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ABSTRACT

Improper management of solid wasles is a growing public health problem in Nigeria.
Source separation of solid wastes among communilies for recycling is a fairly new'
concept in wastc management in Nigeria. Currently, none of the components o[ solid
wasles gencrated in Universily of badan (UI) is recycled and the adoption of source
separation of wasic for rccycling depends upon inobilization of the residents. This study
characlerized the waste and assessed the impact of mobilization on the practices of waste

separation for recycling among selecled residential areas of the University.

The study was explorotory in design with an interventional companent, Three hundred
and ten residents of Ul were selecied by a three-stage sampling procedure from Senior
StalT Housing (SSH!) 58, Junior SualTl Housing (JSH) 182, and Swudlents® hostel (SH) 70.
Semi ~ structured questionnaire was used 10 assess the praclices of waste seporation at
bascline. An inlervention was carricd out (hrough establishing Ncighbourhood
Environmental Action Tcam (NEAT) among 8 subset of participants including: 20
houscholds in SSII, 40 houscholds in JSH. and 8 cleancrs in the SI). They were
mobilized in a week - taining o separale their houschold solid wastes into coded bags
provided for bicdegsadable ond non - biodegradablc components, The scparation was
carricd out by the participants for a period of threec months after which a post-intervention
questionnaire was adminisicred to assess the impact of mobilization on their practices,
Practice scores were computed based on response 1o a six - ilem practice categocical
vartables on the questionnaite and the 75 percentile cut - oll was used 10 caicgorize
participants into pood and poor practices, The non- biodcgradable wastes were
physically chariclerized inlo nylon, plastic, metal, glass while the biodegradable wastes
were chemically analyzed for nitrogen, carbon, phosphorus, potassium and hes vy metals
using slondord mecthods. The components of solid wasic genersied were weighed and
computed for threc months and the dasla generaled was anal}zed using desenplive

statestics and ANOVA.

The mean sge of respondents was 272 109 yean and 52.0% wcre femaler The
proportion of paricipants with good practice at hascline end afier intervenixa was,
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33.5%. 67.5% in JSH, 18.2%-85.0% in SSH, 31.3%41% in SH, (p<0.05). The mcan
monthly 1ccyclable wastes charactcrized in the three locations revealed that Kitchen
waslte (biodcgradablc) were 1019.26 £ 10.39 Kg, nylon 130.41 + 3.47 Kg, paper 156.26 =
1.52 Kg, plastics 136.84 + 1.83 Kg, glass 81.05 £ 3.55 Kg and mctal 108.14 + ].43 Kpg.
JSH generaled the highest propontion of Nylon (48.0%), Plastic (48.0%), and Mctal
(57.0%5) than SSH and St (p<0.05). The chemical characterization of the kitchen wastes
showed the following components pH-6.54 £0.08, Niirogen-t 48 £ 0.12%, Carbon.49.21
+ 0.88%, ’hosphorus-0.19 £ 0.05%, Potassium-0.21 + 0.01%, Lcad-3.60 £ 0.68 mg/Kg,

Cadmium-1.1 | £ 0.56 mg/Kg, Nickel-2].36% 3.76 mg/Kp.

When cxposcd to adequate mobilization, the Ul residents engaged in effective source
scparation of wasle. The chrracterizetion of solid waste showed a large fraction of

recyclabics in (he waste stream. Adcquate structures should be put in place for

sustainablc waste management on campus.

Kcy Words:  Recycling plant, Solid waste, Sourcc-scpasation, Community

mobHization, \Vaste.charscterization.

Word Count: 500
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1.0 INTRODUCTION

1.1 Background Information

Municipal solid waste (MSW) is defincd as non-air and scwage ecmissions creatcd within
and disposed of by a municipulity, including houschold garbage. commecrcial refusc.
construclion and clcmolition dcbris. dcad animals, and abandoned vehicles (Cointrcau
1982). ‘I'lic majority of substances composing municipal solid wasic include paper.

vegclable matter, plastics, mictals, textiles, rubher. and glass (USEPA. 2003).

Municipal solid waslc disposal is an cnormous concern in developing countiics aeross the
world, as poverly. population giowth. ond high urbanizalion rales combinc with

incMcciual and undcr-funded govemments prevent cfficient managenicnt of wastes

(UNEP, 2002; Doan. {998; Coinircau 1982).

Thcse are several factors that make MSW management in developing countries diflercnt
from management in industrialized couniries. First. the types of materials that compose
the majority of the wastc are different. In dcvcloping'counlriu. there ts a much higher
proportion of organics, and considerably less plastics (Cointreaw. 1982), The [arge
amounl! of organic malcrial makes the wasic denser, with greater moisture and gmaller
panticle size (Coinucau, 1982). A second diflicrence is that technologies used in
industrialized countries arc often inappropriate for developing countries. Even garbage
trucks are less eflcclive because of the much heavier. wetter. and more cotrosive qualily
of their burden (Cointrepu, 1982). Other technologics. such as incineralors. are ofien far
too expensive to be applied in poor nations. Thirdly, cilies in developing countries are
characicnized by unplanned, haphazardly construcied. sprowling slums with narmow roads
that are inacoessible to collecuon vehicles (UNESCO, 2001: Daskalopoulos. 1998).
I'inally, there is oflen a much smaller stock of environmental and social capstal

developing countries. Pcople arc unoware or uncanng of cradlelo-grave solid waste
management needs, being more concerned with more immodiate prodlems such as

dicease and hunger
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In Nigeria. wasie disposal remains a conicntious issuc. and with no end in sight. refuse is
thrown onto roadways, sptcad on pedestnan walkweys or cven dumped inlo drainage
channels. The problem becomes compounded duting the 1ainy scason: water. no [onger
flows freely through the diainage channcls and so it remains stagnant, creating effective
breeding siles for mosquitocs which cause malana. There had been outbreak of discases
such as cholcia. diasrhen, food poisoning within Ibadan city' and other cities in the
counlty (Onibokun, 1989). These heslth problems sicm (rom poor cnvironmenial

sanitation, which can be controlled by instituting appropriatc preventive measures.

I'hc problem of solid wastc disposal hos become one of the most senous environmental
problems facing many ciucs in Nigeria. Onibokun (1989) indicoted that 35% of [badan’'s
households. 33% of Kaduna's and 44% of Lnugu's houscholds do not have access to
wasle collection. When waste is nol collecied unsanitary condiuoas develop and pose
cnvironmental and human health risks. Siephens and |laspham (1992) sunbuted
prevalence of parasites. (ctanus, malaria. hookwonn, cholcra and Dianhea in most
African cilics 10 the unsanitary' conditions in the cilies. [n rccent years, thete has been a
phenomenal increase in the volumc of wastes gencraied daily in the cowntiy. This is due
lo a number of reasons including the increasing population growth mle. increaciog

whanization, indusinialization and economic growth. In addition. many urban areas of
Nigeria lack clfective wasle management sysicms As a result. most whan bouscholds

resont (o the haphazard dumping. bwning and/or buryving solid wase. The common
armangemcent in the few urban commumiics where a syilem is in place. is for waste
management authontics 10 collect refuse from houscholds and public conlainers on a
regular basis using collection trucks (Tlemobade and Olanrewnju. 2009).

IHowcver, in developed countnes wastcs are convened to wealth through reeycling of the
sowrce syralcd wastcs at household level, Wasic recyeliog reduces the demand for
natiknal resources and the amount of waste requinng final disposal, This mebaal Of Waese
managcment 15 Ye$ (0 be fully embraced sl houschold level in Nigana Mgeefore. watse
management in the counity has defied several opuons such that o Mw agpmoach
was adopied requinn residents 10 Fend the moming hours of the la Koy of cvery

L]
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month - cleaning their surroundings; and the refuse arc placed on the streets for
collcction. This excrcisec was not camed oul regularly and so the rubbish piled up. This

top-10-hotlom approach of community mobilization for wastc managemcent has not teally

changed the peoples' poor attitude to wasic management.

There is need for adoption of the bollom-to-top approach of community mobilization that
involves the community members in tic planning and implementation of an appropeiate
wasic managemcent scheme, This could be achicved througb cducation and mobilization
of the populace on the importance of source scpaation for rcusc and recycling in orderto

reduce the waste burden in the socictly and encourage waslc-1o-wealth practice.

1.2 I'ROBLEM STATEMENT
Universily of lbadan (Ul) is largc and compriscs 13 faculties, insututes. centers. student

hostels. Scnior and Junior stall’ quarters wilh cnonnous population that gencratic wasles
cveryday. A lot of solid waslc is gencrated on daily basis by the residents on campus.

I lence. a lot of money is being spent by 1he University administration to manage wasic on

campus.

1he cwrrenl wastc manogement methuls in Ul have rosulted in both environmental and
public hcalth problems duc 10 the (act that the rate of wasic generation supcrsedes the
malctial and manpower resources available. At times the waste bins get overlilled and
spill over littecnng the sumroundings, and attiaciing veclors and animals (0 the ocarby

apaiiments.

In addition. delay in (he collection of wastes from the bins leads w ais pollution from the
odour of degrading organic component of the waste When the solid wasics gre gatheral
they are (ransporied 10 Ajibode and other seiticments where buring akes place. This
continuous buming of both organic and inorganic wasics CoBIMtuLes to the preen bouss

gas cmissions,
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Furthermore. dangcrous ilems such as broken glass. razor blades, hypodermic necdles
and other hesalthcare waslcs. acrosol cans and potenlially explosive containers may posc
risks ol injury or poisoning, patticulasly to children and the scavengers. The inslitutional
c(lor1 required to cotrect all these problems will attract huge expenses. il this method is to
be contined. Howevcer. the problem of itnproper waste management and exira cost can
be reduced if the University authonty can involve the residents in the planning and

implcmcnitation of an appropriate waste managemcnt that involves source sepasotion and

rccycling of westc.

Cumrently, none of the University's wasic sircam is recycled. This is secn as a problem
because reducing and recycling wasie can ullimately save the authority some substantial
inoncy. through avoided costs and revenue gencration. Creating less waste initially and
recycling a larger percentage of the wasie produced could decrcase the financial

rcsources put in to removing waste (rom campus,

1.3  Broad Objeclive
The broad objective of this study was to characterize solid waste and assess the

impact of community mobilizeiun on the praclices of waste segregation and

manogcmcnt by resider.groups in the University of Ibadan.

1.4 Specific Objcclives
The specific objectives of this study were (o:
1) obtain bascline information on the present waste handling and institutional

amangement on wastc managcmeni on Campuss
2) assess the knowledge. aritude axl practices of various caicgones of resdents

(scnior and junior staff. students and the hoste! aticndants) wwerds solid waste

scgiegation and recycling 1n UL
3) mobilize resident communilies to form the Neighborhood Envirosnsmcotal Action

Tecam (NEAT), 1o filitale souice scpamation of wasic ot slafl wwl  tudond

residential arcas, aml
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4) physico-chcmical characterization of the wasies gencraicd in the sclecied
communitics into various recyclable components, in order 1o idenlify their

recycling polentials.

1.5  Signlficancc of thc Study

llouschold solid wastc promotcs cnvironmental nuisance if the community members have
inadcguate knowledge and pyoor allitude lowards the management of their wasles. Making
thc campus residents responsible for their wastes will cncourage good praclices of

appropriotc wasic manasgement plan.

‘The source scpaialion ond recycling of solid wastc has been embraced long ogo in
dcvcloped countries (o o great extent but it is 8 fairly new concepl in Nigetia The results
of this study will help to identify the knowledge gaps among residenis so thot appropriate

intcrventions can be instituted.

This study wil! olso provide additional basclinc information on the communily members®
oltitudc and praclices towards source scparation ol household waste and nxcycling. It will
also providc infonnation on characicristics of waste gencrated and the steps aerded to
cany oul recycling of waste on the campus. The study will provide data for fusther
research on the impiementation of reaycling programmes in {nstitutions.

a) The study will provide information on: whot the Universily waste steam is
composcd of. and this will reveal what the University’s major solid wasie
problem is,

b) peoples’ vicw on the current waste management {including recycling) in Ul.

c) level of awareness of peoplc about waste recycling program

d) the potential of waste recycling in reducing waste bunen in Ul

The resulis of this study will form the basis (or introducing & wasle recvcling scheme 1n
the University o {badan. Collabornlive clfons among students, and stafl can cpsure thal &
considerable amount of rcoyclable malcrials arc divenied from the waste stream By
recycling o high percentage of wastc componcnts, the Uaivevsity can abvo show s
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commitment (o increasing cnvironmenial awaseness and resource conservation through

behaviour change in the selected communitics.
The implementation of waste recycling programme on campus will lead to the creation of

mare jobs. and will ensure the praclice of waste to wealth.

Limitations of study

The limiation faced dusing the course of the projcct was relocsation of some pasticipants
at the Junior StafY llousing during the data collection. About {ive houscholds have
rclocated from their apastments before the administmation of the post intervention

qucst ionnoire.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Solid Waslic

Waste can be delined as any maltcrial lacking disect valuc to the produccer and so must be
disposcd ol. The production of wastc malterial is known as the waslic siream and includes
the cntire varicly of refuse gencrated during domestic. industrial, construction and
commcrcial processcs. Solid wasles asc "those wastes that have been rejected for further

usc and cannot rcadily escape into the otmosphere’ (Oluwandc, 1983).

Depending on the industiial hasc. litier is likely 10 vary from country o countiy. In
highly devcloped counuries, the major components of industrial wasles arc blast fumace
and stecl slag, and power station ash. F'ood manufocture and horticulture also contnbule
to high volumes of industrial wastc. The proportion of the diffcrent components in refuse
of a pasticular communily varies according (o the standard of living, customs, food
habits, climatic conditioas and other factors. In addition. a good knowledge of their
make-up helps in the sclection of appropialc disposal mcihods especially when

cornposting is contcmplated (Oluwandc. 1983).

2.2 Characterislics of Solid Weste
Solid wastc consists mainly of four components:

(1)  Gasbage: This is mainly organic matcnol discarded or ramaining as a result of
storage, preparation and consumplion of food

(2) Rubbish: This comprises all solid materials nol wanted: these V&) (rom Uuny
picces ol paper 10 abandoned vchicles. Rubbish makes refuse very bulky and
it forms the greates! percentage of refuse.

(3) Asho and dusts result from sweeping

(4)  Dead animals result from animals that are knoched down by vehicles as ey
waiuier aboul freely on the meds,
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2.3 Source of Solid Wastes

2.3.1 Municipsl Wasles

Municipal waslc is the litier oniginating from urban areas. houscs ctc. Although organic
wasic ranging from garden detritus to food scraps is still the leading component of
municipal wastc. il occounts for only a relatively small fraction of total waste production
ond can be personally controlied. Nevertheless., in the absence of appropriafe intervention
mcasurcs, disposal is likely to pose a crisis in many of the world's developing countlries in
the not too distant futurc (Melford, 2003).

23.2 Domestic Wasicy

This calcgoty of wastc comprises Ihic solid wasies Lhat originale from single and multi-
family houscho!d units. These wastes arc gencrated as o consequence of houschold
oclivitics such as cooking. clcaning, rcpairs. hobbics. redecoration, emply contoiners
packaging. clothing. old books, wriling/new paper. and old fumishings |louseholds also
discard bulky wastes such as fumiturc and large applionces which cannot be tepaired and

uscd.

2.3.3 Industrinl Wasices

These include: () Non-process wasles such as oflice and cafetcria wasies packing
wastcs, clc. wbich are comnion to all industries and (b) proccss wasies which depend
upon the type of the pioducts being manulaclured. such as lannery wastes, weaving and
dying wasles, food-processing wastes. plasiic wasles, rubber wasles, metal soagn cic_
from the respecuive industiial cstablishments. Minetal wasies (rom mining and mincrel

processing units also fall under this category.

231 Acgriculiural \Wastes
These wastes resull from fams, feed Jots and {ivestock yandy, The agnculiural wastes
include crop residucs, bagasse (fom sugar ane. (obmcco and covo regducs, siaughler

housc wasies, manure clc
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2.3.5 Spccial Wastes
Thesc include hazardous wastes from diflercnt sources e.g.
(n) Radioactive wasles from nuclear power plants. laboratorics. hospitals clc.
(b) Toxic subslances such as hcavy meial sludges. pesticides. phasmaceuticals, elc.
(c) llcalthcarc wastes. biological producis such as cnzymes. antibiolics. pathogenic
and pathological wasles, clc.
(d) Miscellancous products such as inflammable substances. corrosive materials,

explosives, securily waslcs clc.

2.4  Compasition of Solit] Wastes and Physical Properties

The composition of municipal refuse includes food, garden and yard trimmings. paper
products. plastics, texliles, rubber. [cather. wood. glass. melals. dint, and ash (Savas.
1977). Waste can be classificd inlo biodegradable and non bicdcgiadable. The former
consisis of those lypes c.g agro-bascd or food basel products which can decompose over
time as o result of baclerial action. The latter consists of wastes which arc not broken
down by bacterial process bul persist for very long period in the form in which they are

discarded c.g plass, metals, plastics, mining, scrops and pctroleum products.

A solid wasie analysis protocol compiled by the Bhide and Swwdomsan (1983)
chasactciized wasic into 12 primary classilications, plus hothey breakdown inlo
secondary classilications. [t was reported (0 also be for general use in calegorizing waste
(for examplc, in waste sudits). The 12 pnmary classilications was said (o be adopied for
ol] surveys, lo facililate cross<hecking with other suney Tesulls and to coable the
compilation of regional and national statisics. Further breakdown Into the sccondasy
classilicalions should be made as required 10 meet the objectives of e individual surves.
The classification of solid wasie arc shown in ‘I'able 2.1 -

2.4.1 Density

A knowlcdge of the densily of s wasle i.c. its mass pcr unii volu=oe {ls,rm)l is cstntial
for the design df all clements of the solid wasie managcInent sS3uwm viz Communny

storage. (rans)ronation and dispossl. For example. in high incame contrirs, corsadovable
benelit is denved through the use of compaction vehicles on collextion mues. bevaime
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Table 2.1

Classification of Solid Waste

WASTLE

TYPES OF SOLID | DESCRIPTION

SOURCE

Food waste
(parbagc)

Rubblish

Ashes gnd
Residyes

| Bulky waslte

Street wasie

* Dead animals

Wasles from the prepasation,
cooking. and serving of food.
Morket refusc, wastc from the
handling, storage, and salc of
ptoduce and mcats and vegelable

Combusiible (primary organic)
paper, curdbourd. cartons

wood, boxcs. plastics,rugs, cloth,
bedding. leather, rubber, grass.
Icaves, yard tirnmings
Noncomhustible (primary
inorganic) mctals, tin cans, mctal
foils di1t, stones, bricks, ceramics.
crockery, glass bottlcs, other
mincral rcfuse

Residuce from tires used for
cooking and for heating buildings,
clinkcry, theanal power plants,

Large auto parts, tyies, stoves
refrigerators, others large
oppliances, fumniture, large
crates, trees, branches, palm
fronts. stumps, flolage

| Strcer sweepings,

| Din, leaves, catch basin dus.
| anumal

| droppings.

| contents of dilter recepiacles
| decad animals

Small amnials: cats, dogs, poultry
clcC.

Large anunals: horses, cows cic
|

0

llouscholds, institutions
and commercial such as
hotcls, stores,

restaurants. markcts, ctc.

Streets, sidewalks.
alicys, vacant lots. clc.

AFRICAN DIGITAL HEALTH *PBQTI('&‘R%EHF‘ * F ® :‘l '\' L mpl n t



Table 2.1

Classification of Solid Wastc

WASTE

TYPES OF SOLID | DESCRIPTION

SOURCE

Food waste
(parbage)

Rubblsb

Ashes aad
Residues

| Bulky waste

Stireet waslc

——

Dead animals

—
|

Wasics from the preparation,
cooking. and serving of food.
Market refusc, waste {rom the
handling, storage, and sale of
producc and mcats and vegctable

Combuslible (Pnmory orgonic)
paper, cardboard, caitons

wood, boxcs, plastics,rags, cloth,
bedding, lcather, rubber, gruss.
leaves, yard trinumings
Noncumbustiblc (primary
inorganic) mctals, tin cans. metal
foils dint, siones, bricks, ccramics,
crockery, glass bottles, other
mincral refiise

Residue from lires used (or
cooking and for hcating buildings,
clinkers, thcrmal powcr planis,

Large auto parts, tyTey. stoves
refrigerators. others large
appltanccs, fumiture, large
crales, Irees, branches, palm
fronts. stumps. flolage

| Stree swocpings.

| Din, leaves, calch basiadut.
| anima]

| droppings,

| contenis of litter recepincles

| decad anumals

Small ammals: cats, dogs, poultsy
clc.

| Lasge antmals: horses, cows cic

llouscholds, institutions
and commercial such as
hotels, stoics,

rcstauranis. markcets, cic,

Streets, sidewalks,
alleys, vacant lots, etc.

0
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Table 2.1 Classification of Solid Waslc

TYPES OF SOLID
WASTE

DESCRIPTION

SOURCE

Consiruction
& demolition
wasic

[ndustrinl
waste & sludpes

Jlaesrdous wasles

tlorticuliure
Wasles

| Trec-irimmings, leaves, waste

|
|

L.umbcr, roofing. and sheathing
scraps, crop residucs. rubble,
broken conciclte, plaster, conduil
pipe, wire, insulation cic.

Solid wastes resulting from
indusuy processes and
manuiacturing opcralions, such as
food processing wastcs, baoiler
house cylinders, wood, plastic and
mctal scraps and shaving, cic.
EMucnt treatment plant sludge of
industries and scwagc teeatment
plant sludges, coarse screening,

Construction and
demolition sites,
remodeling.
fepairing sites

Factorics, power plants,
trcatmcnt
plants, etc.

grit & septic 1ank ,
|
lazardous wastes: pathological 1
waste, explosives. 1adioactive
malcriol, toxic waste etc

from parks and
gardeas. cic.

| Source: Rhide and §u;|de_nsan.(_19il)7 |

llouseholds, hospitals,
institution,

slores,

industry, ctc.

Parks, pardens. roadside
s, cle.
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the waste is typically of low density. A reduction of volume of 75% is frequently
achicved with normal compaction equipment, so that an initial density of 100 kg/m’ will
teadily be increased 1o 400kg/ m’. In other words, the vehicle would haul four times the
weight of waste in the compacted state than when the waste is uncompacted. The
situntion in low-income countries is quite different: a high initial densily ol wasie
precludes the achievement ol high compaction rstio. Consequently, compaction vchicles
offer little or no advantage and are not cost-cffective. Significanl changes in density
occur spontancously as the waste moves from source lo disposal, as a resull of
scovenging, hondling, wetung and diy'ing by the weather, vibration in 1he collection
veliucles. Cointreau ($1982) reporied that the density of waste generated 1n low income
countries is 450-500 Kg/m? while medium income countries and industrial counines
generate 170-330 Kg/m' and 100-170 Kg/m’ respectively.

2,82 MoistureContent
Moisture content of solid wastes is usually expressed as the vveight ol moisture per unit
| weight of wet maicnal.

Moisture Content (46) = \Vet weight — dry weight X 100

OO i L >

Wet weight
Techibanoglous et al (1977), siated that a (yprcal range of moisture contents is 20 — 45%
representing the extremes of wastes in an and climaie and 1n the wet season of a region
having large precipitation. \'alucs greater than 45% are however not uncammon, On the
contrary, Cointreau (1982) stated that moisture tevel of humid waste genesated in tow
income counints 15 10-80% and 40-60%. 20-30% in medium income Cormirwes and
indusin®  counnies respectively. Moisture incrcases the weight of solxd wase and
therelore the cost of collection and transport. Consequently, waste should be isulaxd

from rainfall or other exiraneous water

Moisture content vanes with the pontcle siac and physical charscterisucs of e mw
nwtcrialy, the preferred moistute content for compegling is betnecn S0 and 60 H cent A

low motgure conent, usually belisw 40 per cont, Will slow the

L AFRICAN DIGITAL HEALTH REPOSITORY PROJEC




whereas a high inoisture content, usually above 65 per cent, will restrict air movement
through the pore spaces and result in anacrobic conditions (l.ardinois and van der
Klundert, 1994),

Moisturc conten is a critieal determinant n the economie feasibility ol waste treatment
and processing nicthods Ly incineration since energy (c.g. heat) must be supplied (or
cvaporalion of water and i raising the temperature of the walter vapour. Chmatic
conditions apart, moisture content is generally higher 13 low income countries because of

the higher proportion of food and yard waste.

2.4.3  Size of Wasic Conslituenis
The size distnbution of \waste constituents in the Waste strcam s imporiani because ol s
significance in the design of mechanical separators and dvedder and w'aste treaiment
process. This vanies widely and while designing a system, proper analysis of the waste
characterisncs should be carried out.

| 28 Chemical Characteristics of solid wwaste
Knowledge of the classes of chemical compounds and ilveir characicristics is cssential for
proper understanding of the behaviour of waste as 1t moves through the wasic management
system, The products of decomposition and heating values are two examples of the
importance of chemical characienistics. Analysis identities the compounds and the peicent
dry wcights of cach class. The rule and products of decomposition are assessed through

chemical analysis.

