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ABSTRACT

Management of solid wasles is onc of the most crucial environmental problems {accd by many
schools in developing nations and recycling is an option for averting this problem. Infonmation
on scgregation and chamclcrization of wastes for recycling in secondary schools is limited in
Nigeria. The study was aimed at assessing the cilect of training on organic waste recycling and

usc of compost bin on waslec management praclices in sclected secondary schools in Ibadan.

A quasi-experimental study design was adopled. Two schools were purposively sclected with
Intemmational Schoo! Ibadan serving as the Expenmcntal Group (EG) while Walbrook College
Ibadan was the Control Group (CG). The EG and CG comprised 196 students cach selected from
cach school using systematic sampling technique. A validalcd questionnaire with a 14-point
knoswledge scale and a 16-item obscrvation checklist were used 1o collect data fromy participants
before and afcr intervention. Waslcs generaled over one month in the two schools were
chaiacterized and weighed while their physico-chcmical characteristics were determined using
recommended standard methods. During o tnonth intervention period, a subsel of the EG (S0
studenis) were wained on organic waste zecycling amd provided with s fabricated (wo-
comparument 0.91 by 0.91 meite compast bin for use while the CG continued with the use of the
conventional waslc bin. At post intervention, the sasne questionaire used at bascline was used Lo
re-assess the (wo groups. Dala werc compared wilh the Ontario compost guideline limits.

Descniplive statistics, t-test and Chi square test were used for data analysis.

The mean age of respondents for EG and CG were 14.8£1.3 and £4.8%1.4 yeais respectively.
The mean knowledpe scores before and aftcr intervention among LG were 3.5¢1.7 and 5.5 1.6
(p<0.05) while CG had 3.8+1.7 and 4.1%1.8 respectivcly. Mcan organic wasles gencrated before
intervention in EG (156.9£22.6kg) was higher than in CG (56.31 15.9kg) (p<0.05). Organic
vecycling was adopled in EG because of high quantity of organic wastes pencruted at bascline,
Post-intervention organic waste gencrated in EG and CG were 45.227.4kg and 51.249.3Kkg
respecively (p<0.05). A comparison of the mw organic wasle versus compost produced in LG

(156.9 £22.6kg versus 45.2¢ 7.4kg) showed that both diffcred significantly while there was no
difference in CG (56.3215.9kg versus 51.2+ 9.3kg). The chemical constituents of organic waste
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before and after intervention in the EG were: Carbon (62.0£0.04% versus 24.020.01%), Nitrogen
(2.440.00% versus 1.9+ 0.01%), Phosphorus (9.6+ 0.3% versus 7.5 + 0.01%) and Pottasium (3.0
£ 0.04% versus 1.6 + 0.04%), whilc that of CG were Carbon (49.02 0.01% veisus 47.2+0.02%),
Nirogen (2.3 £ 0.01% versus 2.2+ 0.01%), Phosphorus (10.1+ 0.01% versus 9.9+ 0.01%) and
Postasium (1.8+ 0.01% versus 1.7+ 0.01%). Mcan NPK conccntration in compost (1.9%, 7.5%
and £.6%) wcte high compared to Ontario compost guideline limits (0.6%, 0.3% and 0.2%). All

the 50 participaats uscd the compost bin and reporied continued use af:cr intervention.

Training and provision of compost bin resulted in increased knowledpe and the prmclice of
organic wastc recycling as well as reduction m organic waste generation in the Experimental
Group. Training and provision of compost bin should, thercfore. be promoted for adoption of

organic waste recycling in boarding schools in Nigeria.

Keywords:  Sofid waste management, Composting. Waste Characlerization
Word Count: 497

vii

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



TABLL OF CONTENTS

PAGES

CERTUBMCATROD aremmsie inai e s sarsiinasossbve o yoi's s ks nss sas ioss54+ g2 hom = =1 e 9 vnse snusoraiiiiesiine. 11
ACKNOWLEDGEMENTS...icii:ii. 1 vr0agsressssntinnstoessnscstossusoissassossiesasosibosssrons sosstosarssassossisnsssasil ¥
TABLE OF CONTENTS..........couiecranmnsaissoes et semsrspsnsssosssssasetossShssessassnaass canssas b ensserse ssnsnsastonss VS
LIQTOF TABLES. ......cccutibasssotinsiesisnmiscsrssorson s grosessests sptspns ssvsasssasssesinrsps BT 5 o385 aarmman QG IR
UIST OFE:FAGLIRES 5 o v cmmntia i 1= 8655810 4bne - gasasasestse a7 - 31t s sussasnasabos 0010y Sng@ MU AR WL

LIST O PLABES .. fuiiscvesesssessiociodssasrrsnsianssbionsests: Solithes Mo . coovirritssnsagy ettt St So sV |

C lb\l’TE ll ONE 80 ddbev o c@eony PO 100000 P800 c80d ¢ coe ¢ PPl 0000000000800 0200 P29 509000000 00000000000000000P0000 bP00c09mdec)ecrPPTacrOOINNIOI00000~ ‘
l .0 knl‘wuc'ion'..l.b.lu.l-l' CoPPIP0PO00P0000100000emec0 iesd P00 000000008000ac0rccapidiniceenrsaniqeiloretitii@ettficasc vecpllooltid ‘

l.] S1alemMenL O[Ahe PrabIghli......o.corsessssrsanissncines s sssstituwstli it :Y o Vewmecsisteses bmmse comp saifitnss Sbes
1.2 JuSHIICONON 107 thE SIUAY..occuneriscececicrrminn s srceicnirsasioisstsanise rssrsasersasssassssssbecsssasssssasoss
13 Broad OBICCHive OF 1he SIUAY......ccriartironmersioiresianssns sressrsserssrssissanosserensrsassesassssanassasens
!4 SpeCilic Objeclives OF the SIUAY.......c.coveiiireeiemncmmrersrassne et iemsencerrosrssmerstosssnsse rarssssasonses

CHAPTERD WO AR Lt Ll b Mo cs ooy vesaanssdeece: § eo- - sapaassasasginhe #6=5o sigsinshe joht JFianiac]

‘ .
w o = W

2&0 Lilmtum Rcv ic‘v..‘. 00040080 0P PO 000PR000000000c0b000rPPac00000d00840b00cP a0 PIPBR0bALeccbeccn=pdOO00LaBObLtaccreett®itiltacqbocnbe r6

24' “'|lll| is “‘M'C?lu $590 00000020000 .007TPr000000000000000200090000000000010000000p00:rP000000000000)000190°0000000410000090°90000008(Jco0e

202 SOIid “'“ml i1 99 TP P 002590000090 00000000000:00°1090P0000000000¢09' 20090 0100000 cc0ceepallreOitetictibolotonr [(EA AP RNRNT YT Y] edbe

3
2.4 MuniCipal SO'id “'“‘cs»no 40¢00042 0030007 v 00000099 00000-000000900000000J00080:29007700J050000070:0000000+0850940040 000009709
K|

2.4.2 Functional Elements of MunicCipdl Solid \WVasies............cceervesnrcrseressncrassssssassismssssiasies
2.43 Municipal Solid \Vasie Generation and Management Information..........co.vvecunne oo
25 S biaste DHADCICESIICA. . ... . tongiswsh: cnp otk - oo ¥onine cusnpnsbiaes fose o fhsesanass iRl s uefionsacsprossspmarnst

2.5.1  Physicol Charactcristics of SOlid Waste.. ... verecioreaisereansimsrsnsisiarsassssssmsiossssiomeissssanions

.
245.1:' DcnSI|y.'o.n-c.""”"'”"""'"“‘"‘“"""0-"'01‘-""---"Ool“ﬂlloH‘un‘Hr-neooc‘*o.u"'.nnn 000000000, 0

2.5.2 Cllcmlcnl ChMClCIiSliCS Orsoud \vas‘c"-o--u--uuunno.uunouo-nouuuuu ............ eteoteee CYTYIO

viii

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

ClaSSHICAITION OF SONA NVBSIES 1euvrerrerterensraessorsssnsssrossssonsssnssiatsbsssssstsennrensesronsnons dssentsransorassn

.1 Catcgorics 0F Municipal Solid Wastes.........c.....urviimeonmsiimenimetiisiniimentonimoansniniisoy s



2.6
26.1
262
21
2.1.1
218
Iy ¥
2231
2112
2.8
29
29.1
292
2,10
2.10.]
2.10.2
2.103
2,104
2105

2.106
2.10.7
2.11
2,111
2.11.2
21121
2.3
2.113.1
2114
2118
2.11.6
2.11.6.1
2.12
2.12.1
2.12.2

Solid Waste Chamcterizalion....ce ... coeessamsrersanssssssasannn
The Objeclive of Waste CharaCICHZAON. (..uuiuriinisec s e mre e ceaseasasastsasssssssssressssanss
Planning Uses of Solid \Vastc CharmcICriZation. ... c....cocrecemsveronrssessssrenes
Solid Wasic COMPOSITION.......«erietaeriinoceneecassenssossssiomemsssanesiosssosescasostesesssorssssossssases
OrBaniC WASIES.....ccoveeerteraniarimmnerorerensassasasasssanes + sisssersrores
DUTER ST DI AVASICS. ... 50 iauaisisopse oo ve il MG 2 e e - mosmhpannansdsamms s ol -~ -smmsasar fonst an ¥
COOG WASIES .. o v, e ritirsssmnssoss ayaengarss sissssssToiesn s o S /¥aTs raaii ik OPVOIB cantdonTe e, TR0
Chatacteristics OF FOOG WASHES.......c.ccvearericrnnronraersosrerassss somineesnssroresesssresssssssssnsssasasans’s
GenerntOrSHOITFODA WISIE L rvian ciersear cutnon reos sar saninossns sese oraes don 085 abt nidnds bon s osesdaiooibhgdlin.amms atme
WASIC GONCIBIION RBIES ou.cs c1ieeriorsronssons cirsnmbin resranssasssnsssars corronssonmssbossbssessrmtsssenssconssss
IMPactSOIBalid WISIC... .co. s oeesitvnscons  cocsrmn smsn sved sbhicernass Phassomases shans - ToREHTH 28 ap a0l P
Impacts on the Environment. .......... cocccesere simsisenscorssnss
veavronne 2 d

So]id wmlc &1m]ngcmcnlll."im..‘t'0....‘l‘.l0.‘..00.-.".li.ll..‘hb.‘t’..'.’l.".l! (LR debpean e P00000900400040

lmPQCIs 0“ Henlihun-u-'nq'ou|.n|uooqon-00"0.-0.lnao-ccu...n...-o”ol|.<o.'-..-....u..ooo.-o‘ RN ERN* T YN XY )

Elements of 8 Waste Monagement SysIen......ciieeieirmes rssressissiossscmaressstsssss s
Worldwide Ageada for Solid Waste Managemicat. . ........ e ieevssesssssmmens e

WO Guidetine Principle on Waste Management.... ... mivemiesers ot iansinsennnisiaeceiens,
Solid Waste Mansgement in NIigeria..........oceiiime oo iirosssssiemsiannsessssoss

Instilutional Waste Maragemenlt in Developing Counlrics.........coceevrierciirunaenne
Solid Wasle Managemenlin SChOols..........c..ciccveerieismnniiienesiiisnestsiemsessssassonae
Potcaltial Environmental Impacis from Solid Wasic Management Activities.................
Intecgrotod Solid Wasle MandBCOCA L . i iiiiercnsiieiim isionssrorsamssreamsiren:assnmnsssssise somen
WOSIE REGUCLION. .. e ueeecianroririeeeianinnrnmrsmeerssssiintssrasiaisiasstsrassrenssensosionssnssssonssinssen
MV ASIC RIS CHINIIMIIG T, .. o flesy o1 1oe oo [rodiumidusa Pasgan FOFRs G718 - RENAREIRT A P ue titapuiits - s SSuuiiua
Bencfits of Waste Reduction and REtSe.. e ue ceiinrirseiassiiennetrontsrorsssenessserssnsssoasse rovosans
Source Scperation of Solid WBSIC........imiinissmenmessrsssissosssrsasssssssesane
Bene (ils Of SOUICE SEPCTALIOM.. it oo isicimennicnmant carcaccarsrsisronse srassssonesecaars st sesasarasast svn

lacinemation.......ees ...

PO EL00 04000 1000.00000004000000400,00¢00 Gaddidates

Lnndf'“ lng. 000100009007 ree00? 090041000000 0000000000(Q¢Pe00ii| 9900 hiiqeci100009000%0%%0)0000040000, 04000
10000000 ) D000 )P0 50,490 F00 §D0I1p09000200i000000/009900000000000100000000)0000008000(r0r00000:0®4400

Recyc)ing...oc.c.onmevenae
Benefl tsof RECYTHNB, weriicciiiievirmnisirissraissrisasiiones

09000099, 400900000000°0°794000000040790000000q7400000J00.

000004040 0900000007001 9000 0 rccoroin lgt.‘io

Orpanic Recycling through Composing. ....c.ureivrismmeecisns

Compostable and Non Compostable Matcrials, . ovvoccvviinccccoen,

Types and Location of Composting Operations..............ccceiiieireersusimmeseen iansnion srrenesd
1X

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2.12.2.1
2l 202
2.12.3

2424
2.12.5
2126
2.126.1
all'}
2.12.8
i 1239
2.12.10

2.12.10.

O RCCAMPOTINE v cvvves 5ot s isns sorss onTos st st Msee s sans soia ihopsans o Viss (WS pall Sinsslpd it TR 11D
OIT.SI1C COMPOSHNE. .ce.. ... evouerssonsassiosiemsesmressassssmsssessonsesssssssrsssostonssssssias e ssssmssaraiso ) 9
Community Participation in Composting SChemes......cvcimnnieerciarmiens 48
Composting in Schools.......c.....ccveeainimecseninevmrrnemensissssenassns e 49
Reasens for Composling in SCHOOLS........vcreieerisiecsec s masisrsassssssssesssssisssmsssosssssnnsns S &
Waste and Residues From the FOOd Chain. ... . vriiersisnisonorismsioessscssmmsressssssassontsrenss s o
Food Waste Recovery THCIOITRY. ...v. . civeiiveriieiecracmmsronsemanesornssnssionsasssssassssostes s 39
FOOA WB51€ COMPOSIING. ..t e e vonrisnionsiss corieees corasts sarenessamss sirene s somesssonssmss sase ssoeseansencs I3
Biological, Chemical and Physical Requicements For Efticient Decompostion............56
Microorganisms in 8 CorNPast Pile... .o ceimsssssrsresssossosesineeassatssersiomasssastssss cone e secseic 9 9
Benelits of COMPOSTNG.... ... ccurivsemeimseranirorsorscsoescociaarassse soranssosssectesasassosss sussssssssssssorsree O0
I Benel 1S 10 the FOOA INUSITY.....cocvieeeirivensionrciarssssossrorsecesanseme sonss sosssasansssecisronssasssasssons 80

2.12.30:2 Denthits 10 ABTHCUIILIC. coc.soeerraververeiasnsieesneriarenssesesssed s omasassasssse sras soscotssonsronsssnsssiaseas s ans OO

2- l 2| IOJ Beneﬁts (0 the EnVironment......,...u 200000 unu.u»uuluquu«nu.uuouooq1nlqounnnuunuo".uu.uou60

202.10.8 ECOMONIIC BONCIIIS ... 0o ensersrerssornericrnesoesomastorssossees sssrassbans corcses sns saass ssoossscammssrasssosssssssess O |

2.12.11
23

Bcncfiu d Scl'ml Comms[ingl.lii.l.......l..l'.l.““ﬂ"'.!.C..l..li.‘c 'o-'.....o..".-...-‘--a'.q-'..‘i....as'll.l6|

EnVitonmt“ml Educationl“uoo.!"’.l...-.'.0|JQ..O...!(.I..‘II..QJ.‘1..l'l.l....“.!q..’ﬁ."l..‘.‘l..il‘i..Q‘.l ﬂ.-‘..""

CHAPTER TUHREE commii<r. | romvmversmmetiend ghusgm s SN, liedilons: me svaat H4{ 00t Hveros s SHEFIS Mo oo it ]

1.0
3l
AR
3.2
33
34
35
1.6
36.]
3.6.2
3.7
33
39
3.10
3.4

R OO Oy e o s mbborsn: -5 -5 o i s dhe= o iPuns ] o+ ool choana lUNREER o230 /SRWl su b eu U I VGHIO 1oy Y
DesSCriptlon of thE Sty ATeau. .. Musk.. ..o bbbl doamvcsivramotosspnr siresssastissssopsestassiapassnsss ...64
Bricf Description of 1badan North [.ocal GOVEmMMERt ATCA.......coeveeecaeriernsimes s anoraneoeen 64
S PO UL O g e oo oo otart (1 gasese oo oi¥ssHsaTo.  sge osafssVoms “nass s siHO0R. Lo ossinsnsuisindbits L1 VB
Criter 2 {07 SN0l SCIECUION. 1.......ovoerveiierrieiiesiorersaes cosicrn e srassnren cramsne s smsssansonveraossanemseres oo OB
Sample Size DeterMinDUON..........corimenic e ineiesnsssisetioiinessssmocoscresassossston - passssanssssossrinss OB
SAMPURRNT CREMIQUE ... cooveiacsriaie v essatioresson ot sousTiusresibivasses Sl etet's oA GRARN EOSNe o8V R sarlivsip -0 0
WY T T W T Y O RSO . SISy ey e K )
Pre-1€sing Of QUOSTIOMMEIIC....00oisiusiduomsrosescarsiismrnssssnss iiThmnssedt it o prdebsara soasssssstioinassasantonpsaina. 09
Questionnaine AdMINISITEON. ccc........, coovorriversinictreseasnsessrssraarsenr careesiosesssssannserionss oo ssssnss o1, 69
ObSEmatidn THeCRIIR L ... v aiom o itio sorsaMiinn. o o Boervvionds Boasitosssrssnss ibet Rostassasgonssringdeto 10
Training of Participants'on Organic \Waste Recyching.......cco..oouiiveeercciiiicnnisinieisioien, .70

Physical and Chemical Chamcteri?Alion Of WaSIes . ....cocovrermrireninaitonmsonians serssssssontosan,srsie 1.2

X

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



J.HLE  Physical Charactorization OF WASEES. .....cc..ccvmmurasrrenersrersarerssesasron fearessesarsssasesecn anseraracses §
3112 Chemical Choracterization Of WISIES........ueeeesirmresesssscsronsiassisssosvonssvssossssisnsassmsresssssssonse 14
3113 Deternination of Nitrogen, Phosphonys, Potasium and Carbon in Organic Waste............ 74
3.11.3.) Tolal Nitrogen DEICrINMINGtION....... .. uususesssssemanssmvesseemssssiamtssssiinsassasssssspssostssiossesstesasese § O
31132 Thosphorus Determinnlion. ..oveceeeceresscriesesasssses sors susibismmacssiecesensmcsanesssenspretossonssssssosse 11
3.11.).3 Pottasium DEICrUNDUON, .. .co.vevieiseivrereosirersrossionssiassossmsssonsssersses sssessasmsssasssssasatnssasssesssases S0
313 Carbon DeterMUnIION, cuves:vececee.s o rosrsssssssassonsimse sossuomemsssanssrmsssrase ssasss sostssssssssssasasssssssasissssss: 32
3.12  Determination of Heavy Meials in Organic Waste and COMPOSL..........co.oocctroivianeeeensecnss 83
313 Compost Bin Design and CONSIUCIION. ... v ieussenssssiossessstassisenss secueimcansc riecsses sessssasssss sre: O3
1.14 ComPOoSIing Procclre BEISL.....c..ocvsciiiersasoieeeerreeessuresesecrsssours cossossssessasossssssanses-soresisn -5 O
305 Dala Analysis and MOnOgCINCNt. . e vees o vers ors esses s ciarss o wee cns sontenen sarasss sos somssans seors 8O

4.1 QUESLIONNDINC SUIVEY ..t iuieenia seiesrecrsrarsrenios srisatingesesarasarsstoassssatsssisee siasse sassasssaarss sssanescasssinssr B9
4.t.8  Socio-demographic Characieri stics Of ReSPONACALS vceiiuevce s oo srmn srorsiasesesnccevcr reasrsrssassssses 8 1
4.12  Knowledge of Respontents on Orgaric Waste Recyclingat Baseline.........ccoceeiiciincerise... 89
4.1.3  Knowledge Level of Respondents 6o Organic Wasie Recycling a1 Baseline.............oeee0ie.. 89
.14 Adlitude of Respondents townrds Organe Waste Recycling ot Baseline...c...cc..veinvinienine.....92
4.1.5  Anitude Level of Respondents at Bascline in Study Schools...........ocoiimimmnriissnnsocrecrerennn 92
4.1.6  Rectationship between Knowledge and Attitsde Level of Respondents in
Study Scho0)s 8l DASENC,..ciicuieuianriosiienincrianissonsarssssioeasssismsronsissisemses onsssssisaresness oo e sosnsse I

4.0.7  Orpanic Wasle Recycling in Study Schools al Bas¢line........v.aiieerricossrarsissssosiesrassarsnsoceesens .97
4.2 Noture and Quantily of Wasics generated in Study Schoals........ccoieeicinienineroniresisisnniinees99
4.2.1  Physical Asscssment of Components of Solid Waste gencroted in Study Schoots.................99
42.2 Compaison of the Physicochemical Conponents of Solid Waste generated

4.2.3  Unil Waste Generstion Rate in Study SchoolS.............oooeviniesiirnesioiisnsnassissereosnssasa, oo 100
43 leavy Mcla] Components of Organic Waste generatcd in Study Schools........coocvivserecsscoc §07
44 Coanstitucnis of Compost Produced from Organic Waste ReeyCling.......occveverviriecerssannensl 07
4.5 Cliemical Components of Organic \Vasicand Compos Produced in Study Schools

nl Bm!inc and Posl inlc rvcn'iot.uuupu ©00090000000858025aF 0990000000000 990C0C000000009)990000000 ARNCO0000100(BIboebaoseed '01

Xi

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4.6

4.7
4.8
49
4.9.1
492
4.10
4.8
411.1
4.01.2
4113
114
401,35

4.11.6
4.11.7

4.12

Comparison of Physico-chcmical Conditions Necessaiy for Efficicnt Recycling of

Organic \Yaste Observed in SIudy SCROOIS.........cx reresvciermereraassmssrmessiasssrmistassesmerssesanse FOB
Varialions in Physico-chentical Conditions obsesved during Composting in 1S1.....cciveennee 112
Waslic Managemen! Practices in Study Schools at Baseling...... o cvererieiennioesessammermniseseres 12
Pioblems associaled witls Waste Management Practices across the Study School.............F13
Environmenial ProbIemS. ... ieeiiissire sni s sinananioaseerssostosasas it soscet roone sesasersnsorana vl
2 0] b gen ] OO U sy S R Y
On site Obscrvations USING CHECKIISL ... ciconer.voeeivesersenssies susne casmronss sesressaseassssasorsissssasasisse st | 80
Training and Provision of Composi Bin for Organic \Waste Recycling.. o iieescoececeicen 125
Training Sessions on Organic Waste RECYCHAR ... e evmcirenrermsssrsse orcrsmssssssemseratssomsssrssonses L2
EfTect of Training and Provision of Composl Bitt 0n Knowledge... .c.coirenrieerianesiasirmmsioss 123
E(Mect of Training and Provision of Compast Bin on AlIUdC..........ceieremammioriie ssssemmertiocs. 126
Cilectof Training and Utilization of Bin 101 COMPOSUNG...o..cceiuiresiisomcscearmsecasarsrarsasssonssae) 26
Comparison of Knowlcdge Level of Respondents nt Baseline nnd afier Training and

P1ovision OF COMPOSE BIN.......ieimiaciocams cee reororens sans sas 1ese arasases sassssosss gosstonscrnessos ssassanssvnssecesscl 59
Comparison of Attitude Level of Respondents at Baseline and Post-intesventio.....ee e eeine 134
Etfect of Intcrvestion on Knowledge and Attilude Level at Bascline and Pos1-

LT 1T SRS S e S5 s), i AFRSSE S Sy sitl 1 O 7L £

Effect of Organic Waste Recyeling on Quantity of Organic WasIT. .........cccoaerimorsiocvseevansrs | 34

50
5.1
3.2
5.3
53.1
5332
54
54.1
542
5.5
5.5.1
5.6

DISCLIS SO, .= bt N e, Bne oo e oo b ovsbmnas' b5 b s bafbos os oioans ol oo anat TR

Socio-Demogiapliic Charactcnistics of Studcnts in the Study Schools.......icvieeren 139

Wastc Maasgement Priclices across Lhe Study Schools.. ...ovveiieiacniieiiiimeiniow. 139
Problems assaciated with Solid Waste Managemenl Praclices........ .o eiverecrsneeeene 140
Enviroamental Problerms.. ... v riinessienissmenessnacrmesensm ias stensssssnssasarssssass 140

H o R MO BICHTE. . fiher scog - thon e sabobaissblis tassusinssdiidoss ot uhe Fuotn rovs e rvomys i arhede iR Toes L 140
Physical Characteristics of Solid \Wastes.......c..ccccunnn. St % A el el 141
Solid Waste COmMPOSILION.......cecrrmerasassssssss sassensassasasens soassssssessarsasserssasrosasassessessomsanse | 4 |
Solid Waste GeRCrRIION. .« cvuecreciiienieesaniarsneecncamsrinressons teneanrsssasssorsessneies 41
Chemical Charecterislics of Solid WaStes......c.urveeeiaenisteisonionisassismsnssanssesssnsese. 142
lHcavy Mctals Constitucnts of Organic Wastc gencralesd in Study Schools,............. 143

T'he Composting Process and Condilions in IS1........ccoitivericnieneiiiiiirnn s enssmn. 144
Xii

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



5.7 Elfects of Environmental Training and Provision of Compost Bin on Knowiedgc.....145
58  Effects of Environmental Training and Provision of Compost Bin on Attitude......... 145
59  Rclationship Between Knowledge Leve] and Atlitude Level of Students

IR SIULy SO0 Suc s . 3ttt dsiamsiiiimmsnsioreos sssmrore elbin i panger dLasasduehtdesadb e mitasin M 0
5.10  Effect of Environmental Training and Provision of Cornpost Bin on Practicc.............} 46

5.11  Effcct of Organic Wastc Recycling on Quantity of Organic Waste in iSI................... 147

CI !t\l..rﬁl{ Slx......boo-n‘..cqoQ.'“CC..“‘-‘.‘.‘."...Il..ll.D.D.“...‘.bio‘o‘...‘o‘oo.lQ..!Cllll...'..l‘..llll...“..l‘.‘li...l.’lo 148
6.0 Conclusions and RecomMENUBONS. ... oo cvreeerireniesemteessersssnssssasaressesaasses sassnsanscgeseneesd 48
B0 OONCIUSIONSL. . 4% eernr e as cereress it ISs TR s 205 on s emto i tos hdbhS o do'se e e o meni Bt st disannnss 0t oo 1 <18

6.2 RccommC’lda!ions"Q.l.‘ll‘-"'.’C".ll'.l..”‘.‘l.-oo.oo...Ol.bl004C.UC‘.l....ti-bot’.--'0.'...'Qll..l..lll!“..o.t-o-.r..]49

Appendix I:  Questionnaire for Students on Organic Waste Recycling......eveieeevcviecrnensnnees 162

Appendix IT;  Observation CRECKEISL. e .....iveemtimnenirioiseessireissemeiesmenssessrassssonssarssssasensseses | 08
Appendix [[1: Evaluation Questions for 1raining in 1S e 1 70

xhii

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



LIST OF TABLES
PAGES

Table 2.1; Soutces and Types of SOl WASIES. ......ccvvueerirvirseessssaissnessinaisssscsissserssssserassassaserss O
Table 2.2: Sources and Examples of Municipal Solid Wasics........cuee vcmnssisesensisssnsesesssases L
Table 2.3; Typical Densitics of Municipal Solid Waste as Discarded Uncompacted........... 16
Table 24: Typical Data on Ultimate Analysis of the Combustible Components

1IN MUniCipal SOl WASHC. ....cervecaerrirniiririsesasisrissssasssensessmnsossesssrerscsmrersssreserscsss } 8
Table 2.5: Wastc Compositionin Selected Aftican Cilies.......ccoe.cvevrrarrveeeressrereessnsnssssansess 22
Table 2.6: Cotegory and the Unit of Waste Generation Rale........ceevevveversssensssssssssnssnsasascer. 26
Table 2.7: Compostable and Non Composlable Matefials............c.evavecnrsisnnsiissssiciococcnec. . 46
Table 2.8: Composling MethodS.. .. .ovieeiiieniiiierccrcncsuricanseinieromesiesiosssssansasransedl
Table2.9 Location of [nstitution2l Composting Projecls. .......couimmniisesianscaneensrsssnssonsasssseed |
Table 2.10 \Vaste Residues Genesated by Differcnt Types of Foad Service Opcerations......55
Toble 3.1; Ibadan North Local Government Wards......cevciieecienainnrecocacneseecaicncrareeen®3
Table 4.1: Socio-Demographic Characteristics of Students in Study Schools..................... 88
Table 4.2: Knowledge of Respondents on Organsc Waste Recycling

al Baseline in Study Schools........ccocein v srensrarescssnreressssessessssesssansrerssss IO
Table 4.3: Knowledge Level of Respondents on Organic Wastc Recycling

31 TRSRRINE L. oo o v i g L vt Tsien s . o v st e L 7 A v 2L
Table 4.4: Attitude of Respondents towards Organic Waste Recycling at

Baseling in Study SChOOIS. ....cceureciiierimmeriinnnsntieeiireiissmsaniconcesessiorsasescsssassesesc 93
Table 4.5: Atlitude Level of Respondents towards Organic Woste Recycling

AU BOSCIIRENAL . cceuiinessssasenssessreassontirsasvinasstesseeaovsensosaiBiith Boossti s csonsransppaediinyrit sl 9
Table 4.6: Relationship between Knowledge and Attitude Level of

Respondents a1 Baseline in Study Schools.........oooeenniceersimioncsesssnsncneners 96
Table 4.7: Ocganic Waste Recycling Practices in both Schools at Baseline......................98
Table4.8: Mecan Weckly Weight of Solid Wastc Genernted in Study Schools..................104
Table 4.9: Comparison of Physico-Chemical Conditions Required for

Composting observed in Study SChools..........c.meumriimniiisiiusniesesssiomirssncssnn b 11
Table 4.10; Waste Management Piactices in Study Schools.......e.enuen.. R T 114

xiv

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 4.1 I: On-sitc obscrvation Checklist for the Study Schools.......cccanivieiicmriressseorensn 123
Table 4.12: Differences in Knowledge of Respondents ot Bascline and

AR TV OO CIIIOTY 4 oo cunonipe «sss aibrnssanse s ban e sveurps formsiVosiib s oveth dbwevas o st «rndss LI
Table 4.13: Mcan Knowledge Scores of Respondents in Study Schools..........cccviniieniens. 130
Toble 4.54: Antitude of Respondents towards Organic Waste

Recycling after the Intervention........coveemeriersrsreneresiisseccenarsiocanmssscssessonsanisl 31
Toble 4.15: EfTect of Environmental Training and Utilization of Bin for Composting.....133
Teblc 4.16: Knowledge Level of Respondents alter Intervention in Study Schools.......... 135
Table 4.17: Attitude Levet of Respondents at Bascline and afier the Intervention

IR USEW SANBONSicus. . g tosimie 12 0T a0 s ssnnin o vttt a0 AT B e e N L
Tablc 4.18: Relationship Between knowicdge and Attitude Level after the Intervention..137
Table 4.{9: Effect of Orgonic Waste Recyeling on the Quantity of Waste Generated

XV

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



.

