals but cannot provide a measureeo@d¢buracy of these estimates
(Lisa M. Given (Ed.) (2008). Moreover, the reliatyilof the estimate is only as good
as the judgment of the researcher. In probabidty@ing, (which has been selected
for this study), points are selected at randomtiona using a range of specific
sample layouts, and the probability of sample peglection can be calculated for
each design. This also allows estimate to be méadeecaccuracy of the parameter

estimates, unlike judgment sampling. This allowsaage of statistical analyses
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based on the estimates of variability about themtede used, and is by far the most
common type of sampling in soil science. Probgbgiampling was employed in

collection of solid waste samples.

2.1.1 Global Per spective on Solid Waste M anagement

In the last twenty years, a number of solid wassnagement projects have been
carried out in developing countries, in collabaratiwith external support agencies.
Some projects were successful in producing lastimgacts on the improvement of

solid waste management in developing countries. é¥@w many projects could not

support themselves or expand further when the exitergencies discontinued their
support. A number of technical, financial, insiidatal, economic, and social factors
contribute to the failure to sustain the projeats] they vary from project to project.

In most cases the projects were carried out iriind municipalities forgetting

juvenile or small towns.

Often, the recipient countries, cities and towmslteo accept whatever resources are
provided to them without due consideration to sghset resource requirements.
The external support agencies have limitationdh@xamount of resources they can
provide and the mandates and modes under whichdéweyoperate the projects in
guestions. Sometimes, projects are initiated wpcgic aims and expected outputs,
but their scopes are not comprehensive enough twsider external factors
influencing them. The external support agenciesrotto not fully understand socio-
economic, cultural, and political factors influemgithe selection of appropriate solid

waste management systems. In other cases, vetgdirallow-up support, including
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human resource development activities necessary ststain the project

implementation is provided by the external suppgencies.

These problems and constraints associated with rretesupport agencies'
collaboration with developing countries in solid st management can be
minimized, and the sustainability of such collaltieea projects improved by

packaging efforts of external support agenciesjndef clear roles of relevant
agencies and improving their coordination in depilg countries; creating key
human resources; supporting strategic planning fatidw-up implementations;

developing self-financing schemes and raising ames® of the public and decision

makers.

As urbanization continues to take place, the mamage of solid waste is becoming
a major public health and environmental concerarbban areas of many developing
countries. The concern is serious, particularlyhie capital cities than in small or
growing towns, which are often gateways to the twes for foreign diplomats,

businessmen, and tourists. Poor visual appeardniteese cities will have negative

impacts on official and tourist visits and foreigrestment.

Recognizing its importance, a number of developawgintries have requested
collaboration of external support agencies, bothaténal and multilateral, in
improving solid waste management in their citieshie last 20 years or so. Although
some projects succeeded in providing lasting p@sitnpacts on the management of
solid waste in the recipient countries and citiegny failed to continue activities

after the external support agencies ceased theposu This un-sustainability of
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collaborative projects is due to various technifiakncial, institutional, economic,
and social constraints faced by both the recigienntries, cities, towns and external

support agencies.

Such constraints vary from country to country, froity to city, and town to town as
developing countries and cities, municipalities &mans within them differ in Solid
waste management problems and they and externpbduggencies have different,
and often limited, resources available to resoheefroblems. Therefore, in order to
ensure the sustainability of collaborative projedte various constraints of both
developing countries and external support agerstiesld be carefully examined and
an approach is developed to remove such constraitteén the context of the
collaborative projects. This paper outlines the gmn constraints and suggests

possible ways of removing these constraints.

2.2 Problemsand Constraints of Solid Waste Management in Developing
Countries

Typical solid waste management system in any deugjocountry may displays
array of problems, including low solid waste cdilen coverage and irregular
collection services, crude open dumping and burmiitout air and water pollution
control, breeding of flies and vermin, and the Hiargdand control of informal waste
picking or scavenging activities. These public trealenvironmental, and
management problems are caused by various factdikchwconstrain the
development of effective solid waste managemertesysThey can be categorized

into technical, financial, institutional, economand social constraints. Each of these
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constraints is discussed, in relation to the snatality of solid waste collaborative

projects, below.

(@ Technical Constraints

In most developing countries, there typically isek of human resources at both the
national and local levels with technical expertisecessary for solid waste
management planning and operation. Many officersclarge of solid waste

management, particularly at the local level, hattke lor no technical background or
training in engineering or solid management hamdlior approach. Without

adequately trained personnel, a project initiatgdekternal consultants or by the
local government could not be continued. Therefdine, development of human

resources in the recipient country of external supis essential for the sustainability

of the collaborative project in SWM initiative.

Another technical constraint in developing courstrie the lack of overall plans for
Solid Waste management at the national and logaldeAs a result, a solid waste
technology is often selected without due considamato its appropriateness in the

overall solid waste management system.

In some cases, foreign assistance is given to apooemt of a solid waste
management system for which the use of resourcgsnmiabe most cost-effective.
For instance, an external support agency proviteedupport to improve a general
disposal site. However, the coverage of solid wastkection service is so low that
solid waste generated is dumped at many undesirsites (example open areas,

water channels and streets).
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As a result, improving the disposal site, althoitgay not be a bad project, would
have little impact on the overall solid waste mamagnt effectiveness. In such a
case, the low collection coverage is a bottlenetkthie overall solid waste
management system in the city, and it would be noost-effective to provide

resources to upgrade the collection service.

Research and development activities in solid wasémagement are often a low
priority in developing countries. The lack of res#aand development activities in
developing countries leads to the selection of pnapriate technology in terms of
the local climatic and physical conditions, final@nd human resource capabilities,
and social or cultural acceptability. As a restllg technology selected can never be
used, wasting the resources spent and making thjecprunsustainable. Several
guides and manuals on appropriate solid waste neamagt technologies in
developing countries are available in literaturej ¢he selection of technology could

be made sometimes based on these guides or manuals.

However, in most cases, these guidelines and maunuadt be modified to the local
conditions prevailing in the country, and thereftweal studies are normally still
needed. Such studies can be relatively easily pacated into a collaborative project

and, to the extent possible, should involve loeakarch institutions.

(b) Financial Constraints
In general, solid waste management is given a ‘any priority in developing
countries, except perhaps in capital and large<iélone. As a result, very limited

funds are provided to the solid waste managemestnall towns in the sanitation
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sector by the governments, and the levels of sesviequired for protection of public

health and the environment are not attained.

The problem is acute at the local government leaedre the local taxation system is
inadequately developed and, therefore, the finanlogsis for public services,
including solid waste management, is weak. This kwiaancial basis of local
governments can be supplemented by the collectibruser service charges.
However, users' ability to pay for the serviceslimgited in poorer developing
countries, and their willingness to pay for thevimys which are irregular and
ineffective is not high either. An effective strgyefor raising funds needs to be

searched in any collaborative project to ensursustainability.

In addition to the limited funds, many local govaents in developing countries
lack good financial management and planning. Fataimce, in a town in a
developing country, over 90% of the annual budgetvided for Solid Waste
management was used up within the first six morithsk of financial management
and planning, particularly cost accounting, depdtee limited resources available
for the sector even more quickly, and causes Selidte management services to

halt for some time, thus losing the trust of sexwisers.

() Institutional Constraints

Several agencies at the national level are usirallylved at least partially in solid
waste management. However, there are often no ctdes or functions of the
various national agencies defined in relation tidswaste management and also no

single agency or committee designated to coordithatie projects and activities. The
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lack of coordination among the relevant agencig¢snofesults in different agencies
becoming the national counterpart to different mxaesupport agencies for different
solid waste management collaborative projects withmeing aware of what other
national agencies are doing. This leads to duptinaif efforts, wasting of resources,

and un-sustainability of overall solid waste mamaget programmes.

Lack of effective legislation for solid waste maeagent, which is a norm in most
developing countries, is partially responsible tloe roles/functions of the relevant
national agencies not being clearly defined andable of coordination among them.
Legislation related to solid waste management iveldping countries is usually
fragmented, and several laws (example Public Heatit) Local Government Act

and Environmental Protection Act,) include someusés on rules or regulations

regarding solid waste management.

The rules and regulations are enforced by diffeeygncies. However, there are
often duplication of responsibilities of the agescinvolved and missing elements in
regulatory provisions for the development of effeetSolid waste management
systems. It should be also noted that legislat®worily effective if it is enforced.
Therefore, comprehensive legislation, which avoidee duplication of
responsibilities, fills in the gaps of importantguatory functions, and is
enforceable, is required for sustainable developnoénsolid waste management

systems.

Because of a low priority given to the sector, thstitutional capacity of local

government agencies involved in solid waste managénis generally weak,
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particularly in small cities and towns. Local orainte/by-laws on solid waste
management is not also well developed. These waad Qovernment institutions
are not provided with clear mandates and sufficiesburces to fulfill the mandates.
In large metropolitan areas where there is moren thae local government,
coordination among the local governments is cllitica achieve the most cost-
effective alternatives for solid waste managemenhe area. For instance, the sitting
of a solid waste transfer station or disposal figcfor use by more than one local

government is cost-effective due to its economgaaile.

However, as these facilities are usually considerasanted installations and create
not-in-my-backyard (NIMBY) syndromes among the desits, no local government
may wish to locate them within its boundary. La¢la@oordinating body among the
local governments often leads to disintegrated warsdistainable initiatives for Solid

Waste management.

(d) Economic Constraints

Economic and industrial development plays key ratesolid waste management.
Obviously, an enhanced economy enables more funds tllocated for solid waste
management, providing a more sustainable finarmaals. However, by definition,
developing countries have weak economic baseslerte, insufficient funds for

sustainable development of SWM systems.

Local industry which produces relatively inexpemrsi8olid Waste equipment and
vehicles will reduce, or in some cases eliminatrllfg the need for importing

expensive foreign equipment and vehicles, requiforgign exchange. Such local
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industry can also supply associated spare pads ofawhich is often responsible for
irregular and insufficient Solid Waste collectiondadisposal services. However,
lack of industry that manufactures Solid Waste popgnt and spare parts and a
limited foreign exchange for importing such equipiner spare parts are the rule

rather than exception in developing countries.

In developing countries, waste recycling activitees affected by the availability of
industries for processing of recycled materials: iRstance, the recycling of waste
paper is possible only when there is a paper miitiw a distance for which the
transportation of waste paper is economical. Wealkustry base for recycling
activities is a common constraint for the improvet®& Solid Waste management in
most of the developing countries, such as thogbenPacific region where a large

volume of package waste is generated.

(e) Social Constraints

The social status of solid waste management worlergenerally low in both

developed and developing countries, but more sdeweloping countries than in
developed countries. This owes much to a negatreeption of people regarding
the work which involves the handling of waste omanted material and dirty
materials. Such people's perception leads to thespect for the work and in turn

produces low working ethics of laborers and poaligyiof their work.

Because of insufficient resources available in gbgernment sector, collaborative
projects often have attempted to mobilize communigégources and develop

community self-help activities. Results are a nm&tof success and failures. Failed
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projects with inactive communities usually did pobvide people in the community
with economic as well as social incentives to pgéte in activities. Social

incentive is based on the responsibility of indiats as part of the community for
the improvement of the community, and is creategilylic awareness and school
education programmes. Lack of public awarenesssahdol education about the
importance of proper SW management for health agittbeing of people severely

restricts the use of community-based approachdeveloping countries.

At dump sites, transfer stations, and street rebiss, waste picking or scavenging
activities are common scenes in developing cowstrigeople involved have not
received school education and vocational trainmgltain knowledge and skills
required for other jobs. They are also affectedilmjted employment opportunity
available in the formal sector. The existence o$tergickers and scavengers often,

creates obstacle to the operation of SW colleaimh disposal services.

However, if organized properly, their activitiesutth be effectively incorporated into
a SW recycling system. Such an opportunistic amtraa required for sustainable

development of solid waste management programmesveloping countries.

2.3 Constraints of External Support in Solid Waste M anagement

External support provided to SW management in dg@iey) countries has its own
limitations and constraints. As constraints in depigg countries, they can be
divided into technical, financial, institutionalc@omic, and social constraints and

are discussed below.
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(@) Technical Constraints

Industrialized countries, which provide externapport to developing countries,

usually have technical expertise and human ressustitable for solid waste

management in these countries. Their school andretsity education and

subsequent on-the-job training are targeted for tdwhnologies of solid waste

management applicable to these countries. Howetmre is lack of human

resources with sufficient experiences and knowleafgeolid waste management in
developing countries. Opportunities to learn sel@ste management problems and
practices in developing countries through regulaining programmes and seminars

are rarely provided in developing countries.