Calonfic value indicales the hesting value of solid waste. Chemical characteristics are
very useful in nssessmens of poicnnal of methane gas gonevation, The vanous chemica)
components normatly found in munleipat salid waste are descrited below.
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el =l
Knowlcdge of chemical -chara.q;q.ri‘ilics:o,l‘quw ,ﬁesmﬂli nir -
ireatment process. Chemical charactcristics imluﬂe-{mnﬁfp_ilf ':n.r hew

and (ii1) loxic. ST T

i) Chemical: Chemical characicristics include pH,.Nifpgcn,._Phbspmcz.ﬁ',

K), total Carbon, C/N ratio, calorific value.
nclude carbohydrates, proteins,

any

and Potassium (N-9-
i) Biochemical: Biochemical characteristics i

natura$ fibre. and biodegradable master.
ii) Toxic: Toxicity charactersistics include

heavy metals, pﬁliddcs. mmtm

Toxicity test for l.cachates (TCL.P), cic,
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2.6 Conv cntionalSolid \Wastes Manapement Mclhods

Solid waste management includes all activities that scck to minimize the health,
environinental and acsthetic impocts of solid wastes. The principal objectives of solid
waste management arc 10 control, collect, treat, utihize and dispose off the solid wastes in

an economical tnanner consistent with the protection of public heahh.

3.6.1 Chnllcction, Transportution and Storageof Solid Waste

\Waste disposal should be scgarded os a multi-faceted activity, the dillerent stages of
which (collection, storage, Imnspon, treatment and disposal) are highly interdependent,
both technically and organizationally'. The safc colleclion and transpoit of @ waste fonn a

critical link in the chnin between its point of generation and its place of treatment and

disposal

Solid wastes should be collected at least once a weck. Howaver, in high population
density arcas and for wastes with high putrescible content, particularly during warm
wecather, more frequent collection of refuse is desired, The modermn method of
uwansporting and handling the refuse is by packer trucks or container rucks (with camrying
capacity of 4 to S tonnes cach) provided with compaction facility, which are |loaded
manuoally or mechantcally, The wasies are then collected at transfer stations equipped
with trailer units with higher carrying capecity (about 20 tonnes cach) The mases are
then compacted to high density and then wransported to the disposal sites (HHagety ct al,
1973)

In the developing couniries like Nigena, diflerent kinds of storege conlainers are used
ranging from galvanized metal containers, phistic, baskcl. carton. [Hownerver, some areas
with good waste management programmes ensure the use of standard Plastz. waste ben

with cover

2.6.1.1 Uscanid Mansgement of \Waste llins

The efliciem disoosal of Municipil solid wase invohes the use of o e Of
containers’bing or receptacles to collect and carry the waste 10 a dumpung

L8
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usc and management of waste bins become important issues in waste dispossl in private
premises. NEST (1991) in o Nigerian urban town revealed that families used non-durable
contpiners, such as empty cartons which disintegrate readily, for waste disposal.
Anyokoha ond Igbocli (1993) found that $3.3% and 70.3% of their two groups of
respondents (homemnakers) used enipty cartons and local baskets. While, 88,5% and
92 2% indicated that they used plastic and nictal bins. This could mean that tn many
cases the subjecis used plastics and metal bins as well as emply' carons and local baskets
— which are not dursble, This is indication of the absence of the bye-laws or segulations

on the lypes ol containers to be used for wasie disposal a situation that calls for action.

2.6.2 ['ulveriration

Solid wastes are pulverized with the help of gratory crutchers or jaw cruichers or other
simtlar equipment prior 1o Lransfer. loading, compacting fland(ilis or incineration in ordey
1o lacilitaie these processes. Pulverization helps in getting homogeneous material which
helps both i1n the greater nitial setilement of the solids as well as in fulure reclamation of
the land.

263 Compacting and Bailing
Compaction and bailing of solid wastes using hydraulie or pneumatic presses are camed
out ¢ the site or & a central facility. The advantages achicved by this process are:

(1)  Reduction in refuse volume

(2)  Reduciion in collection titne

(3) Reduciton in transpod time and cost

(4).  Lesscrsiorage ares

($)  Lesser safety hazard

(6)  Cleaner siorage area.

2:6.4 Solid Wastes Treatment and Hapasal Meihods
2.64.1 Compnsting

Composting is scen &t 8 method of convening ovganic waste from Mh Lt
a product, s relauscly fow-costs, that is sultable (o Wumlwm

6
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1999. Wolkowski, 2003). Composting is the acrobic and thermophilic decomposition of
organic matter present in the refuse by microorganisms, primarily bocteria and fungi. The
organic matter is transformed inlo a stable humus like subsinnce during this process
(Pavoni et al, 1975). The reactions taking place during composting gencrate heat and
hence the compost temperature rises during the process. Depending upon the composition
and natwe of the waste, the waste volume is reduced by about 30 1o 60%. Pavoni ct al,
1975 simicd that the foJlowing conditions are usually adliered to for optimum composting
operation

i) Temperature: 10-50°C (if the temperature goes beyond 66°C, biojogical

activity will be reduced)
) pi:4.5t095 (It is better o maintain pi{ below 8.5 10 minimize the Joss
of Nitrogen in the form ol ammonia as gas)

1ii) Mossture: 40 10 70% (The optimum value is about §5%)

iv) Pastiele size: 0.63 to 2.54cm

v) Air:0.510 0.8m*day/&g of volatile compost solids

vi) Carbon to Ninogen Ratio: (35 o 50) : |

vi1)Carbon to phosphorus ratio: 100:]
In agrccment swith this, World BBank (2000) affirmed that composting can occur over a
broad pH range due 10 the variely' of microorganisms involved. however, the preforred
PH level is betvvecn 6 and 8. Fluctuations in pH result from the fomulion of arganic
acidic compounds or ihe production of ammonin Regardless of the innial pH and

fluctuations, the final end product will have a stable pH around 7

Heavy meial in compost: Presence of heavy metals in composis rajse sefious concemn
about the adverse environmental impact as a resull of excessive compest applacatson 0
agriculiural lands. High and excessive accumuiation of hcavd metals 1n s0il may
eventuslly contominate both huinan and animal food chain (He et al . 1992; Inwegdue et
al.. 2006d). llence some countries of the world heve heavy metal hanvii in compoo
Sndhar and Bammeke (1936) revesled the followitg heavy Dclals In mpKg in Nigena
compost: Cadmium- 3.3, Lead- 7.87, lron- 11,847.27, Nxkel. 1278 end Cisvenisen-
10603

1?
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P\ny coniposting technique selected should be small-scale, community based, labour
intensive, and simple. 1t should also depend on low-mechanized processes such as
windrows, because studies show that small.seale, labour iIntensive composting projects
tend 1o be vinble (Cointreau 1982; Woolveridge 1994; Asomeni-Boateng and Haight.
1996). Techbanoglous ¢t al (1977) reponied thal composting may be carried out naturally
undcr controlled condition or in mechanized composting plants. In natural systems. the
garbage (whith is ground alter removing glass and metollic materials) is mixed with o
nutriem source (c.g sewage sludge, animal manure or night soil) and filler (e.g wood
chips or ground com cobs) which permits the air 10 enter into the pile. The mixture is
maintained at about 50% moisture content, is kept in windrovvs having 2 width of about
2.5m. The mixture s tumed over nvice a week, Within about 4 to 6 weeks, the
temperature falls, the colour darkens and » musty odour develops. This indicates
completion of the proccss. The filler may then be removed and the remaining humus like

material is uscd as soil conditioner.

With mechanical systems. tlie composting time is reduced to half of that required in
nawural systems, because of continuous acrstion and mixing. The composting process
usually consists of the following threc steps:

(1) Wasle preparation: The solid waste is placed on slow moving
conveyor bells. Materials like corrugated poper are hand-picked
and then the ferrous maicrials are removed by magnetic sepaiation
The waste 15 then ground 1n hammes millis or wet pulpers (10 the
desired size range (3.6 10 2.5cm). Then it is mined with nvanent
sourcc- filler and water (1o provide 0% moisture),

2) Digestlon: The mixture is placed n the windrows for 4/6 weeks,
while tiuming it once or twicea week, The waste is decomposa) by
thermophslic micro-organisms dunng this pericd The cazerial is
the™ allowed to stabilize (or ancther 2 10 § weeks

) PProduct upgrading: In ocder to cnsure qUick and bettee myy qing
prospects. the product s sometines ViD=hd by oporatl 0wk
as curing, grinding, screening, pellctising and Nﬂti";
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In Westem Curope, Japan, Isracl and some Third-\Vorld countrics which are commisicd
10 land reclamation, many successful composting plants have been opcrating for severad

years (Techbanoglous ct al, {1977). In developing countnes like Nigeria, Indore method

and Bangalore method are the most adopted.

(A) Indore Method

The Indore mcthod of making compast was sysicmatized by lloward at Indore (India)
benveen 1924 and 1926. This method involves building o heap by putting layers of
different mmcrials on top of cach other so that the heap 1s well acrated (ventilated).
Becausc the heap is well serated, oxygen is available through the entire heap and high
temperatures ¢an be teached during the decomposition process, killing weed seeds and
diseases. Composting under oerobic conditions is faster and smells fess than composting
under anactobic conditions. There arc also some disadvantagesof the Indore method: 1t s

labour intcnsive and it requires s 10t of water. The composting process usually consists of
the following

a) Coarse matcnals that are difTicult t0 decompose are used 10 create a base of | m
wide and 3 m long. Twigs and canc shoots are good maicrials for this. This base
will ensure that the heap is well acrated

b) The lollowing layces are piled on top of this base
- 10 em of material which 1s difficult lo decompose, for example maize stalks
This laver should be moistened
- 10 cm of matenal which 1s eas) o decompose, for example (it and yegetadle
sCrops.

- 2 em of aumal manure (if available),
- A thin Isyer of sotl to obuain the microorganisms nevded for the composung
process: The soil should be (rom the surface (rom ciopned land oe fiy,, fovest

¢} These layers are repeated until the heap reaches Imio | 4 m hi,h Fm-}_lhc
hesp is covered with grass oF leas s 1o rrevent Wie? Ky

d) The hesp has 10 be umed over regulaziy, This COMIES by the bheop remains well
scratcd and that al of the matenals are cconveyied W0 Coengowg T, S —
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be tumed over afler 2 10 3 weeks after it has been built, and this should be
rcpeated every: 3 weeks depending on how much the hesp has decomposed. The
heap should be taken apan for building of a new base ol the coarse maicnial. The
heap should be rebuilt on top of this new base. Material from the outside of the
old heap has probably not decomposed, it’s then placed in the middle of the new
heap and watered. This core covered with the rest of the matenial. The ongwmnal,

layered <tructure will be lost. In 3 months. full decomposition should be reached
(11{DRA, 2001)

(D) Bangalore Mcthod (1ot Fermentation I’coccss)

h 1s recommended as a satisfactory method of disposal of town wasies and night soil.
Ttenches are dug 90 cm (3 1)) deep, 1.5 10 2.5 m broad snd 4.5-5.Im long. depending
upon the amount of refuse and night soil to be disposed of. Depths greater than 90 cm are
not recommended because of slow decamposition. The pits should be locsied not less

than 800m from city’ limits. The composting procedure is as follows:

» First a layer of refuse abour 13 cm thick s spread st the bottom of the oench,
Over this, night-soil is added corvesponding to a thickness of 3 am. Then alicrnaic
lavers of refuse and night soil arc added in the proportion of 15 am and $ cm
cespectively, till the hcap nses o 30 cm above the ground level, The 1op layer of
refuse should be aticast 25 an thickness

« Then the heap 15 covered with excavated eanh. If properly laid, a man’s legs will
not sink when wakking over the compost mass.
Within 7 days as a resull of bacicnal action considerable heat (over 60°C) 4
genersted in the compost mass. This intense hest which persists over 2 or 3
weeks, senves 1o decompose the refuse and night-soil &d 10 destros all
pathogenic and parasitic organisms. At the end of 4-6 manihe dnmmpsmlm is
complete and the resulting manure {s 8 welldecreyoad], aburicry, ocCUoUs

matenal of high manumnal value resdy fiv NPlkaite W the land
thttp/fwww microb o gy procediure. com)

<0
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2.6.4.2 Sanitury L.andlill .
Landfilling is the most common &nd economic method of solid waste disposal in many’
countrics. Sanitary landfilling include careful and scientific site seleetton, controlled
deposition, beiter methods of compaction, reduced cover, leachate collection 1o ovoid
water pollution and site monitoring (0 ensure environmenial protection. In sanilary’
landfill, complex organic wastes are slowly degraded or decomposed by the soil micro-
orgonisms, primarily by aerobie or [ncultative bacteria and fungi. Decomposition of the
organic sofid wasic results into generation of water-soluble organic acids that eaters the
water media 8nd diffuses through the landfill soits. The bacteria and fungi present in the
soils oerobicolly metobolize these organic acids into CO; and water. Occasionally,
anaerobic methanc bacterin oceumulate in landfill systems and generate appreciable

quanlities of methane gas. A portion of this gas may be utifized by aerobie bactena as it
diffuses through the landH|l.

Coinlreau (1982), outlined four feasures that must be present in order for a tand(ill 10 be
considercd sanitary’

t) Full or partial Indrogcological ivolation through the use of liners o previent
leachnte infiltration into the soil and groundwater; collection and wreatment
infrastructure should be used where leachate «s expected 1o be gencvated

i) Formal engineering preparations with an examination of geological and
hydrological features and relaled environmental impact analysis. wgste Uf
pian and final site restoration plan

i) Permancnt consrol, with tained and cquipped stall 10 SpeTvise

and use

compacted loyers as well as daily and finsl soil corer o rede

Inf -hrat'on and reduce odors and pests
An ideal sanitary landlill site as shown in figure 2.1 shoubd sto I\

cntena: ‘.

1) 1t should be cheap, accessible and at a reasonable distance

al i
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2.6.4.2 Sunitary Laudfill
Landfilling is the most common and economic method of solid waste disposal in many

countrics. Sanitary landlilling include careful and scientilic site selection, conirollcd
deposition, betier methods of compaction. reduced cover. leachate collection 1o avoid
watcr pollution ond site monitoring 10 cnsurc environmental protection. !n saniary
landfill, complex organic wastes are slowly degraded or decomposed by the soil micro-
organisins, primarily by acrobic or facultati'e baeieria and fungi. Decomposition of ihe
organic solid waste results into generation of water-soluble osganie acids that eniers the
wvwater media and difluses through the landfill soils. The baciena and fungs present in the
soils acrobically metabolize these organic acids imo CO; and waoter. Qecasionally,
annerabtc methane bacteria accumulate in landfill sysiems and generule appreciable

quantities of mcthane gos. A poruon of this gas may be utilized by acrobic bactena as it

dilTuses through the landfill.

Cointrcau (1982), outlined four features that must be present in order for a landfill to be
considered sanitoty ;

i) Full or partial lnpdrogeological tsolation through the use of liners o prevent
lcachatc nliliration into the soil and groundwater; collection and Lieatment
infrastructure should be used where leachate is expecled 0 be gencrated

i) Formal engineering preporotions with an examination of geological and

hydrological features and related environmental impact analysis, wz

plan and fina! siic restoration plan
w} Permaneni control, with rained and equipped stafl 1o sSUPCTvI:

1"
and use

nfilration and reduce odors and pest

An ideal saitary landfill site as shown in figure 2.1 she
i el .I

entera’
1) lishould be chesp. acceasible and 4 mma-z.;

21 1
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2.6.4.2 Ssmivary Landfill
Landfilling is thc most common and economic mclhod of solid wasie disposal in many'

~ countries. Sanitury lond(illing include carcful and scicntific site seleciion, controlled
deposition, beiler nicthods of compaction, reduced cover, leachate collection to avoid
water pollution and site monitloring 1o cnsure environmcnlal protection. In sanitary
landfill, complex orgonic wastes are slowly' degraded or decomposed by’ the soil micro-
organisms, pcimarily by acrobie or lacultative bacleria and fungi. Decomposition of ihe
organic solid wasic results into generation of watersolublc organic acids thai enters the
water mcdia and diffuses through the landltll soils. The bacteria and fungi present in the
soils acrobiecally metabolize these organic acids into CO; and water. Occasionally.
anacrobic methanc bacteria accumulatc in landfill systems and generate appreciable

quanutics of mcthane gas. A pontion of this gas may be utilized by acrobic baeteris as it

diffuses through the landlill.

Cointreau (1982), outlined four features that must be present in order for a land(ill 1o be
considered sanitary':

1) Full or parssal hydrogeological isolation \hrough the use of liners 10 prevent
leschate inliltration into the soil and groundwater, collection and treatmeni
infrastruciure should be used where [eachaic is cxpected to be gener3ied

i) Formal engineering preparations with an examination of geological and

hydrological feaures and related emvironmenial impact anatysis, waste 11pping

plan and (inal site restoration gilan
ni) Permanens comrol, with trained and equipped stefl to supen tse construcHo

anduse
iv) Planncd wastr emplacememt and covering, with wesie and soil p

compacted loycrs as well as daily and (final seil cover (g

inlilization and reduce odors and rests

An ideal sanitary landfill site as shown in figwie 2 | should o

criteria’
1) 1t should be cheapy, sccessibie and at o rewsonsb e

| 3

N 5
ol
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2) It should bc o least 1122 Km downwind from the commercial and

rcsidential ncighbouring arca.
3) It should be reasonably levcled, clear and well dratned, with capacity' of

usc for at least 3 years.
{) lis soil sliould be of low permeability so that it can be used as satisfactory

cover molcrial.
5) 11 should be well abovc the ground water table so that thc underground

water supplies are not polluted

6) The site sclected for landfill should not be deleterious or offensive to the
surrounding environment. |t should be consistent with the topography,
climotic conditions, hydrogeological requircments and economical

considcmttons (Tcchbanoglous et al, 1977)

Lancifill sitc preparatien
Prepanration of the landf Il site involves fencing, grading. stockpiling of the saver
matenal, construction of berms, landscaping and the installziion of leachate eolleciion
system, gas collcction system and monitoring system. Mixed $0lid wastes with sarying
degree of compaction are delnered to the landlill site by packed trucks or trailer units.
Loose maienal s placed in the lower pan of the pit or wench. !t is then spread and
compacted by machines in {a¥ers of about 0.5m thickness. Afler the end of each dav's
opcration and when the depth ¢s about 3m, the refuse 1s covered with 15 1o 30om of eanh,
This consolidated solid wasie enclosed by catth at the end of a dad's Operalion is calied o

**cell*’ (Dara, 2008)

[t is obvious that a proper. engincered landf l] is more expensinve to dcs:p\;ﬁ .
and maintain. This 15 noturally the main consiraint in developing t‘Mtfk?: :
tandlill construcion is 8 focus of devclopment assistance tyy the World B
other aid organrzstions: Although the costs may be defiayed and techas
g ven, in the long term it will be the responsibility: of local and nestonal g
entute proper wasic disposal is a prectical and wighle Pign. In an ey '
landlills throughout the developing world in 1992.198Y Johamciwen

i (| i I _.
a2 B SR b
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T
g in MSW dumping: among the .qu,h&% I
o of South Africa) had the fewest :

ing for wessle disposal;

varying arnounts of planning and engincerin
regions visited, African nations {with the excep

enginecred landfills, Wit most nations practicing open dump
Americon nations wese more tikely to be swarc of

\wastc maonagers in Asian and Latin
nnd wcre much more likely to design

cnvironmentol cffects of improper londfill design

and itnplecment some control measures, however lainited in scope.
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2.6.4.) Incincrrtion

Another option for waste reduction and disposal is incincration. Incineration should not
be considered o “disposal’ oplion, since following incincration there 1s still some quantity’
I of ash 1o be disposed of (probably in o landtill), as well as the dispersal of some ash and

constitient chemicals into the attnosphere. It should inslead be considered more in terms

of its waste-rcduction potential, which can be 80.95% in terms of waste volume (Rand, ct
al 2000). This appears to be nn extremely atiraclive option, however, with oc<asional
exceplions, {ncincration i1s an ineppropriatc technology for most low-income countries.
Above all, the high financial stort-up and operational capital required to implement
incineration lacilities is a major barrier to successful adoptlion in developing countrics
(Rond et ol 2000, UNEP 1996). A large poriion of that eost is the environmental hazard
mitigdtion components, including emissions “scrubbeis™; use of best svailable technology
1n the United States con cost as much as 35% of the overall project cost (Rand et al
2000).

Additionally, specific technical expertise and iclaied general repair and maintenance
technology arc oficn absent tn developing nation scenanos. [High costs aad environmental
problems have led to incinerators being shut down in many cities, among them Buenos
Aices, Mexico Cuy, Soo Paolo and New Dehli (UNEP 1996). High costs ean be rocouped
by coupling incincrators with cnergy-rccoy ety infrasiructure. Generation of hot water and
stcam. 10 generite electricity or for heating applications in nearby resdential and
industrial sites is a possibility, and has been used in some developed world sites. The
additional level of infrastiucture and planning requited to smplemient such a3 scheme is
most likely well beyond the realm of possibility in most developPing nations, ._;a‘nd‘
arguments for the adoption of incincralion projects should not rely on potential e

generation as a phmary compenent of the “sales piich”,
The size of the incinerator 13 determined on the basis of the weekly quantiyy of L
to be incinervled- For untiorted witsies, (wo Lypes of incinersions ane used.
(1) The haich-t¥pe incincralor: This s Mu-ﬂr
relatively Small mied capacity. These plants have severm) di

B bt

a3
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(0) Owing to the intermittent opcration, the buming temperature canno! be

ninintained in 2 uniform inanner. This may’ result in an inadequate and

p iregular eoinbustion of the waste
, {b) the output of particulate matier is more
(c) the volume reduction of the waste is lesser than the optimal value

expecied
(d) this may end up with on unstable residue sull containing some
putrescible matter, Thus, it may still possess some pollution potcatial.
(¢) the intermitient incinerator pionis are unsuitable for large wurban
centers.

(2) The continuous-typc of incinerators: are equipped with large
stornge bins, automatic fced hoppers, varied types of moving
grates and ash discharging sysiems. These unils are capable of
maintairing uniform temperatures for combustion and can be

equipped with pollution control devices such as gas sgubbers and

clectrostatic precipitators. These units arc capable of yielding a
stable residue which is non-polluting. Although the capital and
optraling costs are very high, these units, which provide conrolled
fumace temperatures of 760 to 980°C, can remove odours and also
bring about a substantial reduction in waste volume, in &n
environmcntally acceprable form. Since the linal residue is stable,

the cost of cover motestal required to ultimately dispose it In the
1

tandfill will be substantinlly minimized or even eliminated in

cascs

High temperature incineration is a recent innovation where tempenture of Ibe'
1,650 °C 15 atnined using supplcmentary fuels. In this process, mon-conbustibie
of the refuse (c g mewal and glass) we melted in » bed of high-temperature
refeactory lined incinerstor and are drained of as molten slag This lt\hm?ult :
volumne reduchion of the refuse by 979 (Techbanogious (1977).
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2.6.0.1 Pyrolysis
The chemical constituenis and chentical cnergy of sorne organic wastes can be recovered
by’ destructive distilhation (or pyrolysis) of the solid waste. The combustible constituents
of the solid waslc arc healed in a special retort ltke chamber known as a pyrolysis reactor
ot 600 to 1000 °C in a low-oxygen or an oxygen-frec environment. This is an endothennie
process thnt involves healing refuse in the absence of air to produce the following
components;

(1)  Taror oil phase coniaining methanol, acetone, acetic actd, elc

(2) Gascous phase containing I3, Cll, CO, CO;

(3) Solid phase containing pure cartbon char and inest matenials like plass,

rock, metal .1 .c.