LIST OF FIGURES

PAGES
Figure 2.1 Hicrachy of Intergrated Solid Wasic Managemenl. ... meremmesesresessssssisassssrerses 33
Figure 2.2 Schemalic Diagiam of Wastc RCCYCHNBacuriiriemmeretaeriiereies ereen tiaimscs moares ane A

Figure 3.1 Map of Oy0 Statc in the Context of NiBCTIa. . c.ureruetrseeesirsersnemsossermsenseresereseses 63

Figure 3,2: Calibration Curve for Phosphorus (Expressed as PaOs).eeeeeeeeciciiininninee. 79
Figurc 4.1 Percentage Composition by Weight of Wastcs Generated in ESl...oivee.. e I 1)1
Figure 4.2 Pcrcentage Composition by Weight of Waslcs Gencrated in WCl.......coeeiine. 102

Figurc 4.3 Percentage Composition by Weight of Waste Generated

INSNAY SchoDIS.. iuvsuisesnsiencececrormsitosionsiss shasesiosseserspsssqsansssss enshsagiie-Wsmse seseroic UDR
Figure 4.4 Mcan Weight of Wastes gencrated Daily inStudy Schools......cceiioiarnrecinennr, 108
Figurc 4.5 Meao Densitics of Waslc Generated in Study SChoolS ....oveerivvenrrtreresssreresenes 100
Figurc 4.6 Mtean Concentration of Hcavy Metals 1n Organic Wastc

generoted in S1UdY SChOOIS .......cceceeniiisrnnririeniennitsssnsssenssnsansisscssersnsasenesss §09
Figure 4.7 Mcan Concentrution of lleavy Mectals in Organic Waste versus Compost

TV L I R ) T . 4D S ERR R e SR )
Figurc 4.8 Variationin pH obscrved duting Composting in ISl.........cu.cciveiieniriiicnniinn] 15
Figure 4.9 Variation in Temperature observed during Composting in ISK.......ccoccvieennee. 116
Figure 4.10 Variationin Moisturc Content observed during Composting in [S1................1 17
Figure 4.11 Environmental Problems associated with Wasic Management Practices

10 SUIRY S CIBGIN A gnoseissne 3. 5- - -aqs- sanianinr e ro1'mumistthsine A o hanszec SEERRR B IOINE UL

Figure 4.12 Health Probtems assaciated with Waste Management Practices

i Study SCHOOIS. .. ccrerrrrerneein R R n DL B L el 19

XVi

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



LIST OF PLATES
PAGES

Plate 3.1: A 3-D Map Showing the Location of Iniemational School 1badan nnd

Walbrook College [badaun.............covuiieeeiiiiieecsserencseseresimenssicisessirenscstnsncsssisansens 07
Plate 3.2:Training of Students on Organic Waste Reeyeling in [SL.veweciiniienisssiianniiennes 21
Plate 3.3: Soning and Scgreggalion of wastes in WClou..u.iemmeciscmmesisesnssssscciiesemssrmnsnceeenes 13
Plaic 3.4: Front View of Compost Binin ISI........cccovmmimmnnciiinoisncsismesessrosssasmsssserras s
Platc 3.5: Stde View of Compost Bin in IS]....ccouiciirivnermcenisinissenieessssenicssmececasessssssssssei89
Plate 4, k2 State of DUMPSILE iN [Sh......cccvciivienmnnernirneaeserarerorsssaasssssmsresrasserassssssasesssmasansess b 2 |
Plate 4.2: State of Dumpsite in WCl.....ccvnerrieriiinmeisieicen cavasasssasissssassecsseseseasassessarssesssses ) 28

XVii

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CHAPTER ONE

1.0 INTRODUCTION

Since creation. humankind has been generating waste such as bones and other parts ol uninials
slaughtered for food or wood cul to snake caits. No orgunism. no maiter how suuple. is 100%
cflicient, As it consumes rcsources. there is incvitably a cemain amount of waslage.
Civilization hes always produccd waste. [However, with the progress of civiliaation, the wasic
generucd assumed moze complex nature. But with evotuiion in sndusiry and technology and o
carresponding growth in world’s population, waste management has become an increasingly
difticult and complex problem. The inctease in population and urbanizaticn has ulso

ircmendously contributed 10 the increase in sotid wasles.

l'housands of toas of solid wastes arc genetated daily in Africa. Most of it ends up n open
dumps and wectlands, conuninating surface and ground swater and posing migor health
hazards. Generation raies. available only for selecied cities and regions, are npproxamulely 0.5
kilograms per person per day— in some cases reaching as high as 0.8 kilograms per person per
day (Sndhar, 2000). Whilc this may sccin modcest compared to the 1-2 kg per person per day
generaled in developed counines, most wastes in Afnca are not collected by municipal

collection systems because of poor management, tiscal irtesponsibilily, cquipment (ailure, vr

inadequate wastc management budgets.

The waste generaled in Nigeria ns well as in other countries thot do nol have proper disposal
means create unsanitary living conditions and detrimental health concems, such as disrrhoea
and matnutrition, in addition to a ronge of sicknesses and discases (Ksimon, 2008)

[:canomic Development. urbanization, improved living standazds in cilics and increase in
enfolinent of school children due 1o governument policics incrensc the quantity and complexily
of generaled solid waste in schools. [f accumulated, it lcads 10 degradation of urban

cnvironmenl, siresses natural resources ond leads to health problems (C1'CI3.2000).
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Schools gencratc a greot deal of waste 1t the United Stales, especially as a by-product of food
scrvice. Many, of coursc, have some sorl of recycling prograiv 1 place. T'he challenge to
schools ts to make waostc management o viable and cven cxciting part of the totul Ichrming
cxpericnce. Often, school districts are unawarc of the hard costs of gorboge gencration and
disposal. A large part of this figurc is wastc gencroted frone school lunch. School mcal
programs. cven when lunch is brought from honie, are significant generatots of solid wiste
(Brown, 2004). There arc tnany 1egional variations that require cach conununity 1o CxUmeNe
its own waste management needs, Such factors as local and regional availability of suitable
landfill spacc, proximily of markets for recovercd materials, population density. commercial
and industriol activily and climatic ond groundwater voriotions oll moy motivalc cach

community 10 make its own plans (USEPA, 1998).

Wuslc gencralion. inonagenicnt, slorage, treaiment ond disposal is an importont aspect ol
sound cavironmcntal management. Manogecment of solid wastes ts a problem of increastng
concemn (hroughout the world. it ts one of the greatest challenges facing iny urban acea in the
world. Developing integtatcd solutions for wasic management problems requires public
involvement. To cconomically and cflicicnily opcrate a wasic inanagemient prograns rcquircs

significant cooperation [rom gencrators, regardiess of the stralegies chosen.,

Public cducauon sumulzics inteiest on how wasic management decisions ate made. When
citizens become interested in their comniunity's wastc management progmms. they frequently
demand 10 be involved in the dccision-making process (De Young. 1984). Environmental
attitude of young pcople appears to be crucial as they ultimaicly ploy a dircct rolc in providing
knowlcdge bssed-solutioas 10 in-coming environmenizl probiems (Bradicy ctal. 1999 {-ugles
ond Demare, 1999). Funhermore, school environmental program, although address¢d 10
students. con also inflluence upon the environmental knowledge, attitude and behoviuur of
adults (parents. tcachers and community members) through the process of intcrgenerutional

miluence (Evans ct al, 19906),

Waste Recycling has been a common practice for most of human history, with recorded

advocutes as far back as Ploto in 400 BC. Dunng pecnods when resources were scarce,
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archacological studies of ancicnt waste dumps show less houschold wasics (such as ash,

hroken 100ls and pottery) — implying more wastc was being recycled in the absence of new

inatctial,

Waste Recycling is regarded as one of the key components in the environmental management
of solid wastcs (Rabinson, 1986). 1t reduces the amounts of solid wastes such thui less space
1s nceded for disposa) (Kaeemi, 1996). Recycling schemes in schools help 10 unptosve the

cnvironment and can reduce nioncy spent by the school onwaste disposal.

Il STATEMENT OF TIIE PROIBLEM

IMc problems associated sith the disposal of wasies ascc many and they include littening of
food and other solid wastes in the school compounds. Onc of the morc challenging and
ncgative conscquences of the lack of knowledge involving the unsafe and inupproprinic
disposal of solid waste i s the predisposition 10 healih problems and very unpleasant conditions
1 many schools. This can lead to the breeding of rats and other veeclors which are of public
health unportance (Tchobanoglous ct at, [977), Rats are also destructive and their activitics

can lecad to the destruction of school materials such as paper and otherimporiant items.

The problem of waste manageinent-has arisen celatively recently in developing countries
where there is little history of the implementation of fonnal or infoimal conununity
environmental cducation awarencss prograinnies (CGrodzinska-Juccaak et al .. 2003).

On a daily basis o gteat amount of organic waste is produced (tnore thin 30% of municipal
solid waste) and can be valued 1hrough composting. Thesc organic wasle if not well moanaged
could theecfore pose hygicne problems and public health hazards, The organic wasie
component of landfill 1s broken down by micro-orgamisms to form ‘lcachates’ which contains
bactenn, decaying matier mnd chenucol contaminants from the landfill. This lcachate can
present & scrious hozord if it reaches a weicrcoutse or enters the groundwater. Degmding

organic matlce in Jandfills also generates methane, which isa hannful greenhouse gas. in large

quantity.
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1.2 JUSTIFICATION FOR THE STUDY

With the increasc in population. solid wastc inonogement remains @ major problern for niost
mumcipalitics. The most common wastc management practice, which is sainly duinping of
waste and buming by the municipality, should not be ollowed from the national. as wcHl as the
global point of view considering eflect on undcrground water quality and harmful cfiects on
the ozone tayer (Ali, 2001 ).

For health reasons, wastc in tropical regions should actually be collected daily. 1his niukes
the challenges and costs of solid wastc management in most of Afiica even more daunting. it
is generelly the city center and the wealthier neighborhoods thai receive scevaec when it is
avnilable In poorer areas, uncollected wastes nccumulate o1 roadsides, arc bumed by
residents, or are disposed of m illegal dumps which blight neighborhoods and harm public
health. Unless more elTecttve urban waste monagement programs and public watcr supply
sysiems are put in place, outbreaks of cholere, typhoid and plague may become increasingly

common.

Identilication of the components of waste steom is also an imponant step toward addressing
the issues associoted with the gencration ond manogement of municipal solid wastes (MSW),
MSW charactesizations, which onalyze the quantity and composition of the municipal solid
wasle stream, tnvolve esimating how much MSY is generated. recycled (including
composting), combusted. and disposed of in landlills. By dctermining the mnkcup of the

wasic strcam. wasle choructenizations also provide valunble data for sctting wasie
manogement goals. tracking progress toward those goals. and supporting planning at the
national, state and local levels (USEPA, §998).

Recent concems about managing wastes and producing foed in an cnvironnicntaly soun|
manner hos led 1o a rencwed interest in small-scale. backyard conposting as well as interest
in developing large-scalc, commcrciol ond municipal composting sysicins, Taking
responsibility for the solid woste streami ot school cmpowers sindents by wiving thcn a
specific action to help their conimunity ond the casth. Students develap a sense ot school

pridec by Laking steps toward becoming n “green schoot™ (o school thnt praclices wisc use of
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notural resources). Students may spread the compost message and be instrumental in starting

conipostifig nt home or in their teighborhood,

Comiposting in schools provides a rich 1opic for scicntific tnvestigation and discovery,
Although composting ts simplc (you just put organic maticr sn a pilc and wait for it to
dccoinposc), 11 also involves soine fascinating and as yct incomplctely understood intemctions
between biological. chemical and physicol processes and can help students to sce the

interconnectsons between various scicnltilic lields.

By addressing the solid waste issuc, composting provides a way of instilling in students a
sense of cnvironmental siewardship. Many cducational programs focus on reductng. reusing,
and recycling our solid wastes. Composting fits tn with this idca but 1ukes it a step beyond

(Corncll Waoste Mnnagement Institute, 1996).

1.3 BROAD OBJECTIVE OF TIIE STUDY
I'he broad abjective of the study is to assess the effiect of imining on organic recycling and the

use of compost bin on wastec monagement praciices in lwo sccondory schools.

1.4 SPECIFIC OBJECTIVES OF THE STUDY
The specific objectives of the study were lo:
I Assess the knowledge and attitude of students towards organic waste recycling as
well as solid waste manageinent practices in sclecied schools at baseline;
1. Charveterize the waste gencrited into physical and chemical components in order
10 explorc their recyclable polcntials;
i Introduce waste scgreggation ond organic recycling in boarding secondary schools.
tv.  Design and fabricatc o two-compartincnt 0.91m by 0.91in compost bin und
conduct tratning on 11s utilization for orgonic waste recycling in schools,

v,  Assess the effects of trainung and the designed compost bin on the adoption of

organic waste rceycling.in the sclected schools.
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CHAP'TER TWO

2.4 LITERATURE REVIEW

2.1 Whalis wasle?

Wasic is an unavoidable by-product of human activitics and may be regarded as “uny
unavoidable matenals resulting from domestic activity and industnial opctations for swhich
theie are no cconornic demand and which must be disposed of’ (Central Pollution Contml
Board, 2000). The tem waste can apply 0 o wide vaiety of moterials, including discarded
food, Icaves, mewspapers, botiles. constnuction debris, chemicals from a factoty, candy
wtappcts, disposable diapers. and radioactive maletials. Waste cxists i the three states of

master i.c cither solid. liquid or gascous states.

2.2 Solid Wastcs

Sofid waste refers o the unwonted or discarded mateiial that requires disposal of some type. 1t
can come tn a solid, liquid or gaseous fonn. This malenal comes from houschold.
commetcial, mdustrial, aegriculturnl, mining, or municipal acuvities. Cimuno (£975) also
defined solid wastes as discarded solids asising from animal or human activties. In general
this does nt include excreta, although somelimcs aappics and the feaces of young children
may be mixcd with solid wastes. 1t is also broadly defined as including industrial, commercial
and domestic tefuse including houschold orgonic trash, street sweepings, hospital and

inslitutional garbage and construction saste.

2.3 Classitication of Solid Wastcs

Solid waste can be classified in scveral different ways. Most solid wastcs can be subdivided
into onc of thtec major categorics: municipal solid wastcs; agriculturul, mining and induslnal
wastes and hazardous wastes, 1he nature of the miatcnal may be important, so classificstion
can be made on the basis of organic, inorganic, combustible, non-combustible, putrescible and
non-putrescible ftaclion.

The classilication of solid waste is usually used for choosing treatment, collcelion, recycling

and disposal options (Tchobanoglous ct al., [993). Solid Wastes may also be broadly
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classificd as 1 lazontous wastes and Non- I lazanlous wastes, Non-Huzardous wastes have little
or nu polentinl 1o produce hormful conscquence or toxic leachales when siored. whil
hazardous wasles pose immcediatc and/or latent hozards w plant animal and ccological
cnvironmcenl. Hazardous wastes produce loxic |eachates and hannful fall-oul when stored or
disposcd in the cnvironment (Peavy ct al. 1985). The point of orgin is impoitant in some
cuses henee classification into residential, industrial, institutionnal. commercial. construction
may be usclul (Table 2.1).

Bhtde & Sundcrason (1983) also provided a classification based on the source, onpin and
type of wastc. A comprchensive classification is described below:

(i) Domestic/esidential Waate

['his calcgory of wuste comprises the solid wastes thal originate from singlc and multi-family
houschold units. These wastes ure gencrated as a consequence of houschold uclivitics such as
cooking. clcaning. rcpairs, hobbics, redecoiation, empty containers. packaging, clothing, old
books. wriling/ncw papcr. and old furmishings. Households also discard bulky wastes such as
fumiture and large applianccs which cannot be repaired and used.

(ii} Comunicrcial Waste

Included 1n this cotegoty ace solid wastes that originate in offices, wholcsale and retail storcs,
resiavrants, hotels, markels, warchouses and othcr commereial cstablishments.

(i) Institntionat Wiste

Instilutional wastes are those wising fiom instituiions such as schoals, univcersitics, hospitals
nnd research institutes. Jtincludes wasles which are classified as garboage nnd rubbish as well
as wasles which are considered Lo be hazardous to public health nnd to the environment.

(iv) Garhage

Garbage is the tcnin applicd to animal and vegetable wastes tesulting (fom the handling,
storage, sale, preparation, cooking und serving ol food. Such wasics contain putrescible
organic mancr. which produces sirong odors and thereflorc altracts rats, flies and other vermin,
It requires immediale attention in its storage, handling and disposal,

(v) Rubhish

Rubbish is a gencral tenn opplicd 1o soltd waslies otiginating in houscholds. commereinl

cstablishments and inslitutioas, excluding garbage and ashes.
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Table 2.1: Suurces snd Ty pes of Sulid Wastes

Suvurce ['ypicul waste generators  Types of solid wasles
Ressdential Singlc and mulii-lamily Foad wasics, paper. cardboatd, plastics,
dwellings lextiles, leather, yard wastes. wood, glass,

metals, ashes. spectal wastes (e g, bulky
items, consunier clectronics. \white gonds.
balicnies, oil. tires), and houschold
hazardous wastcs).

Industnal Light ond hcavy lHousckeeping waslcs, packaging. food
manufoctunng, fabrication,  wastcs, constiuction and demolition
constniction sitcs, power matcrials, hazardous wasics, ashes, special
and chcinical plonts. wastes.

Commercial Stores, hotels, restaurants, Poper, cardboard, plastics, wood, {ood
markets, oflicc buildings,  wastes, plass, melals, speciol wasies,
clc. hozonlous wastes

tnsuiunonal Schools. hospitals, prisons,  Some as commercial.

govermment centers,
Construction and New constructionssites, road  Wooc!, steel, concrete, diit, ctc.

demolition repoir. rcnovation sitcs,
demolition of buildings
hlunicipal Streel clecaning. Sirect sweepings; londscape and tree
senices landscoping, parks, beaches, trimmings; generol wastes (rom parks.
other receeolional orcas, beaches, and other recreotiono) aicas;
walcr and wastewaler sludge.
trcatment plonts.
Process licavy and light Industrial process wastes, scrap materiols,

{(manufacturing,  inenufuctuning, relineries,  off.specificolion products, slay, toilings.
ctc.) cheinical plonts, power
plants, mineml extraction
and processing,
Agriculwure Crops. orchords. vincyards,  Spoilcd food wastes. agricultuml wastcs,
daines, (cedlots. farms. hazardous wastcs {c.g.. pesticides).

Source: toornweps cc ul (1999).
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(va) Ashus

Ashes ure the residucs from the buming of wooad, coal, charcoal. coke and other combustible
matchils, for cooking and hcating in houses, instiutions ard small industnal estahfishments.
When produced in large quantities ot power genceating plants and laclones these wastes arc
classiiicd as industrial wastes. Ashes consist of a linc powdcry residuc. cinders and ¢linker
oficn inixed with small pieces of metal and ghiss (Cointrcau, 1982).

{(vii) Bulky Wastcs

In this catcgory are bulky houschold wasies wluch connot be accommodalced in the nnanal
storage conlaincrs-ol houscholds. For this reason they require special collection. In developed
countrics bulky wasics arc large houschold uppliances such as cookers. refrigerutors und
washing machines as well as furmiture, crates, vehicle parts, tyres, wood, trces and branches,
Mclallic bulky wastes arc sold as scrap mctal but some poriion is disposed of a1 sanitary
laudfills .

(viii) Strect Sweepingy

[his term applics to wasles that are collccted from strects, walkwoys, allcys, parks and vacani
lois. In the morc afflucnt countries manual strect sweeping has virtually disappearcd but it still
commonly takes place in developing countries, where littering of public places is a lzr more
widespread and aculc problem. Mechanised strcet sweeping is the dominant practice in the
descloped countries. Street wasles include paper, cardboard, plastic. dirt, dust. Icaves and
other vegetable matier.

(ix) Dead Animals

This is a term applied to deail animals thot die naurolly or accidentally killed. This eategory
docs nol include carcass and anmmal pans from slaughter houses which are egaided as
tndustiial wrstes. Dead animals are devided into 1wo groups, large aad small. Among the large
piimals are horses, cows, goals. sheep, hogs und the like. Smaoll animals include dogs, cats,
rabbits and rats. The renson for this dif¥erentiation is that large animals scquire special

cquupmaitt for lifing and handling during their wastcs (Cointreau, 1982)..
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2.4 Municipul Solid Whasic

Municipal Solid Waste (MSW) is the poition {about 73 percent) of the tolal solid waste
strcam that comes from residcnces, businesses, municipalitics and institutions (schools,
hospitals, nursing hoines cte). MSW does not include solid waste from manufacturing, mining
or agricultural operations. Municipal solid wastes (MSW) also called urban wastes is o waste
type that includes prcdominantly hoiisehold wastes (domestic wastes) with sometimes the
addition of commercial wastes collected by a municipality within a given arca (Welsh
Assembly, 2005). Municipal solid wasic is what most people think of as gatbage, refuse, or
trash. It is generated by houscholds, busincsses (other than heavy indusuty) and ustitutions
such as schools ond hospitals. They are in cither solid or semisolid form and gencrally
exclude industrial bazardous wasics. The term residunl wastc relates to waste lefl from
houschoid sources contoining materials that have not been scparated out or sent for
reprocessing. Municipal solid waste as defined by USEPA includes dumble goods, non-
durable goods, containcrs and packaging, food wastes and yard trimmings and miscellancous

1norganic wastes.

2.4.1 Categories of Municipal Solid Waste

Theie are five broad categonies of MSW. These include (1) Biodegradablc waste: food and
Kitchen waste, green waste, paper (can also be recycled) (2) Recyclable materinl: paper, glass,
bottles, cans, inctals, certain plastics etc (3) Inert waste: construction and demolition waste,
dint, rocks, debris (4) Composite wasies: wasie clothing, tetra paks, waste plastics such oas
toys, (5) Dontcstic haznrdous waste (also called "houschold hazatdous waste”) & toxic waste:
medication, c-wasic, paints, chcmicals, light bulbs, fluotescent tubes, spray cans, fertilizer and
pesticide containcrs, batteries, shoc polish. Some examples of the types of MS\V that come

from cach of the broad cutegories of sources are as shown in table 2.2:
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Tuble 2.2: Sources and Exumples of Municipal Solid Wastes

Sources and Examples

Example Products

[Residentinl (single- and multi-famtly lomes)

Commercial  (office  buildings, retail  and

wholcsale cstadlishments, restaurants)

Institutsonal (schools. librarics, hospitals, prisons)

Industrial {packaging oud adminisiraltve; mos

Process wastes)

Newspapers, clothing, disposable 1ablcware. (ood
packaging, cans and bonfes. food scmps, yard
rrimmings

Corrugated boxes, food wastes, office papets.
disposable tableware, paper napkins, yard
teimmings

Cateteria and restroom teash can wastes, office
papers, classroom wasies, yard iInmmings
Corrugated boses, plastic film, wood pallels,

luncliroom wastes, office papers

Sonrce: USEPA 19Y8.
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2.4.2 Fuuctionul Elementy of Municipo Solid \Wosie Manogement Sysiem

Ihe  functional clemcnts of  Municipal solid waste are as  follows:
{)) Wasic gencration: Wastc gencraion cncompasses octivitiecs in wluch materials are
identilied as no longer being of value and arc cither thrown away or gathered 1ogcther for
disposal .

(2) Wastc handiing and separation, storage and processing sl the source: Wasic handling and
scparation involves the aclivities assacialed with manogement of wastc until they ase placcd
in storagc containcr for collcclion. llandling also encompasses he movement of louded
containcrs to the point of collection. Scparation of waste components is un imponant sicp 1n
handling and stornge uf solid waste at the source (Pecavy ct ol., 198S).

(3) Collection: The functional clement of collection includes not only the gathering of solid
wasic and reeyclable motcrials, but also the transport of these matcrials, ofter collection, to the
tocation where the collection vehicle is empticd. This location niay be a inetcrials processing
{aciity, a tronsfer sistion or o landfill disposal site.

(4) Scpcration and processing and vansformation of solid wastes: The types of meusns and
facilitics that are now uscd for the recovery of waste1haterials that have been scpamted o the
source tnclude curbside collechion, drop off and buy back centcrs. The scpartion and
processing of wastcs that have been scporated at the source and the scpasation of commiiigled
wastes usually occur at a msterials tecovery facilily, transfer stations. combustion facilitics
onc disposal slles.

