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ABSTRACT 

Management of solid \VllStcs is one of the most crucial en\-ironmcntnl problcntS foccd by numy 

schools in developing notions lllld recycling i s  nn option for averting this problem. lnfonnotion 

on segregation and chnmctcrizotion of \YOStcs for recycling in secondary schools is limiled in 

Nigeria. The study was aimed at assessing the efTect of training on organic waste recycling and 

use of compost bin on \\11Ste managen1ent practices in selected secondllJ'}' schools in Ibadan. 

A quasi-experimental study design was adopted. T\\o schools \Vere purposively selected \\1th 

International School Ibadan serving ns the Expcrirncntnl Group (EG) while \\'albrook College 

Ibadan \\'llS the Control Group (CG). The EG t10d CG comprised 196 students each sclceted from 

each school using systematic sampling technique. A volidotcd questionnaire \vith n 14-point 

knowledge scale nnd o 16-item observation checklist were used to collect datn fron1 panicipants 

before and afier intervention. \Vostcs generated O\'Cr one month in the t\\'O schools ,vere 

characterized nod ,veighcd while their physico-chcmicol characteristics ,,-ere determined using 

recommended standard methods. During o rnonth intervention period, n subset of the EG (SO 

students) were trained on organic ,vnstc recycling w11J provided \Vith o fabricated t\\'O· 

componment 0.91 by 0.91 metre compost bin for use while the CO continued , v ith the use of the 

conventional ,voste bin. At post intervention, the sonic qucstionoirc used at baseline ,vos used to 

re-assess the l\\'O groups. Daill ,verc compared with the Ontario compost guideline limits. 

Descriptive statistics, t-tcst and Chi squorc test ,,-ere used for dnto analysis. 

The mean age of respondents for EO nod CG wi:rc 14.8±1.3 and 14.8± 1.4 years respectively. 

The mean knowledge scores before and oficr intervention among EO \\'Crc 3.5±1.7 ond S.S± 1.6 

(p<0.05) \\hile CG had 3.8±1.7 and 4.1:1::1.8 rcspecth·cly. �lcnn organic ,,'llStcs generated before 

intervention in EG ( I 56.9±22.6kg) \\'l!S higher than in CO (56.3:t: I 5.9kg) (p<O.OS). Orgnnic 

recycling \\'ilS adopted in EG becnuse of high qunntity of organic \\'OSie:� generated at baseline 

Post-intervention organic ,vnstc gcncrarcd in EO ond CO ,vcrc 45.2.:i:7.4kg and S1.2*9.Jkg 

rcspeethcly (p<0.05). A comparison of the rtl\\' organic \\UStc versus con1post produced in EO 

(156.9 ±22.6kg versus 45.2* 7.4kg) showed that both dilTcn:d significantly while there \\'QS no 

dilTcrcncc in CG (56.3:!:l 5.9kg , crsus 51.2! 9.3kg). 111c chctnicol constituents of organic \\uste 
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before nnd ofter intervention in the EG \l'Crc: Carbon (62.0±0.04% versus 24.0±0.01%), Nilrogcn 

(2.4±0.00% versus 1.9 ± 0.01%), Phosphorus (9.6:1: 0.3% \ersus 7.5 ± 0.01%) and Pottasium (3.0 

± 0.04% versus 1.6 ± 0.04%), while 111111 of CG were Cnrbon (49.0:!: 0.01¾ \rcrsus 47.2:t0.02%), 

Ni1rogen (2.3 :t: 0.01% versus 2.2± 0.01%), Phosphorus (10.1± 0.01% 1crsus 9.9:t: 0.01%) and 

Ponnsium (1.8± 0.01% versus 1.7:t: 0.01%). Menn NPK conccntrntion in compost (1.9%, 7.5% 

and 1.6%) 1\'crc high co1nparcd to Onlario compost guideline limits (0.6%, 0.3�� and 0.2%). All 

the 50 participants used lhe compost bin and rcponcd continued use ofter intervention. 

Training and provision of compost bin resulted in increased knowledge nnd the pmclice of 

organic waste recycling as well as reduc11on m organic 1vnste generation in the Expcrimcntol 

Group. Training and provision of compost bin should, therefore, be promoted for ndoption of 

organic waste recycling in boarding schools in Nigeria. 

Keywords: Solid waste management, Composting. \VDStc Chnractcriuuion 

\Vord Count: 497 
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CIIAl'Tglt ONE 

1.0 lN'f'ROOlJC'flO 

Since crcntion, humnnkind hns been generating wnstc such ns bones ond other pan� of unin1uls 

slaughtered for food or wood cut to 1nnkc carts. No orgunisrn, no mnucr how �1111ph:, is I OO'l-• 

efficient As II consu1ncs resources, there is inevitably a ccnain amount or 11n,t,1sc 

Ch·iliz:ition hns nhvnys produced IYllSlc. I lowcvcr, 1vith the progress or civili1..i1ion. the "ustc 

genen:ucd nssumcd more complex nature. But 1vith evolu1ion 1n 1ndu�1ry nnd technology and o 

corresponding growth in world's population. waste monogemcnt h:is become nn 1ncrcosingl) 

difficult and complex problem. 11,c increase in population and urbanization hos ulso 

tremendou.sly contributed to the increase in solid 1vostes. 

I housnnds of tons of solid 11-nsti:s nrc generated doily in  Africn. t.lost of it ends up 111 open 

dumps nnd wctlnnds, contruninnting surface nnd ground 1vnter nnd posing muJor hClllth 

hn=ds. Generation rotes. available only for selected cities ond regions, nre opproxin1utcl) 0 S 

l.1logroms per person per day-in some coses rCllching os high os 0.8 l.ilosrom� per pcrsun per 

da) (Sndhnr, 2000). While this may scc111 modest compared to the I 2 l.s per person per da) 

generated in de1clopcd countnes, most 1111Stcs in AfriCll ore not collcct�I b) mu111�1pol 

c:olkcuon S)Stcms because of poor mnnngcmcnt, fiscal irresponsibility, equipment fo1l11rc ur 

inadequate: 1vastc management budgets. 

TI1c: was1c: gc:ner.ued in Nigeria ns \1ell os i n  other countries that do not hove proper dbpos.il 

means create unsanatitr)' living conditions nnd detrimental health concerns. such as diurrh0ca 

,111d 1nolnutrition, in nddation toll range of sicknesses nnd discascs (K�imon, 200K)

Pco1101111c Development, 11rboniz.,1ion, irnprovcd living standards in cities nnd 1ncrca.,c 111 

cnrohnenl of school children due to government policic.5 increase the qunntity and con1plc,il) 

of generated solid 1vnste 111 schools. If accumulated, it le.ids to dcgrodollon of urban 

cn\tronmcnl, stresses natural �ourccs und lends to hen Ith problen,s (Cf>Cll, :?000). 
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Schools gcncrntc a grcnt deal or wos1c: 111 tht United States, especially os n by-product of food 

scf\icc tvlnny, of course, have some sort of recycling progru1n Ill place. rhc chnllcngc 10 

schools ,� to n1nkc ,vnste management n viable and even exciting pnrt of the 101111 lt-am,ng 

c:-.p,!ricnco:. Olten. school districts ore unnwnrc of the hard costs of gorbogc gcncmt,011 and 

disposnl. A lnrge pan of this figure is 1vnstc generated front school lunch. School meal 

progrun1s. even when lunch is brought from hon1e, ore significant generators of solid 11,1s1e 

(Brown. 2004 ). lltcrc ore 1nany regional variations that require ench conununil) 10 c,11m111e 

its 01111 waste mnnagcmcnt needs. Such factors as local nnd regional 01•n1lob1lity of su11nblc 

landfill space. proxin1ity of nmrkcts for recovered n1ateriols, population density, commerc1nl 

nnd 1ndus1rinl acth ity and climatic nnd ground11-a1cr vnrintions nil mny mouvntc each 

community to make: its own plans (USEPA. 1998). 

\Vw.tc generation. 1nnnagcn1cn1, storage, treatment nnd disposnl is wi 1mponon1 iupcct ol  

sound cnvironmcnllll monogcmcnl. Monngcmcnt or solid 11us1es ts o problem of 1ncrc:is1ng 

concern throughout the world. It 1s one or tl1c i:rcatc:st challenges fncing nny urbnn an:a in the 

world Dc\elop1ng intcgrotcd solutions for waste: monogc:ment problems requires public 

involvement. To economically and efficiently operate o 1vnstc 1narmgcn1ent prog.rn111 rc11uircs 

significant cooperation from generators. regardless of the strategies chosen. 

Public educauon s11mul111cs interest on how 1vnstc 11mnagen1ent d�cisions are mode \Vhen 

cnizens become interested in their conm1unity's \1nstc mnnogen1en1 progmms. they frequent!) 

demnnd 10 be invohcd in the dccision-n1nking process (De Young. I 9R4). Environn1entnl 

attitude of young people appears to be crucial ns they ultimately piny a d11cct role in pro11dtn11 

kno11 h:dge b,1sed-solu1io� to in-coming env1ronmcnu1I proble1n$ (Dmdley ct ul. I 999. Fo11h:-� 

nnd Demart, 1999). Funhcnnore, school enviroM1Cnllll program. nlthough uddn:sS\:J 10

)tudcnts. con also innuencc upon the environmental knowledge. nuitudc nnd bcho, 1uur of 

ndults (parents. teachers and community members) through the process of intcrgcncrotiunal 

mflucncc (Bvans ct ul, 1996). 

\\la.sic Rcc)cling has been u con1111on practice for most of human history, with rccon.kd 

advOC11tcs � fur back us Pinto in 400 DC. Dunng pcnods ,vhcn resources 11cre scarce. 
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orchucolog1cal studies of oncicnt waste dumps sho" less household \WSlcs (such as ash, 

hrol.cn 1ools and pottery) - implying more wnstc \VIIS being recycled in the absence of new 

1nutcriul. 

\\lnste Recycling is regarded us  one of the key components in the env1ronmen10J mnnngcmcnl 

of solid \\OSlcs (Robinson. 1986). It reduces the amounts of sohd \\IQSlcs such 1h01 less space 

1s needed for disposal (Klll.tmi, 1996). Recycling schemes in schools help to 11nprovc the 

cnv1ronmc111 and can reduce n1oney spent by the school on \Vaste disposal 

I.I STATEl\lENT or TIIE PHOUl,El\l 

Ilic problc1ns nssocioled \Vith the disposal of \\'llSles a.re many nnd 1hay include ltllcnng of 

food and other solid wastes in the school compounds. One of the more challenging ond 

negative consequences of the lack of knowledge invol\!1ng the unsafe nnd inuppropr1111c 

disposal of solid \\!llSte i s  the predisposition 10 hcohh problcnis and very unplensant conditions 

m muny schools. This ci1n ltod 10 the breeding of rots and other vcc1ors which ore of public 

health 11nportoncc (Tchobanoglous ct al, 1977). Rats a.rc also destructive and their octh 111cs 

con lead to the destruction of school materials such as paper :lnd other import:llll items 

1 he problem of \\llJ5te monogcrncnt has arisen r.:lmivdy recently in developing countnc:s 

where there is liulc his1ory of the implementation of fonnal or informal eonununll} 

cnv11onmcn1ol cducahon awareness prognunn1ts (Grod1inska-Jurczak et nl , 2003).

On o do1ly basis a great amount of organic: waste is produced (rnorc th11n 30'!,a of m11n1c1p.1J 

solid Wl1Ste) :llld CM be valued through compo�ting. 1l1csc orgunic \\'OSie 1f not \ICII managed 

could therefore pose hygiene problems and public health hazards. The organic l\'llSIC

component of londlill 11 broken down by micro-orgruusn1s 10 fom1 'lcnchotes' 11hich contains 

bac1cnn, llccoying mailer and chcnucol contorninonts from the londlill. This lenchoit can 

pn:senl o serious ha1.J1rd if it reaches 11 "111crcoursc or enters the ground1vu1cr Oegrnding 

organic molter in lnndlills olso generates methane, 1vhich is o honnful greenhouse gas, 10 larg..: 

quantity. 
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1.2 JUl>�l'llilC/\TIO iron ·r1 LE S'rUOY

\V11h the 1ncrcnsc 1n populotion. solid ,vustc 1nonngcn1cnt rcmoins o ntnJor problcrn for 1110�1 

n1umc1palitics. The 1110s1 co111mon ,vnstc mnnngcmcnt practice, ,,hich is 111n1nly du1np1ng of 

\\il�te ,ind burning by the municip:ility. should not be ollo\\-ed from the nntionol. as \\cll n.\ the 

global point of vie"' considering effect on undcr!lJ'Ound \\1lter quality and harmful clTects on 

the OLOIIC toyer (Ali, 200 I). 

For health reasons, ,vnstc 111 tropieol regions should octuolly be collected daily. lnis niuJ...cs 

the challenges and costs o f  solid wnstc management in most of AfriCll even more daunting It 

Is scnemlly the city center and the wealthier neighborhoods tl101 receive scrvu:c \\hen it 1s 

O\'niloble. In poorer nreos, uncollected ,vostcs nccumulote 01 roadsides. nre burned b>· 

residents. or are disposed of m illegal dumps which blight neighborhoods and harm public 

health Unless n1orc elTecuvc urban ,voste monasement programs nnd public wntcr supply 

S)'Stems ore put in pince, outbreaks of cholera, typhoid nnd plague mny become 111ercos1ngly 

common. 

lde11111ica11on or the components of ,voste stn:om is also on imponnnt Step 10,vnrd addrcs.�ing 

the issues 11SSocio1ed \\1th the generation ond manogea1en1 or municipal sohd \\UStcs (tvlS\\') 

!vlS\\I characterizations, which onnlyze the qunntity ond composition of the municipal solid

\\'3Sle stream, involve eS11mating ho,v much MS\V is generated, recycled (including

composting), con1bus11::d, ond disposed of in landlills. By dc1errn1111ns the mnJ...cup or 1hc

\\iUIC stn:wn, \\JUie choructeri1..11Lions also provide vulunble dnto for setting ,,ash:

manogc:mcnt go.sis. tracking progress 10,vard those goals. and supponing planning nt the

lllllional. state ond loco.I levels (USE.PA, 1998).

Recent concerns about managing ,vostcs o.nd producing food in an cnvironn1cnt111ly �oun<l 

manner hos led to o rcnc\\-cd interest 111 small-scale, backynrd co1npos11ng os wdl ll.\ inll!n:st 

1n developing lnrgc-scalc, comn,crciol ond municipal composting systc1ns T.iJ...1ny 

n:sJX)Jl)tbility for the solid ,wstc strcan1 al :;chool cmpo\\c:r., �Indent� b) gh 1111: 1hc111 11

�pccilic Jction to help tlu:ir con1n1unll) ond the cnrth. Studcnb de, i:lnp u M:ll�c 111 ,ch,111I 

pride by 1:JJ...1ng steps to\\11rd becoming n "green school'' (o �hool thnt pmcticc� \\I\, u�i: of 
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• 

na1ur.1I n:1otuecs) Studenls ,nay �prcad the compost me,lJgl.' wid be ins1rumc111JI ,n \l.ln1n1: 

ton1po,1111g nl home: ur ,n 1hc1r 11d11hborhood 

Con1riosung 1n schools rirovidcs o rich lopic for scientific 1nvcstigcuion nnd disco, cl). 

Ahhough compos1ing is simple (you JUSt pul org.uue mnucr 1n n pile nnd ,,ai1 tor 11 10 

dccornposc), II olso involves ,01nc foscrnnung 1111d BS ycl 1ncomplc1cly undc�tood 1nlcmc1ion, 

bc1,1ccn brologicol, chcmicol nnd physical processes and cnn help �tudcnts 10 sc.: the 

inlcrconnccttons bc1,vccn various scicnlilic fields 

lly ,11.ldn:ss1ng the solid 1�1c issue, composung provides o WO)' of 1nsulhn11 ,n students a 

sense of cnvironmcntnl SICY.'tlrdship. tvlnny cducn1ional programs focus on reducing. reusing. 

ond recycling our solid wo.sics. Composling fits 1n , vnh dus tdcn bu1 tnl.cs 11 o SlCfl hc)ond 

(Cornell \Vas1c Mnnngcmcnt lns1i1utc, 1996). 

1.3 UltOAO OUJECTIVE 01• TIIE STIJD\' 

Inc brood objective of 1hc study is to osscss the effect of tmining on organic rcc)chng ond the 

use of con1post bin on ,vnstc ma11J1gemcnt pmct,ccs 1n 1,11> secondary schools. 

1.-1 l'EClflCOUJECTIVF Ol�TIIESTUDY 

The specific objec1ivcs of the study 11crc: 10 

Assess lhc 1,;nowlcdgc ond 1111i1ude of students 101v1.1rds orgnn,c wostc n:C)chna :is

well ns solid 1v:i�tc: mnnugc1ncn1 rimcticcs in seleclt!d schools m baseline; 

11. Choroctcri1,c tl1c 11'l1l>tc gcncrJtcd into physicol ond chcmlcnl components in order

to explore lhcir rccyclnblc potcntlnls;

i,i Introduce ll'�tc scgrcggutron and orgnnic recycling in boarding sccondnry school� .

,v. Design und fobricntc a hvo-compnn.rncnl 0.91 m by 0.911n composl bin und 

conduct 1m1ning on 11s utilization for organic wusic recycling in schools. 

1·. Assess the effects of trnirung nnd the designed compost bin on the adortion of 

organic \l'QSle recycling in the sclcc1cd schools 
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c11,,1 .. rE1t nvo 

2.0 LI fElt;\1'UIU•: ru�v11,:,v 

2.1 \\ hal is wnslc? 

\Vos1c 1s on unnvo1dnblc by-product of human octiv111cs and ma) be reg.:irdcd .i., "un) 

unnvoidoblc motcnnls rcsuh1ng from domcsuc oc1lvity and 1ndus1nol opcrouons for \\h1ch 

there nn: no cconornic demand nnd \\hich must be disposed of (Ccn1rol rollut,on Con1n.>I 

Donni, 2000) The tcm1 \YllSIC con opply 10 o \\idc vwic1y of motcrio.ls, including d1sc11rtlc:d 

food, lcnvcs, nC\\'Spopcrs. bo11lcs. construcllon debris, chemicals fron1 n fac1ory cnndy 

\\'mppcrs, disposable diopcrs. nnd rodiooctivc mJlleriols. \Vostc C..\ISIS ,n Lhc Ihm: stn1cs of 

111011cr i c ei1hcr solid, liquid or gDScous stoics 

2.2 Solid \Vns1cs 

Sohd wnste refers to the unwnn1cd or dJscnrded motcrinl thllt requires disposnl of some type II

cnn come tn o solid, liquid or goscous fonn ThlS molcnnl comes Crom household. 

con1n1erciol, mdustriol, ogricuhurol, mining. or 1nunicipol nc1iv1tics. C1nuno ( 1975) nbo 

defined solid 1vos1cs as discorded solids nris1ng from animal or human octh tics. In general 

this does not include cxcrc10, ohhough somc11n1cs Mppies nod the fences of young children 

may be n1L"<cd \11th solid \YllStes. II is also broadly defined as 1nclud1ng industrial, c:ommcrc1ol 

ond domestic refuse including household orgonie trash, street �\IC<!p1ngs, hosp11nl and 

111s111u1ional garbage ond construcuon ,vnstc. 

2.3 Clnssilicntion or olid \Vu.sics 

Solid 1�1c can be classified ,n scvcrol difTcrent ways. l\,lost solid 1vo,1� Cllfl be subJiv11h:d 

into one of three n1njor categories: 01unicipnl solid wastes; ngricuhurol. mining and indll.\lnnl 

wastes nnd hazardous \\'ll.Stcs. The nntun: of the n101cnnl mny be: im1,ono111, �o clU."-\llicution 

con be n1nde on the basis of organic, inorganic, combustible, non-combustible, putrcsciblc and 

non-putresc1ble frocllon. 

The elnssiliention of solid 1111Ste is usually used for choosing trcntn1cn1. collccllon. recycling 

ond disposnl options (f chob:inoglous et ol., 1993). Solid \Vnsics mD)' also bc: broadly 

6 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



clu�)tlicd as I lu,.nnlous \\JStcs and Non- I IBZ:lnlous wns1es Non-I luI .. :uJous \\'ash:� h:,, e li11lc 

or no potcnuol 10 produce hnnnful consequence or 10,1c leochntcs \\hen stored. ,,hill: 

h:vurJou\ ,vostcs pose 11nmcd101c nnd/or lo1cn1 ho.l.nrds 10 plnnl. nn1n1.il and ccolo1:1col 

cnv1ronrncn1 llozardous wnstcs produce toxic lcochalcs nnd hannful fall-oul ,,hen slon.-d or 

d1spo�d in the cnv1ronmen1 (reavy cl al. 198S). ll1c point of ongin is 1mportnn1 in i.omc 

cuse) hence do\siOeauon 1n10 rcsidcntinl, industrial, ins111ulionol c:01111111:rcial con�trucuon 

ma> be useful (Tobie 2 I} 

Bhtdc & Sundcrosnn ( 1983) also pro v1<Jcd o. clwificauon based on the source, onl!lll und 

I) pc of \\115tc A comprchcns,vc clo.ssificnuon is described below 

(i) non1cstillfllc.ddcntinl \Vn�lc

l'h1s category of w1151c comprises the solid wastes that origin.11e from single nnd multi-fumil)

household units. ·111esc \\IIStcs ore generated os o consequence of household iltll,ihcs ,uch us

c:ookrng. cleaning. rcpnir�. hobbies, rcdccorotion, empty contcuncrs. p:1cl.ag1ns clotlung, nlJ 

bool,.s, ,vriting/ncw paper, ond old fum1sh1ngs. llouscholds also discnrd bulky ,,n,tc\ such O\

furniture nnd large nppltanccs which ennnot be rcpmrcd nnd used. 

(ii) Con1n1crdnl \Vnstc

Included 1n this cntegory nrc solid \\'l151es thnt orig1n:11c 1n offices. wholcsolc and rctoil stores, 

rcstnumnts, hotels, mnrkcts, ,varchouscs ond other commcrc1ol establishments. 

(iii) ln�ti1111ion11I \Yuste

lnstituhonnl wastes nre those ari£ing from 1nsuru1ions such os schools, univcrs111cs, hosp1t:ils 

ilnd rcscurch 111�1itu1cs It includes wnstes wluch ore elCISStfied os gorbagc nnd rubbish os ,,ell 

Cl.'l ,vustcs wluch ore constdcrcd lo be hlll.Ordous to pubhc hcnlth nnd 10 the environment. 

(i1) Gnrbugr 

Oorbagc is the Lenn opphcd to onimnl and vcgclllbh: \\'OSICS resulting from the hondhng. 

storugc. sale, prcparollon, cooking and serving of food. Such \\,lStes con1n1n p111rcscible 

orgnnic moncr. which produces strong odors and therefore altrncts rots, Oic.� and other \'emun 

II requires immcdintc oncntion 1n its storage, hnndling nnd disposal. 

(1·) ltubhish 

Rubbish i s  n gcncrnl Lenn opphcd to sohd \\'llStcs originnting in households. con1n1crcml 

cstobhshmcnts nnd tns1i1u1ions, excluding garbage and nshcs. 
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Tnblc 2.1: ourcc, nnd T) [l\'1 orSoliJ \Vu)ICJ 
Source 'I ypic11I "uslc gcncn11ors 

Rcs1den11al Single and muhi-fomily 
J\\CllingJ 

lnduslnnl L111h1 ond hcuvy 
manuroctunng, fobrication, 
constn1clion sites, power 
ond chc1nical plants. 

Comn1crc111I Stores, hotels. reslllumnts. 
markets, office buildings, 
c:tc. 

lns11tut1onnl Schools. hosp11nls, pri&ons, 

Con5truction nnd 
demolition 

l\hm1c1pal 
ser.•ices 

Process 
(n1nnurncturing, 
etc.) 

Agncuhurc 

govemn1en1 ccn1crs 
New construcllon sues, rood 
repair. rcnovntion sites, 
dcmoli1ion or bu1IJ1ngs 
Street cleaning. 
lnndscoping, porks, btachcs. 
other recn:otionnl areas. 
\\'liter a.nil \\'llStCWIIIC:r 
trcotmcnt plants. 
1 lcavy and light 
1n11n11foctunng, relincries, 
chcrnicol planis. po" er

plants, mincml c,trnc11on 
ond processing. 
Crop), orchnrcb, \ltncyar<h, 
druncs. feedlots. fnrms. 

ourct lloornwci; cl 111 (1999). 

8 

'f> res of soliJ "n�tcs 

rood \\'llS(CS, paper. cnrdbo3fd. plastics. 
tc:1.ulcs. lc:11hcr, yard \\-O.Stcs.. 1,ooJ. l,!hL,s, 
mctols. ashes, spec,nl ,1'3S1C$ {c.11. bull..) 
11cms. consunu:r clcctronrcs. ,,tutc 11001h. 
baucnc:s, 011. tucs). w11J household 
h.J1.rudous ,,:utcs). 
I lousckccp,ng \\Ible:�. p.1cl..ug1n1:. r0tlll

\Yll.Stcs, construction and dcmolnion 
m111eri11ls, haz.:lrdous \\'llStes. ashes. SJl<.-clnl 
\l'l�ICS 

Poper. cardboard. plasucs. \\ood. fond 
1Y11Stes, gla.ss, metals. special 11ustcs.

hamnlolJ.'i \I'll.SICS

Some a.s con101crc1al 

\Voo<l, steel, concrete, dirt, etc 

Street S\lc:cpings; la.ndscapc and 1n:c 
trimmings; gcnerol 1vas1cs from parks. 
btnchcs. rutd other rccrco1ionol nrcn.s; 
sludge. 

Industrial process \\'OSICS, scrap m111.:nols. 
off-spccilicotion products, slny. tnilings. 

Spoiled food \VUSICS. n11ricultuml \\;\SICS,

hllznrdous w1151cs {e.g.. pesticides). 
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(, 1) ,\)hl.'S 

A,t1e:� urc 1he residues fron1 1hc burning of \\oo<l, coal, chnrco.:11. coke nnd 01hcr combus1ihlc 

m111c1i.1ls for cool.ina nnd hc.:111ng 1n houses, 1nsu1u11oru lllld small 1ndustnul C)tahhshnicnh 

\\'hen produced in large qunn1ities 01 p01\Cr gcncnuing plants and foc1one� these "-as'�"' arc 

cluss11icd as industrial \\/OSie.,. Ashes co1is15t of a line p0\\llcry residue, cinders and chnl.c:r 

oficn 1111xcd with small pu:ccs of 111e1al ond ghw (Cointreau, 1982) 

(, ii) llulk) \Vns1c, 

In 1h1s ca1cgory ore bulky household wiu1cs wluch �nnol be 11cco1nmodu1cd 1n lht nnnnal 

s1omgc: con1orncrs of hou�holds. li'or 1his ruson they rcquin: special colkction In dcH:lupcJ 

coun1ric� bulky wns1cs ore lnrgc hou.schold upplmnccs )Uch os cool.er.,. rcfngl!fl1lur., Jnd 

Wlllihing machine., os \\'ell ns fumi1urc, cro1es. vehicle p:irtS, 1yrcs. wood. 1rccs and !>ranches 

Mclallic bulky ,vostcs ore sold os scrap mcUJJ but some portion 1s disposed of 01 s.11111ary 

land lilts 

(\'iii) Street Swccpln�s 

nus 1crm applies 10 ,vns1es lhat ore collected from streets, wnll.,vnys, ullc:ys. parks and vaca111 

lots. In the more affluent countries rnnnunl sLrc:cl s,vcc:prng hn, vrnually disappeared bul ii slill 

commonly 1nl.cs pince in developing coun1ries, "here l111enng of public places 1s n flu moR: 

"idesprcad and ocu1e problem. �!ech,'UUSed s1rce1 S\\'ttping is 1he domirum1 practice in 1hc 

dc1 <!loped countries Streel \\1\Slcs include p:iper, cordboord, plas1ic:. dirt, dusl. lc:a\'c.� and 

01hcr vegc1able mnucr. 

(i�) Oenll Anin1nb 

nus 1s  o u:m1 applied lo dc:ul animals thn1 die nn1urolly or nccidenllllly IJllc:d. I his entcgory 

docs 1101 include carcass and onunol pans from slnughtcr t>ouses ,vhich ore rcgordcd a.s

industrial 11'11Slcs. Dcnd onrnull� ,uc divided in10 1,vo groups, large nnd smoll. Among 1he lnrge 

u111111als an: ho�c�. CO\\S, goats. sh�p. hogs und Ilic hkc Sn1nll on1m:ils include dogs, cots, 

rabl>11S and rots. The renson for this d1fTercntiouon is 11101 large animals require specml 

cq111pn1c111 tor lifi111g and hnndhng during ll1c1r \\'OSlcs (Cointreau. 1982) 
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2.-1 J\tunldpul Solid \V1ule 

�1unicipal Solid \Vnste (MS\V) is the portion (about 73 percent) of the tollll solid \\'!Ute 

stream tlmt comes from rcsidcn�.s, businesses, munic1p:tlities and institutions (schools, 

hospitals, nur1;ing ho1ncs etc). MSW doe, not include solid \\':lStC from nmnufactunng, mining 

or agricultural opcrn11ons. Municip:il solid w:utcs (MS\V) also called urban ,vnstcs is a \\'l!Ste 

type that includes predominantly holUChold ,vostcs (domestic \\'II.SICS) ,,;th sometimes the 

odd111on of commercial wn,ics collected by II municipality ,vithin II given OTC4 (\Velsh 

Assembly, 2005). Municipnl solid \\'!ISle is what most people think of ns gnrbngc. refuse. or 

trash It is generated by households. businesses (other thM henvy induslr)) 11nd iiutitutions 

such os schools 11nd hospitals. 'll1cy nrc 1n either solid or semisolid form and gcncrnlly 

exclude industrial hnz.a.rdous ,vnstcs. The term residwtl ,,ilStc relates to ,,mtc lcO from 

household sources containing materials thnt hove not been scparntcd out or sent for 

reprocessing. Municipal solid ,vostc os defined by USl:PA includes durable goods, non· 

durable goods, conioincrs and packaging, food ,vnstc.s and ynrtl trimmings and n1iscclhmcous 
. ' 
morgon1c ,vnstes. 

2,4,1 Cntcgorics ofi\lunklpnl Solid \V1151e 

There ore five broad categories of MS\V. ll1csc include (I) Biodegrodoblc ,voste: food o.nd 

kilehcn ,vostc, green ,vnste, paper (cnn also be recycled) (2) Rcc)•clable material: paper, glass, 

bottle:$, cons, 1nctols, cennin plnstics etc (3) lncn ,vostc· construction and demolition \\'llSlc, 

din, rock.s, debris (4) Composue \\'IISICS: ,,'&Ste clothing, tcu.i po.ks, ,vos1e plDStics such os 

toys, (S) Oo111cstic lmz11rdous \\.lste (also called "household hnzrudous \VIISte") & toxic wustc: 

medication. c-wnstc, points, chcmicrus, light bulbs, fluorescent tubes, spray cans, rcnilizcr and 

pesticide contnincrs, batteries, shoe polislL Some examples or the types of f.lS\V thnt come 

from each or the brood cutegorics or sources ore 11S sho,\'n in tnble 2.2: 
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·ruhlc 2.2: �r,urcc, :1111J �:,nrnplc, of \1unkipul olid \Vusics

------------------------- --

ltc,1dcnliol (single- and muhi-famil> home,) Ncwsp�pcrs, clothing. di)poiolbk tablc"arc food 

packaging. cans and bottles. rood ,cmp, ) .ird 

tnmm111g1 

Commcrc1RI (office buildings, rclllil and ComJgiitcd bo.,cs, food wiu1cs, office paper., 

\\holc\.1lc c\1nbllshmcn1s, rc:,,anrants) 
. . 

1nmm1nl!) 

lns111ut1onal (schools. llbmric,, hospi11ls, prisom) Cafc1cri1 and restroom llUSh co.n \\II.Sics. office 

pnper1. clas,room \\llstcs,} ard trtmmings 

lndu$1rial (pockllgin& ond ndmtnhtrnti\c; 1101 Corrupted bo,e.s. pla�ttc film, "ood p.illct�. 

process wiutcs) lunchroom wAStcs, office p.,pers 

Source: USEPA 1998. 
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2.-t2 l•1111c1lo1111I Flcn1cn1, ofMunlcipol Solid \VoJtc r.1nnogcn1cn1 )Slcn1 

I he func11onid clcmcni, or Municipal solid \\11.Stc nrc o.s tollo\1s: 

( I l \Vns1e scncrouon: \Vnstc gcnc:ro11on encompasses oc11v11ics 1n II l11ch n1.11criab .trc

idcnlilic:d ns no longer being or 1 ·nluc and ore either 1hro11n 011·0> or g.ithen:d 1ogc1hcr for 

disposal 

(2) \\ln)tc hnndhn" nnd �cpannion, Slornge and processing 01 the source: \Vas1c handhng ond

scp:irntion involves the oc1ivi1ies ossoci111cd 111th manogcmcnl of \111Slc unul they � l')lnccd 

In storogc contnincr for collcc11on. I lnndling also encompasses 1hc movcn1cn1 of loJdeJ 

cornaincrs to the point or collcc11on Separation of 11':ISte components is un imponnnt <tcp 1n 

hondling nnd storogc or solid 1vns1c 111 the source (Pc-aY)' ct ol • 1985) 

(J) Collection The funclionnl clement of collccuon includes no1 only the gathering o f  �olid

\\ll5lc nnd rct)cloblc mntcrinls, but olso lhc transpon of lhcsc m:ucriuls. nOcr collection. 10 1hc 

locntion where 1hc collcclion vehicle is emptied This locouon n1ay be a 1nn1erinls pmcc�slng 

fac1li1y. n trnnsfcr s101ion or o landfill disposal sue 

(4) Scpcrouon nnd processing nnd lr111\Sformation or solid 11"11S1cs· The 1ypcs of n1eun., ond

(ocilitics that nre no,v used for the recovery of \\USle 11u11ennls 1hn1 hnvc been scpnmtc:d at 1hc 

source include curbside collcchon. drop off nnd buy b11ck ccnlcrs. TI1e scpara1ion und 

processing of 11·ns1cs tlmt hove bc:cn scpnrou:d 01 lhc soun:c nnd lhc scpnrotion of eom1ni11glcd 

11m1cs usunlly occur m n nmtcnnls recovery facility, transfer stotions. combuslJon fncilitics 

nntl disposal s11cs 

(5) Transfer nnd 1mn�pon, TI1is elemcn1 involves two sicps:

I TI1c 1rru1sfcr of wru.h.:.s fron1 1hc smaller collcc11on vehicle 10 the larger ll'llnspon cqu1pn1ent 

II TI1c subsequent 1mrupor1 of 1hc wnstes. usually over long dis1onces. 10 o processing or 

dlSpoSAI site. 

(6) Disposal: I odoy 1hc disposal of 11115tcs by londlilling or londspn:ndinc is 1he ult1n,n1c fo1c

of all solid ,vastc:s. 11hcther the) ore rcsidcnllnl ll'IISlcs collected nod transponed dircctl) to o 

lontlOII sire. residual 1no1erials from mo1cnals recovery fociliHc:; O,,IRFs). residue from 1he 

combUS1ion of solid 1Y11Slc, compost or othcr substru\ccs from vnrious solid 1vas1c processing 

facilities A n,odcm so111truy lnndfill 1s not o dump. it 1s on engineered fncilir) used for 

d1spos111g of solid \\'llSlcs on land 1vi1hou1 crco1ing nuisnnccs or hozords to public health or 
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safct) M11:h as the breeding of m� ond insects ond the conu111una11on of ground \\lllcr ( Pt>J\ > 

clul \1)8S) 

2.-1.3 "lunicirol olid \Vnstc Ccncrntion 11111! "l11n11i:c111cn1 lnforn1111ion 

Municipnl solid \YllStc dOlo 1s one lh.nt nu1y pro"idc o loc-01. s1lltc ond nollon\\1dc p1cturc of 

mumcipal solid \\Mic gcncmuon ond management (US[PA. 1998) n1c histone11I rc:r..rc:et1\C 

1s p:1n1culnrl) useful in cstoblish,ng 1rcnds and highlighting the changes that ho, c o.:curretl 

O\ er the ycnrs. both 111 types of \V11)tCS gcnc:rnu:d ond 1n the wa) s the) UN ,nunul!cd 1111� 

perspective on MS\V o.nd its monngcmcnt iJ useful 1n assessing no1ionnl sohd \\.C.lc

monugcmcnl needs ond policy This dato ho\\·cvcr, is of cquul or greater vuluc as 11 �ohd l\.sstc 

mnnngcmcnt planning tool for sllltc ond locnl governments and pn\'Olc finns 

·\t the local or smtc level. MS\V i:cnernuon and manogen1cnt do10 con he u�cd tu dc,dnp

opprox1n1otc {but quick) o:stimotcs of /'.IS\V gencro11on ,n o defined orco Trull is. tho: data on 

gcnemtion of MS\V per person nat,onnlly may be used 10 csu,natc generation ,n o Cit) or 

other loall orea based on the populouon in thnt orcn. This con be of vnluc when 11 "ballpilrk" 

es1in1ote of MSW generation in on nreo is needed. This infom1otion can help define �,lid 

\\'U�tc monasemcnt plnnning areas and the planning needed 1n those ureas. I IO\\cvcr. for 

commun11ics mnl..ing decisions where kno,,..lcdge of the amount nnd compos,11on of MS\\ b 

crucial e.g. where o solid \\'llSlc nmnngcmcnt facilhy 1s being Siled, locol cstimntcs of the 

\\OSie strcnn1 should be nmde. Another useful fe.11ure of t.lS\\I dotn for loco I plnnning is MS\V 

tn:nds thru1gcs o,cr time in total t.lS\\I generation and the n1ix of �1S\\' ,nntcnnls con oni:ct 

the need for nnd use of 1•onous \\'IIStc monogcmcnl ahemnuvcs Ob�crv111g trends 1n /'.1S\V 

gcncmuon cnn help 1n plnnn,ng on intcgrntcd ,vnstc mnnogcmcnt system thnt includ� 

faeili111:s �iled ond designed for years of service \Vhilc the notionol ovcrugc d,110 nrc useful o� 

o checkpoint ago.inst toe.ii MS\V chnmctcriz.o11on doto, any d11fercnccs bcl\\ccn locol onu

nnllonol dnto should be examined co.rcfully 

Possible reasons for difTcn:nces ,n MS\\I generation nnd monagcmcnt doto nrc: 

• Scope of \\'OSie strcasns may differ. niot is. o local landfill n1oy be receiving construc11on ond

dcmoliuon ,vostcs ,n odd11ion to �IS\V, but this rcpon addresses t.lS\V only.
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• Per c,1p11a gencrot1on of some product,, such as ncv,spapcrs ond telephone d1rcc:toncs. , ,1n�

w1dcl) depending upon 1hc overage St.«: of 1hc pubhcauons I yp1cnll). ruruJ an:a� ,1 ill

gcncmtc less of 1hcsc product, on u per ,,.:non basis lhon urban orca.s

• I he lcvc:l of com1ncrclul oc1ivil)' in a community will mnucncc 1he gcncnuion nuc of <rnrnc

product), such ns office paper. corrugnrcd boxes, ,1ood pallets anti food ,1�1.:s fron1

n:,tuur.ints

• Vunutions in economic ac111111y can affect \Vll5le gencmuon in both the n.-sidcnuol and the

con11ncrclal �cctors.

• Vonntions ,n clirnntc ond loCDI \VQStc management pmcuccs ,111ll greatly 1nllucncc gcncnulon

ot ) urd trimmings l·or 1ns1oncc, yard trimmings exhibit sltOng sc�nal 1'U!la1tons 1n 111os1

regions of the country. Also, the level of backynrd composting in a region ,viii :ilTcct

gcncrn11on of ynrd 1ri1nrnings.