The advantage of pyrolysis process include:

(1) Volume reduction by about 90%

(2) Possibility of handling potentially hazardous plastics .8 PVC in a safe way

(3) Absence of pollution problem {Bhide and Sunderasan, 1983)

2.7  llcalth nnd Envirenmental lmpacts of Municipal Solid Waste Management

Asscssing the impacts of municipal solid waste management involves consideration of a
large number of components. Health impacts include exposure to toxic chemicals through
air, water nnd soil medta; exposure to infection and biological contaminants. sress
related 0 odor, noise, vermin and visual amenity, risk of fires, explosions, and
subsidence, spills, accidems and transpert emissions (Dolk. 2002) Envirossmemal
impacts can be clusicred into six calegonies: global warmmg, phowchamical oxidant
creation, abiotic resource depletion, acidilication, cuicophication and CCOtoNK 1. 10 waley

{Sco, 2004)

2.7.1  {leslth end Enviconmental Impacts of Landlills

LAadlills are assocuziled with a plethiars of health and sosial cMucts. 3egdth and qc_{d‘ -
impacts include odor nuisance, ozone formation (ko teactxn gf NO  aadl okl

organiec compounds with sunlight) thal can cause pulmcnary and centre) .
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damage; (ire and explosion hazords from build-up of methane; an incrense in the number
of vermin (birds, rodents and inseets) which act as disease veclors; and ground and air
pollution from |enchate and landfill gases (Daskalopoulos 1998, El-Fadel, 1997, USEPA
19950, Ncal and Schubel 1987). Water contamination by leachate can transmit bacteria
ond discases. There are also many environmental impacts of landfills. O20ne formation
can cuusc decreases in crop yield and plont growth rate. Methane and carbon dioxide are
greenhousc goscs that conliibute to global warming. MMethane ts twenty (imes more
cilective at trapping heot than carbon dioxide, and niore persisient in the envifonment
(USEPA 19950). Leachate from the landfill ean enter ground water systems, leading to
increases in  nutrient levels that cause cutrophicatiotn (El-Fadel, 1997). Finally,

bioaccumulanon of toxins and heavy metals ean occur,

2.7.2  llealth and Environmental Impacts of lneincrution
. Incineration impacls societly by production of odors and in the unsightliness of Uie facility

(Gariod and Willis 1998). There is also the potential for surface water pollution trom
1 waste waers (used for Quenching hot ashes before ransport) (USEPA 1995b). The most
imponiant health aad environmental impact s from air emissions, which include
panticulates, CO, NO., acid gascs (chlorides and sulfides), volaule otganics and mercury
These compounds contribute 10 bisaceumulaion of toxics and acid rain (Daskalopoulos
et al. 1998, USEPA 995b). Inhalation of particulate matier poses a health danger:
smaller particles are more likely lo carry heavy metals, which run can be retained in ling
issuc and enter the bloodstream (Neal and Schubet 1987)

2.7.3 llecalth and Environmental ltopacts of Composting/Anaerobec Dizgestion

Healus and social impacts include noise. odor, and upsightiiness (Carrod and Wallis
1998). Addiuonally, many of the microorganisms found it CO®post me knoww
respiratory’ sensitizers thal can cause a range of respiraion: sYmEiems wicjuding atlerg,
rhinitis, asthma, and chromic bronchltis (Swan, 2002), floth somposting and enacTobi,
digestions produce blogas. though less than landfills. CompcNing 1 MrThie and s

primanly carbon dioxide: while anacrobie digestion Produkes mcihane, |
contribute o ginbel wurming 5

== o

8
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2.7.4 llcaltd and Envirounicutal linpacits of Recycling

Recycling can also pose liealth and environmental nsks. Soiting facilities contatn high
concentrations ol dust, bioaerosols and metals. Workers commonly experience itching
eyes, sore thronts, and respiratory diseases (Gladding, 2002). Environmentally speaking,
recycling uses a large oinouni of energy resources (Dasknlopoulos, 1998).

Health and social side e:Tects are equally as iinporian as environmental impiicts when
considering MS\V management. For people in developing, countries, bodily wellticing is 8
lar more pressing concern than the fact that open buming of garbage coniributes to acid

rain or global wanning.

28 Current Tremds in Solid Woste Munagement.

Waste disposal practices ore being altered 1o include resource recovery' and recycling
opportunities. This is the result of the common perception thst increased recycling offers
an cnvironmentally sound alternative to landf ] solid waste disposal. In the United Siates,
most Stales are aggressively pursuing recycling and other solid wwasie management
programmes, such as waste minimizatlon, in order to diven waste from landfills
(Thomas-}lope, 1998)

Wasie reduction and recycling goals vary from a minimum of 25 percent in mosi of the
southcast US 1o a mandatory 70 percent in the state of Rhode Island. Higher recscling
goals are featured in the northeast US and reflect current limitations in the avatiability of

landlil space. Some states hove regulations 1hat ban landlilling of several types of waste

that contain heavy metals and metcury. In addition ta gnins in landfill spece. ancther
inherent result of the reeyeling and waste reduction effoas is thal munjipal sold wasse

sireams aic more amecnable (0o microbial decomposition,

2.9 Source Separstion of Soll \Wastes For Wadle To \!lullhli_\t'l-hm'n -

This refirs to 8 solid Wasie mastigemen practice of separaling.
matcrisls found in solid waste in order Lo (vOMe rec voling ond re-yy
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segregation is most elfective and is achicved at lowest cost at the place where the
indivdual wastes arise with the provision of containers {Plate 2.1). A decision 10
scgregate wastes should be based on considcrations of the type and quantiy of the wastes

and the hazards they present.

In concaordance with this, Asomani-Boateng and Haight (1996} revealed that Source
separation, which involves the systematic division of wasie inlo dcsignated categorics, 15
critical o recycling organic solid waste tn urban farming. It reduces the incidence of
contamination resulting fron the co-mingling of dilferent Xinds of waste, it is impoitant
that any source scpoaration excrcise should be undertaken at the houschold Jevel because
once the waste gets o the community bin or collection poini, n i1s likely 1o be
contominated by hozardous wasics gencrated by primary heshh care, dental centres,

velennany clinics, private clinics and laboratorics spread throughout African cities

” A systcm demanding segregation and storage of wasie 8l source would require a very

| high degree o fhuman behavior change. Separating waste malicrials at the household level
occurs 10 some exiznl almost universally. and prevenis the most valuable and reusable
malterisls from being discanled. FFollowing in-home reiention of valuable maienal, wasle-
pickers currently removc most valuable matcrials either beforc gotbage enters the waste
siccom of en route, especially in the lower and middle income arcas of many
municipalities. In these Instances, there is linle need for sddinional encouragemem of
recycling. Even in the more afflucnt arcas of developing cities, ofien thare are found
Winerant “buyers™ of waste maicnials such as cardboard and glass These busets wall help
10 diver1 many matenals out of the wasic stream. and illushale a ked powny If tu}clm'
materials 1s an economically viabie undenaking, stnall enteapnises have been and will
continue 1o spring up whenever there is an opportunity: in [act the theR of sourte-
scparated recyclable matenals has been documented in many pilOt scheines in both
descloped and developing nations (UNEP, 1996) Mynicipalites thould not oaly
recognize the trade in recyclables. it should embrace 1t. By alloving smal| enterprise to
address the problem, valuable funds are saved (the municifaljly does not have s ol o

fnrmal recycling mogram (ot most malenials), joby arc ¢rowied, and landlif] space i

0
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segregation is most cffectivc and is achioned a1 lowest cost at the place swhere the
individual wastes arise with thc provision of conizincrs (I’late 2.1). A decision 10
scgregate wastes should be based on considerations of the type and quantity of the wastes

ond the hazards they present,

In econcordance with this, Asomani.-Boaicng and 1iaight (1996) revealed that Source
separation, wlhich invoives the systeinatic division ofwasie into designated categories, 1S
critical 1o recycling organic solid waste in urban larming. k reduces the incidence of
contamination resulling froin the co-mingling of dilYerent kinds of waste, It is immponani
that any sourcc scparation exercise should be undertaken at the household level because
| once the waste gets 10 the community bin or collection poini, n s likely to be

conaniinated by hazardous iwastes generated by primsiy health care, dental centres,

| velennaty clinics, private clinics and labomitorices spread throughout African cites.

A system demanding segregation and storage of waste st source would require a very'
high degree of human behavior change. Separaling wasie matcrials at the household level
occurs to some extent almosl universzlly, and prevents the most valuable and 1cusable
malerisls from being discanled. Following in-home retention of valuable matenal, wasle.
pickers currenily remove mosi valuable matenals cither before garbage enitts the waste
stream or cn route, especially in the lower and middle incomc areas of many
municipalities. In these instances. there s litlle need for additional encoursgement of
recycling. Cven in the more affluent arcas of developing cities, often there are found
Mincrant “buyers” of waste matenals such as cardboard and glass, These buvers will help
to diven many matcrals out of the wasic stream, and illustroie a key point. I recxling
materals ts an economically viable undertaking. small enterprises have been and wall
continuc 10 spning up whenever there 1s an opportunity: (n fact the theRt of sate
scparated recycloble matenals has been documented in many pilot schemcs i toth
dovcloped and developing nations (UNEP, 1996), \Municipalities sbould not iy
recognize the Irade in recyclables, 1t should embrace it By aligwing Sowll cnterpnse &
address Ihe probiem. valuable funds are saved (the mumicipality docs B0t pove &, onse o
formal recycling pg?am for most malerials), jods arce cresied. and lasd(ill pecT o

J0
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saved. Perhaps through micro-loans or somc small-scale assistance, local govemments

could suppont and legitimize thesc entreprecneurs,

Adedipe ci al (2005), reported that wasie to wealth acti vities as shown in FFig 2.2 must be
formalized as policy response in developing countries ltke Nigeria in order to solve
probleins of poverty and wastie recycling activities. They' added that such policies should
plso inelude presonting to protect the healih of the recycling workers. A number of s1ates

in Nigeria like 1.agos, Oyo, Niger, and Ondo have been practicing wasie o wealth

activilies

llemobade and Olenrewanju (2009), reportcd the waste (o wealth activitics in Ondo State
as a successful one. The govermment of Ondo State established the Ondo Swate Integrated
Waste Recycling and Treatment Project in June 2006 (Sridhar et al 2007). This project
was with the am of minimizing solid wastes in Akure and environs, Siace the
commencement of the project there has been a huge suecess in vansforming the waste

generated in Ondo State to wealth. Peofitable products generated are fertilizer, enerpy.

Iron for founding products

..l
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» A REC YCLABLE WASTER Nylon,
plastic. metal.gtassand
papor

LA T

L . -

Plate 2.1: Coded bags for scparvtion of solid wastc ot the poinlt of genoroLion.
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5.10 Municipnl Solid Wastc Reeyeling
{ materials from solid waste and the usc of those malcrials as
in with an

¢ uses. Successful recycling must beg
¢ what is recyclable. Up until now, the
But residential solid waste

pontions of the waste

Recycling is the removal ©

new products for other productiv

cxaomination of the solid wastc strcam {0 determin

focus of recycling efforts has been on residential solid waste,

icipal solid waste streum. Other

stream, such as the commmercial and industrial scctor. have o history of sigiiflicani

offer the potentisl for cven greater recycling. Toble 2.2 shows source and
s a number of uscful products that are

is only onc portion of the mun

recycling and
clable solid waste. And Toble 2.3 show

earded as wasic.

types of recy
obtainable from whot is ofien re

R
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210 Municipal Solid Wastc Recyeling

¢ removal of matcrials from solid wasic and
Successful recycling must begin with an
is recyclable. Up until now, the

aste, But residential solid waste

Recycling is th the use of those materials as

new products for other productive USes.
mination of the solid wastc stream 1o detennine what
g ¢lforts has been on fesidential solid W
is only onc portion of the municipal solid wastc stream.

such as lhe commercial and indusirial scctor, have 2 history of significani
ater recycling. Table 2 9 shows source and

cNO

focus of recyclin
Other portions of the waste

sircam,

recycling and offer the potcntia) for cven Bre

types of recyclable solid waste. And Table 2.3 showsa number of uscful products that are

obiainable from what is oficn regarded as wasic.
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Saurces

Tahlc 2.2: Sources and 1ypes of recychuble solid waste

Eanmples of leeyelable Wasie generated

“

Residential (single. and multi-
family homes),

Conunercial (oflfice buiidings,
wholesale and retall business, and
restaurants).

Institutional (schools, libranes,
hospiwls and prisons).

Industnal (packagling end
administrativee, but not process

nastes)

Old newspapers, clothing, packaging. cans and bottles,
food scraps, and yardtnmmings. ’
Old conrugated containers (OCC), oftice papers, yard
riminings, wastes from food/dnnk vendors (food scraps,
disposable tableware, paper napkins, cans and botiles).

Oflice papers, books, yard trimmings and wasies {rom
csfeteria and other food‘dnnd vendotrs

OCC, plastic film, wooden pallets, papers and cafctenn

wastes (food scraps, disposabic tableware, paper

napkins, and cans and botiles).

—

Sourec: USEPA, (2004)
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Table 2.3: Selitdd Wastc Reeyelnbles poct their Uses.

—— —

T’:\ STE

RECYCLARLE VALUE Ol USE

Hair, Bristies, Wool,
Feather

I loofs, Homs

13ones

llides, Skins, Feet
ntestines

Blood

Ruminant contcnts/excreta
Fats

Glands and special organs
Aluminium

Papers

Plastees (vanous types)
Cilass

F crrous mctal

Yard wastes, Organic
wastcs

Tires

Waste 01

RBrash, Lanol, Fenilizer, \Wigs, Blankets, Carpets, Fabrics
I3utions, Coinbs, 1Ha:r pins, Novelties, Washers, Glue, Gelatin
Duitons, Cutlery, Hundles, Omoments, Glue, Gelasin, Done
Horse whips, Scats, Belts, Fand bags. Book binding, Shoes
Stock feed, Surgical ligature, Nustcal (Guiter) sirings, Tennis
I'abrin foam, Puttlied bovine albumin, Dricd blood
Atcthane gas, Monure
Soap, Machine 0i11, Candles, Leather dressings

Pharmacevtical producis (lnsulin, Gall stones corticoseroids)

Sofl drink and beer cans, cutlery

Newspaper, packaging materials, various types of recycled papers
Botiles. thin film packing, battery easing

Vanous glass products, decortive pieces

Tin cans, mewal works

Composi

Road paving, building, shoe soles

Reuse after refining

“Source: Sridhar and Onibokun ( 1997).

M.
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2.10.1 Plastic Recyeling
Recycling of plastics received considerable aticntion primarily because of ever increasing

use of plastics and also bccause of their non-biodegragable nature, [For a salisfaclory’

rccyching of plastics the following two requirements ore to be satisficd:
a) The plastic moterial should be made up of only one tybe, 1.c it should be
homogcncous
b) The plastic scrap or waste should be collccied from the consumers or inlercepted
on 1ls way' from consumers to theinunicipal refuse site (Dara, 2005).
Proccss of plastics recycling may be carried out in any’ of the following ways:
i.  Primary rceycling where the saome plastic product is manufactured again
ii.  Sceondary recycling where the matcrial is reprocessed to 3 ncw product
with dilferent composition and in some cases may bde inferior In
propertics.
i, Tertinry recycling vwhere the plastic maierial is completely processed o s
new form as in pyrolysis (\where some chcmicals are recovered), in USA.
high density polycthylene botiles used for supplying milk. are collecied
[tom consumers and are converted 1o (lake powdcer by grinding, This can
be used for manulfacturing plastic drainage pipes or as inert fill matenial or

an aggregote for low weight eoncrete (Dao. 2005)

2.10.2 I'aper Recyeling IProcess
Paper recycling is a specialized process m which wasie papers from dilierent Wnstindions

are used 1o produce clean, recycled pulp that can be used to make rec)eled conlent paper
and paperboards. \Vastepaper from oilice, school and business recscling programs 1‘,&

collecied by outside uastc-managcmem compames that son the waste and then * o

waler and passes through a system of eenirifugal clesning &d =3
done 1o rmove hmc contamnants hike wood, plasijg, nﬂ“ﬂ !




The pulp is pressed 1o remove waler and dissolved inks, and is then fed into a kneading
machine. During kneading. the pulp libers arc rubbed against cach other, fuither
loosening the inks, while kneading chcmicals are added to begin the brightening process.
Brightening the pulp counters any' yellowing cffect sometimes seen in paper containtng
wood libers like those used for newspaper. The fibers s0ak tn chemicals for about three
hours in a storage chest. The pulp that went inio the brightening process gray and dirty in

appearance comes out much whiter and cleaner.

The fibers are then sent through a line screening process that removes any remaining glue
particles and small contaménants. The pulp goes through an ink removal process. Here
the pulp is mixed with chemnicals, called surfaciants, that suds up like washing machine
soap. ink particles, dirt, glues and other very small contaminants adhere to the suds and
float 10 the surface where they are skimmed away Icaving the pulp even cleaner. The pulp
is then washed, pressed, kneadcd and placed in the decolorizaion chest, A chemical is
added to remove any colors that might tint the pulp. The pulp is then washed agasn to
removc any rematning ink particles, lillers or other contaminants. The finished recyeled

pulp is then either sent 10 3 mill for papermaking or it 1s formed into sheets of pulp, called

"wet Inp,” for shipment and sale

2.10.3 Mctal Recycling Process
Scrap mcials are tumed into ingots by melting the metal, pouring the liquid metal into

moulds, and then removing the moulds when the melal is formed. The moa common
metal alloys produced from this process are aluminum and cast iron. However, cther
mctols, such as steel, magnesium, copper, tin. end zine, can also be processed The
mcliing is performed in & fumnace. Fumaces are refractory lined velsels that provede the

encrgy required Io meh meuals. Alodern fumace (ypes include cleask wt e
(EAF), induclion. cupolas, reverberatory, and crucible fumaces For low Gnporanse

meling poinl uilon. such as zinc or tin, melting fumacey dm-cbv to lmpevanst 2 edoA




crap, internal scrap, and alloying elenmients are used ip‘.m
matenal refers to commcfei"all)' pure forms of the _prfumr)' mclal used 1o fi

alioy, A mw

Prior to pouring the liquid metals, the foundry produces & mol.q- mnm are
constructed by different processes depending on the type of foundry, the m!nl, ic be
poured, the Qieanlity of parts 1o be produced, the size of the casting and the com plcxuryﬂf

the casting. The different processes include:

» Sand Casting - Green or Resin bonded sand mold.
* Lost Foam Casting - Polystyrene paticm with a mixture of ceramic and and mold.

L

* Investment (L.ost Wax) Casting - Wax or similar sacrilicial pstiem with a cenmji'c mold

* Plaster Casting - Plaster mold

* V-Process Casting - Vacuum is used in conjunction with thermoformed plastic (o form
sand molds. No moisture. clay or resin is needed for sand (0 rewain shape.

» Die Casting - Metal mold.

* Biller (Ingot) Casiing - Simple mold for producing ingots of metsl normally for use in
other found (llemobade and Olanrewaju, 2009)
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2.10.4 {lecyeling Studies in Nigeria and around the Warld.

A study carricd out by CASSAD (1998) revealed that through alTordable waste recycling
technologies, wastes could be tumed into wealth. In the developed nations also, a lot of
altention is paid 1o recycling and reuse, while at the community level, people ore
encouraged 1o go inlo small-scale business using recyclable materials. Sridhar and
Onibokun (1997) described waste recycling as an organized means of introdueing and/or
enhancing the utilitazian values of waste arising from dillerent sources. The esseniial

outcome of waste recycling is the benefit of reduecing demand for national resources and

the amount of waste requiring final disposal.

In Nigeria, recyeling activities have been gotng on in informal sector inostly at the
dumpsites. Onibokun nnd Kumuyi (1999), reporied that wasie reeycling 1s an aspect thal
has not been paid the required attention. A significant proportion of wastes o f different
types should be salvaged, particularly at houschold level. But a large proportion of waste
are not sorted a1 source. a large propostion of them are lost since they are so contaminated
by the 1ime they reach the dumps that, they' are difTicult to retrieve by’ seavengers.

1lowever, CASSAD (1998) reported that there are hundreds of small and medium sized

recyelers in Nigerio's urban centers, with a sunvey indicating as many as 200 in Lagos

and lbadan put together

Sridhar ct al {2000) icported that in Nigeria, plastic industsies are probably the most
aclive 1n organized icvel of recycling. From their suney, some industries in lbadan,
handles up ta 150KE raw motcrial per day. Metal scrap mdustries are also siving m
Nigean, The moist femous are the aluminum pot manufacturers al Shaki In O_Vo stote,
aboutl J00Km north-west of Lagos Afier sorting, they: manufaciure 5 wide vanety of
aluminum products including pots. fry pans, spoons, dishes. sducets  Cups, moior cicle
ports ond knives, Mast of the urban wastes in African Countries such as Nigena conta;n
60 to 80% per cent orgisnic components. These massive wasle components are used 10
organic recycling through composting. Compasting has long dbeen 1n praclice and

d]
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successful in some pant of the world, yet in others it has had little or no success

(UNEPAETC, 1996).

Composting in Nigeria

A nation-wide survey by Sndhar (1989) revealed that some composting had been donc in
Kaduna, Kano, and Maiduguri arcas in the past, but that it 1s no longer practiced on a
large scale. Levwcock (19935) rescaled that in Kano the practice of using Taki {conipost
from manusc, household waste, strcet sweepings and ash) as fomulizing matenial by the
ciy’s peri-urban {armers has gone on for centuries. In addition Alortimore (1972)
revealed that in 1969 und 1972, 140 and 1,180 tonncs of compost \were transported per
do) to peri-usban farms. It is estimated that 25% of farmers' feitilizer nceds svere met by
waste from Kano. llowever. this practice shified in 1960s with thc use of antificial

fertilizers. Sridhar €1 al (1993), revealed that other materials arc used for composting in

olther parts of the countty and such matenals include: swalks of com, guincacom,

sorgchum, rice husk, whcat sieaw, viegetable peelings, cotton stalks, grasses, cocoa and

banana leaves, cxcrca from poultry, cows, piggery, sheep and goats, ashes and wwasies

from slaughterhouses, breverics and other indusities which process organically ach

materiols

Further elaborate studies conducted by “Composting Group™ in Ibadan (Ssidhar et al.
1985, 1986.1989. 1992, Adeoye ct nl. 1993) revealed thm a vanelv of crops such as
yants, maize, green amaranth, and fruit crops produced bettcr yiclds \with organiec manurc
than those grown on inorganic fertilizers alonc. Tic emphasis of the research was on the
use of domestic rcfuse ond onimal wastes as basic malerigls in the production of bio-
fertilizer. The acrobic method of composting through surface windrowing \was prosven lo

be more etlicient in reducing the cost. ime of composting and tetaining the nutricts to a

greal extent.-

Ihe group construcied a composting plant to treat 20 tons of cow dung and matket wastc
m 1998 in a market wn lbaden. Since then a lot of composting pmjects hui‘tvm
implementcd n many siates In Nogeria. A typical example is the ()nd_o_su‘ar
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Waste Recycling and Treatment Project. This project staried operation in December
2006. The process of composting involves semi-mechanical windrow, curing and m’ig
operations. The projeci’s daily production output averages 5 tonnes of organ?&%rénuo-
mineral fertilizer (Clanrewaju and |lemobade. 2009). Also, Ayeye compost plant was
established in Ibadan Nornh West in 2002, to produce live lonnes per day of organo-
inineral fertilizer (Afnitech Intermational, 2010). More siudies have been carried out on
produeing agriculiure frendiy organie fertilizer. A study by John et al (1996, i997)
showed the possibility of conveniing organic manurc supplemented with other plant
nutrients into pellets which can casily be handled by small scale farmers (o carry and use
on their fanms. All these researches show that composting is a feasible way of convening
the available wasies info organic manure. A recent study on feasibility of wasie recycling
n Nigeria reveaied thet the volume of waste gencrated will suppott over 5,000 waste
reeycling based industries. All that need to make this possible s mantives. seed money
in form of micro—redil, poliey 1o facilitate the processes end goodwill of both the publie
sector and the exval society organizsesons (Sndhar et al. 2000).