{$) Transfer and uansport, This element involves two sicps:

l. The transler of wasles from the smaller collection vehicle to the larger transport cquipment
[l. The subscquent iransporl of the wastes, usually over long diswances, 10 a processing or
disposal sie.

(6) Disposal: Todny the disposal of wastes by landlilling or landspreading is the ulumaic fate
of all solid wastes, whether they are residential wastes collected and transponied ditectly to a
loncdfill site, residual rnaterials (rom malerials recovery facilities (MRFs), residue from the
combuistion of solid waste. compost or othcr substances from vatious solid waste processing
facilitics. A modcm samitaay landfill 1s not a dump; it is on cngincered facility used for

dispositig of solid waslcs on land without crenling nuisances or hazards to public health or
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sufcty. such as the breeding of mis and insects and the contaminaiion of ground walcr (Peavy
ctal  1985)

2.4.3 Municipal Setid Waste Generation pnd Management Information

Municipal solid wastc data is onc that may provide a local, statc and nationwide piclure of
municipal solid wasic genemtion and management (USEPA. 1998). The historical perspective
1s parhcularly uscful in cstablishing trends and highlighting the changes that hav'e occurreid
over the years, both m types of wasics generaied and in the say's they arc tnunaged. Eis
parspective on MSW and its manogement is uscful in asscssing national sohid waste
management nceds and policy. This data however. is of cqual or greater valuc as o solid wuste

managcment planning tool for statc and local governments and pnvatce firms.

At the local or statc level. MSW gencration and management data can he used o develop
approximate (but quick) estimates of MSW generation in a defined arca. That is. the dala on
genemtion of MSW per person nationally may be used 1o estunate generotion th a cily or
other local arca bascd on the population in that arca. This can be of valuc when 2 “ballpark™
cstimate of MSW pgencration in an arca is nceded. This information can help define salid
waslc management planning ascas and the planning nceded in those wieas. EHowever. f(or
communitics making decisioas where knowledge of thec amount and composition of MSW is
crucial c.g. where a solid wastc management facility is being sited, local cstimates of the
wastc strcam should be made. Another usclul feature of MSW dala for local planning is MSW
trends, Changes over time in total MSW gencration and the mix of MSW inatcnals can aftect
the nced for and use of various wastc management alicmatives. Observing trends in MSW
genemison can help in planning an integrated wastc management system that includes
facilitics sized and designed for ycars of service. While tic national average diate arc uscful as
a checkpoint against local MSW characicrization data, any differcnces between local and
nalional data should be cxamincd carclully.

Possible reasons for diffcrences in MSW gencration and management data are:

Scope of waslic streams may differ. That is. a local landfill may be recciving construction and

demolition wastes tn addition to MSW, but this report addresses NISW only.
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Per cuplta generation of some produclts. such as newspapers and telephone directonics. varies
widely depending upon the average size of the publications. Typicolly. rural arcas will
generite less of these products on a per person basis than urban ascas.

The level of conunercial activity in a community will influence the genennion sate of soinc
products, such as oftice paper, corrugated boxes, wood pallets antt food wastes fron
restaurants.

Vanations in cconomice activity can affect wasle gencration in both the residentiol and the
commercial scctors.

Vanations in climate and local wasic management practices will greatly inlluence gencrution
of yurd trimmings. For instance. yard trmmings cxhibit slrong scasonal vaniations 1n most
tegions of the countty. Also, the level of backyord composting in a region witl affect
gencration of ynrd triilnmings.

Genemtion and discords of other products will be allected by local and state regulations and
practices. Deposit laws, bans on Inndlilling of specific products, and vanable rote prcing lor
wasic collection are cxnmples of practices that can influcnee a local waste streom (USEPA,
1998)

2.5 \Waste Churnctcristics

[here ore o number of ways in which wastes produced in devcloping countries differ fiom
that of indusinalizcd countrics. While actual compositioo is certainly not umform in all
developing regions in cither of these categorics. there are some gencial ways in which income
influences both waste generution rotes and composition. Al o niacio level. MS\W generation
increases with nn incicase in Gross Noiional Product. At a houschold level, as income riscs,
the geneml trend is an increase in paper. mclals ond glass, a decrease in kitchen wastc,
accomparicd by an increase in total weight and a decrease in density (\Wright, 1997). There

are number of key waste characteristics.

2.5.1 I’hysienl Chnracteristics of Solid wasltc

Peavy: el al, (1985) stated 1hot the physical propeitics of solid waoste include: Composition,
particlc size. moisture content. density and scosonol variability in the quantity and quality of

the wasie. 1'he physical characteristics aid approprate bin design and cflicient operalion of

solid waste management.
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2.5.1.1 Dcnsiny

‘The density data arc ofien nceded to assess the total mass and volume of watcr thal must be
managed, ‘e density of any solid waste stream will be deicrmined by the composition and
by the degsce of shape oltcration. The densities of solid wastes vory markcdly with goographic
localion, scason of the ycar, und length of imc in storage (Tchobanoglous ct al.. 1993} The
physical and chernical properties of solid waste arc itsed 10 classify wastes und v delcrmine
cqu pmcit needs. They nre esscntial tools that aid in the design of management plans with
respecl to source scperulion, encrgy sccovery and disposal of solid wastes (Peavy ¢ ul, 1985:
Waite, 1995). A higher solid waste density alse hos many implications for the ‘tradilional’
mecthods of collcction and disposal; collection and transfer trucks which aie able 10 achieve
conipression rates of up 16 4:1 in indusinalized nations may achteve only 1.5:1 in developing
countncs, and landfill coinpresston lechnology which averages volume reduction of up to 6:1

in industrial nations sy only achicve 2:1 compaction with these increascd waste denssties
applications; as incomc lcvel increases and the araount of posi-consumer wasie such as
packaging increases comespondingly, such lechnologies may be morc appmpnate

Additionally. the lugh moisture comeni and organic compasition of wasies in the developing
world may Icad to problems of inctcascd decomposition rates in areas with high average daily
ternperatiures: lugh scasonal or year-round rainfall would only compound these problcms.
presenting additional challenges with insect populations and conditions conducive (o discase.
To mitigate these problems, niuch mote frequent collcction is needed in hot, humid areas to
reinovc organic wastes before they ate able to decompose than would be necded in cooler.
drier climates. The 1ypical densities and moiswure contents of componcents of municipal solid

wastes arc as summariZed in Table 2.3.

Although daily collection liss proven unreliable or unworkable in many cities {(Cointrcou,
1982), perhaps a 1wice-weckly collection of organic material possibly in conjunction with 3
muincipal composiing opermtion, would be sufticicnt to reduce decomposition. Knowledge of
the denstty of a wastc is csscnhal for 1he design of all clements of the solid wasie management
sysicm viz. Community slorage, transporiation and disposal. For cxample, in high income
countries. considcrable benefit i1s denved through the usc of compaction vchicles on collection

roules. because the waste is typically of low density.
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Table 2.3: Typicul Densities of Municipal Solid Wastes Discarded in Uncompacicd Form

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

Wponcm Density, Kgﬁlj—_ Moisture Content (%)
Range Typical  Range Typical
Food Wasics 128.2 - 480.6 2883 50-80 70
Pupcer 32.0- 128.2 81.7 4-10 6
Curdbuard 32.0 - 80.] 524 4-8
Plastics 32.0- 128.2 64.1 14 2
Fextiles 32.0- 9.1 64.1 6-15 10
Rubber 96.1- 192.2 128.2 V-4 2
Lcather 96.1- 256.3 160.2 8-12 i0
Garden Trimmings 64.1- 224.3 104.1 30-80 60
Wood 1282.3204 2403 15.40 20
Gluss 160.2 -480.6 193.8 -4 2
Tib cans 48.1- 160.2 88.1 24 3
Nonicirous mclals 64.) -2403 160.2 2-4 2
[Ferrous mctals 1282 =1.12148 3204 2.6 3
Silt, Ash, Dirt, brick ete.  320.4 -961.14 480.6 6-12 R
Source: Teliohanoglous ct ul., (1993)
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A rcduction of volume of 75% is frequently achieved with nornmal compaction equipment. so
thal an inittal density ot 100 kg/m® will readily be increased 1o 400 kg/m’: [n other words the
vehicle woutd haul four times the weistht of waste 1n the compacted staie than vshen the ‘wWaste
is uncompacted. Tiic situntion in low-income countriesis quitc difTceent: a high tninal density
of waste precludes the achicvement of high compaction mtio. Consequenily. compaction
vehicles offer little or no advaniage and are not cost-ctfectve. Significant changes in density
occur spontancously as the wasic moves from sourec to dispossl. as a result of scavenging,
handling. weiting and diying by the weather, vibration in the collection vehicles {(Bhidc and

Sunderasan. 1983).

2.5.2 Chemicul Characteristics of Solid Wasle

Represcntative dota on the uitimale analysis of a typical municipal wasic compoencn! an:
presented i ‘Table 2.4. infoimation on the chemica) composition of solid wastes 15 important
in evaluating altemalive processing and recovery options. For instance if solid wastes arc to
be used as [ucl. propertics 1o be known arc: Proximate analysis, fusing point of ash. Ultimale

analysts and lcating Valuc {Tcliobanoglous ctal. 1993).

26 Sotid Waste Claracterization

Waste characicrization incans linding out how much paper, glass, food wastc, cic. s discarded
In your was*c stecam. MSW charoclerizations, which analyze the quantity and composition off
the municipi solid waste stream, involve esiimaling how tnuch MS\VV is generaled. recycled

{including composting). combusicd and disposed of in landfills,

Solid wasle streams arc characterized by their sources, by the types of wasics produced. as
well as by yencmtion mtes and composition. Identifying the components of the waste sircam
is an 1mportant step toward addressing the issues aossociated wilh the gencration and
managemcnl of municipal solid wastes. Accumic information in these three arcas s necessary
in order 1o inonitor and control cxisting wastc management systcms and 1o make rcgulatory.

finuincial ond institutional decisions. The determination of wastic quantity and composition is

essential 1o successful solid waste management.
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Table 2.); Typical Data on Ultimate Analysis of the Cambustible Components in
Municipnl Solid Waste

MSW Compnnent I'erecntiuge Iy dry weight

Carhon Hydeogen  Oxygen Nitrogen  Sulfur  Ash
Food \Vastcs 15-75 6-12 20-40 k-2 02-04 4-5
Paper & Cardhoard 30-60 5-10 30.40 0-03 0.1-0.2 5-10
Plastics 50-80 8-10 £5-20  <0.l <0.1 6-10
Textiles 40-50 5-8 30-40 1-2 0.1-02 34
Rubber 60-70 8-10 - - 1-2 15-20
l.cather 50-60 6-8 10-12  8-10 02-04 8-10
Garden Trimmings 45-50 4-6 3040 34 03-0:4 64&
Wood 45.50 5-6 4045 0.1-0.2 <0.1 0.5-1.5
Glass 0.5-06 0.1-0.2 0.2-04  <0.] - 98-99
Moerals 4.5 04-0.6 34 <(.] - 90-95
SilVAsWDn 20-30 3.5 34 04-06 0.1-03 60-70
Source: Lia and Liptul (1996)
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In low-incoinc countries, wasie is usually vety high in organics, because other coststituenia are
removed cither before sct-out or between set-out and collection, Eligh-income countnies. by

contrast, 1cnd to hitve B lower propottion of osganic waste but more paper. plastic, wnctal. and

glass.

Wasic characterization inforination helps in planning how to reduce wasic. sct up recycling
proprums, ond conserve moncy and resources. By determining the makcup of the wastc
strein, waste characterizations also provide valuable dsta for seiung wusic tnanagcmeint
goals. tracking progress towards those goals, and suppoiting planning at the nationsl. state.
arnd local levels (USEPA, 1998).

I'e charactcrization of municipal solid wastc consists of two major pairis: gnnmisy ond
comprosition. The first major part of waste characicnzation, quantity, 15 the easics of the two
to chosacterize, and it is measured in volume or weight, with greater accurzey coming [rom
weight measurements. Characierizing waste quantity usually involves continuous or penodic
weighing of wasie delivered 10 waste management facilitics. The sccond part of waste
characterization, wasle composition, is oot as casily chasactenized, since it requines taking
sainples of waste and sorting them into material catcgoncs lo define the fraction or pcrecntage
of the waste from each category. This process is more difTicult because:

(1) Delining on casily undersiood, useful and coasisient sct of material catcgories 1s not

suaightforward,
{2) Solid wastc is o highty heterogencous mateiial, requining large numbess of sampfes 1o

accuratcly characienze.

2.6.1 The ohjeciive of waste characterization

With more stotes inoving toward establishing waste neduction goals and as regulations and
disposal costs have become inore of a burden on local govemnnicits, the public perception
toward solid waste has undcrgone significant shifis. Solid waste is no longer just "garbage”
that goes away when the truck comes. Rother, i1 is soincthing that must be managced properly

to avoid future problems. From this change in emphasis on solid waste emcerges the need to
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"charactenize,” as preciscly as possible with available resources. what it is that must be

managed nnd processed {Roy. | {azen and Sawyer, 1992),

Ihe purposc of waste caiactcnzation however is to gother useful accurate and appropnaitc
data on the amount of the wasic siream s nceded to assist in planning of solid wuste
management programimes and factlitics. in many instances, some components of the waste
siccam asc managed with onc option, white other componcents ore dirccted to other opuions.
Thus, waste quantity and composition data ase neeessary (o ensurc that necds are mict and that

mnnagenicent options available maich these needs.

2.6.2 Ilanning uses of solid wastc characterization

There are a varicty of planning uses thai waste chasactcrization data can provide. Among

thesc are:
. Sizing of facililics designed ta process waslc;
o Projecting landfill Jife cxpectancy using wncoming tonnage and potential \waste

diversion estimalcs;

o [dentfying matcerials to farget for recycling progeasns and facilities;

. tdentifying tnalcerinls to larget for source reduction initiatives;

. dcntifying who (i.c., ressdents, businesses) generates portions of the waslc stream,

. Monitoring impuct of source 1cduction and recycling programs. changes in wasic

gencration hobits, and changes in composition broughi about by changing comtnunity

demograplucs:
. [nforming the public aboul what goes into the wasie siream,
. Bcicrmining Bty values for waste destined for was teto-encpy fucilitics.

2. 7 Sulid Wnstc Camposition

Genceral waste (MSW: Municipal solid wastc) is generated every day at various places such ns
houscholds. shops, restaurants, offices and schools (WACS, 2004). A frequent crror inthe sel-
up of cotlection and tronsfcr systems 1s to assumc that all wasic stceams are alike. Waste

gencralion nnd wastc componcnls can vasy signilicantly from day to day. scason to scason

ond ycar to ycor. The composition of the waste strcam varics not only scasonally. bul within
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cthnic and social divisions in the samec county. Between countrics. hemisphcres and

continents. there is rather lorge variation,

According to Diaz and Golucke (1985), Urban wastes con be subdivided into two mujor
componenis; organic and inorganic. In genctal, the organic componcents of urban solid wasic
can be classilicd into three broad calcgorics: putrescible, feymentable. ard non-fermeniable:
Putrescibte wastes 1¢nd to decompose rapidly and unless carefully controlled. decompose with
the prochuction of objectionable odours and visual unplcasantness. Fermentable wastes tend to
decomposc capidly, bwt without the unplcasant accompaniments of putrelaction. Non-
fcementable wastes tend 10 resist decomposition and, therefore, break down very slowly. A
major sourcc of putrescible wasic is food preparation and consumption. As such, ils nature
varics with lifestyle, stondard of living and seasonality of foods. Fcrmentable wasles arc

typificd by crop and market debsis.

African citics tend to have wastic sircams in which the otganic content is very high, as
cxemptilicd in Table 2.5. The high organic content is duc to the fact that reusabfe malcrials
such us glass, mctal, and hacd plastics, are retricved and reused or tecycled. resulting in o final
waste stecam which has lintitcd potential commercial valuc in the recovery of recyclable
matcrials. 1lowevcr. there still may be sulficient quantirics in the MSW of high density citics
to warran! implementing rccovery programs (Palczynski, 2002), The high organic content. if
lef ulone, constitutes @ major health and environmenial hazard. Calorific values are reported
as bang low. making the waste streams typically unsuitable for cnergy recovery via

incincration. However, it has the potenuat to be used as an organic fertilizer {Asomani-

Boateng and Haight, 1999).
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Table 2.5: Waste Compasition in Scleeted Alrican Cities

Composition  Cities

(% by Weightyy Kumasi,  Accra, Ibadan, Kasnpals, Kigali,
Glina Ghana Nigerio Uganda Rwandsa

Orgonic 8.0 85.1 55.8 75.0 94.0
’lastic - 34 6.3 - -

Gluss - 1.9 1.8 - -

Meial - 26 . - -

Paper - 4.9 129 - .

fncnt . - - - .

Cloth - 3.0 . . -

Source: Asomani-Boateng and | faiglt, 1999
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2. 7.1 Organic Waslc

Organie waste is produced wherever there is human habitauon. The main fomis of orgnn;c
wistes are houschold food waste, ogricultural wasic, human and animal wastc- In
industrialised countries, the amount of organic waste produced 1s increasing dramatically’ cach
year. Comincrcially produced organic wasle is genernled al institutional buildings such as
schools, hotels and restaurants. Organics makce up 30-80 percent (~70 percent on average) of
the wastc strcen in Afcica, although this vanes with the incomes of the ncighborhood. region
or country. If tus part of the waste stteam could be used for compost or methane produchion,
many adverse impaclts of open dumps and landfills would be reduced. Landfills would require

less space. last longer, and produce less leachale.

Waste maccrials thay are organic in nature, such as plant maicriol, food scraps, and paper
products, can be recycled using biological composting and digestion processes to decompose
the organic maltcr. The resulling orgonic material is then iccycled as mulch or compost for
agricultural or landscaping purposcs. The biodcgradoblc fraction in wastcs that cannot be
recycled or converted into new products, increasingly is trealed through compasung. 11 the

lowest cost aliemaltive 10 landlilling for many wasies.

2.7.2 Pulrescible witstes

Putrescible wusic is the aniral and vegctable waste resulting from the haadling, preparation,
cooking and scrving of food. 1t is composed largely of degradable organic mancr and
moisture }1 also includes small amounts of fiee liquids. Putrscible waste originales primarily
in homes, kitchens, stores, markets, restaurants and other places where feod is prepared,
stored or served. ‘This type of waste deecomposc rapidly particularly in wasm weailier and may

casily producc undesirablc odour.

2. 7.3 Food wases
Food leftovers orc the single-largest cornponcent of the waslic sircarn by weight in the Urnited
Stares. Americans throw away morc than 25 percent of the food prepared, about 96 billion

pounds of food waste each ycar, food wasie includes uncaten food and food preparmtion
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2. 7. 1 Orgenic Woslc

Organic wasic is produced wherever thefe is human habitation. The main forms of organic
wasies are houschold food waste, agriculiurnl waste, human and amimal waste- In
industrialiscd countries, the amount of ofganic waste produced is increasing dromaticalty cach
year. Commercially produced organic wasle is generated at tnstiutional buildings such as
schools, hotels and restaurants. Organics moke up 30-80 percent (=70 pefcent on overage) of
the wastc strcam i1n Alrica, although this varies with the incomes of the nctghborhood, region
or country, if this part of the waste sircam could be used for compost or tncthanc produciion,
many adversc impacis of open dumps ond landfills would be reduced. Landfills would 1cquire

lcss space, last longer, and produce less leocluuc.

Waste materials that are organic in noture, such as plant malcriol, food scraps, and papet
products, can be recycled using biologicnl composting ond digestion processes lo decompose
the organic malter, The resulling organic materiol is then recycled as mulch or compost for
agricultural or landscaping purposes. The biodegradablc fraction in wastes thst caanot be
recycled or converied into new products, increasingly is ireated through compasting. It is the

lowest cost altemative to landfilling for many wastes.

2.7.2 VPulresciblc wistes

Putrescible waste is the animal and vepetable waste resulung from the handling. preparation,
cooking and serving of food. 1t is composed lergely of degiadable organic mouer and
moisture. [1 also includes small omounts of free liquids. Pulrscible wasle originales primanly
in hoines, kitchens, stores, markcts, restaurants and other ploces where food is prepared,

stored ot served. This type of waste decompose ropidly particularly in warm weather and may

casily producy undesirable odour.

2.7.3 Fuod wasics
Food leflovers arc the singlc-largest coinponent of the wasic stream by weight in the United

States. Americans throw awny more than 25 percent of the food prepared, about 96 billion

pounds of food waste cach year. Food wastc includes uncaten food and food prcpasntion
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sciaps  from  residences or  houscholds, commercial establishments  like restaurants,

instilutionul sources like school cafcicrias and indusinal sources like factory lunchmotns:

2.7. L F  Characteristics of Foal Waostes

Organic malerials gencrated by commercial facilitics, such as supermarkets. food processors,
and restuurants, have the poicntial for divernting lasge amounts of food, sotled and waxcd
cardboord, and paper (ligon & Garland, 1998). In o supcomarkei. for cxample: orginic
residuals compose 75 to 90 percent of the total wasic stream (Ligon & Garlond, 1998). l-vod
wasle represents approximniely 50 to 65 percent of the weight and volume, respectively, of
the solid wnste gencrated in commercial and noncommeretal food scrvice operations (13yers «t
al., 1999). If other orgnnics were included, the guantity of waste that could e composted

would be even higher.

2.7.3.2 Genernlors of FFood \Waslcs

Food wastc is generated (rom many sources: food manufaciuring and processing facilities:
supcrminrkels; institutions such as schools, prisons, and hospitals: restaunints and food courts:
nnd houscholds. Food waste is categorized as cither pre-consumer (i.c. preparatory food
scraps) or post-consumer waste (c.g. lefover food or plale scrappings. lasge-Scule
Generators of Food wastes are food service providers (eg supcrinarlicts, instilutions,
restnuranis) that produce a significant quontity of food wasic cach doy. [lowever,
homcowners and Small-Scalc Generators of Food wastces are residents and othier small scale
generatois of food wastc thal can composi a1 home or on their own property. By composting
food wastc onsite, homeoswners and small business can significanily reduce the emount of

waste for disposal and save moncy (rom avoided disposal costs (USEPA, 2006)

2.8  Waste Generation Rutes

Generation reiers to the amount (weight or volume) of materials and products that enter the
waste sircam before recycling (including composting). landlilling or combustion takes place
(USEPA, 1998) i.c the temi geacralion refers o the weight of moicaals and products as they
cnier the waslte management sysicm from residentinl, commerciol. institutional ond industrial
sourccs and before moicrials iccovery or combustion lakes ptace. Waste gencralion means the

ratc of waste produced, no mutter how this wastc is managed. In many iastmcces. onc
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generation ralc is estimaled for the entire waste stream 1o be mnnuged. Howcver. as recycling
and wastc reduction octivilics have increased, there has been an increasing need to understand
and manage the wastc siream based on source. Thus, with increasing frequency, wasic
generation rates are being broken inlo 1wo or moie categories. Al a minimum, mosl
communitics will find it necessary to scparale the generation rate from residenlial sources
from that of commercial and indusirial sources. One reason for calegorizing the waste siream
by’ secsion s thal residential waste generation and composilion typically vary less {rom
location 1o location than does cominerciat and industrial waste. Thus for residentiol wasle. it
is more common lo ulilize exisling information than it may be for other segmenits of the wasle
sireant. \Wasle generation rates are most often used Lo project wasic management needs. s
requires that consideration also be given lo projected changes in the wasic gencronon rates.
Typically, this requires analysis of the local economic conditions as well as assumplions
regarding fulure waste ieduction activilics. Generalion rales, available only for selecied cities
and regions, are approximately 0.5 kilograms per person per day - in some cascs 1caching as
high as 0.8 kilograms per person per day. While this may seem modcst compasrcd to the 1-2
Kp per person per day genesated in developed countries, most wasic in Africa is not colfected
by municipal collection systems because of poor management. fiscal irresponsibility,

equipment failure, or inadegquale wastc managemcol budgets (EGSSA. 2009).

Throughout most of sub-Saharon Africa solid waste generation exceeds collection capacity.
‘This as 19 pant due to ropid urban population growth: while only 35 percent ofihe sub-Saharan
population lives tn urban arcas, the urban population grew by 150 percent between 1970 and
1990. Bul the problem of growing demand is compounded by brokcn-down collection trucks
and poor progiorn management and design. The Charactetization of Municipal Solid Waste (n
the United Swotes: 1990 updale, prepared for the EPA, has projected an increase in wuste
generalion rotes over the next 1wenty years. This 18 consistent with the trend nationally over
the last twenly ycars. However. it is virtually impossible o generalize in this arca One
approach would be 10 assume that gencrtlion mtes scmain the samc wiid that disposal mlcs are
only decreased by parallcl increases in recycling and composting sctivitics, Many generation
projections also will give o range of esuimaies (Roy. flazen and Sawycer, 1992). Category and

the unil of waste genciation rale s illustinted in Table 2.6.
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Table 2.6: Category andl the Unit of Waste Generation Rate.

Category Waste (;cnceation
Rulte
Houschold g/person/day
Commicicint Reslaurants g/char/day
Other shops Emy 7|

Institution (offices) g/employce/day

Maorkcts — | g/store/day

Hotels B > g/roo m’day}

Schools !' g/studcni/doy
"Road clearing |/ rday

Source: Waste Ainountund Composition Sun‘cy'. 2004.
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2.9 Impucts of Solid Wastes

2.9.1 Inpncts on the Environmunt:

* The blockage of roads by refusc leads to traffic chaos and increase i the risk of human
and vehicular accidents.

* The blockage of drains and streams by solid wastes results in looding, which
occassionolly reaches proportions thot cause loss of life and propenty, breeding of
mosquilocs. lthe causative agent formalaria when they bite exposed hunians.

* Indiscrninate buming of rcfuse leads o production of green house gases which can
contribule to global warming (cxcessive heating of the earth), drought and flooding. [t
also leads 1o acid rain which would affect agriculture and poflute the soil and water.

 Lossof mimeland for housing and other land use activitics.

2.9.2 Impacts on Health:

* The health hazards caused by indiscriminaic disposal of solid wastes include fires.
injunies from botiles. cans. nails ctc.when people tread when dumping more refuse. The
resultant wounds can lead 10 scrious discascs such as lelanus.

» lnsanitaty disposel of solid wasles promoies discascs thal can be transmitted from hand
to mouth, food to water. These discases include choleia, typhoid fever. dysentery, polio,
hepatitis and worm infections.

o Solid wasieé dumps provide breeding grounds for f{lics, mosquitoes. rats and other
verrmin which are responsible for the transmission of discases such as mataria. lassa fever
and trachoma

e Stray animals such as dogs are also attracicd 1o refusce bins and this can lead 10 dog bites

which could resull in rabies.

2.{0  Schd Wasic Managcnicent
Solid Wastc Managecment may be defined as that discipline associstcd with the control of

generation. storage. collcciion, transfcr and transport, processing, and disposal ol solid wastcs
in o manncr that is in accord with the best pnnciplesof public healih, cconomics, engineering,
conservation, acsthelics, and other cnvironmenital considerations, and that is also 1esponsive

to public attitudes. A primary objective of wasic management today is ta protect the publtic
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and the cnvironment froin potential hann(ul cffects of waste Some wusle maicrials are
norinally safe but can be hazusdous if not managed properly. One gullon (3,75 lilers) of used

motor eil, lor example, can cotitaminute one inillion gallons (3,750,000 litais) of water-

Who mannges wnste? Every individuaj, business, oad industry must make decistons and take
somc responsibility regmding its own wastc. On a jarger scale, govenuncnl agencies ot Ihe
local. state, und fedcrul levels cnact and enforce wasie manasgement negulations: These
agencics also cducate the public about proper wastc management.