• Gencmhon nnd discords of other producu ,viii be olTcctcd by locnl nnd sllltc n:gulotion� nnd

pmcticcs, Deposit lows, bans on lnndlilhng of specific products, und vnnablc rote pno1ng for

,1as1c collection ore cxnmples of practices 1h01 con rnnucnce o local \\1Ule stn:om (USliPA.

199R)

2.5 \\laslc Ch11rnc1cris1ics 

rhcre ore o number of wny� in winch IVllSlcs produced in dc:vcloprng countncs differ from 

thnt of mdustnnhi.cd countries. \Vh1lc oc1unl composilioo is cc:noinl)· nu1 uniform in all 

del'elop1ng regions 1n either of these co1egorics, IJ1crc ore some general ways 1n which income 

influences both ll'llSIC gcnenuion rotes ond compos,1.1on. At o n1acro lc1cl, tvlS\\I gcnl!rullon 

increases ,vith nn intreasc in Gross Notional Product. At a household lcvc:I. 11$ income ris�. 

the gen�ml trend is an increase in paper, mctols ond gloss. a decrease in kitchen \\115lc. 

nccornpnmed by on incrc,1sc in 101nl \\Cight and a dccrcnse ,n density (\\'right. 1997) 1 here 

UJC nurrtber of key ,vnstc chomcterisLics. 

2.5.1 l'hysicnl Chnraclcriltic.s or Solitl wustc 

real') cl al, (1985) s1111ed 1h01 the physical properties of solid 1vns1c include· Composition, 

p:iruclc size. moisture content. density ond scnsonnl voriabili1y in the: qunn111y and qualit)' of 

1hc wasrc. I he physical chomctcrisucs oid appropnatc bin design ond efficient operullt1n of 

solid wnsrc mnllllgcmcnt 
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2.5.1, I Oc1nhy 

I ht dc1u11y data arc often needed to IW<:SS lhe 101111 mnss and volume of \\'lllcr 1h111 must � 

managed Ilic dcn,11y or ony solid waste 11rcnm will be dc1cm11ncd by the eon1pos1hon nnd 

by lhc de11fce of shope lll1ern1ion. The dcru111es of solid W!l.\les VDJ) mnrkcdl) \\ 11h l:�'<ll!J"Jphrc 

loc:uion. season of the year, ond length of ume 1n storage (fchobanoglous c l  al • 1993) Inc 

phy11cul und chcrnicnl propcnics of solid \\,UIC on: 11$Cd 10 cl0!>�1fy \\llllt� und 111 dc1cm11111: 

cqu1 pmc111 need, llrey nrc csscnlral tools 1h01 .iid in the design of mllnngcn1cn1 plan� 11 11h 

rcspcc1 10 source: scpenuion, energy recovery ond dispoStll of solid wns1cs ( l'cnvl cl ul. I ')85 

\Vuhc, 199S), A higher solid IYUSIC density nlso hns many implic.itions for the tmd111nnal' 

methods of collcc11on ond disposal, collecuon and tmnsfcr trucks '"luch nre able 10 achrcl'c 

con1prcssion roles of up 10 4: I in 1ndus1rioliud nn1ions mny och,cvc only I .S I ,n developing 

countncs, wrd landfill cornprcssron u:chnology which ovcrngcs volume reduction of up to 6 I 

rn rndustnnl nnuons n111y onl>· achieve 2· I compacuon \\llh these ,ncn:lbcd \1ustc dcns111cs 

appllenlions: os incon1c level 111cn:.ucs ond lhc amount of post-consumer wnsu.• such as 

packog1ng incrcoscs correspondingly, such 1cchnolog1cs n1oy be more appmprime 

Additionally, the lugh n1oisturc con1en1 nnd organic composition of l\'IISICS in the dcl'cloprng 

world nmy lend 10 problems of incrcoscd decomposi11on rotes in orcas 1vi1h high ovcrog.: cJJily 

ternpero1urcs; lugh sensonnl or yc:ir-round rainfall \\'Ould only compound these problcn1s. 

prc,,enting oddi1ionnl challenges \l'ith insect populnuons ond conditions conducive 10 disc.isc. 

To n1i1igmc these problems, n1uch more frequent collccuon 1s needed in hot, humid orcns 10 

rcrno\'c organic \l'llStcs before they are oblc to decompose lhnn l\'Ould be nccdcd rn cooler, 

dru:r chm,11cs 1lu: I) pre.ii densities ond mo1s1urc contents of components or municipal sol11.I 

11.istc:5 ore as su,nmarizcd in Tobie 2.3. 

;\)though doily collccuon lws proven unreliable or UO\\'Orkoblc 10 mnny c111c� (Co1n1n:ou, 

1982), perhaps o '"�cc-,vcckly collection of orgonic moteriol possibly ,n conjunction ,11th n 

mu111c1p:sl con1pos1ing opc:rallon, 11ould be suOicicnl 10 reduce dtcompos11ion Knowlcdi;c of 

the dcn.suy of o wostc i s  essenuol for the design of nil clements of the solid \\'IISII: n1anngcmcnt 

S) s1cn1 viz. Comn1unil)' storage, IIllnSportouon nnd disposal. for exun1plc, in lugh 1ncnn1e

countncs. considcrnblc benefit rs denvcd through the use of con1poc11on vehicle,; on collection

routes. because the \\'OSie rs typ,colly of lo" density.
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Tnhlr 2.3: T) plcnl Dcnsirlcs or l\lunicipal olit.l \Vnsrcs Dis�rt.lcd in I !ncon1pnr1td �·orn1 

�IS\\' Cornponcnt Dcn,ity, Ki:{�11 �loblurc Control (%) 

lh1ni:e Typical Rnnge 1'ypicnl 

Food \Vus1cs 128.2 480 6 288 3 S0-80 70 

Paper 32.0· 128 2 817 4-10 6 

Cnrdbuurd 32.0 80.1 52.4 4-8 s 

Plos11cs 3'.}.,0- 128 2 6'1 I 1--1 1 

I c111ilc� 32.0- 96 I 64 I 6-IS 10 

Rubber 96 I- 192.2 128.2 1-4 2 

Leather 96 I· 2563 160.2 8-12 10 

G1udcn I nrnmin� 64.1-224 3 I 04 I 30-80 60 

\Vood 128 2- 320.4 240.3 IS-40 20 

Glnss 160.2 480.6 193.8 1-4 2 

Tin co.ns 48. 1- 160.2 88.1 2-4 3 

Nonferrous metals 64 I 240.3 160.2 2-4 2 

Ferrous metals 128.2 1,121.3 320.4 2-6 3 

Silt. Ash, Dirt, bnck e1c. 320.tl 961, 14 480.6 6-12 8 

'ourcc: Td1obonoglout cl 111., (19?3) 
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/\ rcduc11011 of volume of 75�� is frequently achieved ,,ith nonnal compaction c.-quirmcnl. '°

1ha1 on 1ni11ul dcns11y ol 100 l.g!m1 will rc11dily be ,ncrcased 10 400 I.I!, n1J In other ,,'Ords. the

Vfhlch: \\Ould haul lour Limes the ,vciW!I of ,,ilStc 1n the comp3cted s1ou: th.In ,,hen the ,1.u1c 

1s uncon1pac1cd TI1c si1uo1ion 10 lo, v-111con1c countncs 1s  quite d1ITcren1 o hil,!h 1ni11al cJcns1t) 

of ,,:isle precludes the ochu:vcmcnl of high comp;iction ratio. Conscqucnll} con1p,1c11on 

vehicles offer little or no 11dvun1011c ond ore not cos1-c1Tcc11vc Sign11icrull changes in ,knsu, 

occur spontaneously o, the 1vas1c moves fron1 source 10 c.hsposol. as o rcsuh of sen, �1191111,:. 

hondhng, wc1111111 ond dryina by the weather, vibration 1n the collecuon ,chicles (llh1dc and 

Sundcrusan, 1983). 

2.5.2 Chcmicuf Ch11rnc1cri1tics or olld \V;ute

Representative darn on the ul!imn1e nn;ilysis of a typical municip:if wic.tc comJ)ltnCnl nn.:

presented 111 ·1 able 2.4. lnformnlion on the chcn1ical compos11ion of solid \\QSlcs 1s in1potttllll

in evnluntlng al!emnti vc processing nnd reco,·el')' options for irutnnce if solid ,vnstcs ore to 

be used ns fuel, propenics 10 be known ore. ProXJmntc an.:il}'Sl5, fusing point or ash. Ull1mo1c 

011111>�•� 011,
1 I lco11ng Voluc (fehobanoglous ct ol. 199)). 

2.6 olic' \Vnstc CharaclcriLntion 

Wo�tc chor11c1crim1ion 1ncnns lind1ng out ho" much paper. gloss, rood ,vnstc, etc 1s tliscnrded 

111 your wos•c sll'Com. t.lS\V chnrnc1eriz.ouons, \\hach onnl}7C the quontily nnd composition of 

the municip·1l solid \\11Slc sll'Con1, involve es11mn11ng ho,v rnuch 11>1S\V 1s ccncn11cd. recycled 

(including c:imposting). combusted ond disposed of 1n landfills 

Solid waste strcoms nre ehoracterizcd by their sourcc:.s, by the types or \\OSICS produced. ns 

"ell ns by renem11on mies and con1posi1ion Identifying the components of the \\11s1e stn:,1m 

is nn 1n1porton1 step toward nddrcssang lhc issues ossociatcd \\11th the generation and 

manugcmcn1 of 111unic1pnl solid \\'.ISies. /\ceumte infom1011on 1n these three orcas 1s necessary 

an order 10 ,nonilor ond control existing \\'llStC management systcn1s nnd 10 mnkc rcgulntOI'). 

finnncinl on I 1ns1i1u1io11nl decisions. The dc1crmin111ion or \\'l\Sle qunnlil}' and con1posihon 1s 

esscn1iul 10 ucccs�ful solid 1,'llSte mnnngemcnl. 
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l'nblr 2.1: Trpicnl Data on Ultin1111e Anni) ,ls of the Con1hu11iblc Con1ponrnt\ in 

J\luoicipul. olitl \\'nstc 

J\IS\\I C-011111u11cn1 l'crcc11111i;c h} tll') n·cighl 
-

Cnrhon llytlrogcn Oxygen Nltroi;cn .!,ulrur ,\�h 

food \Vas1e, t15-75 6-12 20-40 1-2 0201 ,I s 

l'npcr S.: CnrJhoarJ J0-60 S-10 30-40 0-0 J 0 1-0.2 5-10

r1n,11cs S0-80 8-10 I S-20 <0.1 <0.1 6-10

I c\lilcs 40-50 S-8 30-40 1-2 0 1-0.:! 3 I 

Rubber 60-70 8-10 1-2 15 '>O 

Lcnther S0-60 6-8 10-12 8-10 0.2-0.4 8-10

Gorden rn1111n1ngs 45-50 4-6 30-40 3-1 0 3-0 -I 6-8

\\lood 45.50 5-6 40-45 0.1-0.2 0.1 0.5 I S 

Glass 0.5-0.6 0 1-0 2 0.2-04 <O I • 98 99

fvlc1nts 4.5 0.4-0.6 )-4 <0.1 • 90-95

Silt/Ash/D1n 20-30 3.5 3-4 0.4-0 6 0 1 0.3 60-70

Source: Liu llllll Liplnlt (19?6) 
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In lo,,-1nco1nc coun1ric:s. ,,-aste is usually very high in organics, bccnusc or her c11ru.111ucnr-- .ire

rcmu,cJ cllhcr before sc1-ou1 or between sc1-ou1 onJ collcc11on. I hgh·1ncomc countn�. b) 

con1rn�1. 1cnd to hove n lower proportion or organic w"DStc but more paper. pl051k. 1nc1ul. and 

glass. 

\\'nsic charoc1cnZD1ion 1nfonna1ion helps 10 planning how 10 m!ucc ,,.i.s1c. SCI up l'CC)ClinA 

progrnn,s, ,ind conserve money ond rcsollr'Ccs. By dc1cnn1ning the maJ..cup of 1hc \\-OSie 

�ucmn, \\'U)lc chnrac1cnlllllon, also provide valuable d:110 for )Clllllll \\.Ulc 1nanol:lcn11:111 

gonl�. 1mclnng progress 10,vnrds those goals, and supporting plnnning 111 the n111101111I. slatt. 

OJld locnl le"cls (USEP,\, 1998). 

n,c chnrnc1criZ11tion of municipal solid w:1.Slc consisis of t\\'O major parts c11111111il) and 

con111osi1ion, The first mnjor pnrt of \VII.SIC chnrac1cn1.auon. qu:in1i1y, 1s the cnsicr of 1hc 1,,0 

10 charnc1cnv.:, and it Is mc:isured in volume or weight. ,vilh greater oceurncy coming lrom 

weight mcasurcmcn1s. Chnrncrerizing ,vastc qu11n1i1y usually 1nvol\'CS continuous or pcnodlc 

\\-eigh1ng of ,vas1e delivered 10 waste manugen1cn1 focihllcs TI1c second p:m or ,vus1c 

chnmc1eriw1ion, \\'ll.Sle composnion, is 001 as easily chnroc1crizcd, since II rcqum,s 1aJ..ing 

smnplcs of \\'11.511! and sorting then, 1010 m111criol calegoncs 10 define the fraction or perccntngc 

of the waste fro1n each cmegory This process 1s more difiicult because: 

(I) De lining nn easily undcrs1oocl, useful and consistent set of mntcrinl categories 1s not

stn:11gl11forward.

(2) Solid ,vas1c is o highly heterogeneous material, rcquinng large numbers of srunples 10

accurately chorncrcrize.

2.6. I The objcclh·c of I\ 11slc ch11n1c1criu11lon 

\V11h n,orc s101cs 1noving townrd establisl11ng \\'I\Slc n:ducrion gonb und 1U rcgulu1ion� nnd 

disposal costs hove become 1norc of o burden on local govemn1c111.s. lhc public perception 

toward solid ,\'nslc hos undergone s1gn1fienn1 shins Sohd waste is no longer just "garbage" 

thol goes owoy \\hen the truck comes. Rother, 11 is so1nc1hing ll1n1 must be mnnogcd proper!) 

10 ovoid fu1urc problems. From 1h1s change in cn1phnsis on solid ,vostc emerges the need 10 
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"chaructcn,.c," n.s precisely Ill possible with ova.iloble resources. wh.:lt it is thot nnist be 

n1anogcd nnd proc�cd (Ro)', I hv.cn and Sow')'cr. 1992) 

lh1: purpose or w·as1c coroctcnlllllon hO\\Cver is 10 g11thcr U5Cful occurotc wid oppropnatc 

dntn on the nmount of the waste stream BS needed to ass1St 1n pl:mn1ng of solid \\JSlc 

1nanogcmcn1 progron1mcs and foclhtics In ninny 1nstllnces. some components ol th.: ,,ust.: 

)trcam nrc n1nnngcd ,vilh one op11on, while other components ore: directed to other opuons. 

·1 hni \\'O)IC quan111y ond composi11on dntn nrc nece5SQI)' to cruurc di:11 needs ore n1c1 ond thnt

n111nagcn1cn1 options ovoilnblc match lhcsc needs. 

2.6.2 Plnnnlng uses or solid "nstc chnrnctcritnlion 

I here W'C n variety of plllJ'IJliog uses 1h01 \\'ilSte charoc1cri1.i1Lion datn can pro,·idc Among 

these ore; 

• Sizing of foci Ii tics designed 10 process wl\Stc;

• Projecting lnndlill life cxpccu1ncy using 1ncom1ng 1onnnse ond po1cn1inl \\.ISie

diversion cstimntcs;

• ldcnufying mntcrinls 10 target for recycling prognuns ond facilities:

• Identifying 1nn1crinls 10 lorQCI for source reduction in1dotivcs;

• Identifying who (i.e., residents. businesses) generates ponions of1he ,,mtc stream,

• Monitoring in1p11ct of source reduction and recycling programs. changes 1n waste

generation habits, nnd changes in composition brought about b)' changing comtnunit}

dcmogrnplucs:

• Informing 1hc public aboul what goes lnlo the Wll5te stream,

• Determining Otu vnluc� for \\ASIC dcs11ncd for \\115te-to-cncrgy (ucili11cs.

2. 7 Solid \\ln�tc Cornpositiun

Ocncrnl ,vns1c (NIS\V· Municipal solid ,vnstc) is gcncrntcd every doy OI ,•uriou!> pince) ,uch 1"

households. shops. n:slllurnnls, offices ond schools (\VACS, 2004). A fr�ucnt crrur 1n the �ct

up of collection nnd trnnsfcr systems 1s  10 ossumc 1h01 nil ,vnstc s1rcan1� nr.: olikc \\lnstc 

gcncrn1ion nnd ,�11Stc components cnn vory signili=tly from dny lo day, scnson 10 scnson 

ond ycnr to )'Cllr. The con1posilion of the ,vns1c strcnrn varies not only scnsonally. bul within 
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ethnic nnd socinl divisions in the snme counlry Oet\,cen countril-s. he1n1sphcrcs 11nd 

continents, there i� rather lorg1: voriation 

Accllnhn!l to D101 and Golucl-c (1985). Urban \YUSICS cnn be subd1videJ into I\\O mt1Jor 

coniponcnts; orgon1c and inorganic In general, the orgnruc components of urb3n solid \\1l.\te 

cnn I'<! clossilicd into three brond catcgoncs. putresciblc, fcrmcnLDblc, o.nd non•fermcntnl>l1: 

Pulrcscibh: ,\'nstcs tend to decompose rapidly and unless carefully controlled. decompose wuh 

the pruch1c1ion of obJcc11onnblc odours ond , isual unplc.uuntnc�s fcrmcntoblo \\UStcs tend to 

dccon1posc rapidly, but ,vithout the unplcnson1 occomp:i.nimcnts of putrelac11on Non 

fcm1cn1nble ,�-nstcs tend to rcs1s1 decomposition Md. therefore. brcal. d0\\11 \/Cf)' slowly \ 

maJor source of pu1rcsciblc ,voste is food prepamuon nnd consumpuon. As such, its notun: 

vanes '"ith lifestyle, s1nndnrd of living and seoson:ilit} of foods F'cm1cntoblc wns1cs on: 

typified by crop and ninrket debris. 

African cities tend to hO\'C ,Y11Stc streams 1n \\hich the organic contcnl is very high. as  

cxcn1plilicd in Tnbli: 2.S. TI1c high organic content is due to the fact that reusable materials 

such us glnss, mctul, w1d hnrd plastics, nrc retrieved ond reused or recycled, resulting in o final 

\\D�tc strewn "ltich has lin1itcd po1c:n11al commcreinl vnluc in the recovel') of rec)clablt: 

nmh:rials. IIO\\'C\'cr, there still may be sullic1ent quonuries in the �IS\V of high dcnsuy c111cs 

to \\arrant implementing recovery programs (Pnlczynsk1, 2002). The high organic content. if 

left ulonc, constitutes n mnJor he!!lth nod cnvironmen1nl haznrd. Calorific values nre reponed 

os being 10"'• making the \\'llSte sircams typically unsuitable for energy rc:covcry via 

1ne1ncrotion llowc,·cr, it hos the potenuol to be: used os on organic fi:nilizcr (i\�omlll11-

Uontcng ond Hoight, 1999). 
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I 111Jlc 2.S: \\111s1,• ('on1ro�ilion In Selected A frirnn ('!lib 

Co111pqsitio11 Citll!l 

(!' by ll'clght) Kumus1, Acero, lbadnn. Kampnl:1. Kigoli. 

Glmna Ghar111 Nigcrio Ugond.1 R\\anda 

Or110111c !!il.O !!S. I SS.8 75.0 94.0 

l'losllc 3.4 6.3 

Gloss • 1.9 1.8 

Mc1nl 2.6 •

Poper 4.9 12.9 • 

lncn •

-

Cloth 3.0

Source. Asomnni-Boateng and l lois)lt, 1999 
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2. 7. I Organic \Voslc

Org,uuc \�,isle is produced \�hcrcvcr there is humnn habiwuon The main fomt\ of <llt'MIC

wllSh!� ore household food Wll!>tc, ognculturnl wnstc, hun1:1n and nnimnl \\astc In 

1ndus1nnhscd countries, the amount of organic WilSlc produced 1s iocrcasins druma11cnll) cnch 

)Clll Comrncrcmlly produced organic waste is gcnerotcd ot UlSlllutional bu1ld1ngs such os 

schools, hotels ond rcstnurnnts. Orgnn1cs make up 30-80 percent ( 70 percent on ovcrogc) of 

the 1vns1c strcllffi in Africo. olthough tlus vuncs \vtth the incoml!S of  the ncrghborhood, rciion 

or country. If tlus por1 or the woste strcom could be used for compo)I or methane productron. 

mun)' adverse impacts of open dumps ond landfills \�ould be reduced Landfills would require 

less space, l1151 longer, nnd produce less lenchnte 

\Vos1e n101crinls 1h01 ore orsnnic ,n nature, such as pion! mntcriol. food scrops. and p:ipcr 

products, con be recycled using biologicol composting and digestion processes to decompose 

the organic n1011cr TI1c resulting orgnnic moteriul is then recycled as niulch or compost for 

ogncultural or londscnping purposes. 1l1c biodcgradoblc fraction in \111Stcs that cannot be

recycled or converted into new products, incrcasinsJy is tn:at,-d through composung It 1s the 

IO\l'CSI cost alternative to IMdlilling for n\llII)' 11115tcs. 

2 .7. 2 Putr�cil>lc" IUICS

Putrcscible w11.s1c is the onirnnl and vegctnblc \\'llSIC rcsulung from the hondlrng. prepomiion, 

cooking and serving of food. It is composed lnrgely of degradable orson1c mnucr nnd 

moisture. It nlso 1ncludc:s small omounlS of free liquids. Putrse1blc 1vns1e originotes prin1nrily 

1n homes, IJtchcns, stores, mnrkcts, rcs1numn1s nnd other places where food is prepared. 

stored or served. 1l1is type of ,vostc: decornposc rapidly por1icuh1rly in 1wrn1 1vcntJ1cr and n1ny 

easily produce undesirable odour 

2. 7 .3 l�ootl 1\ n�,c�

Food lcOovc:rs nn: the single-lorgcll cornponcnt of tJ1e wostc strcrun by wc1sJ11 in the Urutcd 

Smt�. Amencuns thro,v owuy more than 25 percent of the food prepared. nbout 96 billion 

pounds of food waste each year Food ,vnste includes uneaten food ond food prcp11rnt100 
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2. 7. I 0!'Rnnic: \Vnstc

Orgmut ,,.u1c 1s produced \llhcrcvcr there is humllll habit.111on fhe main fom1, of orgMic 

\\,utc� an: household food waste, ogr,culturul wnstc. hunun and an1mnl ,,a.,tc In 

industnnliscd countril!S, the amount of orgnn,c waste produced is incrcos1ng dramaucull) cnch 

)O:Dr Commercially produced organic w'3Stc is generated ot 1115t11u1iorul buildings s:uch as 

schools, hotels ond rcSlilumntJJ. Orgon,cs make up 30-80 percent ( 70 percent on average) of 

the ,vastc strcom 1n Africa, although tlus varies with the incomcs or the nc,ghhurhood. region 

or country If this port or the \\OSie stream could be used ror compo�I or 111c1hunc producuon. 

many adverse impacts of open dumps and landfills ,vould be reduced Landfills \\Ould rcqu11'C; 

lc�s space, lost longer, und produce le� lcocluue 

\Vnste moterinls thnt ore orgnnic in nature, such 115 plont motcriol, food scraps. and paper 

products, cnn be recycled using b1ologicnl composting and digestion processes 10 decompose 

the organic nmller TI1c rcsulling orgnnic motc:riol is then recycled os mulch or compost for 

ngnculturnl or landscaping purpose.'> TI1c biodegrad:iblc fraction in \\'OStcs 1h01 connot be

n:cycled or convened into new products, 1ncrc4Singly is  trcotl-d through composting II 1s the 

lowest cost nltemntivc 10 londfilling for n1o.ny \\'OSlcs.

2 . 7. 2 Pu l rescibk \\'IIMCS

Putn:sciblc waste is the onimlll and vegetable waste rcs:ulung from the hnndling. preparation, 

cooking and serving of food. h is composed lnrgcly of degradable organic mnncr Md 

moisture. II a.lso includes small on1owi1S of free liquids. Putrscible ,vns1e originatei; primoril)' 

1n ho,ncs, IJ1chens, stores, n1orkcts, res1aumn1s ond other ploccs where food is prepared, 

stored or SCI\ cd TI1is type of \\IIJSIC decompose rapidly par1iculorly in \\111111 ,vcalhcr nnd may 

eas1I} produce undesirable odour 

2. 7 .3 Food "nstc�

Food 11:novc:rs urc the s111glc-largcs1 co1nponcn1 or the \\'115lc stream by we1gln in the Uru1cd

Stnl(). /\n1cnc11ns thro\\ ' oway more thnn 25 percent of the food prepared, about 96 billion 

pounds of food ,vnste each year Food w,1.5te includes uneaten food and food prcp::un1ion 
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scrap� fron1 ri:.:.,denccs or households commercrw eswbli�hmcnt� like �wuronrs. 

1ns111u11onul \OUrte) like �hool cofctcriil!I nnd rndwtnnl !1-0urccs lrkc faclOt)' lunchrc>0111, 

2. 7. J. I Ch:irnctcri�tics of FoocJ \Vustc.s

OrQanic materials gcncrntetl by commercial foc1li1ics. such as supcmurkel!i. food procc:-S0'1i, 

and rcs111urnn1s, ho,c the po1cn11al for divcning lnrgc amounts of lood, soiled and ,,a'l:cd

cardboard, and paper (I igon & Gnrland. 1998) In n "1pcnnnrL.c1 lor c,amph: o�.1111c 

rc\ldu,1ls co111po\c 7S 10 90 percent of the 101.11 ,�mtc �U'Cllm (l 1gon & C..irland. I 1)CJ8) l·oud 

w,1Ntc reprc�cn1s opproximnu:ly SO 10 65 pcrccnl of the ,,e1gh1 Wld volume. rc:.pc.:th cl). of 

1hc solid v.n�,c 11cncmtcd ,n commc:rc1ol und noncommcrc,nl food sCl\·icc operations (ll)Cr.i cl 

ol  , 1999). If other orgnnics were included, the qunnllly of v.us1e Llull could he con1po�1ed 

,vould be even higher 

2. 7. 3. 2 Ccncrntors of Food \Vnslc.,

food wns1c is generated from mnny sources: food mnnufnc1unng and processing focili11e:.. 

supcmuukcLS; ins1ilu1ions such as schools, prisons, Md hosp1111ls, re�lllun1111s and food coun.-.. 

nnd households. Food ,,'IISIC is ClllCQorized os either pre-consunu:r (i.c prc:pamhlr)' food 

scraps) or pos1-cons11mer 1,':ISIC (e.g. lcnover food or plate scmpp1ngs I argc-Sculc 

Generators or Food ,vns1cs nre rood sen·ice providers (e.g supcnnarl.elS, 1nsti111tions, 

n:smuran1s) 1h01 produce o si11nilicnnt quon1ily of rood 1Y11Slc cnch do). llowc, er. 

homeo,�11ers and Snlnll-Scnlc: Generators of Food ,vns1cs are residents nnd other small scale 

generators of food ,vu.sic 1h01 con compos1 01 home or on !heir o,vn propcny By composuns 

food ,vo.stc onsi1c, hon1co,vncrs nnd small businc.u ClU1 sign,licantl) reduce 1he 01noun1 of 

\\'!ISie for disposal and sn,e mone) from avoided disposnl costs (US EPA, 2006) 

2. II \\ ln\lC Ccncr:llion lla1es

Gcncrn1ion rcrcrs 10 1hc nn1oun1 (,vcighl or volume) of mo1enol� ond products thllt enter the 

,vostc s1rcon1 before recycling (including c-0mposting). landlillinc or combusllon takes place 

(USfl'A. 1998) 1 e 1hc 1cm1 gencm11on refers 10 the 1,cigl11 ofnuucnals ond products ns the>· 

en1�r 1he ,�mte management systcn, fron, rcsidentiol, com1ncrciol. instituuorutl ond industrial 

sources and before m111crinls recovery or combustion tokes pince. \Vos1e generation mc:ins 1hc 

m1e of ,vnste produced. no muller how !his wo.slc is mUJ1J1gcd. In many insumccs. one 
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generation rntc is estimated for the entire ,\1aste Stream to be mnnugcd I lo\\·cver. os  recycling 

ond \\ru,tc reduction oCll\!itics hn,·c increased, there has been on increasing need to understand 

,md numogc the ,,�tc strc:un based on source. Thus, ,,•ith increasing frcqucnc). 11'1lstc 

generation rates are being broken into 1,vo or more categories. At o mininium, n1os1 

comntunities ,viii find it necessary to separate the generation rate from residen1ial sources 

fron, tlun of commercial ond industrial sources. One reason for ClltcgoriziJtC the 11:iste stn:an, 

b) secuon 1s that residential \\mh: generation and composition typically vary less from

locnt1on to locntion thnn does co1n1nercial and industrial 11nstc. Thus for rcs1dcn1iol ,w�tc. II 

1s more common to utilize ex isling 1nformot1on thnn it n1oy be for other segments of the 11;1$tC 

strean, \Vaste generation rotes ore most onen used to project 1Yl1Slc monogcmcnt needs flus 

requires lhot considerouon also be given 10 projected changes in the: ,vas1c gcncrouon rotes 

fyp1call)', this requires analysis of the local economic condi11ons as ,veil as assumptions 

regarding future 1voste reduction octhitics. Genernlion rates, available only for selected cities 

and regions, are opproximate.ly 0.5 kilograms per person per d.iy - in some cases rcildting as 

high :is 0.8 kilograms per person per day. \Vhile this mny seem n1odcs1 con1p11rcd to the I 2 

kg p<r person per day generated in developed countries, most ,vnstc in t\frica is not collected 

b) municipal collection systems bc:cnusc of poor mnnogcmcnt. fiscal irrcsponstbility.

equipment failwc. or inadc:qWJtc: V1'11Stc mnnogcmcot budgets (EGSSA. 2009). 

Throughout most of sub-Sahomn Africa solid ,vaste generation exceeds collection capacity. 

11us •� 10 par1 due to rapid urban population i:rowth: while only 35 percent oflhe sut,.Soh3ron 

population lhes in urban orcas, the urban populntion grew by 150 percent bet1veen 1970 and 

1990. But the problem of gro,ving demand IS compounded by brokcn-do,vn collection trucks 

and poor program ITUIJlllgemmt and design The Charnctenzatlon of Municipal Sohd \\ nste tn 

the Urutcd SllltCS 1990 update, prepared for the EPA, hos proJected .in 1ncrca,e 1n \\JStc: 

generation rotes 01cr the next l\l\Cnty yenrs This is con}i,tc:nt 1\llth the trend 1w11onull) ,H.:r 

the lost twenty yclll'S. I loV1evcr, it is v1r11111lly impos�1ble to gcnc:mh,.c in tlus 11rat One 

oppronch 1\ould be 10 assume thnt gcncm11on mtcs rcrnnin the s.in,c nnd that disposal mtc) ore 

only dccrenstd by p3r0llcl increases tn recycling nnd composting octl\'1Ucs �lany cc:nemuon 

proJections also will give a range of esumntcs (Roy. I lnun and SD\\'}'cr, 1992) Catcgol")· and 

the unll of\\1UlC generation rate 1s illustrated in Table 2.6 
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1'ablc 2.6: Cn1cgory nntl lhc Unit of \V:1stc Gcnerntiou Rntc. 

C11tcgol") \V:1s te Gcncrnlion 

Ralc 

llouschold g/pcrson/day 

Co1nn1crcinl RcstaurunlS g/chnir/dny 

Other shops g/shopldoy 

lnst11u1ion (offices) sf employee/day 

�11ll'I..ClS g/s1ore/dny 

llotcls g/room/day 

Schools g/sludcnt/doy 

Roadcl�ng 
� 

Ffm /doy 

Source: \Vas1e Alnount anti Corn (l ositiou Sun•c y, 2004.
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2.9 ln111ucts of Solid \Vostc� 

2.9.1 ln,puct� on the �n"ironn,cnt: 

• The blockage or roads by refuse leads to traffic chaos nnd increase 111 1he risk of human

ond ,cluculnr accidents.

• l11e blockage or drains nnd streams by solid ,vns1es results in nood1ng. wluch

occnssionolly rcnchcs proponions 1h01 cause loss of life und propcrt). breeding of

n1osquilocs. the cousouvc ogcnt for mnlorio ,vhen they bile exposed hun1ons.

• lnd1scr11nina1c burning of refuse lends to producuon of green house goscs wl11ch can

con1ribu1e to global \Yllnning (excessive heating of the earth), drough1 ond flooding. It

olso leads 10 acid min which would nffccl agriculture and pollute the soil and ,voter

• Loss of prime lnnd for housing and other land use octivi1ics.

2.9.2 lmp11cts on Henllh: 

• The health h:izards caused by indiscrimino1e disposal of solid \\'llSICS include fires.

inJuries from bottles. cans. nails etc.when people tread \\'hen dumping more refuse The

�ltant \\Ounds can lead 10 �crious diseases such as telllnus.

• lnsanuary disposal of solid wnstcs promotes disc11Scs that cnn be transmitted from hnnd

to mouth, food to \VBter. TI1cse disCIISCS include cholera. lyphoid fever. dysentery, polio.

hepatitis and worm infections.

• Sohd \\:lStes dumps pro,·idc breeding grounds for flies, mosquitoes. rats and other

, i:rm1n ,,hich arc responsible for the transmission of diseases such os malnno.. Iossa fC\cr

ond trachoma

• Stray animals such 11) dogs arc alw ottmctcd lo refuse bins and this con IClld 10 dog biles

,�h,ch could l'C)Ull in rabies

2.10 Solitl \Vuslc �lanaJ!c111cn1 

Solid \Viutc MllJ'lllgcment may be defined as that d1sc1phn0 o.ssoc1ntcd ,v11h lhc con1rol of 

gcni:11111on. storage, c:ollcc11on. lron5fcr and 1mnspon, processing, and dispo!>31 or �olid \\�tc, 

in o ,nanncr thnl 1s 1n accord with 1hc bcsl pnnc,ples of pubhc: he.11th, economic� eng1nccnn 

coiuavnuon. ac.sthetics, and other cn\lronmcnllll considerations, nnd that 1s al�o rcspon.�i, c 

10 pubht attitudes. A primlll)' obJcetive of w.is1e mnnagement today is tt1 protect 1h1: public 
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and lht cn,·1ronn1cn1 fro111 flOICntml hnnnful clTects or ,,nstc. Some ,,1L\lc ,nolcnals arc 

nortnJII\ snlc hut c.1n he htvmdous 1f not managed properly One gullon (3 7S hlcrs) of u�-d 

n101or 1111, tor example, con eu111i1m1nuh: one 1n1lhon g41lon.• (3,750,000 lttcr,) of \\'Iller 

\Vho manogtl w11Ste? E,·ery 1nd1v1dWli, business, nod indw.1ry mu.st ma�e decision, llJld take 

�on,c rcspom1bili1y rcgurd1n11 11.s 0\\11 ,,.u1c On o larger sc.:ilc govcnuncnl agencies bl lhc 

loc.11, �tntc, und fcdcl'lll lc\cls cnocl nnd enforce \\'IISIC monogcmcnt n:gulotions I hoc 

n11cnc1c!o nho cducotc the public obout proper ,vo.stc management 

;\ccordi1111 lo Tchoba11011lo111 ct ol., 1993), n11111ogcmcnt of municipal aohd \\1lstc involves (a) 

dc,clopn,ent of on in.sight 1n10 the 1mpoc1 ol ,vnslc gcncruuon, collcc11on 1mnsf>(1ru111on ond 

dtspo�I 1ncthods adopted by n society on the cnvuonmcnt nnd (b) adoption of nc" methodJ 

10 reduce this 1n1pocL \Vastc 1h01 is not properly mnnogcd. especially cxcrcu, and other li11uid 

11J1d solid ,vastc from households ond the communuy BtC o serious health huanl as they attmel 

flies, ruts o.od other creatures and lead 10 the spread of infectious d1se;ises 

2.10.J Elements of n \Vnstc �lnnoi;emcnt Systcrn 

\Vnste monogcmcnt system include some or oil of the fol101ving ncuviucs, 

• E\'oh1ng policies

• Plnnning and cvnlunting l\lS\Vl\t ncthiites by system designers, users ond other

stnkcholdcrs.

• Usu1g \\'llStc charoctcrizntion studies 10 adjust sys1cms 10 the types of \\'llStcs generated.

• PhysiCil.lly handling \\'llSlc and rcco,-cmblc mnterials including scpcrution. collection,

con1pos1ing. 1ncincrnuon nnd landfilling.

• l\,lorkeung rcco,·crcd ,nntcrinls 10 be ltlkcn to end-users for industrial. comn1erc:111l or

smnll· .cnlc monufoctunng purposes

• f·,lllblistung training programs for MS\VI\I 1\'orkcr.;

• Carrying out public inlormutlon and cducn11on progmn,mcs

• ldc1111fy1ng linonc:iul 1ncchon1s1ns und cost-recovery sy,tcn1�

• J!$Ulbhshing pncc, for &er1·1ccs ond creating 1nccn11vcs.

• l\.lanog1ng public si:ctor ndnunistrutivc ond opcmtions unils
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• lncorrorn1ing privntc sector businesses including infonnal sector collectors, prncc:ssors

nnd enterprcncurs (UNEP-IETC, 1998). A gro\ving en1pho.s1s has been pluecd 011 tin:

Four R's Reduce, Reuse, Recycle and Resource Recovery.

2.10.2 \Vorhlwidc ngcntln ror solid n·asle management 

Environmentally sound management of increasing amounts of diffieult-10-treat or organic 

wnstcs 1!> wnong the topics of n1ajor concern today 10 most ci11cs. 111c logicnl stoning point for 

solu.l ,=tc mnnagcmcnt i s  10 reduce the nmounts of ,vastc that must be n1anngcd, 1h01 is, 

collc:clcd and disposed of o.s nuiSMces and hll2Al"ds. Agenda 21, the agreement renc:hed nmong 

pnnic1pa11ng nntions at the United Notions Conference on Environment and Dcvelopnu:nt in 

Rio de Janeiro in 1992. that reducing ,1'11SICS and mo.xi1nizing environmentally sound \\USlc: 

reuse and rccychng should be the first steps in \l'tlSte management. TI1e cnvironn1cntnl. socinl 

and economic benefits of rntcgrnting pracuces or ,voste reducrion into MSWM nre the bases 

for an emerging ·world1vide ogendn for solid ,vaste management (UNEP-IETC. 1998). 

2.10.3 \VIIO Guideline l'rineipll'S on \Vnstc l\lon:ir;cn1cnt 

\VHO coUabonued \vith notiornil government agencies, loc.il organiuitions and 1ndus1ncs to 

provide pnnciples rumed at ensuring preventive waste managc:n1ent ,vorld1, ide 10 con1bat the 

enormous problems o.ssocrnted \\ith \\'llSle managen1ent (\Vyts, 1997) 

These pnnciples include: 

• Segregation of non-lutmrdoll) ,vastes fron1 ha1.ordous waste producing processes to 11vo1d

1Mocuous fractions from being contaminntcd by luuordous components

• Audiung ex1sung operations ond production methods to reduce: the volun1c of \\ilSle

produced

2.10.-1 Solill \Va1tc l\1unngen1rnt in 'igerla 

\\lorld 13.inl. in 1996 SIDied tllJt Nigeria ,., o nauon that C'(tmplifics chronic wlld \\USIC

rnanagcrnc:nl problems 1n conJuncuon with populatJon gro,vth It is the most populous co11nll") 

1n Afnca, \\ilh over 120 n11lhon residents lllld 01er the past SO years. has had the th1nl larl,!CSt 

urban gro,vth role in lhe world at S.S1% onnuolly (UNWUP, 1999). It I! cs11mo1cd that nC'afly 

ttn percent of the popuJouon lhe belo,v the national poveny line. The Fedeml Go\rnunent 
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has , cl) liulc control over cnvironmcntol regulation as o ,vholc. The Federal Environmental 

Pro11:c1ion Agency (Fl!r A) ,vas �,nblishcd in 1988 10 control the gro,,'ing proble1ns o f  wuslc 

manogemen1 and pollution in Nigcnu (Onibokun and Kun1uyi, 2003). 