The lack of knowledge and experience in solid wasmagement situations in
developing countries leads to a tendency to supgadt provide the technologies
available in the donor country regardless of ttaaplicability to the developing
country situation. In some cases, the solid wassagement equipment and
facilities, which are obsolete and outdated in domor country, are provided as

foreign aid to the recipient country.

Communication between consultants provided by tttereal support agency and
the local counterpart in the developing country stimes becomes a constraint in
implementing an effective collaborative project. eTlkommunication difficulty

occurs in two different situations:

(i) There is no common spoken language in operatiosslid waste management

that exist between the external consultants antbtteg counterpart.
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(i) The local counterpart does not understand techigcals introduced as far as
solid waste handling is concerned. Efforts by bdildes to improve

communication ability are being made in a numberaatries.

As mentioned earlier, lack of an overall plan folid waste management leads to a
solid waste management system which is not cost®&fe. It also encourages a
piece-meal approach by the external support agen&eferring to the earlier
example of support for improvement of a dispost, st can be easily seen that the
external support agency made the decision to supmothout sufficient
consideration to other components of solid wasteagament. Piece-meal, or not
comprehensive approaches taken by external summmmcies, often results in

unsustainable solid waste management projects.

(b) Financial Constraints

Obviously, all donor agencies have their own upipeits to financial support. Solid
waste management is one of many sectors for whiatxgernal agency provides its
resources. For some donor agencies, solid wastagaarent may not be a priority
sector for support. As a result, there is a fifged often limited) amount of funds

that can be allocated to the sector.

Because of its inherent nature, SW managementrdaegnder itself to an operation
which can easily generate revenues. This is péatigutrue in developing countries
where the willingness and ability to pay for solidste management services are

low. For external lending agencies, this means tihatrisk of providing a loan to
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such a project is generally high. The high riskaz#n projects can be lessened by
building into the projects revenue raising systéexample user charges and sales of

recycled materials).

(o) Institutional Constraints

External support agencies have their own orgammatimandates and structure that
limit their activities to certain operations su@thnical cooperation, loan of capital
funds, training, and so on. Even in the same doaontry, there are usually different
external support agencies, each specializing inaea of support. The extent of
their geographical coverage is also limited to aiartcountries for their support.
These organizational mandates and operational ageesf external support agencies
determine the levels and types of resources prdwideSW management projects in

developing countries.

There is also lack of coordination among the vaieuternal support agencies to
complement each other's efforts, although it isigadly improving recently. With
better coordination and communication among thém stistainability of solid waste

management projects in recipient countries willrbproved.

(d) Economic Constraints

The economic situation of the donor is determintarthe amount of funds that can
be allocated for foreign aid to developing courstri€hus, it influences the levels of
resources provided to solid waste collaborativegegts. However, the economic
situation of one donor country is not so criticat the sustainability of solid waste

management projects in developing countries.



27

External support agencies in industrialized coestritend to promote SW
management technologies developed in their cosndinel use consultants from their
countries. It is understood and often acceptedttieat is a bias in the selection of
equipment, facilities, and consultants for solidsteamanagement collaborative
projects. As mentioned earlier, the provision ofidsavaste equipment was done
from the point of view of the donor agency, instedHdthe need of the recipient

country.

For instance, two large compactor trucks of 8-tocaygacity each were provided to
the capital town of a small island country whereeatimated 7 tons per day of solid
waste was generated and there were many narroetsstie another developing

country where solid waste is wet and has a lowrdawvalue, the construction of an

incinerator was recommended by a group of congslttom a developed country
where incineration is very common. Often, the appeteness of a technology to be
used in a developing country is not fully assessed, the technology is adopted

based on the norm and experience of the donor gount

(e) Social Constraints

In any country, developed or developing, theresm@al or cultural norms accepted
only by the society. Such norms affect designsotitisvaste management systems.
Where the society allows only a certain social<lasgroup to deal with solid waste,
the availability of work force for solid waste cattion and disposal becomes
constrained by this rule. In some countries, diyebandling human waste is a

traditional taboo, which then prohibits the appii@a of co-composting of refuse and
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human waste. The lack of understanding of localuces and ways of life by the

external support agency is often a cause of fabfigecollaborative project.

Communication difficulty was cited as a constraedrlier. In addition to the
language-related communication problem, the lactemfent attitude and experience
of external consultants in working with official$ developing countries results in

unnecessary tension between the consultants aalddaanterpart.

24 Keysto Successful Collaboration for Solid Waste M anagement

A number of external support agencies recognizensdfagement as a priority issue
in developing countries and are interested in supgpto improve the situation.
However, their approaches to solving solid wastenagament problems in
developing countries have been piece-meal and mdit s@ordinated. Also, their
support has been provided mostly on a short-tersisbdhese characteristics of
external support are inherent in the organizationahdates and operational modes

of the external support agency, and therefore taeyot be easily changed.

What can be changed, however, is to combine support different international

aid agencies to make a collaborative project masenprehensive and long-
term/continuous. This requires better coordinaton communication among the
external support agencies and development of pahipamong them, removing the
organizational egos and sharing and contributieg tlesources to the benefits of the
recipient country. The collaborative project shobéldesigned to improve the solid
waste management situation gradually over a longgeinstead of attempting a

quick fix.
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(b) Defining Clear Roles of Relevant Agenciesin Developing Countries

Better coordination for effective implementation af solid waste management
collaborative project is also required by the vasi@gencies involved in solid waste
management in the recipient country. However, astimreed earlier, many solid
waste management projects in developing countrig$ers from the lack of
coordination among the relevant agencies, whicknofesults from the lack of clear
roles defined for these agencies in solid wasteagament. To ensure effective
institutional support for a collaborative projeot tolid waste management, the roles
and responsibilities of the various agencies inedlghould be defined clearly and a
coordination mechanism be established. This carddree without drafting new
legislation or amending the existing one, whichnsrmally a time-consuming
exercise in any country. A working group involvirafficials from the various
agencies can be set up to discuss initially thesra@nd responsibilities of their
respective agencies, and the working group can dier lupgraded to an

administrative committee or task force.

(c) FactorsAffecting Solid Waste Management

For sustainable SW management in developing castrhuman resource
development should always be part of the exterappart package. Without local
human resources, a collaborative project initidg@xternal support will not be able
to continue. To develop human resources with teahreéxpertise in solid waste
management in developing countries, there are thireg¢egically important groups

for external support, namely.

(i) Key personnel in the national coordinating unithed government;
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(i)  Operational managers of selected Local Governnaards

(iif)  University and other higher educational institoso

Among these target groups, strengthening of hunemources in the national
coordinating unit and one or two selected localggoments is the first priority and
should be done in short term while support to higkducational institutions is a
long-term programme. It is the responsibility o tlecipient country to select these
potential target groups and improve their commuioca abilities. The donor
countries should also improve their human resouraes terms of their
communication ability and knowledge of solid wastiuation in developing

countries.

(d) Supporting Strategic Planning and Follow-up I mplementation

Overall SW management plans at both the natiordill@ral levels are essential for
utilizing limited resources most effectively, antbyiding a frame of reference for
potential external support. Therefore, the formafabf national and local strategic
plans for SW management should be considered aniiie stage of the external

support package.

Realizing the importance of strategic planning, ynaxternal support agencies have
supported or are beginning to support the preparadf overall national and local
plans before providing equipment and facilities.wdwer, the operation of such
technical assistance is often separated from thitteoprovision of loans and grants
for facilities and equipment. As a result, the daltup action to the planning

assistance (such that provision of grants and ldangacilities and equipment) is
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delayed or not given at all. Consequently, theeeraany plans produced, but they
have not been implemented. For the sustainabilita solid waste collaborative
project, it is crucial to provide external supptrtfollow up on the implementation
of the plan prepared. Here again, the approachackgging external support can

play a key role.

(e) Deveoping Self-financing Schemes

The governments of developing countries have lidnifands for solid waste
management and must develop measures to reduae@mncer the expenditure and
increase revenues where possible. They need tathemsolid waste management
systems to more self-financing programmes. Extesapport can be effectively used
to develop different alternative cost-cutting, eamstovering, and revenue-raising
schemes (example waste minimization, deposit-refiydtem for recyclable
materials, import or sales tax on certain packggeducts and collection of user

service charges) and implement pilot studies ogetleeonomic incentive measures.

Private sector participation in SW management cotda and disposal services is
also a way to reduce the financial burden of theegument. It can draw not only
investment finance from private companies for SWhaggment equipment and
facilities, but also managerial expertise and texdinskills. Experiences in

developing countries, which are reported elsewhatb¢ate that privately operated
services are generally more cost-effective thardipglector services. Therefore, the
use of private sector resources through a conahcimrangement provides a

potential alternative towards self-financing salidste management, yet affective.
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Effective application of economic incentive measuaad private sector resources in
solid waste management requires human resourcetesmn and manage such
schemes. Aside from human resources developmetdgcimical aspects of solid
waste management, human resource development sncfad planning and
management is necessary and often a key to théopevent of more self-financing

schemes.

)] Raising Awar eness of the Public and Decision Makers

Effective management of solid waste requires thrapearation of the general public.
Lifting the priority of, and allocating more resaes to, the solid waste management
sector needs the support from decision makers, therefore, important to ensure
that public and decision makers' awareness aetsviare incorporated into the
external support package. The aim of these ad@svits normally long term and it
takes some momentum to build up before the effamsrealized. But, once the
interests of the public and decision makers in ouprg solid waste management are
created, the sustainability of solid waste managerpeojects will be significantly

improved.

Enhanced awareness of decision makers may leachdagmg national socio-
economic and industrial development policies ando@ated government
programmes in favor of improving solid waste mamaget systems in developing
countries. For instance, more financial aid anditeentives may be introduced to
encourage the development of recycling industrylauginess, or labourer protection
programmes may be provided to improve wages an#&imgpconditions of laborers,

including solid waste management workers. Changiagional policies in donor
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countries could also improve ways in which theichteologies are transferred to

recipient countries.

2.5 Problemsof Solid Waste and Solid Waste M anagement

Globally, MSW generation has continued to incremséne with growth in other
socio-economic parameters such as population, pa&rsocome and consumption
patterns (Sakurai, 1990; Achankeng, 2003). In &élsé tlwo decades, per capita waste
generation in the developed economies has incresesaty threefold and it has been
projected that if current trends persist, a fivéfwicrease in global MSW generation

is probable by the year 2025 (AfDB, 2002).

In 1997, a study of the Urban SW situation in efegeuntries that form the Asian
Productivity Organization (Smith Kofmacher, 199hpwed that SW management
was a major challenge in Asian towns and cities2002, each Chinas’ household
was generating 1 kilogram per day per person oficqad solid waste (WHO, 2002)
and the World Bank indicated that by 2004 China sighassed the United States of
America to become the largest municipal waste ggoem the world (World Bank,
2005). Lewin, K., (1995) also reported appallingsteasituations in a number of
Latin American cities including Bogota (Columbia)yere some 2,500 tones of solid
waste is left uncollected every day and is simpfy o rot in small tips or in canals,
sewers and streets; and Sao Paolo (Brazil) whexdhord of the population is living

in areas without any service to collect solid waste

2.5.1 Solid Waste Management
The Basel Convention (Article 4) requires eachytotthe Convention to minimize

waste generation and to ensure the availabilitdigposal facilities within its own
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territory (UNESC, 2009). Municipal Solidwaste (MSW) management has
continually been an intractable problem in recene$ beyond the capacity of most
local or state governments. This has resulted fuiseeheaps being dumped in the
urban and rural landscape in heavily populate@<igind towns as only about 40%

to 50% of waste is routinely collected (UNESC, 2009

Rising urban population growth, limited municipakources, and the complexity of
municipal solid waste management (MSWM) in bothustdalized and developing
countries have complicated the relationship betwaremronmental management and
the health of urban inhabitants. The combined &ffe€ casual disposal of wastes,
insufficient waste collection service, and inaddgquaaste disposal facilities have
always had serious, adverse implications for pubkalth. Among these are the
direct transmission of diseases and the spreadpiofemics, degradation of the
quality of the urban and natural environments amdst importantly, the social
reinforcement of poor hygienic habits and practiedsof which compose a vicious

cycle.