211 5olid Wasies Generation Rates

The choractenzation of solid-waste sireayms and the csimalion of s0lid wasnic gencrman
rates ase criticsl data nocdad 10 scek aliemaive solutions (o problors cremed by niging
solid-wasie-disposa) conts, inaeasng public opposiion 10 new tendfills, and prowing
interest in recycling (Alan et sl. 1993) The subject of solid weetz permymtson rames s
causcd considerable confusion beamae of the dilferemt Methods of MeRaterEEnt oo he
different method of waste elmssification edopied for reyorting OME The remson for
MeAsUring gencration rate 1S to obiain ata that can be used 1o determine the total arsouns
of wasies to be managed. Therefore, in any s0lid wasic manegemwrt studdy, extreme care
mast be exercised M allocmmg fu fundnd decid ing wha actuaily meedy 10 be known

( Klee and Cama. 1970)

.11 Charscierization of \Wasies by Velame snd \\heighe
Both vohume and weieht re amd for the messsrement of il wase
of volume ax 2 measure of quantits can b extremmedy . o
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‘Waste Recycling and Treaiment Project. This project staried operation in December
2006, The process of composting involves setui-mechanical windrow, dur:n"ng oand r'lﬁ-'%ﬂil’t
operations. The project’s daily production outputl avernges S tonnes of organic/organo-
mincral fertilizer (Olantewsju and [lemobade. 2009). Also, Ayeye composi plani was
established in lbadan North West in 2002, 10 produce five lonnes per day of organo-
mineral fentilizer (Afrniech Intemational, 2050). More studies have been carried out on
froducing agriculiure friendly organie lertilizer, A study by John et al (1996. i997)
showed the possibility of converting organic anure supplemented with othecr plant
nultricnts into pclicts which can easily be handied by small scale farmers 1o carvy and use
on their farms. All these rescarches show' that composting is a leasible way of converting
the avamilable wasies inlo osganic manure. A recent study on feasibility of wasie reeycling
in Nigena revealed that the volume of waste generdied will support over 5,000 waste
recycling based industries. All that need 10 make this possible are marmaives, seed moncy
in form of micro~crcdit, policy (o facilitate the processes and goodwill of both the public
seclor and the civil soctety organizatsons (Sndhar et al, 2000)

211 Solid Wasics Genecason Rates
" The charicten.:stion of solid-waste suteams and the estimalion of solid wasic gererEED
ruces ase criucal daia needed 10 seek alternaive solutions to problems oemted by riging
solid-waste-dispasal costs, increasing public opposition 10 new Imndfijly axd poUSyg
interest in recyeling (Alait et al, 1993). The subject of solid wrsie pevweratson ramss has
csused consideradlc confusion because of the different Mcthuds f TeanETment oo the
differere method of waste classificstion adopred for reporting data. The reascn e
MCASUNSE GENCraLIOn rate s 10 oltan dsta Ut can knsd““h“ e
of wasies to e managed. Tharelore, mmsolud_w '
st be exercised o allocating funds and decid ing wiust scrosl
( Klee and Camah. 1970) 2

2111 Characterization of Wastes by Volume and V
M-ﬂ—--ﬂnﬂn-ﬂhhm
of volume = 8 measure of quantity can be '

<

AFRICAN DIGITAL HEALTH F

- -



vard of loose wastes represents a different quantity than a cubic yard of wastes that have
been compacied in a packer truck. and cach of these is differcnt from a cubic yard of
wastes that lave been compacied further in a landfill. Kiee and Casruth (1970) stated 1hat
if volume mecaswements are to be used, the measuied volumes must be relaied (0 the
de@ee of compaction ofthe wasies. To avoid confusion, solid waste quaniitics should be
expressed in terms of weight Weight is the only sccuraie basis for recoids because
tonnages can be measured directly, regardless of the degree of compaction. The usc of
weight records 1s also impontant in the transport of solid wastes because the quantity' that
can be hauled usually is restricted by highway' weight limits rather than v olume.

2.11.2 lIssucs relatcd 1o Generntion Rales of \Wastes

In developing the solid wasic management syslems, il ¢s ofien necessary to detennine the
stalistical charactensiics of solid waste generstion. The container capacity 0 be provided
must be based on a statistical analysis ofthe genetation rates and the chatactenstics of the
collection system. The statistical measures thal must be considered include the mean,

mode, median, standard devianion, and ecoefTicientof variation: (Muhich et al, 1968)

2123 Mcthols Uscil 0o DDeterniine Generation Rates
Methods commonly used to assess the pes capita generation of solid wasles are;
(1) [.oad ~ count gnalysis. In this method, the number of individual loads and the

corresponding vehicle characieristics are noted over a specified time period, |11 scoles are
available. weight data are also recorded. Unit generaticn rales are determined by. using

the ficld data and where necessary published data. The formula for calculation is

Unit rate = Tota!l weight of waste/neek

(Number of houscholds x Number of persoas per houschold)x(7_dg)mm.ﬁck)

1 ds

) Welghi-Volume Analysss: Ahhough the use of dtplled wel?ﬁ]- olume
obtaned b) \\clghmg and measuring each load will cemlnl\ swovide ..
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2.11.4 Factors that Affect Generation Rales

Factors that influence the quanttty of wastes generaled tnclude:

(1) Grougraphieal Locuation: The influence of geographical location s related
prmanly to the different climales that can influence both the amount of certain typcs of
solid wasies generated and the collcciion operation. For example, in the wammer southemn
areas where the growing season is considerably' longer than in the northern areas, yard
wastes are collected not only in eonsiderably greatcr amounis but also over o longer
period of time.

(2) Scason uf the Year: The quantities of centain types of solid wastes are also
alfected by the season ofthe year. For example, the guantities ol food wasies are affected
by the growing season for vegclablcs and [ruits

(3) I*requency of Collection: In genetal, it has been observed that where unlimited
collection service is provided, more wasics are collccted. This obscnvation should not be
used to infer that more wasies are generaled. For example, 3 homeowncr may because of
limited dustbin capacity, store newspapers or other matenals in the garage, Hence, in this

situation the quontity of wastes genersted may actually be the same, bul the quantity

collected is diffcrent (Nuhich et al. 1968).

2.11.5 Solid Waostes Gencration Rotes in Nigerin
In recent years, there has been a phenomenal increase in the volume of wastes generaled

daify in the countey. This 15 due 16 a numbcr of reasons including the increasing
population growth ralc, increasing urbanization, indusirialization and economic growth
Adewuni ¢t al (2005) reported the main source of solid waste generated tn south western
Nigerin, where domestie wasie has the highest prercentage of 76 12% followed by
commeree 1.437%, Agriculture 5.39%, Industrinl ) 76%6 respechively as sho\_\p mn T_nhbli;
2.4. Fontola end Oluwande (1983) esumaied 1hat the Dugbe matket 1n Ibadan generte:
827,802Mg of organie solid waste per Year. Nany ptojecis carvied oul nccmly,gf
solid wasie gencration rate in lerms of the componcnts of wasies Emrtu{
example was reported by Sndhar e al (2004) on the asscxumnent of cale
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generated in Akure. It was revealed that 80% of the waste i1s organic in nature, followed

by plasiic/nylon, 15.72% and about 196 meial.

Furthermore. Adewumi (2001) described components of solid waste generiated 1n some
South westem cities in Nigeria. The components of wasie are Garbage 60.5%., Paper
19.1%, Sand 9.8%, Plastic 7.1%. Glass 1.7%, Mctalscraps 1.8% as shown in Table 2.5.
Adewumi ct al (2005) also reported the biodegradable solid wastes generated from
domestic activities in some Nigerian south westem cities as shown in Table 2.6. The
samc study rcvcaled that the per capita per doy waste gencration raic was 0.58 Kg.
Meanwhile, an carlicr study conducted in early 80s by the Federal Muwistry of l{ousing
and Envitonment (FMIIE, 1982) in IS citics across Nigeria rcyvcaled the per capita per
day waske genecration rate to be 0.49Kg. In addition Oluwande (1283) estimated the
sverage solid wasie generated and ils mean production rate per capita [or three
distinguished areas in Ibadan city to be: 0.42 Kg'day in GRA, 0.377 Kg/day in the

outlying orca, 0.35 Kg/day 1n the old c:ty.
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Nigcrian Cities
| Sources of Waste % L
[ stri
Cit Domestic Commerce Agriculqure Industris
= 0.50
"~ 73.80 ' 8.20
Abcokuta 73.80 17.50 - =
Ado-Ekiti 78.90 1430 (,.30 e
70.30 18.60 .
| | | 220 17.40
| 3adn 66.10 20.30 2 3
- Ipede-EXiti 75.10 11.00 12.10 R
I 14.00 3.50 | i
L | ljebu-Ode | 7.50 . o %,
| ilelfe 67.40 28.40 / Ay
| tyin-Eiti | 7960 2,20 11.00 l.m
| Ode.O | 9120 1.80 5.90
e . 23.50 210 6.20
- 68.20 . |
Oshogbo , 3 i
| Oyo | 9050 6,50 2 -
M | 76.42 14.37 5.39 .
NMean

Source: Adewumi €1 dl (2005)
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able 2.5:  Constituents of l?lfﬁpﬁgifmq\kfﬁﬂ; ~rat

d 1R Sot

Wesiern Nigerian Citiess - b
Constituents of Municipal Solid Wasie %
City Garbage Paper  Sand  Plastic  Glass  Meal-
: - d‘? |
Abeokula 57.8 262 3.4 8.7 22 l?ﬁ! |
Ado-Ekiti 60.4 214 115 1.3 2.2 0.2
Akure 59.5 14.5 1.0 1.7 6.3 7.2
Ibadan 64.9 142 6.5 9.9 1.7 29
Igede-Ekiti 58.1 9.3 17.7 3.6 1.1 02
ljebu-Ode 58.7 [9.6 4.7 14.7 1.8 05
Ite-Ife 77.9 53 1.5 7.3 11 08
Isin-Ekiti 60.9 15.3 18.6 140 0.8 0.4
Ode-Omu 478 37.7 12.3 12 04 1.4
Oshogbo 582 17.8 9.9 12.] 0.6 14
Oyo Q.) I85 3 10.6 1.4 3l
Mean 60.5 19.1 9.8 7. 17 18
Source: Adewums (2001)
a8
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Citics and States of South \\f&lrrn;ﬁ.igoﬁiz.,-.-_ -

Cay Population Biodegrudoble -_l:i WSS
(year 2003) (Merric tons per weck)
Akure ~ 316.925 ~ 9630
Ibadan 1.650.806 33,050
1)edu-Ode 330,799 54,773
Oshogbo 253,330 38.852
Oyo 371,355 69.128

Sourcc: Adewumi et al (2005)




2.12  Roleof Government in Solid Waste Management

Sirong political will in all ticrs of government is required 1o improve solid wasie
management, It is imponant for govermment lo take a leading role in increasing public
awareness aboul waste disposal and to provide basic infrastructure such as by providing
collection vehicles and storage for recyclable maerials.

Adequate mobilization by the government can facilitaie establishment of user charges on

solid waste disposal as in the case of the study carried out in Nonthaburi, Theiland

(Kictham, 2002).

3.12.1 Role of Statc/Rcegional PProvincinl Government
it is generally agreed, worldvvide, that the local govermment lcvel of govemance (city
council, municipal council, metropolitan council, lown council) is best charged with the
responsibility for solid waste mansgement. In the Africa context, however, higher levels,
especially those next in upper rank to 1the local governments, would necd 10 give suppon
10 local governments in arcas relating to capital infrostructure development. Sridhar et al
(2007) suggested that Sisic /Regional/Provincial government should:

1) Issuc policy guidelines and establish environmental management siandards 1o

guide local governments,
2) Esiablish siandard labomtory for monitoring environmental standards with a vicw.

1o pollution abatement,

3) Maintain environmental daa bank lo a:d broad environmental plaaning,
4) Offer technical assistance 10 local governments through waining and manpowcr
devclopment progroammes for capacity building and institutional steengthening,

5) Provide environmcntal cducation to the public through public enlighienmeni

campatgns,
6) Fund research in solid wasic management,

2.12.2 Rolc of Local Governiments
Given that local governments have primory responsibility for solid waste m
the:r roles were described by Sndhar et al (2000) as to:
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i) Establish and sirengthen a waste management unit, under the Public Health

Department,
1) Enlist the services of the pnvate scctor in wasle collection and disposal and

provide an enabling environment and guarantce of security for their operatton
in) Prepare and implement a waste management plan suited to its specific needs.

drawing experiences from the netional and the statercgional/provincial

masiceplans,
1) Eswblish a consuliation forum with members of the public where issuesof public

inerest are 10 be discussed,
v) Budget adequately for the solid witste management sub-sector o (public health,

vi} Provide environmental education and public enlightenment,

213  Problems of Solid Wastic Management in Nigeria

Solid Waste Mlanagement (SWNI) refers to o)l activities periaining to the comvol.
collection, tronsponation, processing and disposal of those in accordance wih the best
principles of public health, cconomics, enginecering. consenvanon, acsthetics and other
cnvironmnent considerations. lis scope includes oll ettendam administrotive. financial,
legal, planning and engineering funcnons. The eontemporary municipal solid wasie

management praclices in Nigeria is still ineflective as it culminates in a number of health

and environmental problems.

Wasie dumped into storm drainage channels, crceks, lagoons and other waier
impoundmen; points creale scrious environmental probiems which can escalate into
disasirous situations. The devaslation of lives and property which occurred due to the
(982 floods in Ibadan. Lagos, Port Harcourt and Aba in Nigena (Kinako 1979 Filan: and
Abumete 1992) \ere avributed partly to an accumulation of refuse which blocked these
cities’ drainpge channels 'The urban enviroament steadity degrades due 10 wasie which is
not managed cfliciently. For cxample, Adedibu nnd Okekunle (1989) characiernized Lagos
as the ~diniest capitel in the \World: in mosi pan of the city. open spaces. mashel places
arc Jittered with solid waste. Furthesmore. Onibokun (1989) indicales than JS% of

51

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




lbadan’s househoids, 339 of Kaduna's and 44% of Enugu’s do not have access 10 waste

collection.

Urban solid wastc management in Nigeria is constitutionally thie responsibility of the
third tiers of govermmment; that is, the local govemment (Federal Republic of MNigeria,
1999). Financial. material and human cesources that have been committed to waste
management by this tier of government have not matched this responsibility. This is
cvident by the reasons indicaled carlier, the poor management of many landfili sites and
soil and groundwater pollution due 1o oflen mixing of houschold, industrial and toxic
waste (UNEP, 2000). In view of the enviconmental situation described above in many
urban arcas, many <igenan cities have been describcd as dirty, unsanitaty, and
acstheticatly displeasing tn the world (Mabogunje, 2000). As a rcsult of the failures
recorded by local governments in solid wastc management, man) siale govcmmen(s have
put in place bodies that are regional in outlook (that is, covenng more than one local
Bovermment), For example, in Oyo state, the Ibadan Waste AManagement Authority: was
established in 1996 10 oversee all the local govemment areas within the Ibadan region
(Oyro Siate of Nigcria, 1996). [.agos Staie established the Lagos Staie Waste Disposal
Board (Adcfemi, 1980). Similarly, Ondo State \Waste Management Authonty (OSWMMA)

was cstablished in 1999 (Ondo State of Nigeria, 1999)

2.13.1 I'roblem of Population Density
Nigeria is a nation that exemplifies chronic solid waste management problems in

conjunclion with population grovth, It is the most propulous country in Africa, with over
120 million restdents (World Bank, 1996), and over the pasi SO dears, has had thc_lh.u"g- [
largest urban growth rate in the world at 5.5 19 annually (UNWUP, 1997). 11 1$ estimated

that nearly ten percent of the population (21 million people) live below the national
poeny line (World Bank, 1996). Rapid population growth overwhelms the m,‘i" f

18 typical to find one to o thirds of solid waste generated going uncollected, l'e?d_fl g 10

wastic being dumped indiscriminately in the sirects and druing, conttibuimg to floadin
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collected often ends up dumped in uncontrolled sites or burned without the most basic of

enviconmental controls.

1 13.2 Obsoleclc Legislotion and Lack of Enforccment
Since gaining indcpendence rom Great Britain in 1960, Nigeris's govemment has becn

controlled by o succession of mililary dictators. The election in 1999 of Oluscgun

Obasanjo was the beginning of the first true democracy in Nigerin (The Economisi,

2002), however the country is still known to be extremely corupt. The federal

1ol over environmenitol regulation as o whole. The Federal

EPA) was established 1n 1988 10 control the growing

govemment has very little cont

Environment Protection Agency (F

problems of waste manogement ond pollution in Nigeria (Onibokun and Kumuyi 2003).

Vision 2010 was FEPA’s attempt 10 adiIress enviroamental problems in the nation. The

report proposed goals to be accomplished by the
able development. In rcgord to sofid waste management, the repor says the goal is

year 2010 that would lcad toward

susiatn

10 “achieve not less than 80 percent effective ntanogement of the volume of municipal

solid wastc generpted at all levels and cnsurc cnvironmentally sound manoagement’’

(viston 2010, 2003). Stratcgies o
g colloborative approaches 10 integrative management of MS\,

achieve this gool include cducation and awarencss

progsams, developin

strengthening existing lows and ensuring compliance, and encouraging local and prnvate

scclor paiticipasion. Although this represents @ pOSitIVE. though somewhal undefined.

spproach 10 solid \waste monagement, the reality of poverty' ond govermment cowruption

has prevented cffective implementation ©
c accountable to the regutalions developed by FEPA antl Vision

[ thesc plans. There is lile to hold the

govesnmem or the publi
2010 (Bankole, 2001).

2.13.3 Poor Logisncs

In Nigcria, it secms 05 though no
t. For example, in Ibadan, in the western part of the

organization is willing to Lake responsibilily for

regulotion of wasie manngemen

country, junisdiction 0vCr waste manafement has changed hands several 1imes, sifke the

lalc 1980s {Onibokun an:l Kumuy| 2003) Allhough {ocal BorcTAMCNTS are intended o

33

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

e e




fund solid waste disposal, less than a quarter of the necessary money was eoliccted in
1994 (Onibokun and Kumuyi 2003). Since siale resources are often extremely limited,
prate companices will often be contracted for waste disposal. lHowever, these companies
are frequently no more effective than the state-in lbadan in 1991, there were twenty' three

regisiered private waste collectors, bui only ten were found to be operational (Onibokun

1999).

Lagos has a population of between tvelve and eighteen million pcople, the sixth largest
city in the world. Between twenty' and twenty-five percent of Lagos' budget is allocated
to waste management (UNESCO, 2003). Hovvever, even with proper garbage-collecting
trucks, the incredibly densc strects of Lagos make it impossible for the trucks 10
mancuver through to collect the cxeessive amounts of trash that are produced in o day, In
the live other mega-cities of the world (cities with over tefi million people), over fory

trips ore made per day from the city 1o the dump site, In l.agos, only two rips are

possible each day (UNESCO, 2003). |

2.43.4 Puor Wasic Disposal Practices F
Most of the municipal solid waste (MSW) in developing countries is dumped on land in o
more or less uncontrolled monner. These dumps make very uneconomical usc of the

available space, atlow free access 10 waste pickers, animals and flics and often produce

unpleasant and hazardous smoke from slow buming lices.

Financial and institutiona! constraints are the main rcasons for inadequate disposal of
waste especinlly where local govemmenis are weak or underlinanced and eapid
population growth continues. Financing of safe disposel of solid waste poases a difficul
proble:n as most people arc willing to pay for the removal of the refuse from their
immedipic environment bul then *out of sight — out of mind™ are generally not conce’l_tsd

with 1ts ultimale disposal, The present dispossl situation i3 expeeted fo dcl_ctlogl.dlc

encirele the existing dumps ond 1he environmentasl depraifation sisocra
dumps direﬂly affect the population. Wavie dispasal sites are lhlﬂ_r fD
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g increasingly difficul to find new' sites which find

is becomin .
distance from the collection 2rea.

owinp Opposition and it
e a reasonable

oliection oress implies higher transfer
( roads hence intensifying

public approval and which are localed at

0 entral €
Siting landfills at greater distances 1o the cen
| investments in the infrastry¢turc O

| e authorilies. in addition 1o ol

disposal problem if the amount O
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e, ¢ for possible

[ 1c dis
reasons for inadcqud 3¢ .
pore as well as mMissing recommchdation
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is the best that is possible.

. design an el

any of the municipal officials thin
eralit Ofien the only Buide-lines for
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techno-
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e
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Municipal solid Wwostc co

collectio

of. the main reasony i

Rencrated wast€ produccd by 1

AFRICAN DIGITAL EE;«LTH REPOSITORY PROJECT
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cies of S\ services operated by
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equipment and labour-inicnsive methods. and therefore can collect waste in places where
the convenuonal trucks of large companies cannot enter. The MSEs may' be started as o
business, 1o create income and employment. or the)y' may be initiated by community
members who wish to improve the immediate environment of their homes. A recurring
problem with collection schemes that operate af the community level is that these systems

generally: collect and transport the waste to a relanvely shon distance up to a transfer

level (neighborhoods or the small city administrotive zones). They often use simple

point, from where the waste should be collccied by another organizotion - ofien a

municipality. Problems ol co-ordination and payment oflen result in the waste being Iefi

o1 transfer points for a long time creating a hygienic unsatislactory: condiiion, Another

approach is to recycic as much of the waste locally (decentralized) so that there is very

lintle need for on-going transport of collected waste.

214 Solid Waste antl Itecalth in Nigeria
The following diseases were reported from Nigeria possibly from poor sanitalion and

environmental degradasnion

Fly born discases

Rodents

Mosquito

Typhoid. dysentery, diarthea, salmonellosis, cholers,

inyiasis, yawns, sandfly fever, ricketisial pox.

bome zoonoses histoplasmosis, plague, rst bite,, virus
tnfections, leprospirosis, relapsing

fever, rickettsial pox

bome discases ~ dengue, encephalitis. malaria, yellow fever

Source: Sridhar 1999, Sridhar and Oloruntoba 200$

2.15 Ccommynits Mobitizatten for Waste Managciment
Public awareness and altitudes to wasle can affect the whale solid waule managevocnt

sysiem. All sieps in solid wase manogement sianting fom houschold wasie siorage, to

wasle scgregation, recyeling, cOllection frequency. the amount of liyering, the
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r waste Mansgement services, the opposition 10 the siting of waste

ol) depend on public SWareness and pasticipation, And
assumc

willingness to poay fo

treatment ond disposal focilitics,
community’ porticipation 15 the process DY which individuals and [fomily

¢ their own needs and for those of the community and develop the

responsibility fo

capacity 10 contsibute 1o their and the community’s development.

described community participation 85 8n important method of

And participation can be achieved
it was odded thot

Sridhor ¢t al (2000),

promoting ‘vaste separotion ond effective collection.

through ‘workshops an

finoneio] incentives May als

d neighborhood communication sessions.
o cncourage betier pasticipation. Furthermore, in promoting
10 oblain support from formal waste management

community participation, it is importa
d be involved right from the beginning stage of

authority, the communily meinbers shou}
the project.

s and needs identified by the
1 of effective health

{ such health

s able 1o find solutions to problem
iher independently or &s 8 resul
| accepiability and sustainobility 0
ed. According 10 Olascha, (1997), community
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community mMembers themselves €
jt thus leads 10 socia
is truly ochiev

education
programincs, hen &
¢ following:

ps Citizen sense of belonging an
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1) Develo

2) Local resource

d feelings of imponance

3) Maximize frroBfamme service Utilization
¢ Mainienance and sustenance
health knowledpe oand technical know how

¢ together for self help projects ond makes

4y EncourdBes scrvi€
5y Promotes consumer

&) Helps to pulj the peop!

cominuMty more sclf relianmt
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iSization 1S
A system demonding segregation and

Thus, cominun ity mob

failure of a solid waslte M
c would requirce very

anogement system.

s1orage of wasle 81 SOUTC high degFee of human behavios change.

b}
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Moningka, (2000) stated the following as the (actors that are thought to favour the

sustainability of community participalion and hence of services, hike waste collection and

sepuranon, set up by the project:

t. Comimunication strategies are essential (0 generate a broad-based understanding of
solid wasle 1ssues among community nienibers on the one hand and responsiveness of

the stakcholders to the demands of the community on the other,
- Representative local leaders and CBOs cun stimulate community participation and

"9

ensure that communny’ needs are taken into account.
3. Women play a determining role in wastc management and they form important

channels of communication.
4. Community tnitiatives and CBOs are less dusable f they are not, &1 some poini,

recogmzed and supporied by the local authonity.
5. Intermediaiy and consultation organizalion to support CBOs in eontinuing thetr

activities an wasic management.

6, Cooperstion between the CBO and the local sulhority 1o mainiain and operate the

service system aecording 1o formal agreements with stakeholders.
7. Financial and operational viability to make community senvitees less dependent on

external suppon,
8. Follow-up suppon alter project implementation to reinforce avvareness and new

pracuices and assist when required with operation and management o fnevv
organizations Further research must be conducted on the relevance and inrportaree of
these [actors and 10 iny estigate which other factors are essential for the sustainabilin.

of community participation afler project eompletion .

216  Fllective Community I'arinershup in Solid \Waste AMsnagement.
Bulle (1999) revealed thar an intensive process of consuhanon with the
concerned is likely to result in sustainable, widely supponted sctivises. Pary
community: stakcholders have 8 number of specific benefits. some of which
below:

8) A combination of different types of wasic services ik move fikely 10 mect
(varlation In) demands of the ressdenss.

“w
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b) Resourccs of houscholds and the communily are mobilized, through laking
responsibility for environmental cleanliness and payment of wasic collection fees.
c) Jobs end incoinc opportunitics in the smoll-scale economy of wastc collection
and recycling arc promoted.
d)} Residenis increase their apprecintion for the local authority that responds
ndcquately to their demands for waste services
¢) Residents acquire nore understanding of the issues and capacity 0 organize
wasle services for themsclves,
Creating partnerships (s o process that gradually draws in morc residents and more
organizations in promoting the various aspecls of wasie management and urban sanitation
on the local level. The partnership process makes the urban waste sysiem both more

cfTective - meeting the needs of the residents more directly - and more susiainable.

2.17.1 1ole of Comniunity-13ased Orpganizations (C10Os) in Sold \Waste
Martagement

One woy of contacting the residents is through a second set of stakcholders; Community-

Basced Organizations (CBOs). These organizations arc usually moiivated by salues or

tdeas that involve improving the communily and cleaning up the neighbourhood.