Vision 20 IO (2003) report says in regard 10 solid waste manngcment. the goal 1s 10 "achic, c 

not less than 80 percent elTective n1nnugcn1c:n1 of the volume of municipal solid ,,-astc 

gcn.:nllcd at oil levels and ensure environrncntolly sound manogen1cnt" Strategics to och1cvc 

this goal include educotion and O\\':lrcness progrnn1s, developing colloborou,c approaches 10 

1ntegro11vc manogcment of MSW, s1n:11g1hcn1ng cxi51ing lo,vs ond ensuring eomplinncc, nnd 

encouraging local ond privnte sector pan1cipn1ion Although this represents n positive. though 

some,, hnt undefined. opprouch 10 solid '"istc n1anagc1ncn1, the rcal11y of po, crry and 

go,·emment corTUption has prevented effective implcn1cnta1ion of these plans Ho,,-e,·er. 

Bankolie (2004) S1:11ed that there is liulc 10 hold the government or Ute public accountoblc 10 

the regulations developed by FEPA and Vision 2010. 

2.10.5 lru(itutionnl \Voste l\lona�cn1col in Developing Countries 

According to Jene (2006). the analysis of Lnstil\llional \Vnstc Man3gemen1 carried out in 

Gwcru, Zimbab"·e re vealed th111 Institutional Solid Wns1c Monogement hos been the slO\\'tsl 

to de,clop either direction or n:gulntory mcch:lnisms of:ill envnonmentol problents 1h01 hn,c 

come 1010 focus Ill Gweru In Ibadan, Nigeria, Afrie3's largest indigeno1is sctllcmcnt, Liu:

sp<:Ctllcul.or failure of mnny programs and machineries for ,vostc disposal 1n this cit) has led to 

a continuous shifi in responsibilities bct\vccn agencies ood the: various ucrs of government. a.s 

\\Cit a.s prompung some degree of privntiz.o1ion (Onibokun ond Kumuyi. 200-1). The general 

piclurc is that i.1gnificnn1 qwu,tities of ,vnstc ore generated in the 1ns11tu11011.lll sector, but there 

ore no sound pracuce) for mnnoging the "-'n5lc (Jerie, 2006). 

2.10.6 Solit.l \V11s1e /\lunui;crnent lo School 

n1c: ph)s1c11I cnv1ronment of o school adds II lot of volue to the school (Ohong. 2007) 1·11,1111 

(2003) observed 1n her study on School Fnvironmcnl ond Adm1n1Mrn1or's Role Pcrfom,nncc 

in Cross Jli\cr S1n1e Sccondury Schools that the ph)s1cnl c:nv1ronmcn1 contribute, either 

negatively or positi,·ely 10 the odn1inis1nuor's role pcrfonnMcc 1n the school
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One of 1he gr�1es1 challenges fncing developing counlrics is the unhealth) disposal of solid 

,,.1.�1c which resuhed fro1n hu1nan activities of dcvelopmcnl and survivnl (On,bokun, 1999,

Os1no,\o, 2001, Joseph. 2006; Longe & \Villinn1. 2006; Kofo"orola. 2007). 1 lo"cvcr, 

managing school environment hns posed grcot challenges over the years 10 the govemmcol. 

principals ond odminisu111ors (Obong el al., 20 IO). TI1c challenges range from location. 

bcau1ifiClltion. \\nstc motcnols, londscop1ng. sanillltioo, greening, ond so forth. n1csc iS5ucs 

hn, c uccupicd sonic s1udics by rcscn.rchcr.i such as Son11011on Conncclion (200112002) and 

Egin, (200J); Obong (2007) School environment ore often strc,vn ,vith litters of pnpcrs. dusty 

clnssroon1s. poor ventilotion, ond lnndscoping for sit-outs during brc:tlo. periods (Obong cl ul 

2010) 

Public Schools in the world ore facing a high level of pollution; tl1c silunuon 111 developing 

countries is more acute, this is partly caused by inodcquntc: provision of basic services like 

wnter supply, snnit:uion focilities, trnnspon infrastructure and ,vostc collection (UNCHS 

(Habital), 200 I). Ehran1poush and Moghudom in 2005, stated 1.hat the problem of ,\ustc 

managem.:nt has arisen recently in developing countries ,vbcrc tllerc is  little history of tl1c 

1mplementa1ion of fonnal and infonnnl conimunity covironmcntnl education o,wreness 

progrrun It is therefore comn1on 10 sec school cnvironmenlS poorly moinlllincd. 

2.10.7 Po1cn1i11I Enviroomculol lmpnclS rrom Solid \V:1s1e i\<l:1nagcn1c111 ,\cli\•itics 

n1e typicnl municipal solid ,vn.ste stream ,viii conlllin general \\l:IStCS (org11nics und 

recyclables), special ,vns1es {hoUS<hohl, ho.7.llttlous, n1tdicnl nnd induslrinl \\115tc) and 

cons1ruc11on and dcn1olition debris f\lost ndvcrsc cnvironmcntlll in1pncts from solid \\UStc 

monagcmtnl art rooted in 1n11dcqu111c or incomplete collection nnd recovery of rCC)'Cloblc or 

reusable \\a5tcs, ns ,vcll as codisposal of liaz.ardous wastes. These in1pac1s on: also due to 

umppropriote siting, design, openuion. or maintcnonee of dumps ond lnndlills Improper \\.lSlc 

n1.1noge111c11I nctl\·itics can 

, Increase disease transmission or othcnvisc 11m!111 10 pubhc health; Rolling orsan,c 1nntcn,lls

pose great public hClllth risks, 1nclud1ng, as mentioned above, serving a.� brtcd1ng grounds 

for disease vectors. \Vnstc handlers t111d ,vnste pickers ore especially vulnerable and n1oy 

also become vectors, cont:rncting ond tronsmilling dise:ISCS ,�heo hun1an or nn1mal excreta 
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or n1cdicol wnsu:s ore 1n the \\'IIStc sireom. Risks of poisoning. cunccr. birth def1.-cts, nnd 

other oilrnents ure nlso l11gh 

• Con1om1n111c �round nnd surfocc wulcr: l\lunicipal solid ,1,1stc stn:nms con bleed 1ox1c

n1atcnols nnd pathogcn11: orgornsms into the lench:lle of dun1ps ond lundlills (Lcnchotc 1s

the liquid discharge of dumps nnd Jnndfills; ii is composed of decoyed organic 11'8.Stc. liquid

wos1cs. 1nfiltm1cd roin1vo1er ond e�trncts of soluble molenol.) If 1he Jondfill is unlined. 1111s

runoff can conton1irultc ground or surface ,v,11cr, depending on 1he drninuge S) src,n anti the

co1npos111on of the underlying soils. Many toxic mo1cri11ls, once pl need in the �cneml �ohd

,,ostc strcnm. can be treated or removed only 1vi1h cl\pcnsive odvnnced tc:chnolog11.:s.

Currently, these nrc generally nor fcos1blc 1n Afnca. Even oiler orgon1c nnd biological

clements nre trcotcd, the final product rcmo1ns bllrmful.

• Crenle greenhouse gos cn1issions and other air pollutnnls: \Vhcn orgnnic \\'051CS ar.:

disposed of 111 deep dumps or lnndlills, they undergo lllUlcrobic degrodniion and become

significant sources of met bone. n gos 1vith 21 tin1es lhe effect of carbon dio,..ide in trapping

heat in the atmosphere. Gnrbogc is oflcn burned 1n residentinl areas and in Jandlills to

reduce volume nnd uncover mclllls. Burning crcntcs thick s1noke that con1ains corbon

monoxide. soot nnd nitrogen oxide, oil of \\•liich ore hnz.ardous to human health and tlegn:1dc.:

urban rur quality Combustion of polyvinyl chlorides (P\/Cs) generotes highly carcinogenic

d10\'.1ns (En,-u-onmeni31 Guidelines for Small Scale Activities. 2009)

• Ui1mage ccOS)Sten1s: \\/hen solid \\'115te is dumped into rivers or streams ii con oiler uquotic

habitats and horm native planl5 wuJ nnin1ols The high nutrient content in orgnnic \\'llStcs con

deple1c dissolved oxygen in ,,·otcr bodies, denying oxygen 10 fish ond other oquotic hfc

forms. Solids can cause scdin1cntotion ond change stream f101v ond bouom habitat Siung

dumps or landfills 10 scnsi1i1c ecosystems moy destroy or signilicnntly domngc these

valunblc natural rc�ources nnd the services they provide.

• lnjurl' people ond property: In locations where shanty to1vns or slun1s e,1s1 nc-Jr open

dun1ps or near badly designed or operated londlills, landslides or fires con destroy hon11:s

and injure or kill residents. Ilic accumulnrion of 1\-astc along streets may present phys1cnl

haLOn:ls, clog drains ond cause locoli7.ed flooding.

• Oiscourugcs tourisrn und other bu)illl'SS 111c: unpleasant odor and unu11ract11c: uppcaruncc

ofp,lcs of uncollected solid wnsre along streets nnd in fields, forests and other natural areas..
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c:on discourage tourisn1 and the c:stnblishn1cn1 and/or mointcnnncc of businesses (EGSSA, 

2009). 

2.11 Integrated Solid \Vnstc i\'lonogcmcot 

lnto�tcd Solid \\lnstc Management (lS\VM) refers to the complemen101;- use of n vancty 

of t1Cti\itics. including \YUStc prevention. n:C)'Cling, composung, 1ncinerotion nnd disposal, 

to safely nnd effectively handle tvlS\V. A successful IS\VM system l'\!Qu1rcs the 

cons1dcmtion of "hO\V to prevent, recycle, and n1nnagc solid ,vnstc in \\1l)'S thnl 1nost 

eOcctivcly protect hun1nn health nnd the environment IS\VM involves cvoluming locol 

needs nnd conditions. and then selecting and con1bin1ng the most nppropnnte w�tc: 

n1nnogcmcnt activities for I.hose conditions,'' (USEPA, 2002). 

lntcgroted \YnSte management is olso a frame of reference for designing ond implcmcnung 

nC\\' \VOSte monngement system and for nnalysing nod optimi.dng existing systcrns. 

Integrated \\'OSie managernnt is based on the ideas 1h01 all aspects of the \\'DStc mnnogc1ncnt 

system should be analysed together. since thty arc 1n foct inter-related nnd development in 

one area frequently affecl practices or activities in onot.licr area The activities hove o mnge 

of destrnbility, whicb ore demonstrntcd in 1.hc l1icmrcby of integrated solid was1e 

management in Fig 2.1 

R•dard<>n 

Laad.WI 

Figure 2.1: llicrorch) ofintegnucd solid wnslc mnnagcnlcnt 

Source: llcinrlich ct nl., 2006 
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2.11.1 \Vustc ltcductlon 

Source rcducuon or \\'IISIC rcducuon 01 soun:e is goin1ng more allcnuon us nn 1mpor1J1nl solid 

\VD.Ste mnnngcmcnt option. Source reduc1ion, often cnllcd "waste prcvcn1jon." 1s defined b}' 

UShflA (2000b) us "nny chnngc in the design, manufacturing. purchase. or use of materials or 

products (including packaging) to reduce I.he runount or 1o�ici1y before 1hcy become 

municipal .solid \Vnste. Prevention nlso refers to I.he reuse of products or mulcriols. � ·mus. 

source reduction oc11vit1Cl oJTcct I.he waste sLrCnm before the point of gencmtion. lvlS\\1 IS

considered to hove been gcncrotcd if it is placed ot curbside or 111 n receptoclc such 1lli 11 

dumpster for pickup or if it is Ulken by I.he generator to OJtolhcr site for recycling (inchu.ling 

composting) or disposal. 

Source reduction activities resulted 1n more Lhon 23 million tons of mun1cip:il solid \\'l!Sh:s not 

hov1ng to be discorded in 1996. Approximately 17% of the m111crials involved in source 

reduction crTon:s \\1?rc contnincrs and packaging. Non-durable goods such as ne\,spnpers :ind 

clotlung nnd durable goods including opplinnccs, furniture and tires represented I 6% and 6%. 

rcspecuvcl) of source reduction efibns. Dunng this son1e Lime period 58% of other municipal 

sohd wnste (e.g ynrd trimmings, food scraps) were diverted for composling. Bct\,cc.11 2 -5% of 

the w11S1e stream is po1en1iolly reuSllble. 1\10s1 communities have some type of collcc1ion 

ccn1ers, such as thrifi stores and churitoble orgo.oizruions that encourage consun1c:r3 to donate 

items for reuse 

Source rcduc1ion measures encompass o very broad range of activities by pri,"Dte c:11izens. 

communiues. commercial cs1nbhshrncnts. institutionnl agencies nnd manufacturers ond 

distrihu1ors F�xwnplc of source rcduc1ion nct1vi11es include: 

, Rede.�tgning products or pock.ages sons to reduce the qunn1ity of 1nn1eriols or 1he 10,1cll) 

of 1hc 111a1cnnls used, by subs1i1u1ing ligh1er moterials for heavier ones nnd lcng1hcmn� 

1he life of products to postpone dispoSlll 

• Using pockog1ng tha1 reduces 1he omoun1 of dan111gc or spoiloge to the

producL

• Reducing runounts of producls or packages used through n1odificn1ion of

current practices by processors o.r1d con�u1ners.
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•

• 

Reusing products or packages nlrcody n1anufac1un:d .

Managing non-product orgnn1c ,,11Sl1:S (food ,vas1es. yard 1rinunings) through

bncl..yard composting or olhcr on-site nltemn1ivcs 10 disposnl

2.11.2 \Vuslc Reuse 

Reuse and repair nrc the enrlics1 fonns of wns1c prevcnuon. \Vns1e reuse mcnru. reusing a 

product for the some or n different purpose. The reuse of mntcrinls resuhs in ,,.11er ond enc:rg) 

sal'lngs and 1hc reduction of polluL1011 and consumption of natural resources Reuse or 

products con prevent pollution, reduce \\'llStc nnd improve industrial Md ec<1no1nic: 

competitiveness (Medino, 2002). 

2.11.2.1 Ocnclits of Source Rcduclion and Reuse 

Dcncfits resulting from source reduction and reuse activities include: conservation of no1urnl 

rc:rourccs. reduced amount of,Yt1Sle, decreased nir pollution and the production of greenhouse 

gilSCS, reduced toxicity of \\11Ste and reduced costs. Reusing decrl'nscs lhe demand on n111urnl 

resources for monufac11tring ne,v products. Reprocessing n1atcri DJs decreases the amount of 

wnste 10 be recycled or tronsponed 10 landfills or \\'llSlc con1bus1ion facilities Toxic11y 1s 

reduced ,vhcn manufacturers select less hazardous disposal mclhods for mnterio.Js. use the 

least amount of row materinls, folio"' label directions on cleaning materials. and rec}cle 

hlz.ardous chemicals. Purchasing materials in bulk co.n also decrease lhc quantity of ,,1Jstc 

genermed. Communities, businesse:., schools, and individuo.J consumers also can cxpcri�nee 

economic S11V1ngs from source reduction efforts (Reuse Development Orgo.niution, 2000, 

USEPA, 2000b). 

2.11.J Sourct· c11crnlion or SolhJ \Vastcs 

TI1is 1s the scpcrnuon of solid \\'3Stcs into dilTcrent components os thty ore gc:ncmtc:d in the 

office:. �hop or in the homes ll can also ht defined as the prncllet of �11ing a,ide poM-consumcr 

nwtcnals nnd household goods so 1hru 1hey do not enter nu,�cd \Vl151e 5trcunu (Llirdino1s nnd 

( urc:dy. 2007) ·1ne concept \\11.� coined in nffiucnl socic1ics during the 1980s 10 con1rnd1s11nc11on 

to the n:co�cry of resources for recycling frorn mixed post-conswner \\'ll5te 1n plunts called 

matcnals recovery facilities (MRFs). TI1c process of source scpcrnuon 1s wmcd mrunl) nt 
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,1111plif)ing the process of  rc:c)·cling I c llu: various components of \VUStcs of lhc same I)� ,trc 

colkttcd together for on\\'llrd 1ranspor1ot1on 10 the R.'C)'tling plants. 

2.11.J. I Ucnclils of Source Scpcralion 

• Source scpcrution pro11101cs the removal of  all dcs1gna1ed recyclable metenals fron1 the

\\.ISie Sl.rCillll and therefore, hdps in ochicving high reduction rotes.

• Source scperution pron1otcs clean, marketable mo1crials by l11ni11ns lc\'cls of

contun1in111ion. Con1an1inntion undermines long term 1nurketolnlit) of rcc>cloblc

1nn1crinls,

• Source seper:nion allo\\'S the recycler 01 the source 10 receive the 1:ct,nomic benefit of cost

ovoidonce by not disposing of recyclable materials ns solid \V.ISlc os well as enabling the:

n:cycler 10 receive revenue by the sale of the recyclable material.

• Source sepemtion fosters a free m:irket, independent of lhe solid \\':IS1e collecuon and

disposal system. TI1is reduces the need for burdensome regulators and costly cnforc.:mcnt.

• Proper documentation is difficult, if 001 impossible, when recyclables ore mixed \\ ith

solid \VOSICS.

• Source sepcration fo�ters e-0mpe1i11on omong recycling componies, thereby keeping costi.

low :ind qualit) of services high.

• Source sepera11on cncouroges a thought process among eoch indi\'iduol recycler llml sulid

\\BSte disposal is ever)· person·s responsibility. This can roster further source reduction

:ind recycling :1c11vities 01 work, ho1ne and school.

2.1 IA lncineritlion 

Incineration 1s the coir busuon of \YllSlc 0 1  high tc1npcroturcs. II uses o \\1dc \•oncty of 

con1bustion s)slcms dcv�lopcd fron1 boiler plant tcclu,ology ond also more novel techniques 

�uch 11, n1ohcn soil 1111c. Ouid1scd bed incinerators (DETR, 2000) lncincr:11100 hM o long 

history ,n n1un1c1pol solid \\.'ll.!ltc n1onoscmcn1. Some Amcncon cities began 10 bum their 

g.o.rbogc 111 the lote nine1ecnth century in devices called crcmotors TI1cse devices ,\,:re not 

very efficient, howe\'er, nnd cuies eventually went back 10 du1np1ng or other methods In the 

1930s and 1940s, many cities buih ne\v types of go,bngc burners kn0\\1\ ns inci11em1ors 

lnc1ncrauon rcc:ipturcs value in \\11SlC through controlled bun1inc, �ulting in the pmduction 
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of stcnm nnd \VOtcr ns a by-product that can be used to generate cncrS)· (USEPA. 200:>). 

\Vastc bunung cnJoycd yet nnothcr revival 1n the 1970s und 1980s rhc nc\\ inc1ncrators, 

1nru1)· of which arc sull 1n opcro11on, nre cnltcd resource recover)' or wa:,tc-to-cnc:rg) plants In 

addiuon 10 burning gnrbagc, they produce bent or electricity that is used in nearby buildings 

or residences or sold to u ufility By the: niid-1980s, it hod become difficult to find locations to 

build thc�c facilities, once ogu1n n1ninly becnusc of oir quality issues. Another problcn1 ,,ith 

i11ci11cru11on is 1h01 ii generates ash, wluch must be lnndlillcd lnc1ncrotors usual!) reduce: the 

�olu1nc: of gorhagc by 70 to 90 percent. l11c rest conics out as ash t.hot oflen conmins high 

concc111ro11ons of toxic substances 

2.11.5 Luntlfilling 

U1Ddfilling is considered t.hc lcasl preferable option for t.he handling of MS\V Landfills arc 

disposal sites for oon•hlllJlrdous \\'l!Stes where the ,vaste is spread into foyers. co1npncted und 

co,·crcd by motcriols such as soil or cloy (USEPA, 2002). Landfilling is the technical term 

used to describe filling large holes in the ground 1\-ith "'llSle. These holes may be specially 

c�covoted for the purpose, or may be old qunrries, mine shnOs ond even raihvay culllngs 

t.1ore recently, the tcnn hns been expnnded to cover the creation of ,vnstt n1ountwns even 

though there is no ufilling" os such. This process is olso kn0\\11 as llllld-mising (Friends of the 

earth. 1997). Londfill sites produce landfill gas (55% mcthllllt and 45% carbondioxidc) ,vhich 

CM be panl) captured for cn.:rgy production. 

2.11.6 Recycling 

Rcc)clini; can be considered o solid \\'l!SIC !Tlllllllllemcnt strategy. Recycling is a key 

con,poncnt of modcn1 wnste nll111:lgcmcnt nnd is the third component of the "Reduce. Reuse, 

Rcc)clc" \\'llS1C hierarchy. One npprooch to the mnnngcmcnt nnd disposul of nninic,,,.,t solid 

waste has been recycling. It 1s os useful BS lnndfill, dumping or incinc:rotion (Duston, 1993) 

i\lun1ci1>.il solid ,,115te ,viii prob:ibly llh\uys be londlillcd or burned to son11.: extent Recycling 

hns been n common practice: for n10s1 of hun,nn history, "1th recorded odvocntcs ns for bncl.. 

as Plato 1n 400 BC. 
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During periods when resources \,ere scarce, nrcbaeological studies of oncient \VIISte dumps 

sho,v less household \WSte (such ns ash, broken tools and pottery) - implying more \VOSte \\'115 

being ret)'Cled in the absence of ne,v material. Resouree shortages caused by the ,vorld ,vnrs, 

and other such \Vorld-changing occurrences gre:itly encouraged recycling.In order to divert 

some of lhc municipal refuse a,vny from Jondfills, several cities established recycling centers 

in the enrly 1970s where people could bring cons, bottles, and ne\vsp3pcr rolher than Lhro1v 

lhcn1 in the lmsh. Since the mid-1970s, bO\\'Cvcr, non disposal methods such ns \VOSte 

prevention ond recycling hove become more popular. Since the late I 980s, recycling hos been 

promoted o.s a viable mc:ins of addressing lhc problems ns.socioted ,vith municip:il ,111Ste 

disposal. In on age of high technology and scientLfic 1nno\llltion, it is ironic that one of mnn 's  

oldest problems i, becoming incrcnsingly acute. The collection and disposal of  modem 

municipal \\'IISte products is o n1onurnen1nl task. 

Recycling however, is the process of collecting, reprocessing and/or recovering 1vnste 

moterinls such as slo.ss, metnl, plastics and paper, to make ne,v materials or products (IJSEPA, 

2002). lo othenvords, recyclins is the process of breaking do\\11 of solid ,vastes into its 

coosliruents so tbnt it can be used again. It nlso refTers LO the seperation and collection of solid 

,vas1es and their subsequent transformation or remonufocturc into reusable or rcmorketoblc 

products or materials. 

Recycling involves the collccuoo of used ood discru-dcd moicrinls processing these moteriol.s 

and 111:iking them into nc,v products (Pclloumail, 200 I). Rccycloble materials include many 

kinds of glll5S. garden ,vnstcs, food leftovers, paper, plnstic, metals, textiles, and electronics 

Alum1nwn (c.g cell phones and computers). It therefore involves processing of used materials 

into new products in order to prevent 1vnste of potentinlly useful materials, reduce the 

con�wnption of fresh rnw matcrinls, reduce energy usage, reduce olr pollution (from 

incincrolion} and ,voter pollution (from landfilling} by reducing the need for "convcnllonnl" 

waste disposnl, and 101�-cr greenhouse gas emissions os co1nparcd to virgin production 

(League of ,von1en voters, 1993). 
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Even the c1111ics1 civili1.Dlions recycled some Items before they became garbage. Broken 

poncry ,vas ofien ground up and used to make nc,v pollcry, for example. Recycling occurs for 

three basic reasons: altruistic reasons, economic imperatives, and legal considerntions. In the 

first instance, protecting tho environment and conser.,jng resources have become sclf-c,•idenl

as being in everyone's general in1.erest. Second, the avoided costs of environmentally 

occeptable lnndJiU dumping and incinero1ion hove risen 10 a level ,vhcrc it no,v makes 

economic sense 10 recycle many ,vnstc mn1crinls. Finally, in responding 10 botl1 public 

demond ond a gro",jng lock of nltcmotive \\'ll.Ste disposnl methods, go, emmcnl i s  requinng 

recycling and providing n ,vide vnriciy of economic and civil penalties and incentives lo 

encoumge recycling (Terry, 2002). As the arnounl of municipal solid ,vnstc: �IS\V) 10 be 

disposed of increnses nnd the number of ovoiloble landfills decreoscs. communities nil over 

the country arc grnppling ,vi1h problems related to the management and disposal of garbage 

}.lnny communities hnve undenoken a variety of octhiities to dispose of 1nw1icipnl solid ,,,astc 

in econom1cally responsible and environmentally viable manners. 

2.11.6.1 Dcncfics of recycling 

The US En\>ironmcntal Procection Agency (1998b; 2000e) has identified the follo,vmg as the 

benelics of recycling: 

• It preserves rn,v materials and nacuml resources.

• It reduces the amount of ,vasccs that requires disposal.

• II reduces encrg) use and nssoci11tcd pollution.

• It provides jobs and business oppor unities.

• It boosts economic octiv11ies

• ll reduces greenhouse gas emission,

• ll reduces pollution associated ,vith the use of virgin mnteriols.

Recycling tums motcnols that ,vould other.vise become \VI\StC into vnluoble resources. 

Collection of used boules, cans ond nc,,spopers ond coking 1hcn1 to the curb or to a colh:c11on 

facility is just the first in a series of steps that aencmtcs o host of financinl, cnv1ronmcnull end 

social returns. Some of these benefits accrue locally as well ns globally. 
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2.12 Orgflnic Recycling 1hrough Composting 

Composting Is oficn used synonymously \vith "biologicol decomposition" l-!O\\'CVer, for 

purposes here, i t  may be more appropria1e 10 define composting os: a mc1.hod of solid \Y11Stc

managcmcn1; \Vbercby, 1hc organic component of the \VIISle stream is biologically 

decomposed under controlled conditions to a state in ,vhich the compost can be safely 

handled, stored ond/or applied to the land ,vithout odvcrscly olTecting the cnviro11mcn1 

(Simpson ond Engel, 1991). Composting Is in the second level of the EPA's hierarchy for 

1nonaging solid \Vostc since i t  is o typo of recycling that is p:1.r1icularly applicable to organic 

,vastcs (USBPA, 20001). The biodcgraJable Croction in ,VllStcs that cannot be recycled or 

converted Into ne,v products, incrcnsir gly Is treated through composting. Composting is 

associated with concepts of rcclomotioo, recycling, treatment ond disposal. Reclrunotion and 

recycling ore parts of the stc,vardship of saving ond reusing noturnl resources. Treatment and 

disposal hove been o more rypicol ,vay tl• cope "ith ,vastcs for mMy decodes. particularly DS a 

pnrt of the "industrial rcv9lution." Bea-use of concerns for our cnvironmcnl, "disposal" hos 

become n less dcsiroble option. It is the owcst cost nhemative 10 landfilling for many ,vas1es. 

It llllS the potential 10 manage most of 1he organic m:lleriol in the ,\'llSte s1ream including 

res1ouron1 waste, leaves and yard \\';!.SICS. farm wn.ste, onimnl manure, animal caroosscs, paper 

products, se,vage sludge, wood etc. nnd cnn be easily incorporated inlo any \\'llSlc 

management plan. 
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Water � I Cons um er j - Primary Industry

Rag-pickers 
M ldd le rn arl 

Junk dealers 

llECYCLING OF\VASTES 

Fig 2.2: chcn1111ic dingru111 of was le recycling 

Source: Cl'CB, 2000. 
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Con1pos11ng cnn be used to recycle most organic waste generated frorn food processing and 

food service focili11cs, including ruit nnd vcgclllblc trim and leOovcr food, \\'l\.xcd corrugated 

boxes, napl-ins and other soiled p:ipcr (Composting Council Reswrch nnd I ducation 

Foundnuon. 1997). 

I here is no un1vcrsally acccplcJ dclinition for composting. Composung is the biological 

process by \\'l11ch n1icroorganisn1 convert orgnnic materials into n hun,us-like matcnal culled 

con,poM II has been con1mo11ly used for centuries to dispose of  organic residuals. 1\10s1 of the 

dcfin111ons cmphasiL.C lhnl co111p0Ming is the natural and b1olog1cal decomposition process 

converting orgun1c mulcnals inlo hu111u:.-likc product referred 10 as compost (lloug, 1993). 

I lnug ( 1993) defined compo�hng as the biological dccon1position and stobihZ.'IL1on of organic 

subsltntcs, under conditions that allo,v dcvclopmc:01 of thennopbilic tcmpcrnturcs as a result 

of biologicolJy produced heot, to produce a final product tlwt i s  slllble, free of pathogens and 

plan1 seeds, and can be beneficially applied 10 lnnd. 

Naturnl composting. or biolog1cnl decomposition, began ,vith the first plonts on earth and hns 

been going on ever since. As vegeunion falls to the ground, it slowly decays, providing 

minerals and nutrients needed for plants, aniinols, nnd microorganis1ns. Ivlodcm composting 

differs from tho1 occurring n:llumlly only in 1he intentional creation o f  conditions through the: 

opplicuuon of scientific lnowlcdge nnd technology 10 promote rapid decomposition of 

organic nunerinl and 10 belier conirol 1hc quality of tl1c final product in nn environmentally 

sensitive n1llf\llcr (Eberle, 1997), �loturc cou1pos1. ho,\"cvcr, wcludcs the production of high 

tc:mpcr,uurcs to destroy pathogens and "·ced seeds thnt natural decomposition does not 

dcstro)' 

n1c cAprcss1on "older than din• ceno1nly npphcs to compost Nature has been producing 

compost for millions of ycnrs os port of the cycle of life nnd de.ith on f:arth 111c first hunmn 

use of an1mnl manure, o m,v fonn of con1post, \\'OS in obout J,0000.C in E11yp1 \\hc:n 11 \\'1.\

sprclld directly on tile fields ns n fertilizer. Luter, 111anurc wos mu,ed \\Ith dirty :.tubk slrU\\

ond other refuse and allo,vcd to sit 111 piles until it ,vns needed. Con1post 1s organic 1natcnol 

that can be u�ed n.s o soil an1cndn1ent or ns a medium to gro,v plants. Mature eo1npos1 is a 
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�toble moterinl \vith a content coiled hun1us th:it is dork bro\vo or block and hns o soil-lil.c. 

earthy smell. ll ,s created by· combining organic \VOStcs (e.g., yord trin1n11ngs. food ,v:istcs. 

manures) 111 proper rohos 1010 piles, rows, or vessels; odding bulking ngcnts (c.s ,vood chips) 

os necessary to occelcrotc the brcnkdO\\'ll of orgonic materials; nnd allowing the finished 

anotennl to fully stabilize ond nuuurc through II curing process (Cove11e. 1999) 

Co1npos11ng is rc:lntivcly simple 10 manage and Clll1 be corned out on o "''de rongc or scolcs 1n 

nhnos1 any indoor or outdoor environment and in olmost any geographic locouon It provide� 

o means of occomplishing all four R's. Through composting, the amount of garbage sent 10 the

lnnd!ill is reduced, tbc organic m1111cr is reused rot.her tbnn dwnpcd ond it ts recycled into o

useful soil conditioner. I t  is a ,vny of harnessing the noturol process or decomposuion 10 speed

up the decoy of \Vastc. The U.S Composting Council (2000) emphasizes the importance: of

conlposting as o ,vny or diverting n subst1111110I amount or \\"OSie from lnndlills and

incinerators. Composting cnn be on economical :ilternotivc to the disposal of orgMic \\11.sles.

nnd it is nlso bcoc!ieiol 10 ogrlcuhure ond the environment

The number of composting plnnts operated in the U.S. b) industries and numicipalities has 

tnpled since 1990. Over 3000 sites o.re rcgisrcn:d 1odoy. TI1c nu1nbcr of commercial compost 

opcrauons processing food waste increased from 58 10 214 between I 995 and I Q97, and lhc: 

number of food composting projects i , C:)(p<:Ctc:d 10 rise. Occausc of discouraging economic 

conditions and lhc co1nplic:11ions ossocintcd wilh obtaining o pcnnit, food ,vnstc composting 

is prirnruily being done by lnrgc corporations (USEPA, 19980). Backyard composung olso is 

Starting 10 ploy an in1porto.nl role 1n lhc U.S. Industries use composllng as n process for the 

destruction of toxic by-products through n process lmo\vn ns "bioremediaiion• Finally, the 

co1nposling process is beginning 10 replace more costly 1rea1mcn1 procedures for the 

dcslruction and conlrol of human, nnin,nl and plnn1 pathogen� Composting. thc:n:forc. 1s 

becoming a conunonly used process. In the United stntcs, gtO\\'lh has exceeded 7�. per )car 

for the p:ISI five yeors (from 2003 10 2008 111 p:ir1 due lo rising \\'IISlc volumes and incrc:'1Sing 

commodity prices ns well ns support fro1n the govcrruncnl ond business co1nmun11ics. und 

lncrcnsed consumer u,.,,arcncss. In 2006, 32.5% of �1S\\I gcncmtcd in the U.S. \\,U rcco\cJTd 

for rec) cling or con1posung. diverting 82 nu Ilion ions of n101cnol from lnndlill& 11nd 
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indncrntorr. - more thnn double the vnlue from IS years crulicr. At the same 11me. tough nc,, 

environ1ncntal laws nu1nd11tcd that 1ndusuies could no longer simply dump their ,vustc 

products onto the surrounding lnnd or discharge them into ncnrby rivers. ·1 o meet thc�c ln,1 s. 

1nany industries began their 01vn recycling and composting progr11n1s. l.:nv1ronmcntol 

concerns olso affected fnnncrs, ,1ho ,1crc being blamed for the negative hcollh clTccts that 

chenucol lcruhzers and pc�1ic1des hod on hun1MS ond ,vildhfc. As n result. 1nnn) formers 

decided to cut bock or elin1inn1c chen1icols in favor of using con1pos1. 

Todny, most compost is procesStd in large foci Ii tics designed 10 bond le o specific type of rn,v 

1no1enol. Agricultural compost is usually produced and used on the SlllllC frurn that gcncrotcd 

the ro1v materials. lndustnol con1post n1oy be bogged o.nd sold 10 1ndividuol buyers, or the ro1v 

materials moy be sold in bulk to other composung facilities. �lunicipal y:i.rd 1111Slc con1pos1 1s  

usually produced in fucilitics opcrotcd by the city or Lhe refuse collection compnny and is sold 

to local landscaping companies nnd garden centers (Covene. 1999). 

C'ornposting is a dynamic process ,�hich 1vill occur quickly or slowly, dcpcndmg on the 

procc:ss used and the skill 11i1h 1vhich it is executed. A neglected pile of orgnnic 1wste ,viii 

inevilllbl)' decompose. but slowly. This hns been referred to as "passive composting." because 

little mointcnonce is performed. Fnst or "nctive" composting con be completed in I\VO 10 six 

weeks nus n1clhod requires three key activities; I) "ocration.'' by turning the compost pile, 2) 

moisture. and 3) the proper carbon to ni1r0gcn (C:N) ratio. Attention to Lhesc clemenlS ,,;11 

misc the 1cmper111ure to around 130· I 40-c and ensure mpid decomposition 

2. 12.1 Con1po�t:1l.llc uni.I 'on Co1npostnblc �l11terh1ts

Any moteriol 1n11in1ing from Lhe ground thnt is vcgctotivc or onimnl 111 nature can be 

comJlOMc:d if II has not been contnminnte<l (1 luug. 1993). A variety of \\OSICS from 

food!.Crv1cc: and food processing ore suitnblc lor con1pos11ng. If the feedstock that 1 s  

con1um1notcd with non comJl()St.1ble 1notcriols is added to compost piles, the dccomposiuon 

11111c will be longer ond the quohly of the finished product ,viii be oITcctcd Contn,nlnntion of 

fccJstock con be problcn1011c in food processing nnd foo<lscn
1

1cc opcrnuons 1,11h h111h 

c:,n11lo>cc: 1umo1cr rate) and l11nt1t<l training. Tobie 2.7 sho,1s the types of food residue 1hn1
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cnn be con1postcd nnd son1e thnt should not be composted. Sorne composting facilities 

proh1b11 n1cat. grcnse, oils and non-,cgeuuive orgnnics bccnuse they break do,,n �10,\ly ru1d 

require 1norc n1on11onng (Composung Council Research nnd Cducotion l·oundotion. 1997) 

2.12.2 T) pc.s nnd Locntioo of Cornrostiog Opcn11lons 

rotpnucn ( 1989) described a composung system bnsed on locntton as cllhcr on-sue or ofl•sllt: 

composung On-site composting 1s nn opcrotion thot composts organic 1vostcs 01 the place of 

gc:ncrauon. OIT-suc composting tnvol\·cs the collection nnd unnsporuuion of org11111c wastes 

10 a composting fac1l11y GoldsteLn. Block, and Oshins (2000) classified composting proJCCts

1010 lhrcc bro:id categories: Centralized lnsti1u1ion.il, Con1mcrt:ial, w1d lndustriaJ (JCI); 

Ccntro.liz.cd food Processing; and On-site Composting. Centralized ICls nrc "private or public 

composung (Bctl!llcs Ul:ll accept food residual, from all or some combination of instituuoo:il, 

commcrci:l.l and mdustri:il gcucrotors" nnd Cenuuliud Food Processing consists of "prh·atc or 

public composung faciliucs that primarily sef\ice food processors in the industnal sector• 

2.12.2.J On-site romposting: Goldstein el 111. (2000) defined oo·siic composung ns 

"composung projects located 01 the gcncm1or's site, designed to process rcs1duols produced 01 

thal site (or somc:umcs from II neighboring facility of the 5.l!Tle type). Ligon ct al. ( 1998) 

1ndica1cd tha1 1nsli1uuons such :is unl\crsittcs, schools. bospilllls and mihwy 1nst.allations are 

\\CII swtcd for on-site com�1ing bccawc they typically generate lllrgc qUlllllillcs of organic 

m:ucrials ond have bod a�ailablc for composnng. On-sile composung con benefit busin� 

.uid 1nsutu11ons wt 111C in ri:motc loc.iuons or long distances from either dL,pos.tl or 

composu.ng :.1LQ b) a,01iling luuhng chnrgcs llo\\'cvcr, con1poS1ing \lO·�llt ri:qu1n:s 

0,1111:ibk Clljlllal, land. labour and equipment (CCR.EF 1997 J 

2. 12.2.2 Orf-site compo,11og Nol c,cry orgllllu: "a�tc: gcncnllor can compost 11.s "astcs on·

�lie TIIC>C opa1111ons mu'lt rely on prollTllffiS ID colletl anJ compo5l thctr \\1lSles lll 11

cc11tn1huJ foc1h1) fh� largc-sc-alc factltllo can h:inJh: mori: m.11cn:1l 11nil rroJu.::c o mon: 

cons1S1cn1 product (Cl\\'�1B, 2000) 
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Tublc 2.7: Con1poNH1hlc nnll Non Con111os111hle i\1ulcriuls 
- --

Co111po�ll1bles Non Con1pos111blc.-, 

Fruiis 

V Cl:lt:lablcs 

Dru!) ProduclS 

0mins 

Bre:id 

Unblc:oched Poper Naplins 

Coffee Fillas 

Ne\,sp:ipcr 

�teats 

-----

SoUJa!: Risse and Faucenc. (2000). 