According to Tchobanoglons ct al., 1993), management of municipal solid waste involves (a)
devclopment of an insight nta the impact of wasic genceation, collcciton, iransportalion and
dtsposal mcthods adopted by a socicty on the environment and (b) adoption of ncw methods
to reduce this impact. Waste that is not properly managed. especially cxcreta and other liquid
and solid wastc from houscholds and the community are a sctjious health hazard as they attmel

flics. rats and other creatures and lead to the spread of infectious diseases

2.10.1 Elemcnts of a Waste Management Systein

Wastc managcment system include some aor sll of the following activitics;

e Evolving policics

¢ Plonning and cvoluating MSWAM activites by system designers, uscrs and other
stakcholders

¢ Usimg waste charocterization studics to adjust systems to the types of wastes gencrated.

e Physically handling wastc and rccoverable materials including seperation, collection,
composting, incincration and landfilling.

e Morketing recovered matcrials to be tuken 10 end-users for industrial, commercinl or
small-scalc manufactuning purposecs

e [Establishing tratning programs for MSWM workers

o Carrying out public information and cducalion programmecs.

e ldentifying financiu rncchanisins und cost-recovery systcms

e Jzstsblishing pnices for scryvices and ckcating incenlives.

» Alanaging public scctor administrative and opemtions units
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* |ncorporating private sccior businesses including informal sector collectors, praccssors
and cnterpreneurs (UNEP-IETC, 1998). A growing emphasis has been placed o the

Four R's: Reduce, Reuse, Recycle and Resource Recovety.

2.10.2 Worldwidc agenda for solid wastc management

Environmentally sound management of incrcasing amounts of difficult-to-trcat or organic
wastes is among the topics ol niajor concem today 10 most cities. The logical starting point for
solil wastc management is 10 rcduce the amounts of waste that must be managed. that is,
collccted and disposcd of as nuisances and hazards. Agenda 21, the agreement reached amoné
participaling nations at the United Nations Conference on Environment and Developnient in
Rio dec Janciro in 1992, that reducing wastes and maximizing cnvironmenially sound waste

reusc and recycling should be the first steps in wastc management. The cnvironmentnl. social

aad cconomic benefits of integrating practices of waste reduction into MSWM arc thic dases

for an emerging worldwide agenda for solid waste management (UNERIETC, 1998).

2.10.3 WIIO Cuidclinc I'rinciples on Wastc Management

WHO collaborated with notiona] government agencies, local organizations and industrics to

provide panciples aimed at ensuring preventive waste managenicnt worldwide to combat the

cnonmous problems associated with waste management (Wyes, 1997)

These pnnciples include:

» Scgrcgation of nonhazardous wastes from hazardous waste producing processes 0 avoid
Innocuous fractions from being contaminsted by luwserdous components

o Auditing existing operations and production mcthods to reduce the volumic of wasle

produced

2.10.1 Solid Wastc Munagenient in Nigeria

World Bank in 1996 stalcd 1hat Nigcrio 1s a notion that exemplifies chronic solid waste
tnanageinent problems in conjunction with population growth, [t is the most populous country
in Africa, with over 120 million residents and over the past 50 ycars, has had the third largest
urban growth rate in the world at 5.51% annually (UNWUP, 1999). 11 is estimaled that neasly

ten percent of the popuietion live below the national paverty linc. The Federal Government

29

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



has vety littlc control over cnvironmental regulation as a whole. The Federal Environmental
Prolection Agency (FEPA) was established in 1988 o control the growing problems ol wasic

management and po!lution in Nigeriu (Onibokun and Kumuyi, 2003).

Vision 2010 (2003) repost says in rcgard to solid waste management. she goal 1s to “achicve
not less than 80 percent cffective management of the volumc of munscipal solid waste
genenuled at alf levels and ensure cnvironientally sound managenicnt” Strategies to achicve
this goat include education and owureness programs, devetoping colloborouve approaches 1o
integrative management of MSW, sirengthening cxisting laws and cnsuring compliance, and
cncouraging local and private scctor participation. Although this represcnts a positive, though
somewhat undefined, approach 1o solid wastc managcment. the rcaluy of poverty and
govermment corruption has prevented eflective implemicntation of these plans. However,
Bankole (2004) stated that there is littlc to hold thc govemnmeot or the public accoumable to

the regulations developed by FEPA and Vision 2010.

2.10.5 Institutional VWastc Managcmeot in Developing Couatries

According to Jenc (2006), 1he analysis of Institutional Waste Management caivied out in
Gwtru. Zimbabwe revealed that Institutional Solid Wasie Management has been the slowest
10 develop cither direction or segulatory mechanisms of all environmental problems Yt bave
come tolo focus in Gweru. In lbadan, Nigeria, Africa’s largest indigenons sctilement, the
spectacuelar failuiec of many programs and machineries for waste dispossl in this city has led to
a continuous shifi in tesponsibilities betwecn agencies and the various ticrs of govermmen, as
well as prompting some dcgrec of privatization (Onibokun and Kumuyi, 2004). The gencral
picture is that significani quantities of waste are gencrated in the institutional scctor. but there

are no sound practices for managing the wastc (Jerie, 2006)

2.10.6 Solid Wasic Munsgement in Schouls

The physical cnvironment of a school adds & lot of value to the school {Ohong, 2007), Egin
(2003) obsecved in her study on School Environmenl and Administrator’s Role PPerformance
in Cross River Siate Sccoadaty Schools that the physical environment contributes cither

ncgatively or positively 10 the adnunistrator’s role perfonnancc in the school
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Onc of the greatest challenges ncing developing countries is the unhealthy” disposal of solid
wasic which resuited from huinan activities of development and survival (Onibokun, 1999,
Ostnowo, 200); Joseph, 2006; Longe & William. 2006: Kofoworola. 2007). l{owcver,
managing school environment hns posed great challenges over the years to the government,
principals and adminisuators (Obong ct al., 2010). The challenges range Irom location.
beautification. wasic motcnols. londscoping, sanitation, greening, and so foith. fhese issucs
hove uccupicd some studics by rescorchers such as Saniistion Conncction (2001/2002) and

Egin (2002); Obong (2007). School environment arc often strewn with litters of popers. dusly

clnssrooms, poor ventilation, and landscaping for sit-outs during break periods (Obong et ul..

2010).

Public Schools in the world arz facing a high level of pollution; thc situntion in developing
counlries is more acule, this is partly coused by inadcquale provision of basic scrvices like
wnler supply, sanilation facilities, transport infiastruciure and wasic collection (UNCHS
(Habitat), 2001), Ehrampoush and Moghadam in 2005, siated that the problem of wasle
management has arisen recently in developing countrics whcere fherc is little histoty of tlic
implementation of fonnal and informal communily covironmcental cducalion awmeness

prograin. It is therefore common to sec school cnvironments poorly maintaincd.

2.10.7 l'etential Enviroomentut tmpacts from Salid Waste Managemesit Activilics

The 1ypical municipal solid wastc siream will contain gencral wasles (orgenics and

recyclables), specinl wastes (houschohd, hazardous, niedicnl and indusirial wastc) and

construct;on and demolition debris. Most adverse cnvironmenta} impncts from solid waslc

management are rooled in tnadcquatc or incomplele collection and recovery of recyclablc or

reusable wastcs, as well as codisposal of luzardous wasles. These impacts are also duc 1o

inapproprialc siling, design, operation, or mainicnance of dumps and landfills. Improper wasic

miunageicut aclivitics can:

* Incrensc discasc transmission or othenvisc threat to public health: Rocting organic natenals
posc greal public heaith risks, including, os mentioned above, serving as brecding grounds
for discase veclors. Wasic hondlers and waste pickers are especially vulnerable and may

also become veclors, contracting and transmitting diseases when huntan or nnimal excrela
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or mcdical wasies are in the wasle stream. Risks of poisoning, cunccr. bisth delects, and

other ailinents use also bigh,

« Contomsnuitc ground and surfacc water: Municipal solid waste stn:ams con bleed toxic
nialcrials and pathogenic organisms inlo the leachaie of dumps and lunditlls. {Lcachalc is
the liquid discharge of dumps and landfills; it is composcd of decayed organic wasle. liquid
wastcs, nfiltrated rainwater and extracts of soluble maienal.) £ 1he landfill is unlincd. tlus
runofl con conlaminstc ground or surface water, depending on the drainage sysicin and the
coinposition of the undeslying soils. Many toxic matcrials, oncc placed in the genersl solid
wastc strcam. can be treated or removed only wihh cxpensive advanced technologics.
Curtenltly, these are generally not fecasible in Africa. Even alter orgonic and biological
clcments arc treated, the {inal product remaias batmful,

» Crecuate greenhouse gas cmissions and other air pollutanis: \When orgonic wasics are
disposcd of m dcep dumps or landlills, thcy undergo anacrobic degradation and become
signtficant sourcces ol methanc. a ges with 21 times lhe cflect of carbon dioxide in trapping
heat in the atmosphcre. Garbage is oftcn bumed in residential areas and in landfills to
reduce volumc and uncover mctsls. Buming crealcs thick smoke that contains corbon
monoxide, soot and nitrogen oxide, all of which arc hazardous 1o human health and dcgrude
urban air quality. Combuslion of polyvinyl chlorides (PVCs) gencrales highly carcinogenic
dioxins (Environmenia$ Guidelines for Small Scale Aclivilics, 2009)

* Damage ecasystems: When solid wasle is dumped into rivers or sircams il can alter aqualic
habilais and harm native plants and animals, The high nulisent content in organsc waslcs con
deplete dissolved oxygen in water bodics, denying oxygen to fish ond other aquatic lifc
forms. Solids can causc sedimentalion and change strcam flow ond bottom habitat. Siung
dumps or landfills i sensitive ecosystems may desizoy or significantly domage thesc
valuablc natural resources and the scrvices they provide.

* Injurc people and property: In localions where shanty towns or slunis exist ncar open
dumips or ncar badly designed or operated landlills, landslides or fires can destsoy homes
and snjurc or Kill residents. Tlic accumulation of waste along sireets may present physical

hazards, ¢log drains and cause localized {looding.

* Discouruges tourism and other :usiness. Tlie unpleasant odor and unuttsoctive appcarance

ol pilcs of uncollecled solid waste along sireets and in {iclds, forests and other natutal areas,
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con discourage tourism and the establishnient and/or maintcnance of busincsscs (EGSSA,
2009),

2.11 Integrated Solid Waste Monagement
Integrated Solid Waste Management (ISWM) refers 1o the complementary usc of a vancty
of activitics, including wastc prevention. recycling, composting, incineration nnd disposal,

to safcly and cflectively handle MSW. A successful ISWM system requires the

considemtion of “how to prevent. recycle, and manage solid wastc in ways that nosl
cl¥ectively protcct human health and the environment. [SWM involves cvaluating local
nceds and conditions. and then sclecting and combining the most appropriate waste

management aclivitics for thosc conditions,” (USEfA, 2002).

[ntegrated waste management is also a frame of reference for designing and implementing
new wasle monagement sysiecm and for analysing and oplimizing exisling systcms.
Intcgrated waste managemnt is bascd on the ideas that all aspects of the wastc managemcent
system should be analyscd togcther. since they asc in fact inter-related and development in
onc area [requently aftect practices or aclivities in anothcr area. The aclivities have o range

of desirability, which arce demonsirstced in thc hicrarcby of intcgpated solid waste

/\
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management in Fig 2.1
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Figure 2.1: llicrarchy of integrated selid wastec munagement

Source: Heimlich ct ul., 2006

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2.11.1 Wasltc Reduction

Source reduction or waste reduction a1 source is goining more attcntion as an wmportant solid
wasic management oplion. Source reduction, often called *‘waste prevention.” 1s defined by
USILZPA (2000Db) s *“any changc in the design, manufacturing, purchasc. or usc of malcrials or
products (including packaging) to reducc thc amount or loxicily before thcy become
municipal solid wasle. Prevention also refeis to the reuse of products or materials,” Thus.
source reduction acuivitics affccl the waslte sircam before the point of generation. MS\V s
considered 1o have been gencrated if it is placed ot curbside or i & receplaclc such as o
dumpsicr for pickup or il it is taken by the generator lo another site for recycling (including

composting) or disposal.

Sourcc reduction activitics resulicd in moic than 23 million tons of municipal solid wasics not
hoving 1o be discarded in 1996. Approximatcly 17% of the matesials involved in source
reduction cfforts werc containcrs ond packoging. Non-durablc goods such as ncwspapers and
clothing and durable goods including appliances, furmiture ond tires 1eprescnied 16% and 6%.
respecuvcly of source reduclion cfforis. During this samic lime period $8% of other municipal
solid waste {c.g yard rimmings. food scraps) were diverted for composting, Between 2-5% of
the waslc stream is potcnlially reusable. Most communities have some type of collection

cenlers, such as thiifl stores and chuntable organizations thal encourage consumers (0 donatc

items for 1eusc.

Source reduction measures cncompass o vety broad range of oclivilies by privale cilizens,

communities, commcrcial cslablishments, inslitutional agencies and manufacturers ond

distributors, Exasnplc of source reduction achivitics include:
+  Redestpning products or packnges so as (o reduce the quantity of malcrials or the toxichy

of the maicrials used, by substituting lighter moletials for heavier ones and Icngthcning

the lifc of producls to postponc disposal.
« Using packaging thot reduces the omount of domage or spoiloge 1o the

product.
«  Rcducing anounts of products or packages uscd through modificntion of

current praclices by processors and consuinces.
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«  Reusing products or packages already manulactured.
*  Managing non-product organic wasles {food wastes, yard trimmings) through

backyard composting or other on-site alternatives fo disposal.

2.11.2 Wustc IReuse

Reuse and repair arc the carlicst forms of wasic prevention. \Vasie reuse means reusing a
product for the some or a difficrent purposc. The rcuse of materials results in waier and cnergy’
savings and the reduction of pollulion and consumption of natural resources. Reuse of

producls cen prevent pollution, reduce wasic and improve industriol and econoinic

comyx<titivencss {Mcdino, 2002).

2.11.2.1 Benetits of Source Reduction and Reusc

Bencfits resulting from source reduction and reuse activities include: conservation of natural
rcsourccs. reduced amount of wasie, decreased air poilution and the productton of greenhousc
gascs, rcduced 1oxicity of waste and reduced costs. Reusing decreascs the demand on naral
resources for monufactuting new products. Reprocessing matcrials decreascs the amount of
waste 10 be recycled or 1@asposted to Jandfills or wastc contbustion facilitics. Toxicly is
reduced when manufacturers sclect Jess hazardous disposal mcthods for matcials. use the
tcast amount of raw materials, follow label dircclions on clcaning matcrials. and recycle
hazsrdous chcemicals. Purchasing matcrials in bulk can also dccrcase the quantity of wastc
genciated. Communities, businesses, schools, and individua} consumers also can cxpericenee

cconomic savings from sourcc rcduction cflorts (Reuse Development Orgamization, 2000,

USEPA, 2000b).

2.11.3 Source Scheration of Sold Wastes

This s the scperation of solid wastes into diffcrent components os they orc gencrated in the
oflicc, shop or in the homes. h can also be dclined as the practice of sctting aside post-consumcr
mutcrials and household goods so that they do not enter nuxed waste streanss (Lardinois nnd
lruredy, 2007). ‘1he concept wis coined in afTluent socicties during the [980s in contradistinction
to the recovery of resources for recycling o mixed post-conswner wasic in plants called

matcrials recovery facilities (MRFs), The process of source scperation is aimed mainly at
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simplifying the process of recycling i.¢ the various components of wastes of the same type Lire

collected together for onward transporiotion to the recycling plans.

2.11.3.1 Uencfits of Source Scperation

* Source scpcration promoics the removal of all designoted recyclable materials from the
wasle streib and therefore, helps in achieving high reduction rotes.

e Source scperation promotes cleun, marketable moltczials by hmiting levels of

contamination. Conlamination undermines long term narketolnlity of recycloble

matcrinls.

¢ Source seperation allows the recycler a1 the source lo receive the cconomic benefit of cost
avoidance by not disposing of recyclable materials as solid wisle as well as enabhng the
recycler 10 receive revenue by the sale of the recyclable material.

e Source seperation fosters a free market, independent of the solid wiste collection and
disposal system. This reduces the need for busdensome regulators and costly cnforcement.

+  Pioper documentation is dillicult, if nov impossible, when recyclables ore mixed with
solid wastes.

» Source sepcration fosters competition among recycling companies, thereby &eeping costs
low and quality of setvices high.

s Source seperation cncoutages a thought process among each individual recycler 1hat sulid
waste disposal is every person’s responsibility. This con [oster further source reduction

and recycling activities u1 work, home and school.

2.11.4 Incincration

Incineration is the cosrbustion of waste a1 high tanperatures. |8 uses a widc vencty of
combustion sysicms dcvzloped [rom boiler plant tecluiology and also more novel techniques
such as molicn sall anc fluidised bed incinerators (DETR, 2000). Incincranhon has o long
history in municipal solid wasic monagemenl. Some Amecrictur citics begon 1o bum their
gorbage in the late nineteenth centuyy in devices called cremotors. ‘These devices were not
very efTicient, however, and cities eventually went back to dusnping or other methods in the
19305 and 1940s, many cities built new types of gorbage burnets knowi as incineralors.

Incincration recaptuies value in waste through controlled buming, resulting in the production

36

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



of sicam and walcr as a by-product that can be uscd to generate cncegy (USEPA. 2002),
Wastc buming cnjoycd yet anothcr revival in the 1970s and 1980s. The ncw incincratoss,
many of which arc still 1n operalion, are callcd resource recovery or wastedo-cnergy' plants. [n
addition to buming garbage, they produce fieat or eleclricity that is used in ncarby buildings
or residences or sold 10 a utility. By the mid-1980s. it had become dilTicult 1o find locations to
build these facilities, once again mainly becausc of air quality issues. Another peoblcm with
incincruation is thel it gencrates ash, wiich must be landlilled. Incincrators usually reduce the
voluine of garhage by 70 10 90 percent. ‘The rest comes out as ash that olien comains gh

conccnlrations of toxic substances.

2.11.5 Landfilting

Landlilling is considered the lcast preferable option for the handling of MSW. Landlills are
disposal sites for oon-hazardous wasles where the waste is spread into layers. comnpacted and
covcred by matenals such as soil or clay (USEPA, 2002). Landfilling is the technical 1ctm
uscd 1o describe filling large holes in the ground with wastc. These holes may be specially
cxcoavated for the purpose, or may be old quarrtes, mine shalts and cven railway cuttings.
Mote tccently, the tcnin has been expanded to cover the creation of waste mountains even
though 1here is no “filling™ as such. This process is also known as land-raising (Friends of the
carth. 1997). Landiill sites produce land(:ll gas (55% methane and 45% carbondioxidc) which

cans be panly captured for cnergy production.

2.11.6 Recycling

Recycling can be considercd o solid waste management stralegy. Recycling is a key
componcnt of modem waste manaogement and is the third component of the "Reduce. Reuse,
Recycle” wasie hierarchy. One approach to the management and disposul of municipal solid
waslc hius been recycling. It is as useful as fandfill, dumping or incincration (Duston. 1993),
Municibal solid wasic will probsbly always be lundlilled or bumed 1o somie extent, Recycling

has been a common practice for most of human history, with recorded advocalcs as far back

as Plato 1n 400 BC.
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During periods when resources were scarce, arcbacological studies of encient waste dumps
show less household waste (such as ash, broken tools and policty) - implying more waste was
being recycied in the absence of ncw material. Resource shoriages caused by the world wass,
and other such world-changing occustences greatly encouraged recycling.ln order to divernt
some of the municipal refuse away from londlills, several cities established recycling centers
in the carly 1970s where people could bring cons. boltles, and newspaper rather than throw
them in the teash. Since the mid-1970s, howevcr, non disposal methods such as wastc

prevention ond recycling have become more popular. Since the late 1 980s, recycling has been

promoled as a viable means of addressing thc problems associoted with municipal wasie
disposal. [n an age of high technology and scicntific tnnovation, it is ironic thai one of man's
oldest probiems is becoming incrcasingly acute. The collection and disposal of modem

municipal waste products is o0 monumental task.

Recycling however, is the piocess of collecting, rcprocessing and/or recovering waste
motcsials such as glass, metal, plastics and paper, to make new malcrials or products (IJSEPA,
2002). lo otherwerds, recyclinng is the process of breaking down of solid wastes into its
coastituents so Lbal it can be usad again. [1 also re!Ters to the seperation and collection of solid

wasics and their subscquent transformation or remonulacturc info reusable or remarketablc

praducts or malcrials.

Recycling involves the collcctios of used and discasded maicrials processing these moleriols
and making them inlo ncw products (Pclloumail, 2001). Recyclable matcrials include many
kinds of glass, garden wastcs, food leRovers, paper, plastic, melals, textiles, and electronics.
Aluminun (c.g cell phones and compulers). [t therefoze involves processing of used materials
into new products in order (0 prevemt waste of potentially uscful materials, reduce the
conswnption of ficsh row materinls, reduce cncrgy usege, reduce air pollution (from
incinciotion) and water pollution (from landlilling} by reducing the nced for "convcntional"

wasic disposal, and lower greenhouse gas cmissions as coinparcd 1o virgin production

(Lcaguc of women voters, 1993).
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Even the canrliest civilizalions recycled some ilems before they becarme garbage. Broken
potleiy was oflen ground up and used to make ncw poltciy, for example. Recycling occurs for
three basic reasons: altruistic reasons, ecconomic imperatives, and legal considerations. in the
first instance, protecling thc environment and coaserving resources have become self-cvident
as being in everyone’s general interest. Second, the avoided cosis of environmentally
occeplable landfil) dumping and incineration have risen o a level where it now makes
economic sense 1o recycle many waste maitcrials. Finally, in responding 1o both public
demond ond a growing lack of aliemative waste disposnl methods, government is requinng
recycling and providing a wide variety of economic and civil penalties and incentives lo
encoumge recycling (Ferry, 2002). As the amount of municipa! solid wasle (MSW) (0 be
disposed of increases and the number of avoilable land(ills decreases, communitics all over
the country are grappling with problems related to the management ind disposal of garbage.
Many communities have underiaken a variely of activities to dispose of inunicipal solid wastc

in economically responsible and environmentally viable manners.

2.11.6.1 Bencefits of recycling

The US Environmental Protection Agency (1998b: 2000e) has identificd the followmg as the
bepelits of recycling:

o |t preserves raw matesiats and natural resources.

e lireduces the amount of wastes thal requires disposal.

o lireduces energy use and associated pollution.

o [ provides jobs and business oppor unitics.

e |1 boosts economic aclivities.

e |i reduces greenhousc gas cmissions.

¢ It reduces pollution associaled with :he use of virgin maleriols,

Recycling wms materiols that would otherwise become wasie into valuable resources.
Collection of used bottles, cans and newspopers and toking them 1o the curb or 10 a collection
facility is just the [irst in a series of sieps thal genernies o host of financial, environmental and

social retums. Some of these benelits accrue locally as well as globally.
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2.12 Organic Recycling through Composting

Composting is oficn used synonymously with *biological decomposition"”. However, for
purposes here, itmay be more sppropriate to define composting as: a method of solid wasic
managcment, whercby, thc organic component of the waste stream is biologically
decomposed under controlled conditions to a state in which the compost can be safely
handled, stored andror applicd to the land without adverscly affecting the envirotiment
(Simpson and Engel, 1991). Composting is in the second leve! of the EPA's hicrarchy for
inanaging solid wastc since it is a type of recycling that is particularly applicable 1o organic
wastcs (USEPA, 2000t). The biodegia-lable fraction in wasics that cannot be 1ecycled or
converied into new products, increasirgly is (reated through composting. Composting is
associated with concepts ot rcclamation, recycling, ticaiment and disposal. Reclarnation and
recycling arc parts of the sicwardship of saving and reusing natural resowces. ‘Freatment and
disposal have been a more 1ypical way te cope with wastcs for many decades, pasticularly as a
part of the "industiial revolution.® Becouse of concems for our environment, “disposal”" has
become a less desirable option. 11 is the .owest cost ahemstive to landfilling for many wastes.
te has the potential to manage most of the organic material in the waste siream including
restaurant waste, leaves and yard wastes, farm waste, animal manure, animal carcasses, paper

products, sewage sludge, wood cic. and can be easily incorporated into any waslc

management plan.
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RECYCLING OF WASTES

[Fip 2.2: Schematic diagram of wasiu recycling

Source: CPCI3, 2000.
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Composting con be used to recycle most organic waste generated from food processing and
food scrvice [acilitics, including {ruit and vegctable uim and leRtover food, waxed corrugated
boxes. napkins and other soiled paper (Compesting Council Research ond liducation
I'oundalion. 1997).

‘There is no univcrsally accepted dclinition for composting. Composting is the biological
process by wluch microorganisni convert organic matcrials into o humus-like matcrtal colled
composl. [t has been commonly uscd for centuries o dispose of organic residuals. Mast of the
definions cmphasize thot composling is the natural and biological dccomposition process
converting organic matcnals into humuslike product referred to as compost {laug, 1993).
1loug (1993) defincd composting as the biological dccomposition and stabilizaison of organic
subsitatcs, under coanditions that allow dcvclopment of thermophilic tempeeaturcs as a result
of biologically produccd heat, to produce a final product thet is siable, free of pathogens and

plant sceds. and can be bencficially applicd to land.

Natural composting, or biologicnl decomposition, began with the (irst plants on earih and has
been going on ever since. As vegetation falls to the ground, it slowly decays. providing
minerals and nutrients nceded for plants, animals, and microorganisms. Modem composting
differs ftom that occurring naturaily only in 1he intentional creation o I conditions through 1he
application of scientific knowlcdge ond technology 10 promote rapid decomposition of
organic material and 10 beticr control the quality of the final product in an environmentaily
sensitive manner (Eberle, 1997). Mature coinposi. howcever, tncludes ihe production of high

temperatures to destroy pathogens and wced secds thot natural decomposition docs not

destroy

The cxpression “older than din" certoinly npplies to compost. Naturc has been producing

compost for millions of ycars as pari of the cycle of life and death on Earth, Tl first hunmn
usc of animal manure, a raw form of compost, was in about 3,000B.C. in Egypt when it was
sprcad direcily on the lields as a feqilizer. Luter, manurc was mixed with dirty stuhic straw
and other rcfuse and allowed to sit in piles until it was necdcd. Contpost is organic inatcrial

ihat can be used as a soil anicndnient or as a medium to grow plants. Mature eotnpost is a
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stable material with a content called hunius that is dark brown or black and has a soil-like,
carthy smell. It is created by; combining orpanic wastcs (e.g., yard trimmungs. food wasics,
manures) in propcr ratios into piles, rows, or vessels; adding bulking agenls (e.g wood chips)
as nccessary to acceleratc the breakdown of organic materials; and allowing the [inished

snatenal to fully stabilize and maturc through a curing process (Cavelte. 1999).

Compostng is relatively simplc 1o manage and can be camed out on a wide range of scales 1n
almost any indoor or outdoor cnvironment and in almost any geogtaphic locanon. It provides

a means of accomplishing all four R's. Tlirough composting, the amount of parbape sent 1o the

landfill is reduccd, the organic matcr is reuscd rather than duinped and it (s recycled into a
useful soil conditioner. [tis a way of hamcssing the natural process of decomposition to speed
up the decay of wastc. The U.S Composting Council (2000) emphasizes the importance of
composting as o way of diverting a substantial amount of wasie Irom tandfills and
incinctators. Composling can be an economical alternative to the disposal of orpanic wasles.

and it is also beocficial 10 agricuhuse and the environment.