Their mouvation for engaging in wasic management may mclude:

« A desire for 8 clean environmeni for themselves and the community

+ The wish to conscrve natunil resources 1n the urban environment

o A perceived need for work and income for poor people in their communijgy, §

os single women with children, old pcople. unemployed youlh, wgste pichers

A commun;jly-besed organization can be a critical patner in local waste e

when:
i) lis sclivtties dea) with subjects conceming the envirasvnenl. be

communily’ senice.
i) ) Jias a clear internal communicaiion structure and allocatson Of rec
Vi) It has legitimate lcaders who are recognired and resgrected n #_:_i;

Examples of polenilal pariners af community-hase) ceganizations:

0

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



b) Resources of houiseholds and the community are mobilized, through 1aking
responsibility for environmenital cleanliness and payment of wasie collection fees,
¢) Jobs and incomc opportunities in the sniall-scale economy of waste collection
and recycling are promoted.
d) Residents inerease their appreciation for the local authority that responds
adequatcely 1o their dentands for \waste services
¢) Residents acquire tnore understanding of the issues and capacity lo organize
wasle services for themselves.
Creoting pastnerships s a process that gradually draws in more residents and more
organizations in promoting the vartous aspects of swaste management and urban sanitstion
on the local icvel. The partnership process makes the urban waste system both more

effective - meeung the nceds ofthe residents more directly - and more sustainable,

2.17.1 Roleof Community.l3ased Organizations (CBOs) in Solld \Vasie

Management
One way' of contacting the sesidents is through a second set of stakeholders: Community-
Bosced Organizations (CBOs). These organizations are usually motivated by values or
tdeas that involve improving the community and cleaning up the neighbourhood.
Their molivation for engaging in \waste mahagement may include
* A desire for aclean environment for themselves and the communits
* The wish to conserve natural resources 1n the urban environment
o A perceived need for work and income for poor jxcople in Uwir commmunity. such
as single women with children, old people. unemployed yotth, wasie pickers.
A community-bssed organization can be & criical parincy in locsl waste munagerT

community service,

ii) It has a clear interna) communication structure and allocation of
5i) It has legitimalc leaders who are recognized and nw«ml_h the
Examples of potentisl pariners of communiy:based (wRanirations
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1) A community-wide development committec with specialized sub-committees for
heaith, education or urbas sanitation

2) A coordinating eommitice of micro~- and small enicipriscs, active in \waste
SCrVIceS

3) Anassociation of masketers

4) \Women's organizalions

5) Youth organizations

6) -\ locally-based religious organization

7) A home-ovners associntion (Gopal, 1995).

2.17.2 Role of louscholds in Solid Waste Managemcent
Households form the largest caicgory of siakeholders tn waste management. Ty have 8
multi-faceted relationship o \wasic menagement oclivitics: a5 wasie generators, waste
service clients; recesvers of information and participants in mobilization for wastie
managemint and urbsn sanitation,
louscholds prepase their garbage in such a wa) that it can be eollected by inicro- and
small entctpnses, the local authority or a pniate company, orby waste pickers, or bought
by ilinerant buyers.
Important rolcs of households in \wasic management are:

)) Store gorbage properly’ in the house or compound

2) Engage in separolion ot source \when appropriale

3) Sectout the garbage at the apiced time and place
4) Usc oflicial disposal sites when ticre is no door-10-door collection

5) Encouroge more re-use of wastc maierials within the household

6) Maintain private waste focslities
7) Participate with neighbours in activities 10 kcep the'environment
To support households in playing their expecied rolcs, itis important to rgqagp‘if
within a neighbourhood community. houscho!ds riny helong to a varicty' of soc

religians groups, and so may vary'in their:
o Culwmlireligious beliels and prectices

© Major occupastions

6l
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o Income and expenditure patierns
0 Access lo community and nfragtructure services

o Gender and age

Such distinclions have practical consequences. For example:
* The garbage from vegetarian housebolds has a dilferent composition than that from

meat-caung households. This ts relevant for the re-use of organic waste in pern-urban

agrniculture.

= Honscholds headed by women alone have less abilitv 10 mobilize resources for
conStruction or sepair of soak owa) pits and the like.

- Households practicing farming or holding amimals in their compounds gencrate
different garbage 1han high-income houscholds gencrating wasie from packiged foods.
This is relevam for organizing scparation at source.

* Poorer houscholds hac a lower ability 10 pay for services than middle-income
housecholds, This alfects the lavel of waste collection service and the type of wasle

facilities 10 be provided
* Houscholds living on stecp slopes or fas from conventtonal rosds and saniiation

facilities, require speciolly designed wasle collection services operoied in a way' that suits
their circumsianaes and demands (Gopsl. 199S).

218 Role of \Women in Wasle Management
Women Play 5 detetmining rolc in wasie managcment and they form inponant

chanaels of communicasilon. In many'peojects, the inportant role of women 1s oxerlooked
and ofien they are not listencd (0 or their nceds and circumsiances are not sufficienily
laken into consideration. Thus usually lcads 10 1he abortion of expecied results in respects
of long tent, sustatnability and dependability of mast of the solid wasle manazemen
schemes put «n place. Sridhar ct al (2001) affumed in a research titled
imvolvement in community waste mandgcment in urban Nigeria™ thglmf;

involvement in <olid waste management in urban Nigefia is limited to LR {J

economics.
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In most siluations women arc the managers of houscholds and thereby they are
responsible for cleanliness within and around the home and for taking care of wasic. In
some societies, this 1ask also involves paying for wasie eollection and therefore it is vilal
0 tnclude women in detennining the fees for waste services Apart from domestie tasks,
women can be active members of CBOs, can siimulale participation of other women or
communily members and may be the key interloculor that projeets have among ihe

community (Bulle. [999; Impernio and Rusler, 1999; Scheinberg e/ a/.. 1999).

In Karachi, two female shopkeepers proved to be important for stimul.2ting community:
participation, as they' enjoycd a good fcputation, had good contacts with the communily:
and were enthusiastic supporters of the project (Zurbrugg and Ahmed, 1999). For women
lo fulfill a key role, projects should address the panticular nceds of women, the difficulties
laced by women to overcome obstacles against their participation, and the problem for

women o reconcile project aclivities with their normal daily nctivities (Bulle, 1999;

Imperato and Ruster, 1999).

2.19  IP’rivate Scelor | nvolvement in 50lid YWasie Management

The irend of solid waste managemeot is shifting towards resource recovery: and recycling.
The private sector has a major role to play' in the purchase of the recyclable solid waste

ond the recycled maserials. This will encouruge the process of source separsiion and the

recycling process as income will be generated-

The rolc of the pnivaie sector 15 10 provide differcntiated senvices that the public sector
(ails to providc, because of limited resources, priority' obligations or political pressure

They comprise all those individuals and micro and small enteiprises and cooperstives that

waste pickers, itincrant buyers, middie men (junk shop owners). mxro'small ent

who collect garbage for a fec, enterprises that recycle matenssls (plastic, paper.
manufaciuse nesv products for sdle. The distinguished theee types of ml
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siness, they eam income by’

sed MSEs ae part of the recycling bu
d or bough

i) Commodities-Ba
which they have solvaged, produce

selling matcrials and products,

from someone else.
ii) Services-Based MSEs cam their income from removing Wasle, cleaning or

cenovating. that is, providing 3 scrvice.
d MSEs are formed with the primary
prolection.

iii) Values-Base goal 1o promotle some fonn of

social, cuttural change of environmental
1 for hcir promotion activily or scrves as

Ruster. 1999).

Their involvement in urban

nagement is either to cam profl

w3aslie ma
amental awareness. (Imperato ond

2 means 10 raise CNVIro

atus 0f Available Literaturc

resent lilcrature survey’ reveals th
.cian cities. However, thete

230 Current S
at aithough a lot of

A gencral overview of the p
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y out mote rescarch on the
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is necd to Cof

implcmcntntion of source
ilies in institutions of highe

separation of solid ‘vaste for recyeling among residential

¢ leamning in Nigeria
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CIAPTER THREE

3.0 METHODOLOGY

3.1 Description of Study Arca

This study was cashed out on the campus of University of Ibadan,. sshich is located in
Ibadan the capital of Oyo State. Ibadan city is tn southwest Nigena; 120km inland from
Lagos, a transit point between the coastal region and the areas to the Nowth, |badan was
created in 1829 as a war camp for warriors comtng from Oyo. Ife and {jebu. It is located
al an alutude ranging {rom 152 — 213m with isolated ridges and pcaks rising (0 247m
(Stridhar and Ojediran 1983) and located neas the fores! grassiand boundary of south-
western Nigeria on longitude 3° 5" East of Greenwich Meridian and Latitude 7°23' Norh
of the equator 8t a distance of about t.13km north east of Lagos (Ayeni, 1982). Oyelese
(1970) estimaicd whe total area of the city 1o cover approximsicly 103 8sq im. Ibadan is
the second-largest indigenous ¢ity in the country. and i1s 3 major commercial, industnal.,
and administrative centre. It 1s 8 marketplace for cocoe and other local ogricultural
produce. Indusines include chemicals, electronics, plastics. and motor vehicle assembly;
many small businesses, including flour-milling, leather-working, and fumiture-making.

also flourish, while crafl indusines include weaving, dyeing, and pottery

University of Ibadan is located in Ibadan North Local Govemment Area (LGA)_ [badan

Nonh Local Govemment 15 onc of the five local govemment arcas within |hadan
inetropolis. The LGA s made up of people from different social, religious and culiural
backgounds; professionals, srtisans, employed and unemployed. A majority of whe
dwellers are predominantly Yoruba people wwhile there are Hausa, Igbo. Edo, 1/itvobo.

Isckir, ljaw and Fylani people as wel as foreigners.

University of Ibadan is the first citadel of higher education establishod in the country
i =t
1948 as a college of the University of Londan. It became a full-Medged ;

took oft with degree programmes in medicine. basie sciences, ans, socis
cducation, It ys now &8 compPthenshe Unhersity with addfi?.on.l T
ogriculture and forcstiy, veterinary medicine, phaimacy, rechoology

AFRICAN DIGITAL HEALTH REPOSITORY PRO&ECT
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students enrolment of 144 in 1948 the populatton of students increased steadily to
spproximately 18,843. The university has a total population of 23,303; out of which
18843 arc students with 35% post graduate and 65% undergraduate, 1197 are academic
stall and 3263 are non-academic staff based on the 2007/2008 siatistics (Planning Unit,

vl).

Universily of lbadan is made up of 13 Faculties in which both undergraduate and
postgraduate sludies arc conducted. The laculties are: Arts. Soetnl Scienice, Science,
Education, Agric and Forestry, Technology, Pre<clinical sciences, Vet Afedicine,
Clinicals, Public llealth, Pharmacy. Law. The centrol administraiion comprises the
reqistty gnd bursary. Other sections are Health service called Jaja clinic, works,
maintenance, University Press. Cafeteria, Stall union building, Stall common rpom
{Senior stolf club, Abadine Community Center), trenchard hall, shops. stafl schools
private and public. The residentinl areas in University of Ibadan are classificd into
stidents* Ilalls of Residence located at the South Esst pant, Senior Swafl Hoausing located
at South East and North West part and junior Suaff Housing k émted at the North East part

of thc University, The swdents® hostels are 12 in number with the folloswing

accommodations (Table 3.1)
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Table 3.1: srmmwﬂ;@ IODATION
SN | NANME R

A .
| Queen Elizabeth 1] Holl . T
2 Alexander Brown Hall
3 | Queen idia Hall
4 Obaferni Awolowe ol
5 Tafawa Balewn FHall
6 Sultan Bcllo ! lall
7 Tedder llall 506 |
8 Kuti Hall 331
9 New P.G Hall 634 !
i0 Independence EHlall 727 |I
1 Nnamdi Azikwe 1lol] 717 |
12 Mcllamby' Hall 503

TOTAL 7,768

“Sourcc: Ul Estate Unil (5_005)
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The Universitly campus has arcas demarcated for the Senior stall housing (about 519
housing umits)., Thesc are made up of flats, duplex, chalets (Table 3.2). There is an

average of five people in each apatiment resulting tn estimated total population of 2,959.

TABLE 3.2: SENIOR STAFF QUARTERS

SIN | NAME NUAIRER OF
HOUSEII®LDS
I Alzayath Cresent 24
y. Amina Way (08
3 Barth Road 36
4 Batuta Road I
S Benue Road 34
6 DBini Road 7
7 Csarr Road 4
8 Chapel Road |
9 Crowther Lanc 6
10 Danfodio Road 8
H Ebrohimc Road 9
12 Elkancmi Road 7
t3 Ekwuno Road '
14 Eliot Close 8
1S £yo Road 4
I6 Gongola Street 6
17 jjoma Place 8
I8 ljoma Road 20
19 Imo Street 26
20 Jaja Avenue 5
21 Kurunmi Road
22 Loird Mace
[.aird Road
1.ander Rosd m_ e

S r:l_ ._IL"I" |
R

1 W = it g .
ga TR NG
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&_I!a.ésabn Road
INiger Road

29 |Obong Road
JO | Oduduwa Road

31 | Parry Road

32 | Pepplc Road

33 | Phillipson Road
34 | Sankore Avenue
35 | Saunders Road

36 Sokoto Crescent 6
38 | Wadei Martins 13
TOTAL 519 i

Source: Ul Esttc Unit (2005)




.

Bbl"d“ﬂ%lﬁf im T{T'H 1r_ “F{'.ﬁr i _ - ola
abou! 189 apariments nompnsmil spl bungalc v @ '_'2

‘There is an average of eight peoplc in c.rh— artne _‘1.‘ ..]_pﬂ"
populotion of 3,112.

CTADLE Y JUNIOR STAPY QUARTTIIS ABADINA - =

SN  NaME UNITS —=¢ 1 —
| C - Tipe : = ~
2 C - Special |
) D (New) Type 40
4 D (Old) 126
5 E- Converted 56
5 Flatlets (2- storey blocks) 24
TOTAL NN 389 Sl |

Source: Ul Estate tUnit (2005) ‘
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32  Sampliog ArcaSites

University of Ibadan is & large community accommodating students, academic and non
academic staff with their family members. Hence. a lot of activities are earried out which
result m massive wasie generation in the residential asexs. In this study, the focus was on

residential areas.

The residemts in University of Ibadan can be classilied into Senior S1alY residents, Junior
Stall residents and Students, For the purpose of this study Universtty of Ibadan
residential arcas was stratilied into three based on the socio-economic and carcer status,

A representative of the Senior StalY residents sclected vwas Amina way., [{ s located at the
South -Eastern pan of the University afler the main gate. It was puiposively' selected
because it has the highest numbzr of housing units, one hundred and eight th number and

they are well laid out. This pan of the University is allocaied to Senior stall members

including both teaching and non teaching swll.

Abadina i3 the residential arca for Junior staflf members, New Postgraduie hall was
pwposively selected 10 reptesent the student hall since 3t has both moale and female
residents. 11°'s more centralized and currently consists of posigradusie students (both

Masters and Ph.D) '

33  Target Populacion
Ihe targer population for this study especially in the sufT residenuial arcas is the most

scnior woman in each housing units, Ilowever a represeniatise was sclected in the
absence of such a person and in the hosicl. clcaners who are m charge of the wasic

Mmanagement were selecied

34 Study Desigin 1
The siudy has both jaborstory and survey comPOnents. It senves 10 (

waste segregation for recycling. The study also determined the nalure and qu

reeyclable wasie generated
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3.5 Study Population o :
‘The study population comprised 310 fesidents which is made up 0
« 58 paticipants residing in Amina W3y,

« 70 participants fesiding n New Hall and

i1y icipant is from a
182 participants residing in Abading community. A porticipan

housebhold

) size Delerminution
3.6 Sample S17e | -
p d in line with the following conditions’

I 1ze WAS calcuinte .
e sample stzc ttitude and praclice of source Scparation of

1) Proportion with good knowledge, ©
wastc = 0.3
2) Precision limit = 9%

3) 95%levelof significance

o o (2300 V2 P} PR ZVEH 1LY Pe(}-Pl)’
(Pt-Pc)

(Bomgbo¥¢. 200$)
Where
n = Sminple stze
Lyan= 1.96

(3= 1.28 when power is 90%

- i I '

hesi upapcr wastc mﬂnﬂgcmﬂ“ in Uﬂi\Cﬁit) ol 1badan (0-318)
a thcsis

Py = Proponion in the sample Cstimote (0.5)

1% =08, Pc= 0.318

Subsltituting In the formulo

<0,51+0 21830 6821
= 1962, 0.31850.982 +1:2830 52
T 0.50.318)

= 141

7)
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Thisis the minimum population that can be studied,

10% of the samplc size calculated was added to the sample size 10 take care of artrition
{or no response)

10% of 141= 14.]

n= 141+ 14,1 = 155.1

n=155

Since the design involves pre and post intervention questionnaire, the sample size was

doubled to 310 to minimize etror and atintion problem.

3.7  Sucrvey Methods

3.7.1  Questionnairc Adminisfration

A 61- item. scini-Structured, inlerviewer admenistercd questionnaire was administeted on
participants (0 clicit information on their perceplion of separating wastes at household
level and solid wasie tecycling. This was carricd out defore and aficr the intervention in
order 10 mssess the impact of the ntervention on their pereeption, The baseline
information was obtained from a sample of 310 participants selected by muliisiage
sarypling technique; they were proportionsily allocaied into the locations 58, 182, 70
ftom Amina way, Abadino, New Hall respectvely. The questionnaire provided
inforination on respondents’ demographic and sociological data, knowledge. atitudes,

practices on source separation of waste and recycling and heaslth assessment,

The guestionnaire was divided into 5 sections for cllective administrarion

Seclion ): assessed the socio-demograpluc features of the tespondents sch as age.

cducational level, religion, occupation. cthnic group and number of occuPants per

panment

Section 2: this section assessed the level of knowledge of the respondent on source

separation of waste and recyeling.

Section 3. this focused on the artitude of the respondents towands source separation of

waste and recycling.
Scetion - this documented the diiferent household solid wasie Mansgement practices

involving scparotton of wasic at sowzee and recycling
Section 5. the last phase documentcd the health impact resuhing froay e L

managemeni praclices
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This phase lasted for iwo months and questionnaire was administered from house to

house. However, out of the 310 questronnaires admiinistered 298 were retrieved. Others

were lost 10 those who requested for sel fadmmistration.

3.7.2  Tocus Group Discussion
Focus Group Discussion (FGD) was conducied among 20 residents of Amina way, 40

residents of Abadina and the eleaners in New hall. Two FGD sessions \wwere conducted at

Amina way, four sessions a1 Abadina and a sesston was conducted at the siudent hostel.

There werc ten participants persession in each of the locations

3.7.3 Observation Checklist
Observation checklist was also used 1o authcnlicate the response given by the

respondents, Areas obscniced were the neighborhood dustbins. the environment.

household wastc collection and disposal method, the building, categonies of recyclable

wasie generated.

3.3 Quecstionnaire Pretest
The methods and procedurc of the study were pretested under similer conditions at

Ibadan Polytechnic, staff residemiial areas. Pretest was carried out for over 3 peniod of one

week Twenty women wee inlervrewed. ARer the preiest. necessary amendments were

made to the quesnionnaircs. Some questions weve refmmed, while the others were

icarvan ged

3.2  Eniry I'rocciiure
Prior w0 the conduct ofthe study, apptoval was obtained from the Abadina council during

one of yieir mectings; appioval was also obtaincd (rom the Supervisors of siudents halls

ofresidence Approvel was obtained from coch head of house at the Amina was '

.10 Sampling Technsque
The simple size was selectod from the University usng thiee stages sampling peoceduse.

Aming way was purposively selecied for SSi), Ahadina was purposively' selecied for IS}
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and Neww PG hall was purposively selecied for Student hostel, The 3 10 participarits were

proportionally allocated 10 Studemt hall. Senior and Junior stafl residences. 58 werc

rondomly selected from Senior Stall housing (Amina We)
housing (Abadina), 70 from post gradugle New Hall. The number for cach location was

selecled based onpeople sharing the same neighborhood bin.

The concept of the study Was carefully explained to the participants 3l the beBinning of
ned that

), 182 [rom Junior Swalfl

cach interviaw. Consent \was obtained from cach participant when it was ascertal

they thoroughly' understood the study'.

J.11  Method of Administration of instruments
na way who were divided into two

residenis of Abadina were dwided
cleaners in New [Hall. FGD

d smong 20 residems of Ami
same neighborhood: 10
ood and the
focus croup discussion consisted of @
questions

FCD was conducte

goups of 1en people in the
people in the same neighborh
2. Each
p of 15-50 vears and open ended
¢s, cach discussion Iasted flor

into 4 groups of ten
guide was used as shown in APpendis
group of |0 female paricipanls in the 2gc

were asked. The pasiicipants weie icft to €XP
30 minutes. The information obrained from FGD was rccorded On

grou

lorc themselv
a tape and uscd o

develop the questionnaire.

» . i g ’ e 3
Pre.inte e istion questioniair€ adminisration

n \Was oblained from
<d with the help of

a sample of 310 parucipants The

The basc!; .
scline informalto | ) ;
Assistanis tn Abadina. 3 in

‘ : 5 Research
qucstionnaire was administer

Amina way, 2 in student hostel

qralion

pos'-in . | |ini6
i1y e ( tonnaire acin
niion fucs o houscholds and effort was made 10

The : . -
Samc qu wae 8dm imistet€
questionnaire ‘vas 99m . - stage Were ssed, The S

censuUre |hc same pwplc intcnvlc\\C(‘ |
lcrven

lion qUCslio“MI'rt sdmmistration were used.

7e3¢arch assisionts used for the PI€ 4N
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Siudent hostel. The 3 10 participants were
r and Junior stalf residences. 58 were
(Amina wey), 182 tiom Junior Stafy

Hall. The number for each location Was

and New PG hall was purpasively selected for

proportionally allocated 10 Student hall, Senio

randomly sclected [rom Senior Stafl housing

housing (Abadina), 70 from post graduate New
selected based on people sharing the same neighborhood bin.
‘Flie concept of the study was carefully explained o the participants at the beginning of

m each panticipant when i was asccrtained that

cach interview. Consent was oblained fro

they thoroughly understiood the study’.

3.11 Mlethod of Administration of lasfruments

FGD was conducted among 20 residents of Amina \Way
me neighborhood. 40 residenis of

csame neighborhood and the cleaners in New Hall. FGD
. Each fotus ouP discussion consisted of o
£15-30 years and open ended questions
cach discussion lasted for

who werc divided into tvo
gioups of ten people in the sd Abading were divided
into 4 goups of 1en people in th

guide was used as shown in Appendix 2

group of 10 female participants in the 02 &oup ©
Jore themselves.

were asked, The Panicipants “ere leit to €XP
FGD \as recorded on @ Wpc and uscd (o

30 minutes. The inforTauion obtained from

develop the questionnaire.

. i ) , 29 .
Pre-iaitervention questionniaire ad ministration
4 [rom & samplc of 3

help of § Research Assistants in Abadina. 3 in

. 0 participants T0¢
The bascline information MWas obiginc 10 p P n
Gucstionndire was adminisiered with the
Amina way. 2 in student hostet
inigll‘ﬂll'on

same house
tntiOﬂ s1age wefe used. The same

p e .
osl-interventfon tJucstio® Naire adm holds and effort was made to

isiered 0 1he
¢ = the Pre-
Hon questi

The same questionndire Was admn
€NsUrc the same people intervies

! ) )
esearch agsisionts used for the pre-intenen

jnlen
onndire administration W cre used.
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3.12 Intcrvention

3.12.1 Truaining of participanison source separation of wastes

EAT) was cstablished among a subse1 of

Neighborhood Environmenial Action Teom (N
.10 houscholds in Abadina, and § clcaners

the interviewed: 20 houscholds in Amina ay.

in the New: P.G hall. A doy troining Was conducte
odegradable

provided for the sepaiation of non

d for each Broup on source separation of

solid \vastes in1o biodcgradable and non bi wastcs. A Bagco bag of 25Kg

capacity and a black nylon bag of 10kg capacity Were

biodegradable and biodegrodable \vasic respectively (plate 2.2)-

3.122  Collcetion of Seurce Separated \Wostes
The non-biodegradablc ‘asies werc Bathceed once ina

the biodegradable was gatliered on Wednesdays and Saturda
e data Was obtained for thrce months in ¢ach location

week for characterization while

ys to avoid decomposition

before characictiaetion. Th

d Wastcs into Physical Components

3.12.3 Characlerizition of Sourc¢ Scpamlc
meach household *veckl

Each component Was

y were Charae terized

The non-biodegr adablec wastes collecred fro
by the rescarcher

into paper, nylon, plastics, meuwt and &
quantificd with mcasuring scale.

iichen » asle

[ Compo.‘ilion ofthe K
llecied from each houschoid and

1124 Assessment of Chemic
lo the 10Kg bag Wos co

The Kitchen wasic Scparaicd i1
n Wasics

sample of [resh kitche
dned \0 constant weight.

generated Were collected per

weighed. 3Kg compositc
location for each month. They Were sun
«  Sample collection procefure:
The fresh kitchen Wasic$ gathered iro
lho'o"BhW and divided N0 four quadronts-

Sample of 3kg was collected. TS was

m househol ds in cach location \vere mied

Two Wwett mised logether and o com pOsitc

* Samplc processing: samples Were packed into beown

The . dried [or Weeks, B
composite samples Were b 6°C untl conslant \Weight Was aitained,

. - al
€velopes and were dricd further 10 O¥eP
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<o 1.0 mm test ina clean milling

The somples ‘vere millcd into Powdery form lo Pas

machine at Agronomy dept U.1.