Plns1ics 

Grease 

Glass 

�lctols

Foll 

Polystyrene 

Chemicals 
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l'ublc 2.8: Con,posting 1\lclbods 

I I lut Composting 

2 

I lot composting 1s 1hc n1o)t efficient method for producing qunluy compost 1n o 

rcloti�ely short umc In .iddiuon. 11 fo\ours the destruction of \Yccd seeds. ny l.1rvac and 

p;ilhogcn.s \\'hile hot con1po�11ng, using the \\;ndro,v or bin method, requires o high 

degree of mDJ\llgcmcni, hol composling. using the in-vessel n1cthod, requires o lesser 

degree of mnnagcn1cn1 

Cold Composting 

This method is ideal for odding orgnnic moucr around trees, 1n garden plots. in eroded 

areas c1c. The umc required to decompose organic mancr using this method 1s governed. 

to a large extent, by cnvironmenllll conditions and could lllke I\VO yea.rs or more 

- -

3 Sh«t Composting 

4 

Sheet composting is earned out by spreading orgoruc motcrial on the surface of the soil 

or untilled ground and llllo\ving it to decompose nnturolly. Over time, lhe mntcnul \\Ill 

decompose and filta 1r110 the soil. This method is ideally suited for forage land. no-1ill 

npplica.uons, erosion control. roadside land.scllping clc. The process docs nol fi1\·our the 

dcsuuction of \\,ecd :,c:cds. fly larvae. pa1hogcns clc. and composting rruucniils should be 

limited to plant n:sid.u.: and manure Ag;un. dccomposuioo tJme is governed h} 

rnvuonmcntal cond.itioru aod can be qwlc lengthy 

-

I nnch Composting 

Tn:mh c.ompost1n& 1, reh1t1\tl) Slmplc Simply dig• trmch 6 • 8 inch..-, dttf'. 1111 \\llh l 

• 4 inches of organic nwcrial and co\cr 1.1,11h 10il Woit a lc:v. "ccL:s anJ plant d1rcctl}

abo,c the 1.m1ch flus mc1hoJ docs not (a\Ollf th.. deMrucuon ol \\NJ itt\11, lly 1:ir.

and f)llthogens and tht composung process c-m be relall\cly 11011,

(SuW�'C l·COC:11£·�1. 20011) 
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2.12.J C'o11111111ni1y rar1icipulion in Con1pos1ing chcn1Cl 

Con11nu111t) par1icipn1ion is 1hc sociolog1cal process by \Yhich rcsidcnlS organise 1hcmsches 

and hccornc involved 01 1he level of o living al\!ll or u neighbourhood. 10 1mpro"c 1hc 

condttions of doily life (\\Oler, sanitation, hcollh, educa1lon, c1c). II cornprisc.q various dcGJCCS 

or individual or collective in\'olvcmen1 (finnnciol and/or physical con1ribu11011s, soc1ul nnd/or 

poli11cal con1m11mcnt) n1 difTcren1 stoges of a projcc1 Singh cl ul • (2007) ubo defined 

community par1icipo1ion os the process by \Yhich indh•iduals ,llld fnn1ilics undcr:.1and 

rcspons1hility for 1heir O\Vll heahh nnd \Velfore of societies 1111s enables 1hcn1 to bcco111c 

agent� of their O\YO development inslead of positive beneficiaries of developn1ent aid. 

Con11nuni1y pnrticipotion is essential to keep any solid \\'tlSh: munagcment sys1cms nmning 

For instunce, a1 a minimum participation of the communily is required in pulling the gnrbngc 

01 the street in a proper \\'ll)' at the right lime. At 1he individual level, residents ure responsible 

as USl:rs, This involves actions like storing \VOStc in a prof)l:r \voy in a bug or bin. scpurntc 

recyclable or organic matc:riab fron1 other \Vll.Ste, offering \\'!ISie 01 the right plucc 01 the 

proper 1in1c for collection. and clcru1ing the area around tbc house. Apart fro1n mdividlllll 

responsibility, people cun be collectively responsible in 1nore or less organised activities, like 

mccllngs, clean-up compnigns. and n\,11rcncss-raising ncuviucs. FunJ1cnnorc. community 

panic1po1ion moy involve milking mo1criol, finnnciol or pbysicnl conttibu1ions 10 nctiviucs of 

solid \\'ll51C monogcmcnl, for U1Stancc \,orking as cart oper:itor or sweeper, nnd paying fees 

for ,vus1e collection 

\Vos1e is either treated nt home. con1mw1ity or ccn1rali�cd compos1ing scheme!> In hornc 

composung scheme, biodegradable \\11Slc generated by householders 1s  used 10 produce 

compost for use by the 1ndiv1dual. Although this 1noy involve tl1c purchase of a compostcr. 

tins n1uy not be essential as many householders moy compost using compostcrs mode at borne 

In honu: con1pos1ing schc1ncs, 11 is essenliol 11101 the householder understands the functioning 

of the contpostcr and ,vlnch malcnols 1hey can dispose of 111 II In comn1un11y composllnl\ 

�hcnu:, b1odcgradoblc \\11Slc is collcc1cd from householders and processed centrally 1n a 

centralised i.chemc. I lowcver, con1muoi1y composting schemes arc 1ypicolly smaller th,m 

cen1mhscd schemes nnd s11uo1cd ,,..uhin the local communll) 111e end product ,� used b) 1h� 
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householders participating in the scheme, thereby closing the loop of  ,vnste gcnernlion und 

use. Considering both commun11y nnd ccn1roliscd schemes, on organised separ:ue collection 

S}Sten1 seems to be 1nore cncc11vc (European Con1miss1on. 2000).

1\ sun,cy conducted nn1ongs1 135 elderly formers 01 prcdom1nonlly ogricultuml orca.s 1n the 

Northern, Southern nnd Eastern pnrt.s of the country rcvcoled 1hot 1hey \\ere a,,·ol'\' thal 

con1posting hod been lmditionnlly prncuccd 1n Nigcno an the post but that 11 1s no longl!r 

practiced on o lnrgc scale. Sridh11r ct ol, (198S). initiated the composting process 1n Shnsha, .i

small community in Ibadan when: about I SO kg of markc1 \\'nsles ,vcrc composled ,,11h 

nbauoir \\11Stc nnd finished product ,vns used to gro,v vegetable crops on cxpenmcntol plo1 of 

land In the study, the changes in temperature. volume. ni1.rogcn, phosphorus and oLher 

sc1en11l1c pnmmctcrs \\'Crc measured. It ,,us also recognized that community should be 

involved in such projects (Sridh11r et nl, 1993). 

2.12A Con1posting in Schools 

TI1c: 2000 Food Residuals Co1npos1ing survey conducted by D10Cyclc idcn1ificd 138 projects 

that process food residuals fron1 a combination of institutionnl. eomn1erciol. and 1ndus1nol 

sources and those hlllldling food processing rcsidunls from only industrial gcnera1ors. 

llo,vc,·cr. lhis survey excluded the 116 insu1utional projcclS, included in the 1998 survey. 

since they only compost food residue senerated on-site (Goldstein ct nl, 2000). 

The 1998 OioCycle Food Rcsidunls Composting survey identified 250 composting facilities 

(I 87 full-scale composting opcr:11ions, 37 pilolS and 26 projeclS 111 de\elopmenl). Tobie 2.9 

indica1cs the locouon of 1hesc projcclS. Among those 250 c.on1posti11g foc1h11cs, 116 proJCClS 

,..-ere 1nstiru1io!Ull The suney reported thm 85 of the 91 full-scale projects \\c:rc o n -site al an 

rns11tu11on. S 111 businesses (mostly rcsons), ond one ot a school served by a municipal 

opcrotion (Gohlstein, Glen. & Omy. 1998). 

Every school generates \Yll5tcs arising from routine octivi1ics. Schools generate a great deal of 

was1e. c:spcc1olly os a by-product of food service The comn1on 1ypes of sohd \\'llStcs found in 

vanou.s schools 111 communities of developing coun1rics \'Rry 111 type ond 1n quanlll) Inc� 

include (a} Poper (b) gross (c) nylon (pure \\1ller bogs. biscuils. lolly. icc-cl"l-:in1. nnd �\,�'Cl 

\\rappers (d} sugar cone (c) moi7e cobs (f) groundnu1 shell (\Vnhnb, 2003) In ndd1tion 10 the 
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abo, c. some other ,vnstcs are found in school premises, ,vhich n1ight nor ha,·e been genem1ed 

direcll) by pupils and teachers, such wastes include animul droppings from chickens. goais. 

sheep. dogs und lately eo"·s Elemilc (2009) also SIBted n1aJor \\l!l.St� gencrnu:d in the non· 

rcs1dcnllol on:as of the University of lbndun 10 include paper, plastics, food \\11SIC: and gnrdcn 

lrimnungs Municipal corporations of the developing counuics ore not able 10 handle the 

111crcas1ng quanllty of ,,-nstc, "hich leads 10 uncollected ,,11Stc on roads and other 11ubhc 

pl11ccs u1nongst ,vhich arc schools. TI1c problems assoc1otcd ,vilh the disposal of ,vnstcs we 

1T1Dn}' ,vhich include linering of food and other solid \\USICS in the school con1pounds. One of 

the 01orc crucial wid irnpacting consequences of the lock of koo,vlcdge invoh·ing the un�fe 

und inuppropriatc disposal of !>olid ,vn.ste hos created considerable health problems ond very 

unplcosant condittons in mony schools. Tots cnn lend to the breeding of rots nnd other , ecror:. 

\\l11ch ore of public health 1111portancc (fchobnnoglous ct oJ .• 1977).

The chullcngc 10 schools is to mokc \VII.SIC 1Tinnogcmc:nt a vioble nnd even exci1tn11 pan of the 

total lcam1ng experience. Organic materials C411 easily be dcah \\1th ,vhere they arc produced 

1n the home or 111 school by on-snc composting. /\ large amount of o schools' ,v�lc Mrcam 

could be composted in-situ (Scott, 2007). /\ composting project in n school, euhcr in the 

clossroom or on the school propcny, con be n terrific opponuni1y for studunts 10 gnin direct 

knowledge and experience ,vith natural processes and a method of reducing and rec) cling 

biodegradable \\'llSICS.

A composting project presents nil kinds of opportuniucs for the school comn111nt1)' Aside 

from curriculum connccttons ond in1crdisc1phnory learning. compos1tng helps 10 instill nn 

cn\rronmental ethic. conserve noturnl resources and build school communil) 1\hhough 

con1pos11ng utilizes nalurol decoy processes, these processes ore occurring 1n n rclattvely 

s1nall, conccntrolcd area of a pile or bin. 1l1cre is o po1cn1inl for humnn exposure 10 the 

orgunisms in,•olvcd ond the products 1hey produce:. 

50 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Tnhlc 2.9. Locntion of I 11s1i1u1ion:1I Con1pos1ing Projects 

),OCJllon 
------....,..,.,-------

Pilot Full-scale operations 

C'orrtcllonal fncilitics 57 I 

Pnnu1ry/seco11dnry schools 17 

Universities 7 10 

Rcsons/hotcls 4 I 

Campus/conference center 3 0 

I lospitnls 2 0 

Rcstoumnts I I 

l\>lihtOI) 0 I 

Source Goldstein ct ol., ( 1998) 
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2.12.S ltcnsons for Composting in School!! 

Schools can help Lhe environment ond their con1mun1ty ,vhcn they compost food strops A

school composting progron1 ,,111.

• Reduce the school's solid ,vostc sucnm

• Recycle nntuml resources

• Fxtcnd the lifl! of o leeching field ond septic Ulllk i f  a gorbnge d1�posnl :.)�lcn1 has Ileen ,n

use tor reduce nnrogcn loading 10 the local se,voge 1rca1n1cn1 foc1lityl

• Educate the school comn1uruty obout benefits or composung

• Create a useful product tfin1shcd co1npost) for londscnp1ng projects

Designing successful composting systems requires on understanding of certnin biological. 

chcm1cal, and physical processes such os the movement of air, uptake of carbon nnd nitrogen. 

and heat production and transfer. Students can be a pan of the process of obt::u111n11 scientific 

1nlormo11on about composting, whether their results are applied in their o,vn hon1c, school or 

by industry. Al the same time. students engage in bonds-on, mind�·on con1posting activities 

,,ith on opportunity to improve their understanding of ninny scu:ntific proccsse5 und 

disc1phnes (Cornell \Voste Mnnage111cn1 Institute, 1996). 

n1e study of ,vaste production and managc1ncn1 lends 11Self to ,ntcrdisciplina.ry stud) ond 

school composting provides an opportunny for reol-\\orld problem solving \\"Ith coopero11,e 

learning groups II therefore con 1nolivn1c students who reel alicnntcd by 1rnd111onnl "science" 

expencnces. Furthcnnorc, students gain on o,vo.rcncss of 1ndividunls' roles 10 the \\Orld todny 

as they leom ho,v ,vastc is produced and ho,v II can be reduced Finally, through constnJction 

of compost s)stcms, students ore empowered 10 make n positi,·e cl11111ge 10 1hi.:1r \\Oriti For 11 

is oficrall our youth to whom this planet belongs (Cornell \Vostc lvlonuge111en1 lnMllutc. J 996) 

2.12.6 \Vastcs and Residues rron1 the Food Chuin 

Food.service operations. including restaurants, schools, hca.lthcarc facilities, pnsons. and other 

t) pes of con1merciol ond inslitutionol facilities, generate significont qlllllltitics of food

,,us1cs/rcs1dues ond p:ickog1ng ,110Stcs. Research hos idcntificd several fnctors thot influence 

the quonuty nnd type of ,Yru1tcs/residucs d1senrdcd by foodservicc opcrnuons including t) pc 
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2.12.5 Rcnsons for Co111posting in Schools 

Schools can help the environment nnd their community \Vhen the) cornposl food scraps \ 

school co111pos11ng progr-Jrn \\ill· 

• Reduce the ,chool's solid ,vnste stream

• Recycle nn1uml resources

• l ,Lend the life of o lenchinc lield nnd septic tnnk if o gorbage disposal s):.lcn1 has hcl·n in

use lOr reduce nllrogcn londing 10 the local se\\'Dj!C 11Cn1ment f:icilit))

• l•.ducu1c the school c:01n111unity obou1 benefits of compostrng

• Creole o useful product (finished cornpost) for land.scoping pro;eets

Designing successful composting systems requires nn Wldcrstnnding of certain biological. 

chcn1ical, nnd physical processes such ns the move.men, of oir. uplllke of crubon nnd nitrogen, 

and heat production and transfer. Students enn be n purt of the process of obLDining scientific 

information about composting. "hcthcr their results arc applied in their o,vn home, school or 

by industry Al the snmc time. studcnlS engage 111 hnnds-on, mrnds-on eompos1ing oe1i,ili1Ui 

wrtb tin opportunity 10 improve thcu understanding of mnny se1en1ific processes and 

discipbncs (Cornell \Vastc fvlnnagcmcnt Institute, 1996) 

The study of ,vastc production nnd mnnngement lends itself 10 interdisciplinary study und 

school composting provides an opportunity for renl-\1,orld p1oblcn1 solving ,vith coopemuvc 

learning groups. It therefore enn motivate students \Vho feel alienated by tmd11ionnl "science• 

experiences Funhermore, students gain an o\,,m:ncss of indi\•idU11ls' roles in the \\Orld today 

as they learn ho\v \\'asll: rs produced ond ho\v it can be reduced. Finnlly, through construction 

of conlposl systems, students arc cmpo,vcred to mnke o positi\-e ehllllge in their world. For ti 

is anerall our youth 10 ,vhom lh1s planet belongs (Cornell \Vnsre l\1nnagcmc111 Institute. 1996) 

2.12.6 \\l:i�tcs and ltcsitlucs rrom the i,'ootl Ch:.iin 

f'oodscrvrcc operations. including res1numnts, schools, lu:ahhcnn: fucilitrcs, pnsons. ond other 

type� of' con1nlc:rciol and 1ns1itutionnl fncllrtrcs, generate: sign1ficont qunntrllcs of food 

w.utcs/rcsrducs ond pocloosing \\UStes Research has 1dcn1ificd several foctors thnt 1ntlucnc:c 

the qU.llltlly and t) pe of \Vn5lc!lirc:srtlu� disc11rdcd by foodser\'iec opcmtions includ1ns type 
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of produe11on sys1cn1 (eonven1ionnl, convenience, or con,missary). market form of food; t}pe 

of SCl"\1cc \\':lfC (pcm1onenl or disposable); oecW11ey of forecnst and pro Table 2 10 

illustmtcs the quontity of food nnd pockoging rcsiducs /,vnstcs generated in different t)l)CS of 

foodscrv1ec opem11011s \\l�te strcnm nnnlys1s studies ,vcrc conducted 10 chnmctcri1c the 

\\Cight nnd volun,c of food and pacl..ag1ng motcriols discorded 1n these operations (Shnnld1n ct 

al. 2003 ). 

2.12.G .. I Food \Vustc Recovery l lier:1rchy 

Sin1ilnr to  its solid 11·ns1c mQruJgemcnt hierarchy (e.g. source reduction and reuse. recycling 

nnd con1posung, disposal). U.S Environmental Protection Agency bas suggested o food ,,.istc 

recovery hierarchy to sho,v hov.- producLivc use can be mode of c.xccss food. fhc food 1\nstc 

recovery hierarchy comprises the follo,ving activities, ,vith disposal as the final option: 

• Source Reduction - Reduce the volume of food \\'OSIC gcncmtcd

• reed People- Donntc e.xll"D food 10 food bnnks, soup kitchens and shelters

• Feed Animals - Provide food 10 fnrmcrs

• Industrial Uses - Provide fots for rendering and food discords for nnimnl feed production

• Composting -Conven food scraps into a nutrient rich soil nn1encln1en1

2.12.7 Food \Voile Composting 

Food ,,·as1e hos "unique" propc:nies. Because it has o high n1ois1un: content nnd lo,v physical 

structure:. it is in1ponant 10 mix frcsh food 1\IIISle with a bulking agent thnl will absorb some of 

the excess moisture ns ,vcll os odd structure 10 the mi,,i;. Bulking ogcnlS 111th o high C:N ratio. 

such os sa11·dus1 Md yurd 1\/llStc, ore good choices. 

TI1c decomposition of food and other 1vos1e under nnnerobic (\\ithout oxygen) conchtions 1n 

landfills produces n1e1hane, o greenhouse gas (GI 10) 21 times more potent thnn CJroon 

d1ox1de Landfills are the lnrge�I humon-relotcd source of 1netlu1nc in lhc United Sllltl:S, 

accounting for 34 percent of oil 111cthonc emissions. Recover ((i.c food dono1ions) and 

recycling (i.e., composting) divens orgnnic 1nntcriols fron1 lnndlills ontl 1nclncn11or... thcrch) 

reducing 0110 cmissionli from landfills and 1vns1c combustion (USEP/\, 2006).
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Co1nposung food scraps results in obou1 a SO pcrcenl rcduc11on of your onginnl motcrinl. 

I lo\\,:vcr, d.lil> processing of food scraps cM resuh 1n o fnsl accumulu1ion of ma1cn11I Food 

\\ll)lc ts lughl) susccpttblc to odour production -n111inly omn1onin -nnd large quanutics of 

leuchou:. The best prevention for odor 1s o \Vcl1-ocro1cd pile. Cop1urcd lenchnlc cun be 

rcnpphcd 10 the compost. In 2007. almost I 2.5 pcrccnl of the 1010.I municipnl solid \Yl�lc 

(MS\V) gencrnrcd 1n An1ericon households \VOS food scraps ond less l11Dn three percent \\,'lC>

n."CO\crcd 11,e rest \\'OS thro\vn O\voy nnd disposed in londlills or combusrcd 1n  inc1nem1ors. 

Food residue hns unique chomcrcristics rhat require special consideration \\ hen used as u 

feedstock for composling. Due 10 its high n1oisturc conlcnt and lo\v physical structure food 

\\10.Sle n1us1 be 01ixcd \vith n bulking agent lilol \viii absorb some of Lhc e.-cccss moisture and 

provide structure 10 Lhc mix (Risse & fouccnc, 2000). Tius process is referred 10 ns co

contposting. 111c Uni led States Environmcmtol Protection Agency ( 1995n) defined C O ·

co1nposti11g as "l11c co1nposling or t\vo or 111ore feedstocks \villi different charncrerisrics, for 

ex:unple. 1he co-composting of biosolids in liquid/dcwotcred form \vith yard trin1mings and 

leaves " The US Er A ( 19980) n:poncd thot most food \vnste compost progr,lll\S mix other 

organic materials. such ns sa\vdust. wood chips, yard tnmmings, or mnnure, wilh food \\,bll!S

10 produce high qunlily compost. Yurd tnmming is the most frequently used bulking ogc:nt 

added 10 food \\11.Slc compost. follo"'Cd by \Vood chips nnd SQ\\dUSI (USEPA. 1998n). 
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Composting lood scrops rcsuhs 1n nbout n SO percent reduction of your original matenal 

1 lo\\c, er. dnil) processing of food scraps cnn rcsuh in a fnst accwnula11on of material Food 

"a\lC 1� lughly susceptible 10 odour production --mainly ammonia --and large quanlitte.:. (If 

lenchote The best prevention for odor is a ,vc:11-ucroted pile. Captured lcach:lle can be 

reapplied to lhc con1pos1 In 2007, nlmost 12.S percent of the total mun1c1pol solid ,,mtc 

(�IS\\') generated in A1ncrican households ,va.s food scraps and less lhon three percent ''� 

reco,cred 111c rest ,,•as thro,vn n\\'O)' and disposed in lnndlills or combusted 1n 1nc1ncrotors. 

rood residue hns unique chomc1eris11cs lhat require special considemuon ,,hco used as a 

feedstock for composting. Due 10 its high n1ois1urc content and lo,v physical structure. food 

\\':\Ste must be mixed ,,-ith a bulking agent 1h01 ,viii absorb some of the excess moisture and 

provide structure 10 the mix (Risse & Faucette., 2000). TI1is process is referred 10 as co

con1posting. The United S1111es Cnvironn1cmllll Protection Agency ( 19950) defined co

con,posting as "lhe composting of t,vo or more fccdstocks ,,;th different chnrncteristics. for 

example:, the co-composting of biosolids in liquitl/dc,,111ercd fonn ,vith yrutl tnmmings and 

11:aves." 111c US EPA ( 1998n) rcponcd that rnosl food \\'IISIC compost programs mix other 

organic matc:rials, such ns sn,,•dust. wood chips. yrutl trimmings, or manure, \VJth food ,,astcs 

10 produce high quality con1pos1. Ynrd trimnung is the most frequently used bulking ag<!nl 

added to food \\115tc compost. follo,vcd by ,vood chips and so,,-dust (USEPA, 1998n), 
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Tnblc 2.10 '''11s1cs/llcJid11cs Gencr111cd hy Oiffercnl Types of Poodscrvil'e Opcrnlion� 

l'ypc nf 011crn1inn �lcnn l\lcnn \Vcii;hl (%) Vol111nt' ("/o) 

II I. per IOI. Food r:ickuging 1100d l'11ckni;ini;

111cnl per 

(lb) n1cnl 

(1;111) 

School foodscn•icc 0.58 0.49 60.8 32.6 19 2 71.0 

Opcrulions 

Uni1•crsily dining hull A 0.57 0.91 71.9 28.1 22.2 77.S

ni1·crsily diuiug bull 0 0.39 0.66 71.8 28.2 22.7 77.3 

Unh cr�ily dining hall C 0.50 0.85 66.0 34 16.S 83.5

J\lililary foodsen•icc 0.99 0.94 72.1 27.09 12.3 87.7 

faciliric.s 

Conrinuini; core 0.93 1.22 69.9 30.1 12.5 87.S

rc1irl!1ncnl co1nrnuni1y 

J\lili1:1ry hcallhcnrc 1\ 1.32 1.46 71.2 28.8 26.0 74.0 

J\lilil:tl)' hcallhcnrc D 1.13 1.49 67.3 32.7 21.S 78.S 

Fon1ily bur & grill 0.89 0.84 64.6 35.4 24.4 75.6 

rc.s111urunt 

ourcc: Shnnklin and Perris, (1995) 
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2.12.11 Rioloi,:ical, che111icnl untl physical rcquircn1enlS for efficient tlccon111o�i1ion 

\l01111a1n1n1t op1iinum 1nicrob10I octivily in the co1npos1 pile is essenuol for the dccompo�111on 

of ort1an1e 11101eriuls Any factor 1ha1 slo\VS 1nicrobinl gro\vlh oJso impedes 1hc rote ol 1hc 

con1pos1ing process. Foc1ors neecssnry for optimal n1itrobiol oc1iviry include proper acmllon. 

sufficicnl 1nois1ure, ponicle size, nnd nu1rien1 b:ilonce, p:miculnrly nitrogen ( tvlclourin & 

\\'otle, 1999). rhc USEPA (1995n) ond Eberle (1997) described the ideal levels of 1hc 

b1olog1col. chem1cnl. ond physical needs lhnl should be n1:iin1ainc:d throughout ull sta(tcs of 

compos11ng for peal. performance 

• Uiologicol processes: Microorganisms nrc lhe key 10 the composting process n,c 1dcnl

conditions for o given microbial population must be present for 1hc co111pos11ng process

10 progress 01 the proper rate. Under ideal conditions composting occurs rJpitlly The

focus of the mnnogemen1 or the compost process should be the microorgnnisn1s und

promoting conditions thnt lead 10 rnpid s1nbiliza1ion of the organic nU1tcnols (USEPA.

I 995u).

• l'hysicol processes: 171e essential physical requiren1en1S in the compost process ore

1empem1ure, particle siu, mixing, ond pile size (USEPA, 19950).

• 1'cmpero1urc: Tempernture n1n11ngcmen1 of tl1e compost pile is an 1n1por1nn1 compoocn1

of a composting process. The n1csophilic organisms tl1at exist in 1cmpcro1urc ranges from

50°f• (J0°C) 10 J l3°F (45°C) break d0\\11 soluble ontl cosily dcgrndcd compounds during

1hc initiol decomposition. These organisms give off ht.11. \\hich in tum. incrcnscs tl1c

1c:mpcro1un: of the compost pile. The tl1em1ophilie orgllDlsms 1h01 thrive under

1cmpcr.11ures bel\vecn nbou1 I 13°F (45°C) to I 50°fl' (6S°C) rcpl11cc the mesophilic

o�sms This temperature rongc. preferred by lhc thcnnophilic orgw1isms. promotes

lhe breakdo\vn of proteins. complex carbohydm1cs. nnd other organic compounds 1h01 

pro, ide ln1pc,rtun1 nutrients for lhc: 111icroorgonisms. Since most 1hcm1oph1hc 

m1croorgunisn1:. cannot sun ive above 160°fl', nnd the mp1tl decomposition of orgnnic: 

materials �tops above 1111s tcmpcrnturc. it is esscnuol 10 control lhc 1empero1urc or the 

compost pile (l'.!berlc, 1997). 

• 1•:irtklc �i,c: 1l1c port1clc size of tl1e mntenal being composted is cri1ic;1l to 1hc spctd of

composting. Occousc smaller particles usunlly provide mon: surfncc� per un11 of \\c1gl11.

the} provide belier cond111ons for microbial acli\lity on their �urfncc. which gn:,111}'
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reduces decomposition time. Ho\\-cvcr, if the panicles an: 100 rmc. Ibey pro\•idc less 

open space for oir 10 circulotc (USEPA, 1995n). 

• Chcn1ic11I processes: Mony factors 1nnuence the chemical environment for composting.

So1nc of the 1110s1 11nponont ones include: (o) the presence of nn ode<1unte curhon

(food)luncri;y source, (b} a balnnccd amount of nutncnts. (c) the correct amounl of 111111.:r.

(d) adc4unte oxygen, (c) nppropriatc pl I, ond (f) lhc absence of tox,ic constituents that

could 1nhibi1 microbial :1ctivhy (USEPA, 1995n). 

(:l) Cnrhon/enerio �ourcc: The carbon in organic motcriols provides the composting 

n1icrnor1111nisms 1vith 1hc1r source of carbon/energy source. ool Lhc crubon dioxide :ind 

sunlight thut is used by higher plnnts. flAs the more casil)' dcgrndoblc forms ol carbon ore 

dccon1posed, n small portion of the cnrbon is convened to microbial cells nod o significant 

ponion of this corbon is convened to carbondioxidc ond lost 10 the oLmospbero. J\s the 

con,posting progresses, the loss of curbon results in o decrease in \\i::ight and volun,e of Ilic 

feedstock. 1l1c lc:ss-easily deco1nposcd forms of carbon ,viii form the matrix for lhc physical 

structure of the final product-co1npost (USEPA, 199Sa)." 

(IJ) Nutrients: Microorgan1sn1s need sufficiently bnlonced nutrient sources for succco;sful 

composting.. This is ofien described ns the carbon nitrogen ratio (C:N). Carbon in the 

co1npos1ing mrucrinl provides the microbes with 1he1r energy. It is olso o basic pan or 

microbes' cell slJ'\lcturc. Nitrogen is the mosl imponnn1 nutrient because it is necessary for tJ1c 

fomuuion of proteins, nucleic acids, and amino acids that make up the bodies of microbes. I t  

1s sometimes necessary 10 nux several materials together to 1nointn1n Ilic optimum C:N ratio 

(Eberle. 1997). During the initial phase of composting n C:N ratio of JO· I ts gcncrall) 

considered idc:il for successful dccon1position. I lighcr ratios of C:1 n1oy s101,• the rate of 

decomposition Ratios of bclO\\' 25: I may result in undesirable odor problems. Nitrogcn-nch 

materials, such BS )Ord tri1nm1ngs. animnl mnnurcs, or biosolids, ore oflen added 1f 1he C·N 

ratio is 100 high (USE.PA, 19950). The C:N r111io of composung organic materials vnries 

\\idely For example, food 1Ynslcs hove o carbon 10 nitrogen rotio or 15·1 ond 1\oOd chips ond 

501v dust have o C N ratio or 300: I nod 700 I, respectively (Mc Laurin & \Vode, 1999) To 

n1a1nto1n the optimum C:N ratio for food 1Y11Sle composting, co-con1po511ng " oflcn 

nccc�ry 
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(c) i\toislurc: Like oll forms of life, microorganisms living in o compost pile require ,,ater

to SUr\ 1vc. TI1c ideal moisture content for compost piles is 50 to 60 percent of 101111 ,,eight

(USl l'A. 19950) If the materioJ 1s too \\'Cl (above 60 percent), the flo,v of 0:1.ygcn nccc™11) 

ror hv1ng m1croorgru11sms ,..,ill be reduced ond the decon1position process ,,•ill be slo,�cll llus 

occurs because the: pile ,viii no1 hc111 and on onncrob1c condi1ion ,,;11 result. In addition. 

cscc�s1ve n1ois1ure no,ving freely from the compo)t pile n10} coll5c dissolved nu1nen1� 10 

leach out. �1usc polcnlinl pollution of ground or surface ,,·otcr. ond create odor problcn1s If 

n101�tu1e lc,cls u.rc 100 lo\\ (belo,v JO perccnl n1ois1un:). the rate of dccompos111on ,, ill be

quite slo,11 resulting in o decrease of the orgnnisn, populations. As o result. the m1crobiol 

ocu, ily ,viii nearly cease (Eberle, 1997). Dccausc of t l1c high moisture con lent of food \\lllSles, 

the addition of dry bulking materials. such 11S ,,ood chips. s11,vdus1. nnd leaves, i s  desired to 

pn:, c:nt the development of lcnchntc nnd to increase oir flo"' (Eberle. 1997). 

(d) Oxygen: Co1nposting requires sufficient oxygen since it is on aerobic process. A

minintum level of 5 percent oxygen is needed for aerobic organisms to sur\-ive; ho,vc,•er. n

level of IO percent oxygen is considered nenr optimum. An nnoerobic process that uses

orgnnisn1s tbot do not require O)(ygen is also ovaHoble for composting. lltis proccss is u�ually

slo,,er nod con produce undesirable odors (Eberle. 1997) To maintain ndcqlliltc oxygen 

le\'els. oir may be mechMically blo1vn into or pulled from tl1e piles Turning Lhc pile 

frequently to expose the microbes 10 the n1mosphere is onotllcr ,,11y of aerating the compost 

pile. This method ,viii crcllte more air SJ1llCCS by fluffing up the pile; ho\\c1cr. csccss air ,viii 

remove heat causing the pile to cool, n1oisture to evaporutc, and the decomposition to slo,v 

do,,'ll (USEPA. 1995a), 
(c) Acillil)' (pl O: The pll or the compost pile o.fTccts the lllTlount or nutrients ovrulable 10 1he

microorgonibn1s, tbc solub1hty of heavy meuils, ond the ovcmll n1c111bolic nc1iv11y of tllc

1nicroorgnnisn1S. The addiuon of lime or sulfur 10 increase or decrease the pl I. n:specti\'cl).

1s not usuolly necessary. The desired pH level is between 6 and 8 11,c linnl pll of the

con,post depends on tl,e types of feedstocJ.. used und the opcrnling condiuons {USI PA.

1995n).
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2.12.\1 l\llcroori;:1nls1ns in II con111os1 pile: 

�licroor11anisms such os bacteriu, fungi, and octinomycclcs account for n1os1 of the 

di:composiuon chat takes place 1n a pile. 1l1cy ore considered c:hcn11cal decomposers. because 

they change the chcn11slr)' of  organic \\11.SICS. The lnrger decomposers. or n1acroorgon1sms. in 

11 con1pos1 pile include mites, cenupcdcs, so,v bugs, snails, 1nillipcdcs, springhlils, spiders. 

slugs. beetles, onts, Oies, ncmotodcs, Oot\',orms, rotifcrs and earthwonns 1l1cy nrc cons1dc:rcd 

to be physical decon1poscrs because they grind, bite, suck. tear and chc\\ rntucriuli; 1010 

sn1nller pieces. Of all these orsorusms. aerobic bocterio ore the most important decomposer� 

There ore different types of aerobic bnc1erin 1h01 ,rork in con1pos11ng piles Thctt popuhuions 

varies according to the pile temperature. 

The process is carried out by three classes of bacteria -

• Psyc:hrophiles - low 1empern1ure bacteria

• Me.sophlles -medium temperature bacteria

• 1 hennophiles - high temperature bacteria

Psychrophilic bacteria ,vork in the to,, est tcmperoturc range. 1l1ey ore most active 01 SS° F 

and ,\ill work in the pile if the initial pile lcmpcmturc is less lho.n 70
° F. 1l1e heat they 

produce is enough ho,\cvcr. to help build the pile temperature 10 the point where another sci 

of bac:t<:rio. rncsophilic: bacterio. star1 10 to.kc over. Mesopluhc bac1crio mpidl) dccon1pose 

organic: 111nttcr, producing acids. carbon dioxide nnd hcnt. Their \\Orking 1empera1urc rongc is 

generally bct,vccn 70
° 10 100

°
F. Thermophilic bocterio thrive ot 1emper:11ures ranging from 

113° to I 60° F Thermopbilic bactcna continue the decomposition proc<:ss, raising the pile 

1en1pcraturc 130" 10 160"I·. ,vhcre i1 usually s1.abilizes. In later stages 01hc:r organisms 

including Ac:11nomyce1cs, Ccn1ipedes, Millipedes, Fungi, So\\bugs, Spiders nnd E11rd1\\0rms 

ass1S1 111 the process Mony find thal con1pos1ing is as n1uch of on nrt as n science. Recent 

concern about 1nonnging ,vas1cs on<l producing food in nn cnviro1uncnulll> sound manner IUIS 

led 10 a rene\\cd 1n1c1c�1 in s1111lll-scole. backynrd con1posung os ,veil os on interest in 

developing lnrge-sc.ale, co111merciul o.nd mun1c1pal compos1ing systems 
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2.12.10 Ocncli1s ofCun,11osling 

The: recent 111crc:i:.c in popularity of composting can be 1111nbuted 10 several fnc1or.;. including 

1ncrcib1ng luntllill upping fees. decreasing lnntllill cnp11ci1y nod 1ncrcos1ngl) rcs1ncll\iC 

1ncu.o;urc� 1n1posc:d by rcgula101') agencies (USEPA, 19950). Al the swne tin,c. compos11ns 

olTcr:; nurnctivc bcnefilS to the food 1ndus1ry, ogncullure, anti environment Food service ,ind 

rood processing industries cnn bcnelil econom1colly by Lhe lo,,er disposnl fee charged D)' Lhc 

compos11ng facililles or tJ,e lo,ver cos I of operating nn on-site or 01T-s11c co1npo�1111g opcr1111on 

Lhnn the fee charged by com1ncrcinl ,vnstc haulers. Composting also con 1111prO\'C opem11on's 

public relallons by  sho\ving Lhe public their concern for the environment. 

2.12.10.1 Bcncli1s to the food industry. Risse and Fauceue (2000) idcn1ificd Lhe follo,\lng 

beneliLs of composting for the food indus1ry: 

• reduces solid ,,as1e disposal fees.

• clintinntes \\'ll.�ting large quanlities of recyclable m,v ingrcdicnlS.

• educates consumcr:. on tJ,c bcnclits of food \\'!ISie composting.

• markets on cstnblishn1ent as cnv1roruncntnlly conscious.

• rctluceS the need for n1orc lnndlill space

2.12.10.2 Bcneli1s 10 agriculture TI1c follo,ving ha,c been 1tlcn111icd as benefits of 

compos1ing 10 agricullure. (R1ssc & F:iuccnc. 2000): 

• suppresses ccnain plant thscnscs nnd p3raSilcs and kills ,vccd seeds_

• incre.iscs yield nnd size of  sonic crops.

• n:duccs fcr11lizcr requirements

• n:duccs ,voter rcqu1rcmcnts nnd irrigation

• increnscs profits bccnuse of the higher prices pnid for orgnnic:illy gro,,11 crops.

2.12.10.3 Ucnclib 10 1hc c11viron1ncn1 Risse nnd fouccllc (2000) described the follo,ving 

benefits of compo�1ing for 1hc cnv1ron1ncn1 

• 

• 

• 

• 

• 

conserves the \\illcr nnd soil, 

pro1ecb iround,,atcr quality 

a,01d� 1111:Lhanc production and lcochntc fonnn1ion in landfills 

c.lr:utic,,lly reduces the need for pesticides and fcn1ltzcrs 

bulTcr:. �ii p l  I levels . 
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2.12.10.-t Econon1ic benefits. Revenue can be generated for comporung operations through 

the sale of the finished product. For cxwnplc, Upper Volley Recycling sold the finished 

product for S22 to S2S/ton 10 vineyard gro,vcrs, locnl residents, and nu™=rics (Olock & Glen. 

2000) 

2.12.11 Benefits of School Composting 

Belo,, ore some reasons ,vhy a school might toke on o con,poMing program 

I I ake responsibility for school's \\'!ISie

2 Recycle noturnl resources 

3 Educate the community about Lhc beneliLS o f  con,posting 

ol Cha.nge cuhural nnitudes about gnrooge in o ,vay that ,viii benefit society 

S. Affect the life style decisions Olllde by future citizens of the con1mw1i1y

6. Reduce the school solid ,vnste scream

7 Enhance teaching of science concepLS 

8 Teach social responsibility 

9 Empo,\'c:r s1udenLS (gives them o specific action lhcy con tnkc to help the earth} 

IO Inform partnLS as ,vc:11 o s  s1udcnLS nbout composltng 

11. Provide a soil amendment for school gnrdcning projects or for sole ns a fund miser

12. Help the school \\Ork 10,wrd becoming n "green school"

13. Foster a sense of school pndc

Sowcc:· Connecticut State Department of Education, (2002). 