The number of composting plants opciated in the U.S. by industries and municipalities has
tnpled since 1990. Over 3000 sites are repistered today. Thc number of commercial compost
operanions processing food wuste incrcased from 58 (o 214 between 1995 and 1997, and the
number of food composling projccts i expected to rise. Becausc of discouraging cconomic
conditions and the cownplicaiions associatcd with obtmning a pcrmit. food wasle composting
is prisnarily being done by larpc corporations (USEPA, [998a). Backyard composting also is
starting to play an important rolc in the U.S. Industries use composting as a process for the
destruction of toxic by-products through a process known as "biotemediation®. Finally, the
composling . process is bepinning to replace more costly tremment procedures for the
dcstruction and control of human, animal and plant pathopens. Composting. therelorc. is
becoming a conunonly used process. In the United statcs, growth has excecded 7% per yeor
for the past live years (from 2003 to 2008 in paut due 1o rising wasle volumes and increasing
commodily prices as well as suppost fioin the poveriuncnl and business coinmunitics. ond
increased consumer awarcness. In 2006, 32.5% of MSW pencroted in the U.S. was recowered

for recycling or composting, diveriing 82 mullion tons of matcnal from landtills and
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incincrators - more than double the value from 15 years carlicr. At the same time. tough new
environinental laws nundated that indusuies could no longer simply dump their wastc
products onto the surrounding Innd or discharge them into ncarby rivers. 1o meet these laws,
inany industries began their own recycling and composting programs, Environmental
concems olso affected fnrmers, who were being blamed for the negative health ellccts that

chenucal lernilizers and pesticides hod on humans and wildlife. As a result. inony’ farmets

dectded 10 cut bock or eliminnte chemicalsin favor of using compost.

Todny. most compost is processed in large lacilitics designed 1o handle a specific 1ype of raw
inotenial. Agricultural compost is usually produced and used on the same farn that gencroted
the raw materials. Industnal compost may be bogged and sold 10 wndividual buyers, or the raw
materials moy be sold in bulk to other composting facilities. Municipa) yard wastc cothpost IS
usually produced in fucilitics operated by the city or the refuse collection company and is sold

to iosal landscaping companics and garden centers (Cavette, 1999).

Cornposting is a dynamic process which will occur quickly or slowly, depending on the
process used and the skill with which it is executed. A neglected pile of organic waste will
inevilably decompose. but slowly, This has been referred 10 as "passive compesting.” because
littic maintcnonce is performed. Fast or "active™ composting con be completed in two to six
weeks. This nicthod sequires three key activitics; ) "acration.” by wuming the compost pile, 2

moisturc, and 3) the propes carbon to nitrogen (C:N) ratio. Attention 1o these clemenls will

raisc the icmperature 10 around 130- | 40° and ensure rapid decompasition

2.12.) Compostable and Non Compostable Materints

Any motcrial initiating from the ground thnt is vcgetotive or animal i nature can be
composted il it has not becen contnminated (1lsug, 1993). A varicty of wastes {rom
food:crvice and food perocessing arc suitnble for composting. If the feedstock that is
contuminatcd with non compostable inutcrials is added to compost piles, the dccompoasition
timmc will be longer and the quatity of the finished product will be affccled. Contamination of
feedstock con be probicmatic in food processing nnd foodscrvice operations with high

cmnployce tumovcer rates and nited trmining. Table 2.7 shows the types of food residuc thal
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can be composted and sonie that should not bc composted. Soine composting facilities
prohibn mecat, grease, oils and non-vegetitive organics because they break down slowly asnd

require more monitoring (Composting Council Research and Education Foundation. 1997).

2.12.2 Types and Lucation of Cornpostiog @pcrations

Polprascn (1989) described a composting system based on location as cithcr on-site or off-site
composting. On-site composting is an opcration that composis organic wasics a1 the place of
gencrauon. Off-sitc composting involves the collection and transportiation of organic wastes
to a composting facility. Goldstcin. Block, and Oshins (2000) classified composting projects
o three broad calegories: Cennalized [Institutional. Commercial. and Industrial {(ICI);

Centralized Food Proccssing; and On-site Composting. Centralized [Cls arc "piavate or public
composung facilities that accept food iesiduals from all or some combination of institutiopal.

commeicial and industrial generntors” and Centralized Food Processing consists of "privaic or

public composung facilities that primatily service food processors in the industrial sector.”

2.12.2.1 On-site composting: Goldstein ct al. (2000) defined oon-sitc composung as
“composung projects located al the generator's site, designed to process sesiduals produced o1
tha! site (or somctimes from a neighboring facility of the same type). Ligon c1 al. {1998)
indicated that institutions such as univcrsities, schools, bospitals and military installations are
well susted for on-site composling because they typically generate large quantities of organic
oatcnials and have tand availablc for composting. On-site composting can benefit businesses
and nstitwions that are-in remote locdtions or long distances from cither disposal or
composting sites by avouling hauling charges. However, composting an-sit¢ requires
avaslable capital, land, labour and equipment (CCREF, 1997)

2.12.2.2 @f-site composling: Nol cvery orgaine wasi¢ gencralor Can compost it wastes on-
site. These opervlions must rely on programs w collect and compost thcir wastes at a
centralized facility. These large-scale facilities can liandie more maicnal and produce @ mope
consistcn product (CIWMB, 2000)
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Table 2.7: Compostable and Non Compuostable Materials

Compustables Non Compostiables
Fruits
Vegetables
Dsairy Producis Plastics
Grains Grease
Bread Glass
Unbleached Paper Napkins Meals
Coflee Filtzss Foit
Newspapcr Polystytene
: Meais Chemicals

Source: Risse and Faucette, (2000).
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Tuble 2.8: Composting Mcthods

-

1fo1 Composting

Mot composting is the most efficient method for producing quality compost in a
relatively shoit umc. In udditon. it favours the destruction of weed seeds. fly larvac and
pathogens. While hot composting, using the windrow or bin method, requires a bhigh

degrec of management, hot composting. using the in-vessel nicthod, requires a lesser

degree of management

(Source: LCOCHEM, 2008)

‘Sheet Composting

l4: 5 “French Co_m[;ming—

Cold Compaosting
This method is ideal for adding organic mattcr around trees, in garden plots. in eroded
arcas ctc. The tme required 10 decompose organic matter using this method is governed.

toa large extent, by environmental conditions and could take 1wo yedrs or more.

Sheet compastiog is camed out by spreading organic material on the surface of the soil
or untilled ground and allowing it 10 decompose naturally. Over time. the matcnal will
decompose and filter into the soil. This method is ideally suited for forage land. no-till
applicauons, erosion control. roadside landscaping ctc. The process does not favour the
destuction of weed sexds, iy larvae, pathogens eic. and composting matennls should be
limited to plant residue and mapure. Again, deccomposition time is governed by

environunental conditions and can be quite lengthy.

Trench composting is relatively simple. Simply dig a trench 6 - 8 inches decep. fill with 3
- 4 Inches of organic muaterial and cover with soil. Wait a few weeks and plant directly
above the tienich. This method does not favour the destruction ol weed sceds, (ly larvae

and pathogens and the composting process can be relatively slow
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2.12.3 Conunanity Participation in Composting Schenics

Community participstion is the sociological process by which residents organisc themscls'es

and becomne involved a1 the level of o living area or a neighbourhood, to improve the

condutions of daily life (water, sanitation, heolth, cducation, ctc). It comnpriscs various degeees
ol individual or collective involvement (financial and/or physical contributions, sociul and/or
polincal commument) at dificrent stoges of a project. Singh ct al., (2007} plso defincd
community participolion os the process by which individuals and familics undcrstand
responsibility for their own health and welfare of societies. This cnables them 10 beconic

agents of their own development instcad of positive hencficiaties of developnieni aid,

Community participotion is essential to keep any solid wasle management sysicms nmning.
Fort instance, at a2 minimum panicipation of the community is requised in putting the garbage
ol the strcet in a proper way at the right 1ime, Atihe individual level, residents ure responsible
as users. this involves actions like storing waslc in a proper way in a bug or bin. scparalc
recyclable or organic materials from other waste, offcring waste at the right place at the
proper time for collection. and clcaning the arca acound the housc. Apatt froin mdividual
cesponsibility, pecople can be collectively responsible in inote or less organised activitics. like
mcctings, clecan-up campaoigns. and awarcncss-raising activides. Funhennore. community
participation may invoive moking maictiol, linanciol or physicnl contnbutions to activines of
solid wasie monogecmceni, for instancc working as catt operator or swecper, and paying fces

for svasie collection

Wasic is either trealcd ot home, community or ccntraliscd composting schemes. In hoinc
composting schcme, - biodcgradable wasic gencruted by houscholders 1s used 10 producc
compost for use by the individual. Ahthough this moy involve thc purchasc of a composter,
lins may not be cssential as many houscholders moy compost using composicrs made & liome
In home coniposting schcincs. it is cssential that the houscholder understands the functioning
of the contpostee and which maicniols they can dispose of i it, In community composting
schcnw, biodegradable wasie is collccted ftom householders and processed centrally i a
centralised scheme. llowever, commuoity composting schemes are typicolly smaller than

ccnimliscd schemes and situatcd within the local community. The end product is used by the
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houscholders participating in the scheme, thereby closing the loop of waste generation and
usc. Considcring both commumity nnd centralised schemes, an organised separate collection

systens seems to be 1nore eflective (European Commission, 2000).

A survey conducted amongst 135 clderly farmers al predomanantly agricultuml arcas in the
Norlhem. Southcm and Easlem parts of the country revealed that they were awane that
composling had becn trditionally practiced in Nigesia 10 the past bui that 11 15 no longer
practiced on a large scale. Sridhar ct al, (1985). initiated the composting process in Shasha, a
small community in lbadan wheee about 150 kp of market wasles were composicd with
abattoir wastc and finished product was used fo grow vegelable crops on expenmcntal plol of
land- In the study, the changes in tempetature, volume. nitrogen, phosphorus and other
seientific parmmeters were measuted. 1t was also recognized that community should be

involved in such projects (Sridhar et al, [993).

2.12.4 Conmipasting in Schaals

The 2000 Food Residuals Coinposiing survey conducted by BioCycle idemificd 138 projects
that process food residuals from a combination of institutional. commercial. and 1ndusinal
sowrces ond thosc handling food piocessing residuals from only industrial gencrators.
llowever, this survey excluded the |16 iastututional projects, included in the 1998 survey,
sincc they only compost food residuc gencrated on-site (Goldstcin ct al, 2000).

The 1998 BioCycle Food Residuais Composting survey identificd 250 composting facilitics
(187 full-scalc composting opermions, 37 pilots and 26 projects 1 development). Tabie 2.9
indicates the location of these projects. Among those 250 composting fucikities, |16 projects
were institutional, The survey reported that 85 of the 91 ([ull-scale projects were o n-site sl an
wslituiion, 5 a1 businesses (mosily resorts), and onc at a school scrved by o municipal

operation (Gohdstein, Glen, & Gray, 1998).

Eveiry school generaies waslces arising from routine activitics. Schools generote a great deal of
wastc. especiolly as a by-product of [ood service. The commion 1ypes of solid wastes found in
various schools in communitics ol devcloping countites vary in type and in Quanlity ey
include (a) Paper (b) grass (c) nylon (pure waler bags, biscuits, lolly, ice-cream, and sweel

wrappers (d) sugar canc (c) maize cobs (f) groundnut shell (Wohob, 2003). tn nddition 10 the
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nbave, some other wastes ate found in school premises, which night not have been genersted
directly by pupils and tcachers, such wastes include animal droppings {rom chickens, goats.
sheep. dogs and lately cows. Elemilc (2809) also stated major wastes generated in the non-
rcsidentsal areas of the University of Ibadan to include paper, plastics, food wasle and gnrden
\rimmings: Municipal corporations of the devcloping countrics arc not able to handle the
nicrcasing quoanhity of wasic, which lcads to uncollected wasic on roads and other public
placcs wnongst which are schools, The problems associated with the disposal of wasics ase
many which include liltering of food and other solid wustes in the school compounds. Onc of
the more crucial and impacting conscquences of the lack of knowlcdge involving the unsafe

and inappropriatc disposal of solid wastc has created considerable health problems and very

unplcasant conditsons in many schools. This can lead to the breeding of rats and other veciors

which are of public hcalth unportance (Tchobanoglous ct al .. 1977).

The challenge 1o schools is 1o makc wastc management a viable and cven exciting part of the
total lcaming cxperience. Organic malcrials can casily be dcah with where they are produced
tn the home or at school by on-sitc composting. A large amount of a schools® wastc slrcam
could be composied 1n-situ (Scon, 2007). A composting project in a school, cither in the
classroom or on the school property, can be a tetnific opportunity for students to gain direct
knowledge and expericnce with natural processes and a mcthod of reducing and recycling

biodcgradablc wastes.

A composting project presenis all kinds of oppo:tuniucs (or the school community. Aside
from cuiriculum conncclions and inlcrdisciplinary lecaming., composting helps 10 insiill an
cnyironmental cthic. conscrve natural resources and bulld school communily. Although
composting utilizes natural decay processes, these processes oic occurring in n relatively
sinall, conccnirated arca of a pile or bin. Therc is o polential for human exposure 10 the

organisms involvcd ond the products they produce
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Table 2.9. Locatien of Tustitutionat Composting Projects

lLocation

Correctional facilitics
Prnmary/secoudaty schools
Unaversitics

Resoris/hotels
Campus/confcrence center
lospitis

Restaurants

Military

Full-scale operations
57

)

;

A

3

)

Souree: Goldstein ¢1 al., (1998)
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2,12.5 Reusons for Compasting in Schuols

Schools can help the environment ond their communmity when they compost food scraps: A
school composting program will:

e Reduce the school’s solid waste stscam

» Recycle natural resources

* Extend the life of o leaching ficld and septic tank il a gacbage disposal sysicnt has been in
use  (or reduce mtrogen loading lo the local sewoge treatment facility)
¢ Educate the school community about benefits of composting

¢ Create a useful product (finished coinpost) for landscaping projects

Designing successful composling systems rcguires an understanding of certain biological.
chemscal, and physical processes such as the movement of air, uptake of carbon and nitrogen.
and heat production and transfer, Students can be a part of the process of obtauting scientidic
inlormotion aboul composting, whether their results are applied in their own home, school or
by industry. Al the same time. students engage in hands-on, minds-on composling aclivitics
with an opportunity to impiove their understanding of many scientific processes und

discipitnes (Coroell Woste Management Institute, 1996).

Ihe study of waste production and manageinent lends sisell 1o intetdisciplinary study and
school composting provides an oppertunity for reoi-world problem solving with cooperoative
leaming groups. It therefore can motivalce students who feel alicnated by tradisonal “science*
expenences. Fusticnnore, students gain on owarcness of individuals' roles n the world today
as they lcorn how waslic is- produced and how i1 can be reduced. Finally, through constuction
of compost systcms, sludenis are empowered 1@ make a positive chunge n their workl. For 11

isoftcrall our youth to whom thss planet belongs (Comell Waste Management Institutc, 19%6)

2.12.6 Wasles and Residues from the IFood Chain

Foodservice operations, including restaurants, schools, hcaltheare facilities, prisons. and other
ypes of commerciol ond institutional fncilities, genesale sigrificant quantitics of food
wasics/residues ond packoging wastcs. Rescarch has identificd seveial factors thot influence

the quantity and type of wasles/residues discarded by foodservice operations including: type
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2.12.5 Rcasons for Composting in Scheols

Schools can help the cnvironment and their community when they compost faod scraps- A
school coniposting program will’

s Reduce the schiool’s solid waste streamn

¢ Recyclc nawral resources

* Lxitend the life of a lcaching ficld and septic tank if a garbage disposal systcn has beun in
se  (or reduce nitrogen loading 10 the local sewage treatment facility’)
o IL:ducitc the school coinmunity about bencelits of composting

¢ Crcate a useful product (finished coinpost) for landscaping projccts

Designing successful composting sysicms requircs an undcsstanding of certain biofogical.,
chcniical, and physical processes such as the movement of air, uptake of carbon and nittogen,
and heat production and transfcr. Students can be a part of the process of obiaining scientific
information about composting. whcthcr their fesults arc applied in their own home, school or
by industry. At Lhe samc time. studcnts engage in hands-on, minds-on composting activities
with an opportunily to improve their understanding of many scientilic processes and

disciplincs (Corncll Wastc Management [nstitute, 1996).

The study of wastc production and management lends itself o interdisciplinaty study und
school composting provides an oppoitunity for real-worid problcm solving with coopcrauve
Icarning groups. |t therefore can motivate students who feccl alicnated by tradetional "science™
cxperiences. Furthermore, students gain an awnreness of individuals' roles in the world today
as they Icarn how waste s produced and how i1 can be reduced. Finally, through construction
of compost systcms, studcnts arc cmpswcicd to make a positive change in their world. For tt

is afterall our youth 1o whom this planct belongs (Comell Waste Management Institute. 1996).

2.12.6. Wastcs and Rcsidues from the Foad Chain

Foodscrvice operations, including restaurnnts, schools, healthcare fucilitics. prisons, and other
typcs of commercial and itnstitutional facilitics, gencratc signilicant quantitics of food
waslics/residucs and packaging wastes. Rescarch has identificd scveral factors that influcncc

the quantity and type of wastes/residues discarded by foodservice operations including: type
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of produciion sysicni (conventional, convenicnee, or commissary), market form of food: type
of scrvicc ware (pcrmancnl or disposoblc); occuracy of foiccast and pro. Table 2:-10
illustrates the quantity of food and packsging residuesAvastes gencrated in difterent types of
foodscrvice operations. Wasle sircam analysis studies were conducted to charackerize the

weight nud volume of food and packaging matcriols discarded tn these operations {Shanklin ct
at, 2003).

2.12.6.1 Food Waste Recuvery llicrirchy

Similar 1o its solid wastc management hicrarchy (c.g. source reduction and rcusc. recycling
and coniposting, disposal). U.S Environmental Protection Agency has suggested o food wastce
rccovery hicrarchy o show how productive use can be made of cxcess food. Fhe food wasic
recovery hicrarchy compriscs the following activitics, witb disposal as ilic final oplion:

« Source Reduction— Reduce the volume of food waste gencrated

» [ced Pcople -~ Donatc cxira food to food banks, soup kitchiens and shelters

» Feed Animals - Provide food 1o farmers

» Industrial Uses — Provide fots for rendering and food discards (or animal fced production

» Composting — Conven food sciapsinto a nutricnt rich soil amendnient

2.12.7 Yood Wastc Composting

Food wasic has “uniquc™ propertics. Because it has a high moistuce content and low physical
structure, it isimponant to mix {resh food waste with a bulking apent that will absorb somc of
the cxcess moisture as well as odd structure 10 the mix. Bulking agents with a high C:N ratio,

such os sawdust and yard waslc, arc good choices.

The decomposition of food and other waste under anacrobic (without oxypgen) conditions in
landfills produces mcthane, o greenhouse gas (GHG) 21 times more potent than curbon
dioxtidc Landfills art the largest human-relotcd source of inctiune in the United States,
accounting for 34 percent of all incthane cmissions. Recover ((i.c. food donations) and
recycling (i.c., composting) diverts organic inatcrials from landlills ant incincrutors, thereb)

reducing G11G cmissions from landfills and wastc combustion {USEPA, 2006),
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Composting food scraps results in about a 50 percent reduction of your original maicrial.
However, daily processing of food scraps can result in o fast accumulation of matenal: Food
waste is highly susccptible to odour prodiction —mainly amnionia —and large quanutics of
leachate. The best prevention for odor 18 a wecll-aciated pile. Caplured lcachatc can be
reapplicd 10 thic compost. 1n 2007. almost 12.5 percent of the total municipal solid wasic
(MSW) gencratcd in American houscholds was food scraps and less than three percent was
recovered. The rest was thrown awoy and disposed in landlills or combusted 1n incinemiors.
Food residue has uniqiie charactcristics that require special consideration when used as u
fecdstock for composting. Due 10 its high moisiurc content and low physical structure. food
wasle must be mixed with a bulking agent that will absorb some of the excess moisture and
provide struciute 1o the mix (Risse & Faucctte, 2000). Tlus process is referred to as co-
composting. Fhe Uniled States Coviroomemial Protection Agency (1995a) defined co-
conposting as "the coinposting of two or more feedstocks with different characteristics, for
exatnple. the cocomposting of biosolids in liquid/dcwatcred form with yard rimmings and
leaves.” The US EPA (19983} «cporicd that most food waste compost prograins mix other
organic malerials, such as sawdast. wood chips, yard trimmings, or manure, with food wastes
10 produce high quality compost. Yard trimming is the most frequently used bulking ageni

added 10 fond wastc compost. followed by wood chips and sawdust (UUSEPA, 1998a).
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Composting food scraps rcsults in about a 50 percent reduction of your original matenal:
Howcver, daily processing of food scraps can result in a fast accumulation of matesial- FFood
waste 1$ lnghly susceptible to odour production --mainly ammonia --and large quanlilics‘ of
leachate. The best prevention for odor is 8 well-acrated pile. Captured Icachate can be
reapplied 10 the compost. In 2007, almost 12.5 percent of the total municipal solid wasic
(MSW) generated in Aneszcan houscholds was food scraps and less than three percent was
recovered. The rest was thrown away and disposed in landfills or combusted in incincestors.
Food residuc has unique characteristics that require special considerotton whco used as a
feedstock for composting. Due to its high moisture content and low physical structuse. {ood
wastc must be mixed with a bulking agent that will absorb some of the excess moisture and
provide structure 1o the mix (Risse & Faucelle, 2000). This process ts referred o as c¢o-
composting. The United States Cnvironmcmtal Protection Agency (1995a) dclined co-
conmposting as "the composting of 1wo or more fccdstocks with different chaacteristics. for
example, the co-composting of biosolids in liquicd/dcwatercd fomn with yard tnmmings and
leaves.” The US ETA (1998a) rcporicd that mnost food wasic compost programs mix other
organic matcrials, such as sawdust. wood chips. yard (rimmings, or manure, with food wastcs
10 produce high quality compost. Yard trimming is thc most frequently used bulking agent

addcd 10 food wastc compost. foliowed by wood chips and sawdust (USEPA, 1998a),
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‘Tablc 2.i0 Wnastes/Residues Generated hy Different Types of 'oudservice Operstions

Type of Operation Mcun Mean  Weight (%) Volmne (%)
wi, per  vol. Food VPackaging Foeod ['acknping
mcal per
{1b) mcal

(zul)

School foodscrvice 0.58 0.49 608 32.6 192 710

Opcrations

University dining hall A 0.57 0.91 719 28.\ 222 778

Universily dining bhall B 0.39 0.66 71.8 282 227 773

University dining hall C 0.50 0.85 66.0 34 16.5 83.5

Military foodservice 099 0.94 72.1  27.09 (2.3 877

facilities

Continuing care 0.93 1.22 699 30.1 125 87.3

rctiremcnt community

Military healtheurce A 1.32 1.46 712 288 260 740

Military healthcare B 1.13 1.49 673 327 21,5 785

Fomily bar & grill 0.89 0.84 646 354 244 756

restaurant

Source : Shunklin and Ferris, (1995)
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2.12.8 Bivlogical, chemical umil physical rcquircments for cfficicnt tdecomjiositlion:

Mamtaining optisnum microbinl activity in the coinpost pile is essential for the decomposition

of organie tnaterinls. Any factor that slows tnicrobial growth also impedes the rate of the

composling process. Faclors ncecssary for optimal nticrobial activity include proper acration,
suflicicnt moisture, particle size, and nutticnt balance, pasticularly nitrogen (MclLourin &

Wade, 1999). The USEPA (1995a) and Eberle (1997) desctibed the ideal levels of the

biologtcal. chemical, and physical needs thal should be maintained throughout all stapes of

composting for peak performance.

e Bialagical processes: Microorganisms arc the key o the composting proccss. The idcol
conditions for a given microbial population must be present for the coniposting process
1o progress at the proper rate. Under ideal conditions composting occiirs rapidly. The
focus of thec management of the compost process should be the microorganisms and
promoting conditions that lead 10 rapid stabilizition of the organic maternials (USEPA.
19954).

* ['hysical processes: The essential physical requiremients in the compost process arc
temperature, particle size, mixing, and pile siz¢ (USEPA, 1995a).

e Tcmperaiurc: Temperature management of the compost pile is an imporiant compooent
of a composting process. The mcsophilic organisms that cxist in tcmgxraturc ranges from
50°F (10°C) 10 113°F (45°C) break dowil soluble and casily dcgraded compounds during
the initial decomposition. These organisms give off heat, which in tum. increases thc
icmperature of the compost pile. Tiie thermophilic organisms that thrive under
lecmperatures between about 113°F (45°C) to 150°F (65°C) rcplacc tlic mesophilic
organisms. This tempcrature range, preflerred by the thennophilic organisms. promotes
the brcukdown of proteins, complex carbohydrales, and other orgaric compounds that
provide tmporunt nuttients  for the 1nicloorganisms. Since most  thermophilic
microorganisms cannol survive above 160°F, ond the mpid decomposition of organic
malcrials stops above Lhis tempcroture, i1t is esscntial 10 controt the tcmperature of the
compost pile (Eberlc, 1997)

o Particlesizc: The particle size of the matenal being composted is critical to the speed of
composting. Bccausc smaller paiticles usually provide more sutfaccs per unit of weigl,

they: provide belier condittons for microbial activity on their surface, which greatly
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reduces dccomposition time. However, if the particles are 100 fme. tbey provide less
open space for air 0 circulate (USEPA, 1995a).

* Chcemical processes: Many factors influence the chemical environment for composting.
Some of the tnost unportasit oncs include: (a) the presence ol an ade¢juate carbon
(food)/cnergy source, (b) a balanced amount of nutrients, (c) the correct amoun! of walter,
(d) adcyuaic oxygen, (c) appropriate pii, and (i) the absence of toxic constitucnts that
could nhibit microbial activity (USEPA, 1995a).

{a) Curbon/encry) sourcc: The carbon in organic matcrials provides the composting
microorgunisms with their source of carbon/encrgy source, not the carbon dioxide and
sunlight thut is used by higher plants. "As the more casily dcgrodoblc foims ol carbon are
dccomposed, a small portion of the carbon is converisd to microbial cells and a sigmiicant
portion of this carbon is converied to carbondioxide and lost (0 the atmosphere. As the
composting progresscs, the loss of catbon results in a decrease in weight and volume of tic
feedstock. The less-casily decoinposcd forms of carbon sill forrm the matiix for the physical
structurc of the final productcompost (USEPA, 1995a)."

() Nutricnts: Microorgamisms nced sufliciently balanced nutrient sources for successful

composting. This is ofiecn described as the carbonnitrogen ratio (C:N). Carbon in the

coinposting material provides the microbes with their cnergy. It is also a basic part of
microbes’ ccll structure. Nitrogen is the most important nutricnt because it is nccessary for the
formation of proteins, nucleic acids, and amino acids that make up the bodics of microbes. |t

IS somctimes nccessary o mix several materials together (o inaintain the optimum C:N ratio

(Eberle. 1997). During the initial phasc of composting a C:N ratio of 30:1 is generily

considered ideal for successful deconposition. lHigher ratios of C:N may slow the rate of

dccomposition. Ratios of betow 25:1 may resultin undesiable odor problems. Nitrogen-rich

materials, such as yurd rimmings. animnl manures, or biosolids, are ofiecn added if the C:N

ratio is 100 high (USEPA, 19953). The C:N ratio of composting organic matcrials varics

widcly, For cxampic, food wastes have a carbon (0 nitrogen ratio of 15:1 and wood chips and
saw dust havc a C:N ratio of 300: 1 and 700:1, respectively (McLausin & Wade. 1999). To

maintain the optimum C:N ratio (or food wastc composting, co-composting is oficn

nccessary.
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(¢) Moisturc: Like all forms of life, microorganisms living in a compos! pile requirc water
1o survive. Tl idcal moisture content for compost piles is 50 to 60 percent of fotal weight
(USEPA. 1995a). Il the malcrial is too wet (above 60 percent), the llow of oxygen necessary
(or living microorganisms will be reduced and the dccomposition process will be sloweid- 1tis
ocew3 beeause the pile will not heat and an onacrobic condition will result. In addition,
cxcessive moislure lowing fiely from the compost pile may cansc dissolved nutnents 1o
leach oul, causc patential pollution of ground or surlace waltcr, and creaic odor problems: If
moistuie levels we 100 Jow (below 30 percent maisturc), the rate of dccomposition will be
quic slow resulting in a decrcase of the organism populations. As a result, the microbial
activity will nearly cease (Eberle. 1997). Becausc of the high moisture conlent of food wastes,
the addition of dry bulking matcrials. such as wood chips. sawdust, and lcaves, is desired to
prevent the development of leachaic andd to increase air flow (Eberle, 1997).