3.13 Evaluation of the Intcryention

jonndire
ed by ddministalion of the same questionn

intervention Questionnaire
same houscholds weic

on programme Was cvalual
pre-
score administered (0

. | and
i The Intcrventl mean Score

0 1 ¢
used ot the pre intervention stage. Th

| i ire mMecan
. post intervention questionnaire

. ! |
siotisticelly analyzed with ANOVA

»
314 Laboratory I'roccdufes
s ol heavy mctal s

v Memls

am (Cr), N
by weighing jgof

HNQ, ond conc
c was totally dricd.

; . This was then
untl brown pCTO.’(ldC evapo o :pitate ﬂaSk ‘
1 d pented until @ wiite PreciP 100 ml votumetric {lask. The
he procedure was (€ }into 2 ved
filter , mples were then analyz
s roven & g . 1INO; to 100 mi. The digat'ct 53’ : Atomic Absorption
liltrate wvas difuted with P 1k scicntific 2107211 p A, 1998)
with 3 O . Public Health Associntion (APH
Anicrican griCU"Wf (ITA) badan.

Sarnple pretre

1119 Digestion Method for 1€ (Zn), and Cadmium (CA)
Determination of Lecod (Pb), Chronl

i" “'c QW Ol’gnmc Sdfl\ple WS
(2:1 conc

' (Ni), Zinc :
X7 grounded sample into B conical

H:SQ04) tvere added and heated

Nask. 5 mi of digestion feagen!

d. The resu ping fesidy

remajned in the

paper (numbe? !

for the heavy mielals
Specirophotometer Usif g’o,“l'ropic‘“A

Institul€
standard methods ot the Intemauonal

3.14.2 Total Corben Peterminition

2. I'rocedurc 105 of Well mixed Oven dried onganic

: Cd \\fl- 1 * ;.
A fasn crucible W85 o veighed In 8 d0Y potcelmn crucible W
ey empty, porce content was V'8 teps (100, 200

i in %
ol sturc ! e the tetnpcrs ores
macg

Was f known m |
L 0C way naintained foe $ houn Ik

slowdy in @ fu

Thc samplc Was ht.'dltd ’c“in‘ (\f 550

- e
2Rd 550 °C). The 'nal teinpeit
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o d + \ -

Ws.

b. Calculiations

0% AS o2, O ar are €alC ted as fO“OWSZ
! /e Iy o rgamc Inaflter ﬂnd Yo bon ¢ Icula
The 0 . C C

w-W: ¥ 100

¢/, ash in sample = )

Where W = Weight of (he cmpty dry drucible .
i ‘ {e $am
Veipht of the iy’ crucible containtng organic Waste
W:. Weight ) |
ganic wastc fojlowing (BmilioN

' :hle containing o7
\V3 - Weight of the dr} crucible

. % ssh
% Organic Matter in sample = 100- *

% Carbon in nmplc-%

1729

. . '. iy l.
N opass)um and phosphorus
- itrofcn, POI P
jonof: 4

inatl
Snmplc prﬂrc;;""l-nt for the dctesM

?ctoﬁde. 30%. H:0:2 and

a. Reugents 11,0, Hydrogen

Selenium pov.der. S€s Lithi

concentrated Sulphuric acid H:S0s.

ion
| b. Digesiion Mixture Preparl
¢ and

About 420 m

ulphate were 2dded to 350ml 30%

14 g lithoum S r o s

About 0.42 g of selcMum powde I concentroted H:
hydrogen peroxide and MIx€d wvel
whilc cooling in an ice bath

e, Sample Dipcstion { wsles sample W

ul 0.3 g of ove (44m r”mp’c‘ AT .
baich ©

wion becam® colourless, The conlentts
sofuft

'm' [uu. Abou
{or oK h

pptil e

lnbcllcd dry and clean digest
Wbe and also l0 2 reagenis blonks
for 2 hours for 360°C in 8 furmsce
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wed to cool. About 25 mi distilled water was added and mixed until no

cre then allowed to cool. The solution Wwas then
n was then allowed lo seule so

werc then 3allo
solved. Tlic contents W

more sample dis
cd well. The solutio

m1 with water and ms

made up to 50
from the supcenatent for analysis.

that 2 clear solution could be taken

3.14.3 % Nitrogen Dcicrmination

a. Apparalus
Kjeldah! digestion- distillanon appardtus

-Macro-
¢ 500 m1 and 750 m| capacity.

‘Macro- Kjcldah] fMasks o
b. Reagenl:
R 4 crysials in 1 litreof distilled water)

9% sojution (dissolve 40 g of boric ¢ ; )
c solution {(dissoiv€ 400 g of NaOl cool and make up

-Boric acid 4
-40% hydroxid
lire with distilled woter.)
-0.2NHCI (standardiud)
-Sodium sulphate (anhydrous)

S , h

£ e (“}S(:)(‘);Q bromociesol grcen: 0.066g methyl red: 0.011 g thymol L3
£ B rome

00ml cthano!

{ pelleis in waters

» Mixed Indicator:
The solution was dissoived in !

¢ I'roccdure
free distilled water. Stcam

up using Nt
hecked by collecting

sicant bank W as €
digestion MiNiure Was transfcired 10

3 : sel
A Marklam stearn distillation opparatus W 35

Was passed through the apparius for v
: ml o
50 ml distillaic and tilrating With N0 $1C1. 5 .|
W
the teaction chamber and 10 m] of 0% NaOli Wos

acig coniaining drees o
d'”i"td imjncdinlc[y into 5 ‘nl Of ! the “mc the indi“‘“ tml

{ until When the indicaloe

30 min. The

ded, The solution Wwas stcamed
port { the mixed
4y bone

continued for 2 MiNUIES from
1ed with w70 HC
nud 11Ci l!'quired was Mcopded.

gnks tn place of samplc and

indicator. The disullation Was \
rcmo\'d ‘nd (e
'I'l'c \Olumc Of S‘ﬂ

dting feagent M

&reen, The distiltalc Was
\umed from green lo  definite Pk

A blank dctermination was ™! by dige
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¢ HCI. Theml of Nr70 HC| required for the blank

o i with N/7
distilled as before and thrated W corrected volume of N/70 HCI

: : "
was subiracted from the micro-butetic rcading to give a

k. Calculation

N/70 UC1 x 0.2
: oo = corre IC(] ml or
% N in wasle sample 4 Weight of sample

3.11.4 Motassium Dett rininalion

Proccdure into @ 50 ml volumeteic flask;.

. lulion was Piplicd .
. digested-sample S0 ~ ] le solutions
+ rkabiiedled K with distilled water and mixed well, Semp
mark \

' ' e of the
blank solutions *EfE sprayed directiy Mmta the flam
: 'Wnnodcl PSI"? (wavelength a3l 76654, sy 0.07 mm). The
3

L
{he soluion (¢) from the
m concentrolions.

The solution ‘was made 10
starting with standard an

Genway flame photomictes calibration curve was read b)

amount of potassium present N

: i tassiy
plotting eabsorbance rcadings 383tNst po

Calculition

For a 2.0 mi digest aliquot

jon \ 0.125
“% Kin sample .C_Oncmllru( : =2
Weipht of Samp k

: ctric flask and aboul
Procctlure 0 ml volum

Ten mi of the Wet.digested sample

02 mioro.5° Par:mitrop"*'“‘oI ind =70
p-wise addit

was pipettcd ino 8 3

added. Alkaline sojytion ‘was nisde
as

icator solution ¥
with gent
n solut!on becamt colpurless. About [
added. The
um Vanadatc miacd teagent Was vhen sdded
,\mmomum

v ed well. The (lask was
nl Molybdate! v
ol Ammonum MOly - gicilled Water swoppered easured 81 40Unm
‘uuuon Was mndc to Som' with s was m

a

le shakinB. Abont | N dilue

With 6 N NH, solutions by dro ng unul the
1INO; wys ndded drop-wise ih SEE

lr'cm for 30 minutics and

81
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The phosphorus present in the solution Was read

wavclength seiting using 8 colorimeter.
0, 5. 10, 15, 20 and 25 m) of the

of[ from a calibration curve prepared bY pipetting
siandard 10 ppm (mg/1) P solution into 50 ml volumetric flasks, representing 0,1.2,3. 4,
anado.molybdaic yeHow colour ‘as developed 1n

and § ppm (mg/l) P respectively. The * '
n by the addition of the P-nitrophenol indicator, NH; solution and

the standard P solutio
h of samptes.

HNO,. The standards ‘vere prepascd for each bolc

Calculation

A graph of absorbance ‘Vas ploticd agains

solution concentrations for esch of the 2 bianks \were |
for the cotrected conceniraiions.

was subtracted {rom the unkjiowns fo BV

| Concentrdtion of standard solutions. The

determincd. The mean btant; value

o value

Taking a 10mli digesl aliquot

nee) M casuyrement:
Fora 50 ml {ina! solution us<d lo

r colournten sity (absorba

% P in sample = Concgm_@.li_(m_;‘i.g:ggs
Weight of Sanple

146 pl Determination
stitred and allowed

p’¢ The MiNtuic Was
Dwyer Model

10 g of sam

jired 28an for 2 Minutes. The

d buflers 7.0 and 4.0. The pH

Clecuonic pH dcterminanons

Ten ml distilled waler \Was added O
the misture was St

10 stang for 30 ménulcs;
beoled with stonda’

WPHI Water Proof pt! Meler \Was cali

mcasum, USlng 'hc

of the wasic Suspension was fhen

method (Bates. 1954)

2
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Plate 3 3. Training of womcn on segicgation of houschold solid wasies al the Student

lostcl.

4]
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Piate 3.2, Truining of womcn on scgeegation of houschold solid wastes at the Student

Hostcl,

K1
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s of housclwld solid wasics

- ent
Plaic 3.3: The weighing Of vanows compon

R4
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CHAPTER TOLR
RESULTS

on of the demogiaphic characteristics of |

mnder study, the level of Kiowledge on source sepaiation of solid wastc and recychng,
e scparation of soljd wastc &nd tccycling among respondents
This is shown by the results of

4.0

This chapter presents the descripti he population

practices in relition Lo sourc

n the Univasity of 1badan.

in the selected communities i
g o . p Y T izak)
Focus GTOUP DisCUSSion, odmlnlStCl’cd quesuonnaltt‘ obsenvalion and Cham(“ctlza on Of

wastes generated, ond the quantity of recyc lable Wastes gencraled.

4.1 Socio-Demograp hic Cha mctcri stics of Rcspc’“d(‘ﬂ "

nistered 1o sclected residents of University of

The agc ranged fiom !4 — 65 years, In the
6.49%) and 126 (70.4%) i

A total of 310 questionnairc were adin
Ibadan, but 298 were cventually retricved

g - 5
three communities many of the participams | (719.7%), 31

ior stait housi ng fespeetts cl
1, 39 (70.9%) in scnior s1affand

y wae single ond most of

student hostel, senior swuff and Jjun
(60.9%%) in student hoste .
Majesity of the parlicipants in the senior stafl housing

{ hoste] had tcrtiary education W hile quite
and sam¢ do not have formal

traders and Arysans.

the participants were yoruba: 39

97 (54.294) in junior stafl hou sing.
stici pants in Siuden

had mniﬂly cduca“On. 8" pa |
have high educatjon

2 number of Junior stall participants ber of
- .o recorded the highest rumber [
L Uy ans 60 (93 .8%). 50 (90.9%), 160 (89.4%) In

pectively. Majoiity of the

household, While maojonty’

education. Junior Sta

Majority of the parfticipants @f¢ Chiss?? .
¢ swaff housing res

ore than 7 P‘10P|¢ per
houschold (fable 4 1).

studem hostel, senior s19fl and Junif
PaRticipants in Junior stafl ltousing had ™

' le por
\n Senior s16(1 housing had an pvernge of 5 pcop’€ P
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Table L1: Socio-demographic cbarsctcristics of the respondents

Senior s1all Junisr stafl

‘ Student j S TH

Demographic P Wousing p-va

Characteristics  1lostel (61) housing (55) (179)
ABC :
<§o 0(00%)  19063%) 64(369%) 2,001
20.29 4.1 (68.8%) 18(32.9%) 690 7%)
30.39 17 @6s%) M 09%% 200113

: (-]
1049 3 (4.8%) 9 (16.3%) 15(8.6%%)

(A
5059 0 (0.0%) 5(9.0%) d (;‘3;)
60+ 0 (0.0%) 3 (54%) 0(0.0%)
BT 71 (39.7% 0.000
Male 2656w 6277 ' el 01)
Female 2 (44%) 26075%) ahites
|

Mari ye)  0.092
IR iy~ (R e,:

ingl e
3 Bcd i 23 (41.8%) Sl (285)
- dail3 H{A 288 2(1.1%

71 L 1(18%)
Others(Scparatcd) (1.6%)
lltligion : (90 9%) 160 (89.4,‘) 0.588
0 3
1s}am - 4 (6.6%%) §(9.1%) Mol
0.0% '

Traditional 0 (0.0%) 0 (0.0%)

' 401
Ethnic G 1.2%) 0.

nic Groug % (70_0%) 97 (5
Yorubn 39 (60.9%5) N 16 (8.9%)
Hausa 4 (6.3%) 4(7.3.0.) 65 (363%)
Igbo 21 (32.8%8)  ? fis | (0.6°%
rs y

\I-—_
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Tablc 4.1: Socio~dcin

Demogrnphic Student
Churuciceistics  [Hostel (64)
Falucutionn)

Statis

None 0(0.0%3)
Primary 0(0.0%)
Secandory 0(0.0%)
Testiary 59 (92,24%)
Others 5 (7.8%)
Occupation

Student 54 (84.4%)
Civil Servant 5 (7.9%)
Trader 0 (0.0%6)
Artisan 0(0.0%)
Professional 5 (7.83%)
Number of

persons per

house hold
1.3

4-6

7+

Namber of
Mudents per

ugmphlc-dmruc_tctislic's of the

Scnior stoff
heusing (55)

0 (0.0%)
0(0.0%)
9 (16,4%%)

44 (80.0%)

2(3.6%)

4 (7.2%)
29 (52.7%6)

1(5.5%)

) (1.8%)

18 (32.7%)

7(16.7%)

27 (64 3%)
8 (19.0%)

Respandents

Junior staffl
liousing
(179)

3(22%) 0.000

10 (5.6%)

73 ($0.8%)

87 (48.6%)
5 (2.3%)

18 (10.10%) 0.000
124 (69.3%)
23 (11.70%)
9 (5.0%0
4(3.5%)

28 (16 3%} 0.000

68 (40 ™)
7% (42.5%)

p-value
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12 Respondents’ K newlcdge

Household Sulid Wastes
This section shows responcents’ knowledge on source separation 8nd .uc.}gcﬂr?r of

houschoid solid waste With respect to knowledpe on concepl of what cnn;rimcs
hovschold solid wast [ separation of houschoid ‘vaste

)tlnbu waoste gcncmlcd, and current \vaste yraunen) Method.

¢, waste recycling, and imporiance ©

for recycling, rec

(\). Respondents’ kinow ledge loael 91 yirc-bnte ncation stage

AT A
Figwe 4.1 tHusteates that SH
recording above 75 Percentile. This

(45.3%6).

had the highest proportion (81.20%) of respondents
was followed by ssi (7820%) 3nd then JSH

ondenis On Recyeling of Solld Wasic

. hﬁO\hiﬂiF or awalEncid on soOwce m and

the Laining wis camed oot The reguis Whow
v higher woowledge of waste recycling w bep

{(R). Knowledgeof Resp
Table 42 indicates respondents
recycling of houschold sotid Wasie before
that SH 54 (84 4%) and SSH 42 (76 4%) 2

compared 10 JSH 80 (44.7%%)

oens of bowe bold
(C). Respoudents’ knowledge on the variom €OmPo

| s0lid wastes gencrattd . “‘#”'ﬂ-_h__h
Figure 42 iljusgraies the knowbcdge © - .

limed to useful materisls. At SHe &

followeq by. paper which was FePoHES 22 2 =
“

reported Kitchen wasic, 10.9% revone! 5

fepored Plaatics, 21 8% repared Mo 8.2 """‘: =
| 1 6% repene! P99 "‘ﬁ._ -

Wasie 12 7%+ reporicd meid &
“%Mmm.zuﬁm‘""’n““_ gy
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' : and Nceycling of
4.2 Respondents’ 1Ko ledge at has¢line on Source Scparatinn (3]
Houscehold Solld Wastes

- itules
¢ oncept of wheat €onsli
houschold solid ‘vasie witly ccspeet 10 knowledge On ¢ p
ho i cy¢ling, and
solid wasle, \vnsie ¢
i ‘ red, and current witste treatment Method.
9

importance of scpwrdtion of houschold waslc

for recycling, tecycinble wasie genem

! cation s18ge
(A). Nespynsients’ knowludpe level by IMF€ intery

End. highest Peopoftion (81.20%) of respondents
ighes
Vigute 4.1 iHlustrates that SI1 had the (78.20%) snd then JSH

by SSH
recording above 75 Percentile. This Was followed
(45.3%%)
g of Soficl Waslr

guaTNeys On soyroe scpEAn and
o The resuits show

lin
{8). Knowlccge of Rgpondcnls on Recy¢

: e or
Table 4.2 Indicates fespondents know kkdE
d solid wastc before the
have higher

IIniNg Was camed

recyeling of houschol knowledge ol wasie recyc{og wnhen

that SH 54 (84 %) and SSH 42 (76.4%)
sompared to JSH 80 (44.7%)

clable
(he various components of houschold recy
"

(C). Respondents’ know ledge ¢
that can be
SHenSidrracos ;;:m-rnlrd Jents on the wasif they peneTaEs
Figure 4.2 illustrates the knowledge 5 mwﬂuﬂrﬂ by highest respondents (12.F%A
SH, Nylon W& 15.6%
A od by 21.5% l?.?'mm
n 3 -

x4 while 1.5%

lumned 1o useful materials. A
followed by paper which was repo
feported kitchen waste, 10 gt rf{‘i"ﬂ‘-'d Ft!
feported plastics, 21.8% rr.']"ﬂf‘ll‘d nylon. |

1 A%
Waste, 12.7% n:r-f-rtn! metal.

-~ 3 -Iﬂ.ﬂ“nq'lﬂ.h
I"!‘ re lo rd l‘irmﬂ i
* reported nylon,
73% l"fl"“"'"

w' 3.9 rt;'u-f'ln! kitchen w astl.
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3 ) : tecycling of
12 Respondeis’ K nowledge ut bascline on Source Scparation and Kec)

“ulid Wustes .
Louschald Sulid | o
A owledge on sotrce scparation and recycling of

: * Kn "
This scction shows Tespondents { constitutes

knowledge on concepl of wha

: i L0
houseliold s0lig waste \With Tespec of sepisation of household wasie

and linportanc¢

> wiste I€C 'clin&
houscliold solid ‘waste, ) wiaste trealment method.

current
for tecycling, Teeycloblc \wastc generoled, 8nd

.penlion slage
(A). Respondents’ knowleggelesel at pre-Inler®

:
I';ll‘l.

: o (81.20%) ©f tespondcnts
Figure 4.1 illustrates that Sil had the highest proposiion

7 P S 7 208% and then JSH
. b 5 Cl’CCﬂli'C This ‘vas fO“OWtd b)’ S ( 8 )
rmorclmg above - S

(45.19%).

= [ Solid Wasle
s 0on Rcc)tlmg 0 M
ASfencss On source CP&LX)

carmied oul, The results show

(4). Knowledge of Respondent

: + knowledge oF @
Table 4.2 indicoles respondents i

the IFAIN :
S5 i knowledge of wasie recycing when

recycling of houschold soli |
(76.4%) have higheT

thas SI 54 (84 4%) and SSH 42
compaced to JSi] 80 (44.7%)-

o he varo
(C). Respondents’ knowledge on !

that cam be
solid wastes gcnn’"ﬂlt‘d f rund-rl'lu on (he Waste they pEnCTEs
A ¢ 0l res
Figure 4.2 illustrates the knowledt on Wil rtpfﬂtd b

158N
21 5%, 17.2% P

metals Al SSHL oS
while 1 5% "rr'“*d
feporied kitchen wasie, 10.9% r':f"’ﬁ'cd Eh_“

jon, 18 2% reponie " .
feported plastics, 2| 8% reportec &3 wied ﬂltt-ﬂ | l“lnplﬂ-qﬂl noe ot FNH,
» PN

od plastis. 16 !"Hﬂ"“‘l- L !
wt : .
- 11‘,11111#‘“*

Wood, 8 9% reporied kitchen waste,

Nyl
tumed 1o useful materials. Al SH. 5}

pc-ntd by

follgwed by paper which was Ic

.
Waste, 12.77% [frul"‘ll:d I’T'Il."l.Jl. 1.6

46.8% reported nylon, 21 £% e

ks
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3 (] '
the method of final disposal of houschold soli

B)] IRespondents’ Kknow lediic on

witstes collected from their neighhorhiood

. ; in Fi
their neighborhood 13 Hiustrated in FiBur 4.7% reporied that thie wastes arc

lhat the \wastes are conveyed 10 dumpsites At SIS

4.79% repossed the \Wwastes ar¢
§8% reponted they' o7¢ incineratc

ned lhot Lhe swasies at¢ 1ranspo

converied to fettilizer. 74 4%

d while 4.7 reported they
ned (o dumpsite, 2.8%
3.9% repo ried recycled

transporicd lo dumpsile,
reporicd the wasies or¢ bumy, |
are recycled, At JSH, 60 9% tcpo

buming,
sepoited they arc converied 10 {enilizer, 31 8% 'cmrleded - !Bh h .
while 0.6% reported incineroted. At SSH, 74.5% report astes spon

”‘"l’s tc 8%’ ({4 143 CII icﬂllllﬂ. 20 m‘ lw i
i 1 i f. ] m“Cd lhc SSICS arc con d lo

s o) J lad
W nel hile 054 |cponcd they arc recyc
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SRR N
vdge/ awarencss on Reeyeling qf'.SdHﬂl-'WspaF i

Table 4.2: Respondents’ knowl

e :J-SII- —
—v St ssit i
Variuble (ptions 3 £5(%) n=
n= (u‘( 46’ n= ( ) '7?1%1

- 44.7)
Knowledge/ Yes 54(84.4) i n:) ::”3;)
awaseness on o 10{15.6) 13(23.6)
Waste i
Recycling /
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¢ recyeling biefare inlcrentlon

s I 1ts to sulid wast
13 Attitude of responde ) mc),‘“"gl“["mm "

§ Solid
¢ Separation an

{A) Respamdents’ altitndes to Sourc

Waslces
Panticipants’ ottilude 1o source s
teported in Toble 43 [t was reported that 58 (0.

senior staff, ond 107(82.125) junlor sin(T housing 88rec

kid wastc.
the managemnent of %0 i _
volved in the 8 g 1778 & A iath "

on of
ousing respectively agreed that sqwm.on o
wlich was swaristically

separntion and recycling of houschold so0jid ‘vasics 18

in students hostcl, 48 €(87.3%)
4 that cvery houschold should
With respect (0 scperation
paticipate and be in
of houschold solid waste, 33 (85.9%).