2.13 En,'ironn1en1al Educnlion 

Environmcnw.1 Educnuon IS o process of recognising \'lllucs ond clnri fying concepts in ordcr 

10 dc\'clop �kills nnd added tools necessary to understand nnd upprccintc the:: in1cr-n:lt1110Ml11p 

among mon, his cuhurc ond his b10-physicnl surrounding (t\ho,c. 2000) Environn1cntal 

cduco1ton refers to organiad c:ITons to reach about ho1v ru11urnl environments func11on 11nd. 

parttculnrly, ho,v human being:, cun n1on11ge 1hc1r bc.hnviour nnd ccosys1cms ,n order 10 lhc 

susL01aably. fhe term is of\cn w;ed to imply cduCll.tion within the school syS1cm. from pnmllf)· 

to pos1-sccondory (Grucnc\\.ild ct al. 200-1). h create:. on ovcmll pcrspcc11,c, \\h1ch 

ockno11 lcdscs the fact llwt rullurol cnvtronmcnl and mon mode cn11mnn1cn1 ore 

1n1crdtpcndcnt 
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EnY1ro1uncntal education is o teaming process Lhot increases people's kno\vlcdgc und 

O\\arcncss about the cnvironn1cnt nud associated challenges, develops the neccssal) skill:. and 

c:1.pcrt1\c to addrc�!> the challenges. and fosters attitudes. motivations. and con1mitmenb to 

n1oke 1nform1:d decisions and toke responsible oction (UNESCO. 1978). 

It �hould consider the environment in its toUllity and should be o continuous lifelong process 

b(g1nning at the pre-school level nnd continuing through oil stages. It should be 1ntcr

disciplinaf}· nnd examine n1n1or cnvironn1en1al issues from locaJ, nntionnl and 1ntcmo11onnl 

points or vie"'. It should utilise various educntionnl approaches to teach and )com about ond 

from the environment ,vith stress on practical activilics and first-hand experience It is 

through this process of education that people can be sc:nsi1i:,.cd about tl1c cnv1roomental 

lSSUCS 

Leaming ho\, Lo live \\1Lhin the limits or the planet's resources is the biggest challenge focing 

the v;orld's population today. \Vaste generation nnd manogcn1cnt is ot the very hcan of Lhot 

challenge. Students need to begin to make connections bet\\•ccn humon patterns of living and 

the need 10 conserve natural n:.sourccs. \\lnstc represents enormous stores of encrro thnt can 

be reclaimed and recycled Good programs or \VUSle management at schools ore J)O\\'Crful and 

ucccss1ble learning tools that begin 10 mokc these viuil coMcctions for srudents. niough high

Md low-\'llluc recyclables llrt: typicnlly recovered and reused, these m:1kc up only n smnll 

proporuon of the touil ,\lllStc sucnm The great majority of the \\11Ste (-70 percent) is organic 

In theory. this ,vn.stc could be c-0nver1ed 10 compost or used 10 generate biogns, but in 

silWIUons ,,here rudimentary solid ,,'llSte management systems bnrely function. II 1s difficult 

to promote iMovuuon even when it is potentinlly cost-cfTecuvc to do so In addition, 

hazardous nnd 1nfccuous mntenals arc disconlcd along ,v1lll gc:ncrol \\'ilSlc throughout the 

con11nen1 This is on especially dangerous condition Lhnt compliC4lCS the \\-nstc monogcment 

problem I oda)·'s students an: hungl) for \\Ork tl101 1s real, for lenm1n� Lhnt 1s n1conin�ful. 

Project-bJ.Sed lcarrung i�  .i teaching �trolc&) th:11 111lows studcnts to LDke n1ore re pon:.1b1lil) 

for 1he1r learning OJ, they n111kc dcc1�1011.1 ond creole soluuons to problcn1� that inter�.,_, them 

All subJCCIS con be 1nlcg,ntcd ns s1udcnts apply 1he1r academic, socinl nnd life skill\ to their 

,,orl. A:, schools change, so will our impact on the future: rrujcCl·bllSt:d lc11m1ng 1s o 

tt.1clung M111tcgy lhot honors students os c:ipablc people, rcaJ) ing 1l11:1n11Clvc, to b,: future 
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lenders by giving tbc1n cbnnces 10 be leaders ns children Todoy. populouon SfO\Vlh nnd 

changes in socic1y hove led lo more people ond re\vcr nolun1I resources II now b..:comcs 

unportonl lo heed nc\v cduc.11ionnl impcrn1ivcs (Payne, 1999). Con1pos1ing. therefore, 1s 

bcconung o cornn,only used process (I lanscn ct ol, 1995). 

Various s1ud1cs hove cxan1incd the effect of cnvironmen1ol cducohon on t-nowlcdge 111c rc1v 

5tudics conducted on lhc c11vironn1c111ol education progrom. regarding children and young 

pcoplc sho" 1h01 lite level of cnviroruncnlnl n1vorcncss is rcl111ivcly 101v (Grodzinska-Jurcznt.. 

2003). l lowcvcr, Manzano!. Bo.m:iro and Jimenez (1999) pointed out thot on understanding of 

1hc: conccpls Md issues 1vould help mol.c the desired chnngc in behaviour and 1111itude 101\nrds 

the c:n,iroruncnL Hence 1hb creates the opportunity to I.rain people 10 conuibu1c 10 the core of 

1be en, irorunenL Some n:searchcrs have reported lho1 junior high nnd high scbool students 

exposed to cnvironmcnUII courses dcmonstrolcd DJl increase Ln responsible environmen1al 

behaviour and an increased a1varc:ncss of cnvironn1en1nl issues (Jaus. 1984; Jordan cl al., 

I 986. J. M. Rnmscy, ct al .. I 992; C. E. Rnmscy & Rickson, 1976). Similarl). numerous 

studies conducted on kno,vledgc n.ad attitudes hove found a significnnt reln1ionship bel\1c:cn 

the t\\·o variables. In a study of the effectiveness of o visi1or edutlltion slrotegy in raising 

levels of kno,,ledge ond ouitudes 1ownrd nn1ure conservation, Olson, Ro1,1nnn und Roth 

( 1984) found o pos1uve relouonship be1\vcen scores on 1he t...nowlc:dge 1cs1 and scores on 1hc: 

a1u1ude 1es1 for oil conceplS measured. Similarly. Anns1rong & ln1pnm (1991) found 1ha1 

pos1uve 011i1udes follo\\·ed exposure 10 a K· 7 cnvironmcn111l cducouon pubhcouon on 

knowledge and 011i1udes obou1 tht eovironmcnl. In n study of cnvironmcnuil education and 1LS 

e!Tecl on the knoY.ledge and 011i1udcs of preparatory school s1udc11LS in Egyp1 by Abd El 

Solom, Et-Noggar and Hussein (2009). 01lltudc 1vns found 10 be positively correlo1cd to 1hcir 

le, el or kl,o,vledge prior to and follo\\1ng the Cnvironmcnlnl education session. 
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Cl 11\l"l'l�R 'rl I REE 

3.0 �IETIIOOOLOGV 

3.1 Dcscripllon or the  tut1) Arcn 

The stud) \\'as carried out in lbad:tn North L.0.A or Oyo sl41c. Ibadan 1.1 the copi141 cuy of 

0) o su1c lllld the lllJ'l!CSI city in \Vest Africa. II is loco1cd an the south-western reg,on of 

Nigcna. It is 78km inh1nd from Logos and is o prominent troruh poinl bct\.\--ccn the coasuil 

region nnd the: nrcas to the nonh. II lies bcl\vc:cn loti1udc 7° and 9"30' cast of prime mcridion. 

Jt,.,dan covers n lond orco of 12 IJlomctcrs radius. h has an oltitudc gcpcmlly ranging from 

152 lO 213m \\ith isolated ridges ond peaks rising 10 274m. Its populotion ls cstinuu.ed to be 

about 3.8million according 10 the Nntionol Populotion Commission's 2006 census CStlJnlltes.

The principal inhnbiu1nL� of  the city arc tl1c Yorubas (Bro,vn, 2009). Ibadan ha.s over 300

schools nude up of bolh Public nnd Private Nursery, Primnry nnd Sccorubry Schools, one 

Polytcclmic llJld t,vo Uni,-crsilics. 

3.1.l Dricf Description of lbod11n I orlh Loc:11 Go,·cmn11.in1 ;\rco 

The Jh:vlnn Nonh Loc-31 Govmuncnl WllS founded by the Fcdcrul �liliury Government of 

Nigcrio on 2? of Scpr.embcr 1991. l11e Loco! Govemmcn1 \\115 carved out or the defunct 

lb:id:m Municip:i.l Govcmmmt along witlt others. The: componcntS of tlte Local Oovemmcnt 

co, crs areas berw-een B� roundabout through Okc-Are 10 l\lokola. Okc-1runu and ljokodo 

The other components are nreas from Deere roundabout to Go1c, ldi-opc to Bashonm and up 

to Logosllbadon Express ,,,;iy, Secn:uuiiu, BodtJD, University or lbadon nnd Agbo"-o \rcas. 

The headqullftcrs of I.he Local Go, c:nunc:n1 is llodijtL l11e Loe.ii Go, emmc:nt heruiqu.irtcrs i s  

temponuiJy a"°modo1cd .u Quarter 87 111 Govc:mmcnt RC5m,cd Arc:3 in Ago.ii ,..,h� the 

Secret.Arial 1s Joaued Ibadan Nonh Loc4I Go"'cmmcnl is bounded b) oth.:r L.G \s including 

Aksn)c:lc, ldo, Ibadan South Wc)t, lb.1d:in Soutlt Lnst ond Logelu I G \� The lh.lJlll Nonh 

Local Go\'c:mment lw a populouon of obou1 308,119 people:, comprhinQ IS2.60ll m4ks and 

I SS,511 fc11111lt (2006 l'opulu1ion Cc:niu�). U1in11 u .:rn\\ lh rate ol 3 2% Iron, �006 �nUU\.

the 7010 e,tin101cd popuJauon for the I ocul Oo�cmn1cn1 arc,t It put al J-17,9Cl8 !'(\.)pie 

(OYSO, 2010) 
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Table 3.1: I b11ll11n Norlh Lo cul Govcrn,ncnl \Vnrlls

� 
S/No \VAROS 

lleerc. Keninkc, Agbndogbudu, Oke Are, Odo Oyc 

2 Ode Oolc:, lnnlcndc, Oniynnrin nnd Okc Oloro 

3 Adcoyo, Yc:1nc1u, Okc Arcn10 ond lsnlc Alfa 

,I ltu1obn, ldi omo, Oje lgodun, Kube, Okc opon, Abcnlo. Ali"·offo1ol garden Md NTA 

Arco 

5 Boshorun, Olu,,o, Ashi. Akingbolu. lkolnbn nnd Gate 

6 Sabo Area 

7 Oke ltunu, Cocacolo and Orcmcji Areas 

8 Sango, ljokodo 

9 Mokola, Ago Tnpn Md Premier Hotel Areas 

10 Bodija, Secreltlrint, A ,volo,"o, Obasa, Snnusi 

11 Somondn, Polytechnic, University of lbadon 

12 Agbo,vo. 8odijn Market, Oju lrin, Ba.riko. lso Patnko. Lngos/lbodon E."<prcss Rood 

Source: Bro,vn. 2009 

The Local Government comprises multi-ethnic nationnliLics lhnt is prcdominnntly dominated 

by the Yorubas. Others include the lgbos, Edos, Urbobos, llsck1ris, lja,vs. 1-lnusns, Fulanis and 

Foreigners v,ho are from Europe. Amcricll, Asia Md oilier pans of t11c \Vorld. 

l\,1ojority of the population of Ibadan Nortll Local Government are in the private sector. 111c) 

ore n1ninly trnders. nod Artisans. A good number of tlleir \\'Orkers ore civil servants "ho live 

predon1inan1ly around Dodijn Estnlc, Agbo,vo, Snngo, Mokola. the University of lbadon nnd 

Ille Polytechnic lbotlnn (Brovm, 2009) 

65 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Mu OYO STAff WIIHIN nfl NATIONAL. COICIIXT 

-
.. 

,: 

__ " ___ 4,<C..B# 

------=---

- -

Fig. 3.1: Map or Oyo Stale in the Conlul or Nigeris 

Source: J\>tlnistry of Lands and UouJing Oyo Staie. 2010 
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PIAte 3.1: A J..D l\1ap Showing the Location of International School lbadao (ISi) and 

\Valbrook College Ibadan 

Source: Google Earth, 2011 
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3.2 111d) Oesign 

1 he ,tud> \\,IS quosi-expo:rirnentul 1n design ,vith students of I he lntemotionol !:ichool lood:111 

(ISi) a� the e'.\pcrin1entnl group and thos.: of \Vnlbrook College lbndWl (\VCIJ as the c:onuul 

l!lllllp II also involv.:d o field )UfVC}. loborntory analysis of organic \VU)lC. co1npo�1 produced 

fr,un urgun1c \\IIStc recycling as ,,ell os 11111n1ng of \tudc:n� of the c:1.pc:ri111cn1nl group on 

utili1ution of the fnbricnu:d con1post bin (,,1ndro,v method) for organic \\&le n:cychng ut ISi 

:1.3 , 111tl} ropulntion 

Thb cun1priseJ studen1s of the schools of interest selected for the study 

3.4 Cri1cri11 for School cleNion 

TI1e schools considered for the study \\•en: selected oosed on tlu: folio\, ing criteria• 

TI1e school mus1 be a bo:irding school. 

2 The school 11111st be o private sc:condary school. 

3. TI1e school 111ust I><: o he1crogenous (mixed) school.

4 The school selected for the study n11is1 be \\'ithin the L.0.A sclcclcd for the study 

3.5 :1111plc $UC tlc1cn11ioulion 

This \t,>US colcu.lotcd os follo"s 

I At 5% level of significooce 

2. Proportion of students \\1th good knowledge, ollitudc: and pmcticc: of \\'tlStc m:ycling Q 50'"•

(0.5)

Using the formula

N .. iz,� '.?Pil-r) + 7,1=" Ptfl-P1l+P:(l·P.) )2

(P1-P2)
2
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r, Propon1on of students ,v11h good kno,vledge of recycling be for,: 1hc 1n1cr. c:nuon 

(cnn1pos11n1:1) SO% 0.5 

r. Proponion or students with good kno\\lcdge of,\a)lc: rec)cling oner the:

1nh:r, cn11on(compos11ng) 60% 0.6.

l1 tf1 I 96 [�Id normul deviate at 95% conlidcnce level) 

Z,.� 0.84 f po\\er of80%l 

N Srunplc size 

P - l'ropon1on ,vith good kno,vh:dgc of,,-astc recycling 

Sub�1i1u11ng 10 the fom1uln 

N., I J.96 (1x0.55Cl-0.55} + 0.84 o,5 (1-0.5}+0.6CI-0.6J1

,

(0.5-0.6)" 

N-392

The calculated sample size ,vos approximated 10 400 10 accommodate the loss due 10 011ri11on 

3.6 nn1pling Technique 

3.6.1 S:11upling Procedure 

The ln1em:11ional School nnd \Valbrook College used for the s1udy ,vcre purposi\'cl) selected 

3.6.2 :111111l1: Frn1111:: 

The san1phng frame ror selection of students in both schools ,..-ns the classroom register In nil 

392 students ,,.:re selected fron1 both schools ,,ith 196 s1uden1s each from ISi and \\CI 

rcspccthrcly this howe,er spread across SSS 1-SSS3 in each :;chool. 

3.7 Prctrstin� of Questionnaire 

In order 10 ensure volidi1y Wld reliobilit) of quL-stionnoirc, it ,,as prc·le51cd runoni: 50 

secondary school students of n school d1ffc:n.:111 from the target population I IO\\C\ er tin� \\as 

nnnlyscd nnd correction� \\ere n1t1dt 11ccord1ngl) 

3.11 Qucstiunnnire ;\1.hnini,ir111ion 

\ 53-llem sen1i-struc1urc<l i.elf administered questionnaire \\-OS used 10 elicit i11lbn11011on rron1 

the p,1rt1cipan1> with the ac.sistance of some te.,chcrs 10 the schools Inc ques11n11nn1rc \\lb
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b.ucJ on o 14-point w1d 11-J'IOII\I l..no\v(cdgc nnd 011i1ude scale n:spccli\cl� II consis11.-d of 

li,c sccrions norntly, socio-dcn1ographic characlerisllcs \Vilh 5 questions. IJio\,lcdgc on 

waste recychng v.11h 14 qucsuons, infonna11on regarding ouitudc \Vilh 11 questions using a J. 

pu1n1 I.ii.en scnle of 'ogru', 'ind1frercn1' nod 'disagree·, I S  questions on s01ld \\OSie 

111onnscn1cn1 pmctlccs in the school and 8 qucsuons on problem:; ossocio1cd \\'llh currc111 sohd 

\\a�tc nwnngcrncnl procticcs 111 the schools The best score for J-nowledgc \\US IO and \VUS 

scuh:d OS; more thon 7 good, 7-S n1odcrn1e nod 4 and belo,v as lo1v 

3.? Ob,-en111lion Checl<li11

An obscrvn1io11 checklisl \\'aS developed 10 validare the responses obtained fm1n the 

p;inic1punts. TI1c features included in !his instrum.:nt con.sis1cd of the 1y� of solid '"nslc

reccptnclc:s. adequacy of rcccptnclcs. sanilnry conditions o f  rcccptnles. distnncc of unillf fronl 

the clossroo1ns, locauon of reccptucles, solid \Vil$te disposal mc1hods. fn:qucnc) of colkcllon 

of\1uslcs, environ1nc11tol problcn1s caused by 11'i1Stcs and sllltc of school �urroundio�. 

3.10 Tr11ini11g of rnrticipnnls on Organic \\luslc Rcc)tllng 

A sub-set of SO students (25% of the study pnn1c1paots) 1\-cre randomly sclcc1ed from lhe 

study population m both schools. A dny trninins ,vorkshop on segrcggolion and recycling of 

\\'USICS ,,ith emphosis on organic ,wstc rec}·elins (compos1111g) \\-:IS conduc1ed and they \\i!�

provided ,vuh two d1ITcrent coloured bags for sep:imtion of wnste in10 orgnnic/biodcgmdable 

and non biodegr:idnble/inorgunic froctions rcspecti,cly. A pre and post evuluation ,�as 

conduc1ed befon: and afler the training in ISi. TI1is 11·11!> done: in order 10 llliSess the in11>Jcl of 

1hc training on k.no11 ledge. ottitudc :md prncticc of students on organic ,vnstc rcc)cling. A sub 

�ct 11f 50 ,;tudcnlS \\ere a.l5o selected front the stud}' p:inicipants io \\/Cl. they 11-crc ho11.:,cr 

1101 1ru1ned but Bllowcd 10 cont1nuc \11th their usual method of d1sposnl (use of the 

con,cn11onal dustbin) nnd 1\crc also C\:1lu:11ed ofler the in1erven11on . 
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Plale 3.2: Training of Sludenu on Organic \Vulc Recycling in ISi during lhe 

lnten•tntion 
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J.11 l'h> �icnl 11nd Chc111ical Chan1clcrit.:1lion of \Vu�ICS

3.1 I.I l'h>�ic11l CharactcriL:ilion of olhl \Vn�tcs 

I. \\'ll\lC orting

\\'u�tc gcncrah:d in bolh schools ,vcn: sorted on doily bru;is. This chnrnc1crisu1ion ,,.is cnnicd

0111 111 onkr to clnss,fy the , nrious frncuons of the waste s1rcrun such � p.,pcr. nylun nnd

pla�11cs. glaliS. 1no::1nls und organic ,wstes. 11,e output n1cthod \\ruch entail:. sorting 1lnd

\\eigh111g of e.ich fraction of the ,wstc stream wns adopted (fchobunoglous cl ol, 199)).

l'mh!cu,c clo1l11ngs '"crc \\Om before soning. 1l1csc inclu<lc thicl.. rubhcr gloves. heavy <lu1y

rubber boo1s and nose (faclnl) mask. Several lnbelkd bags ,,ere ovniloblo: 10 hold soncd

,va�1cs, 111c ca1cgorics include paper. nylon nn<l plastic.�. gin�,. mcllll� nn<l co111pos1.0blc

orgnntc� \\laste generated ,,ere 1hen soned 11110 their rl!SJ)ccuve lnbellcd b:t[?�.

2. Oc1cr111i11111ion or" eight

\\le1gl11 of physical components of ,,,as1es gencm1ed in bolh schools \\ere <lctclTTlincd over a

penod of four ,veeks i.c \\Cight of ,vas1es generated everyday fron1 t.tondn} t o  Fridny lor

ncnd.:n1ic environment \\hih: thnl of hostel premises \\"QS front t.lond.:iy 10 Sunclny in borh

Schools {�ince 1hey ,vcrc both boarding schools). \VnsLo nu11crinls \\'Crc nlso collcc1ed lrom

the school kitchens sonc<l nnd weighed occordingl) using n 20ks comry l..i1chcn scnle. l"his

\\"aS done for four \\eeks in both schools.

3. l}en,il) of wuslc g..-ncrnlccl

Using Lhc Archimedcs'principlc. density \\1lS detclTTlined by collecting smb s:.1n1plc:s each for

the d11)�rcn1 .frec1tons of \\'USICS gcnern1ed across the school� nan1cl) paper. N)lon an<l

plastics. organic \\OSie. mcllll� an<l slass once a \\Cc!I.. for four different \\eeks 1l1csc \\ere

then \\cighcd using n 20kg ki1chcn scale on<l l..cpl in an oir tight pol)ethcnc bag \\hich \\OS

inuncrscd 111 ,vaccr

Ilic \'Olumc of ,.,,:11er displaced \\'US recorded l1S lhc volume of \\ilStcs Ocnsi1y \\ilS then

ob101ncd using 1hc fom1uln

Ocnsicy = \ cil!,h! 

Volt11ne 
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Plate 3.3: Sor1iog and Segrcga1lo11 of \YllllCS in \VCI 
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-I l nil Gencn11iun llu1c

\\ nslc gcncrnuon means the role of ,vus1c production. no n10ttcr bo,v Ibis ,vns1e is m3llllgcd

AccorJ1ng 10 Khan and Ahsan, (2003)

Unil C:rncrnlion R111c = To1nl Ou11111i1y or \\'11�,c� 

No. or ll011scs x Rcsidenh per llt111bc x On}:, 

3.11.2 Chcn1icnl Ch.1rac1eriza1ion of olid \V:1stcs 

l.nboro1ory procedures used for chen1icnl nnal}sis in 1his siudy ,,ere:

I. Gn1h 11111111c colll-cti1111

r wo i;rob �mplcs of rn,, orgnnic ,vn:.1c and co1npos1 ,,.:re collcc1e:d fron1 the hc.1p of  50rtcd 

orgJJUc ,vastc w1d compost front d11Tcn:nt points. sides. depth and centre of the he.ips 

rc�ptett\'cly thrice n \vcck in both �chools. These samples \\Cl'C ll1cn mixed logclher to lom1

compos1lc snmplcS 1111d o spadeful of \\'ilSlc \\ere 1J1en token, labelled and kept. Al the end of 

Ilic asscssn1cn1 period. con1post produced fro111 ISi ns \\'CII ns r:l\\' org1111ic \\<lite from \\ICI 

\\Cl'C also collccled. All lhc co1npos11c snmplcs \\'ere 1111,,ed 1ogelJ1cr 1horou&hl) nnd dried. 

Fron, each school. 11 101nl of nine snmplcs of orgwuc \\'llSlc nnd I\\O snmplcs of compost \\·ere 

collcct<.-d using o polyethcoe bog, labelled and token 10 the lnboratory for analysis. 

II. 11111plc rrcpnrnlion

Ro\\ organic ,vnstc and compost \\ere oven dried nl 65°C for n period of 72 hours nnd grinded 

10 pass n 1.0mm mesh using o s111inless s1ecl grinder A reprcscn1111ivc s.implc of 

npproximately 25g \\':lS rewjnc:d by coning nnd qllllf1cring. This snme standard method ,vo.s 

used for 1hc compost sample prior to its nnolysis. 

Ill pH Oc1cr111lnn1ion 

Ten 1111 dis1ill1.-d \\Jtcr ,vos added 10 IO g of sarnplc n,c mix1un: \\IIS surrccl nnd nllowcd to 

stand for 30 n11nu1cs, Ilic mixture ,,'115 stirred ogo,n for 2 minu1es TI1e Dwyer t.lodel \\'Pl II 

\Voter Proof pH t,,Jctcr \\'llS cnlibm1cd \\11J1 SIMdord buffer 7.0 ond 4.0. 111e pl I of the \\'3SIC 

suspension \\'11S then mCll5urcd using the Electronic pl I dc1erminn1ions melJ1od (Bates. 195-1) 

Tius sanic s1nndrud mcd1od ,vns used 10 dcu:m1inc pl I of IJ1c organic \\'lblc fro111 the on,ct uf 

the con,posung process all through 10 the production of co1nposl 
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IV. \loi,lurc Content Dc1crn1in11liu11

Using Gortncr ( 1991) method. on en,pty moisture can \VllS \\eighcd \\lo About 2s of the grab 

�,unplc ,,.is oddcd 10 the nlotsturc con and ,vcighed \V1 The mois1urc can and srunplc ,vcrc

1hcn dncd in lhc oven for 2-1 hours, and 1hereaficr cooled ,n o dcs1cca1or. The cM ,,uh the di') 

soinplc \\11S linnlly ,vc1ghcd until a constDnt ,,eight \\'tlS obtnincd \V2 

Culcul,111011: 

l\l01st11rc Content [(W,- \V1)/ (WI - \Vo)] x 100 (expressed in'•). 

3.11.3 Dctcnninnlion or Nitrogen, Phosphorus, l'o111sslun1 nntl Carbon in Orgonic 

\Va,tc 1111d Co111po�1 

All the parw,,ctcrs \\Crc onnly-1.ed using stnndnrd methods rcconm1ended by the modilicd 

standMd nu:thod 2540-B American Public Health Association (APtlA. 1998). 

Prc-1re111111cnt of Samr,lc 

n. Rcngencs

Selenium po,vder (Sc), Lithium Sulphate: (LhS04.l-l20). llydrogcn Peroxide 30% (I b02) 1111d 

conc.:ntrated Sulphuric acid (l-!iS04), 

b. Digestion l\lixcurc Prc11ura1lu11

About 0.42g of selenium po,vdcr ond 14g lithium sulpluitc \\'Crc oddcd to 350 ml 30�•

hydrogen peroxide ond mixed ,veil. About 420 ml conecncroted I 1}S0, ,vas slo,vl> ndded

,, hile cooling in on ice bolh

c. Sa111plc Digestion

Abouc O.Jg of oven dried (65°C) ground ,vastcs sample ,vns measured and placed in a

Jobclled, dry and clean digestion cube. Abouc 4.4 nil digestion 1nixturc \\'US added 10 each tube

ond nlso t o  2 reng.:nts blnnks ror c:Jch batch of snmplcs. The solution \\OS digested for:! hours

for 360°c 1n a furnace unul the solucion bccmnc colourless. 11,c conccnts \\'ere then allo,\'cd

to cool Aboul 25ml distilled \\'Dier \\11S oddcd and mixed unul no more sediment d1ssol\'Cd.

The contents were then allowed to cool. The solullon \\-US finally mnde up 10 50ml \\ith

disulled ,vater, mixed \\ell and allo,\'cd 10 settle so clUlt n clear solution could be cnken from

Lhe supcmn1nn1 for onnlys1s.
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3.11.3.1 ·roual ilrogcn Dc1crmi11111ion

Total nitrogen in organic ,vns1c and composl \\'Cre determined using lhc regular \lucro

kJch.li111I method (Jackson, 1963) 

1\ppun,111, 

�lucro-kjclduhl diges11011 dis11lln1ion opp:uulu.s 

�lacro-kjcldahl Oask of 500ml nnd 750ml �pnc11y 

HC:lll,COIS 

Doric ucid 4% solution (dissolve 400g of Boric ocid crystals 1n I litre of  d1s11lled ,,ntcr 1

Zinc granules 

40'1/, hydroxide solution (dissolve 400g of NnOl l pellets in \\'Iller, cool and n1nke up 10 I htre 

,vi1h distilled ,va1er) 

0.2 NHCl9 (standardized) 

Sodium sulphote (o.nhydrous) 

Sulphuric acid (H2S0�) 

Cupric sulphate 

Procc,lurc 

Aner the sample had been grinded 10 pass through 0.5mm sieve, 0.5g (\V) '''ll.S weighed 1n10 n 

500ml kJeldahl Oask and ,wshed ,vith distilled ,wtcr. Then 0.65g of Cupric sulphn1c. 15s of 

-anhydrous sodium sulphate and 25n1I of Sulphuric acid (cone. l·hSO,) \\':JS odded 10 1he 

solution and the content of the Oask placed in kjeldnhl digcs1ion unit for more 1hnn I hour 

until \Yllltr hod been removed nnd fro1hing seized. The heot \\'IIS ln1cr increased unlit 1hc 

digest cleared The samples were then nllo,vcd 10 cool, 1mnsfcrrcd 1010 n S00,nl voh11nc1rie 

Onsk and mode up to mark.. 

About I OOn1I of  the Sllmples ,vere 1hcn pipcnc into another On.sk nnd SOn1l of 40% NnOI I ,,us 

nddcd Also O few drops of boiling line granules plus I 00,nl of distilled ,,-01er \\'llS nddcd 10 

reduce the risk of boiling off nnd crncking of the Onsk. Then, I 00ml of 4�o boric ocid. 3 drops 

of methyl red indicator ond 3 drops of bron1ocrcsol green indicntor ,,·ere scqucnciolly added 

into 250ml Erlenmeyer flnsk. The kjcldohl Onsk \YIIS connected 10 the dis111lo11on unit ond
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distilled into the boric ocid Distilh11io11 coni·,n d -1 1 OOml f h d" ·11 11 ·'• 
UC un11 0 I e ISII nte \\BS co t,'CICu

The solution in the kJ. eldnhl n ... , t ., bl k · · ....... umeu nc \\ hrle that 1n the rece1v1ng flask 1umed di1rk-red 
ond the volume of ncid (V Al ICI) ., · • useu recorded. 111c concen11n11on of total nitrogen 1n the 
samples \\'BS cnlculotcd os follo,vs. 

0/4 1trogcn • VJ\IIC'I • 'IICI •VT• 100 • 14

VS• 1000 • \V 

\Vhcre 

VAIICI Volwne ofocid used 

NIICI Nonnolity of llCI {0.2N) 

v·1 'I otol volwne mode up ofter digestion 

VS= Volwne ofso.mple used 

\V = \\'eight of sample used 

3.1 t.3.2 l'hospborus Dclcrruinntion (Expressed 11s 11

105) 

Dctcnn1no11on of total phosphonis in the organic ,vnste lllld compost ,vns done 

spcctropbotomct.rically using thi: Mo (molybdovnnodnte) blue colour method or llllurph) and 

Rile) ( 1962) 

Hcneents 

Ammonium mol} bdotc; antimony potassium trutrate: 2.5�11-11S0� ( 148ml cone. H1S0., 

diluted to I lillc); pouissium hydrogen phosph:ue (KH2PO.,); ascorbic ocid, P- Ni11ophenol 

(0.2S'l-o ,, I/vol): SMNoOI I nnd SMI ICI 

Procctlurc 

From amnionium n1olybdote, 12g "as taken and dissolved in 250ml of distilled \v,ucr Also. 

0.2908g of antimony potasSium tllnrntc \\n5 dissolved in I 00ml of distilled wntcr 

The t,,o dissolved reagents ,,ere added to I 000ml of 2.5M 112S0� ond n1ixcd thorough!) 

before being mode up 10 2 litres. 1l1c11. the nuxturo ,,·ns labelled os /\ nnd stored 111 p)re, 

glnss vessel in dark cool ten1pc:rnturc. 
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Al tl1c umc of analysis, I .056g or ascorbic acid ,vas dissolved in 200n1I of lhe rcage111 A

ubo,c It ,vos mixed thoroughly ond lobclled as O. From the digested sarnplc . .>nil ,,.u

p1pc1tcd 11110 S01nl vol11me1ric nask and then mode up 10 40ml ,vith d1stillcd \\,lier To lhis

sohuion \\'IIS added 8ml or reagent Band Lhc mixture ,,.is thorough I) m1xc<l 

The obsorbuncc of 1he coloured solution "'llS n101chcd ogninst o reagent blonl.. 01 8R2run. u01:r 

smy111a for 30mins. 

Prc1larntio11 of Stnndnrd Cun•e (Fig 3.3) 

Fro1n dry K ll1PO, 0.2194kg ,vns tnkcn, dissolved in djslillcd \\'Iller in 500,nl llosl.. o.nd then 

mode up to 11111rk. This standnrd P stock solu11on conLDined IOOµgP/ml l·rom the stock 

solu11011 above:, 5ml \\'llS token and diluted to I 00ml vohunclric nask This soluuon eonlnined 

5µgP/n1I. Then frotn the diluted solution above, 2ml, 4ml. 6ml, 8ml nnd I 0ml \\'ll.5 pipetted 

Sepennely into 50ml nosk each and the volume ,vas made up to 3Sml ,vith disulled ,vmer. To 

each of tl1esc diluted samples, 8111I of reagent B \YllS added ond n1ixed thoroughly before the 

voh1n1e ,vns nnde up lo the mork (50ml) ,vith distilled ,,111er. 1l1ese solution contained O.:?, 

0.4, 0.6. 0.8 and 1.0 11gP/ml respectively. 

Tolol Pho�phonlS in the srunplc ,vns colculo1cd os follows 

'rotul 1·- 12.7 •so• 1111• 10 

\\'eight of snn1ple 

\Vhcrc AD is the obsorbnncc 01 882nm 
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J.11.3.3 rotassiu,n Dcterntinntion (Expressed :u K20)
ro1as�iu1n content of Ornn . "' rue \\USlc und con1pos1 was detcrm1ncd using sod1un1
letraphcnylboron volun,etric mclhod ns described by APHA melho<ls of nno.l)'sis ( 1992).

• Ammonium oxnlntc (4%) Ip prepared this, 40g of nntmon1um oxnh:ne (NJ-11)iCJ01)

\\US dissolved in \v111cr \vith slight heating. The resuh1ng solu1ion \\115 then ,node up 10 

I 00ml nnd stored in plnstJcs con1oinc:r 

• Formaldcnhydc solution (37- 40%)

• Clo) ton ycllo\v (0.04%): TI1is \\'IL\ prepared by dissolvirng 40mg of ind1c01or fl 11un

ycllo\v) 10 \Viltcr and diluting to I On1I

• Sodiumtctrnphenylboron (STOP): STBP crys1nls (0.lg) \VOS dissolved in 800ml of

\\Oler, 20.25g of nluminium hydro)(ide (Al (01 l)J) \�115 ndded nnd the solu1ion \\'aS

stirred for IO 1n1ns and then lcO for 2 doys. It ns fihcn:d through pa!l(r pulp p;id

voccum: 4ml of 20% NaOII \\'!IS added follo,\cd by distilled \\.lier to n1ukc: tJ1e

\'Olume to 21 ml ond the mL,ture t,VIIS tJu:n s1orcd in a plnstie eonlllinc:r

• Stnndllfd Zephimn (Quartcnnry Ammonium Chloride) Diluted 12.5ml of SO�'o

Zc:phiran chloride and n111dc up to ,nark ,,<ith distilled \\'lllcr

StnndardiLolion of Zcphirno and STOP ,vcre done as follows · STl3P solution (10ml) \\ilS

pipette into of 250ml of Erlcmeycr 011Sk nnd 2mls of 20% of NaOH and formnldenhyde ,vere 

added plus 10 drops of titan yello\\ indien1or. The mixture \\ll\S titraled ,vith Zeph1rnn 10 n 

pink end point Volume of Zephiran used \Yhich represent the blank value '"a:. noted. In

stnndnrd1z1ng STBP, 2.Sg or Kl 12P04 \YOS \\c:ighcd into 25ml l.:rlcn1cycr Oosl.. thot had b1:c11

dncd for 2hrs 01 I OS°C To 1h1) \\Ill$ oddcd 501111 of 4% ommonium oxalate solution and 1hc11

boiled for JOn11ns It \\US ullo\,ed to cool bcfon: it \\US tmnSforred to n 50ml volumetric tlosl..

and mode up to n1nrk ,,1tJ1 distilled \\'Oler. l·rom this, 5ml of aliquot \VOS u1kcn into o I 00111I

volume1rie nnsknnd 2ml of2�• NaOII. 5ml of formaldenhydc ,verc added The soluuon \\'llS

swirled. refrigerated for I Sn1in and then fil1cred throu11h 0.511 fibre 11lnss filler paper Io the

fiherote \VOS added JO drops of titan ycllO\V rnd1cntor :ind tllrnted ogo1nst /cph1rnn to o p1nl.:

end point wilh volume of Zcph1rnn used (V) recorded K10 factor (F) \\US Clllculnted os

follO\\:. 
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F • \V• 94 • 5 

500'"172 (l>lnnk - V} 

Where \V - \Veight or Kl l2P04

94 a �lol. \Vt. or K20 

S = Vol orKJ12P04 aliquo1 used 

272 = KH1P04 equivalent 

S00 = Vol. made up of Kl l2PO• 

F = K20 Factor 

Analysis ,vns carried out by ,veighiog about 0.5% of prepared wnplc nod \\'llshing II into o 

250ml beaker. To this ,vns odded 50ml of 4% ,\Juminium oxnlntc and distilled \\'liter 10 01akc 

up  to 150mls from lhis solution, I 0ml oliquol wus pipencd in1om a I 00ml volumctnc flask 

and refrigdernted for I 5mins and filtered tbrough o 0.4S fibre glass fi.ltcr p.-iper To the 

filternle ,vas added IO drops or ti Lan ycllo\\• and titrated against Zephirao to n pink end point 

,vith volume of Zephiron (V2) used recorded. The conccnlrotion of potassium (ns K20) used 

\\'IIS calcula1ed ns follo,,-s: 

% K10 = Qllnnk-Vi) • F • 250 • 100 = Z 

10•,v 

\Vhere 

V2 • Volwnc ofZcphiren used 

F • K20 rnctor 

O Olonk vnluc ob1n1ncd in 1he s1nndardizn11on ofZcphirnn 

\V \Vt of snmplc used 

¾K • �lol. \Vt. I( * Z 

�lol. \Vt.1<10 
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F= \V• 94 • 5

500°272 (bhiok - V) 

Where 'V-1 = \Veight of Kl 11P04

94 .,.. Nlol. \VL of K-,0 

5 � Vol of Kl l2P04 aliquot used 

272 ,. Kl l2P04 equivalent 

500 • Vol. mode up of KlhPO. 

P • K,O Factor 

Analysis ,vns carried out by ,veighing about 0.5% of prcpnrcd sample Md \\'llShinS it into o 

250ml beaker. To this ,vns nddc:d 50ml of 4¾ AJuminiurn oxalate ond distilled \\'liter to make 

up to 150mls from this solution, I Om! nliquot ,vns pipetted intom a l 00ml volumetric nask 

and rcfrigdcrated for 15mins ond filtered through o 0.45 libro gloss filler paper. To the 

fihcratc ,,11s added l O drops of LitM ycllov,. nnd tit.mted against Zcphirnn 10 o pink cod point 

with volume of Zcphimn (V1) used recorded. The cooccnuution of potnssium (as K10) used 

\\'llS calculated as follo,vs: 

0/e l(lO • (Olnnl< -VJ} • F • 250 * I 00 • Z. 

10•,v 

\Vhcrc 

V2 Volume ofZcphi.rnn used 

F • K10 factor 

B .. Blnnk value obtained in the standardization of Zcphiron 

\V Wt of sample used 

%K • �Joi. \Vt. K • Z

�lol. \V1.K20
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J.11.3 . .a Carbon Delermlnallon

Carbon content was de1ermined using Wolkcy Block wet oxidation method (Wal.key Block, 

1934). 