{d) Oxypen: Composting requires sufficicnt oxygen since it is an aerobic process. A
minimum level of 5 percent oxygen is needed for aerobic organisms 10 survive; however, a
level of 10 percent oxygen is considered near oplimum. An anaetobic process that uses
organisms that do not requirc oxygen is also available for composting. This process is usually
slower and can produce undcsirable odors (Eberle. 1997). To maintain adcquate oxypcn
lcvels, air may be mechanically blown into or putled from the piles. Tuming the pile
ficquently to expose the microbes to the atmosphere is another way of actating the coniposl
pile. This method will cteatc more air spaces by Ruffing up the pile; however, cxcess air will
removc heat causing the pile (0 cool, moisture to evaporate, and the dccomposition 10 slow
down (USEPA, 1995a).

(e) Acidity (pH): The pl! of the compost pile aflccts the amount of nutrienis available 1o the
microorganisms. the solubility of heavy mclals, and the overall mctabolic aclivily of the
tnicroorganisms, The addition of lime or suifur to increase or decrease the pli, sespeclively,
Is not usually necessary. The desired pH lcvel is between 6 and 8. ‘The linal pll of the

compos! depends on the 1ypes of feedstock used and the operoting conditions (USLPA,

1995a).
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2,129 Micraarganisins in » curibost pile:

Microorganisms such as bacteriz, fungi, and actinomycctes account for niost of the
decomposiuion that 1akes place in a pile. They are considered chemical decomposers, because
they change the chemistry of organic wastes. The larger decomposers. or macroorganisms, in
a compost pile include mites, cenupedes, sow bugs, snails, rnillipcdes, springtails, spidets.
slugs. bectles. ants, fies, ncmatodes, flatworms, rotifers and carthworms. They arc considered

1o be physical decomposcrs because they grind, bite, suck, tear and chew mueriuls into

smollcr picces. Of all these orgaisms, acrobic bacleria are the most important decomposess.

There are difficrent types of acrobic bacteria that work in composting piles. Their popuhations

varies according to the pile iecmperature.

The process is carried oul by threc classes of bacteria -

» Psychrophiles — low temperturc bacleria

 Mesophiles -meditim temperature bacleria

* Thenmophiles - high icmperature bacleria

Psychrophilic bacteria work in the lowes! icmperaturc range. They are most aclive at 55° F
and will work in the pile if the initial pile tempemiure is less than 70° F. The heat they
produce 1s enough however, 1o help build the pile iecmpeiature 10 the point where another sct
of bacleria, mcsophilic bacicrin, start 10 takce over. Mesoplulic bactcria mapidly dccompose
organic mplier, producing acids. carbon dioxide nnd heat. Their working temperature range is
gencrally between 70° 10 100°F. Thermophilic bacteria thrive al tempersures nging fiom
113° 10 §60° FF. Thermopbilic bacicna continue the decomposition process, raising the pile
icmperature 130° 10 160°F, where 1 usually stabilizes. in later stages other organisms
including Actinomycctes, Centipedes, Millipedes, Fungi, Sowbugs, Spiders and Earthworms
assist in the process, Many find that compesting is as much of an arl as  science. Recent
concern about manoging wasles ansk producing foad in on cnviromnentaily sound manner has
led to a rencwed intceest in small-scale, backyanl composung as well as an interes! in

developing large-scale, commerciul aiid munmicipal composting sysicms
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2.12.10 Benelits of Composling

The recent icrease in popularity of composting can be slinbuted 10 several factors. including
increasing lancllill tipping fees, decreasing landlill capacity and increasingly resinclive
mcasures smiposed by regulatory agencies (USEPA, 19954). Al the same timc, composting
offers mtractive benelits to the food indusiry, agnculiure. and environment. £ood scrvice and
food processing industries cnn benelit economically by the losser disposal fee charged by the
composting facilities or the lower cos! of operating an on-site or ofF-silc coinposting operation

than the fee charged by comincecial waste haulers. Composting also can nuprosve operation’s

public relations by showing the public their concemn for the environmenlt.

2.12.10.1 Benelits 10 tiie food industry. Risse and Faucette (2000) identificd the following

benelits of composting fos the food industry:

e reduces solid waste disposal fees.

. climinates wasting large quantities of recyclabie row ingredicnts.
. etucates consumers on the benelits of food waste composting.

. merkets an cstablishment as cnviroruncntally conscious.

e  reduces the necd [or more landfill space.

2,02.10.2 Benefits 1o agriculture. The following have been wdemificd as benelits of
composting 10 agriculture: (Risse & Fauccite, 2000):

« suppresscs cenain plast discases and pasasiles and kills weed sceds

» increascs yicld nnd sizc of some crops.

« reduces ferulizer requiremcents.

e reduces water requircmcents nad irzigation.

» incieascs profils because of the higher prices paid for organically grown crops.

2.12.10.3 Benclits to the environinent, Risse and Foucette (2000) described the following
benefits of composting for the environment

« conserves the walcr and soil,

« protects groundwater quality

. avoids imethanc production and Icachaic fonnation in landfills.

. drastically reduccs the nced for pesticides and fenilizers

» buffers soil pH levcls
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2.12.10.} LEcononic benclits. Revenue can be generated for composting operations through
the sale of the finished product. For example, Upper Valley Recycling sold the [inished

product for $22 to S$25/ton to vincyard growers, local residents, and nurserics (Block & Glen.
2000),

2.12.11 UBencfits of School Composting

Below are some rcasons why a school msght 1oke on a composting program:
Take responsibility for school's waste
Recycle notura) resources
Educate the community about the benefits o f composting

Change cultuml anitudes about garbage in o way that will bencfit socicty

]
2
3
d
5. Affect the life style decisions made by future citizens of the community
6. Reduce the school solid waste stream

7. Enhance 1eaching of science concepts

8. Tecach sociat responsibility

9. Empower students (gives them o specific action they eon takc 10 help the eacth)
10. Inform parents as well asstudcnts abeut composting

11. Provide a soil amendment (or school gardening projects or for sale as o fund raiser
12. Help the school work toward becoming a "green school”

13. Foster a sense of school pndc

Sowrce; Connccticut State Depaitment of Education, (2002),

2.13 Environmental Educstion

Environmental Education is o process of recognising values ond clarifying concepts in order
to develop skills and added tools nccessary 1o understand and uppreciate the inter-relationship
among mon, his culiure and his bio-physical suitounding (Ahove. 2000). Environmenial
education tefers 10 organized clforts o teach about how notural environments function and.
particularly, how human beings ean mannge their dehaviour and ccosysiems in order to live
sustainably. The term is often used to imply education within the school system, (rom primary
to post.secondary {(Giucnewald ct al, 2004). It crcates on ovemll perspective, which

ascknowledges the fact that natural cnvironment and man-moade cnvironment are

interdependent

61

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Enviroiuncnial cducation is a lcoming process thot increases people's knowledge und
awarcncss aboul the environiment and associated chatlenges. develops the necessary’ skills and

cxperiisc 1o address the challenges. and fosters attitudes, motivations, and commitments 1o

maoke informed decisions and 19ke responsible action (UNIESCO. 1978).

It should consider the environment in its totality and should be a continuous lifclong process
beginning at the pre-school level and continuing through oll stages. It should be inter-
disciplinary and examine major cnvironmental issucs [tom local, national and intcrmational
points of view. It should utilise various educational approaches to teach and [carm about and
from the cnvironment with siress on praciical activities and first-hand experience. 1t is

through this process of education that peoplc can be sensitized about the environmemal

1SSUS.

Leaming how 1o live within the limiis of the planel’s resources is the biggest challenge facing
the world's papulation today. Waste generation and managenicnt is at the very heart of that
challenge. Students nced to begin to make connections between human patierns of living and
the nced 10 conserve natural resources. Waste représenis cnormous stores of encrgy that can
be reclaimed and recycled. Good programs of waste management at schools are powerful and
uccessible leamning tools that begin 10 make thesc viwl cornections for students. Though high-
and low-valuc recyclables are typically recovered and reused, these make up only a small
proportion of the lotal wastc stream. The great majority of the waste (~70 percent) is organic

In theory, this wastc could be converted 1o compost or used to generatc biogas. bul in
situations where wdimentary- solid waste management systems barely function. it is difficult
lo promolc innovauon, even when it is polentially cosl-cfiective 1o do so. In addition,
hazardous and infectious matenals arc discanicd along with gencral wasie throughout the
continent, This is an especially dangerous condition thal complicates the wastc management
problem, Today"s students are hungiy for work thot is real, for lcaming that is niconingful.

Iroject-based lcarung is a teaching strategy that allows students 1o take more responsibility

for their leaming as thcy mnke decisions and creote solutions 1o problems that interest them

All subjects can be integrated as students apply their academic, social and life skills to their
wark  As schools change, so will our impact on the future. Project-based leaming is a

teaching strntcgy that honors students as capable people, rcadying theinselves to be (uture
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lcaders by giving thcm chonces 10 be leaders ns children. Today. population growth nnd
changes in socicty have led to more people and fewer natural resources: It now becomes

important to heed ncw cducational imperatives (Payne, 1999). Composting. therelore, 1s

becoming a commonly used process (1]anscn ct al, 1995).

Various studics have examined the effect of environmental cducation on knowledge: The few
studics conducted on the cnvironmeutal cducation peogram, rcgarding children and young
pecople show’ that the Jevel of enviroimnental awareness is rclatively fow (Grodzinska-Juiczak,
2003). t bwcver, Manzanal. Barreiro and Jimencz (1999) pointed out that an undesstanding of
the concepts and issucs would help make the desired change in behaviour and attitude towards
the environsneni. Hence this creates the opportunity (o train people to conuibute 1o the care of
the enviroament. Some rescarchers have reported that junior high ond high school students
cxpased (o enviroamen(al courses demonstratcd an incicasc in respoasible environmental
behaviour and an increased awareness of enviromumental issues (Jaus, 1984; Jordan ct al.,
1986. J. M. Ramscy, ct al.. 1992; C. L. Ramsey & Rickson, 1976). Similarly, numcrous
studies conducted on knowledgc and attitudes have found a significant relationship between
the two vasiables. In a study of the effectiveness of a visitor cducation strategy in raising
levels of knowledge and attitudes toward nature conscrvation, Olson, Bowman and Roth
(1984) found a posilive relauonship between scores on the knowledge test and scores on the
altitude test for aill concepts measured. Similarly. Armstrong & Impara (1991) found that
posiive antitudes followed exposutc 0 a K-7 cnvironmental cducation publication on
knowledgce and anitudes about the environment. In a study of cnvironmental cducation and iis
clfcct on the knowledge and attitudes of preparatory school studerni's in Egypt by Abd El
Salam, El-Naggar and Hussein (2009), ottitude was found to be positively cocrelated 10 their

level of knowledge prior to and fottowing the Environmeninl education session.
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CIHAPTER THRLE

3.0 METIHODOLOGY

3.1 Description of the Study Arcn

The study was camcd out in Ibadan Nonh L.G.A of Oyo slale. [badan s the capital eity of
Oyo stnte and the largest ¢ily in West Aftica. It is localed in the south-wesiem region of
Nigena It is 78kam inland from Lagos and is a prominent transit point between the coastal
tegion and the arcas to the north. It lics between latitude 7° and 9°30° cast of prime metidian.
lbadan covers a land arca of 12 Kilomcters radius. It hos an altitude generally ranging from
152 o 213m with isolated ridges and peaks rising to 274m. lis populotion i3 eslimaied o be
abow 3.8million according to the National Population Commission's 2006 census estmotes.

The principal inhabitants of the city are the Yorubas (Brown, 2009). Ibadan has over 300

schools muade up of both Publie and Privaic Nursery, Primary and Seecondary Schools, one

Polyrxechnie and two Universitics

3.1.1 Bricf Description of Ibadan Nerth Locat Government Area

The lhadan North Local Governmeni was founded by the Federal Milituy Government of
Nigeria on 27® of Scpiember 1991. The Local Government was earved out of the defuncl
Jbadag Mumicipal Govemment along with others. The components of the Local Goverwpent
eo\ers areas between Deere roundabout through Oke-Are 1o Mokola, Oke-itunu and ljokodo.
The other componenls are areas from Beere roundabout to Gate, 1di-ape 10 Bashorun and up
lo Lagos/lbadon Express way, Secrctoriod, Bodija, Universsily of [badan and Agbowo Areas.
The headquarters of tie Locat Govenunenl is Bodsja. The Local Govemmen! headquarters is
teoporasily accomodated wt Quacter 87 at Govermment Reserved Area in Agodi where the
Secretarisi 18 loeated . Tbadan North Local Government is bounded by other L.G.As including
Akiny¢le, Ido, ibadan South West, Ibadan South East and Lagelu 1..G.As. The lhadan North
Local Govemment has a population of aboul 308,119 people, comprising 152,608 males and
155,511 fenmnles (2006 IPopulsiion Census). Using a growth mie ol 3,2% lrum 2006 census,
the 2010 esimated population for the l.ocal Qovemnient arca Is put nt 347,998 poople

(OYSG. 2010)
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Table J.1: Meaachan North Lecul Government Warcs

1 SMNo WARDS

Becre, Keninke, Agbadagbudu, Oke Are, Odo Oye

Ode Oole. Inalende, Oniyanrin and Oke Oloro

Adcoyo, Yeinetu, Oke Arcmo and [sale Alfa

[ltaba, Idi omo, Oje [godun, Kubec, Okec apon, Abenla, Aliwo/Fotn]l garden and NTA
Asen

Bashorun, Oluwo, Ashi, Akingbolu, Ikolaba and Gate

Sabo Arco

Oke ltuny, Cocacola and Oremcji Areas

Sango, ljokodo

ol el 9w & wn &QLN—

iviokola, Ago Tapo and Premier Hovel Areas

10 Bodija, Scerclasiat, Awolowo, Obasa, Sanusi

i1 Samonda. Polytechnic, University of Ibadan

12 Agbowo, Bodijn Market, Oju Irin, Barika, Iso Patako, Lagos/Ibndan Express Road
Source: Biown. 2009

The L.ocal Governmen comprises multi-ethnic nationalitics 1hat is predominenily dominated
by the Yoiubas. Others include the Igbos, Edos, Urhobos, ltsckirts, ljaws, Hausas, Fulanis and
Foreigners who are from [Euwope. America, Asio and otkier parts of the World.

Majority of the population of Ibadan North Local Goveaument are in the private sector. They
are mainly traders, and Asusans. A good number of tlieir workers are civil servants who live
predoninantly around Bodija Estaic, Agbowo, Sango, Mokola, the Universitly of 1badan and

the Polytechnic Ibulan (Brown, 2009)
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~ 1 OYO STATE WITHIN THE NATIONAL CONTEXT
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Fig. 3.1: Map of Oyo Statc in the Context of Nigeria
Source : Ministry ol Lands and Housiag Oyo State, 2010
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Plate 3.1: A 3.D Map Showing (he Location of International School ibadan (IS!) and

Walbrook Coliege lbadan
Source: Googile Earth, 2011
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o

kP Sl vdy Design

The study' was quasi-experiinental in design with students of The Intemational School Ibadan
([S1) as the experimental group and those of Walbrook College Ibadan (WCI) as the conlrol
grulip. 1L also involved a field survey. laboralory analysis of organic waste. composi preduced
fiuin organic waste recycling as sell os training of studenmts of the experimentnl group on

uitlization of the fabricated compost bin (windrow method) lor organic wasle recycling ut 1S1

33  Siudy Population

This comprised students of the schools of interest selected for the study.

3.4 Criteria lar Schaal Sclectian

The schools considered for the study were selected based on the following critena

. The school must be a boarding school.,

The school inust be a private secondary school.

. The school must be a hetcrogenous (mixed) school.

The school sclected [or the study miust be within the L.G.A sclected for the study.

3.5 Sinuple size determination
This was calculated os follows:
Al 5% level of significance
Proportion of students with good knowledge, attitude and practice of wissle reeyeling = 50°%
(0.3)
Using the formula
N=|Z)9p 2P(1-P) + Zia P{1-P)}P:{1-Py) )}
(P I'?J)’
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Where
P=pP;
2
Py = Proponion of students with good knowledge of recycling before the itcrvenuon
(ecomposting) = $0% =0.5.
2 = Proportion of students with good knowledge of waste reeycling afler the
intenv'ention{composting)= 60% =0.6.
Z)ap = [.96 [std normaldeviate at 95% conlidence level}
Zi.p = 0.84 [power of 80%)
N =Smunplc sizc
P = Propormion with good knowledge of waste recycling
Substituting 1n the formuln
N=11.96 (2x0.55{1-0.55) + 0.84 0.5(1.0;5}+0.6{1-0.6)"
{0.5-0.6)°

N= 392

The calculated sample sizc was approximated to 400 1o accommodate the loss due 10 attrition

3.6 Sampling Technigue

3.6.1 S:uupling Preccdurc

The Intemational School and Walbrook College used for the study were purposively sclected
3.6.2 Samnle Fraine:

The ssmipling framc {or sclection of students in both schools was Lhe classroom register. In all
392 students were selecicd from both schools with 196 students cach from [S1 and WCl

respectively this however spread across SSS1-SSS3 in each school.

3.7 Pretesting of Questionnaire

In order 10 ensure validity and reliability of questionnuirc, it was pre-iestcd among S0
secondary school students of n school different from the target population. [lowever, this was
analyscd nnd corrections were made nccordingly.

3.8 Qucstivnnaire Adininistration

A 53-tlem scmi-structured self administered questionnaire was used to clicit inlormation fron

the participants with the assistance of some teachers 1 the schools, The qucsiionnmife Was
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bascd on 8 l4-point und 1 1-f.0ist knowlcdge and attitude scale respectively'- It consisted of
livc sections namely, socio-dcniographic characteristics with S questions. knowledge on
waste recycling with t4 questions, infonnation regarding attitude with 11 questions using 8 3-
pont Likert scnle of ‘agree', ‘indifferem*' ond ‘disagree’, 15 questions on soild waste
managenicnt practices in the school and 8 questions on problems associated with current solid
waslc nuunagecmenlt pructices in the schools, The best score for knowledge swus 10 and wus

scoled as; more than 7 = good, 7-5 = modcrme nnd 4 and below as low,

3.9 Obacrvtion Cheeklist

An obscrvntion checklist was developed to validate the responses obtained froin the
panticipunts. The features included in this instrument consisted of the types of solid waslc
rcccplacles. adequacy of receptaclcs. sanilary conditions o [ receptnles. distance of units from
the classrootns, location of receptacles, solid waste disposal methods. frequency of colicction

of wasles, environmcntal problems caused by wasics and statc of school surroundiogs.

110  Training of Participnnts an Organic Wasic Recycling

A sub-setl of 50 students (25% of the study participants) were randomly sclccied from the
study population in both schools. A day trnining workshop on segaeggetion and recycling of
wastes with emphasis on organic wastc recyeling (composting) was conducied and they sere
provided swith two ditTerent coloured bags for scpasation of waste into orgnnic/biodegmdable

and non biodegiudnble/inorgunic fractions cespetlively, A pre and post evaluation was
conducted belore and alter the training in ISI. This was done in order to assess the impict of
1the training on knowledge. attstude and practicc of students on organic wastc rccycting. A sub
sct of 50 studcnts were also selected from the study panicipants io WCH. they werc however
not trained but stlowed to continuc with their usual method of disposnl (use of the

convcentional dustbin) and were also evaluated ajler the intervention.
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Plalc 32: Trzining of Students on Orpanic Wastc Rccycling in [S] during the

Intervention
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3.1 Physical und Chemical Characterization of Wastes

3.11.1 Physical Charactcrization of Solid Wastes

Wiste Sorting

Waste generaied in both schools were sorted on daily basis. This charncicrisation was camied
out 1n erler o classify the various fructions of the waste streain such as paper. nylun and
plasiics. glass. metnls and orgoanic wastes. The output methad which entails sorting wad
weighing of each fraction of ihe waste sircam was adopted (Tchobanoglous ct o, 1993).
I’roiective clothings were womn before sorting, These include thick rubber gloves, heavy duty
rubber boots and nose ({acinl) mask, Several Inbelicd bags were availoble to hold sortcd
wasles. The categorics include paper. nylon nnd plastics, glass. mctals and compostable
orgomics. Waste generoted were then serted into their respeclive lubelled bags.

Determiuation of weight

Weight of physical components of wastes generated in both schools were dctemiined over a
period of four weeks i.e weight of wastes generaled evetyday from Mondny (o Fridny jor
ncadeniic environment while that of hostel premises was frony Monday to Sunday in both
Schools (since they wcre both boording schools). Waste materinls were also collccted from
the school kitchens sortcdk nnd weighed occordingly using a 20kg comty kitchen scale This
was done for four weeks in both schools.

Density of wastc gencrated

Using the Archimedes'principle. density was determined by collecting grab samples each for

the ditYerent fiactions of svasies penerated across the scheols namicly paper. Nylon and
plastics. organic wastc, melals andl glass once a week for four different wecks. These were

then wcighcd using a 20kg kitchen scale and kept in an air 11ght polyethenc bag which was

imincrsed ity water
The volumc of water displaced wus rccorded ns the volume of wasics. Density was then

obtaincd using the formuln:

Ucnsity = Weight
Vohhne
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Plate 3.3: Sortiog and Segregation of Wastes in Wl
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{4 Unit Geacrntivn Rate
Wasic gencration means Lhe rate of wasle production. no matter how this wastc is managed
According 10 Khan and Ahsan, (2003)

Lnit Generation Rute = Toral Quimtity of Wasics

N, of Honuses % Residents per lanse x Days

111.2 Chemical Charscierization of Solid Wastes
l.aboratory proccdurcs uscd for chemical analysis in this siudy were:

I Gerab Smnnle collectinn
Two giab samples of raw organic wasie and compost were collceted from the heap of sorted
oiganic wastc and composl from different points. sides, depth and ccntre of the hcaps
respectively tarice @ week m both schools. These sampies were then mixed together to lorm
composite saroples and a spadcful of wasic were then taken, labelled and kept. At the ¢nd of
the assessnicmt period. compost produced fromn IS) as well as raw organic waste from WCI
were also collected. All the compeositc snmples were mixed together thoroughly nnd dncd.
lirom cach school. 3 total of ninc samples of orgamic waste and 1wo sarples of composlt wete
colleeted using a polyctheac bog, labelled and taken (o the laboratory for analysis.

It. Samplc I'reparation

Raw organic waste and composl were oven dried at $5°C for a period of 72 hours and grindcd
o pass o 4.0mm mesh using a suinless steel grinder. A represeivalive sample of
} approximatcly 25g was rctained by coming and quartering. This same standaid mcthod was

uscd for the compost samplc prior 1o its analysis.

[l pH Determination
Ten il distilled water was added to 10 g of sainple. The mixure was stirred and allowed lo

stand for 30 minutes; the mixture was stirred again for 2 minutes. The Dwyer Model WPIHIL
Water Proofl pH Mcler was calibmled with standard buffer 7.0 and 4.0, The pH of the wasice
suspension was then measured using the Electronic pli deteeminations methad (Bates. 1954)
Tlus same standard mcthod was used to dctermine pli of the organic wastce {rom the onsel of

the composting process all through 10 the production of compost
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. Muisture Content Determinuntion

Using Gartncr (1991) method. an empty moisture can was weighcd Wa About 2g of the grab

smnple was addcd to the motsturc can and weighed W; The moisture can and semple were

then dricd in the oven for 24 hours, and thereafier cooled in a desiccator. The can wath the dry
ssnple was linally weighed until a constant weight was obwnined W3

Culculation:

Moisture Content = [(Wi— W)/ (W] — Wy)) x 100  (expressed in %),

J.1LY Determination of Nitrogen, Phospherus, Potnssium and Carbon in Orgunic
Waste und Compuast
All the parameters were analyzed using standard mcthods recomimended dby the modilied
standard method 2540-B American Public Health Association (APIIA. 1998),
Pre-treiatment of Sample
a. Reagents
] Sclenium powder (Se), Lithium Sulphate (Li1:S04.H20), Hydrogen Peroxide 30% (11:02) and
| concentrated Sulphuric acid (12S0y4).
L. Digestion Mixture Preparation
} Aboutl 0.42g of sclenium powder and 14g lithium sulplinte were added o 350 ml 30%
hydrogen peroxide and mixed well. About 420 ml concentrated £1:SOy was slowly added
w hile cooling in an ice bath

c. Sample Digestion
About 0.3g of oven dricd (65°C) ground wasies sample was measured and placed in a

labelled, dry and clean digestion tube. About 4.4 mil digestion njxturc was added 10 cach tube
and also to 2 reagents blanks for cach batch of samples. The solution was digested for 2 hours
for 360°C in a furnace until the solution becamc colourless. The contents were then ollowed
o cool Aboui 25ml distilled water was added and mixed until no more sediment dissolved.
The contenis were then allowed to cool. The solution was finally made up to 50ml with

distslled water, mixed well and allowed to setile so that a clear solution could be 1aken from

the supematani for analysts.
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30131 Total Nitrogen Determinadion

Total nitrogen in organic waste and compost were determined using the regular Vacro-
kjcldahi method (Jackson, 1963).

Apparatus
Mucro-kjeldahl digestion distillation apparatus

Macro-kjeldahl flask of 500ml and 750ml copacity

ldeagents
Boric acitl 4% solution (dissolve 400g of Boric acid crystals in 1 liwe of distilled watcr)

Zinc granules

40% hydroxide solution (dissolve 400g of NaOH pellets in water, cool and maoke up to | fitre
with distilled warer)

0.2 NHCI9 (standardized)

Sodium sulphate (anhiydrous)

Sulphuric acid (H=SQy)

Cupiic sulphate

Procedure

Aller the sample had been grinded to pass tirough 0.Smm sicve, 0.5g (W) was weighed into a
S00ml kseldahil flask and washed with distilled woter. Then 0.65g of Cupric sulphate, 15g of
anhydrous sodium sulphate and 25ml of Sulphwic acid (cone. 14:S04) was added to the
solution and the content ol the flask placed in Kjeldohl digestion unit for more than 1 hour
until water had been removed and frothing seized. The heat was lawcr increased umit the
digest clcared . The samples were then allowed to cool, transferred 1o a S00inl volmncuice
flask and made up to mark..

About 100ml of the samples were then pipeite into another flask and 50ml of -10% NaOl{ was
addcd Also a few drops of botling zinc giantules plus 100inl of distilled water was added 10
reduce the risk of boiling oft ond cracking of the flask. Then, 100ml of 4% boric acid. 3 drops
of methyl red indicator and 3 drops of bromocresol green indicator were sequenciolly added

into 250ml Criecnmeycr flask. The kjcldahl flask was connecied o the disullation unit and
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distilled into the boric acid. Distillation continued until 100mI of the distillate was collected:
The solutionin the kjeldahl Aask 1umed blpck while that in the receiving Mask tumed dark-red

and the volume of acid (VAHCI) used secorded. The concentration of total niuogen in the
samples was calculatcd as follows:

%Nurogen= VALCI* NIHCL* VT *» 1004 14
VS * 1008 * \V

Where

VALIHCI| = Volwne of acid used

NHC) = Normality of HCI (0.2N)

V1 = Totol volume made up afler digestion
VS = Volune of sampie used

W = Weight of sample used

3.11.3.2  Phosphorus Dcicrmination (Expresscd as 1":0x)

Dctcninination of total phosphorus in the organic waste and compost wes done
spectsophotomctrically using thc Mo {molybdovanadate) blue colour method of Muiphy and
Riley (1962)

Itcagents
Ammonium molybdate; antimony potassium nrate; 2.5MH:S0; (148ml cone. H:SO,

diluted 10 | fitre); potassium hydrogen phosphate (KH;[O,); ascorbic acid. P- Nitrophero!
(0 25% wt/vol). SMNaOi] and SMILCI

'racudurc
From ammonium molybdate, 12g was taken and dissolved in 250ml of distilled watcr. Also,

0.2908p of antimony potassium larsdic was dissolved in 100ml of distilled woter

The 1m0 dissolved reagents were ddded to 1000ml of 2.5M LS04 and mixed thoroug hly

before being made up to 2 litres. Then. the nuxture was labelled as A and stored 1w pyrex

glass vessel in dark cool temperatutc.
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At the imc of analysis, 1.056g of ascorbic acid was dissolved in 200ml of the rcagent A
abovc- It wos mixed thoroughly and labelled as B. From the digested satnplc, Snil was
pipeticd o S0ml volumetric flask and then made up to 40ml with distilled waler To this

sohution was added 8ml of reagent B and the mixtire was thoroughly mixet|

The sbsorbuncc of the coloured solution was moatched against a reagent blank at 882nm. afler

stayng for 30mins.