It has been shown that poor SW management is ariagat to public health and
environmental quality, and reduces the quality ifd, Iparticularly for the poorer
inhabitants of towns and cities (Baabereyir, 2008)aste management should
therefore be geared towards protecting the enviesrirftom the polluting effects of
SW materials in order to protect public health ath@ natural environment
(Baabereyir, 2009). The goals of SW managementtipalated in the Recovery
Conservation and Recovery Act (RCRA) of 1976 in Urated States of America

include:
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(i) Protection of human health and the environment ftben hazards posed by
waste disposal

(i) Conservation of energy and natural resources thromgste recycling and
recovery;

(i) Reducing or eliminating the amount of waste gererand

(iv) Ensuring that wastes are managed in an environtheetéde manner

(Zavodska and Knight, 1976).

In principle, most authors have adopted these asmhin goals of solid waste
management. For example, Adogame, L, (2009) sti@idthe goals of municipal
solid waste management as protecting environmdmgalth and quality of the
environment, supporting the efficiency and produsti of the economy and
generation of employment and income to the pedphethe other hand, Transkanen
(2000) states that, “the overall goal of municigalid waste management is to
collect, treat and dispose of solid waste generatedll population groups in an
environmentally and socially satisfactory mannaing the most economical means

available”.

Although in developing countries the quantity olidevaste generated in urban areas
is low compared to industrialized countries, thendipal solid waste management
still remains inadequate (Achankeng, E, (2005).e Bupublic good nature of solid
waste, people often think that it is the governrisengésponsibilities to keep the
environment clean (Mac Donald, 1999a). Thus, intnoosintries, local authorities
have been charged with the responsibility of céillecand disposing of solid and

liquid municipal wastes.
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2.5.2 Solid Waste Management Practices

Every region or town has own formality of handliaglid waste. The attitudes of
people in different municipalities and towns of leaegion vary regarding to waste
management practices. Lack of awareness in comiesimit connection with waste

generation and handling can be considered as @senmevhy no single approach to
waste management has been accepted as a best nt&ithoel there is no preferred
method, municipalities and small towns create tbh&in best way to dealing with

waste (Mungure, 2008).

The principles of waste management, as identifie®&thi, (1996), are to minimize
waste generation, maximize waste recycling and ere@d ensure safe and
environmentally sound disposal of waste. This m¢haswaste management should
be approached from the perspective of the entickeayf material use which includes
production, distribution and consumption as welwasste collection and disposal.
Studies in developing countries, however, have shthat the goals and principles
of waste management in most developing countriesfar from being achieved
(Levin, K, 1994). Waste management practices vaoynfcountry to country in
Africa. Collection rates across the continent rafigen 20 % to 80 %. Common
feature of the municipalities and small or growiogins and settlements is that they
are ineffective, under equipped and poorly maimdi(often vehicle immobilization
rates reach as high as 70%), inadequately fundegaorly staffed and maintained
(Margaret B and Razack L. (2002)). The poorer aire@drica are the least likely to
have any way to safely dispose of their househalsht and garbage. According to

the International Institute for Environment and Bpment, in Kampala, for
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example, less than 20% of the population benefitenfregular collection of
household wastes and less than 20% of the solittwgenerated within the city are

collected.

Open dumps are the preferred method for disposdbWwf as an alternative of
landfills in most African countries. In open dumeduse is simply dumped in low
lying areas on open land. Open dumps are charaeteby an absence of engineered
measures, no leachate management or considerdtianddill gas management, and
few if any operational measures, such as registraif users, control of the number

of tipping fronts, or compaction of waste (Assad( R009).

Open dumps are commonly preferred in African myaailtiies and towns because
they are considered as a cheap way to getting sdla waste (AfDB, 2002). These
dumps make very uneconomical use of the availapbzes allow free access to
waste pickers, animals and flies and often produgdeasant and hazardous smoke
from slow-burning fires. Financing of safe disposélsolid waste poses a difficult
problem as most people are willing to pay for temoval of the refuse from their
immediate environment but then “out of sight — oefitmind” are generally not

concerned with its ultimate disposal.

The disposal situation deteriorates even more rapid urbanization settlements and
housing infrastructure which increasingly encro#ioh existing dumps resulting to
environmental degradation associated with these pdumiirectly affecting the
population. Waste disposal sites are thereforeestltp growing opposition from
being located in residential areas. They shouldabageasonable distance from

collection area.
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(@ Landfills

Citing landfills at greater distances to the cdntwllection areas implies higher
transfer costs as well as additional investmentghén infrastructure of roads and
dumpsites, hence intensifying the financial proldeoh the responsible authorities.
In addition to all this, an increase in service exage will even aggravate the
disposal problem if the amount of waste cannot dsuced by waste recovery.
Other reasons for inadequate disposal are the ynwetppropriate guidelines for
citing, design and operation of new landfills adlwe missing recommendations for

possible upgrading options of existing open dumps.

In some developing countries semi-controlled orrafeel landfills are used. For
these, waste is dumped at a designated site amtlithped refuse is compacted, then
a topsoil cover is provided daily to prevent nuanAll kinds whether municipal,
industrial, or clinicahospital waste is dumped without segregation. Timasite is
not engineered to manage the leachate dischargemaisdions of landfill gases. In
Kenya, for example, there are no engineered ldsdfiience MSW disposal is

carried out in open dumps with attendant deleteremwironmental consequences.

2.5.3 Integrated Waste Management Approach

Richard Wright, (2007) argued that. a single chomfe methods for waste
management is quite unsatisfactory, inadequate,uaedonomical. The concept of
an integrated approach to managing solid wastefitver evolved in response to the
need for a more holistic approach to the waste lprnob Integrated waste

management refers to complementary use of a vadktgractices for safe and
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effective handling of municipal solid waste. Eleftsemost commonly associated
with integrated solid waste management include evaptevention, waste
reduction/minimization, re-use of materials anddocis, material recovery from
waste streams, recycling of materials, compostingroduce manures, incineration
with energy recovery, incineration without energgavery and disposal in landfills

in that order of priority.

2.5.4 ThePeculiarities of Small Towns

Accepted definitions for a small town are generddlgking but a small town is

usually referred to lie somewhere between rural @bdn settlements. The criterion
for defining a rural-small town-urban continuum iearfrom country to country, and
the most commonly used criterion is based on pdjpulasize of the primary town.

However, even this criterion differs from country tountry. Thus, while some
countries categorize a small town as that havipggulation of between 5,000 and

50,000, others have populations ranging from 5t000D0,000 people.

Defining small towns purely based on their popolatisize fails to adequately
capture their dynamism and diversity. Some cousittizinclude other elements such
as relative percentage of the local economy thahds agriculture based (for

example, in Nepal) or relative percentage of meinwwking in agricultural-related

jobs (for example, in Bangladesh). Such criterigy,nmwever, be sufficient merely
to distinguish urban from rural. In Tanzania, sntalvns as defined in the Local
Government Act of 1982 are based on populationaizbe range of 5,000 — 50,000

people.
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Small towns are characterized by more mobility wighative stability, emerging

cash economy with development of markets, incrgasged to manage waste, and
the population within these towns is inadequateetp the benefits of economies of
scale. Waste management in such towns goes beybatdhsuseholds can manage
alone and for proper waste management, paymentedaervice need to come from

both the users and the public purse.

The most notable feature, and probably the mostardrawback for small towns, is
that despite wide variation in national definitioofswhat constitutes a ‘small town’
as noted above, available data suggest that péeplg in these ‘intermediate’

settlements are among the worst served in termafl basic services, including solid
waste management. Investments in small towns hayaysnot kept pace with their

large and growing need for services.

2.5.5 Stakeholdersand Public Participation in Solid Waste M anagement

Waste management stakeholders can be defined ia&luads or organizations with
legitimate interest towards achieving the goal afimizing solid waste. One way of
minimizing solid waste is by allowing the publicgeneral be aware of the problems
posed by ineffective management of solid wasterdtbee the government, formal
and informal sectors, civil society and environna¢organizations and other groups
can work together to create this awareness thrdoighalized and well-organized
solid waste management programs. The public invodré and participation is a
means to create a sense of individual responsiltdivards waste management and

hence the sustainability of the solid waste manayefSWM) systems.



41

Waste management stakeholders can therefore bediasvan important element in
reaching for the communities while creating awassnabout the environmental
impacts resulting from waste disposal. This canobganized through various
environmental programs which will initiate motivati and hence ensuring a

continuous participation.

2.6 Solid Waste Management in Small Townsin Various Parts of Africa

2.6.1 Solid Waste Management in Africa

In Africa, available studies on the African contiheon solid waste management
suggest that, in general solid waste managemesmaill towns is characterized by
inefficient collection methods, insufficient covgeof the collection systems and
improper disposal of the solid waste itself. (Meeig and Browne, 2005). Minor
urban settlements are, therefore, characterizedvdiste accumulations and poor
environmental sanitation (UN Habitat, 1997; Oniboeland Kumuyi, 1999; Hardoy

et al.,2001; Pacione, 2005; Palczynski & Scotia, 2002).

It has been estimated that one person in Africagga approximately 0.5 kg waste
per person per day (Richard Right, 2007). Approxatyaone third of solid waste is
not collected (Richard Right, 2007). In most grogvilowns Zambia, about 90% of
the 1,400 tones of solid waste produced dailyfisuleattended (AfDB, 2002). In the
year 2008, solid waste density in such towns wa3-2Z® kg/m3 with a waste

generation rate ranging from 0.44-0.66 kilogramgagita per day (Read, 2003).

2.7 Current State of Waste Collection in Himo Township
In Himo township, waste management like in othealstowns involves primarily,

the collection, transfer and disposal in dumps &ndifills of non —hazardous,
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municipal solid wastes or thrash, which consistseeéryday items like abattoir
refuse, packaging materials, grass clippings, furej broken glass, bottles, food

scraps, newspapers, batteries and hair from bahogs.

Residential solid wastes account between 55% - 6BBfle commercial wastes
ranges between 45% - 50%. (VEO, Himo, 2009) Othastes include those from
schools, institutions and businesses. Climate dahaaigd level of commercial

activities may contribute to variations of voluntésvaste matter generated.

There is no data on the amount of solid waste grediin this town including Himo
homes, institutions and businesses. According teetifiable data available, the
township generates more than 258 kg. of solid evpst day, that is 1,666 kg per
week and 86,232 kg.(86.232) tons per year whigpmoximately 0.5 kg.-0.85 kg of
waste per person per day (Himo Health Office, 200Mhis involve at least 304
people from various households. About 2% of theidS@laste is recycled or
composted as manure; nearly 1% is incinerated vi2a% is disposed of, mostly in
dumps, roadside dumping and landfills whereas riwae 75% of the solid waste is

burned (VEO Himo, 2009).

2.8 Empirical Reviews

2.8.1 Solid Waste Management in Limuru Town in Kenya

Solid waste management in Kenya is operated ureeMinistry of Environment
and Natural Resources (MENR) together with the Btigi of Local Government
(AfDB, 2002). The main responsibilities of these nisiries as regards SW

management include environmental legislation, fdation of policies on solid
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waste management and monitoring and evaluation (M&EW matters. Others are
the issuance of licenses and permits to waste mpsrand environmental standards

enforcement.

As in most countries in East Africa, local authiestare primarily charged with the
responsibility for solid waste collection, transppaesource recovery, recycling and
disposal within their jurisdiction in Kenya (Obeaad Oyier, 2002). Estimates by
USAID and World Resources Institute (WRI) show ttiese Authorities were only
able to collect and dispose of 50-70% of the SWegeted annually, spending over
30% of their annual budget in the SW handling ofpena in 1992 (Obera and Oyier,
2002). At present, Kenya has no modern or engidderglfills; hence SW disposal
is carried out in open dumps with the thrash attetsl facing adverse and harsh
negative working environmental consequences. Sadiste management in Kenya is
still highly centralized with operational decisionfien having to wait for senior
management roll out in most Council environmenggattments. This often and in
most cases results in long and unnecessary deddgeelthe simplest of tasks could

be carried out.