App1r1lu1 

Burcnes- 50ml capacity, Erlcmeycr flask, pipette-lOml capacity nnd outomo.tio pipelte 

Rca2.cnts 

IN K1Cr10,, Cone H2SOc and indlcator: 0- phcllllJ'llhrolino-fcrrou.s complex. The indic:uor 

\YOS prepared by dissolving 14.BSg of 0- pbeo.o.nlhrolinc mooobydrute and 6.95g of 

FeSOc,71-110 in wolcr and diluting up lo 1 litre. Ferrous ammonium sulpho1c 

F'e(Nll)1(SOc)J,6H20 in 800ml of wn1cr eonlllining 20ml of cone H2S0c and diluting 10 I litre. 

Procedure 

Organic Y,'llStc nnd compost \Yere dried nnd winded sepemlely 10 pass lhrough 0.5mm sieve. 

One gmm of the sample ""'83 weighed in duplica1c and these \\'ere lranSfcrrcd into 250ml 

Erlemcyer flask. 10ml of IN K1Cr207 solution \VOS pipcltc oecurnlely into eoch flo.s.k and 

S\virlcd gently to disperse the somplc. Then, 20ml cone 1-hSOc wo.s ropidly added in10 the 

suspension and this \VOS s,virled gently and vigorously for one minute. After 30 mins, I 00ml 

of the distilled wo1cr \\'US added before 3 drops of indicator. The solution \\115 then titro1ed 

against O.SN ferrous sulphate solulion. The solution cb11ngcd from greenish 10 dark green 

colour and finally maroon colour at !he end point. 

The blank titrotion \YaS made in the some moaner but \vithoul 1he sample solution to 

standatdiz.e the dichromote. The result wns colculoted o.s thus: 

-;. Organic Carbon• (NV FcSO, (or Blank- NY FcS04 (or ,11n1plc} • 0.390 

\Vherc 

N • Normality of solution 

V • ml of solution used 

0.390 • constant 

\\I eight of air-dried sample 
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3.11.3,4 Carbon Decermloalion 

Carbon content wns determined using Walkcy Blnck ,vet oxidntion method (Walkey Black,

1934). 

App11'1llUI 

Bureucs- 50ml capacity, Erlcmcycr 1111.5k, pipette-I OmJ c:apocity o.nd nutollllUic pipette 

Rrae,cnls 

IN K1Cra01, Cone H2SO, nnd indicator: 0- pbcnnnlhrolinc-fcrrous complex. The indicntor 

,vas prcpnrcd by dissolving 14.85g of 0- phcaanlhrolinc monobydrntc o.nd 6.95g of 

fcS0,.7H10 in wnt.cr und diluting up to I litre. ferrous nmmooium sulphlltc 

fc(Nl l)1(SO,)J.6H20 in 800ml of ,vntcr contruning 20ml of cone H1S04 and diluting to I litre. 

Procedure 

Organic \VD.SIC o.nd compost ,vcre dried nnd grinded scpcrately to pass through 0.5mm sieve. 

One gram of the snmple ,vas Y.-eighed in duplicate nnd these were transferred into 250ml 

Erlcmeycr flask. I 0ml of IN K1Cri07 solution wns pipclle necunucly into each flnsk nnd 

swirled gently to disperse the sample. Then, 20ml cone H1SO, ,vas rapidly nddcd into the 

suspension and this ,vas s,virled gently nnd vigorously for one minute. After 30 mins, I OOmJ 

of the distilled ,vntcr was nddcd bcfon: 3 drops of indicntor. Tho solution wus then titrated 

ogninst 0.5N ferrous sulphate solution. Tho solution chllnscd from sreenish 10 dark sreen 

colour and finaJly maroon colour nt the end poinL 

The blank tilT8tion \va5 mndc in the snmc mnnncr but ,vithout the sample solution to 

standardize the dichromotc. The result wns cnleulntcd ns thus: 

-,,. Org1&nic Carbon• (NY FcS0,1 for Blunk-NV PcS0,1 for sanu1lc) • 0.390 

Where 

N .. Nom,ality of solution 

V .. mJ of solution used 

0.390.,. COMtanl

\Velgbt of air-dried sample 
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3.12 Oc1crn1ln111ion or Uc11vy r.1cc.1ls iJ1 Organic \Yuste uncJ Con1po5I

The dctennill3tion of le::sd, chromium, nickel, arsenic, cadmium, zinc nnd copper 1n the

orgorue w:iste os well os the compost produced were all done by weighing I g of the ground

sample into a conical Oask. About 5 1ul of lhc digest.ion rcngcnt (2:1 Cone. llNOJ and Cone. 

I t,S0,) ,vcrc added and heated until bro,vn peroxide and white pcrchlorie acid evaporoted. 

The resulting residue \YllS totally dried. TI1c procedure was repeated until o white prccipi1111c 

remained in the flask. This \\'US then filtered through a \\Thalman filter paper into o I 00ml 

volwnclric Oask. The Fillrotc ,vos diluted ,vi1h O.IN I IN01 10 100 ml. The digested samples 

,,ere then analysed for lhc heavy metals ,..,ilh a Bulk Scientific 210/211 VCP A101nic 

Absorption Spcctrophotome!cr (AAS) using methods described by the American Public 

I lcahh Association (API IA, 1998). 

The physical parameters of the organic ,vnste mensured ,vcrc moisture content, d�nsity and 

the pH ,vhile the chemical parameters of the organic \Ya.Sic expressed in �� ,Yeo nitrogen. 

phQsphorus, polnSsiun1, carbon and organic m1111cr ,vlule z.inc, copper, chromium, cadmium, 

lead, arsenic and nickel ,verc expressed in mg/kg. 

3.13 Con1pos1 Din Design and Consln1clion 

Hot composting using ,vindro,v or bin method ,vns adopted for the study. The dimms1ons of 

lhe compost bin ,vas 0.91m by 0.91m by 0.91m (i.c length, breadth and ,,;dth) and made up 

of comportments ,Yith common removable ,,-alls and fronts which allo,vs compost to be 

cumcd from one bin to the adjacent bin conveniently. This ,vns fabrit4tcd to occomodote the 

organic frnction of the ,vnste gene roted in ISi. TI1is type of bins on: modelled spccilieolly for 

schools ond business centers interested in cornposting (orgnnic \\'llStC recycling). fhe bins 

hn\'e the following unique fcnturcs: 
• Locknblc lids Lhol keep out garbage and wiwnntcd visitors

• One rcmo ,·oble side for easy access
• I hngcs to ensure lids don't slnm tlown on users

• Sieck and nnturol look

S C . t Den.�r1meot of En vironmcnllll Protection, (2002)
ourcc: onneclleu r--·· 

83 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Plate 3.4: Front vie"' of Con1ros1 Din Ocsigotd ind Constnicted for Use In ISi 
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PIA le 3.4: Side vicW of Compost Bin Ocsignc:d a_nd Constructed for Use in ISi
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J.1-1 Composting l'roccdurc 111 ISi
Follo,,1ng O \VOSIC chnmcicrisn11on and outlit carried out 111 ISi. a 1 , ,0 con1par1mcn1 con1pos1
ban S) stem ,,.ns cons1ruc1cd. 1101 composting method ,vo.s adopted. TI1is is  the most cffic1cn1
met.hod for producing qunli1y compost in a relatively short time. Co1npos1 curriculun1 and
1cs11ng ,,m developed ror the selected pnnicipnnts tn ISi Organic ,,·asic gcncn11ed fro1n
different Ports of the school mainly yard ,vns1es from the cafeteria ond kitchen and other pans
of the 5Chool such us clnssrooms. hostels, school lawn c1c were u111tscd for the c,crci�c TI1cse
111cludc food \VI\SICS such ns rice. ya1n. spoghe1u, garr1, yan1 peels. planlll111 and oonunn
peel�. wrapping leaves, vegetables such ns peas, cobooge, spinneh, spinnch s1en1s. fruits such
as oranges, banana, pepper stnll.s nnd seeds and yard clippings. Grob snmph:s or the orgnn1e
,,mies were token 10 the loborntory and the C:N ratio. 1T101s1ur0 con1cn1 and p l  I were
detcmuned prior 10 the onset of the process. 011:nnic ,vns1es ,,ere ho,1 i:vcr collected ,111d
1ranstTercd 10 ihe compost shed. Same volume of 1\'Dler wns added throughout the process.
Turning of the compost heap as ,veil as n1oni1oring of lhe cnv1ronmcn1nl conditions such as

1empernture. pH and mois1un: content of the compost pile ,vcrc ho11c,·cr carried ou1 on a 1-

day basis from the onset 10 completion or the process. 

3.15 Dn1u 1\nalysis nnd �lun11i;c111cn1 

All completed questionnaires \\Crc colkcled nnd screened for completeness mnntully while 

the frequency of all variables \\'Crc computed Tiie do10 ,vas analyzed using SPSS computer 

sofh,11re version 17. The results ,vcrc presented in frequency tables, chans and figures. 

Data on ctJJTenl \\"OSie manogcmcnl programmes, source-separation of bOlid ,vnste and \\.ISie 

rtt)cling in the schools ns well as ,1'0.Stc mnnagcmcnl practices obtained fron1 the 

questtonnaucs ,vcrc analyzed using dcscnpuve statistics. ·n1e elTect of the trn1ning and the 

f I lmcnl compost bin on the adoption of composung o.s o ,1 llSlcprov1s1on o 1 1c I\VO compar 

I tudents ,vns tested \\ilh the compuu111on or pre and postllUUl3gcmcnt strategy among I 1c s 
· · 

I d cs wluch \\'Crc tested for signiliC311ce using the S1udcnts' I1mcrvcnt1on n1eon kno\v c gc scor 

· h od ond poor knowledge nnd attitude Jc, c::I ,vo.s obtained1cs1. Proportion of students \Vtl go 

Squnre nicthod ;\ II nnnl)·sis 11 ere done 111 5°/4 le, el orb) crosstabulotion using the Chi

s1gnilicancc.
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CllAfYfER FOUR 

-l.O RESULT 

Tius chapter highlights the demographic characteristics of u1e study population their 

kno,,lcdgc. attitude nnd practice to,v;irds orgnnie \\'llSte recycling 01 baseline and nllcr 

mtcl'\c1111on ns well as effect of environmental education, components of \\astcs gcncmted, 

,vas1e ,nnnogcmcnt procticcs, cnvironmenull and health effect of current \Y!lSle managem.ent 

proc11cc across the schools. Titc quc::.tion.1ire results ,vere validated by the findings of the 

oh�cl'\ ution checklist. Also presented ore the qunnlity of ,v:istes generated, phys1co-chcn11col 

components of ,vnstcs such as density of \vastcs, unit of gcnerntion of \\·ustcs. n,oistun: 

content, pl I, temperature of co,npost, chemical onulysis of organic ,vaste ns \\CII ns thut of 

compost produced front organic \VOStc recycling. Of all the 800 qucstiooaires ad1n1nistered. 

78-1 \\cre retrieved. Results \Vcrc onnlyscd by grouping the qucs11011nu1n: into three main

secllons nruncly· knowledge, perception ond practice section ,vhich nminly nssc:sscd Ute effect

of the intel'\•ention on the respondents, the nnture of \Vnstes generated and \ urious wuys in 

\\h1ch solid ,vaste huvc been 1nnnogcd and the cum:nt problc1ns of solid wnstc n1w1Dgcn1cn1 

1,ith 11s associated effccts on the school cnvironn1en1 1111d health of Ute students across the 

schools. 

-I.I Quc�tionnaire Survey

-I.I.I Socio-Dc111ogn1phic Chnrnc1criitlcs of l�csponclentS

A totul of392 stu<lenlS \\en: intcrvie,vcd in both schools \\llh oge ranging bct\\'ccn 11 Md 17

)c,irs �lcun ogc of the respondents 10 bou1 schools ,v-.is 14 8 ± I 4 yenrs Of oil the students 10

ISL, 96 \\ere males (49.0%), ,\'htlc 100 \\'Cre fcn,oles (51.0%) In \VCI. there \\Cl'C 110 males

(56 1%) and 86 feinolcs (43.�/o) respectively. �lojorit)' or the respondents were Voruhns

81.0% (ISi) ,u1d 68 9% (\VCI). Other chornctcri�t1cs ore os shown in loble I I

87 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CIIJ\PTER FOUR 

-tO RF: ULT 

This chapter highlights the demographic churacteristics or the stud) populnuon. their 

knowledge. nuitudc nnd prncucc 10,vnrds organic \\'3Ste recycling al bnschnc :ind oner 

mtcrvcnuon ns \YCII as c!Tcct of cnYi1011n11:ntal educa1ion, components of wasu:s gcncmtcd. 

waste manogcmcnt practices, cnYironn1tntal and heallh e-fTect of curren1 ,YOSte management 

pmcucc ocross the schools. 11u: qucstionairc results ,vcrc validated by the lindings of the 

obscrvution checklist Also presented 3rc the quantity of \\.IStcs gcnero1ed, physico-chcnucal 

components or \Ytistcs such ns dunsity of \YnStes, unit of generation or \\11.�h:s. 111ois1urc 

co111cnt, pl I, temperature of con1pos1, chemical analysis of organic ,YDS1e as ,,ell as 1hat of 

compost produced from organic \YBStc recycling. or all 1he 800 queslionaircs adm1nis1crcd. 

784 were retrieYed. Results ,,•ere r1nolysed by grouping the questionnaire i1110 three n1oin 

secuons 11nn1ely· knowledge:, perception and practice section wluch 1noinly DSSesscd the cfTcc1 

or the in1erYen11on on 1he rcspondc:111s, the nature of ,ynsu:s generated D11d ,ario1.1> ,,n)s in 

\\luch solid ,vo.ste hove been 1nnnngcd and the cum:nl problems of solid waste n1wlllgcn1cn1 

\\tth 11S associated c!Tect.s on the school cnvironn1cnt D11d health of lite srudenlS across the 

schools. 

-I.I Q11c�1ionnnirc Survey

-I.I. I Socio-Dc1nogr11f1h ic Chu n1c1cristics of Hcsponclcnts

A total or 392 students ,�ere intcrYie,,cd in both schools" uh ngc ranging bctv,ccn 11 nnd 17

)cnrs. /1,lcan oge of the respondent� Ill bol11 schools ,Y-.is 14 8 ± I 4 ) 'car.. Of nll the student� 11\

ISi. 96 ,,·ere moles (49.0%). ,,rule JOO ,,i:re remoles (51.0%). In WCI. ll1erc were 110 males

(56 1%) and 86 feinales (43.'>°A,) rcspcciively Mnjorit) or the respondents 1,-crc Yoruhas
81.0% (ISi) nnd 68 9% (\VCI) Oll1cr cJU!fQClcrisu� l\fc os sho,Y111n l'oblc 4 I.
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Table 4.1: Socio-<lcmogruphic Ch11rac1cristic., or Slu<.lcots in Slutly Schools 

-

Ace Group ISi (%) \VCI (%) Toul 

ll·llycm 41(20 9)  40(20.4) 81(20.7) 
14·16)toll1 144(73.S) lcl2{67j) 276(704) 
I 7)'tll1 and above 11(5,6) 2<1(12.2) 3S(8.9) 
Mean!: SD )'C.11$ 14 8± 1.3 14,8 ± 1.4 14 8.tl 4 

Stt 
Male 96(•19.0) 110(56 I) 206(52 6) 
rnnaJc 100(51.0) 86(43 9) 186(47.4) 

Rcliglon 
Cluula.inhy 162(82.7) 144(73.S) 306(78.1) 
blffll 34(17.3) 52(26.S) 86(21 9) 

lllhnltll)' 
Yorub3 IS9(81.1) 135(68.9) 29.-(75.0) 
l&bo 22(11.2) 32(16J) S4(13 8) 
Haus., 0(0.00) 10(5.1) 10(2.6) 
01bcn 15(7.7) 19(9.7) 34(8.7) 

Clan or llC$pOn1lc111 
70(3S.7) 14'1(36 7) SSSI 74(37.8) 

SSS'l 118(24.S) 57(29.1) 105(26.S) 
SSS3 74()7.8) 69(35.2) 143(36 S) 
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4.1.2 KnowkcJgc or RC.\(lOncJents on Orgunic \V11s1e Recycllng ut Unsclinc

1 able 4 2 sho,,s the knowledge of respondents on orgnnic "'11Slc recycling 1\1 baschnc. 

J,I -l�o of the respondents hod no prior knowledge on nny form of ,vnstc nu10agc1nen1 111 ISi, 

,,hilc 1n \\ICI, 26.7%, also had no kno,vh:dgc on any fonn of ,vnstc manogc1ncn1 l\gwn. only 

12 % ol the respondents DI ISi did not kno,v 1h01 1vns1c cnn be converted into useful n1.i1cnuls 

11hile exactly hair (i.e 50%) or the respondents DJ \VCI did not kno" 1h01 \\'USII: coulcJ be

co111�rtcd 1010 useful mtucriols About 41.5% and 38.7% of the rcspondcnb �new that \\il:llc

CJ.II be recycled 111 ISi nod \VCI respec11vcly. Ho11cvcr. some of the respondents (,I I 5°�) 01

ISi nnd (38.7%) 01 \VCI reported 1ha1 wnste could be recycled ot baseline. �lore tho.n holf 

55 7'1/e (ISi) ond 55.2% (\VC£) of the respondents reported compost is highly bcncficml to 

ph1nts 

-1.1.3 Kno\\•lcdgc Level or Respondents on Ori:anic \Vostc Recycling 111 OnJclinc

Tobie 4.3 sho1vs the kno,vlcdge level or respondents 01 baseline. This sho1,·s thn1 n1orc than

half of the respondents (57.1%) hod poor kno,vlcdgc of ,vnstc rccychnc in ISi while nlmo�,

hnlf (46.9%) had poor kno,vledge in \VCI. Knowledge score or respondents 111 ISi \\'US 3.48 .I:

1.69 ,vhile 1hn1 of WCI "'ns 3.84 ± 1.68
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Tablt 4.2: Knowlclli:c or RtsponllcntJ on Ori:1111ic \VullC Recycling In Study Schoob 111 81ntllnc

Cl11ratltrbtlcs 

Do )OU I.now any ronn 
or \\lUtC management 
pPCtite

Do you thlnJ.. wiutc cnn 
be con,cncd into useflll 
m.i1cri1ls 

Variable 

Yes 

No 

Don't Know 

Yes 

No 

Don't Know 

Do kno\\ waste tan be Y « 
rcc)tlcJ 

No 

Don't Know 

Do )'OU thlnl: recyling Yes' 
call help IIWl38e WllSlC 
properly 

No 

Don't Know 

Do )'OU know ir solid Yes 
waste c11n be sepenled 
ti sour« 

No 
Don't Know 

Do )OU know 
composting 

about Yes 

No 

Don'l Know 

Do )'OU th111J.. compost is Yes 
highly bcneficilll lo 
pbnLS 

No 

Dan't KnO\\ 

Do )'OU think proper Yes 
ioltd w111e mana,cmcnt 
Clll arr«t health 

No 

Don't Know 

Baseline 
ISi (%) 
102(Sl.1) 

66(34 4) 
24(12.S) 

71(37.2) 

23(12,0) 
97(S0.8) 

80(41.5) 

62(32.1) 
51(26.-1) 

77(42.1) 

56(30.6) 
S0(27J) 

66(35.7) 

59(31.9) 
60(J2A) 

7S(39J) 

82(42.9) 
3•1(17.8) 

103(SS.7) 

7(3 8) 
7S(40.S) 

108(57.4) 

42(22.l) 
38(20.2) 

90 

\VCI (•t.) 
I 14(SI.S) 

52(26 7) 
29(14 9) 

63()2.S) 

97(50.0) 
34(17.5) 

7S()S.7) 

79(•10.7) 
40(20.6) 

Tot�I (%) 
216(55.8) 

118(30.5) 
53(13 7 )

1)4(34 &)

120(31.2) 
131(34.0) 

155(40 I) 

141(364) 
91(23..s) 

95(49.l) 172(4S.7) 

IO(S.2) 66(17.6) 
88{4S.6) 138(36.7) 

73(37.4) 139(36 6) 

17(4'1.6) 146(38.4) 
35(17.9) 9S(lj.0) 

84(43.5) 

S6(29.0) 
53(27.S) 

107(SS.l) 

22(1 IJ) 
65(33,S) 

104(5<1.5) 

54(28.l) 
33(17 3) 

159(41.4) 

138{3S 9)

&7(22 7) 

210(SS.4) 

29(7.7) 
140(36,9) 

212(SS 9) 

96(2�J) 
71(18 7) 
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Table •1.3: Kno,,•lcdgc Level or Respondents on Orgru1ic \V:utc Rtt} cling 111 Dnscllnc. 

Ca1cgory 
Poor 

Good 

Ex�llcnl 

Mco.n±S,D 
Knowledge Score 

Chi-squlre ICU 

011SC1inc 

ISi ("1•) \VCI ('�) 
I 12(S7.I) 92(46.9) 

54(27 6) 7.5(31.3) 

lO(IS.3) 29(14.8) 

).48±1 69 3 84±1 68 

X1 •S.396, df• 2, p O 067 
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To1al ('�) 
20-l(S2 .0) 

129(32.9) 

59(15.1) 

3.56±1,68 
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-I.IA 1\1ti1udc 1·on 11rds 0-,:nnic \V:i)IC ReC) cling 111 Uasl"linc

Rc;ults or the survey (Tobie 4.4) showed the auitudc or )tudents tO\vnrds organic ,,astc

r•")dlllll in schools. Tlus revcnled the attitudc or ISi students 10":irds organic ,..,nstc

rct)Cling as compared \Yith \VCI students. In ISi, only 25.3% of the students agreed thnt solid

\\.:UIC rec}cling 1s ncccss.iry in schools, IO 8% agrt'cd thllt tmirung of students on ho1\ 10

rec)de 1vastcs 1s necessary in schools, 20.3% agreed that the school outhori11cs nlonc should

be hdd ro:sponsiblc for monog1ng I\Jll31CS generated 1n the school environment \\h1le 13 8�.

agrtcd that every student should be involved in the recycling of 11'l1Ste generated in the school

In \\ICI, 29.2% of the students agreed tlun 1vnste recycling 11·as necessmy in the sebools,

oll\Othcr 17 1% ogrccd that training or students on org;inic 11'llstc recycling is necessary ,n

�hools. another 24.9% agreed that the :;chool uuthorities alone should he hc:ld rcspons1hlc for

managing \I'll.Sics gcnero1cd in the sthool while 48 2o/e ogrecd thot every student should he

in\'ohcd in the recycling of 1wstc gcncro1ed in the school

-1.1.S Altitude Level orRcs11onde11ts nt Dnscline 
Tobie 4.5 sho1vs the n1titudc level of respondents in ISi and \VCI nt baseline In both schools, 
31 3"'• (ISi) ond 39.5% (\VCI) of the respondcnlS hod nego1ive ouitudc t0\\1irds organic ,,;1stc 

rcc)cling. 

-l.J.6 Rel:,tlonship netl\•ecn l(nowktlgc anti Attitude lc,·cl or Uc.,pondcnts in Study

Schools at Baseline 

11,c table 4 .6 sho,vs the: rc:lotionship bct11-ccn knowledge nod altitude level of respondents nt

ISi Wld \VCI 111 b:iselinl! �lore than holf of the respondents (51 8%) 1vho hod poor I.now ledge

r t dents 1vith excellent l.nowltdgc on 1vnsh!
oho h.id n negative n11i1udl! 1 lo\,cvcr. ,cw s u 

ti ,uds vo.ste recycling ill baseline 1n hoth ISi
rtt}c:ling ( 16. 7%) also had positive otlltu c IO\\ \ 

o.nd \\'Cl. 
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Table 4-.4: Anifudr or Rr.,,pond�au 10"1,anh Or,:anfc \YoJCC' RrcytUnc At Duc.ll:oc i:n Stu.d) �hooh 

Cbor.icrrrisrics Varinblc -U:u,Unr 
ISi (•/.) \VCI (¾) Torsl (¾) 

Sohd \Y:lSle recycling is ncc:cssa.ry Agree 48(:?S.J) 56(29.1) 105(27.2) 
,n the school communny 

Indifferent 60()0.9) 26(1).5) 86(22.J) 
Disagree 85(43 8) 110(573) 195(50.5) 

T niining of students on ho" 10 Agree 21(10.8} 33( 17.1) 54(14.0) 

rcc)·dc solid \\�c IS necessary in 
schools 

lndifTcrcn1 43(22.2) 68(35.2) 111(28 7) 

Disagree 130(67.0} 92(47.7) 122(57 .. 4)  

\Va.s1c DWU1gcmcn1 enhances good Agree 168(87.0) 139(72.4) 307(79.7) 
bu Ith of  the: students and bcaul) of 
the school cnvuonmcnt 

lnd1ffcrcn1 16(8.3) 19(9.9) 35(9.1) 
Disawcc 9(4 7) 34(17.7) 43(11.2) 

111c school authorities alone should ABJCC 39(20.3) 48(24.9) 87(22.6) 
be held responsible for managing 
waste gcncnucd in the school. 

lndi frcrcnl 50(26.0) JO(IS.5) 80(20.8) 
Disagree 103(53.6) 115(59.8) 218(56.6) 
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Every student should be in,ohcd Agree 84(43.8) 92(48.2) 176(46.0) 
ll1 the rcc)cling of waste in the 
school. 

Indifferent 60(31.J) 39(20.4) 49(2S.8) 

Disag.rcc 48(25.0) 60(31.4) I 08(28.2) 

lndi,•idu.u scpcnwon of \1.-:lSIC is Agree 92(48.2) 107(56.0) 199(52.1) 

ncccss.iry for proper lllllllagcment 
of \\'IIStC.

lndHTercnt 7107.2) 48(25.1) 11901.2) 
Disagree 28(14.7) 36(18.8) 64(16.8) 

Scpcration of waste into \11\00US Agree 
components 1n the school setting is 

S4(28.J) 66(34.6) 120(31.4) 

simply a great disturbance 
lndiITcrcnt 87(4S.5) S3(27.7) 140(36 6) 
Disagree S0{26.2) 72(37.7) 122(31.9) 

Composting of orgnn,e waste will Agree 67(34.7) 7006.5) 137(3S.6) 
constitute nuisance 10 the school 

lndi1Tcrcn1 S8(30.I) 41(21.4) 99(2S.7) 
Disoprcc 68(3S.2) 81(42.2) 149(38.7) 

x•-J.2l, df�1. p-0.01 
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Table -4.5: Attitude Level or R�poodeots towards W1,1c Recycling al BucliJJe

Baseline 

Anitudc lSl (%) WCI(%) Total (9/4)

Level 

Nego1ive 61(31.J) 77(39.S) 139(35.6) 

Positive 134(68.7) 118(60.S) 251(64.4) 

x
2 

.. 0.151, df• 2, p • 0.927 X1
= 6.432, df= 4, p• 0.175 
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Table 4.6: Rtlallonaltlp betwtta K.aowledge Level aad Altllade Ltvd al BUl.'llile

Knowledge Level 

Poor 

Good 

Execllcni 

Tow 

X .. 1.746, df= 2, p = 0.475 

Attiludc Level 

Ncga1lvc 

72 

51.8% 

50 

36.0% 

17 

12.2¾ 

139 

100"/4 

96 

rositlve Tol4I 

130 202 

SI.So/, S1.8% 

79 129 

31.5% 33.1% 

42 S9 

16.7% IS.I% 

251 390 

100% 100% 
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-1.1.7 Organic \Vasic Recycling in Study Schools 111 Bnsclinc.

Tnblc 4 7 �ho,vs the orgonic \VUSIC recycling procuces in both schools DI baseline. In ISJ. none

of 1hc respondents scpcr111cd their wastes nt source and practiced composting (organic ,, ns1e

rt."Cyd,ng) DI bnschnc At \VCI. none n:portet.l they sepcm1ed their ,vuste.'i nnd none prncucct l

orgomc WB),lC recycling.
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T:ibfo 4.7 : Organic \Vn.,1e Rcc)clini; l'nc1icc:s In Stull> chool• al Ducllnc

Responses ISi \VCI 

Nwl96(%) 

Yes (Source seperntion of 0(0.00) 

solid \YaSICS) 

Yes (orconic \\lllSlc recycling) 0(0.00) 
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N•l96(%) 
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�.2 N111ur c  anti Qu11nthy of \Vns1cs gcncrutcd in lbc Study Schools.
, 2 I l'h) �ic:11 i\\,cssmcnt of Co,nnon"n's ofSol'tl \\ 1 ti· 1 S I •• · ,. • 1 I us C.S i:cncn11c 111 I IC tUl) 

',chools 

The qucsuonnairc survey sho,,c:tl tha1 solid \YllSlcs in both schools include popcr, nylon and 

plas1ics organic ,vustcs, gloss anti mc1als (I in cans). The pcn:cn1agc composi1ion of the

\\1l�tcs generated in n n1on1h 01 cnch of the schools as sho,vn in Figures 4.1 and I 2 belo"

,ho\\cd that, 111 ISi nnd \VCI, S 1.8% nnd 44.9% of the rCllpondcn1s n:ponctl organic \\a�,c tts 

the n10S1 gencm1cd fonn of ,vostc in both schoob. 1l1is ,,us follo,\'cd by p:ipcr (211.2% nnd 

'.!14%,), nylon and plastics (14.9% and 28.lo/o), gltus (2.6% ond 2.0%) nnd metals (0.5%, and 

I .S01o) rcspcc1ivcly. figure 4.3 illus1rotcs the pcn:c:ntogc cn1nposition of the con1b1ncd \\astes 

gcncnued 111 the l\\'O Schools. It can be deduced 1h01 organic "'nstes ,,� the mos1 generated 

(Sl�'o) follo,, cd by  pnpcr (27%), nylon ond plastics (IS%). gloss (2.0"/4) nnd mctnls (0.8%).

�.2.2 Con1purison of the Physico-Chc,nicul Con1poncn1S of Solid \\lnstc Grncrn1etl in

the ludy Schools 

\Icon \\cckly ,vcight of \Vttstcs ns illustrated by Tobie 4,8 ,vas 156. 9kg for orQl)n1c wnstc�. 

-IS 70Lg for pope:�. 45.36kg for nylon nnd plns1ics, 3.50kg for n1c1nls (lin cans) nnd I 63kg 

for glass 01 ISi, llowcvcr in \VCI. 1ncan ,,cckly \\'Cigh1 for vanous \Vll!tcs generated include 

S6.251.g for orgnnic ,vns1cs, 54.63kg for nylon nod plastics, 37.63kg for paper nnd 1.25kg for

mctols (Tin cans) rcspccth•cly. 

\Vcight of solid ,vaste gcnt:r:ited in the I\YO schools daily \'oried signilicontl) In ISi. organic 

d I OSI donlinontly gcncrntcd ,vnstes daily ,,ith mean doil) vulue� of\\1Utcs on papers ,verc t 1e n1 

20 8St4 02kg ond 6 09:t2.14kg re!>pcctivcly. llus ,vns follo\\cd closely by nylon nnd plosucs

1 ·11 d 'I I f 6 OS±! 48kg QmB11ic ,,•ostc as \\'CII os Nylon ond phutics \\-en: 1bc11 1 mean a1 y vo ue o . · ·" 
. d .1 1 \VCI ,�ith mean daily vn.lucs ol 7 77:t. 1.6S kg und

most dom1non1ly generotcd ,vastcs ru Y n 
. f eroicd doily \\US S.02J.0.97kg (l-1g •I 4)

7 30t:l .23 kg rcspcctivcl} �lcnn \\'C1gh1 o papers gen 

. cs encrotcd in both schools ns shown in Figure
�1ean densities of components or solid ,VllSt S . 1 

lnstics nod org.inic wnstc:s ,vcrc 8S.02kg:m 
4 5 rcvClllcd that in ISi. mca.n density of pnpcr, P 
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,s Okg/m1 ond 132.05 kg/m1 rcspcclively while in \VCI, mean density of p;iper. nylon 11.0d

pli1S11CS nnd organic \\'llSlcs wns 80.0kgm3
, 82.0kgtn? nnd 106.82kgtm1 rcspcclivcly. 

-1,2,3 Unit \Voste Ccncrntion ll11tc in the Study Schoob

The mean generation rote reported 111 this study were 0.1 Bkg/c/dny and 0.12kg/c/dny in ISi 

and \VCI respectively. These ,vcre ho,,-cvcr lower than the sllllldo.rd of0.5kg/c/duy.
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Figu� 4.1: Pcn:t-ntagc Composition by \Vcigbt of\Vutes gwcnitcd in ISi 
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Figure 4.2: Pe.rccntagt Composition by Weig.ht or,vetes generated In ,vc1 
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Flgure 4.3: Percentage Composition by Weight of \Vutes geocl'9ted ln Srudy Scboob 
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Fi.gure 4.3: Ptrctnlagc Composition by \Vcigbt of Wutu gcntraled In Study Scboob 
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fQblc -'.8: �Icon \Veckly \Veight or Solid \Viutc Com(loncnL, i;cocrurcd io Stud)' Schools.

pornmctcr Location Mean :1: S.D (kg) 

Poper ISi 45.70 :I: 8 32 

\VCI 37.63 :i: 9.23 

N)'lon and Plostics ISi 45.36 :i: 9.82 

\VCI 54.63 :i: 18.89 

Orgnnlc Wll.'ltcs ISi 156.89 :t: 22.6 I 

\VCI 56.25 :1: I 5.93

�1ctals ISi 3.50 ± 2.96 

WCI 1.25 :t: 2.92 

Gloss ISi 1.63 i 1.88 

\VCI 0.00 :t: 0.00 
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Figure 4.4: !\lean Weight or \Vastes generated Daily in Study SdloolJ 
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-IJ lle:.t,') l\lctul C o n,poncnts or Orcunlc \Vostcs CcncrntccJ in the tucJy cho 115. 

Figure 1.6 shov,s die ntcon vulucs or lte.lvy mctnls conccntrnt1ons in the orgo111c ,,ns1c

i;cncrntccJ in the t,vo schools studied as compared ,vi1h the Ontnrio con1posting gu1dchnc

hnuts Inc conccntmtions or Linc in ISi ond WCI ,vcrc 1.52*0.IOmg/kg rutd .21 l0.00 

mg/kg rt:!ipcCll\'cly, nncJ these \1•cn: lower thnn the lin1i1 or 500 mg/kg. Titc: conccnt 011011s of 

lend at ISi nnd \VCI ,,ere 0.23±0 00 mg/kg ood O. 10.l:O.OOmg/kg rc)pcctivcly. and tl·csc \\Crc 

.ilsn lo,1cr thnn the hm11 or I SO mg./kg. The concentrations or Cluon1ium 1n ISi ind \\!Cl

wen.: 0 06J;O.OOn1g/kg nncJ 0.01±0.00mg/kg rcspccu,cly, the voluc.s were lo11cr than the li1nit 

of 50 n1g./kg. Also. Codn1iun1 concentrntions 1n ISi and \VCJ ,verc O 03,tO.OO mg/kg illld 

0.0-1±0,00 mg/kg rc:spcctivcly ,vith values lo1ver lhon the limll of 3.0 mg/kg The 

concentrutions copper in ISi ru,d \VCJ \\'ere: 0.50±0.00 mg/kg and 0. IS 0.01 n1g/kg 

respcc11vely, ,vith values also lo,ver than the limit of 60 mg/kg. Ar.icnic conccn1111tions in ISi 

ond \VCI 11ere 0.02:tO.OO mg/kg ru,d 0.01±0.00 mg/kg respccti\ely and these volues \\ere also 

lower thnn the lin1it of IOmg/kg. Nickel conccn11111ion in ISi and \VCI ,1crc and O 01+0 00 

mg/kg and ogain ,vere lo,vcr tho.n the limit of 60 mg/kg 

,l..l Constiluents of Corn post Produced front Orgnnic \Vnste llrcycllng 
The mean vnlues or1he chemical consthuc:nts of the compost from orgnnic ,vastc� rcc)'cling 111 
ISi were organic carbon (24.00J:0.01°,.), nitrogen (I 9.10.01%), phosphorus (7 S 10.01%), 

potwium ( I .6*0.0-1%} 

4.S Chemical Constilucnts of Organic \\la.sic ond Con1pos1 l'roduccd In tud) School,
:11 llnsclinc ond Post lntcn•cnlion. 

At baseline, chemical conslitucnts or orgrutic ,vns1e generated in both schools "� organic 
carbon (62.0 ± 0.04%), nHrogcn (2.4 ± 0.00%), phosphorus (9.6.1:0 28%) Wld po11asiun1 

I bo (49 02±0 0 I o/o). nitrogen (2.32.!0.0 I'•), (3.0i:0.0-1%) ror ISi ,, hile 1h01 or \VC \\115 car n · 

(I 84:1:0 01%) At posl 1ntcrvcntion. chemical phosphorus (IO 14:t.0.0 I%) and pouos,um · · 
· boo (24 O(}J:0 00"/o), nitrogen ( I 9 I J 0.00" o),

constituents or compost ,l'as orgwuc cnr · · 
. . ( 1 57'10 OO¾) "hilc that of orgOJ11c ,1'l1Stc 01 \VCI \\·,ts

phosphorus (7.48Jc0.00%), po11ns1un1 · · 
0 (2 2*0 01%) phosphorus (9 9t0.0I •>. pothh1un1

organic carbon (47 2!.0.02%), nitrogen · · • 
. · 

1rntion of heavy mc1nl co1isu1ucn1s of orgun1c
(1.710.01%). Fig 4.7 shows the menn conccn 
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,,a�t.:s at b.t.seline versus compost produced ot post intervention in ISi This ,,ma� follo"'

1 51 0 IOmwi,g und O 19�0.00 mg/kg (zinc), 0.23±0.00 mg/kg nnd O.IOrO OOml?fl.g (lc,td),

o.06tO.OOn1glkg ond 0.00:lO.OO mg/kg (chromium), 0.03±0,00 mg/kg nnd O OOl O.OOmg/kg 

(e.idnuu1n), 0.50±0.00 mg/kg nnd O I 3t0.00mg/kg (copper), 0.02;!_0.00 mg/kg and 

0.0010 00,nBfkg (nrscnic) ond 0.0 I J.0.00 mg/kg and 0.00±0.00 mg/kg (nickel). 

-'.6 Con1purison of l'hy$ico-Chcrnicnl Conditions required for l!:fficicnt necydin� of 

Orgnnic \Vustc gcncrntcd in tudy chools 

Table 4.9 sho,vs tho ,•nriotion in the physico-chem,cal porameters in the t110 schools 111c C 

, ratio at ISi nnd \VCI ,,·ere 25.8: I nnd 21 I I respectively The Moisture Content for ISi und 

WCI \\Crc 57.80.tl4.94 nnd 73 10±1.0 % respectively The pH values for ISi nnd \VCI ,,er.: 

7 37.t0.54 and 6.80.t0.20 rcspcc11vcly. 
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r,blt 4.9: Con1p11rison or l'hysico-Cbcmical Concllllon_s rrqulrccl for Con1po11ini; or Organic

\\111S1c gcncr111ccl In Study Scboob 

l'animclcr ISi \VCI S111nllonl 

C:N Rocio 25.8 : I 21.1: I 25.1: 1-30.1 :I 

fltoisturc Conlcnl (¾) 57.80*14.94 73.10±1.8 50.0- 60.0 

pll 7.37±0.54 6.80¼0.20 6.0 - 7.5 
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, 7 \ nrintion� In Ph) sicu-chcmicul Condlliun1 obsAn• Ad d · C 1· · ISi · • • ur1ng ompos 1ng 1n 

tne pl I of organic \\'nstcs from the start or lhe experiment \\'llS 6. nus groduoJly ,ncreasc:d 10
6 S iu observed on thc 6th doy of the process and increased to 8.0 on the 12th dny llus 

reduced 10 7 I on completion of the process 1.c 30th dny 1 cmpcmturc rcadmg from the onset

(1 e fi�l Jdays) \YUS 34•c. TI1is 1ncrcascd 10 ss•c on the 6th dny and lo 51°C on the I 5th dn) 

or the proccs� 1 lo,vevcr, on tJ1e 24th day, it reduced 10 4rC and gmdut1lly 10 42"( on th!!