Prepacation of Standard Curve (Fig 3.3)

From dry KI12PO,, 0.2194kg was taken, dissolved in distilled swoler in 500in] tlask and then
mide up to miark. This standard P stock solution contnined 100pgP/mi. From the stock
solution above, Sml was taken and dituted to 100ml voluinciric flask: This solution eontained
SugP/ml. Then (rom the diluted sotution above, 2ml, 4ml, éml, 8ml and 10ml was pipetied
seperately into 50mi flask each and the volume was made up to 35ml with distitled water, To
each of these diluted samples, 8mil of reagent B was added and mixed thoroughly before the
vohinie was nade up to the mork (50ml) with distilled water. These solution contained 0.2,
04, 0.6, 0.8 and 1.0 pgP/ml respectively,

Total Phosphorus in the sample was calculeted as follows:

Tolul P= 12,7 %50 * A3* 10

Weight of samiple
Wherc AR 1s the absorbance at 882nm
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Figure 32: Calibration Curve for Phosphorus (Expressed as ;05 )
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3.11.3.3  Potassium Determinntion (Expressed as K»0)

Powssium tontem of Organic wastc and conmpost was detcrmined using sodium

iciraphenylboron volumetric method as described by APHA mclhods of analysis (1992).

Reagents
¢ Ammonium oxalatc (4%) ip prepared this, 40g of ammonium oxalate (NH;):C:04)
was dissolved in waler with slight heating. The resuiling solution was then inade up 1o
100mI nnd storced in plastics containes.
+ [Fomaldenhyde solution (37- 40%)
® Clayton ycllow (0.04%): This was prepared by dissolvimg 40mg of indicstor (ilan
ycllow) 1o walcr and diluting to 10ml
+ Sodiumtciraphenylboton (STBP): STBP crysinis (0.ig) was dissolved in 800m] of
water. 20.25g of aluminium hydroxide (Al (Oll);) was ndded and the solwmion wus
stirred for 10 amins and then JeR for 2 days. 1t as filtered through paper pulp pad
vaccum: 4ml of 20% NaOl wus added followed by distilled waler 10 muke the
volumc 10 2i ml and the mixture twas then stored in a plastic containcr.
o« Standard Zephiran (Quactcnaty Ammonium Chloride). Diluted 12.5ml of 50%
Ze phiran chloride and maede up 1o mark with distilled water.
Standardization of Zcphiran ond STBP werc done os follows : STBP solution (10m]} was
pipciie inlo of 250ml of Erlemeyecr (lask and 2mls of 20% of NaOH and formaldenhyde were
added plus 10 drops of titan yellow indicntor. The mixture was titrated with Zephiran fo a
pink cnd - point. Volume of Zephiran used which represent the blank value was noted. In
standardizing STBP, 2.5g of KH;PO4 was weighed into 25ml Erlemeyer flask that had been
dricd for 2hrs at 105°C. To this was added 50ml of 4% smmonium oxalate solution and then
boiled for 30mins. It was allowed to cool before it was transferred to a 50ml volumelric (fask
and made up 10 mnrk with distilled watcr. From this, Sml of aliquol was taken into a 100mi
ric flaskand 2ml of 20% NaOll. Sml of formaldenhydc werc added. The solution was

volumet

swirled, refrigerated for 15min and then (ilicred thiough 0.5) fibre glass filier paper, To the

filterate was added 10 ¢rops of titan ycllow indicator und utrated agoinst Zephican 10 8 pink

end poimt with volume of Zcphiran used (V) recotded KxO factor (F) was colculated as

follows:

a0
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F=\W*9{¢5
5004272 (blank - V)

Where W = \Weight of Kl {;PO4
94 = Mol. W1. of K;:0
5 = Vol of KIt,O4aliquot used
272 = KH2PO4 equivalent
500 = Vol. made up of KI1 1PPOq
F = K:0 Facior
Analysis was carried out by \veighing about 0.5% of prepared sxinple and washing 1t into a
250ml beaker. To this was added 50m] of 4% Aluminium oxalatc and distilled water to niake
up to 150mls {rom this solution, 10m! aliquot wns pipeticd intom e 100ml volumectric flask
and refrigderated for 15mins and filtered tbrough a 0.45 fibre gloss filicr paper. To the
filtecate was added 1O drops of tilan ycllow and titrated against Zcphiran to a pink end point
with volume of Zcphiran (V) used recorded. The concentration of potassium (as Ka0) vsed

was calculated as foliows:

Ye KaO ={Rlunk -V} * F * 250 * 0= 7.
10*\V

Where

V2 = Volwne of Zcphiran used

I =K,0 factor

B = Blank value obtained in the standardization of Zcphiran

WV = Wi of sampic used
YR =Mal. Wt. K * Z
Mol. Wt K:0
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F=W*94°*5
500*272 (blaok - V)

Where W = Weight of K390,
94 = Mol. Wi of KO
5 = Vol of K120, aliquot uscd
272 = Kil;PO4 cquivaient
500 = Vol. made up of KF:PO,
[ = K0 Factor
Analysis wns corricd out by weighing obout 0.5% of prepurcd sampic and washing it into a
250ml beaker. To this was added S0m! of 4% Aluminium oxalate and distilled water to make
up 1o 1S0mls from this solution, 10ml aliquot was pipcticd intom a 100m] volumeuic ftask
and rcfiigdcrated for 15mins and fiftered through a 0.45 fibre glass filter paper. To the
(ilicraie was added 10 drops of fitan ycllow and titratcd ogaiast Zephiran to a pink cnd point

wilh volume of Zcphiran (V3) used recorded. The coacentration of potassium {as K:0) uscd

was calculated as follows:

% K20 = (Blank = V) “ F ¢ 250 * 100 =2
104\

Whcre

V2 = Volume of Zcphiran used

I = K;0 factor

B = Blnnk valuc obtained in the standardization of Zephiran

\V = Wt of sample used
' %I = Mol Wi. K ¢ 7,

Mol. WiLR20
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3.11.3.4 Carbon Delermination

Carbon content was detefMined using Wolkcy Black wet oxidation method (Walkey Black,

1934).

Apparstus
Burcites- 50ml capacity, Erlcmeyer flask, pipelie-10ml copacily and automatic pipetle

Reagents
IN K;Cr207, Conc H2SO4 and indicator: O- phenapthroline-fcrrous complex. The indicator

was prepared by dissolving 14.85g of O- pbeoanthroline moaohydrate and 6.95g of
FeSO4.7H,0 in wutcr ond diluting up to 1 litre, Ferrous ommonium sulphate

Fe(NH)(SO4)3.6H20 in 800m! of watcr containing 20m] of cone H;SO4 and diluting tol litre.

Proccdure

Organic waslc and compost were dried and grinded seperately to pass through 0.5mm sieve.
One gram of the sample was weighed in duplicatc and these were transfeired into 250ml
Erlemcyer fask. 10ml of IN Ki:Cr:O7 solution was pipeitc aecuralely into eoch flask and
swirled gently (o disperse the sample. Then, 20ml cone HiSO4 was rapidly added ioto the
suspension and this was swirled gently and vigorously for one minule. Afier 30 mins, 100m]
of the distilled water was added before 3 diops of indicator. The solution was then titrated
against 0.5N ferrous sulphute solution. The solulion cbanged from greenish to dark green

colour and finrally masoon colour al the end poipt.
The blank titglion was made in the same manner but without the sample solution to

slandardize the dichromate. The result was colculated as thus:

% Organic Carhon = (NY FeSOg for Blank — NV FeSQ, far samplc)-+ 0390
Weight of air-dricd sample

Whete
N = Normality of solution
V = ml of solution used

0.390 = constant
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3.11.3.4 Carbon Detcrmination
Carbon content was determined using Walkey Black wet oxidation method (Walkey Black.
1934),

éﬂnlnﬂll

Burctles- 50ml) capacity, Erlcmeyer Nask, pipetic-10ml capacity and automatic pipstic

Reagents
IN K2Cr;07, Cone HzSOs ond indicator: O- phenanthroline-ferrous complex. The indicator

was prepared by dissolving 14.85g of O- pheannthioline monohydruic and 6.95g of
FeSO4. 7120 in waier und diluting up 10 1| littre Ferrous ammogium sulphaie

Fc(N11)2(SO4)y.6H20 in 800m] of waler containing 20ml of conc HzSO4 and diluting to ] lure.

Procedure
Organic wastc and compost were dried and grinded seperately to pass through 0.5mm sicve.

One gram of the sample was weighed in duplicate and these were uansferred into 250m)

Erlemeycr flask. 10ml of IN K;Cr2O7 solution was pipetic ascurately into each flask and
swirled gentiy 10 disperse the sample. Then, 20ml cone 1{;SO4 was rapidly added into the
suspension and this was swirled gently and vigorously for onec minute. After 30 mins, 100ml
of the distilled water was added before 3 drops of indicator. The solution was then tizated
against 0.5N ferrous sulphate solution. The selution chonged from greenish to dark green
colour and finally maroon colour a1 the end point.

The blank titration was made in the same manncr but wilhout the sample solution 10

slandardize the dichromoste. The result was colculated as thus:

% Organic Carbon = (NY _FeSOy for Blank = NY FeSO,4 for sapplc). * 1.390
Welght of air-dried sample

Where
N = Normality of solution
V =ml of solution used

0.390 = constant

B2

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



3.12 Dectermination of llcavy Metals iy Organic Wastc and Compost

The detennination of lcad, chromium, nickel, arsenic, cadmium. Zinc and copp<er 0 the
6rgnn;c waste as well as the compost produced were all done by weighing 1g of the ground
samplc into a conical flask. About § ml of the digestion reagent (2:3 Conc. HINO3 and Conec.
11S04¢) were added and heated until brown peroxide and white perchlorie acid cvaporsted.
The resulting residue was totally dricd. The procedure was repeated until a white precipitate
remained in the flask. This was then filtered through o Whatman filter paper into a [00ml
voluinctric flask. The Filtrotc was diluted with 0.1N 1INO; to 100 ml, The digesicd samples
were Lhen analysed for the hcavy mectals with a Bulk Scientific 2107211 VCP Atomic
Absorption Spectrophotometer {(AAS) using methods described by the American Public
llcalth Assaciation (API1A, 1998).

The physical parameters of the organic waste measured were moisturc content, d:nsity and
the pH while the chemical paramcteis of the organic wastic expressed in % wen: nitrogen.
phosphorus, polassium, carbon and organic mnter wiile zinc, copper. chromium, cadmium,

lead, arscnic and nickel were expressed in mgrke.

3.13 Compuost Bin Design and Construction

Hot composting using windrow or bin mcthod was adopted for the study. The dimeusions of
the compost bin was 0.91m by 0.91m by 0.91m (i.e lcngth, beeadth and width) and made up
of comportments with common removable walls and fronts which allows compost to be
twpcd from onc bin 1o the adjacent bin convenicnlly. This was fabricated 10 sccomoadate the
organic fraction of the waste generated in ISI. This typc of bins arc modelted specificolly for

schools and busincss centcis intesested in coinposting {organic waste recycling). fhe bywns

have the following unique fecatures:
* Lockable lids that keep out garbage and unwantcd visilors

* Onc removable sidc for easy access

* Hinges 1o ensurc lids don't slam down on uscrs

* Slcck and natural look

Sourcc: Connecticut Deparimeat of Environmenal Protection, (2002)
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Platc 3.4: Front view ofCompost Bin Desigaed and Constructcd for Use ln 1SI
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14 Composting Proccdurc at 1]

.‘ o
lowing a waste chamcicrisstion and audit cagried out at ISI, o 1\wo compartment coMpos!

~ bin system was constructed. Hoy composting method was adopted. This is the most cificicnt
method for producing quality compost in a relatively shon time. Coinpost curriculum and
testing was developed for the selccted participants in [Sl. Organic wastc geneoted from
differcnt Pasts of the school mainly yard wasles from the cafeteria and kitchen and other parts
of the school such us classrooms, hostels, school lawn ctc were utiliscd for the excrcisc. Thcse
uclude ~ food wastes such as rice, ymn, spaghetli, garri, yam peels. planiant and banuna
pecls, wrapping leaves, vegetables such as peas, cabbage, spinach, spinach stems. fruits such
as ojonges, banana, pepper stalks and sceds and yard clippings. Grab samples of the organic
wasies were 1aken to lhe laboratory and the C:N ratio, moisture content and pll were
determincd  prior 10 the onsct of the process. Organic wastes were however collected and
ianstiercd 1o the compos! shed. Same volume of water was added 1hroughout the process.
Tuming of the compost hcap as well as monitoring of the cnvironmental conditions such as
temperature, pti and moisture content of the compost pile were however catried out on a 3-

day basis from 1hc onsct 10 complction of the process.

JI1S  Data Anslysis and Mansgemnent

All completed questionnaires were cotlecled and screened for completeness manually while
the frcquency of all variables were computed. The data was analyzed using SPSS compuler
software version 0 7. The resulis were presenied in frequency tables, charts and figures.

D3t on ctirent waste management progranunes, source-scparation of solid waste and waste
recycling in the schools as well as wasic maiagecment practices obtained [tom the
questionnaires were analyzed using descriptive statistics. The cifect of the tmning and the
provision of thc 1wo compariment compost bin on the adoption of compostng es a wasie

intervention mean knostcdge scores which were tested for significaice using the students® t-

tesl. Proportion of studcnis with good and poor knowledge and attitude lcvel was obrained

by crossiabulation using the Chi square method. All analysis were done al $% level of

significoncc.
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CUAVFTER FOUR

40 RESULTS

This chapter highlights the demographic characteristics of the study population, ther
knowlcdge. attitude nnd practice towards organie waste recycling ot basclinc and alter
ntervennon as well as elfeet of environmental education, componcnts of wasics generited.
wasic mandgement practices. environmental and health effect of current wasie nianagement
practice across the schools. Tlie questionaire results were validated by the findings of the
ohscrvation checklist. Also prescnted are the quaniity of wastes generated, physico-chemical
componcnts of wasics such as density of wastes, unit of gencration of wusics. moistuse
content, pH, tempenuture of cotnpost, chemical analysis of organic wastc as well as that of
compost produced fiom: organic waste recycling, Of all the 800 questiooaires adiministered,
781 were retricved. Results were analysed by grouping the guestionnaire into three main
sections nanely: knowledge, perception and practice seetion which mainly assessed the effect
of the intervention on the respondents. the naturc of wasics gencrated and vasious ways in

which solid wastc have been managed and the current probleins of solid waste management

with its associated cffeets on the school cnvironment and health of the siudents across the
sthools.

4.1 Questionnaire Survey

LU Socio-Danographic Clhiaracteristics of espondents

A total of 392 stuilents were interviewed in both schools with age ranging between 11 and §7
years Mean age of the respondents in both schools was 4.8 + 1.4 years: Of all the studentsin
IS1, 96 were males (49.0%), while 100 were females (51.0%)- 1n \WCI. there were 110 males
(56 1%) and 86 fcmales (43.9%) respectively. Majority of the respondents were Yorubas
81.0% (IS1) and 68 9% (WC1). Other chasacteristics are as shown tn fable 4-1-
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CUHAITER FOUR

40 RESULTS

“This chapter highlights the demographic characteristics of the study populntion, thetr
knowledge. nttitude nnd practice lowards organic wasle reeycling at bascline and alter
wtcrvention as well as ¢! Tect of environmental cducdlion, componcents of wastes gencrated,
wasic management praclices, cnvironmental and health effect of current wasie management
pracuce actoss the schools. The questionaire resulls were validated by the lindings of the
obscrvation checklist. Also prescnted are the quantity of wastes gencrated, physico-chemical
camponcits of wustes such as density of wasles, unil of gencration of wastes. moisturc
content, pli, temperature of composl, chemical analysis of organic wasle as well as that of
compost produced from organic waste recycling. Of all the 800 questionaires administered,
784 were retrieved. Resulls were analysed by grouping the questionnaire inlo tliree main
sections nanicly: knowledge, perception and practice section wluch inainly assessed the efliccl
ol the intervention on 1he respondenss, the nature of wastes gencrated and various wiys in
which solid waste have been innnaged and the curvent problems of solid wasle managcmcnlt
with its associaled efTects on the school cnvironmcnt and hcalth of the srudents across the

schools.

L1 Questionnaire Survey
L.l Socio-Danogrufhic Chariacleristics of Respendents

A tolal of 392 students were interviesved in both schools with ngc ranging between 11 and 17
years. Mcan age of the respondents in both schools was 14.8 £ 1.4 ycars- Of all the students in
ISl. 96 were males (49.0%), while 100 were females (51.0%). In WCl. theee were 130 males
(56}%) and B6 fcinales (43.9%) respectively. Majority of the respondents were Yoruhas
81.0% (IS1) and 68 9% (WCY)_ Other charocicristics arc os shown in [able 4°1.
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_ ISE(%) WCI (%) Total
T8 1 3yewr 41(209) 40020 4) 81(20.7)
4-16yean L5 132(67.3) 276(704)
‘Mean ¢ SD years 148+13 148+ 14 Lt.8+1.4
J3Y
Male 96(49.0) 110(56.1) 206(52.6)
i!malc 100(31.0) 86(43 9) 186(47.4)
~ Religion
Chngainity 162(82.7) 144(73.5) 306(78.1)
Islam 14(17.3) $2(26.5) 86(21.9)
Elhnlchy
Yoruba 159¢81.1) 135(68.9) 294(75.0)
Igbo 22(11.2) 32(163) $4(13.8)
Hayss 0(0.00) 10¢5.1) 10(2.6)
Othess 15(2.7) 19¢9.7) 34(8.7)
gslass's of Respondent A ) 20035.7) 144036.7)
§552 48(24.5) 5$7(29.1) losgs.a)
5583 74(37.8) 69(35.2) 143(16.5)
88



{ wicdge of Respundepts on Organic Waste Recycling ot Bascline

2 shows the knowledge of respondents on organic waste recycling, At bascline,
of the respondents had no prior knowledge on any form of waste management i 1S!,
n WCl, 26.7%. also had no knowledge on any form of wastc management. Again. only
% of the respondcnts al 1ST did not know that wastc can be converted into useful niaterials
while exactly half (i.c 50%) of the respondents at WCI did not know thar waste could be
convericd int0 usclul maicriols, About 41.5% ond 38.7% of the respondents knew that waste
cun be recycled m ISI and \WCI 1espectively. lHowever. some of the respondents - 1.5%) al
1S) and (38.7%) a1 WCI reporied that waste could be recycled ot bascline. More than half
55.7% (IS)) ond 55.2% (WCI) of the respondents reporied compost is highly benelcial to
plants,

4.1.3 Knowledge Level of Respondents on Organic Wasic Recycling at Raseline

Table 4.3 shows the knowledge levei of respondents ot bascline. This shows that niorv than
half of the respondents (57.1%) had poor knowledge of waste recycling in 1SI while almost
half (46.9%) had poor knowiedge in WCI. Knowledge score of respondents 1t 1S) was 3.48 £
1.69 while that of WCI was 3.84 £ 1.68.
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_,;eléi:ots'ici'ut d-f' 'l{cspontlcntron Organic Waste Recycling In Study Schools at Daseline

Varlable Baseline
. ISY (%) WCI(%)  Total (%)
} you know any form Yes 102(53.1
g el (53.1) 114(585)  216(55.8)
e
Mo 66(34.4) $2267)  118(305)
Don't Know 24(12.5) 2%149)  $3(137)
Do you think ‘waste can Yes 71(37.2) 63(32.5) 134(34 8)
be converted inlo useful
matetials
No 23(12.0) 97(500)  120{31.2)
Don't Know 97(50.8) 34(17.9) 131(34.0)
Do know waste can e Yes 80(41.5) 75(38.7) 155(40.1)
recycled
No 62(32.1) 79(10.7) 141(364)
Don’t Know $1(26.4) 40¢20.6) 91(23.5)
Do you think recyling Yes' 77(42.1) 95(-492) 172(45.7)
cn help mapage wasle
property
No 56(30.6) 10(52) 66(17.6)
Don’t Know 50(27.3) 88{45.6) 138(36.7)
Do you know if solid Ves 66(35.7) 13(374)  139(366)
waste cap be seperaled
Al source
No $9(31.9) 87(4-1.6) 146(38.4)
Don't Know 60(32.4) 35(17.9)  95(25.0)
Do you know about Yes 75(393) 84(43.5) 159(41.4)
i - £2(42.9) 56(29.0)  138(359)
Don'tKnow 3N(17.8) 53(22.5) 87(229)
Do you think compost 13 Yes 103(55.7) 107(552) 210{55.4)
highly  beneficial to
plancs 29(7.7
e 903 .8) 22(11.3) 9(7.7)
Don't Know 75(40.5) 65(33.5)  14036.9)
1048(5:1.5 212(559)
Do you think proper Yes E8 G i
solid wasie manogement
can affect health $4(283)  96(24.)
42(22.3)
No 3
A Don' Know __38203)  3x(123)_ _TURLD
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5427.6) 75(38.3) 129(32.9) ' .

30(15.3) 29(14.8) 59(15.1)
=\
McantS. D 3.48%1.69 IBA+1.68  3.56%1.68 \
‘Knowledge Score
Cht-squarctest X1 %5396, dl= 2, p= 0067
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Attitude Townrds Organic Waste Reeycling it Baseline

ts of thic survey (Table 4.4) showed the anitude of students lowards organic wasie
.:cic]:lzlg in schools. This revealed the auitude of 1S] students towards organic svaslc
recycling s compared with WCI students. In US], only 25.3% of the students agreed that solid
waste recycling 1s nceessary in schools. 10.8% agreed that training of students on how to
recycle wasies 1s necessaly in schools, 20.3% agreed that the school authorities alone should
be held responsible for managing wastes gencrated in the school environment while 43 8%
agrecd that every student should be involved in the recycling of waste generaled in the school
In WCI, 29.2% of the students agreed thal waste recycling was necessaty in the schools,
another £7.1% ogreed that training of students on organic wastc recycling is necessary in
schools, another 24.9% agreed that the school authorities alone should be held responsible for

manoging wasics generalcd in the school while 48.2% agreed that every studeni should be

involved in the recycling of wasice generated in the school.

4.1.5 Altitude Level of Respondents al Rascline
Table 4.5 shows the attitude level of respondents in [S] and WC] at baselinc. in both schools,

31 3% (1S]) and 39.5% (\WCI) of the respondenis had negolive atlitude towards organic wisle
recycling.

416 Relationship Between Knowledge andd Aftitude devel of Respondents in Study
Schools at Bascline
The table 3.6 shows the rclationship between knowledge g ‘all Nl VEl of res poREEme il

IS1 and WCI 11 bascline. More than half of the respondents (51.8%) who had poor knowledge

also had a negatiye attitude. HMowever. few dudents with excellent knowledge on wasie

reeYeling (16.7%) also had positive attitudc towards waslc recycling al baseline in Both 1S]

and WCI.
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Tabic 3.9 : Attitude of itespondeats tonards Organic Wasic Recycling a1 Daselin

Characicristics Varinble Basclinc
IS] (Ye) WCI (°A) Toral (%)
Solid waste recycling is necessary  Agree 48(25.3) 56(29.2) 105(27.2)
® the school communaty,
Indifferent 60(30.9) 26(13.5) 86(22.3)
Disagree 85(43.8) 11{57.3) 195(50.5)
Training of students on how 0 Agree 21(10.8) 33(17.1) 54(14.0)
recycle solid waste S necessary in
schools
Indifterent 43(22.2 68(35.2) 111(28.7)
Disagtee 135(67.0) 92(47.7) 222(574)
\Wastc management enhances good Agree 168(87.0) 139(724) 307(79.7)
health of the students and beauty of
the school environment.
Indifterent 16(8.3) 19(9.9) 35(9.1)
Disagree 9(4.7) 34(17.7) 43(11.2)
‘The school authorities alone should Agree 39(20.3) 48(24.9) 87(22.6)
be held responsible for managing
waste generated in the school.
Indi fierent 5026.0) 30(15.5) 80(20.8)
Disagree 103(53.6) 115(59.8) 218(56.6)
93
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Every student shouid be involved Agree 84(43.8)
in the recycling of waste in the
school.
Indifferent 60(31.3)
Disagree 48(25.0)
Individual scperation of waste is Agres 92(48.2)
nceessary for proper management
of wastc.
Indifferent 7137.2)
Disagree 28(14.7)
Seperation of waste into vanous Agree 54(28.3)
components tn the school sctting is
simply a t disturbance.
A Indi{Terent 87(45.5)
Disagree 50(26.2)
Composting of organic waste will - Agree 67(34.7)
coastitute nuisance 10 the sthool.
indifferent 58(30.1)
Disogree 68(35.2)

X=3.23,dF~), p0.07
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92(48.2) 176(460)
39(20.4) 49(25.8)
60(31.4) 108(28.2)
107(56.0) 199(52.1)
48(25.1) 119(31.2)
36(18.8) 64(16.8)
66(34.6) 120(31.4)
53(27.7) 140(36.6)
72(31.7) 122(31.9)
70036.5) 137(35.6)
48(21.4) 99(25.7)
81(42.2) 149(38.7)




J,g_:'-_-At_litudc Level of Respondents towards Waste Recycling at Baseline

-“
e —

i Baseline

Atiude  1S1(%) WCI(%) Toml(%)
Leve!

Negotive  61(31.3) T1(39.5) 139(35.6)

Positive  134(68.7)  118(60.5) 251(64.4)

“X’=0.151,df=2, p=0927 X'=6432,df=4,p=0.175
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e

14 Attitude Level

Knowledge Level Negalive Positive

[

12 130
51.8% 51.8%
50 79
36.0% 31.5%
| 17 42
Excellent 12.2% 16.T%
| 139 251

Toml 100% 100%

- t1e 4.6: R 'ﬁﬁb_n.'ll\lp-ﬁehveen Knowledge Level und Attitude Level a¢ Ba_scl_ine

Toul
202
51.8%
129
33.1%

59
15.1%
390
100%

“X'a 1,746, df = 2, p=0.475 =

96

‘ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




[* 'l ‘
il‘

97

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




.....

5 i .
. , II} '_ )
-

wr‘\% Is.r l-p-

. ﬁ' ggm(.'\ahﬁdrccyclmg) 0{8.00) 0(0.00)
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andt Quantity of Wasics Renerated in flhe Siudy Schools.

"hysical Assessment of Coin ponends of Soli( W\
Schools

‘astes generated in (he Study

e quc!l;onnairc sufvey showtcl that solid wasics in both schools include paper, nylon 3nd
pfaslics"mﬁﬂﬂic wastes, glass and mctals (Tin cans). The percentage composition of the
wastes generated in o month a1 cach of the schools as shown in Figures 4.1 and 4 2 below,
showed that, 1 1S] and WCI, $1.8% and 44.9% of the respondents reported organic wastc cis
the most gencrdled form of waste in both schools. This was followed by paper (28.2% and
21 4%), nylon and plastics (14.9% and 28.1%), glass (2.6% ond 2.0%) and melals (0.5% and
)-5%) respectively. Figure 4.3 illusirates the pereentoge crnposition of the combencd wasies
geacmied m the 1wo Schools. [t can be deduced that organie wastes was the most genersted
(53%) followed by paper (27%). nylon and plastics (15 %), glass (2.0%) and mclals (0.8%).