Lately a few Councils in Kenya have entered intotactual agreement with private
waste operators to complement the efforts of Cduvarste departments in the SWM
perspective. (AfDB, 2002). Limuru is a small towrat is about 25 km North of the
city of Nairobi with about 30,000 inhabitants. Tb@mmunity has a predominantly
agriculture economy, although there is a Bata daotory as well as some other

factories and businesses Like any other town inyehimuru town is also affected
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by a serious solid waste management problem. hgpthg site is about 6 km outside
the town, and the waste volume at the site is kestimated to generate 10 tons of
solid waste per day, due to poor collection sesiiCEhe town council organizes
about 7 trips a week, either by dump truck or texpulling trailers. Of the waste
generated, 95% is of domestic origin while 3% whuistrial oriented and the rest 2%

originate from businesses including shops, kioskksgrocery centers.

The council charges about 250 Kenyan shillings (Kgler year per individual

household or solid waste generator, which is alRobitEuros. The fee covers solid
waste collection in sites and disposal charges.tda council collects 12 tons of
the waste from markets, commercial buildings argidemtial areas leaving about
more than 2 tons of the waste uncollected. The 8ava factory in Limuru town had
its own incinerator which has been shut down frametto time by the council

because most of their waste contains dangerousichisnthat are not adequately
dealt with. There is poor incineration and the dagthad been dumping their solid

waste at the Dandora site.

Reasons for the uncollected waste in the Limuruntave caused by poor machinery,
lack of trained personnel, and lack of awarenesthbycommunity on solid waste
management and inability of the dumping sites tadha all the generated solid
waste. The Limuru dumping site is located 6 kmyawaBibirioni, covering about

0.5 hectare which is not sufficient for the solidste dumping purposes. All types of
solid waste are dumped at the site, some of whieldangerous not only to nearby
residents, but also to animals in the area. Bralass is scattered all over the site,

posing obvious danger to passers by including mmldLimuru town is also affected
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by serious plastic bags problems, with the bagsdgeicattered all over the

communities, and this affects both human and asimsldiscussed above.

Most plastic bags are discarded after market dang l@ecause the town lacks
capacious garbage disposal units, the bags rentaenewthey are discarded without
being collected. Some of them are blown by winditier other places of the
neighborhood. There is need for adequate dumpiegsain Limuru because the
town has a large market, resulting in considerdbtge volumes of solid waste

generation during market days and in various ge¢iograreas in the town.

Future plans for Limuru town is to see to the cltesof the existing dumping sites
and relocation of a new dump-site at Ruai area, @extlopment of awareness
campaigns through SWM education. This shall alsolire employment of qualified

personnel in environmental work and acquisitiomafre collection machinery and

transportation facilities (Troshineta A.M and Mibiel J.R., 2009).

2.8.2 Solid Waste Management in Tanzania

(@ Solid Waste Management in Babati Town

The amount of solid waste generated in the entwentis estimated at 0.5 kg
/person/day. Before 2005, disposal of solid wasds wnly accessible for half of the
population of Babati (Babati Town Council, 2006heTsolid waste management
operates under the Health department of Babati T@euncil. The council is
responsible for the management of solid wastergett and market and 20 people
designated as council cleaners with a duty of nelyi sweeping the streets and

collection of all solid waste, while a communitysied organization (CBO) and some
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private operators collect domestic wastes (AfDB)20 After Babati was upgraded
to Town council in 2006, new by-laws and regulasiovere introduced. Waste pits

were initially the common way to get rid of theidohaste generated.

Table2.1: The Methodology Adopted in the Study Area

Methodology adopted

Literature review Secondary data collection Field investigation studies

¢ in each town
Internet v v :
Library materials, Collection of data as per Quantificati Analysis of
brochures, guestionnaire on studies phy3|c_:o-
journals and Situational analysis as per chemical
related sources Solid Waste Management properties
Review of methodology for Assessment of l
qﬁa”“f'ca.“on. and ol waste quantity per | | Collection and
characterization of Solid Waste day compilation of
Review of International status gf data
Solid waste management

l | | |

0 Assessment of quantity of waste generated
o0 Assessment of characteristics of Solid Waste

0 Assessment of existing status of collection, steragnsportation and
disposal activities

o Review of existing methods of Solid Waste Managemen

o Propose best methods of waste management in tthe atea

Although the pits are now forbidden in the cenpaits of Babati, where the density
of people is high, it is still a common way to ¢die common solid waste means of

disposal. People in the town are supposed to owlnuae a refuse bin as part of a
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refuse collecting system, while the common andeajvke way to collect and dispose
solid waste in rural parts is still the pit (AfDBP02). Transport to the landfill is a
big problem. There is no reliable and identifiednsport facility to carry the solid

waste from town to the newly identified landfilkesi and without reliable transport
facility (Lorries, tractor with trailer) it was ingssible to move the old dump (Lewin,

K., 1884). Little money and resources are allocée&WM activities.
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CHAPTER THREE

3.0METHODOLOGY

3.1 The Study Area

Himo town is located in Kilimanjaro region, Northefanzania, at Latitude 3° 22' 60
S and longitudes 37° 32’ 60 E respectively. Thalgtwas carried out in Himo
Township in Moshi rural district, Kilimanjaro regio This town lies about 25
kilometers from Moshi town at Latitudes 3° 21' 48'and Longitudes 37° 19' 37" E)
to the West. The current birth rate of the inhatigaof the study area is 4% and a
death rate of 0.12%, while 62% of the populatiosides in the periphery of the

township, mostly engaged in agriculture and anir@ating with zero grazing.

Location of
Himo

/ TOWnShip

Figure 3.1: Location of Himo town in Tanzania
(Source: Kilimanjaro Regional Profile, 2004)
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3.2 General Methodology

3.2.1 Research Methodology Description

The review of literature provided an overview odksholders reports and factors
affecting Solid waste management systems. Thealiusx review provided
information about the methodology, quantificationdacharacterization of solid
waste as well as the review of international staiftisSolid waste management.
Furthermore, information was collected by meangwéstionnaires and interview
from selected individuals, including questions akibe stakeholders and the state of
Solid Waste Management system in Himo township. sé&/ananagement practices
were followed by on-site visits to households, hiady, schools, construction sites,

agriculture and commercial areas.

The following characteristics noted included, typefs waste generated, waste
collection, transportation and disposal methodse Timdings were presented,
analyzed and validated with relevant stakeholdens fthe visited sites. A total of 60
questionnaires each containing 36 questions (Agpehdwere administered to

assess the solid waste management activities isttity site, of which 25 % were
measured on a three to four point scale. Priorata @ollection, the questionnaires

were pre-tested for ease of understanding and mowvadidity.

A group of stakeholders were asked to criticizenthi®r ambiguity, clarity and
appropriateness of the item used in the operati@ach construct. The respondents
were also requested to assess the extent to winckactors sufficiently addressed

the topics investigated. Based on the feedbackivete the instruments were
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modified accordingly and used to collect informat&bout the State of Solid Waste

management in the town.

(1) Sample Size and Sampling Techniques

A number of thirty households were randomly seléct® as to represent the entire
town for inference. In this study, two respondefntsn schools, health facilities,
shopping centers, hotels, market, kiosks, and dumstes respectively participated
in the study which constituted a total of fourteespondents which created
homogeneity in participation. Purposively, ten loaathority officials concerned
with environmental and public health issues wemdlved in the study to give the
real picture of solid waste handling at grass feee¢l. two production managers, two
administrative managers and two officials chargeith wdustrial health at factory
were also included in the study. The total nundfeparticipants in the study was

Sixty.

Table 3.1: Selection of Respondents

Description of Respondent Participants

Households from the all over the town 30
Schools, health facilities, shopping centers, lsot@larket, kiosks 14
and guest houses
Local Government Authority officials (environmengaid public 10
health)
Production managers from manufacturing industries 2 0
Administrative managers 02
Industrial health workers in leather factory 02

Total 60

Sour ce: Resear cher, (2013)



51

Since the respondents were selected randomly, $@igde from dustbins and other
collection containers for different groups were ntiieed for physical contents
respectively. This approach was important sincerethwere variations in the
composition of the Solid waste generated, methddSalid waste collection and

waste disposal methods among the stakeholders.

Further clustering was done in the peripheral egitints to get households near the
dumpsites or landfills and those away from thessssHouseholds within a radius of
500 meters from the dumpsites were purposivelycssdeto be included in the study.
This was purposely done to capture information arsance and or benefits the
residents encounter by virtue of location of thengsite. Both quantitative and
gualitative research approaches were used so badimtitative and qualitative

methods of data collection were employed.

Household survey was conducted using a questi@smaomposed of both open and
close-ended questions. Information sought comprisedocio-demographic and
economic characteristics, composition of solid wagenerated, volume of solid
waste collected, disposal methods used and alseehold participation in solid

waste management in general.

In-depth interviews on solid waste compositionJexilon and solid waste disposal
methods were examined in other waste managemekghstiglers. On the part of
local government officials, details on resourceation, policy issues and by-laws
on solid waste management were also examined. gtirdaterviews using semi-

structured interview methods were scheduled acaglyli



52

(i)  Demography

There were 14,800 residents in Himo by 2009 (Tamzalational Census, 2002).
According to the at a projected growth rate of @86 per annum, the population of
Himo town is currently estimated to 22,990 peoplehis population, according to
the Local Government Act of 1982 qualifies Himo be a small town (RAS

Kilimanjaro, 2010).

(iii)  Other Attributes

The town has a market at Makuyuni area which opsrath Mondays and Thursdays.
Items sold on market days (Monday and Thursday) raeenly foodstuff and
household items. Otherwise, the town is clusteréd & other small market places

which operate on daily basis, selling mainly foodfst

Whona River passes through the vicinity of the tawth two other streams, namely
Saghana and Kilacha. The town is linked by fourmraiads, namely, Makuyuni,
Marangu, Holili and Moshi roads. The town has salvguest houses, shops, kiosks,
bars, pubs, supermarkets and hotels. There iseatbelr industry known as Himo
Tanneries, for leather and hides products. Thexdveelve waste collection centers
in the town, two dumpsites and four sanitary ldiglfarther to the southern part of

the town. The landfills accommodate much of thershps’ generated solid waste.

3.3 Determination of Solid Waste Component

3.3.1 Physical and Chemical Analyses

3.3.1.1 Physical Analyses

In physical analysis, 8 grab samples were colleaetedl weighed to determine the

weight of each component present therein. Acqoisitof a representative sample of
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solid waste for subsequent physical analyses wasetl by drawing a composite

sample of several sub-samples of the solid waste.

(1) Sampling Equipment

Sampling equipment and tactics for collectionshaf $ub-samples were specified in
that the collector picked a definite grab samplat thas available to represent the
rest of the matter. In which case, a shovel andatlatwere used to extract a grab
sample ranging from 2.2.0 kg — 10.6 kg, to enshe¢ the bulk of the waste was
represented by the composite sample. The samples weighed by hanged salter

scale.

The sampling strategy required the collection ahiaimum of 8 sub-samples that
provide integration over both the depth and théaserarea of the waste as contained
in dustbins, roadside deposition spots, plasticsbalyl buckets etc. The composite
samples obtained in this manner were weighed teraie the composition of
individual material in weight using a common weigii scale, displayed in

kilograms, weighed in a hessian bag.

During the weighing procedure, precaution agaimetkage or loss of sample was
observed, as well as provision for the maintenaotcéhe homogeneity of the

composite sample. It most cases, biasness waseav@d as to obtain genuine
research results. The sampling procedure had poogidor ensuring the safety of

the personnel collecting the samples to avoid ypjpoisoning and nuisance. The
content of the samples were organic matter, gkxssgty beer and beverage cans,
broken bottles and empties, plastic and polythegs bcow dung or chicken manure

and wood. This is elaborated in Annex Il.
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Table 3.2: Grab Sample M easurement Results

S | Material in high | Weight | Material in low Weight Material not in
N quantity (kg) quantity (kg) sample
1 Cow dung or 4.1 Glass 0.1 Wood
chicken manure Cans 0.1
2 OM 2.0 Metal 0.1 Beer cans and
wood
3 Broken bottles 2.1 Beer and 0.1 Wood
and empties beverage cans
Plastic and 2.0
polythene
4 Paper 2.1 Wood cans, metg 0.1 Broken bottles
0.1 and empties
5 Paper 2.3 O.M, 0.1
glass, cans 0.1 Metal
6 o.M 2.4 Glass 1.2 Broken bottles
and empties
7 o.M 1.6 Broken bottles 0.6 None
and empties
8 Plastic and 3.1 Broken bottles 0.3 None
polythene papers and empties,
glass 0.3

Source: Field Data

The total of twelve solid waste samples for labmmatanalysis were randomly
collected from the dumping sites at Himo. Wastesewmimarily categorized into
bio degradable and non-bio-degradable componeatsh Bf samples of waste were
segregated and categorized manually into variossentgipes like paper, plastics and
metal, then put into plastic bags and weighed terdgne its fraction in the total
solid waste sample (Kumat al.,2009). The weight of the container was subtracted
to obtain the net component weight. The percentdgeeight for each subcategory
was calculated using the following simple formuéddov:

PSW = NWS X 100

TWS
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Where PSW is the % of the subcategory of waste,
NWS is the net weight of the subcategory of wastegi.