27th do) and finally to 39°C on comptc1ioo of the process. For moisture content, the organic

\\i!Sll! contained 61 ¾ moisture on the 3rd day of the process. On the I 5th do) ho,vcvcr. 11

reJucctl to 48¾ OJld finally to 54¾ on the 27th doy and on complc11on of the process. Fig -I 8

4 10 illustrates the vonouon in physico-ehcmicol conditions (pll, temperature and moisture 

content) ob�crvc:d during the con1pos11og process llo"ever, the mcnn voJues ol pl I. 

1cmpcm1urc ond moisture content ,�-ere 7.37:1:0.54, 49.SOl:7.46°C ood 57.8011-194�0 

�pcctivety 

J.8 \\lnslc i\l11n:tgc111ent  Pr11cticcs in Study Schools 111 Unsclinc

Tnbtc 4 10 belo,v sho,..,s tJtc results of the survey ,,hich illus1r.11cs the waste 111unagen1e111

pmc11ces acros.� the schools ut baseline \Vns1c manngen1cnt ut ISi ,,-us b.is1cnll) open

dumping ,vith little or no scperotion ofv111.s1cs (10.8%). As reported curlier. 65.6,, and 68 1%

or respondents in ISi nnd \VCI rcspec11vcl) u11hzcd 1hc school ,va:.tc bin for \\-:I.SIC d1spos11l.

iihile 52.9% and SS 4o/o 01 ISi und \VCI respectively rcportetl tlint lhcrc ,,ere mcdiun, s1,�-.1

· · d , fb1ns 53 8% ond 85.8'·• of the students 1n
plosuc bins ,vithout cover. Pnrtrun1ng to n cqunc) o · 

. d tJ I classroom had nt lcnst one 1\'QSIC l11n eoch loc,11cd
ISi 11nd \VCI respccuvcly reportc 101 cDc • 

65 2o/, of the rcspondcnL� nt 1S1 reported thul
either \\it.hin or outside the classroo1n 110,,1:ver, · • . 

I b :<temol conunclor licensed by the )chool , ,hr lc
waste wns disposed of fron1 the schoo Y on e, 

75.2% DI \VCI reported ,vaste ,,11S burnt openly (Open bwning).

' 1\111011 •crucnl l'racticC!i ucross the
�.9 Prublcrn s  f\5soci111etl "1ith \\ nsic 1 � 

chools. 

-1.9.1 Erl\ iro11111cntnl l'rohlenis . . · the schools ,,.:ii: odour.
·'atcd ,vith sohd waste rn

The mnjor cnv1ro11mcntnl problems assoc• 
r,· 4 1 I shoi\'S 1h01 ,n ISi nnd \\'C'l,

. htlincss nnd lcachatcs. ,,g 
,·ector breeding. scnvcngcrs, uns1g 
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(4S 2• ,. 2. 7°/o. 25. 2%, 0 9% and I 7%) 111\d (54. So/o, I t. 9%, 25. I¾, 1.3% and 7. Io a) n:portcd

odour I cctor breeding, scnvcngcrs, uns,gthline�. leachotes ond scn,cngcrs rcsp..-cuvi:ly.

�.9.2 t1c:1hh Problcrns 

(lc-Jlth problems reported to be nssocimcd ,vilh solid \l'IISIC mruwgcment across the sch()()ls 

we� n1Jlnrio, typhoid fever, dinrrhoen, yello\\• fever nnd dog bite. Fig 4 12 sho,vs th:st 10 ISi

;inJ \VCI, (76.0%, 53 1%, 42.5%, 51.1%, 19.2% nod 4.6%) nod (65.7%. 45.0*lo. 33.3°/o. 

SO Jo/o, 28.2¾ and 3.9%) reported molnnn, typhoid fever, dinrrhoc:i, cholera, ycl1011· fever ond

dog bite respectively. 
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Table -1.10: \V1111e l\lnn11gcmen1 l'nicticcs in Study Schoob

Vorinblc Options ISi 

N•196(%) 

\Vaste Bush dun1ping 24(12.9) 

Jisposnl/collcction Open dumping 37(19.9) 

method employed 

by Students Pit dumping 3(1.6) 

School ,vostc btn 122(65.6) 

Frequency of Once o dny 129(83.9) 

\\lo.ste disposol from T\vicc o dny 10(6.5) 

Clwroon1s ond Uvcry l\\'O doys 8(5.2) 

Hostels Once o ,vcck 3(1.9) 

Once in 1,vo ,vccks 4(2.6) 

Frequency of Waste Doily 111(62.7) 

Disposal in School. Bvcry2days 13(7.3) 

Beyond 2doys 5(2.8) 

\Vcckly 13(7.3) 

Not sure 35(19.8) 

�1cthod of 

Collection/ Disposal Yes 116(65.2) 

of\Vnstc in No 62(34 8) 

School(School 

liccnscdContrnclors) 

Open burning Yes 24(12.2) 

172(87.8) No 

114 

\VCI 

N•196(%) 

I 9(9.9) 

31(16.2) 

11 (5.8) 

130(68.1) 

137(73.7) 

40(21.5) 

3(1.6) 

2(1.1) 

4(2.2) 

152(80.0) 

11 (5.8) 

1(0.5) 

14(7.4) 

I 2(6.3) 
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Figure 4.10: Variation in MolJturt Content observed during Composting in ISi 

117 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



IIO 

e 

50 

4�2 

i 40

II � 30\

e 20 .. 

10 

0 ,,- • �:-· I' - - : - · .. u ..

l 
Odour 1/Ktor 8reeda>Q 

2\2 2\1

Ur\.it,I..,,_ 
Eai, lroaaomlAI Problcau 

[;;J 

L.alC/latn Suvtnel«' 

Figure 4.11: Environmental Probl,ms usotiatcd with \Vutc Muagcmt.ot atr0ss tbe Study Sc.boob 

118 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



80 
1. 

70 
7 

80 

\ 50 
ii «>i II a II I I 

I 11•. II I II ��

1� 
3) 

10 

0 
-

......... T'fptlollfwnr Oilrr!IOU C)ogble 
Ucald, Probl,nu 

II I I DISJ 

• • 1awa 

Cl>Oltl'I Yellow Fevtr 

Figure 4.12: 8t.al1h Problems associated wilh \\'ult managtmen1 Praclicc, across the Study Schoob 

119 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



J.10 On site Obscn•otions U)ing Checklist

In order to , ,1hdatc the responses given by students c•no· d 
· h -·'� 1n nrcas nn �mcuccs ,,en: o scf\ 1..-u 

.llld lh� include the physical renrurcs of the scho 1 o environment Jltese nrc presented as
roflo,, s ( I able 4. I I); 

�- D�posol of Solid \Vnslcs by Students 

I Jus w,1� mo1nly through the uso of lhc school \\'ilSlc bin Although ,,a.sLCS such as pop,:rs,
S\\tl!l ,vrnppcrs, \Ylltcr sutchcts, biscuit \\Tappers etc were found liucr�d on the floor 1n some

of lhe classrooms. 

b Solltl \Vastc Disposal llcccptnclcs 

\\.ll)tc rcceptncles used 10 both schools were medium siz.cd plBSlic bins ,vithout covers lnc�e 

,,ere also present in coch o f  the clnssroorns nod tl1ey ,vcrc located at a comer ,vi1hin o ,hart 

wollang distance 10 1he classrooms. 

c. 17rcqucncy or Collcclion or \Vnstcs

\\11151c ,,-:is collcc1ed on doily basis by the school cleaners from oil nrcos of the school one.I

trnnSforrcd 10 the school du111pst1c occonhngly \Vastc \\'11S thereafter colh:ctcd thrc:c time� .i

,,eek b}' on cxtcmnJ contractor licensed b) the authority at ISi \\hale , asu: ,vns bunn op.:nl}

on druly basis at \VCI respectively.

II. Cleanliness anti Mnintninuncc or the School En, iro11111cn1

The stotc of the environment in both schools ,vos orderly nnd ncot except for the

1ndiscrimino1c dun,ping in the dumpsite 01 ISi as the lnrgc bin pro\'id�d ,.,,as inadcqwitc nod

found O\/crno,ving. Drainage in both schools \YllS also free no,ving.

t. En,•iron111c111al rroblcn,s cnuscc.l by \Vnstc

TI - · I d · t 1· n� •ell n� odour caused by \\1lSICS ot the dumpsllc Ill both �chools
11s 111c: u es uns1g 11 1ncss ..., " -

V h n. r. d ot tltc dlttnn�itc and occassionolly scnvc:ngcrs hl,.c dogs due
cctors l>UC as ICS \Vere ,oun ,. 

10 the unc:on1rollcd tlu1np1ng of \\11Stcs nt ISi. 
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Plate 4.1: Slalc of Oumpsile in ISi
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Pwle 4.2: Slate of Dumpsitc in \VCI 
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liblc -t.11: On &itc Obscrv11tlo11 Chctldlst in the Study choob 

Lndicators Observed ISi \VCI 

Rnnk1ns 

o,sposal of Solid \Vostes by ++ ++ 

s,uJcnlS 

,\dcquacy of Sol id \V nste Disposal 

Rtccptoclcs 

frequency of Collection of \Vnstes ++ +-1 

CleanllntM ond lvlo1n1oinoncc of ++ ++ 

the Env1ronn1cnt 

Stotc of Dumpsitc ·I ++ 

Presence of Scnvcnscrs n t  School ++ 

Oumpsite 

Presence of Vectors ot School +t· + 

Oumpsite 

Types or Solid \Vostc Reccptnclcs 

Drums 

Bins 

�lctal Contn1ners 

Sruntllly Cond111on ofRcccptoclcs 

Co,ered 

E.,poscd 

O\'crOo,vins 

\Vaste. D1spoS31 Practices 

Use of 81n 

Rcc)chng 

Open Dumping 

Open 8un1ing 
-

+ 

+t 

• 

+ 

+ 
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frequency of \Vaslc Collection

D.sil) 

Once o \Veek 

il�icc o \Vcck 

State of Surroundings

Location of Reccptocles 

Location Capnble of causing 

1 IIU'J)J'd 10 Students 

Use of E.xtcmoVLicensed \Voste 

Collccllon Services

+++ +++ 

++ 

+ • 

Key +++ Gnotl ++ Fnir + l'oor • Absent 
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f:rcqucncy of \Vos1c Collcc1ion 

Dail)' 

once 11 \Vcck 

1,\1te o \\leek 

S1atc of Surroundings 

Location ofRcccptocles

Location Cnpnblc of cousins 

HIIJ.Ald to Students 

+++ 

Use of Extcmol/Liccnscd \Vnstc + 

Collection Services 

++ 

Key +++ Good ++ Fuir + Poor • Absent 

124 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4 11 Trnioiog and Provision or c u· . · on1post u10 for Organic \Vastc Rccychng 
After the physicol assessment of the \\'aSLCS in lhe '"'O Schools. it \\'llS observed that organic
,,.i.stcs Y.'3!o lhc moSI doininan1 ,vnstc gcncmtcd followed b)• paper nnd plosucs 01 nppn.-ciable
quanuucs. lncrcforc 3 1,,0 compartment compost bin following ,viodro,,·s mclhod ,,1b
designed and fobrictitcd for the recycling of the organic \\ilStcs component 1n ISi n,c
intcf\·cnuon also included tmininc on source scggrcgation ond the c:Cfccuvc use of Lhe
(abricntcd bin for rccycltng of orga.tuc \VIISlc:5 1n ISi TI1c bin \\'llS tell for use 1n ISi for n
pcnod of one ,nonth nllcr ,vhich o post intervention survey ,vu., conducted ,1,11h lhe some:
qucs1ionna1rc used 111 boselinc. 

4.11.1 Trninini; Session on Ori.:nnic \Vnstc Recycling 

Tro1n1ng \\'BS conducted n.s part of the intervention on \\11Sle scgregca1ion and co111pos1in11 of 

organic ,vru;tc using the ,vindrows method A I\\O comp:utmcnt 3fl by 30 b) 31l co1npo\t bin 

,,� constructed 10 this clTcct in ISi. A 10101 of 50 studcnlS were mndon1ly sclceted fro1n the 

taryct population i.c SSS 1-3 students a.nd enrolled in the 1ro1n1ng. A pn:-cvuluution 1cst 

comprising 14 questions ,vo.s conducted A mean kno"lc:dge �core of 3.-18 ,1,-n, obto1ncd 

\\h1ch .:ventually increased to 5.49 allcr Lhe snme set of questions 11dn11nis1ercd iniuoll) ,1,crc 
used This sho,\'S th\l increase tn kno,..,lcdge of the panicipanti.. 

-ti 1.2 l�ffecl orTruininl,! nnd l'rovlsion or Corn post Din on kno,,·lcdi;c
Tobie '1 12 �ho,vs the proponion of respondents with i;ood knowledse nficr the trninin& TI1c
increase in kno,Yledgc sbo,,•s the effect of the LrDining on the knowledge or studcnLS on

• 1 · ISi �• compiirc:d to Lh:it of \VCI �tudcnti. where there \\'.l5o nooryan1e ,vnstc recyc 1ng 1n = 

training.

I d .�,..re of ISi studcnLS 01 baseline as 3 5+ I 7 whik 1h111
Table 4 13 sho,vs the n1con kno,v c ge """ 

\·-s J.8:1: I 7 ,viLh no s1nnifican1 difference obs.:f\cd f\lcon ba.schnc
of \VCI 01 baseline YU 0 

. d" score oner intervention for ISi \\'llS ).51 I 7 and
lnowledge score ond 11s correspon 1ng 

I 7 d 15 com:spondrng post 1ncrvcnuon score \\.IS

5.St 16 \Yhile thut Of \\ICI \\BS J.8± an I 
' 

1 intcf\•cntion kJ1owlctlgc score! for tho: t\\·o
4 It I 8. The difference bcl\vecn thc 1'"0 pos 

schools ,1,u5 sigrtificant (p<O 05) 
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�.I l.3 �rrect or 1'raining nnd Pro,•ision or Corn post Bio 00 Aliitucle
The rcsuh of the survey as shO\\ll in Tobie t.1.14 sho,�-s the differences ,n the ullitudc of
student:. 1ownrds orgnnic , vostc recycling 01 bosehne and oner inter vention In ISi. 25.3°/o and
76Ao/o rcponcd thnt organic \\ilStc recycling wns necessary in schools. I o.s•t. and 69.S�o
3llmltted thnt trurning of students on organic \YllStc recychog \YllS nccessnl)· in school:.. 20. 3°/o
anJ 11.0¾ stated thnt the school eulhoritlcs alone should monagc ,vnstes generated 111 the
sehClOI. 13 8°/a and 64.2°-'o of the respondents agreed that evcl) student should be in volved in
1hc recycling of ,vnstes, •18.2¾ nnd 52.0% ogreed tlult component soning of v,,istcs ,vns

ncce� for proper management of wnste at baseline Md oner in1crven1ion rcspc:cuvcly In
\\!Cl. 29.2% and 54.7% disagreed that organic ,vastc recycling \\1\S necessary 1 n  schools. 

17 l'l-1 ond 39.0% agreed thot tmining of students on ho,v to n:C)'C:lc orgMic: \\IISle ,�'llS

necessary in schools; 24.9'1-'o and J0.7o/o agreed that the school authority alone should be 

rcsp<1nsibl1: for mnnagen,cnt of ,vns1c gencro1cd in the school. 48 2�, and S2.6'l-lo agreed that 

c\el)· student should be involved ,n the recycling of ,v1is1e in 1he school 01 bnschne and post 

m1men11on respectively. This is n rcncction that the 1ro1n1ng programme had a posrtf\ c cfTcct 

on the attitude of students to,vnrds orson1c ,vnstc n:cychng 

-1.11.,1 £ffcct ofTrnining nntl 1ilu111ion or Rln for Con1postln1:

1 able 4 Is sho,vs the cffccl of ,nicrvention on utihz.auon of the compost b111 for con1pos1ing

in both schools In ISi, 0 000,o end 18.7% sepcrntcd their ,vnste while 0.00% and 26.0o/o

I • , · of compost bin re:.pccti,cly. In \\ICI,
pmcliced composting before and oner t 1c pro, rsion 

· d procticc:d composting before and nncr the
none of the respondents scpuratcd 1he1r ,vu.stc M 

intcf\entron 
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Tahir .J.12: Olfferrnc� lo Kno"lcd,:r "' DR,C'llne 11nd afl"r lotc:nen11on lo i:.1ud) Schooh. 

Ch11r2c1crislics V::arinble 

Do you kno,\' an)' Yes 

fonn of \\'ilSlC

management 

No 

Don·1 

KnO\\ 

Do )'OU lhink \\"llSIC yes 

can be convened 

into useful 

maten:ils 

No 

Don't 

Kno,v 

151 (¾) 

102(531) 

66(34.4) 

24(12.5) 

71(37.2) 

23(12.0) 

97(S0.8) 

13nscHnc l'os 1-iotcn•cn tion 

\\'CJ(¾) Tot:il (¾) 1S1 (%) \\!Ct(•/o) 

114{58.5) 216(5S.8) 129(66.S) 122(62.9) 

52(26 7) 118(30.S) 46(23.7) 55(28.4) 

29(14 .9) 53(13.7) I 9(9.8) 17(8.8) 

63(32.S) 134(34.8) 118(60.8) 91(46.9) 

97(50.0) 120{3 I .2) S(2.6) 87(44.8) 

34(175) 131(34.0) 71(36.6) 16(8.2) 
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Tot11I (0/o) 

2S 1(64.7) 

101(26.0) 

36(9.3) 

209(S3.9) 

92(23.7) 

87(22.4) 
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0o l.,no\\ \\llSIC Cllll Yes 

be l'CC)Clcd

No 

Don't 

Kno,v 

Do you think Yes 

recyling can help 

manage \\'ll,Slt

properly 

No 

Don't 

Know 

Do you kno,v if Yes 

solid \\-astc can be 

separated at source 

No 

Don't 

Know 

Do you I.no" about Yes 

80(41.S) 7S(38.7) 155(40.1) 157(110 9) 80(41 l) 217(61.I) 

62(32.1) 79(40.7) 141 (36.4) 23(11 9) 59(30.4) 82(21 I) 

51(26.4) 40(20.6) 91 (23.5) 14(7 .2) 55(28.4) 69(17.8) 

TI(42. I) 95(49.2) 172(45. 7) I 5 I (82.1) 116(60.4) 267(71.0) 

56(30.6) 10(5.2) 66(17.6) 18(9.8) 22(11.5) 40(10.6) 

50(27.3) 88(45.6) 138(36.7) 15(8.2) 54(28.1) 69(18.4) 

66(35.7) 73(37.4) 139(36.6) 99(53 .5) 102(53. I) 201(53.J) 

59(31.9) 87(44.6) 146(38.4) 58(31.4) 33( 17.2) 91(24 I) 

60(32.4) 35(17.9) 95(25.0) 28(15 1) 57(29.7} 85(22.5) 

75(39.3) 8-1(43.5) 159(41 4) 152(79.6) 80(41.5) 232(60.4)) 
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Do IJ,o.- """tc' co.n Ye� 

be: recycled 

No 

Don'I 

K.no,v 

Do you think Yes 

rccyling can help 

mnnngc \\"aSlC 

properly 

No 

Oon'1 

Knov.• 

Do )'OU knov. if Yes 

solid waste can be 

scp3r.11cd 111 source 

No 

Don'I 

Kno,v 

Do >·ou kno\\ oboul Ye, 

80(41.5) 75(38 7) I 55(40.1) I 57(80 '>) 80(41.2) 237((,\ \) 

62(32.1) 79(40. 7) 141(36.4) 23( 11 9) 59(30.4) 82(2l I) 

51(26.4) 40(20.6) 91 (23 .5) 14(7 2) 55(28.4) 69(17.8) 

77(42.1) 95(49.2) 172(45.7) 151(82 I) 116(60.4) 267(71.0) 

56(.30.6) 10(5.2) 66(17.6) 18(9.8) 22( 11.5) 40(10.6) 

50(27.3) 88(45.6) 138(36.7) 15(8.2) 54(28.1) 69(18.4) 

66(35 7) 73(37 4) 139(36.6) 99(53.5) I 02(53.1) 201(53.3) 

59(31.9) 87(44 6) 146(38.4) 58(31.4) 33(17.2) 91(24.1) 

60(32.4) 35(17 9) 95(25.0) 28(15 I) 57(29.7) 85(22 5) 

75(39.3) 84(43.5) 159(41.4) 152(79.6) 80(41.5) 232(60.4)) 
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com�llntl 

:-.-o 

Don'L 

Knov.· 

Do you think Yes 

compoSI IS highly 

beneficial to plants 

No 

Don't 

KnO\V 

Do you think Yes 

proper solid v.-aste 

manngemcnt c:in

affect health 

No 

Don't 

l<.nO\\' 

82(42.9) 

34(17 8) 

103(55.7) 

7(3.8) 

75(40.5) 

108(57.4) 

42(22.3) 

38(20.2) 

56(29 0) I 38(3S 9) 24( 12.6) 

S3(27.5) 87(22.7) 15(7 9) 

107(55.2) 210(55.4) 132(71.4) 

22(1 I .3) 29(7.7) 47(25.4) 

65(33.5) 140(36.9) 6(3.2) 

104(54.5) 212(55.9) 139(77.2) 

54(28 J) 96(24.3) 27(15.0) 

33(17.3) 71(18.7) 14(7.8) 
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48(24 9) 

65(33.7) 

106(55.2) 

46(24.0) 

40(20.8) 

111(581) 

60(31.4) 

20(10.5) 

72( 18.8} 

80(20.8) 

238(611) 

93(24 7) 

46(12.2) 

220(75.6) 

51((17.5) 

20(6.9) 
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T,blt ,1,IJ: l\1can l{non•lcdi:,c Scores of Rc.spontlcots in Stutly School.s

pa,311icicr Options ISi WCI 

N 196 

IJU)\\ ledge Prc-Lntcrvcntion 3.48.±1.69 3.84±1.68 

mcnn Score 

Post-Intervention 5.49±1.63 4.12±1.84 

Mean Score 

P value <0.05 >0.05
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Table 4.14: ,\11i1udc of Respondents 1o"·ards Organic\\ :1,tc Recycling after lnlc:rventlon ,n Study Schools 

Ch:ir.ictcristics 
- -

Solid ,wstc 
recycling is 
necessary in lhc 
school community. 

T raininr, of students 
on ho,v to recycle 
solid ,Vl!Stc is 
nccessnry m 
schools. 

Waste maruigemcnt 
c,-nbanccs good 
hcallh of I.be 
students nod beauty 
o f  the school 
cnviroomcnL 

The school 
nuthonties :ilonc 
should be held 
n::sponsible for 
mMal!JJl& \\-aslC 

generated in the 
school 

Vnri:iblc: B:istlinc Post-in tcn•cn tioo 

ISi (%) \VCI (%) Tot:il(¾) 1ST (¾) 
Agree 48(25.3) 56(29.2) 105(27.2) 149(76.'!) 
Indifferent 60(30.9) 26(13.5) 86(22.3) 22(11.3) 

Disagree 85(43.8) 110(57.3) 195(50.5) 24(12.2) 

Agree 21(10.8) 33(17 I) 54(14.0) 134(69.8) 
Indifferent 43(22.2) 68(35.2) 111(28.7) 23(11.8) 
Disa&rtc I 30(67 .0) 92(47 7) 222(57.4) 96(49.2) 

Agree 168(87.0) 139(72.4) 307(79.7) 160(82.5) 
lndi!Tcrcnt 16(8.3) 19(9.9) 35(9.1) 19(9.8) 
Disns.rce 9(4 7) 34(17.7) 43(11.2) 15(7.7) 

J\g:TCC 39(20.3) 48(24.9) 87(22_6) 21(1 LO) 

Indifferent 50(26.0) 30(15.S) 80(20.8) 30(15.7) 

Disagree 103(516) 115(59.8) 218(56.6) 140(73.3) 
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-

\VCI(¾) To111l(¼) 
I 05(54.7) 254(65.6) 
27(14.1) 49(12.7) 
60(31.3) 84(21.7) 

76(39.0) 210(54.3) 
30(15.6) 53( 13. 7)
28(14.6) 124(32.0) 

147(76.6) 307(79.5) 
20(10.4) 39(10.1) 
25( 13.0) 40(10.4) 

59(30.7) 80(20.9) 

41(214) 71 ( 18.5) 

92(47 9) 232(60.6) 
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Every srudcnrs Agu:c 84(-IJ BJ 92(48.2) 176(�6 0) 124(64.2) 100($2.6) ll4{S8 S) 

should be involved 
in the recycling of lnd1ffercn1 60(31.3) 39(20.4) 49(2S.8) 35(18( 1) 40(21 1) 7S(l96) 

\\;istc in the school 
Disagree 48(25.0) 60(31.4) 108(2S.2) 34(17.8) S0(26 3) 84(21 9)

lndividual Agree 92(48.2) 107(56.0) 199(52.1) 94(48.7) 109(57.4) 203(53.0) 

scpcration of waste 
lndiffcrcnt 71(37.2) 48(25.1) 119(31.2) 72(37.3) 46(24.2) 118(30.8) 

1s necessary for 

proper mMt1gemcnt Disagree 28(14 7) 36(18 8) 64(16.8) 27(14.0) 35(18.4) 62(16.2) 
Of \\11Ste. 

Seperation of wn.stc Ag.JCC 54(28.3) 66(34.6) 120(31 4) 26(13.4) 67(35. l) 93(24.2) 

into v.uious 
components in the lndiffcrcnt 87(45.S) 53(27.7) 140(36.6) 44()..2.7) 66(34.6) 110(28.6) 

school sening is Disagree 50(26.2) 72(37. 7) 122(31.9) 124(63.9) 58(30.4) 182(47.3) 
simply o greot 
distUrb;mCC. 

Composting of Agree 67(34.7) 70(36.5) 137(35.6) 40(20.7) 71(37 2) 111 (28.9) 
organic. \\'3$lC \vi ll 

\ncliffercnt S8(30. I) 41(21 4)constitute nu,snnee 99(25.7) 52(26.9) 36(18.8) 88(22.9) 

10 the school. D,sogrcc 68(35 2) 81(42.2) 149(38,7) 101(52.3) 84(44.0) 185(48.2) 
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Table .t.15: Errccl or En\•ironn1cn111I Trnlninc nnd Utiliution or Bin for Con1pos1ing in

Study School, 

Variable Options 

Do )'OU separate Prc-in1crvcntion 

your ,vastc before (Yes) 

disposal Pos1-in1crvcn1on 

(Yes) 

Do you proclicc Pre• 

compos1ing intcrcnlion(Y cs) 

Post· 

intcrvcntion(Ycs} 

ISi 

(N"'l96)o/o 

0(0.00) 

36( 18.7} 

0(0.00) 

S0(26.0) 
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\VCI 

(N•l96)% 

0(0.00) 

0(0.00) 

0 (0.00) 

0(0.00) 
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�.t 1.5 Con11111risun of Kno,vlcd�c I cvcl f 1, • 0 ,csrondcnls 111 Un�clinc 11nd uf1cr chc

I r11lni11g nntl Provhi1111 of Comrost u· 1n. 

D C\ c o stu cnts 111 both schools be lore andTable ,1 .16 shO\\JS o compnrison of knowlcdnc I . 1 r d 

ift(f the tmining 0nd provison of compos1 bin. Proportion of s1udcnts m ISi \\ ilh poor

Llu)\\lcdgc on ,vnste recycling and composting reduced from 57 lo/o 10 12.20,0 \\hilc there "a.�

1,11tc or no decrease in respondents poor knowledge in WCI (-l2.J�'. Md -16.9%) before and

aft�r the in1crvcn11on.

-1.11.6 Cornparison of Altitude Level of Respondents nt Dnsclinc ootl aflcr lnrcn•cntion

Tobie 4 17 shO\\S n co1n11nnson of the ouitudc level of students 1n ISi and \VCI before ond

.uicr the 1n1erven1ion. This sho,vs 11101 respondents in ISi \'11th negolivc 011i1udc n:duccd fro1n

JtJ•o to 11.7% oner the intervention \\hilc those \vilh positive a11i1ude increast.-d fn11n

68 7�'o 10 88.7% I n  \VCI, there ,vas o slight decrease in number of students \\ilh negative

a11i1udc (39.5 10 24.9%). 

-1.11.7 Effect of lnlcrvcnlion on K110,, ledge 1111d Allltudc Lc\•t•I 11rtcr ln1crvcntin11

Table -I 18 shov.s 1hc rclotionship between knowledge and n11i1udc lc\C:I of nil the responden ts

in both schools ofter 1n1erven11on n,c results sho\v 1h01 fe\\ students (26) ,vi1h (IOOr

lnowlcdge nlso hod negocivc 01111udc townrds ,vnscc rec)Chns while the lcos1 nu1nher or

stuJcolS (22) hod cxccllcnl kno,vlcdgc on ,vos1c recycling ond ncgouvc 01111ude 10\\anl�

,,a:;1c recycling. Jntcrcs1ingly, n1njon1y of the students ( 138) who luld cxccllcnl l..nO\\ k-dgc on

or11n.ruc \\,ISie recycling (com(IOSting) olso had posiuvc a11iludc lo\\'Ords it 

�.12 Effect of Or,;11nic \Yuste Recycling on Quantity of Orgunk \Vn5 lc 

l'oblc 4, I 9 sho,vs the quaniity of orgnnic ,va.stcs gcncm1ed 01 t,;iscline :ind oner chc

mtmcnlloo in both schools. In ISi, I 56 9kg of orgonic ,vas1c \\'US generated DI baschnc

11 · • · d 45 2ko of orgnnie n1nnurc (con1post) \\'llS produced

o"cvcr. aficr the 101cr11ent1on pcno · D 
- I \VCI 56 3 kg of orgwuc \\'lblc wus gcnenncd 01

from the recycling of lhe orgo.n1c \VllSIC. n • · . . 

. • n I · 1erven1ion There \\'35 s1grolicMI reducuon 1n

b.ucbnc v,hilc 51 .2kg ,vo.s realised ouer 1 ,c in . . 

. . 156 9k 10 45.2kg) before nnd nflcr 1hc 1n1crvcn11on

quan111y of orcon1c \Vnsle ,n  ISi (fron1 · S . 

. . ) ,vhilc .there \\"!IS Ji11lc or no reducuon ,n 1ht

follo,\ing 1he recycling process (compoSLtn g 

3 k 10 51 lkg) before und oiler 1nlcf\ cn11011 )Ince

qu.m111y of orgruuc \VOSIC in \VCI (from 56· 6 

no tomposung ,vus adopted or prucuccd. 
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Tablt -1.16: Kno" ledge Level or Respondents urtcr lntcn·cntion in Study Schools

Catcgor)' 

Poor 

Good 

E.'(ccllent 

�lct111 ± S.D 

Knowledge Score 

Clu-squorc tcsl 

811.SClinc Post intervention 
ISi (%) WCI(%) Total(%) ISi (%) \VCI (%) Total(%) 

112(57.1) 92(46.9) 204(52.0) 24(12.2) 83(42.3) 107(27 3)

54(27.6) 75(38.3) 129(32.9) 61(31.1) 64(32.7) l'.!5(31.9) 

30(15.3) 29(14.8) 59(15.1) 111 (56.6) 49(25.0) 160(40.8) 

3.48±1.69 3.84±1.68 3.56±1.68 5.49±1.63 4.12±1.84 4.81±1.87 

X2 --5.396, df= 2, r>'" 0.067 X2
., 56.630, df 2, p<0.00 I 
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Table �.17: Allltudc Level or ltcspondcntJ at 0111clinc 11nd l'oJt lntcrvcnllon In Study SchoolJ.

Bosclinc Post in1crvcn1ion 

---
-

-
-

----------------

Attiiudc ISi (¾) \VCI (%) Total(¾) ISi (%) \VCI (¾} Totol (¾) 

Level 

Ncgotivc 61 (31.3) 77(39.5) 139(35.6) 23(11.7) 48(24.9) 71 ( 18.3) 

Positive 134(68. 7) 118(60.5) 251 (64.4) 173(88.3) 145(75.1} 318(81. 7} 

x2 .. o.996, dr .. 2, p .. 0.6os
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x
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Tobit 4.18: Rclolionship bchveen Knowledge and i\llilude Levrl or Respondcnls nrrcr

ln1crvcn1lon. 

Knowledge level

Poor 

E.�cellcnl

TolBI 

xi. 6.036. dr• 2. P-- o.o4

AUiludc level

Negative 

26 

23 

22 

71 

Posihve 

78 

102 

138 

318 

137 

Total 

10-I 

12S 

160 

389 
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Tahlc -'.19: Effccl of Con111osling on lhc Qunnlity or Orgnnic \Vasrc in Study Schools

nflcr lnlcrvcnllon 

School 

ISi 

\\ICI 

Qunntity or Orgnnic \Vaste (kg) 

Baseline 

I 56.90 

56.30 

• 

Post lntcrvcnrion 

45.20 

51.20 
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P - Voluc 

> 0.05
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Cll1\ l''l'ER Fl VE 

s.o l)ISCUSSION

In this sec:11011, the iinplica1ions of 1hc · d SOCIO• cmogmpluc chnrac1cristics of the populo1ion 

under 51udy. quonlity 0nd composition of solid \YIISICS genen11cd in the '" o sahools 115 \\ell os

the phys1co-chemical characteristics of 1hc solid \,-... cs mt d d lh rod ed .... , gene c an c compost p uc 

from the recycling of orgnnic \\'QStc are presented. In ndditioo, bnschnc data on solid \\OSie

composition and generation in the study schools, solid ,,11.Stc rnnnngemcnt prac1iccs nnd the 

problems ossoc1oted ,vith such practices in the study schools nnd the crTcc1 or training and 

p1ov1s1on of n t,vo co11,pnnmen1 compost bin for recycling or organic ,Y11Ste generated 111 ISi i s

olso discussed. 

S.I ocio•Dl'111ogr11phic Chnrnclcrislics of Students in the Study School�.

11,c resuh of  the survey hnd sho\\TI thol 111 both schools, nlOJOril)' of the s1udcnlS were w11h1n

14 and 16 years of  ogc. Tins could be due 10 1hc fact th;ll !>tUJcnls \clcetcd for the study w.:rc

mostl) 111 the senior :.ccondnry section and most ofihen, are \\ltlun l•I and 16 age bracket.

5.2 \Vustc l\lnn11l:cn1c11t Prnc1iccs across 1hc tud)' choob

�lujont)' o f  the s1udtnts uulizcd the school ,Y;1Stc bin for \\11Ste d1sposnl in both schonls.

Ho\\ever din:ct obscrvottons using the chcckhst 111d1c:otcd tbnt nlthough ph15tic '"Cite b11ls 

\\ere provided for disposal. ,vnstcs such 1is pupcr. nylon, ten o,.:r sn11cl-s. :,\\cct \\TDppers etc

\\Cre found littering the noor of classrooms. This conforms \\1th the obscr\'ollons ot the

Central Pollution Control Board (CPCD) (2000) that problems assoc101cd ,..,ith �olid \\'llSte

d d · I d�·' liucrinn of food nnd other solid wris1es ,n 1hc school 

1sposal are n11n,erous an ,nc u ,u o 

rated across the 1\vo schools ,vcre dumped 1n un open

compound. Generally. ,vostcs gene 

· lb ,as inadequate ond overflo,ving \\llh \\�tc liucrcd

dumpsite ,..,h1ch had a central bin at " 

· 11 b' ,,ere ho"·cvcr ev11cuo1ed b) cxtcmnl contr11c1ors

1nd1scnmin:11ely on the floor ,e ins . . . 

, . · \VCI ,vns bunlt openly. 1111s is 1n conrorm1t} , .. ,th the

licensed by the school ,vlulc ,vnste 111 . • 

) UNICEF/FOS ( 1997) '"h1ch stotcd th.it ,neflcctt"c

findings of Akpovi nnd Sndhor ( 198S • ' 

. d mping as seen 1n ISi.
�olid ,vas1c collecuon results ,n opcn u 
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5.3 l'rohlcn1� 11ssucia1cd \\'ilh Solid \Va 1 �1 ) c " :11111gcn1cnl l'r"cliccs
SJ.I t.n, ironn1cnlnl l'roblcms 

The cnvironn1en1nl problems nssocinlc:d • I ,vn 1 sohd ,,as1c 11lJU\llgcment practices ncross 1hc 11�0
�chools 1vh1ch included odour vccto b d • r rec 1ng, scnvcngcrs ond wu1gh1liness conformed IHlh
1he lindings of Crunbcll (1993) "h. 

h I d 1c 1s1e odour, vector breeding, huering Bnd vermin us
problen1s ossociotcd ,vith dccomposino refuse 1n:. · I 

· 
· h I r o • � 1s o so 111 agreement wit I IC repon o 

Mcdccins Sons Fronticrcs (1994) ,vhich indicarc:d tha1 decomposing orgnnic \\�les nllrJcls
animals, vcm1in nnd nics ond 1ha1 Oies ployed a major role in lhe tmnsmiss1on of facCo·<>rnl
dise,1ses pnrlicuhuly \\here 1vas1es contains focees. M"'IIJ\thi. Nyabolo and Tcnan1bcrgcn 111
1997 also si:ued 1hat from the public and environmental health po1nrs of vie\\•, ,mpropc:r �hd
\\'3Slc mru1ngcn1cnt cnn pollute the environment (1,"ater courses. uir, onll lnnd) and pro, ido
niches for diseru.c vectors such ns n1osc1u11ocs, rodents, housc01cs. und cocl.roache1,

5.3.2 l lcnllh l'rohlc111s 

1 he major heahh problen1s associated 1vitl1 solid wns10 mMllgcmcn1 pmeuces across the 1wo 

schools \\Cre mnlarin. 1ypho1d fever, dinrrohca. )Clio" fc\cr c1c \\,ith 111:11:irin !Ning 1hc 1110s1 

pre\'alent of nll the henhh problcn1s nus finding 1s in ogrccmen1 \1 ith the studies of 111cdec1ns 

Sans Fronlicres (1994) \\luch ind1co1cd mo1 solid l\'IIStcs provide br�-cding sncs tor 

mosqu11ocs.such ns the: Aedes genus which lny eggs in 1w1cr s1orc:d 111 dl\cllnkd i1cms such ru. 

tins nnd containers ,.,.hich nr c responsible for 1he spread of dengue ond yello1\ fever I le 

however. further sllltcd that �ueh eond111ons mny nlso auruct n1osquitocs of the Anopheles 

genus \Yhich uwsnulls 1n,1lnria. Yhdcgo ond Mojum (1998) o.lso rcponcd that poor snnn,111011 

nnd improper ,vns1c dbposnl procuccs n:suhcd in the sprcrul of 1nfcc11ous d1sca.-.es. \\h1ch arc: 

the most frequent c.iu�es of morbidity nnd mon111i1y Stephens nnd llnrph1Un in 1992 also 

·b d th al r �-•itcs ttlilllUS molnrio, hookwom1, cholera ond d,nrrohc.i 111ann u1e e prev cnee o p ... � • 

Ar. . • • 1h �•nn •11nn.• conditions in 1hese cities. Songsorc Md r.teGmllllhan
mos1 ,uncnn c111cs 10 c u ... ,.... -J 

d oJ • diorrohca intestinal \\Ol'lllll nnd upper resp1m1ory 1n1e1
( 1993) therenfler state m nna. • 

I Ill Problems f"(()Or1Cd in 0111-paticnl facili1ics in the Greater
1nfect1ons as the n,ost common 1t:a 1 

. 008 K . on stated that the wns1e gcncrotcd 111 Nigcno ns well ru.
Accra Region of Ghnnu. In 2 , sun 

d' sposal means crenlC un!>llnitnl'} In 1ng cond111ons
in 01her countries that Jo not ho\le proper 1 
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Gild dc1rimen1ol heahh concerns such d. ' o.s lllfThoca and mnlnuuition, in oddilion to o rongc of 

sidcncsscs ond diseo.scs

SA Ph)�k1.1l Chnrnelerislies or Solid \Vaslc, 

SA.I Solid \Vnsle Co1npubilion 

In order 10 develop nn clfcctivc \YUSle mnnanement �-1.e Ii · · · · · 
., �u.._ gy or n given region, 11 1s important

to know the nmount of ,vnstc gene roted and the composition of the ,vaste stream. Past research 

haS sho,vn thol the amount of \\'llSle gcnerntcd is proportional to the population and the average 

mean living standards or lbe overage income of the people In addition, other factors moy oJTcct 

the omounl ond composition of waste. These ore climate, living habits, level of cducouon.

religious and culturnl beliefs nnd social and public onitudcs (Dnr11.l11r.1 et til. 2007).