. s1afl and junior stafl h
|, senior S T e
544) in Studenss hostet,

1c their solid

students hoste

hausehold wastes was o Bood mehed © (73.7%) and 93 (52.
significany (p<0.005) and 3% (60.9%), 10 ‘ |y were willing 10 spard
scnior staff and junior s1ff housing T

wastes {rom others

»ilon of recyclink plans on campus
37 (74 0% ) 1n SCTN stalT
ing recycling plad oa Ox

13.7% £%.07 % 5H.
02 9.)% i SH, SSH.

men
' pititude towards Implec

(3)., Rcspolldcnls o) in qudintLs hostel,

In the three study commumnities, 35 “‘58-6 - et
and 115 (80.4%) in junior saff housing agread

While,
cmont.-
campus would be a Bood Mmethod of WA mansf

and 7.6%. 14
SS11, JSH repored that it would & (Fig 44)
ISH reported that it would s8¢ resou rees

capital intens'* &
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‘Table 4.3: Respuuscs with respect tonitifu

Ic tovards wasle recycling and source

t bhaseline r< 0.0
T Options Stndenmt Scnior Stafl Junior Staff  I'<
Statements NP A Ifousing llousing

NGl (%) N=S5(%) N=11204)

It i the responsibility of  /V8r®¢ BLenl i ] :2,,,, 43(240) 0.135
University adminisiration Disagree X 7(12.7) 18 (10.1)
10 amange for waste Noi sure L g
separstion 48(873) 147 (821))
Every household should ~ ABTC ey 3(5.5) 17 (9.9) ele
participate nnd be involved Disagree : (3'13) 4(7.3) I5(8.4)
10 ref[use management Not sure 4((:0 9)) 40 (.7 94(52.5)
lam willing to separste my AB'®C - 26‘6) 9 (16.4) 60(33.5) 0.09%
recyclable waste from Disagree ':((12 5 ) &10.9) 25(14.0)
other wastes Not sure '
Separation of recycinble s @sg 909N 122 (682)
wasie from others is & Apee 1( 30 2(3.6) 34 (199 0,901

f ”. 2.5
#00d method of waste e 4(13) B
Mansgement Not sure STal 50 (90.9) 136 {76.0)

60 (73. on 0 0a2
Wealth is generated from AgTee 0100) 000 ;:un
""Micc of waste D'W S ('9’) \
‘ 63)

) cling W ‘L__._‘-(-—-’ gt S
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Fig4.4: Responden
campus

(s* attitude to™"
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44 llouschold Solid Wastec Mapagement Practices before intervention

This section dcals with houschold solid waste managemcnt  practices collection,

separation, disposal and trcatnent in the three study' communities. Respondents’ practice

of source scparation of household solid waste is shown in Table 4.4. At SH, 10.9%

scparnte wastc and dispose it. 7.8% scparic Waslc and feuse i, 1.6%6 ScParalc Waste and

se}l it while 79.7% do not Scparale their waste. At SSH, 16.4% sepasale Wasie ond
disposc it, 14.5% scparalc waste and reuse it, 5 5e% separalc \WAsLe and sel} it whilc 63.6%
8.99, scparate their Waste and dispose, 2:.6%

do not scparalc theif wastce. At JSH,
¢ wastc and sell it While 64 29, do not scp3rile

sepaialc wwaste and reuse it, 2.2%c scparal

their waste.

Table 4.5 revealed that few of the respondents in student hostel, senior stafT housing and
29(16.2%) respecliy

junior stafl housin 7(10.9%0), 4(7.3%0), |
; 53(828%). 49(89.1%). 133(74.39%) in SH, SSH

on their own. Majority of the households 2 ] .
i lood Wasic ben as revcaled In
theiy wWatste 1nto

cly practice \Wustc recycling

aud ISH respectively dispose the n&ighbot

Table 4 6.

( the three tocations 97¢

dents 3
Ch - ' bins used by the Tespo"
aracteristics of the Refuse Bif ( 47(T33%) and 103 (38.1%6) 3 S11 and ISH

shown in Table 4.7 Man) of the rcspondcﬂt Vst i Y.
respectively use only one refuse bin Wi s (45.5), 53 e i
their Wwaste While, 8 few
47 (73.4%) of the
ssH 29 (52.7¢4) of the

reluse bins, Majority of the respofdents

JSH respectively use the plastic baskel for the

ons in junior sta

People 7 (3 99 .~ pse of cant
P (3.9%) moke U in capocu)'- In

of gbout 10tivers .
of about 35ljers in 0
conuiners and 69 (18.59%)

re < : . ‘
Spondents use small conlainces: pacity. Howesct, in

Pespondents use 1nedium s17¢d contfiners
of the respon

dm‘s use sma“
dunior st/ T housing. 59 (33%%) i
In Sti. 9 (766°

usc o Y o il §
medium capacit) coniainers s RS days In $st, 25 (15.5%%) of
thef 5

wasles once a day, 7 (10 9%) disposc " while 20 (36.4“) dispose thelr solid

. u
o res ’olﬁﬂ“’ dispose their \Wastes onCc

t})c 'CS‘.onants disposc dlc ‘.f \\'BSIC‘-
1.5%) of the

Waltes eviery two days. In Jsi, 103 ¢
their wasle

*dayand 30 (20.14%) dispose
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ahle 4.4: Respondents’ P'ractices of Sour

before intcrvention

~ Hesponses -y

Yes (Scll) i 4 o

Yes (Reuse) 9(16.4) LGN
7(10.9) AT T15(64.3)

Yes (Disposcd ofT) = 5199.7) 35(63.6) : ks

No - |




Table 4.4: Rcspgndcnl'sfil_'r{'iﬁg

beforc intervention a

 Responses
Yes (Sell) 1(1.6) : . OF
Yes (Reuse) 578 S04 W8
Yes (Disposcd off) o auedy Caw 1689
No 51(79.7) 35(63.6) n‘_sq‘;t*ﬁf -




a c ) ‘4 e

beforc intervention

Student Mlostel  Senior Stoff T .S(n“
Responses N=6i(%) Mousing Housing
N=sS@%)  N=170R)
1(1.6) 3(35) T,
Yes (Sell) . 8(14.5) 14(24.6)
Yes (Reuse) 2(10.9) 9(16,42 / 16{8;9)
Yes (Disposcd of!)_ e 35(63 '6)_ 115(642)
No
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i i B
‘Table 4.5: Practice of Househeld Solid Waste

~ Raponses [ Student thostel  Sen ;{_JT'?——_— X
| I
N= mﬁ' V=S5
-h- ! = e
Practiced iF 7(m.9) =5l ‘“‘lifi?

Not practiced 57(389.))

» sy
—— = - e -—E?II-
033

b
N, ek
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Table 4.6: Respondcents’ Solid Waste Disposal practices ar Honschold Level.

Disposal Studene Hoceel (64)  Scnior staff housing  Junior stall heusing
Mcethod (35) (179)

Number % Number % Number %
Naighbothood 53 §2.8 49 89.) 133 743
waste bin
Bum 8 125 < 73 37 20.7
Throw into 3 4.7 2 3.6 9 5.0
Bush
Total 64 100 55 100 179 100
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Tablc 4.7: Cbaracicristics of the Refuse Bins used by the Respondents at the

Three Locations

Variable Options Stndent Senior stafff  Junior stalf
lostel (648)  honsing (55) housing
(179)
Number of bins ] 47(734)  22(400) 104(58.1)
2+ 17(26.6) 33(60.0) 75(41.9)
Capacity of Bin Small 47(73.4) 17(30.9) 59(33.0)
Medium 6(94) 29(52.7) 69(38.5)
Large 11(17.2) 9(i61) 51(28.5)
Type of Container Baskel 61(95.3) 25(45.5) 83(46.4)
Bucket with (0.0} 25(45.95) 75(41.9)
cover
Carlth 0(00) 1(1.8) 7(3.9)
76. 25(45.5 103(57.5
Frequency of Solid wastc Once a day 49(76.6) ( ) ( )
. , 33.7) 5(9.1) 2I(11.7)
Disposa] Twice 8 da} Y. i
E\Cl) W0 GL)'S 7(.0 9) "0()6 ‘4) 0( l )
Once 8 Week 5(78) 5(9.1) 19(106)

SADAN UNIYERSITY { 1oy
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r!‘D v



Responsc on Selid Wastc Moanagemcat oo Campns

5
) in SH observed thsi the campus refuse bins get

Majority of the respondeats 64 (100%
while at SSH 22 (402§) observed Lhat the campus refusc bins gel

filled up weekly and 15 (27.3%) obscrved that the refuse bins get filled up every (Wwo

of the participants 70 (39.1%2) in JSH observed that the campus refuse
¢ bin collection was reported by 35
while, at JSH 61

filled up everyday.

days. Majority

bins get filled up everyday. Daily campus refus
H 29 (52.7%) rcpored weekly

(54.7%) respondcots in SH, at SS
d weekly and 44 (24.6%) reported every 23

(34.0%) reported the refuse are collcete
days (Table 4.8).

ractice on Campus

y of the respandenis from the three locations werc not
n Casmpus. While 11 (17:2%) at

4 that waste is recycled ON

§6 Awarcncss of Solid Waslc Rl‘(’}'(‘lillg P

Table 4.9 shows that majoril
ling wos being practiced ©

sure if solid waste recyc
H reporte

SH, 2 (3.6%) a SSH ond 29 (162%) o S

campus.
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Table 4.8: Responsc on solid wastc managemcant

Variable Oplions Student Scoior Juniar
Hostcl stalfl staff
(64) housing housing
{55} (179)
Obscrvation of When Everyday 61 (100) 4(7.3) 70 (39.))
Campus Bin fills Up Every 2 Days ¢(00) 15(27.3) 35(19.6)
Morc than 2 0.0) 13(25.5) 33(184)
day's
Weekly 0(0.0) 22 (H00)  41(22.9)
Obsenation of When Evenyday’ 35 (34.7) 4(7.3) 35(19.6)
Campus Bin is Collected Every 2.3 3(4.7) 1 (200) 44 (24.6)
Days
More than 2 6(9 4) 11¢20.0) 39(21.8)
days
\Weekly 20(31.2) 29(52.7) 61(34.0)

e
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Table 4.9: Responses about solid wastes recycling awarcness on campus.

Solid wasie Stiedent Hlostel (64)  Senior siaff housing Junior staff housing
regycling praciice (55) {179)

on canpits

Number 9% Number %o Numbcr ©e
Practiced ]1] 172 2 3.6 29 162
Not practiced 10 15.6 10 182 37 38.3
Not sure 43 67.2 43 782 103 57.5
104
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4.7 Comnmonest Environmental Problems Associated with Poor Solid Wasle

a1 Experienced and Reported by the Respondents

Dispos
solid waste management

The commonest environincntal problems caused by the prescnt
breeding, odour. [ilthy land and drainnge

ceding ranked highest among the
29 (45.3%), 23

practiccs on €ampus \ere promotion of fly

Figure 4.5 shows that promotion of [ly br
problems repotted. Many of the respondents
H respectively 1cported flies bieeding. It was

blockage.
commonest cnvironmental

(41.8%) and 69 (38.5%) ot SH, SSH and JS
ported by 20 (364%) respondents at the SSiI

followed by 47 (26.3%) respondents In JSH and 11 (17.1%0) in SH, Filthy land was
reported by 18 (28.1%), 9 (16.4%), ¥2 (23.5%) respondents & SH, SSI! and JSH
(4.5%), 3 (5.4%), 21

respectively. Prevention of free flow of water
{11.7%) respondents at SH, SSH and JSH respectively'.

also revealed that odour was more rc

was reported by 6

108
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] i ' 'aste
Ilcalth problems perccived to be associated with the present \WVas
48 ca

managcmcni practices On €ampus

pcrceived 1O be associated With the

s reported the major health problems -

Thc fcspondel’! pus W malaria, gasuvocntc"lis' dinf‘henl

: health problems

Firure 4.6 illustrated that malaria canked Lot c:s p pectively
5. ligurc 9. , SSH, [ res 38
reported- Majority of the respo ndents 67.2%5,43.5%. 63.7% ot St;.z Sl

‘ " 25.5%, <.

oy e ncd by 17.296.

fcpo[[cd malana. GastroentCris was [epo ‘ewﬂed b). 1 59, 23.6%. 6.1%% rcspondcn(s
" - 3.6%. 7.2% respondents ol

] m
present \Wasie managemcnt practicc N ¢a

dog bite

SH1, SSH. JSH respectively Diml’hoc‘ A .
st SH. SS1, JSH respectively. DOg bitc was 1€p0Ic

SI, SS11, JS11 respectively-
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$9 Li{fcciof troining on pa rticipani(s’ perspective of sourcesepa ration and recycling of

solid waste
1.9.1 Eflcct of training on parlicipants’ knoswledgte
from SEI. SSH, JSH at pre-intervention and

The mean knowledge scorc of the participants
linc of SI'l was

in Toble 4.10. The mean knowledge Score at base

post-intervention arc shown
red was stausticaily

3.9+ 1.5. SSH was 4.1 £ 1.1, JSH was 2.1= 1.1 which when compa

). The mean knowledge score of patticipants in SH before and after the

significanmt (p<0.05
was no significant dilTerence,

goining (4.9 + 1.5 and 5.1 % 1.2) were compared and therc
likewise the mean knowledge score of participants in SSH before and afler the trwining (4.1 £

1] and 48 + 1.4) did not show significant difTerence (p>0.65), whife the mean knoswledge
scorc of panticipants in JSH before and 2iter the training (2.0% 1.1 2nd 462 1.1} when

compased was statistically significant (p<0.05).
ores 5.0 12 48= 14, 4.6+ 1.1 of SH. SSH, JSH

Tebje 4.11 shows the proportion of
yalion and recycling of solid

The post intervention mcan knowledge
significant difference.

vledge scorc on source scpa

f the Patlicipants
which Wwhen cosopared was not

licipants recorded a know ledge
when compared was

fespectively did not show' an)
Participants with 75 percentile knos
ag and 959 O
51 intervention fesp
d 90.1% of the par

n fngcuVCly. whicl
paticipsnis recorded a

recorded a8 knowledge score

wasic. [t reveals thot ot SH, 81.3
cctively,

within 75 percentile at pre and o
78 2% an
inteneNo
395 and 80 8% of the
respectively. swhich when

statisncally significant. Al SSH.

Xore within 75 percentilc ot Pre and post

Ho‘\c\.cr’ nt B'l “3-

and past imer® cnpon
g the effect of the traning

Mot stagystical ly signilicant.
kno“lc“sc score Within 73

Campared was statistically sigmiica™ conli

pcr‘;cntilc a1 pre
mn
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Tabic 4.10: Statistical Anglysis of the Mean Knowledge of the Marticipants

Parameter TOpﬂ'ons Studcut Senior stuff Junior staff Lovilue
1 Hostel  (64) housing (55) honsing
l (179)
Knowledge \'Ptt-imcwcnlion Meon 19+ LS 41+ 2111 <005
Score
Postinlervention Mean  S.1 +£12 48+ 14 A6+1. >0.08
Score
*-Value >0.05 >0.05 <0905
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¢ $:11: Propertion of Respondents in the Tbrgc_ﬂqciitﬂ'!_ -
iration of Solid Wastc before and after Intervention (above 75 |

ation Before (%) After (%)
: e 95.0
782 90.1
133 80.8




4.9.2  Elflect of Training on participants’ aititude
Table 4.12 revealed the atutude of participants in the three lacations 1owaids source

sepasation and recycling of solid wastes beforc and after the tramning. Only JSH showed
a statisuca! significance in the anitude of the participants before and alter the uaining,
At S11, 73..195 and 76.6% agiecd that it 1s the responsibiliny of University administration
10 arrange for waste scparation before and after training respeetively, Also 90 696 and
95.3% agrecd that every household should pariicipaic and be involved in refuse
managemen belorc and aficr training respectively, A total of 60,9% and 70.3% agreed

that they would be willing 1o scparaic recy¢lable waste from ather wastes before and

after training respeclively. While, 85.9%¢ and 92.2% agreed that separation of

recclable waste from others is o Sood method of wasic mansgement belore and alter
trmning respectively. Also, 93.8% and 100%s agreed 1hat wealth is generated from the

pructice of waste reeycling belore and sfter training respectively-.

At SSH, 61.8% and 50.9% agrecd that it is the responsibiltty of University
adminisuration (0 arange for wasie scparntion before and afver training respectively.
Also, 87.3% and 94.5% agrced that esery houschold should psrticipale and be imvolved
in rcfuse management before and after uaining respectively. A 1otal of 72.7% and
85.5%: agread that they would be willing to separate their recyclable waste from other
wastes before and afler (raining respecuvely. While, 89.1% and 98.2% agrecd that
separation of recyclable wasie from others is a good mcthod of wasie managemem
before and alfier iraming respectively, Also, 930.9% and 96.4% agreed that wealih ts
generated from the practice of waste reeycling before and afler training respectivels's

98 19 agreed that every houschold should participsie W___'ivc.fc.\- :
management before and afier iraining respectivels. A total ‘6!'.5'_'.’&_ '
That they. would be willing 10 separoic their recyelable waste f
and afler training respectively, While, 68.2% aod-.fag].vsli'

fecy clable waste from others is 8 good methad of wasie Man:

AFRICAN DIGITAL I-lilGH REPOSITORY P
|



SER TR i

ul

r -
i 1 ' «d that wealth is ge
training respeclively. Also, v&ﬂbmﬁi _ e __; el

i . - ] _F'?F..r
: of waste recycling beforc and  ofter  lraining

praclice

n




T > b

Sarerivol> | [—kﬁﬂ.ﬂﬂ-ﬂ‘ { 5':\"“:"(:; (O.') Scnlb?;lﬂsfs (;/. l, -« - o 1 (%)
| =
- | ll I’ re- TPost - | - | Pre | Posi. r- Pre- Tost- | P-
| | i \ lm?n L I LD lnlc.f\'tn Intcrvenu valve | lntervention | Interven | Value
! | | = I| 2 on tion
B s (e reaponsibifity of *Ifig;'u T ) :’. 19(766) | >0.005 | 34 (61.8) | 28(50.9) \ >0005 | 118(659) | 165(92.7) | <0.005
| o sdministation lo | Disagree 10(156) | 13(203) | 50005 | 14(255) | 23(418) | >0005 | 43(240) | 14003) | <0.005
wsamge fot waie sepation | Notsure 70009) | 23 |>0005| 7(23)| 4¢3 !>0005 18(10.1) | ©0.0) | <D.005
Every bomchold should | Agree S8(906) | 61 (93.3)_30_.00?\7@(%1.37 52(945) | >0005 | 147(82.1) | 175(98.1) | <0005
\ o ard be involved \Du-ngmc 243.1) |I 2(3.1) | >0.005} 3(5.5) 3(54) >0.005 17 (9.5) 4(1.9) | <0.005
S — e 4(63) | 1(1.6) |>0005 | 4(73) | 0(00) >0005 | 15(3.4) 0(00) | <0.005
| |
AGTE 39 (60.9) || 35(10.3) | >0005 | 40(727) | §7(85.5) | >0005 | 94(S2.5) |168(93.8) | <0.005 |
Daages 17(266) | 12(187) | >0005 | 9(16.4) | 8(14S) | >0005 | 60(33.5) | 11(62) | <0.005
g(125) | 7(109) |>0005| 6(109) | 0(0.0) |>6.005 | 25(140) ®0.0) | <0005
55 (85.9) 1759(922) | 70005 | 49(89.1) | 54(982) | 50005 | 122(682) [160(899) | <0.005
2(3.1) A(62) | >0005| 2(3.6) 1(18) >0.005 34 (19.0) 19(10.1) | <0.00%
7(109) ) (16) |>0005| 4(7.3) 0(00) | >0.005 23(12.8) 0(00) | <0.00S
WOV E) | 61(100) | 2005 | S0(%09) | 53 (96D | >0,005 | 136(360) | 171(955) | <0.005 |
0{00) 0{00) |»000s| 0(00) } 2(36) |=000S 18(10.1) | 8(4.5) | <0005
1{63) 0(00) h-.-0.005 $9.1) \ 0(0.0) | >000S 25(140) | 0(00) | <000S
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1.9.3 Effect of Training on Participants’ practice
1
b
e ol -t

on the practice of source separation Of sphdb TS by
I | W "-"‘h‘ aled 1nelt
Table 4,13, The proportion of respondents ot the SH, SSH MJSH w%fu::np - pu i
(] (4 " -4 \ I | . - B

waste ot bascline ‘wcre 20.3%, 30.1% ond 35.8% respectively ) A0

i 81.8% and 66.5% at ihc
diffcrence. At post-intcrvention the propoitions Were 20.3%, oi%_ _
S(| SSH and JSI I'CSpcctichy with 8 Significont dilYczence (p<0.95).

Effcct of the lraining
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Table 4.13: F.ect uf iniervention on participants’ Fractic
= A1 e - 5 .

¢ uf Sovrce scparation of selid wasie

Scnior Staff

Junior%‘?ﬁﬂ I V(ﬁu'

— — Options Student Hostel
Variable # N =64 (%) Housing Housing
N =335 (._.l = ‘_' =17 _L./Ol.‘_
Do you Scpmae your wasie belore disposol ~ | Pre-Intenvention Ycs 13 (20.3) 20(36.4) 64 (35.8)
Post-Intenvention Yes 13(20.3) 35 (81 8) ;

- Value >0.005 <0.00S

N

m N
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1.10  Asscssment of the Nature and Quantity of Ilouschold Solid Waste Generated.
This section deals with the assessment of the nasure and quantity of wastes gencrated in

the Students hostel, senior stafl, and junior stalf housing within threc months interval,

The study revealed that the components of solid waste gencrated in the three local!-ons
are: paper, nylon, plastic, metal, glass, and kitchen waste. Figures 4.7 to 4.9 tevealed
petceniage total waste generaied in three months in cach location. Figure 4.7 revealed
thoi a1 SI, food wasie 57% was the highest waste generased in three months followed by
paper 22%, nylon 7%, plastic 6%, glass 4% and mewal 4%, Figure 4.8 illustratcd that a
JSH, food waste 67% was the highcst waste generated i three months followed by mydon
8%, plastic 8%, mcial 7%, glass 6% and paper {4%. Figure 4.9 ilusunted that a1 SSH,
food wasic 57% was the highest waste generated in three months followed by plassic
15%%, nylon 1 1%, mctal 9%, paper 5%, and glass 6%. Figurc 4.10 illustrate the poccrage
wasle gencraicd monthly in the three locations combined Food waste 62% was the
highest wasic generaied followed by paper 10%, nylon 8%, plastic 8%, metal 7% and

glass 5%

Monthly weight of recdelable solid waste gencrated in each location was illustaed by
Figure 4.11. It revealed that food waste generation was highest at JISH 1.699Kg folfowed
by SH 882.18Kg and then SSII476.6Kg. Nylon generation was highest a2 JSH 1579k g
follosved by SH 107.8Ke and then SSH 95.5Kg. Plastic genczation was highest at JSH
196 9K ¢ followed by SSH 121.7Kg and then SH 91 9Kg. Papey griciation was highess ¢
SH 340 3Kg followwed by JSH 88Kg then SSI1 40.5Kg. Glass gencimtion was jighes: at
JSI1 146 8Kg followed by SH 70Kg and then SSH 26.3Kg. Metal gamyatam was highest
al JSH 1389Kg followed by SSH 72.5Kg and then SH 67hg. The mean acuthly
recyclapjc Wastes Characienzed in the thvee jocalions resesiod that Aitchven waste was
1019 26+ 10.39Kg, nylon 13041 £ 3.47KE pspoy 156.26 = 1.52Kg. Pty }36.84e
| 83Kg, glass 81,05 3 3.55Kg mnd mctal 10814 = | 43Kg (Fig 4.20). Figures 4.1 4.)3,
4 14 v ealed thar JSI generated highes propontam OF na loa 4 5%, plastic m!-d-i-:

YA
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1.10.1 Ileavy NMetal Componcents of Food Waste Generated

The mean concentrations of heavy meilals analyzed in the kitchen wasie of the threc
locations ore illustrated in Fig 4.15, The heavy metals concentrations ore compated with
the compost guideline limi by Sridhar and Bammeke (1986). It was observed that nickel
concentrations in Kitichcn waste from the locations arc higher than the guideline limit
conceniration. The conccnrration of cadmium was [ 420 49mg/Kg at SH. ). 120.5Img/Kg

at JSI1, 0.820.29mg/kg at SSH which arc all below the compost guideline fimit of
The concentation of lead was 3.5:0.77mg’Kg &t SH,

20mg’Kg for compost.
at SSi{ which are all below the cowmpost

1.0¢0.7Img/Kg a1 JSH, 3.340.56mg'Kg
guideline limit of 11 6mg/Kg. The eonecntration of Nickel was 17.3£3.92mg/Kg at SH,

26,2+5.57mg/Kg at JSH and 20.641.78mg/Kg 2t SSH which are al} abovc the compost

gurdeline limti of 14.0mg/Kg.