TWS is the total sample weight of the sample in kg.

(i) Laboratory Analysesof Solid Waste
Laboratory analysis of solid waste were performeddetermine the levels of
Calcium, Phosphorus, Organic matter, pH (hydrogem doncentration), Nitrogen

and Potassium. The analysis procedure are desdéded:

@ Deter mination of Soil Organic M atter

The sample organic matter was determined using\Wadkley-Black Potassium
Dichromate method as described by Olsen and Som{h882). For each sample,
200 mg air-dry sample was accurately weighed int®é08@ ml-wide mouthed
Erlenmeyer flask to which 10 ml of 1N Potassiumd@mnate was added and the
mixture was swirled to disperse the soil in thaugoh. Then, 20 ml of concentrated
Sulphuric Acid was rapidly added and mixture th@idy shaken. The mixture was
left to stand for 30 minutes after which 200 mlidutilled water were added. The
solution was then titrated against 0.5 N Ferroufpl@ie using o-phenanthroline
indicator. The percentage of organic carbon wasutated using the following
formula;

% Organic C = [(megkCr,0 — meq/FeSg)(0.3) x f

Weight of oven dry soil x 100

Where, f = 1.3, was a correction factor to accdanthe carbon that did not oxidize

in the procedure. The organic matter content wasnterlly estimated by
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multiplying the organic carbon percentage by 1.7@2d = millequivalent) (Olsen

and Sommers, 1982).

(b) Determination of Phosphorus

Phosphorus was determined by first extracting phosjus from the sample using
the Olsen extraction method as described by Olseh Sommers, (1982) and
Emteryd (1989). One gram of air-dried sample wassferred into a 250 ml flat-
bottomed flask, 50 ml of 0.5N Sodium bicarbonatéutsan was added and the
mixture was then shaken for 30 minutes. The mixwas filtered and the filtrate
used for the determination of phosphorus. Orthosphate was determined
calorimetrically using a spectrophotometer accaydmthe ascorbic acid method of
Allen (1989) and Olsen and Sommers (1982) in whiah colour was developed
using a mixture of ammonium molybdate solution stashnous chloride solution and
the absorbance was determined at 660nm. The amdymosphorus in the sample
was extrapolated from the calibration curve of dead phosphate of potassium

hydrogen phosphate.

(c) Determination of Total Nitrogen

Total nitrogen in the sample was determined usisgrai-micro Kjeldahl digestion
method (Allen, 1989). This method determines athgi@ nitrogen except that in
nitrate and nitrite forms. One gramme (1 g) ofdried sample was weighed then
placed into a Kjeldahl flask. To the sample, 1 gaatalyst mixture was added then
put in the digesting tube (1 g of catalyst mixtooamtains 1.5g Selenium, 10g Copper

sulphate and 100g Sodium sulphate). 10 mis of cureted HSO, were added to
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the digesting tube then placed on the digestingkbldhe heat of the digesting block

was adjusted to 380 till the digest was clear, white or pale green.

During distillation, 20 ml of 2% boric acid was ek with an indicator solution into
150 ml conical flask using a dispenser. The conftadk was placed under the
dispenser tube of the distillation apparatus. digestion tube was then connected to
the distillation apparatus; Fifty (50 ml) of 32%dsam hydroxide was dispensed to
the digestion tube. The distillation maintained Taminutes. Immediately the sample
was titrated with standardized sulphuric acid 0.08N the colour changed from
green to light red. The calculation in determinatid % N,

(A-B) x N x 100 x 14 x Mc

W x 1000

= (A-B) x Nx 1.4 x Mc

W
Where
A is ml of sulphuric acid used for titration
B is ml of sulphuric acid used for the titrationtb& blank
N is normality of the SOy
W is weight of the sample
14 is equivalent weight of Nitrogen.

Mc is moisture correction

The amount of total nitrogen in the sample (%) weatermined by titration of boric

acid which was titrated with standardized minecad a
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(d)  Collection of Solid Waste Samplesfor Laboratory Analysis

Eight solid waste samples, weighing 0.5 kg. eacheveellected around dumpsites
and landfills. The locations were Whona bridge dunkpva - Festo dump,
Makuyuni, Kwa -Huseni dump along Holili road and &tlani along Dar es Salaam
road. Two samples were collected in each sampliootp These areas have
operational solid waste disposal sites in Himo tshp. In this case all deposition

centers were covered.

At each dumpsite, two samples of dried and deceegbsolid waste were obtained
by first, getting rid of the top most solid wast about 1-3 cm and opening by a
shovel to the required depth of 30 cm - 60 cm avitbct the required solid waste
sample. By using a shovel V shaped hole was dug at 30cm — 60 cm where soil
sample were collected. The weight of each sampteOsakg. The samples were put
in clean plastic bags and packed in a box for sabiom to the laboratory after has

been clearly labeled.

Soil Probe Auger Spade

“yrsoil shce

Figure 3.2: Solid Waste Sampling in a Dumpsite by Using a Spade
Source: Ezeah, (2009)
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3.4 Data Processing and Analysis

3.4.1 Data Processing

Both quantitative and qualitative data on the fingdi in the solid waste management
for the study were gathered through administratibquestionnaires, interviews and
documentary sources. After cleaning up the data filee household questionnaire
survey and correcting the few mistakes that wereated in the filling of the
questionnaires, the data were coded and fed irdtsttal Package for the Social

Sciences (SPSS 16.0 for Windows), computer progfiorusis, 1990).

Analysis was undertaken to generate a descriptieteire of the data gathered on
such themes as household waste generation andrapdictices, services available
to households for waste disposal and householdatsfaction with the quality of
service. This also covered question items relatinghe funding of waste disposal
and environmental concerns of waste disposal. ®ingdrcentages and means
(central tendencies) were used to analyze the gatwe data obtained from the
household questionnaire administration. Data falt@mprocessing and analysis of
the study were summarized using frequency disiobat and charts. Descriptive
guantitative summaries were used appropriatelycdPeages of different parameters
were also determined. The qualitative data frorarinéws conducted with all other
categories of respondents were analyzed manuallyndking summaries of the
views of the respondents and supporting these neldvant quotations that captured
these views, supported with data from documentayrces and my own field
observations of the waste situations in the twoe<#sdy towns of Babati and

Limuru.
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3.4.2 Data Analysis

Both quantitative and qualitative data were obtainsing the questionnaires, while
quantitative data were obtained by using laboratorglysis. After cleaning up the
data from the household questionnaire survey amecing the few mistakes that
were detected in the filling of the questionnaitt® data were coded and fed into
Statistical Package for the Social Sciences (SFE® fbor Windows). Analysis was

undertaken to generate a descriptive output edpetoa frequency and percentage

response of the data gathered.

Apart from that, household waste generation an@swociated handling practices,
services available to households for waste dispasdl householders’ satisfaction
with the quality of such services were also disedsbased on the SPSS descriptive
output obtained. This also covered question iteetated to the funding of waste
disposal and environmental concerns of waste d@pétowever, for quantitative
analysis, data from the laboratory were recorded awerage of series of
measurements was determined. The data were comjuetedve at average value

which was later used to describe the findings, withstandard error specified.

3.4.2.1 Descriptive Statistical Analysis

Descriptive statistics describe samples of subjantsterms of variables or
combination of variables (Tabachnick and Fidell, 0RO Descriptive statistical
analysis therefore involves the use of frequen@esgentages, means and standard
deviation to describe various variables encountel@ihg the study. The first two

techniques were employed for analyses of dataectlad the characteristics of the
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respondents or organizations they represented. tBoait was also necessary to
employ these techniques for the initial analysisatain variables even when a few
of responses were measured on a Likert scale. Hawgvaphical techniques were

utilized for presenting the results from these gsed through charts and tables.
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CHAPTER FOUR

4.0 RESULTSAND DISCUSSION
4.1 Introduction
Findings and analysis assessment of Solid Wastergen in the small town of
Himo which is located in Moshi district, within Honward are presented. These
results were obtained from the questionnaireab glample assessment and from
physical and chemical parameters and as well aglake from the site including
measurement of samples collected from different ghites and analysis of solid
waste in the laboratory regarding Solid waste ctitbe, storage transfer and
disposal.
4.2 Social and Demographic Characteristics
This part reports and discusses the Social and Deapbic characteristics of the

respondents including age, educational level, gemgiome and marital status.

4.2.1 Educational Level of Respondents

General results reveal that most of the respondanitimo town had a scholastic
education (Table 4.1). The results indicated tHa?% were educated to ordinary
level, while 28.3% and 15% had attended primaryostrand advanced level

education respectively. Only 6.7% of respondentsahaniversity level.

Table4.1: The Educational Level of Respondent

Education level Frequency Per cent
Primary education 17 28.3
O-level 25 41.7
A-level 9 15.0
University 4 6.7
Missing System 5 8.3
Total 60 100.0

Sour ce: Resear cher, (2013)



63

4.2.2 Sex of the Respondents

Male respondents were higher than female resposdeotresponding to 65% and

females 35% respectively (Table 4.2). This couldthe fact that most female

respondents why was caused by most of the femalgonelents were afraid to

respond to the questionnaires and directed sontigeadjuestions to be answered by

males due to reason that in Chagga culture, methargpokes persons of the family.

Table4.2: Gender Distribution of the Respondents

Gender Frequency Per cent
Male 39 65.0
Female 21 35.0
Total 60 100.0

Sour ce: Resear cher, (2013)

Table4.3: Income L evel of Respondents

Income per month (Tshs) Frequency Per cent
< 50,000 7 11.7

50,000-100,000 11 18.3

> 100,000 39 65.0
Missing System 3 5.0
Total 60 100.0

Sour ce: Resear cher, (2013)

4.2.3 Incomeleve

The income level of individuals in Himo town genbraindicated that most
individuals were middle class and above, while asityall population was in low
class (poor). This is because in the study, abbut 6f all respondents were earning

monthly income of greater than 100,000 Tanzaniaiir®}s, while the remaining
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30% (including 11.7% earned less than 50,000 angld&arning 18.3% per month

respectively). The results are presented in Talle 4

4.2.4 Marital Status

It was revealed that about half of the respondés®s3%) were married in Himo
township and disagreed by 38.3%. The results itelite@at most individuals in Himo
town are lived with their spouses either togethetar one roof or separately and this

increased the amount of solid waste generatiore rébults are presented in Table

4.4.

Table4.4: Marital Status of the Respondents

Frequency Per cent
Ever married 32 53.3
Never married 23 38.3
Total 55 91.7
System 5 8.3
Total 60 100.0
Sour ce: Resear cher, (2013)
Table 4.5: Distribution of the Respondents
Ageinyears Frequency Per cent
15-25 13 21.7
26-35 18 30.0
36-45 15 25.0
46-55 6 10.0
55 and above 2 3.3
Missing System 6 10.0
Total 60 100.0

Sour ce: Resear cher, (2013)




65

4.2.5 Distribution of the Respondents

In the study, about 30% of respondents were agbtelea 26-35 years dominating
the group followed by those aged between 36-45syE&%). Those aged between
15-25 were 21.7% while those aged between 46-5yware 10%. Elders at 55

years and above were 3.3%. This is presented ite Hab.

Table 4.6: Household Composition

Agein years Freguency Per cent
15-25 13 21.7
26-35 18 30.0
36-45 15 25.0
46-55 6 10.0

55 and above 2 3.3

Missing System 6 10.0
Total 60 100.0

Sour ce: Resear cher, (2013)

4.2.6 Household Composition

Most of the households within Himo town had faeslhad more than 5 children as
the administered questionnaire revealed. The refgus in the households agreed
by 61.7% that their household composition was gretitan 5 while 11.7% agreed

that were below 5 people. The results are presentédble 4.6.