Components of solid ,vnste generated across the I\\O schools were; p;ipcr. nylon /plostics,

or&:inic ,vnstcs, glnss and metals \Yhich \\Cre in agreement ,vith the findings of \Vnhnb (2003)

which also found lhc composition of ,vnstcs found in schools 10 include the follo,ving Poper,

gross, nylon (pure \voter bogs), biscuits, lolly, ,cc-cream and "'-cct \\-roppcrs, sugor cone, mni1.c

cobs and groundnut shell 111esc components olso wried in quantity which is  in ogrcc1nen1

\\ith the findings of \Vobob (2003) which stated 11101 eo1nmon types of sohd ,va.s1es round m

,urious schools in developing coun1rics vory in type and 1n quonllty Howc\'cr, Ofl.!onic ,vosto

\\'US the most gene roted of oil the solid ,,'l!Stc components in the two schools. This ,nay be due

to Ilic fact that both schools were boarding schools where u lot of food wustcs nre gcnemtcd in

the school c.1fctcrio. The composi1ion of ,vnstcs in the schools conformed with the findings of

lfcgbeson (20 I 0) i n  ,vhich coniposiuon of ,,11Stcs generntcd 10 schools recorded on

uncxpcclcdly lnrgc percentage (62%) of biodeg,ndcables consisting of food remains, fruits,

\'Cgctoblcs etc. ,vith less p3pcr \\'nstc. This con1position mnkes recycling; composting QDd

2nitary landfills to be viable ,vostc monagcment options in the school community

S.".2 Solid \Voste Gcncrntion . 
• . • u.s components of sohd \\'a5te generated except

There ,vos o significont d11Terenee UI !he vono . . . 
. WCI d 

. g the suf\CY period while a ncghg1blc quonlll)
,L_ 1 1 d ot all 1n unn 
ui.it g ass ,v3.5 not genera c d · ISi as comporc:d to \VCI

. .1 of food "r.iste generate 1n . 

was gcnerntcd ,n ISi. The higher quonu Y 
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"� due to the hogging activities thnt take place in \VCI os co1nparcd lo ISi. As such. less

qUJIIIII) of food \YO.Sic is been disposed of 10 \VCI. I lo\�c,cr, in ISi, p:iper \\'IJS found 10 be the

mos1 gcnt:rotcd oner food waste \Vhilc in \VCI nylon/plo.stics though closely follo"cd by popcr

w:i.s mosi scneroit:d uner food \VllSle. ·n,is mny be n11ribu1ed to higher dispoS31 of nyloo/plostic

products such ns biscuit \Ynlpper.1, swc:c1 ,vrnppcr!!I, pure ,voter nylon, drink containers etc as

compru-ed ,vi1h poper during the period of the survey in \VCI. In ISi, tJ,c high volume of 

metals/cans found ns compared 10 \\/Cl could be attributed to the high consumption of c=ed 

products such as drink cans, bottle covers, body spray cons, cutleries such o.s spoons. air 

frcshnor contnincrs, mathematical ins1rumcnts ctc. 

The generation rates obtained from 1hc s1udy revealed 1bot then: ,vo.s 11 s1&Jlificant d1fTcrcncc 

across the 1,vo schools. The estimated mean daily solid \\'ll.Stc genemuon rote ,vo.s lo,v in the 

two schools although it \\'OS higher in ISi. l11is could be 011nbuted 10 the higher volume of 

organic ,wstc ond popcr generated in ISi. 

S.S Chen1ical Char11c1cristics of Solitl \Vnstc

(nfonnniion on the chcn1ical cornposition of solid \\-OStes ,s 1mportont in cvo.luating altcmnthc

processing nnd recovery options (f chobanoglous et nl, 1993). Oornn1ckc ond Sridha.r 1n 1998

also smted that chcmicnl chomctcristics of solid \\'OSie include orgnruc nnd inorgnruc

ct1mponenls \\•hich is essential for prcdicling their opphcotio11 for composting or conversion

· L. d I I r hoL-noglous cl ol ( I 993) nlso suucd 1hc primory nutricntS
mlo metnunc on el UlllO • c uu 

, J • boo (C) nitr0gcn (N), phosphorus (P) o.nd
rtquutd by microorganism for gro,vt I ns cnr • . 

d N I vital role in the composling process. The ul11mo1c onolys1s
pouas1um (K) ,vhcre C on p ay a 

· · of the percent C (C.l!bon), H (hydrogen), 0

of \\'l\Ste i:ypicolly involves the dcienninnuon 

h ) d p (ponosium) (Pi:csok cl ol 1976) 'Inc results of the
(oxygen), N (nitrogen), S (sulp ur an 

. · · f the organic matter in . the cbcm1col compoS1t1on o 
ultimate analysis are used 10 chnrnctensc 

·n1s achieve suitable C/N
r mix of \\'aSlc motcn ro 

MS\V. They are also used to define Ilic propc 

ratios for biological conversion processes.

. .... h vs 11101 the orgMiC \\11SIC gcncmtcd 10
d cted in lltis sh,u} s o, 

Chemical analysis of \\'OSICS con u . 
1 ten, of org.inic carbon and nitrogen

. cnusc of the h•B ' con 
ISi wu, suilllblc for compo5ung be 
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•'ilh a C·N ratio of 25.8: I rcspcctively \\hich r. . con,omu \Vilh the acceptable s11111dards of 
lS5 1-30 I: I ,,h1ch 1s the 1dc:il C:N ruuo r, 

• _ or Sllll11n11 llllllcruil on dry v.c111ht b45i,. Therefore,
., arum.ii \\'IUIC \\'llS requ1n:d for the com posting process This is bcc:iu,c, nitrogen �,-en off 11lo'Atr ratio (1 c high ,ll!uc of n1 tro1len) unpcdcs b1olog1cal ac11v11y I IO\\c,cr, the C:N 111110
obuincd from the :uulrs1s of organic , 
omrd 

''llSlc generated 1n \VCI ''" lo\\er than the acceptable

TII: result of the chemical IUW)'Sis of compost produced In ISi rc,c.aled that lhc cbcmJc:al
CQIIStltucnts of the compost ,,,:re ,,1thin the guideline hmll.s 1nc C;N ratio of the fmi.sbcd
compost (12.6·1) conforms \\ith the gwdclinc limns or <17·1 for C:N ratio of finished composi
p,u b) the: Cahfomill Dcp:11tmcn1 of Rcwurces Recycling and Rcco,cr) (2004) T�
orpruc mlll.tcr pscscnt lD the finished compost ,,-.u aho within WIJ.ud limits of finished
composl 

ill Jin,') \1rtal Co1111hurnts or Organic \\11n1r Cencr11rt.1 In \cud) cbool, ind 
fiaubtd Compost after lntcncnlion .• 

Ha,, mew t0nstitucn1S of ,,;..rue \\'lUlC gcnmucd in both schoob ire d1,cusscd in this 

JCCl.lOtL The cuia fJOm lbc bbora.lOQ' analysis 5ho\\cd lrull orgl\J\lc v.-.uics gcncra1cd 111 ISi lllld 

'i\ C1 contained, ;cioc, lc:ad, .-.hroouwn. cadmiwn, copper, 111eruc anJ rucl,,cl "h11,;h l!."CR all 

lall'C' than lhc gwdclinc hmiu sj,-m by the Onwio �hnn&ry of [.n,1ro1111K'nl ( 1919) Oarl,,tt

a:ld Bl')'Mm (2002) � 1ml, b.uMdou, orpruc a.nJ mci.alltc rc,iJuc1 or  h>·rroJucu C-M

cmcr Lll10 pbnu. soils and Kd.imenU from J1fOCCSSC1 a,soc1atcJ v.11h dcmnuc, munkiJul,

a;ncultural, tndu.willl end m 1lua,y ecti\iUc:s.11.anJlmg. m nuon, opphauon on land or 01htt

datributions of the comaro1mtcd m:unu1s m the cn�iroflmenl ml&ht ca� turm 10 hum.uu,

li,Qtock. "'lldlifc, crops. or n:a11,-c pl.anU Tbc conccntrallON of the hca� mctib "'hich � of

public health lmponancc lluch a.s Jod. ai,frnumi. nid:cl anJ cl!romlllffl an the OfPN" "'-ams 

.,._,_ --.vfint' limiU III such they do DOI ICCIII IO�
tcuttalcd m the IY.'O 5ehools \\UC all 11o1ww •-

In) lhrCUJ to hwrwi hn)th 
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compost produced nficr the intervention showed thnt there was a reduction in the hcnvy met.nl

contcnl afier the compo51ing process. Ocunb:in\vo (200 I), staled tho1 lo\ver values of heavy 

mewls ob111incd CCluld be funhcr reduced by composiing. lie runher emphasized thnl, 01her 

siudic, have shO\Yn reduction in heavy mewl levels during composting. Pc1cr (1992) indicated 

lh;it, although the exnct mechnnisms of these reductions ore: not koO\Yll, it hos been attributed 10 

binding of the metal ions to the organic molecules thereby reducing their solubility ond their 

pollution potcntinls Ho\Vcver, the lo\v content of heavy metal in the compost could be 

auributcd to the fact tlU1t the parent organic motcrio.l was source scpcrated prior 10 composting. 

nus conforms ,vith the findings of the study conducted by Kraus ond Orummel (1992) in 

,1hich composts from several regions \l'tre p:iired in10 either non-source scpemtcd sohd ,Y11Stc 

based compost and source·scpcrated compost ond found out illllt sourcc-scperotcd compost 
contained o quarter of  hcovy metals contained in non-source scpero1cd solid \\'Q.Ste compost. 

S.6 The Cornpusllng Process and Condition, in ISi

Variations in cnvironn1ental conditions such os pl I, 1cmpcro1urc ond moisture content obscn cd

dunng the eomposung process in ISi ore prcscn1cd in 1his sccuon n,e pH of orgon1c \\'OSie

from the onset of the coniposling process ,vns 6 \ \ hieh Ullhcs ,vi1h the pl I range of 6 • 8 01  the

onset of composting process indico1cd by USEl'i\ ( 19950). On the I 5th doy, the pl I rnercosed

10 7 8 ,vhilc the finished eomposl ,vns 7. I. At the ini1i11I s111gc of dccomposuon, the temperature

· 34•c I·' h corresponded ,\'ith the findings or l;bcrle in 1997 which
of the orgon1c ,vnstc ,vas '" uc 

I ·i· ·sms (bncicrio) 1h01 )Urvivc 1cn1pcro1urc ranges from so•r
states that the mesop 11 1c orgun1 

d ·1 dccorodcd compounds dunng the iniunl
(10°C) 10 113° (4S°C) brc:nk do,vn soluble nn eosi Y 0 

. . · d grudu:illy 10 57°C on the I 5th day of
dc:co1nposi1ion of organic \l'nste. llus howc,cr mcrc.ue 

ture on the JOlh dny of the process ,,'!Is 39°C. The

lhe con1posting process nnd the final tempera 

esses ,i'll.S due 10 the grodual decrease 1n the
decrease in the temperature OS the doy progr • . . . 

. 1 ile .  The composung guide for �hcbigan
bol. 

. . . f th microbes rn the compos P 
meta 1c IICIIVIIICS o e 

th l mpcrature of compost pile
. . . . NR (1988) stnled lhnl as e e 

communn1cs by tvhclugon D 
. d l'ne mpidly as organisms begin to

sition begins 10 cc 1 
approaches l40°F, the rote of decompo 

the onset of the process ,vas 61°/4 nnd
t.loisturc contcol 111

die on· or ossume dormont forms. 
css ond finally to 54% on the 30th

8•' ihc I 5th day of the proc 
lhu gradually reduced to 4 · 0 on 
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J,y This could be due to the rcduc110 th · • · · · 
.... n 1n e mc111bohc act1V11Jcs 1n the compost hcnp ns a

rtsuh of the death of most or the microbes.

S.7 Errccls of Environnicntnl Tr11ining and rro\'lslon or Con1post Din on Knowkd�c 

The results of the bnscline survey sho,,-cd that. the proportion or students ,vilh good kno\\•lcdge

of organic ,vaste recycling (composting) 'Y!IS lo,v. This confonns ,vith the findings of 

Orodzinsl.'ll·Jurcznk et-al (2003) which indicated the level of kno,vlcdgc nmong people 

rtgnrding muoicipnl ,vaste and ,voste mnnagcmcnt nppcarcd 10 be to,v Md mcomple1c. 

However, Mnnz.nnol ct ol., (1999) pointed out that nn underslClllding of the concepts 11Dd issues 

would help mnkc the desired chnngc in behaviour nod attitude to,,11rds the cnviroruncnL Hence

this creates the opportunity to train people to contribute to the core of  the cnvironmcnL Pooley

and O'Connor (2000) also stoled tllot o proper kno"•lcdge base is important because citizens

arc ghcn factunJ informotion nnd resoun:cs to be used to mnke responsible decisions ,vith

rtgard 10 the environrncnl. Some cnvironmcntol educators ho,vcvcr believe that cnvironmcotol

thcrocy has 10 go beyond o kno,vlcdgc bo.sc (\Vcbcr ct ol, 2000). Sia (1984) S1lltcd that the

more skillful and l.nowlcdgcablc of action strotcgics on inc.lividUBI is, the more likely he or she

w1IJ bch:ive in nn cnviron1ncn1nlly responsible: manner. Aficr the intervention, there \\'tlS

significant increase in the kno,vlcdgo of students in ISi ns compnrcc.l ,vith tl1osc of students 1n

WCI This implies thnt the tnuning ,vns cfrccthe ond it roe1litotcd on 1ocrcBSc 10 knowledge on

I• n• ,,ell as the proper use of the compost bin provided for organic
organic ,vnste recyc 1ng .,.. · 

m:rcling ,n ISi. Tius outcome is supported by 1h01 of Orodzinsko-Jurc1.11k c1-nl (2003) which

substantiDtcd thnl cnviroruncntol educ11tion hod O posiu,·e and signilicru1I impact 00

environmental kno,vledgc. 

. . , d Provi5lon or Coo1post !Jin on AICitutle

5.8 Effect of En,•iro1101cnlnl Trnlnani; un 

'gnilicant difference betv,ecn the otlltude of

The rcsu!I of the survey sbo,vs illnt thcrc wns 51 . . 
. 

.. •• rnc nod after the intcncnlloo 10 ISi while

ud __ ...,_ · ,\-nstc rccychng ol .,..,c 1 
st cnts 10,vw= organic ... �ar ond after intervention 1n

. . the attitude or students ot """" int 

thc:rc v.'llS no such d1 rrercncc Lil 
1 (2ooo} "·Iii ch ind,cotcd thnt the

. • . . the findings of \Vcber cl o ' 

WCI. This 1s 10 agreement ,V1lh 
f on individual's \'nlucs and atlituc.lc·

. I des the development o 

dc,elopmcnt or knov,1ledgc inc u 
1 _, ond attitude toward cnv1ronmcn111l

. . or her perSon11 vwues
helping on inc.liv1dual reohtJ: his 
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issues furthermore, the siudy of Ebro.mpoll!h & Mogh11d11m in 200S along with others

indicolcd that prognuns to improve students cnvironmcnl.Ol 11\\'Ul'Cncss con increase their

knowledge of them, \Yhich in tum results in 1mpro\'cmcnt of students and p:ircnts' 111urudes ond

bch11,iour. Simitorly, Arms1rong & lmparn (1991) fowid lhnt positive 111u1udcs followed 

exposure lo ° K-7 environmenllll education public.i1ion on kno\vlcdge and onitudes obout the 

environn1cn1. 

5.9 Rclollonship bcl\vcco Knowledge Level 11nd Altitude Level of Students in the Study
Schools 

Crosstabula1ion of the kno,vledge level and 0111rude level of students before nnd ancr 

intervention in the 1,vo schools sho,,ed that there ,vas n significant incre.ose in kno\Ylcdge and 

attitude level of  s1udcnts in ISi oner the training ,vhile tl1crc \VOS no such increase in \VCI 11 is 

assumed that 1ncrcased kno,,•ledgc about the cn\'ironmcnt pro1no1es positive 1111i1udes. This 

corresponds \vilh the results of the findings of a s1udy on the effectiveness of II visitor 

education strategy in raising tc,cls of knowledge ond ollitudcs tO\\'D.ld IUlturc conscrvo1ion by 

Olson ct 111., 1984. They found o posi1ive rclotionship bct,\ccn scon:.1 on the knowledge 1cs1 

and scores on 1he nllitude 1es1 for 1111 concepts measured. This \va., successful in raisins bolh the 

levels of kno,vledgc and improvins 01ti1udes IO\\'llJ'ds cnv,ronmcntnl mnnagcmcnl. The 

increased kno,vlcdge and ollitudc in ISi confirms the relationship bct\\-een knowledge and 

ottirude ns corrobomled by KnJlcgrcn Md \Vood (1986) In their study, knowledge \VOS seen as 

a key variable affecting lc\cls of enviroMlentnl ocuon including 1111i1udc Abd El Snlon1 cl a.I., 

2009 in their study conducted on cnvaronmcninl cduca1ion nnd its effect on the knowledge and 

· d r school students in Egypl 01utudc \\US found to be posahvcly correlated0111111 es o preparatory · 

th · I I f kn I d ·or to Md follo\ving the l!nv1ronmentnl education sessions.to ear c\'e o o,v c gc pn 

· I IT ,inin•• and rro\'ision of Con1post Din 011 Pr.iclice
S.10 EITect of  E11v1ronmcn n r. ., 

al d thnt the eITccl of the tmining on the prac1icc of orgnnic ,vasrc
The results of the sur\'CY re\'C C 

• • 

. . . . ISi At baseline, none of the s1udcn1S pracuced organic \\'IISIC

recycling ,vns s1gn1fican1 10 • 
. • · At post•intervcn1ion, the propon1on increased as nil

recycling os sho\vn in the result SCCtlOn. 

rtcd continued use of the con1pos1 ban oner the
the artici ants invol\'cd in the SIUd) rcpo p p 

r the studen1s pmc11ccd orsnn1c \\'QSte recychn11.
intervention while in \VCI, none 0 

146 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



5.11 Effect of Org11nic \V11stc llccycli11r; on Qu11ntily of Org11nic \V1u1c in ISi 
The result of the physicol chnructcnstics of the \YIISle gcncrotc:d 10 both schools sho\,ing the

qUJnllty of organic \\'ilSte DI b.iscltnc n11d oOer the inter\enllon indicated 1h01 the qW111tity of

organic \w.ste 111 ISi reduced remarkably 1n conltll.St 10 the level of reduction recorded al \VCI. 
This \\US due to recycling (composting) of the orgtinic froction of the wnste generated in ISi

Composting has thus been cstnblished DS D method of\vaste reduction in the school. 

• 
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CIL\l'TEJt IX

6.0 CONCLUSIONS AND ltECO�l�IENDATI01 S 

6.1 Conclu�ions 

The rollo,ving conclusions ,vere mode from the findJngs on the nature nnd clwnctcnstics of
,,11.SIC!i gcnemtcd in the Study schools. current solid \\'llstc mnn:1gcmcot procticcs. lmowledgc,
a1111udl! ond pmeticc of students 10,vords organic \\'OSie recycling nnd finally the ellcct of the
1n1ervc:ntion 1.c training ond Lhe provision of compost bm for recycling or organic \\';IStcs on
\\i\Stc:s generated. 

, A subs1antial amount of orgnntc ,vn.ste ,vn.s gcncroled in the schools hence Jusufytng the need 

for 1ntroduc1ng recycling of organic ,vnstcs an schools 

, Tiac orgruuc \1/ll.Stcs generated an the l\\'O schools hod good recycling potcnuols and arc thus a 

\'ioblc source or ro,11 ntntcriol for co1nposting. 

, The current \\OSie rnllllngcn1en1 practices 1n the schools were not effcc11vc especially In tcm1s 

of udcquocy of receptacles for collection 

, Ahhoush kno\\ ledge of students on organic ,vnstc rccyclini; ,,·ns low 111 ho1h �h<Ktls. their 

011i1udc ,,os modcrolc 01 baseline. 

, There ,vns O siwii ficont reduction an the qW1011ty or orgnn,c wastes generated due to the 

recycling of the orgon,c \\ astcs. 

n d d r. on Ilic recycling of organic waste WM rich 1n nulrlcnts (NP!...) ,n• 1e compost pro ucc , r 1 

quantities Lhol exceeded the Ontano compost guideline 1111111s hence sc"·,ns ns o good soun:c

f _,r. .1. l 1or soil cond1tionini; potting ntL'(tW'C for school gurdcning or foro orsan1c mrutu,..,, ,cru azc:r • 

soil amendment ,n school funns. 

, l l  gonic \\'&SICS lllld composr "ere lo,v ,md \\ilhrn• The conccntrotions of heavy rntlals 111 re or 

the guideline limits. . db. me eO"ccU\'e OS II lllCn!IISCd the kJiowkdgc OJI 
, TI · 

. . 11 or the co111poSl in \\..., 
1c tr.11n1ng ond provis,o 

. . 1 d ed the qulllltity ol orsan1c
. ,voste recycling. it o so re uc 

practice of students to\\nrds org:u,ic 

1�u1c remarkably. 
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6.2 l{ccon1n1cnd111ionJ1 

In furtherance 10 lhc nbove conclusio d h � · -·' ns mo c, I e ,ollo,\lng rc:commendo11on� nrc proflc"""'·
, An organic ,vnste recycling scheme (compos11ng) should be cslllblishcd in schools

, rrovis1on of l\\O or niorc lypcs or plust1c sloragc bin., 10 sepcmtc storage of solid \\U$lc., 10 

orJ�r 10 fuc1hto1c recycling process 1s required 

, ln1cgmtion of environmental eduC111ion in10 the secondary school curricula should be 

promoted 

, Establish susto1noble ,vnstc monogcmcnt schemes ond nsscss their effectiveness 10 reducing 

dcbillln1ing effects of poor \YOSlc mnnngcn1cnl practices in schools. 

, �kasurcs n1mcd 01 reducing health risks lbSOCiated ,Yith poor environmental son11011on such 

.is n111lorio, typhoid fever etc by regular clearing of bushes and regular disposal of ,,astcs in 

school£ should be encouraged 

, Define and 1mplc:nu:nt n1c11Sures to reduce 1nd1scrim1n.uc dumping of refuse in schools (c.c 

throu11h pro,,,sion of collection bins 10 clru.srooms and stratcg,c ureas within the )thool such 

us pluygruunds, c:ifc1cno, library, hosccb etc). 

, S1rcng1hen co1nplionce ,vith the cnvirontncntol rules and rcgulotio� (c,& conccm111g sonll!lf} 

disposal of ,v-.istes) through increased inspection and cn(on:cn1cnt 111 .schools. 

, \Vorl.shops should be orgo.nizcd by school authorities ror �tudcnts nod sto.Os on orgnn,c \\.isle

rcc)chng 111 schools. 
, Rc,cnuc con be gcncroted for schools through the �Jc orlhc finished product (compost).
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APPENDLX I
QUF.sTIONNAIRE ON F.liFF.rr OFTlv\lNING ON \VASTF. RF.CYCl.rNG AND USF.
QF COI\IPOST OIN ON \VAS'rF. I\IANAGF.I\IF.NT PRACTICF.c;; IN T\\ 1

0 8EC0NllARV sc11001Ac;; IN lllADAN. NIGERIA.

Dcnr Respondent, 

I lllll o Postgratlunte student of the Dep;inmcnt of Epidemiology, �1edical Stntistics ond

Environment.ol l lenllh (F.JvlSEH), College of Medicine, University 0Clb11dan presently canying 

out a rcselll'Ch ,vhich focuses on  effect of troining on solid \\ustc recycling proctices among 

1clcctcd boarding secondary schools . I ,vish to londly request your voluntary pnrtic1pn1ion by 

providing oppropriote responses to the follo\ving questions u lhis ,vould increase the quality of 

the fmdings. Plcuse, be rest ossurcd thnt the inforrnnuon provided by you ,vould be used for 

rcsc;irch purposes only ond strict confidcnliolit) \\Ould be ensured. 

TI11lllks for your nnlicipotcd cooperation, 

OL1n, A 0 

Loru1io1·1 .............................. .. Seriul ,o ....... .

· · £COR1lECTR£SP0J\'S£SIJ\'STRUCTJON: PLEJJSE TICK OR PROVIDE 111 ' . 

ACCORD/1\'Gl >' 

Section A: SOCIO-DEMOGRAPI IIC Cl !J\RACTERISTICS

(I) Age: (lost Dirthdoy) .. ... ··• ······ 

(2) 

(3) 

(') Fcmnlc ... ···•· · · ·· ·• ·· et: (I) :,.,10.lc ...... · ··· • 

I (3) Traditioonl (4) others
Religion : (I} Christionity (2) Is om 

(<I) Ethnic grou1l: 

(l)Yoruba (2) tgbo (3) l lllUSO (4) 0thcrs 

(S} Closs: (I) SSS I (2) SSS2 (3) SSS3
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SECTION ll: KNO\YLEDOE ABOUT SOLID \Vi\STE t\1ANAGE�LENT ,\.ND

RECYCLING IN SCI IOOL 
(6) \Vhich of these \\'USlcs do you 11cncm1c/hnndlc most oficn in your school?

(I) Food ,voslc (2) Papers (3) Nylon nnd Plns1it11 (4) Olo.ss
(5) Mclnls (6) Old fumilurc/y,ood

(7) Do you kno,v nny fonn of solid ,vns1e mnnogmcn1? (I) Yes (2) No (3) Nol sure

(8) lf"Ycs'' \Vhn1 form of solid ,vns1c ma.nagcmcnl method do you lcno,�

(I) Recycling (2)RclL'IC (3) Lnndftlling (4) lncincmtioo (5} Open burning

(6) Composling

(9) Do you kno,v ho,v lhc solid ,vns1c in your school IS being mJlllllgcd?

(I) Yes (2) No (3) Not sure

(10) If "Ycs",,vhot solid \\':\Sic manngcmen1 method does your school employ?

(I) Recycling (2) Reuse (3) Landfilling (4) lncincrnlion

(5) Open burning (6) Composting

( 11) Do you Lhink \\!l\SIC con be converted into useful rnorcriols?

(I) Yes (2) No (3) Nol sun:

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

Do you kno,v ,vos1e con be recycled (I) Yes (2) No (3) Not sun:

lf"Yes", ,vlu11 form of ,vn�lc recycling do you kno,�

(I) rtnsiic recycling (2) roper recycling (3) Orgwtic \\11Stc rccyclinG

(4)All of 1he nbo,ic

Do you think recycling CllJ1 help mnn.agc solid ,vnstc propcrly?(l)Ycs (2) No (3) Not sure

Do you kno,v if solid \YtUlc cnn be sepnrated nt source (I) Yes (2) No (3) Not sure

Do you kno,v nboul composting? (I) Yes (2)No (3)Nol sure

lf "Yes" ,vhnl fonn of  compo51ing do you know 7

. !hod (2)w· c1ro,,- method (3) Din mcrhod (4) In vessel method
(l)Pumc •0 " 

. . hi"bly beneficial lo pl1111ts? (I) Yes (2) No (3)Not sure
Do you llunk compost " ., 

l 'd wste mnnagcmcnl can a_Cfcc1 he:rhh?
Do you think proper so 1 \ 

{I) Yes (2) No (3) Not sure
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SECTION C: i\ITJTUOE TO\VAJWS SOLID \VASTE J\1;\NAG�fEl'l'T IN SCIIOOL

fnstrucuon· Please lick the ,vord that best suit.cs your option for cuch statcmcnL 

/\-Agree {I) 1- Indifferent (2) 0- Disagree (3)

S!No 

20 

21 

22 

23 

2il 

25 

26 

27 

28 

29 

30 

Quution 

Solid \VD.Sic recycling is necesso.ry in the 

School Community. 

Training of students on how to recycle solid 

\\"!IStc is necessary in Schools. 

\Vostc mnnogcmcnt enhances good health of 

the students nod benuty of the School 

environment. , 

The School AutJtoritics alone should be held 

responsible for managing \.\'llSle generated in 

the School. 

Every student should be involved in the 

recycling or organic ,vn.�tc in the school. 

Individual sepemtion of ,vostc Is necessary for 

proper mnnogemcnt or \\11Slc. 

Sepcmtion of ,vuste into various co1nponcnts 1n

the school selling is si1nply O great di5turbancc 

Composting of organic ,v115tc \\ill constitute 

nuisance to the school. 

Composting is i1 good method of resource 

recovery. 

Compost is generated fron1 practice of organic

,vnste recycling. 
• ill reduce the bulk of\\'llStCCompostmg \\ 

bciog disposed from the school.
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I 

/'IEC'l ION I): OLIO \VAS-rt� i\lANACEi\1Ei\T rRACl"ICE IN TIIF" CIIOOL.

(3 f) Wh:it \\:ISie d1sposnl methods do you employ in your school?
(I) nu,h du,nping (2) Open durnping (3) r11 dumping (4) School ,,'llStc bin

()'.?) Do you scpamte your .solid \\'llSle into biodgmdablc nnd non b1odcgrndnblc lmctions'> 
(I) Yes (2} No 

(33) If .. yes" ,vhnl do you do "1th the biodcgmdnblc fmcuons of \\ilSlc oblnincd? 

(I) Dispose (2) Recycle (3) process (4) Nothing

(34) ,,hot do you do ,vith the non-biodegradable fT3ction?

(I) Sell (2) Reuse (3) Nothing (4)Nonc oflhe above
Docs anyone come nround to collect \\'llSle 11cnero1cd in your school? 

(I) Yes (2) No

(36) Is \\•nstc recycling pracuccd 1n your school?
(I) Yes (2) No (J) Not sure

(37) Is composting practiced in your school?
(I) Yes (2) No ()) Not sure

()8) \Vould recycling of organic \\'nstc enhance proper mM!lgcmcnt of solid \\USlc 111 )Our
school ( I )Yes (2) No (3) Not sure 

(39) Docs each clnssroo1n hove n dustbin 111 )'Our school? (I )Yes l2) No 
(•10) lf'·No" ho" ninny classrooms shore one dustbin? 

(I) One (2) More than one (3) Not sure
(41) Ho,v ofien do you empty the \\'3Ste bin 111 your cl uroom?

(4'.?) 

(I) Once O dny(2) Twice a dny (J) Every 1,,0 days (4) Once n \\CCI..

Once 1n l\vo \\•eeks
\Vhot do you use to collect your \\'l!Slc in the clusiroom?

(I) Bosket (2) Nylon (3) Cnrton (4) tvletal ,,ith lid (5) �lastic Din

\Vhnl is the size of your bin? (I) Small (2) lvlcd1u111 (3) 

(SI 

(43) 

(•14) 7 (I} o ·1 (2) E\-cl)' '.? days (3) �lore lhnn 2
\Vhen docs the school bin gel lilled up a1 

(·IS)

days (4) \Veekly 

. th hoof bin cn1ptied? Ho�v oficn 1s c sc 
d . (•I} Weekly (S) Nol )Un:

(I) Daily (2) Every 2 dnys (J) Beyond 2 ny, 
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Sl�C-l"ION F.: rROOl,�l\1S 01r CURREN'f SOLID \\'A I l 1\1.A ,\Gl�i\lEN'J"
OP"l'IONS 

(-16) Docs the \\lt\Stc 1tcncn11cd 1n your school cons111utc a nuisance 10 you?
(I) Ye� (2) No

(-t7) In ,vhat ,,ay does II cons11tutc a nuisance?
(I) Odour (2) Flies (3) Scovnngcrs (<l)Uns1gl tlincss (5) Leachnie

(<18) Docs lhe \\'!lSle generated in your school blo, k the drainage in your en,·ironmcnt? 

(I) Yes (2) No 

(49) Docs the ,vnste generated 1n your school ottmct vectors ?

(I) Yes (2)No

(50) lf'Ycs· wluch of the follo,,ing vectors docs it 011ract?

(I) Rnts

(2) l\losquito

(J) Flies

(•I) Cockrooch 

(5) All ofthc nbovc

(51) ts the prcscnr ,vnstc d1sposol practice in your school cffccli,e?

(I) Yes (2) No (3) Not sure

(S2) '\Vhni ure the comn,onest cnv1ronmen1ol problems couscd by the ,wste generated 

1n )Our school? 

-

Yes 0 

C 
Prevent free Flo,, of Surfoce \Voter In Dmtns 

"' 
Odour 

flies Breeding 

Filthy Lnnd 
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(Sl) \Vluch of the following hc11lth problems do you llunk is 11SSOCin1ed \\'1111 1hc prcsc:nrwn.,1c nlimagcmcn1, please tick oil 1ha1 apply
r 

� 

�l;\J ARIA 

CIIOI FRA 
-

I YPI 101D 
- -

YELLO\V Fl:.VER 

Ou\RRl IOl!A 

DOG DITE 

-

TRUf-
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Al'l'ENDIX 11 

on EHYAl'ION Clll!CKLI r

--

Indicators Observed 
ISi \VCI 

Rllnking 
01spos:il orSolid \\lnstcs by Studcrus -·

Adequncy of Solid \Vostc Disposal Receptacles

Frequency or Collection or \Vostcs 

Clennliness nnd l'\llaintainBl1cc or the 

bnv1ronn1cnt 

Stnte or Dumpsitc - --· 

Presence or Scnvcngcrs at School Dumpsitc 
-

l'r.:scnce or Vectors 01 School Dumpsitc 

1 rJ>CS of Solid \Vnste Reccptoclcs 

Drums 

u,ns 

t.lcinl Containers 

Srutitnry Condition of Rcccptoclcs 

Covered 

!:�posed 

Ovcrflo,ving 
._ 

\\taste Dispos.il Practices 

Use of B,n 

Recycling 

Open Ownping 

Open Durning ·-
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rrcqucnC) of \Vostc Collc:c11on 

l)JII)

Once,, \Veck 

r,1 ice n \Vc:c:I.. 

S1a1c of Surroundings -

l.ocnlion of Rccep1aclcs

Locauon Capable or causing l lllZllrd to S1udenis 

Use of Extcmol/L1ccnscd \Voste Collection ,� -

Scrv1cc.s 
-
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APl'ENDIX Ill

1 ,Jlu111iun Qucslions 

"""''er 11II qucs1ions, choose only one oplion
Sohd ,vnstc could be delined as.

' .......... .. 

(n)Anything lhnt hns \\eight

(b)Anytlting lhn1 occupies spocc

(c)Anything order lhan liquid ond gas that 1s no longer needed for use and thrown
o,vay 

(d)Anything thot can be used to build houses

2 Solid ,vastc cnn be classified in10 the following except .............. .. 

(n)Diodegrndoblc nnd non-biodegradable

(b)Rcnc,vablc and non-rcne,vnble

(c)Rcusnblc ond 11011-rcusoble

(d)Rclrivcablc ond non- rc1nvc.iblc

J \\fhich of the follo,ving is 1101 a source of solid ,vostc? 

(o)lndus1riol wiistc

(b)Domcstic ,vnstc

(c)Airbon1c ,vll5tc

(d)l\,lun1c1pol ,,·nstc

4. Which of the follo,ving 1s the reason for d1spos1ng solid ,,,1S1c?

(o)So os to make money

(b)So ns 10 have cnoush land 10 cultivate

(c)ln order to prevent advc� cfTcclS on the he.ilth of man

(d)So os 10 breed enough vectorS

-I \Vote sorting proa101es .......... .... 
. . oicriitls 1n waste rcc)·chng

(o) Introduction of indigenous 111 

(b) Removal of rclrivnble metcriitls
. ., clnblc moterinls fro1n the ,vnstc strcnm

( ) R, ovnl of oll des1gnnteu rccy . 
c cm 

d ournges high levels of conton1in.nion
(d) Unclean n1orkc1ablc moteriuls on enc 
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I 

5. Which of the follo\Y1ng 15 nn l1i c CCI of improper d I f 1· 

(o)Cholera
l!poso o so 1d \\1Utcs'? 

(b)l)i::ibctes

(c)Pncumonio

(d)/\lb1nisn1

6. \\lostc recycling could be defined ns 

(n)T urning \\11.Stc into cycles

···············

(b)Tuming \Yl!Slc into liquid

(c)Using ,vnstc 10 construct rontls

(d)Scparol1on,collcc1ion and lransfomuuion o � . r �mnnu,octure into usoble or 
,nnrkctablc products 

7 \\lhich oflhc follo,nng is o method ofwnstc recycling? 

(o)Opcn burning

(b)lncincrotion

(c)Con1p0Ming

(d)Lond filling

8 The folio,\ 1ng types of sohd ,vostc con be recycled cxccpt'l 

(o)Omss 1ri1n1n1ngs

(b)Papcr

(c)�lctals

(tl)Stonc

9 Cornpostin& is dclincd os ••• 

(al Composting ts o nnturol biolog1col process, cumcd out under con1rollcd aerobic

conditions 10 produce a dark, bro,,11, 1111d crumb!) motenol \\ilh an canh> odor

(b) Composting 1s o chen1ical process of rcplicoung \\'BSIC for planting

(c) Composting 1s o process of sepc1111.ing ,Vt1.Stc

(di Composting is n b1ologicnl process of octivoting solid \\'Q.SlC

IO TI1c folio\\ ing organisms ore in\ oh·cd in the process of composung cxccp1?

(n) Millipedes

(b) Earth\\'Onll

(c) Bactcno
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(d)�losqui10

12 ..... nnd ............... ore nppronches 10 con1pos1ing? 

(o)/\clh•e and passive 

(b)Tum1ng ond stirring

{c)Cuh1vn1ion nnd mo1ivn1ion 

(d)Mulching nnd tilling

13. All of these mn1criols lll'C compos1nble except?

(a) Dones

(b) Ten bogs

(c) Grass

(d) Fruits

14 . ............... is n method of composting? 

(o)Shclf composting

(b)\Vood/plnnk composting 

(c)\Vindro,v/Bin composling 

(d)Fnnn composung

15 Compo51 can be used for ................ .

(o)D1slnfec1ion

(b) Gardening

(c)Horvcsung

(d)Crumbling

16. Unpleasant odour in compos11ng CW1 be due 10 ................ .

(a) lnadcqun1c 111r due to ovct'\\lllcnng

(b) lnndcqun1e Yo'llltr

(c) lnseclS OCIIVII)

(d) Me111bohsn1 of humus

J 7. .. . . .......... con be added when composl pile hcnls exceeds t 60°F

(a) Carbon n1n1criols

(b) t-tore organic mnteriols

(c) Water

(d) l.1n1c
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18. Thi: ro110,v111g on: 1nocro orgonisn1s found ,no cornpost pile except ....... ·

(a) Cen1ipcd1:s

(b) Rocoons

(e) Ants

(d) Spiders

19.l\,tierobes in n co1npos1 pile use carbon for ............. wid nitrogen for ............. . 

(o) Pro1cin synthesis nnd Energy

(b) Energy ond Protein synthesis

(e) Mincraliso1ion nnd Protein synlhesis

(d) rro1cin synthesis o.nd Mineralisa1ion

20. Chorcool should be nvoided inn compost pile because ................ . 

(n) It is hard

(b) h con1ains sulphur oxides

(c) h atlrDCIS pests

(d) II is calccrous
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