1.10.2 Cumparison of §’hysicochemical Components of Solid \aste Geaerated
The mean weekly generation raic of paper, metal, plastic, n¥lon arc significantly differem

across the three locations (p<0.05). The mean weekly' gerieration rate of paper at SSH
was 10.156208Kg. a1 JSH 1005+£2.43Kg, white SH goncaad the highes: I

18.88t5 S8Kg. For metnls, 5.51+).79Kg was gooawed at SSH, 6.26:1.89Kg was

genernted at SH. and JSH gemerated the highest 15.2724 1SKg. For plastic. SSH
generated 5.012139Kg, Sif genersted 12.5124.11Kg and JSH gencratad the bighes }

16 6949 73K g. For nylon, SSH generated 11,69:2.08Kg, SH jrevaind 20.91=4 18 and
|

JSI} pencrated the highesi 30.1324.62 (Teble 1.14)

i
The chemical components of the kitchen wastes anslyzed weve subjecied o statistical j
analysis This revealed 1hat only nibogen is significantly diffonoot smoeg the enahvies in II
the kitchen waste across the three locations (Tedle 4.15). The mowture consest (%) of :
kitchcn wastic gencrated was 41,60, 37.33 a and 40.40 a1 the SSH. 8L SBI w
The values of the C; N ratio of the ISH, SII, and S5H 48:), 492 gy K} | oy
The pli o fthe kitchen waste analyzed was 6.9, 6.2, 6. b JSIL SHt S5¢




4.10.3 Solid Wustc ann.cr.i“lﬁn{lu JIT a peal
The quantity of solid wasltc gafc'r.nlc ' .0 i
Kg/person/day wasscnc:a_lcd'itﬂl"lpﬁ_‘b 2/ rsonvda

II.
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48%
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Figure 4.12: Proportion of nylon gencrated scross the three locsnoas
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Figurc 4.13: Proportion (%) of plastics gencrsted
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Figure 4.14: Proportion (%) of mets] gemeTnted
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Tabte 4.54: Comparison of
Hccmmg)t,\ﬂ -~ p.Vatue

Porqueter Location
. <0.05
Paper SSH IO.IS_:ﬁ_.OS g _ e B |
JSH §0.05+£2 43 0.00 | B
SHl 18.8845.58 :
Glnss SSH 6.6242 .44
ISi 6 9422.91 G922
Sl] 6.70+2.54
Meals SSH 5.5121.79
JSH 15.2741.15 0.00
SH 6.2641.89
IFood \Waste SSH 73.00£8.92
JSH 87.82+34.88 0.146
SH 9153419 98
Plasties SSH 5.0121.39
JSH 16699 73 0.00
SH 12.5124.11
Nylon SSH 11.69+2.80
. JSH 30,1324.62 0.00
Si{ 2091+138
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Table 4.15; Comparison of Chemical

Constitucnts of Food Waste fﬂf‘l—rﬂ

SH

Three Locations: | ——
3 13D l’-ln!r_:c =i
Puarameier Locarion fean el -
1.09+0.106 '
Nitrogen (%) SSii
S JSH 1.9120.161 0.00
SH 1.434£0.082
0.09£0.008
Phosprhorus (%) SSit 0.020
JSH 0.3120.102
SH 0_l9£0.05|
50.26+].23%
o SSIt
Be-URR ISH 48.47:4.509 0.564
SH 19,1642.354
0.1920.012
um (%) SSH '
Potassium (¥6) y T P
SH 0.240.084
3, 56
Leud (mg/Kg) SSH 2040 N
JSH 4.0240.71 :
SH 3512077
0.8240.29
: SSH
L ISH 1.0840.53 0.317
j o
(me/KRE) S | 142049
20614178
ey e Ke) SSH
Nicke] (mg/hg g o Tisdn 0.089
17.2743.92
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4.1} Findings From Focus Group Discussion
The resulis oblained from Focus Group Discussion are presented under three subheadings

namely: Pescepiion on types of recyclable wasics gencrated. Economic importance or
reposted uses of recyclable wastes and solid waste management practices. The Focus

Group Discussants comprised ten residents of seme nge group and sex in cach of the

three study communitics

J.11.1 Perceplion on Types of Solid VWastcs Genernted

The Focus Group Discussants from the three study communities had a good knowledge
of what constitutes solid wastes. They described wasic as *‘anything uscless‘”. They
stated that the various kinds of wasies generaled in thetr homes included: Kitcher waste,
plasiics, meial, nylon, popers, and glass.

Only veny few discussanis in the Juntor Staff Housing (Abadina) knew' that household
solid wastes can be recycled. Many said all waste should be thrown away exsept kitchen
waste that can be fed to animals. Conversely, many discussants wae aware of wase
recycling tn the Senior Staff Housing (Amina way) and Cleaners in Studeais® Hostel

The group of discussants in the three ssudy’ communitics discloscd thal scparmaan of solid
wastes 0l source was benelicial in thal some items such as bottles, lins, ncws papers

scp3tated can be sold 10 generaie income. In addition. kifchen waste could be useful for

manurc which is impoaant in imgvoring soil Quality for cultivation,

The willingness 10 cary out source scparation of solid waste was highest apoog New PG
hall cleaners. They indicated willingiess 10 PeaCtice if soring bags were provided and if
they were ordered (0 do so. Abadina residents were less walling because ey e

separation o f waste & wasting of time and enarg)” The wijlingncss was least in Ammm
Wy because they befieved wasie recycling canoot be sustamed ey en if implenunicd on

campus, and 30 it will be & waste of ume if they soned their wase.
Almost all the discussants in the three study communities new that pooe household

waste management could cause dikcased such as cholera and ﬂﬁmhm “Ij
veclors like rodents and cockmacher. They added they i could
poliution such as repulsive odous and unvightlmess. ol -

I
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4.11.2  Reporied Uses or Economic Imy.oriance of Houschold SAIEJ';\F:’:’&N_
Mnjoril)' of the discussants in the three study communities knew agbout the uses or
economic importance of houschold solid wastes. According to the discussants, solid

wasics were useful in thie following wsys:
). Selling of containers like plastic and glass botiies, big tins, jars, meials to the

scavengers on campus.
Conversion of kitchen wasies into manure for farming-

Conversion of used paper into brown papers and 101lct rolls.
Convcrsion of used pure watcr sachet and ny'lons into poly bags and

2
3
4
5. Conversion of old plastics into new onecs.

4113. Current louschold Solid Wastes Management Practices on Campus
All the discussants in Senior Stall housing indicated that they' use ssnall basket as dustbm
lo store thetr wastes a1 home and then empty tham inlo the big blue neighbartoad bin

closest to them. They added that the wasic in the nerghborhood bin is emptied every nwo
days by the Universuy Wasie \Management Authonty. The Swudeni fjosic) clemers
collected wastes from waste baskets in front of esch room snd empucd them into the

waste depot located outside the fence for the wasle colleciors 10 pek up cverdday,
Majoniy of the discussants in the Junior Staff Housing made use of the ncighbaxtood bin

while others living close to the bush praciice open #ir buming o f comirembles and threwm

others into the bush

Few discussants at Senior Suilf Housng scparated boutlex. upa. and plass o
scling (o scavengers, even Lhouzh almost all of them had knowledge abo

waste for recycling. The Cleancrs in the students® hostel usally scparsted the

sofid wasies before seliing them to the tecyclens cutsxde the cmnpus. ‘
complaincd about the rid iculous pricey offered for pure water sachets. 1
major discoursging factor for seYAr®ing pure water sachet \aoy of the ¢
Junior stafT Ilousing separmed their hitchen wasics 1o Soed anumals but
lefovers. Some of the discusams whoe Lnowiedge el ‘{F _,__"_f-j .
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separation of waste for recycling indicated their wil

providcd.
Some of the discussams who were knowledgeable about Scpnu!rmﬂ-ﬂ‘ wostes b
. sowe arc very busy to scparsic 1&{!’?[" 'I '

c il gavc reosons such as:
ysc nothing works in Nigerin"*.

js implcmented it won't work beca
discussants in the three locations 5 summarized i 'ﬂ'meﬂﬁe ) }‘ R e
| . mbE =

proclic
recycling
The perccplion of the




pon ] -

Tablc 1.16: Contparison of Focus Group 0i ;_ffjj_ ' Results in th
]

Locallous -

-
Options Slu'\ﬁ:t_lﬁ?!j ;
Cleaners
.
{ Awareness on !ouschold wasic rtcycﬁ- 9035-:“‘!_!:_'_ | 70
L m\u{c ‘I |
1 Willingness to scparate waste All were willing
Effcct o fpoor wasic management Causes
unsightliness | ens iroarnental
!" pollution |
| Mecthod of wasie disposal Dispose wasteTDfspose wasic |
at open dump imo the '
sttc carried out | nesghbovhood | neighborbood bin |
" around the S bin while same bum, |
' Separstion of houschold recyclable waste | All cleanars Many do not
for recycling scparaic
recyclable wastes
wasic for sale i o S




112 Resuit of Obscrvation Cheekli
I

The pcrsonal observation made 65' the !' archer revealed
generaicd fiom the three locaﬁon; per q;: -"’" ver, th > deums are

contain the waste lcading 10 overflow' espe ”'; at the 1 ). Al

non durable waste bins like raffia basket arc also used 1o collecl was

(Plate 7). Whereas open dump-i&' being pmq;'c a"z‘?’," AL Ir.‘gf
SSH and JSI! dispose their waste into the neighborhood bin. while a few
the bush a1 JSH dispose their wastes into the bu'sh'p_,';u - ,".
It was also observed that the wastes were collected from the PF“ h 20d cvery' twi
days. Before the waste s collccted the waste would have hitereg "@ . nd, decaying

maictials also altract goats, birds, dogs that scatier thb\ : qra aver cremin
unsightliness. The decaying materials also promote the brecding of fiies.




Platc 4.1: Filthy enviroament due (0 overllowing dustbins that attract vectows al (be
Junior StalY Housing ares

HADAN UNIVERSITY | jgpap.
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Flate 4.2: laadequate wasic bin snd vse of different noa daradle coatainevs
for (dumping waste st Senior StefT JlonsiaR sren.

RY)
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Plate 4.3: A typical open dump site st the New Posigraduate fisll
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CHAPTER FIVE ] .

DISCUSSION

This chopter discusses the results obdained from the various instruments used 10
delermine the perspective of University of lbadan residents on source separation of solid

waste and the cotegories of solid wasie geneiaied. Tlhic impact of mobilization on the

practices of waste separatron for recycling 1s also discussed.

5.1 Demographlc Cliaracteristics
The age distribution ranges between |5 years and 65 years. More than hall of the study

populalion were females a fact corroboraied by Bulle (1999) that women are respoasiblc

for domestic activities and especislly waste disposal. Hence involving women tn wasie
project would facilitate source separation of solid wasie.  Nisjority of the respondents

160 (89 49%6) in Junior stafY housing, 50 (90.9%s) in senior staff housing and 60 (93.8%) n
student hostel were Chiisiians. Msjority of the respondents 97 (54.2%), 39 (70.9%), 39
(60 9%%) 1n Junior stafl housing. Senior stafl housing and Student hosicl respectisely were
Yoruba. This is a reflection of the ethnic group that residesi i the saafreesem part of
Nigena. Nearly ail the respondents in the senior stafl bousing 46 (83.6%) and student
hostel 64 (100%) were more educsied (tcrteary education) then resparddonls in 1he junior
stafl housing 87(48 6%%) Tius is as 3 result of the fact that more educated people are
allocaied to the senior stafl housing whilc the Junior staff housing arc allocated to people
of low cducational stalus, Aajonty of the respondents in Junior stafl housmg live with
more than scyven people compared to Senior safY and student hoRtel, This 4 a rceiion
of the massive waste generated Al the Junior s1afl housing compmred to othey locRtsers.

5.3 Present Waste Management Practice and [astitutional Arrangement

on Campus
The University suthortly’ has made aangraxwy with the petyale vaiste collector in order

10 schicve effective wasie mansgament (vopramow. This aco®™n Was supported by
Imperato and Ruster (1999), thal stated that the privaie 5€Ceor pevs Wes befler services that
the public secior faily o provide, because of Jimited resources and peioeity obligations.
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CHAPTER FIVE

T H-._I
DISCUSSION

This chopicr discusses the results obtained from the various instruments used 10
detcrinine the perspeciive of University of Ibadan residents on source separation of solid

waste and the categories o[ solid wasie generated. The impact of mobilization on the

practices of waste separation for tecycling is also discussed.

5.1 Demographic Characteriviics
The age distribution ranges between |5 years and 65 years. More than half of the siudy

population were fcmales a (acl corroboraied by Bulle (1999) that women are responsible

for domestie uctivities and especially waste disposal. Hence involving women in waste

project would facilitale source scpaiation of solid waste.  Sisjonty of the respondents

160 (89 .4%) in Junior stalThousing, 50 (90.9%) in senioe staff housing and 60 (93.8%) tn
student hostel were Christians. Majority of the respondents 97 (54.29%), 39 (70.9%), 19
(60 9%5) 1n Junior siafl housing, Senior staiThousing and Student hostel nspecuvely” were
Yoruba. This is a reflection of the ethnic group thai reside: in the southwestan pait of
Nigena Nearly all 1he respondents in the senor staff housing 46 (83.6%) and studem
hostel 64 (100%) were more cducased (teitiaf) education) than respaardonts in the junsor
stafT housing 87(48 6%5). This is as a result of the fact that more cducated people are

allocatcd 10 the senior stafl housmg while the Jumior stalT housnn; are allocated t0 "‘T :

§ 2 Present Waste Management Practice asd lastilution:

on Camnpus
The University aothorily has made amangement with the privaie s
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This study showed that waste collection is carried out every two d
|

drums get overfull and litier the ground.
TR

The overflowing neighborhood bins results in environmenta! problems which the
residents reported as unsightliness, odour, housefly infestation and other veciors
breeding. The observation checklist confirmed this 1o be true at the Sunior stafl and
Senior sta!f housing areas. Some healith problems were aiso discussed to be associaied
with the current wasie management practiced on campus. The major heahh problems
poinied out were malaria and typhoid fever. This agrees with Akpovi and Sridhar (1985)
that (lics from solid wasies can tronsmit 1yphoid fever, cholera while open conlainess in

reluse heaps retain walcr that provide breeding sites for mosquitoes that cause malana.

There are cleaners who arc responsible for collection of wastes genowed in exch room
evcryday at the student hostel. The wastes collecied are the Laken 10 open dump site for
the private contractor 1o evacuate. Najonty of the houscholds collect their waste in smatl

basket which is emptied 1n10 the neighborhood bin provided by the University anhonty,
This is at variance with findings of Anyskoha and igboeli (1993) that $3.3% and 70 3%

of their two groups of respondents use empty carions and baskets. The Univarsily
suthornity allocated n sverage of (wo bins without cover 0 cach neighbochond. These

two bins are inadequate lo contain the massive wastes gencaated per day in mon of the

neighborhoods

Currently, none of the solid wasie sircam 1s being recytled and maronty of the resshass
do not scpamnie tbeir waste before disposal due 10 lack of knowledge cvwhl with lhs

fact 1hat there is ytt o be an arrangement for recycling on CREOPNG.
Discussion however revealed that few handiolds in the hmu'

recyeladle from the dustdins,




53  Effect of Training on Knowlcdge of Source Scparation of l{ouschold Solid

Waste For ftecvcling.
This study' ot the pre-intervention stage revealed that respondents from siudent hostel 52

(81.395) had more hnowledge on source separation and recyching of houschold solid
wasle compared with senior stafl and junior stafl housing 43 (78.2%%) and 81 (35.3%)
respecvely. Many of the respondents in junior stafl housing 99 (55.3%) did not lalow:
tnuch about waste recycling which may be due 10 their low educalional sLuus compssed
1o the senior stafT housing and student hostel. This was confirmed by’ the result of focus
group discussion, Knowjedge of source separation and recyeling of waste wss found to

be signilicantly associated with the educalional status of the respondents.

The study showed that many of the respandents perceived that the nyion, paper and
plasties they generated could be recycled. The siudy also showed Lthat sourre scparauon

of waste was beneficial since it encourages recycling. Also a study camed out by Okpals

et al (1991), revealed that segregation of westes keeps the envionment clean and
gencrates income. Hence, there ts need ta create swareness on the problems cresied by

tmprope¢r waste management and the benelits of sowte Scpa®ion of these wasiss in

rder to get cooperation of ali the residents i the throe localions.

Atihe post interveniion stage, there was a signilicant diffeence in the knowledge of the
Juntor swaf) housing residents towards solid waste recyching practice. t was ihacfore
concluded thot adequale training of residents is essential for awarones CTestion aMxIDg

them_ Then it would be casier o Implement source scparmtion of solid wast¢c on cxmpus.

54 Effeci of Traintng on \titude 10 Source Separaton of Housebadd Satid \\ agge

for Recycling.
This sl.d) reyea d thal there was an improsement in the muum

behaviour, L

R}
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Most of the respondents had positive attitude toward household solid wastes recycling,
The study revealed that most of the tespondeiuts in the three locations indicaled that they
would be willing to seyarale their recyclable solid wasies if the facilittes were provided.
The willingrness exhibited by the hastel clcaners could be associmicd with additional
income they tealized when they separated the recyclable wastes for sale. An earlier study'
cartied out by Fasmahal (1995) on resource recovety revealed that most respondents said
that they would be willing to scparste their houschold solid waste.

h has been proven 1hat adequate mobilizotion of community' plays 8 significant role in
changing people’s attitude to waste disposal and imptementation of source sepasation of
solid waste, Adewumi ct al (2005) revealed that after adcquate mobidization, users were
willing to pay for colleciion and scparaic garbage (roni trash 10 enhance further

processing of wasies,

5.8  Effcct of Training on practicc of Source Separation of llouschold Sulid Wasie

For Recycling.
This research reveaied the impostance of training on the practice of source scparation of

solid waste since therc was a significant incrcase n the number of people that practice
source separdtion of w&ste m Junior staff housing and senior staff housing. This
corroborates the finding of Stdhar e1 al (2000) that community participation s an

nnportant method of promoting waste sepasation and efleclive collection.

5.6 IP'ractices on EHlouschold Solld \Vaste Source Separution and Recyeling
The vse of refuse bins is important in waste disposal in households for cl;lic,i'fin.;:'a]I -
ofhouschold wastes: this deserves more emphasis i all houscholds. This study rev:
that most of the respondents had refuse bins in their hoines. In a ﬁmi«:{ous 3t ’
out by. Jenpar (1998), it was revealed that $3% of households in Ibsdan he

The presence of refuse bins was found to be related to the number o people

house; The more the people in the house the more the wasie ‘am'lu“E.

need (or dustbin.
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A study carried out by Anyskoba aod Eluwa (1991), showed thal effective disposal of
Waste requires wagc 10 be segiegaied nlo dillaeni componcnts and -di‘_wﬁiid
gcoordingly. This method requires the use of more than one refuse bin. However, this

study showed that msjonty of the respondents do not consider I't necessary 1o keep
different containers for dilTerent fypes of waste and hence they do not sgregate before
disposal. As msjont™y of the 1cspondents oniy have one rcfuse bin, 103 (58.1%). 22
(40%), $7 (73.4%), in junioc stafl, senior stafl’ housing and siudent hosiel respectively:
This is in agreement wath the findings of Any2hkoha and Igboeli (1993) in which o high
percentoge of the respondents 60.4% to 68.1% did not keep more than onc refuse bjn.

l.arge families usually generate large quantiltes of waste, hence the more the number of

people inthe house, the more the number of refuse bins.

A study cammied out by Nwana (199!) in lbadsn showed that families used non durable
conlainers for wasic disposal. Also, NEST (1991} 1eported that many' houscholds
various jnappropiiate containers as dustbwns. The findings from this study' however

shoswed thal majonty of the respondents use the sinall plastic basket, fcw' people use
rcfuse bins with cover. This is becouse mare standard ond durable refuse bins were found

10 be very exponsive ond so people iend to buy the cheap ones since there are no
regulatioas or byc-lavvs on the types of containers 1o be used for waste disposal, Wasles

should be removed from household jwemises as soon as they are generated. T study
showed that this is not the practice by most of thie respondents in senior and junior stalf
housing because they dispose their waste once in a week. The respondents followed

difVerent disposal schedules:

NEST, (1991); Nwana, (1991), and Nwokoh, (1993) rcponcJIllu:
d;spossl have been ineffective and or insufTicient in many urbas

throughout the country, hence wastes are ofien disposed |

143
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waste bins where most residents dispose thetr waste were not emptied c:.'&)'- day a[_f

teporicd by majonty of the respondents in senior siaff and junior staff housing. This
could be responsible for the unsightiiness ound the waste bins, breeding of houseflics

and odour generation obsened

5.7 Naturc and Quantioy of Wastes Generafed int Households

Assessment of the naturc of wasies «n the three study locstions revealed that
biodegradable (vegclablcs and lefl over foods) wastes were commonly disposed in the
houscholds, 53% at junior staff housing, 66% senior staff housing, and 59% in student
hostels. Therefore, these matenals should senve as manure/fertilizer, where the consumers
are educated on woaste management. This agrees with the study of Sridhar (1999b) end
Filani's (1999), swhere biodegradahlc wasles seem (o be ihe major component of solid
wasies in [iadan The non biodegradable wasiecs that are commonly genecrated in
houscholds are various fonns of tecyclables (paper, plastic, nylon, glass and meal), these
are in vanous forms, sizes and shapes. There 1s significan) diflerence in Nylon, metal and
plastic gencrated, with Junior sts(T hous:ng generating the highest quanticy. This is due to
the fact that many houscholds are peity waders of pure water, zobo, provisions, they'
produce more nylon, and plastics. Ariisans like vulcanizer and electronic reparer
generate metal_ However. Student heitels have the highest peicentoge of paper 12%

The waste per copial per day gencrated was Jow at the three locations alihough Junior

S:afT housing has the highest. The high value at this location could be as a result of

enormous wasic genemicd {fom vanous commercial activities carried out at the Jocations.

These low: values at the three locations contradict the value of 0.3Kg/person/day o 0_6
b

Kg/person/day. given by Cointreau (1982) for developing countries.

C.N rano 15 35.50. | This condition was met by’ the kitchen w-mc_'_g‘? :
locations Student hostels had significanily higher Nitrogen content ¢
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housing and Student hosie! met the condition except from that of :hnbr staff hw!ﬂ"mpf
is lower (than sandard. Thare was no sigilificant difference in the pH values obrained at

the three locations. The values were within the acecptable range of -".;5-.9;5 (Dara, ;’”?L

In respect ofthe heavy metals exanimned in the food wasies cadmium and lead contents in
all the locations were within the accepuable imit, while the Nichel conlent of food wastes
at the locations was higher thase the acceptable limic for Nickel as reporied by Sridhar and
Bammeche (1986). Although there was no sigrnuf cant difference in the concentrations of

the hem> metal component of food waste generated al the three locations.
Nickel is one of the heavy metals of public health imponance to be trented in the food

wasie before using it for compost. Agunwamba (1998) revealed the fact thal animals can

consume heavy meials in plants hence posing threat 10 human health,

Thiy implies that the waste suram in Ul has high recyclable wastes most especially the

biodegradable wastes. This is similar to findings by Okpoala ¢t al (1994) that 90%%

(mverage of 35 8Kg out of 37Kg) per doy of wastes generoted by' {2 (nmilies were
biodegradable. The implication of this is that if biodegmdable wastes are segregated from
i

other wastes and disposed sepamiely, the final quantity of waste thal get 1o dump will be
reduced drustically. This will also enhance aghiculture, by using the biodcgrndable for

compost. Also, the recyclables separated will generaie income for households and or the

insttulion.

scavenpers, and kiichen waste to feed animals. The intervention
participants’ altitude towards source separation such that they w

practice.



CHAPTER SIN s

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusioas

The outcome of investigations indicaied the nature and quantity of househoid solid
wasics and their management in residential areas of the Unnersity of Ibadan. It also
showed the level of knowledge, attitude and practices of residents i the University

tosards household source scpasation of solid waste for recycling.

The study showcd that residents in the junior stal housing had littie knowledge, stiifude

and practicc of source separotion of solid wasie and recyeling before the intervention

these were howerver impraved upon afler the intervention,

Before the intervention, more than half of the participanis in senior sta(l housing had
good knowledge but poor attitude to and practice of source separation of solid waste and
reeycling. Post internention result showed an increase in their knowledge, antiude and
practice. The students did not practice any source sepantion of waste bul their elcaners
did remo ¢ recyciable materials fiom the wasie stcam. The cleaners showed inereased
willingness to practice source separation of solid wasles duc to the benelil of income
generated from the separatcd recyclable wastes. Most of the residents dumped all the
wasics togsther in the neighborhood bin provided by the Umiersity: authonty, ) '?“E O

remoned the valuable matenials which could be reused or resold.




practice in managing these wastes Mence, there is need for adequaie

mobilization of residents on carmpus an the cancept of source separation for recyeling

solid waste. -
. "

6.2 Recom mendations

Effective bouschold solid waste genaation and management { in houscholds and

Hostels) in the University calls for ¢cahanced commitment on the pan of a!l residents and

the University authority.

The University of Ibadan

authonty should have a policy for the mznagement of

household solid waste on campus. The spexific recommendaiions arc as follows:

(n

)

(3)

()

(5)

The University of Ibadan should sct up a commiliee to be specifically in

charge of the wasie management on canipus,

Al the residents and cspecially women,
imponance of source scp3ration and recycling of solid waste. This is

nced (0 be educated on

necessary: through enviropnmenial education t0 enhance envitOnmenial

awareness of the residcents through appropriate mass media like erection of

bili baard, publication of environmental issucs in the University bulletin,

use of fliers and discussion &t the neighborhood groups,
The studenis should also be nvolved in the source sepamtion of solid

waste in hostel since they generaie the wastes. This could be achieved by
establishmg rules that all hostcl occupants should separatc waste before

disposal. The authomiies in charge of hostels should

enforcement,
Households should be encouraged to scpacdtc their re
onc another by peoviding waste bags. and lpfp
companent. 8o thal the biodegradable mm! :

manute and funds can be generaied fiom
biodegradablcs,

The Univensity suthority should enact la
with the aid o [ the securit)y officers, :



(6)

(7

The Univessity ﬂlﬁuﬁéﬁ ‘shoutd create et :
of recyclable Waste Where local reey

compon¢ént

maerials, _ B

There should be extension of this project 1o Other residenyjal and non
e

residential arcas in the University communsty-
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