Table4.7: Solid Waste Generation Trend for Broken glassand Metal scrap

Frequency Per cent

5 and below 7 11.7
Above 5 37 61.7

Missing System 16 26.7
Total 60 100.0

Sour ce: Resear cher, (2013)



66

4.2.7 Economic Activities
The people in this town were engaged in differaoin@mic activities which enabled
them to earn income and live modestly in the comtgurThese were mostly

agricultural activities as well as business bottange scale, medium and small scale.

4.2.7.1 Agricultural Activities

This was the primary economic activity practicedtbg people within Himo town.
Maize, beans, banana and horticultural crops weremgwidely. As far as Livestock
keeping was concerned, cattle rearing, chickent, ggfeeep and swine that were

reared as the source of food and for generafiamcome.

4.2.7.2 Business Activities
People in this area were business oriented, Hinmeglibe hub for border trade with
Kenya. There are small, medium and large busingsgesating in both retail and

wholesale distribution.

4.3 Solid Waste Assessment

4.3.1 Sour ces of Solid Waste

Most of the solid waste generated in Himo town ioage from households including
wastes such as food remains, paper materials, wastes and plastics. Hazardous
wastes were generated in Himo Tannery, the onthégaindustry in the town. Other
waste source include the wastes were health cerdem®ols, training colleges,
markets, kiosks and bars. The quantity of diffetgpes of generated solid wastes
from different sources differ due to location, @s® individual perception towards

particular solid waste type. These solid wasteanttaristics are discussed below:
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4.3.1.1 Broken Glassand Metal scrap

Most of broken glass and metal scrap were genenaiestly by the small scale
industries and artisans while less were generatad fesidential and commercial
places. It was observed that generation rate obtbken glass was agreed by 18.3%
to be high while 13.3% agreed it to be low. Abo8%#commented it to be low. As
for metal scrap, 46% of the respondents agreem betlow while 8.3% argued it to
be moderate. About 18.3% of the respondents saietrié high. Most of the metal
scrap being generated either in households oraesal places were recycled by iron

smiths who reshape it into different items. Tikipresented in Table 4.7

Table4.8: Solid Waste Generation Trend for Broken Glassand Metal Scrap

High | Moderatel Low | Missing System Tota

Broken glass| Frequency 11 8 29 12 60
Percent 18.3 13.3 48.3 20.0 100.0

Metal Scrap | Frequency 11 5 28 16 60
Percent 18.3 8.3 46.7 26.7 100

Sour ce: Resear cher, (2013)

4.3.1.2 Plastic Wrappers and Food L eft Over

The plastic wrappers and foods left over were vgastenmonly generated mostly
from residential and institutional facilities withHimo town. It was found that there
was a high generation rate of the plastic wrappiraerials as agreed by 61.7%
respondents. Institutions and facilities like setamy schools, funeral and various
anniversary celebrations and other gatherings nsrevthe plastic wrappers were
used to carry hold food was most contributor irs thspect. As shown in table 4.8,

the generations of food left over as a waste wegreeal by 43.3% of respondents



68

while 15% agreed to moderate and the remainder 4§%ed to low generation of
food wastes. This was due to the reason that ajthabe food waste was being
generated in Himo town most of the waste was ugsdddd swine which are reared
by many individuals. This is because although fe@ktes were highly generated

their occurrence in the environment was rare.

Table 4.9: Solid Waste Generation Trend for the Plastic Wrapper and Food

L eft Over
High | Moderate Low | Missing System | Total
Plastic Wrapper| Frequercy 37 11 4 8 60
Percent 61.7 18.3 6.7 13.3 100.0

Food left over
and vegetable

| Frequency 26 9 15 10 60
peels

Percent 43.3 15 25 16.7 100
Sour ce: Resear cher, (2013)

4.2.1.3 Beer Bottles, Household Sweep and Cow Dung

Beer bottles are generated mostly in commercalitias and residential facilities in
small tendency as agreed by 24% of respondents Wds due to beer bottles being
returned to the industry for refilling, which redudhe amount of bottles that

remained in the environment as solid waste reqyidisposal.

Household sweep and cow dung on the other handwgagd to be highly generated
by 23.3% of respondents while 13.3% said it wereegeted moderately. About

41.7% argued it to be generated in low quantitiisTs explained by the reason that
the cow dung is stored left to dry and Decomposeah fyard manure is an important

resource in agricultural production. This is preed in Figure 4.10
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Table 4.10: Solid Waste Generation Response for the Beer Bottles and
Household Sweep and Cow Dung

High | Moderate | Low | Missing System | Total
Beer Bottles Frequency 8 8 24 20 60
Percent 13.3 13.3 40.0 33.3 100.0
Household Frequency, 14 8 25 13 60
sweep and cov
dung Percent 23.3 13.3 41.7 21.7 100

Sour ce: Resear cher, (2013)

4.3.1.4 Metal Cansand Paper Wrapping Material

Metal cans waste were mostly generated from resaleplaces as well as the

industrial places. Although it's was noted thatréheas slightly difference between

individual response that agree and disagree, &#880 agree to high while 26.7%

agreed it to be low.

S i | G iy L ik
Plate 4.1: Metal Cans Burnt in Dumpsite
Source: Field Data
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As shown in a Table 4.11 paper wrapping materiasevihighly generated in Himo
town as agreed by 63.35% respondents. This wagdduysthe presence of primary,

secondary schools, teachers colleges, VETA cetitatsised paper on daily basis.

Table 4.11: Solid Waste Generation Response for the Metal Cansand Wrapping

Materials
High | Moderate | Low | Missing System | Total
Metal cans Frequency 17 15 16 12 a0
Percent 28.3 25.0 26./7 20 100.0
Paper wrapping| Frequency| 38 5 4 13 60
materials Percent 63.3 8.3 6.7 21.7 100

Sour ce: Resear cher, (2013)

4.3.1.5 Waste Textile and Wastes from Barber Shops

The waste textiles were generated in a low quaititgimo town and this was due
to the textile industry being located in in Arugiegion which is far from this town.
The nature of disposal of old or worn out clothimgs also evident. The argument is
explained by 41.7% of respondents who agree tlaalmount of textile waste were
generated. Waste from barber shops were also ajedein Himo town in a small
tendency as agreed by 45% of the respondents \RBil&% agreed it to be high.
Most of the barbers used to burn their waste bedmgosal caused low wastes being

deposited in dumps and landfills. The results aesgnted in Table 4.12.

4.4 Solid Waste Collection and Temporary Storage
After generation, solid waste was collected andeeitstored temporarily or
transported to disposal site. The transport invdlaigect transport to dumpsites or

landfills for ultimate disposal.
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Table 4.12: Solid Waste Generation Response for Waste Textilesand from

Barber Shops
High | Moderate | Low | Missing System | Total
Metal cans Frequency 18 5 1p 12 600
Percent 30 8.3 20 20 100.0
Paper wrapping| Frequency| 14 7 27 12 60
materials Percent 23.3 11.7 45.0 20.0 100

Sour ce: Resear cher, (2013)

4.4.1 Collection

In Himo town, the collection of solid wastes wasmeoonly done, with the
respondents at household level as agreed by 66f7ééspondents and also, by
roadside uncontrolled dumping as agreed by 58.34oralents. While the methods
like use of collection points and collective wastmtainers were found not used by
61.8% and 51.7% respondents, respectively. Thigates the individuals in Himo
town prefer waste collection at household level evatiside uncontrolled dumping
other than other methods, and this was becauséeofmtethods being simpler,
requiring no movement to collection points which revethe transfer stations.
However road side uncontrolled dumping although mamly used had the effect of
contaminating the environment as the wastes weseadied uncontrolled into the

environment.

Furthermore, the Local authority is the responsifle management of waste
collection, nevertheless the results from the stadicates that the management was
poor. This is because of the 66.7% respondentgmied that the Local authority
was responsible for the scheduled solid waste aalle from various collection

points and households. This is presented in Tahl@ delow.
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Table4.13: Local Authority Control of Waste Collection Schedules

Frequency Per cent
Yes 19 31.7
No 40 66.7
Missing system 1 1.7
Total 60 100.0

Sour ce: Resear cher, (2013)

On top of collection schedules, collection frequemt the collection points and
household was average for most individuals in Hiown and this is explained by
low environmental consciousness on importance lad $easte management and less
stringent regulations imposed on the communitytiregato solid wastes. Normally
the solid wastes were to be collected twice weeltbpending on the production
capacity and living standard of the commurfifghobanoglous, 1993). In the study it
was revealed that, solid waste was not collectedllabs agreed by 23.3% of
respondents, while 38.3% agree that it were ragelljected and 30% agreed that it
somewhat were collected and only 5% argued on é&eityi collected. This means
the individuals in Himo collected wastes on voluptdasis other than health

COoNscious.

Table 4.14: Respondents Resultsin the Frequency of Solid Waste Collection

Frequency Per cent
Not collected at all 14 23.3
Rarely collected 23 38.3
Somewhat collected 18 30.0
Frequently collected 5 8.3
Total 60 100.0

Sour ce: Resear cher, (2013)
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It was also unclear on whether the Waste collectimnkers were trained on the
methods and proper handling of solid waste, as 60%espondents didn’t know
about it. Results are shown in Table 4.15, indigapoor management for the solid
wastes administration (Local Authority) as wellasrkers collecting wastes from

different collection points.

Table4.15: Workers Training on Solid Wastes M anagement

Frequency Per cent
Yes 3 5.0
No 21 35.0
Dont know 36 60.0
Total 60 100.0

Sour ce: Resear cher, (2013)

4.4.2 Storage

Temporary storage of solid wastes occurred where tivere small amounts of waste
generated at time. However, solid waste storage agasciated with presence of
nuisance following allowance of waste to decompatgoint of disposal, which
provided breeding site for insects and flies ttmmeatened human health. In Himo
town, the most commonly used storage materialstdorporary storage of solid
waste before disposal were plastic bags as agred8.8% of respondents, dust bins
as agreed by 50% of respondents. Empty fertilegys and hessian sacks were not

used as argued by 53.3% and 75% respondents, tigspec

45 Solid Waste Transport and Disposal
After collection, solid waste was transported tomggites and un-engineered

landfills for ultimate disposal, with transportatigehicles described below:
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: . ,’(‘dg £ 4 5
Plate 4.2: Solid Wastes Temporary Stored in One of Canteen in Himo
Sour ce: Resear cher, (2013)

4.5.1 Transport

In Himo town solid wastes were transported to dusitgs by using different waste
handling vehicles, like lorries, pick-up trucks, edtbarrows and ox-carts. Lorries
were mostly owned by Municipal and Dstrict councidhile wheel barrows were
mostly used in commercial places and institutiamrsmiovement of solid waste. The

latter two were agreed to by 11% of respondents.

Other means employed were ox -carts as agreed 3¢c1@hich was commonly
used by farming communities where animals (oxen donkeys) were used for
farming and transportation. Polythene bags were uasestly to transport wastes to
temporary storage facilities and dumpsites as thege mostly used in households
where there were little quantities of waste gemetain day-to-day activities.

Polythene bags were agreed by 38.3% of responadnilis plastic baskets by 6.7%
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of the respondents. In some cases tractor witketraiere used to move of wastes

from collection sites to dumpsites.

Table 4.16: Carriage Used to Move Solid Wastes

Frequency Per cent

Trucks (lorries) 11 18.3
Wheel barrow 11 18.3
Ox-carts 8 13.3
Polythene bags 23 38.3
Plastic baskets 4 6.7

Tractor with trailer 3 5.0

Total 60 100.0

Sour ce: Resear cher, (2013)

4.5.2 Disposal Methods

Common Solid waste disposal method in Himo was lapping of solid waste into
pits dug within most of the household’s premisekhdugh this was the case for
individuals with space within their homes, but foose who could not have the pits,
had their SW collected into dust bins, plastic baigpolythene sheets then carried to
dumpsites or non-engineered landfills for. About388 of respondents had waste
pits within their premises where some of solid wastis burnt after disposal and
refilled when full by hoe and spade empting .Theeot40% didn’t own waste pits,
but had their SW collected and deposited in spediimpsites located in Makuyuni

area within Himo town (Table 4.17).

Table4.17: Individualsin Himo with the Solid Waste Pitswithin their Premises

Frequency Per cent
Yes 35 58.3
No 24 40.0
System 1 1.7
Total 60 100.0

Sour ce: Resear cher, (2013)
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Plate 4.3 ui mpein Him Town
Sour ce: Resear cher, (2013)

On the other hand, the distances from which thetavpigs were located from the

household varied among the respondents such thft afree to have waste pits 100
m from their homes while 13.3% agreed it was betwEgl m to 500 m from their

homes. This means that the majority of householchibegs in Himo collected SW in

the ground solid waste pits, while less waste floouseholds was dumped into
landfills and dumpsites. Wastes from institutiomsuding hotels, training centers,

schools and commercial institutions were dumpethe landfills because of their

high generation rate, thus requiring a ample sfacaisposal.

Table 4.18: Distance From Homes to the Dumpsites

Freguency Per cent
0-100 39 65.0
101-500 8 13.3
> 500 1 1.7
Missing System 12 20.0
Total 60 100.0

Sour ce: Resear cher, (2013)
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4.5.3 Incineration

Incineration was one of solid waste managementesfyapracticed for control of
medical wastes in some medical facilities in Hinoovh. There were three fully
functional incinerators in the town. The health ilfaes where wastes were
incinerated include Faraja Health Centre, Lazarosgital and Kwa Mlay

Community dispensary.

4.6 Roleof Local Government Authority on Solid Waste M anagement

In Himo town, solid waste management was operateteiuthe supervision of the
Local government authority. Management was involwedcollection of wastes,
transport and disposal in the area. Some resposideane not satisfied with the local
government services towards solid wastes manageniéimg was approved by
71.6% (including 63.3% not satisfactory and 8.3%ywmnsatisfactory). Results are
shown in table 4.18 and are explained by poor ¥olip on the solid waste collection
on the transfer stations across the town whereesastcumulated and overflow
without being taken to dumpsites for disposal by libcal government agencies in
time. Lack of solid waste handling gear such astfogloves and goggles was a

hindrance to smooth SWM in the town.

Table 4.19: Satisfaction Level of Respondents Towards SWM Services Provided
by the L ocal Government Authority

Frequency Per cent
Satisfactory 8 13.3
Fair 9 15.0
Not satisfactory 38 63.3
Very unsatisfactory 5 8.3
Total 60 100.0

Sour ce: Resear cher, (2013)
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4.6.1 Awareness of Lawson SWM

However, about 73.3% of the respondents didn’t klmsvby- laws governing solid
waste management enacted by the Local governmémiréy. About 26.7% of the
respondents had knowledge of such provisions. The little understanding of
regulations governing SW management among the melgmds in Himo on proper

solid waste management strategy in general.

Table 4.20: Awarenesson Laws Regulating Solid Waste Management in Himo

Frequency Per cent
Yes 16 26.7
No 44 73.3
Total 60 100.0

Sour ce: Resear cher, (2013)

4.7 Solid Wastes and Contamination of Water Sources

Inappropriate solid wastes disposal might causemsturces contamination when
the dissolved in water during the rain spell thenweyed it into the sources. The
phenomenon was much common during the rain spedreidy through surface run
off, the dissolved materials from solid waste weirected by furrows to contaminate

water sources, such as river Whona.

It was clear that solid wastes were washed intoriver during rainy spell. The
respondents had variable views on this matter, @d®86.7% agreed, while 45%.

About 11.7% of the respondents did not know. Thigresented in Table 4.21.
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Table 4 21: Respondents Results on Whether Solid Wastes wer e washed into
Water Body During Rain Spell

Freguency Per cent

Yes 22 36.7

No 27 45.0

Don’t know 7 11.7
System 4 6.7

Total 60 100.0

Sour ce: Resear cher, (2013)

Solid waste

Plate 4.4: Solid Wastes Floating in Whona River in Himo
Sour ce: Resear cher, (2013)

4.8 Pollution level Within the Dumpsites

Solid waste samples were collected for analysiST&CRI laboratory, whereby

parameters like Nitrogen, Organic matter conteatagsium and phosphorous level
were determined. The dumpsites where the samples walected were named

according to their locations. They include Kwa Hiss Saghana, Lower Himo,
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Kilacha, Makuyuni, Mnadani, Mabungo, Kwa Festo, Kiago, Darajani, Marangu

Secondary school, Himo market and Old abattoir.area

4.8.1 Potassium
Pottasium level were determined in the Saghana,etdwimo, Kilacha, Mnadani,

Mabungo, Kwa Festo, Marangu Secondary school amibHnarket dumpsites. On
the other hand dumpsites of Kwa Hussein, MakuyMigchinjio and Abattoir area,

the result were recorded as shown in Table 4.21.

4.8.2 Calcium
For Calcium, as the chemical parameter measurethénsolid wastes, all the

readings recorded in the dumpsites were abovetéinelard for the average levels of
Calcium required in the sample which was 3.57 kg/Hhis indicate that the
dumpsites were polluted with Calcium. The dumpsiteslude Kwa Hussein,
Makuyuni, Machinjio and Abattoir area where thediag were recorded. The results

are presented in Figure 4.2.
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Figure4.1: Calcium level in Dumpsitesin Himo Town
Sour ce: Resear cher, (2013)
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4.8.2.1 Potassium

For potassium, the recorded values were below 1gM&indicating low level of
potassium amount in the dumpsites. This was beaafus®st of the wastes dumped
in Himo town are low in potash. At Kwa Husseimwigre 1.8 kg/ha, Makuyuni 2.2
kg/ha and for Machinjio and Abattoir, the resuMere 2.1 kg/Ha and 2.2 kg/ha.
respectively. In comparison with the standardsifonpsites pollution level, whereas
potassium should be less or equal to 0.68 kg/hthaldumpsites where potassium
reading was recorded were above the standards e Ipolluted. Low potassium

levels were caused by leaching due to high porasityhe soil itself and water

logging.
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Figure 4.2: Potassium Level in Dumpsites within Himo Town
Sour ce: Resear cher, (2013)

4.8.3 Phosphor ous
In solid wastes, phosphorous originated from agjtical wastes and domestic
wastes especially from the stuff used in homessptmarous were determined in the

solid wastes at the dumpsites and the result regetiiat for all dumpsites the
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phosphorous content was low as it was below 50 &gAithough the content is low
within the dumpsites the level of phosphorous werwend to differ such that the
lowest results was which both have recorded indimapsites at Machinjio which
was 13.8 kg/Ha, Marangu Secondary school and Abattea dumpsites to which
both a results of 13.9 kg/Ha was recorded. Moredsa Hussein and Saghana
results were 23.2 kg/Ha while in Lower Himo dumesitwere 23.1 kg/Ha and by
comparing with the standard guidelines there werg low phosphorous contents in

the wastes.

The other five dumpsites have the phosphorus levisle wastes range between 33-
70 kg/Ha which is low phosphorous content, causgdhk low level dumping of
agricultural wastes due to lack or limited agriatdd activities in these areas. The
dumpsites located at Kilacha, Makuyuni, Mnadani,biM#go and Kwa Festo were
having the phosphorous content of 39.6 kg/Ha, 3®tha, 39.2 kg/ha, 39.4Kg/ha
and 39.2 kg/ha respectively as was explained by pilugn of agricultural
phosphorous materials due to agricultural actisitrethe areas where the dumpsites

were located (Annex 1V, laboratory results).

In comparison with the standards required for thenisites pollution, the dumpsites
of Kilacha, Makuyuni, Mnadani, Mabungo and Kwa eeste termed as polluted as
results showed that have Phosphorous levels abevstandard which is 26.8 kg/ha.
The In other dumpsites had Phosphorous levels nvithe required standards.
Phosphorus is not toxic and would not be a probéxeept P is the nutrient that

limits biological activity in most of clear wateakes and streams. Nitrogen and
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potash generally occur naturally in the environmergufficient quantities to support

algae.

L 4

Phosphorous in kg/Ha
Y 3

Dumpsite

Figure 4.3: Phosphorous Content Variationsin Dumpsites
Sour ce: Resear cher, (2013)

4.8.4 Nitrogen

Nitrogen as one of the elements that constitutéferdnt Solid wastes types was
determined. In the Solid waste samples collectethe@dumpsites at Kwa Hussein,
Saghana, Lower Himo Kilacha and Mnadani indicatiedaged levels as shown in
figure 4.5. Nitrogen levels were 1.44 kg/ha, 1.4k, 1.51 kg/ha, 1.45 kg/ha and
1.37 kg/ha respectively. This was caused by the typwastes usually dumped
within these sites which were high Nitrogen in nature while the dumpsites like
Makuyuni, Mabungo, Kwa Festo, Machinjio,Marangu .Sedimo Market and
Abattoir area indicated low levels of Nitrogen ramggbetween 0.21kg/ha-0.34 kg/ha

this was caused by low decomposition of organittenan the dumpsites.
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However, overall results of nitrogen indicated lavel in all dumpsites as it was

below 1.3 kg/ha in all dumpsites.
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Figure 4.4: Nitrogen Content in Dumpsites

Sour ce: Resear cher, (2013)

4.8.5 Organic Carbon

In all dumpsites the amount was in low contentgnag between 0.7 % and 2 %.

However with comparison with théBolsa Analytical Technology) standards for

dumpsites pollution level which was 1.49 %. Aboigihé dumpsites were termed to

be polluted as the Nitrogen level was above the@megended standard. These

dumpsites include Kwa Hussein (1.59 %), Sagharéd (%), Lower Himo (1.62 %),

Kilacha (1.62 %), Makuyuni (1.59 %), Mnadani (1.%9, Mabungo (1.52 %) and

Kwa Festo (1.52) as results showed in Figure 4 fiemaining dumpsites had

nitrogen levels within the recommended standards Was below 1.49 %. This

includes Machinjio, Marangu Sec., Himo market afwh#®oir area.
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Figure 4.5: Variations of Organic Carbon in dumpsites
Sour ce: Resear cher, (2013)

Table4.10: Standard % Organic Matter Index (TAcri SW analysis)

% Organic Matter L evel
<0.7 Very low

0.7-20 Low
20-35 Medium

3.5-45 High
>45 Very high

Sour ce: Bolsa Analytical Technology

4.8.6 Moisture Content

Moisture content was determined in the solid wast®ple collected within the
dumpsites in Himo town that originated from biodetable wastes which moisture
aids their decomposition. Moisture may have beenegded in the course of
degradation of solid waste themselves. The SW gidrhoisture content which was
above the recommended standard for dumpsites wiash12.33 %. This indicated

that the dumpsites were polluted, having elevaggdls of MC. One reason could be
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that the SW were not compacted enough as to allow slecomposition. The
polluted dumpsites include Kwa Festo and Himo matketh with a moisture
content of 12.9 % and Abattoir had the moisturet@ainof about 13%. This was
explained by the reason that most of the solid @gstere of clay in nature and
samples were collected in the rain spi#le other dumpsites were within the
recommended standard to which the moisture conéseils were below 12.33 %

(Figure 4.6, Annex V).
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Figure 4.6: Moisture Content Variationsin Dumpsitesin Himo Town
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Introduction
This chapter focuses on the generalization of theirfgs obtained from the study.
The study aimed to assess the solid waste managemeaertaking, a case of Himo

town, located in Moshi District, Kilimanjaro Region

5.2 Conclusion

The solid waste generated in Himo town originatedinty from households
whereby, wastes like food remains, yard cleaningtes paper and plastics were
commonly generated, while from the industries, es$ike leather and waste textile
were obtained. Other solid waste sources were firgstitutions including health
centers, dispensaries, schools, folk training eentenarkets, bars, kiosks and
stationeries, whereby papers waste, cardboard eolem glasses were commonly

generated.

Broken glass and metal scrap were the solid wamgesrated mostly by small scale
industries and less from residential and commergiates. In the study, it was

observed that generation rate of broken glass wasndf to be less generated as
agreed a total of 61.6 % of respondents while dfiahetal scrap was 0.8125 kg/day

as agreed by 55 % of respondents.

It was found that there was a high generation efglastic wrapper material wastes
as agreed by 61.7 % of the respondents, with itetica generation rate of 1.875

kg/day and this resulted in day to day activitegnistitutions where plastic wrappers
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were used to carrying or wrap and cover foodstuffod left over was not highly
generated, but its occurrence was rare becausssibeing used to feed swine reared

by many people within the town.

In the study it was revealed that beer bottles wereerated in small tendency, with a
generation rate of 0.4375 kg/day as agreed by 2df ¥espondents and this was
because they were returned for refilling at industfhe household sweep and cow
dung indicated a generation rate of 1.2 kg/day #m&lsmall generation rate of this
wastes was explained by the reason that the cog das stored and left to rot and
decompose thereafter to be used as farm yard marhgeaverage generation rate of
paper as wrapping materials was 1.325 kg/day, asewdt were generated in Himo
town as agreed by 63.35 % respondents. This waeddwy the presence of primary
and secondary schools, VETA and a Teacher Trai@woiege which produces waste

paper daily.

Residents in Himo town preferred SW collection @is$ehold as agreed by 66.7% of
respondents and roadside uncontrolled dumping asedgby 58.3 % of the
respondents. This was because such solid wastdsdsetvere simple and did not
require movement to collection points, which are thansfer stations. However,
uncontrolled road side dumping, although commonigciiced had the effect of
contaminating the environment as the Solid Was&®wliscarded all over the place

in some parts of the town.

There was inefficient management and schedules\otc8llection activities by the
Local Government Authority as the solid wastes warely collected or somewhat

collected. In general, there was irregular colatf Solid Wastes in the town.
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It was also unclear on whether the SW collectiorrkers were trained on the
methods of proper handling of solid waste, as 6@f%espondents had no idea
about it. Most commonly used handling and storagéenals for temporary storage
of solid waste before disposal were plastic bagasgased by 48.3 % of respondents,

and dust bins as agreed by 50 % of respondents.

The solid wastes in this town were transported gusiheelbarrows and trucks

(lorries) in institutions and by ox-carts and pbbme bags in some households.
Majority of individuals about 58.3 % of respondehg&l waste pits 100 meters from
their premises, where the waste were burnt afsgradial and empted when full. The

wastes from institutions were collected and dungiegight to Makuyuni dumpsite.

Incineration was practiced in Himo town, especidfdly medical and hospital wastes
generated from hospitals and health centers. Funthre, it was revealed that most
respondents were not satisfied with the Local Gowemnt Authority services
towards SW management. This was agreed by 71.6teakspondents, while 73.3
% of the respondents were unaware of the and bg-lgawverning solid waste

management.

5.3 Recommendations

The frequency of collection of solid wastes shduddat least three times per week,
S0 as to avoid accumulation of solid wastes inltims and as well improve wastes
degradability conditionsThis shouldbe backed by training of wastes collectors on
best methods of solid waste handling and dispdsalild be provided to collection

workers on how to effectively collect and disposéidswastes safety. The training
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should be done in conjunction with provision of teaiive gloves, goggles,

gumboots and working tools such as wheelbarrowsioglg spades and hoes.

Local government should establish strict penafoepeople and institutions that fail
to comply with the by-laws of SW management stnategisting in Himo town

especially banning of waste dumps near water ssurce

Engineered landfills should be constructed on thahsern part of Himo as agreed by
46.7 % of respondents to dump the wastes fromrntieed¢own. In which case, waste
from institutions and facilities like market andtéls should be dumped in time to
avoid nuisance and odour caused by the common sg&hwaste dumping that is

practical across the town now.

There should be a comprehensive review of all dspeslated to solid waste
management in the town with a view to strengthenhleymonizing and aligning
them to the objectives of the solid waste hieranshych will enable introduction of
Integrated Waste Management policy that will previfamework for local

government authority in management of solid wastes.

Further study is recommended in examining the ioglahip between solid wastes
and water sources contamination. This may be plessibmaintaining water quality
following dumping of SW in water bodies. Considdyalsecycling of solid wastes

especially the drinking water bottles should besidered in the near future.
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APPENDICES
Appendix |: Questionnaire
() Name of respondent (optional)
(i) Sex [ male [ female (Tick as appropriate)
(i) Age .....oeieiilL yea@rs
(iv) Education level ] primary education] O-level [ A-level [ University
(Tick one)
(v) Place of residence [ center of town [1 periphery of town
( Tick one)
(vi) Marital status [lever married (married, cohabitation, widowed, doeat)
(Tick one)
(1 never married (singles)
(vii) Household composition (no. of permanent residents.............. (fill)
(viii) Income range per month (Tshd.) < 50,000 T.shs.
[] 50,000-100,000 T.shs. (tick the correct
response)
[1 >100,000 T.shs.
(ix) Origin of solid waste gaation [] commercial/ business area
[] town centre
[ periphery area
[ institutions (tick correct response)

L] residential area
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B Characteristics of solid waste generated

() What are the types of material generated broken glass
[ metal scrap
[1 plastic wrappers
[1 food left over, vegetable peels
[1 beer bottles,
[] household sweep and cow dung
[1 bones, hooves, cattle/goat horns (slaughter waste)
(1 wood pieces
[1 metal cans
[ 1 paper wrappers (tick as appropriate)
[Iwaste textiles
[ litter from chicken (guano)
L1 hair from barber shops

[Ilawn cuttings

(i) What type of waste do you think is a problenyour compound?

High.l Moderaté] Low broken glas§] ...... metal scrap.[]
plastic wrappers_] [ ]
food left over, vegetable peels ......................1. L] L]
beer bottles [] O [

household sweep and cow dung ................ .. [ ]
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bones, hooves, cattle/goat horns .................... L. L] L]
Others

WOOA PIECES  woviiiieit e e e ] ] [
metal Cans ..o [ 0 [
paper wrapping materials ........................ L] L] []

waste textiles ... O [ 0

litter from chicken (guano) ..................... U ] [

hair from barber shops ........................... U L] []

C Collection perspective
0] What among the following is applicable to wagumped near your area ?
(a) Stink,
(b) Attract flies
(c) Source of feed for dogs and cats(Circle one)
(d) Haven for rats
(i) What are the types of material incinerated.2.............ccooiiiiiiiiiiennns
(i)  What are the sources of the solid wastehm township? ........................
(vi) Types of carriage used to move solid wasfetrucks (lorries)
L1 wheel-barrows
(1 ox-carts (tick as appropriate)
[J polythene bags

[Iplastic baskets

L] tractor with trailer
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(v) How do you rate the frequency of solid teasollection ?

[J Not collected at all
(] Rarely collected
[1 Somewhat collected (Tick as appropriate)
1 Frequently collected
(vi) Does the Local authority control waste colientschedules?] Yes [ No

If yes, explain the control measures taken..............oooov i iiiiiiiennnnnn.

(vii) Which of the following method/s for solid wigscollection exist in the area?

Commonly used somewhat used usetl
-Household level O [ [
-Collective waste containers [ [ [
-Collection points L] [] []
-Roadside uncontrolled dumping[ ] ]

viii. How is waste stored in most households incbmpound?

Commonly used somewhat used  not used

-Old buckets 0 [ [
-Plastic bags L] [] []
-Hessian sacks [ [ [
- Used fertilizer bags (viroba) [ [] []
- Dust 0 [ [

( Tick as appropriate)
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(ix) Are waste collection workers trained [2Yes [INo [JDon't know

D. Solid Waste disposal methods
() What in your opinion do you think is the quigybf waste generated daily ?
[JSmall [UModerate [JLarge (Tick correct responce)
(ii) Is there a dump in your area? [J Yes [J No
If yes, how far is it located from your house ifieters)?
[1 0-100 [1101-500 m L] >500 m
(iii) Is the solid waste washed into any wateryddring rain spell?
[Yes [INo [IDon’t know
(iv) How would you describe the solid waste sitortn this town? ..................
(v) In your opinion, what is the fate of the gertedasolid waste ?
L1 Some of the solid waste is burnt
L1 Most solid waste is deposited in landfill
L1 Don’t know ( Tick as appropriate
(vi) Is incineration practiced in the township? Yes L1 No [ Don’t know
(Tick one). If yes, where is it done? ........cooiiiiiii it e
(vi) How would you index your level of satisfagti in solid waste management
service provided by the LGA ?
[Very satisfactory
[ katisfactory
[fair (Tick one)
[hot satisfactory

[very unsatisfactory
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(viii) Are you aware of laws regulating waste mgemaent? L] Yes [J No
(Tick) If yes, explain the answer ..o
(ix) Is public education on waste managemeaoviged? [JYes [INo
If yes, on what parameters ..........ooviiiiiiiiiiieie e e e eae e
(X) Please list 1 factor that could constitutarier to sustainable solid waste
management in the township.
(xi) In your opinion who is best equipped to mam#ge solid waste problem in the
town?
[1government agencies
[Jprivate organizations Tick as appropriate)
[Jjoint of government and the private sector
[1households
(xii) For your choice, what is the best placédtwate a dump for the township?
[J Makuyuni area past the livestock market &it®n the Southern part of Himo
township
[JAt Kwa Huseni area along Holili road_!Lower Mabungo area (Tick one)
(xiii) Why do you select the areaabove ? ...,
(xiv) Where did you obtain the knowledge on solidste disposal? ................
(xv) Is collective street cleaning practiced ie t#rea? [J Yes [ No
If the answer is yes, how and when is it done?

(xvi) Has there been a study on the solid waste situatitms town?] Yes[] No

If yes, when was this conducted ? .................

Who was responsible? ..o
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Appendix I1: Result of Solid waste Grab Sample M easurementsin Per centage
(%)

Total | Average | % in
No. of Sample weight | weight | lot

106 1.3 2517'26

1A
=
w
=
N

Paper 05| 08 04 21 2{3

Greens and
dry matter
(Organic
matter)

Metal 06| 01| 01| 01 of 15 09 12 45 05625 7

0.4 2 02| 1.2 01 24 16 1. 9 1.125 14,

0.5875 7

LA®J
-
E=
=
w
I

!

Glass 01| 02| 02| 04 o1 1.
materials

(broken)

0.1 0 01| 0.3 01 03 09 O 2.2 0.27p 3.

(93]

Cans (beer andl
beverage)

0.2 | 0.2 2 0| 02 O 0.4 0.3 35 0.4375 5.
Broken bottles

and empties

Plastic and
polythene bagg 2 0.5 2 21 22 18 14 31 15 1.87% 24
of various

colours

Cow dung and

chicken

manure 41| 0.2 1 0.2 2.7 0 1.3 0.6 9.6 1.2 15
3.7

Wood 0 0 0 0.1 06 06 06 04 2.3 0.2875
99.96

TOTAL 8 4 6 6| 7.8 9.8 10| 9.8 61.4 7.67%
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Appendix I11: Result of Solid Waste Grab Sample M easurement by Weight (Kg.)

Total | Average
1A 1B 1C 1D 1E 1F 1G 1H
No. of Sample weight | weight
Paper 0.5 0.8 0.4 2.1 2.3 2 1.3 1.2 10.6 1.3p5
Greens and dry matter (Organic
0.4 2 0.2 1.2 0.1 2.4 1.6 11 9 1.125
matter)
Metal 0.6 0.1 0.1 0.1 0 15 0.9 1.2 4.5 0.56R5
Glass materials (broken) 0.1 0.2 0.2 0.2 0.1 112 4 1. 1.3 4.7 0.5875
Cans (beer and beverage) 0.1 0 o.n 0|1 0.1 0.3 D.90.6 2.2 0.275
Broken bottles and empties 0.2 0.2 2 0 0.2 0 06 .3 Q 35 0.4375
Plastic and polythene bags |of
) 2 0.5 2 2 2.2 1.8 14 3.1 15 1.875
various colours
Cow dung and chicken manure 4.1 0.2 1 0.2 2(2 D 1.3 0.6 9.6 1.2
Wood 0 0 0 0.1 0.6 0.6 0.6 0.4 2.3 0.2875
TOTAL 8 4 6 6 7.8 9.8 10 9.8 61.4 7.675
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Sample pH Ca K P Nitroger Organic carbon % MC
number

1 5.9 4.9 1.8 23.2 1.44 1.59 11.8
2 5.8 23.2 1.45 161 11.7
3 5.7 23.1 1.51 1.62 11.5
4 5.8 39.6 1.45 1.62 11.7
5 6.7 9.2 2.2 39.2 0.35 1.59 12.1
6 6.0 39.2 1.37 1.52 12.0
7 6.1 39.4 0.34 1.52 12.3
8 6.0 39.2 0.34 1.52 12.9
9 7.0 101 | 21 13.8 0.24 1.33 13
10 7.0 13.9 0.21 1.33 13.1
11 7.0 14.0 0.23 1.31 12.9
12 7.1 18.7 | 2.2 13.9 0.22 1.32 13.0