4.2.2 Comparison of the PPhysico-Cheinical Componcnts of Solid Waste Generared in
the Study Schuools

Meon weekly weight of wastes as illustrated by Table 4.8 was 156.9kg [or organic wusles,

45.70kg for popers, 45.36kg for nylon and plastics. 3.50kg for mcinls (n cans) and 1.63kg

lor glass at ISI. However in WCI, incan weekly weiglt for vanous wasles gencraled include

36.25kg for organic wastes, 54.63kg for nylon and plastics, 37.63kg f(or paper and 1.25kg for

mclols (Tin cans) respcctively.

Weight of solid waste generited in the two schools daily varied significantly: In ISE, crganic
wasies and papers were the mosi dominantly gencrated wastes daily with mean doily vatues of

20.85+4 02kg ond 6.09+2.14kg respectively. This was foliowed closcly by nylon nnd plastics

with mean daily value of 6.05+ 48kg. Orgonic waslc os well os Nylon and plastics were the

{ with mean daily valucs 01'7.77% 1.65 kg and

most dominantly generated wastes daily o WC ‘
rs generaled doily was 5.023:0.97kg (11g4.-)

1.30£1.23 kg respectively. Mecan weight of pape

Me2n Jensitics of componenls of solid wastcs gencrated in both schools os shown in ['gure

paper, plastics and organic wastes were 85.02kg/m’,

45 revealed that in IS). mean density of
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o and 132.05 l:glin) respectively while in WCI, mean density of paper. nylon and

Li

\cs and ofganic wastes was 80.0kgm’, 82.0kg/m® and 106.82kg/m’ respectively.

3 3 Unit Waste Generation Rate in the Study Schools

“The mean gencqation ee reported 10 this study were 0.18kg/c/day and 0.12kg/c/day in 151
~ and WCI tespectively. These were however lower than the statderd of 0.5kg/c/day.
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Figure 4.1: Percentage Composition by Weight of Wastes generated in ISI
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Figure 4.2: Pereentage Composition by Weight of Wastes gencrated in WCI
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Figure 43: Percentage Compasition by Weight of Wastes gencrated in Stugdy Schools
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Figure 4.3: Percentage Composition by Weight of Wastes generated in Study Schools
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, zﬂ Mcnn Weekly Weight of Solid Waste Componcnts gencrated in Study Schoofs-

lh
=

Location Mean £ S.D (kg)
IS! 45.70 4 8,32
WCl 37.63 £9.23
Nylon and Plostics  1Si 45.36+9.82
WCl 54.63 + 18.89
Organic Wasles 1SI 156.89+ 22.61
wCl 56.25 + 15.93
Meusls ISI 3.50 + 2.96
wCl 1.25+292
Glass ISI 1.63 + 1.88
\WCl 0.00 + 0.00
I
| .
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Figure 4.4: Mean Weight of Wastes geaerated Daily in Study Schools
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‘cﬁ‘t')j""f‘\i'clal Coni poncnis of Organic Wastes Generated in the Slud)‘ Sch%’l"

1.6 shows the nicon values of leavy mcilals concentrations in the orgonic wuste
éénr'cm(cd in the 1wo schools siudicd as comparcd with the Omario composting gwdcline
n',m;lts".flbc concentsations of zinc in 1SI and WCI werc £.5240.10mpg/kg and +2140.00
mg/ke respectively, and these were lower than the limit of S00 mg/kg. The concent ations of
lead at 1S| and WCI were 0.2320.00 mg/kg ood 0.10+0.00mg/kg respectively, and these were
also lower than the fimit of 150 mg/kg. The concentmlions of Chromium in ISI and WCI
were-0:0610.00mg/kg nnd 0.0140.00mg/kg respectively, the valucs were lower than the limit
of 50 m/kg. Also. Cadmium conceatrations in (S| and WCI were 0.0320.00 mg/kg and
0041£000 mg/kpg respectively with values lower than the limit of 3.0 mghkg The
concenirutions copper in IS! and WC! were: 0.50+0.00 mg/kg and 0.15:0.01 mg/kg
respcctively, with valucs also lower than the limit of 60 mg/kg. Arscaic concentmlions in ISI
ond WCI were 0.0240.00 mg/kg and 0.0110.00 mg/kg respectively and these volues were also
lower than the limit of 10mg/kg. Nickel concentration in ISt and WCIl were and 00140 00

mg/kg and again were lower than the limit of 60 mg/kg

4.4 Constituents of Coinpost ’roduced from Orgunic Waste Recycling
Thc mean values of the chemical constituents of the compost from organic svastcs recycling in

ISl werc organic carbon (24.00+£0.01%), nitrogen (1.940.01%), phosphorus (7.510.01%),
pottasium (I.6+0.0:1%)

4.5 Chemical Cunstitucnis of Organic Waste and Compost Produced in Siudy Schauols
a1 Bascline and Post Intervention.

Al bascline, chemical constilucnts of orgmtic waste generated in both scheols was organic
carbon (62.0 + 0.04%), nitrogen (2.4 + 0.00%), phosphorus (9.6:028%) and potiasium
(3.0£0 04%) for 1SI while thw of WCI was carbon (49.02£0.01%). nitrogen {2.3240.01%),
phosphorus (10.14+0.01%) and pollasium (1.8420.01%). A1 post intcrvention. chemical

was ofganic carbon (24 00:0.00%), nitrogen (1 9131 0.00%).
., poltasiuni (1.57:0.00%) whilc that of organic waste st WCI was

), nilrogen (2.240.01%), phosphorus (9.9:10.01%). powtasiiin
. f heavy mctal constitucnis of orgunic

constiucnts of composl
phosphorus (7.48+0.00%)

organic carbon (47.240.02%
(1.740,01%). Fig 4.7 shows thc mean conceniration 0
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at baseline versus compost produced ai post intervention in IS1, This was as (ollows
5240.10me/kg ond 0.19:0.00 mg/kg (zinc), 0,23+0.00 mg/kg and 0.10£0,00mg/kg (teud),
006:0.00mg/kg and 0.0040.00 mg/kg (chromium) 0031000 mgkg nnd 0.0040.00mg’kg
(cadmiwn), 0.5010.00 mg/kg and 0.13+0.00mgkg (copper), 0.0240.00 mg/kg and
0.00:0.00mg/kg (arscenic) and 0.014.0.00 mg/kg and 0.00+0.00 mg/kg (nickel).

3.6 Compurisen of I’hysico-Chemical Conditions required for Efficient Recycling of
Organic Wuste penerated in Study Schools
Table 4.9 shows the variation in the physico-chemical parameters in the two schools. The C
N mtio at IS and WCI were 25.8:1 and 21.1:1 respectively. The Moaisture Content for I1SE and
WCI were 57.80%14,94 and 73.10£1.0 % respectively. The pH values for S] and WCI were
73720.54 and 6.80:£0.20 respectively.

108

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



601

90Y3S ApNnig ) P10 sEAL J1uedi0) Ot s|EIAEY AABIY SO UOHEIUIIUCY) UNILY (9'p Jandvg

T
O
L
| S
LE 2
o
| >
1e
@]
=
o8l 2
o
Ll
14
I
u
b a1 3
I
- — 2
| =
pap— ] | ©
- oee 5
z
DM N | S
_ E
5]

——

=
g 8
(/) m) 911022 E0)

R
9
[ 0 ]




Concenlii® tlan (w2 Ifhﬂ)

e Lend

Figure 4.7: Mean Concentration of Heavy Metals in Organic Waste versus Compost in IS
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Table 4.9; Compurison of Physico-Cliemicul Conditions required for Coniposting of Organic
\Wasle gencrated in Study Schools

Paramictcr iS1 WCi Standord

C:N Ratie 25.8: 1 20.1: 1 25.1:1.30.1:1

Maisture Content (%) 57.80+14.94 73.10+1.8 50.0 - 60.0

phl 7.3740.54  6.80:020  60-75
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ions in Physicu-chemical Condiginng abserved during Composting in 151

| il of organic wnsics rom the start of the experiment was 6. This gradually increased 10
gs obscrved on the 61h day of ihe process and increased 10 8.0 on the 12th day ‘[Tis
reduced 1071 on completion of the process i.e 30th doy. Temperature reading from the onsct
.‘l;';.'c first 3days) was 34°C. This increased 10 55°C on the 6th day ang (o 57°C on the I 5th day
of the process. 1Towever, on the 24th day, it reduced 10 48°C and grodually to 42°C on the

Vv

27 day and finally 10 39°C on complction of the process. For moisture content, the orgastic
wasle contained 61% moisture on the 3rd day of the process, On the [5th day however,
reduccil to 8% and finally to 54% on the 271h day and on complction of the process. Fig 4.8 -
410 illusvates the vanation in physico-chemical conditions (pll, temperature and moisture
content) obscrved during the composting process. llowever, the mcan values ol pil.

temperature and moistwre content were  7.3740.54, 49.50+7.46°C and 57.801 14-94%

respectively .

48  Wastc Munagcment Prictices in Study Schoaols at Basclinc

Table 4.10 below shows the results of the survey which illustrales the wastc monagcmeni

practices acros8 the schools ot bascline. Wasic management ot ISl was basically open

dumping with little or no sepcration of waslies (10.8%). As reporicd corlicr. 65.6% and 68.1%

of cespondents in IS nnd WCI respectively utilized the school wastc bin for waste disposal,

whitc $9.9% and $8.4% at [S1 und WCI respectively reported that there were medivm sized

plastic bins without cover. Partaining to adcquacy of bins 53.8% and 85.8% of the studenis in

[S1 and WCI respectively reported that cach classroom had at lcast one wasie bin cach locutcd

v ‘ ricd that
cither within or outside the classrooin However. 65.2% of the respondcnts at ISI reportc

| | while
wiste was disposcd ol from the school by an exicmnal conuactor licensed by the schoo

15.2% at WCI rcported wasic was burnt openly (Open buming)-

. 1 \Vastc Manngcnicnd I’ractices acruss the Schaols,
4.9 prublans Associated with \Vas

o . 6 ) g L]
49.1  Lavironmental Prohlens 4 waste in the schools were odour.

ociitcd With sol

: 1al problems 855 :
The major cnvironmental p < and leachates, Fig 4.11sho

ws that in ISl and WCI.
Veclor breeding, scavengers. unsightlines
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25:2%. 0.9% 3nd 1.7%) and (54.8%. 11.9%. 25.1%, 1.3% and 7.1%) reported

Y , Ve o, .
breeding, scavengers, unsigthliness, leachates and scavengers respectively.

92 ileakth Problems
| :mb1cms reported (o be associated with solid waste management across the schools

were miokario, typhoid fever, diarrhoca, yellow fever and dog bite. Fig 4.12 shows that in ISI

& 3‘%, 38 3% and 3.9%) reporied malania, typhoid fever, diarthoea, cholera, ycllow fever ond

‘dog bite respectively.
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»

L1

Waste Mnnugemcnl I’

raclices in Study Schoyls

Options IS WCI
N=196(%) N=196(%)
3ush dumping 24(12.9) 19(9.9)
disposal/collection  Open dumping 37(19.9) 31(16.2)
mcthod cmployed
by Students Pit dumping 3(1.6) 11(5.8)
School wastc bin 122(65.6) 130(68.1)
Frequency of Oncc a day 129(83.9) 137(73.7)
Waste disposal fom Twice a day 10(6.5) 40(21.5)
Classrooms and Every two days 8(5.2) 3(1.6)
Hoslels Once o week 3(1.9) 2(1.1)
Once in two weeks  4(2.6) 4(2.2)
Frequency of Wasic  Daily 111(62.7) 152(80.0)
Disposal in School.  Every 2days 13(7.3) 11(5.8)
Beyond 2days 5(2.8) £(0.5)
Wecekly 13(7.3) 14(7.4)
Nol sure 35(19.8) 12(6.3)
Method of
Collection Disposal Yes 116(65.2) 45(24.7)
of Wastc in No 62(34.8) ErizEs)
School(School
licenscdContrnctors)
Re) Ses 24(12.2) 103(75.2)
e 172(87.8) 24(24.8)

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

114



Figure 4.8: Variation in pH observed during Composting in 1SI
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Figure 4.10: Variation in Moisture Content observed during Composting in ISI
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Figure 4.11: Environmental Problems associated with Waste Management across the Study Schools

118

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Mroportien of Hespambrad (%)

/1]

8
=

g 8 @
o

_—-:":

—

)
B Al
B a i

g

10+

—_—

NMewrw Tyvts) Fovet Disrhoes Oogdie

Meaith Problems

Chote

YeGow Fever

Figure 4.12: Health Problems associated with Waste management Practices across the Study Schools
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site Observations using Checklist

l§ validate the responses given by students certain arcas and reactices were obscnved
include the physical features of

able 4.11):

'liisposnl of Solid Wastces by Siudents

the schogl environment. These are presented as

s was moinly through the use of (he school waste bin. Although  wastes such as papers,
sweet \Wrappcrs, watcr sitchcts. biscuit wrappers etc were found liticr:d on the floor in some
of the classrooms.

b Solid Waste Dispasal Receptacles

\\'-'a.slc reccplacles uscd n both schools were medium sized plastic bins without covers Thcse
were also present in cach of the classrooms and they were located at a comer within a short
walking distance 10 1he classrooms.

6. Frequency of Collection of Wastes

Wastc was collected on daily basis by the school cleaners from oll arcas of the school anil
tanslerred 10 the school dumpsite accordingly. Waste was thereafier collecied three times a
week by an cxternal contiactor licensed by the authority at 1S while v:aste was burnt openly
on daily basis o WCI respectively.

. Cleanliness and Maintainuncc of the School Environment

The swatc of the cnvironment in both schools was orderly and ncat except for the
mdiscriminalc dumping in the dumpsite at ISI as the large bin provid=d was inadcquaic and

found overflowing. Drainege in both schools was also fiee flowing.

¢.  Envirommental Probleiss causeil by Waste

This includes unsightlincss as well as odour caused by w

Vectors such as flics were found of the dungsite and occassionelly sc

astes o1 the dumpsite in both schools

avengers like dogs duc

1o the uncontrollcd clumping of wasles at IS].
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Plate 4.1: Siate of Dumpsite in 181
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Plate 4.2: Statc of Dumpzitc in WCI
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.
_ '.,j_;.rff %W_ﬁﬁqﬁm. Checkiist in the Study schools

=, - — o

151 WCl
Renking
sal of Solid Wastes by 4+ —
S I'-‘. s‘
__m.'r..ln cy_- of Solid Waste Disposal ++ =
cpracles
. ucncy of Collection of Wastes  ++ ++
'ltllncss ond Mainasinance of ++ i+
he Environnient
quc of Dumpsitc 1 ++
Presence of Scavengers a1 School  ++ -
Dumpsile
Presence of Veclors a1 School ++ 4
Dumpsite
Types of Solid Waste Reccptacles
Drums < >
Bins +t =
| - Meial Containers '
Sanitaty Condition ol Receptacics
| Covered . -
| Exposed 6t o
| Overflowing -
~ Waste Disposal Practices
Use of Bin v L
| Recycling f H
Open Dumping '
Open Burmning - 04}
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ne I;'Sunoundmss +++ A
Location of Receplacles -+ o1

Locotion Capable of causing - =
azard 10 Students
WUse of Extemal/licensed \Vasie + -

Collection Scrvices

sm ++ Fair  + our - Abscat
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++ ++
Aate of Surroundings +++ e
Location of Receptacies +e ++
1ocation Capable of causing . -
I azand 10 Students
‘Use of Lxternal/Licensed Wasic + 2

Collection Scrvices

Koy +++Gaod ++ Fnir + Poor - Absen

124

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




"'F‘iﬂ-lll&,a‘nd Provision of Conipost Bin for @rganic Waste Reeycling

"  physical assessment of the wastes i the two Schaols. it was obscrved that organic
ste m the mos! dominant wastc generated followed by papcrand plastics ot appreciable
antitics. Therefore a (wo compariment compost bin following windraws method was
fﬁﬁfghcd and fobrictted for the recycling of the organic wastes component in ISL. The
intervention also included training on source seggregation and the cffective use of the
fabricated bin for recycling of organic wastes in [SI. The bin was Iefl for use in IS! for n

penod of onc month afier which g post intervention sugvey was conducted with the some

questionnairc uscd ot basclinc.

4.11.1  Trnining Scssion on @rhunic Wasic Recycling

Tewoining was conducted as past of the intervention on waste segreggation and coniposting of
arganic waste using the windrows method. A two compariment 34l by 3ft by 311 coinpost bin
was construcled to this clfcct in ISL. A total of 50 students were mndomly selected from the
tasget population i.c SSSI1-3 students and cnrolled in the wraining. A pre-cvaluution 1cst
comprising 4 questions was conducled. A mean knowledge scorc of 3.18 was oblained
which eventuslly increascd to 5.49 alicr the same se1 of questions administered initialy were

used. This shows the increcase in knowledge of the panicipants.

4.11.2  Effect of Truining und I'rovisiop of Comnpoest Bin on knowledgpe
Tabie 1 12 shows the proponion of respondents with good knowlcdge arter the traiming The

Increasc in knowledge shows the efTect of the taining on the knowledge of students on

organic wastc recycling in ISI as compared to that of WClI students whcete there was no

taining.

Table 413 shows the mean know ledge score of ISI students at baseline as 35417 while that

of WCl ot baseline was 38517 with no sigaificont difference observed. Mean bascline

knowledge score and its corresponding scofe ofice intervention for ISL was 3.5x1.7 and
55416, while that of WCI was 3.8+1.7 and its corresponding Post incrvenlion scoré was
It1.6, w '

412} 8. The diffi e bectween the two post intervention knowledge scores for the two
12} 8. The differcnc

schools was significam (p<0.05).
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f Traini 'Isi
fcct of Training and Provision of Carnpast Bia oo Attitude

suft of the survey as shown in Table 4.14 shows tie dijferences in the attitude of
lowards organic waste recycling at bascline and aficr inlcevention. In ISE, 25.3% and
: % reporicd 1hat organic waste recycling was necessary in schools, 10.8% ond 69.8%
iﬂmhm that training of students on organic waste recycling was nccessaty in schools, 20.3%
and 11.0% stated that the school puthorities alonc should manage wasles gencrated in the
chooi. 43.8% and 64.2% ol the respondents agreed that every student should be involved in
the fecycling ol wastes: 48.2% nnd 52.0% agreed tha componen! sorting of waslcs was
necessary for proper management of waste al boseline and afier inlervention respectively. [n
WCl, 29.2% ond 54.7% disagreed thot organic wasic recycling was necessary I n schools.
17.1% and 39.0% agreed thot trining of studenis on how 1o recycle organic wasle was
necessary in schools: 24.9% and 30.7% agreed that the school authority alonc should be
responsible for mnnagemient of waste gencraled in the school: 48 3% and 52.6% agrecd that
evety student shouid be involved in the recycling of wiste in the schoo! at bascline and post

intervention respectively. This is a reflection thot the training programme had a positive c(Tect

on the attitude of students townrds orgonic wasle recycling

1114 Effect of Training nod Utilizution of Bin for Composting
Table 4 1S shows the cffect ol intcrvention on wtilization of the compost bin for consposting

in both schools In IS}, 0 00% and §8,7% seperatcd their wastc while 0.00% ond 26.0%
the provision of compost bin respectively. In WCI,

pmcliced composting before and after
c and pracliced composling before ond niter the

none of the respondents scparalcd their wast

intervenlion.
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Tabic 4.12 : Differcnces in Knowledge at Baseline and after l'mcr\Tc;n;o; in Sudy

Charactcristics Variable Bascline i Post-inter en tion iy
IS1 (%) WC{(%) Toial(%) IS (%) WCI(%) Total (%)
Do you know aay Yes 102(53.1) 114(58.5) 216(55.8) 129(66.5) 122(62.9) 251(64.7)
form of waste
management
No 66(34.4) 52(26.7) 118(30.5) 46(23.7) 55(28.4) 101(26.0)
Don't 24(12.5) 2014 9)  53(13.7) 19(9.8) 17(8.8) 36(9.3)
Know
Do you think waste Yes 71(37.2) 63(32.5)  134(348) 118(60.8) 91(46.9) 209(53.9)
can be convened
into uscfil
matenals
No 25(120) ~ 97(50.0) 120{312) 5(2.6) 87(44.8) 92(23.7)
Don"t 97(50.8) 34(17.5) 131(34.0) 71(36.6) 16(8.2) 87(22.4)

Know
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'_ - _ P
Do know wasie can Yes

bc recycled
No
Don’t
Know
Do you think Yes
recyling can help
manage wasie
properly
No
Don™
Know

Do you know il Yes
solid wasic can be
separated al source
No
Don’t

Know

Do you know about Yes

80(41.5)

62(32.1)
51(26.4)

77(42.1)

56(30.6)
50(27.3)

66(35.7)

59(31.9)
60{(32.4)

75(39.3)

7587

79(40.7)
40(20.6)

95(49.2)

10(5.2)

88(45.6)

73(37.49)

87(44.6)
35(17.9)

84(43.5)

141(36.4)
91(23.5)

172(45.7)

66(17.6)
138(36.7)

139(36.6)

146(38.4)
95(25.0)

159(4t.4)
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155(40.1) 1.

23(11.9)
14(7.2)

151(82.1)

18(9.8)
15(8.2)

99(53.5)

58(31.4)
28(15.1)

152(79.6)

59(30.4)
55(28.4)

116(60.4)

22(11.5)
54(28.1)

102(53.1)

33(17.2)
57(29.7)

80(41.5)

‘82(21.1)
69(17.8)

267(71.0)

40(10.6)
69(18.4)

201(53.3)

91(24.1)
85(22.5)

232(60.4))




._——
Do know wastc can Yes

BO(41.5

e — S—— i T e

Y  75038.7) 155(30.1
bec recycled
No 6232.1)  79(40.7)  141364) 23(11.9)  59(304) 82211
Don't 51(26.4)  40(20.6) 91(23.5)  14(7.2) 55(28.4)  69(178)
Know
Do you think Yes 7742.1)  95(49.2) 172(45.7) 151(82.1) 116(60.4) 267(71.0)
recyling can  help
manage wasle N
properly
No 56(30.6) 10(5.2) 66(17.6) 18(9.8) 22(11.5) 40(10.6)
Don't 50(27.3)  88(45.6) 138(36.7) 15(82) 54(28.1)  69(184)
Know
Do you kmow if Ycs 66(35.7) 73(37.4) 139(36.6) 99(53.5) 102(53.1) 201(533)
solid wasle can t
separated at source
No 59(31.9) 87(44.6) 146(38.4) S8(31.4)  33(17.2)  9i(24.1)
Don’t 60(32.4)  35(17.9) 95(25.0) 28(15.1) 57(29.7) 85(22.5)
Know
Do you know aboul  Yes 75(39.3)  84(43.5) 159(41.4) 152(79.6) 80(41.5) 232(60.4))
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No
Don’t

KRpow

think  Ye¢s

Do
compost 158 highly

you

bencficial to plants

Do think Yes

proper solid waste

you
management  €an

affect health
No

Doan't

Know

82(42.9) 56(29.0) 138(359)
34(17.8) $3(27.5) 87(22.7)
103(55.7) 107(55.2) 210(55.4)
7(3.8) 22(11.3) 29(7.7)
75(40.5)  65(33.5) 140(36.9)
108(57.4) 104(54.5) 212(55.9)
42(22.3)  54(28.3) 96(24.3)
38(20.2) 33(17.3) 71(18.7)

= E——————

24(12.6)
15(7.9)

132(71.4)

47(25 4)
6(3.2)

139(77.2)

27(15.0)
14(7.8)

48(249)
65(33.7)

106(55.2)

46(24.0)
40(20.8)

111(581)

60(31.4)
20(10.5)

80

238(63.1)

93(24.7)
46(12.2)

220(75.6)

S1((17.5)
20(6.9)
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an Knowledge Scores of Respondeants in Studly Schools

Options IS R WCl
N=196 N=196
Pre-Inlervention 3.4841.69 3.84+1.68
mcan Scorc
Post-Intervention  5.49+1.63 4.12+1.84
Mean Score
P value <0.05 >0.05
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generated 10 the

school

Characteristics Variable Baseline Post-n tcrventioo
181 (%) WCI (%) Touna(%) [S1(%) WCI(%) Touwi(%)
Solid waste Agree 48(25.3) 56(29.2) 105(27.2) 149(764) 105(54.7) 254(65.6)
recycling is Indiffetent 60(30.9) 26(13.5) 86(22.3) 22(11.3)  27(14.1) 49(12.7)
pecessary in the Disagiee  85(43.8) 110(57.3) 195(50.5) 24(12.2)  60(31.3) 84(21.7)
school commubity.
Training of students Agrce 21(10.8) 33(17.1) 54(14.0) 134(69.8) 76(39.0) 210(54.3)
on how 1o recycle indifferent 43(222) 68(35.2) 111(28.7) 23(11.8) 30(15.6) 53(13.7)
solid wastc is Disagrec 130(67.0) 92(47.7) 222(57.4) 96(49.2) 28(14.6) 124(32.0)
necessary in
schools,
Wasie management  Agree 168(87.0) 139(72.4) 307(79.7) 160(82.5) 147(76.6) 307(79.5)
enbances good lndifferent 16(8.3) 19(9.9) 35(9.1) 19(9.8) 20(104) 39(10.1)
health of the Disagree  9(47)  34(17.7)  43(112) 15(7.7)  25(13.0) 40(10.4)
students and beauty
o fihe school
environmcnt
The school Agree ©39(20.3) 48(24.9) 87(226) 21(1k.0)  59(30.7) 80(20.9)
authonties alone i
should be held Indifferent  50(26.0) 30(15.5) 820.8) 30(15.7) 41(214) 71(18.5)
responsible for Dissgree  103(53.6) 115(59.8) 218(566) 140(73.3) 92(479) 232(60.6)
Mmanaging Waste
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Afrece 83(43 8)

Every studcents
should bc involved oo
in the recyclingof  indifterent 60(31.3)
waste in the school i
Disegree  38(25.0)

Individual Apgree 92(48.2)
scpeation of waste 1 3
is necessary for Indifferem  71(37.2)
proper managemen!  Disapree  28(14.7)
of waste.

Sepcration of waste  Agree 54(28.3)

iN1o various

componenisin the Indifferent  87(45.5)

schoal seting 1s Dissgrec  50(26.2)
simply a grest
distusbaoce.
Composting of Agice 67(34.7)
organic waste will pe
constitute nuisance | ndiffevent 58(30.1)
to the school. Disagree  68(35.2)

93(as.3)
39(20.4)

176046 .9)

49(25.8) 35(18(.-1)

60(31.4) 108(28.2) 34(17.8)

107(56.0) 199(52.1) 94(48.7)

48(25.1) 119(31.2) 72(37.3)

36(188) 64(16.8) 27(14.0)

66(34.6) 120{31.4) 26(13.4)

53(27.7) 140(36.6) 44(22.7)

72(372.7)  122(31.9) 124(63.9)

70(36.5) 137(35.6) 40(20.7)

41(214) 99(25.7) 52(26.9)

81(42.2) 14%38.7) 101(52.3)

4021 .1)
50(26.3)

109(57.4)

46(242)

35(18.4)

67(35.1)
66(34.6)
58(30.4)

71(37.2)
36(18.8)
84{34.0)

75(19
8421.9)

203(53.0)
118(30.8)

62(16.2)

93(24.2)
110(28.6)
182(47.3)

111(28.9)
88(22.9)
185(48.2)
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ble a;l:-;ﬁrﬁﬁctl-'-of Lavironmentsl Training and Utilization of Bin for Conipasting in

- Study Schools
srisble Options ISI w(Cl B
_ (N=196)% (N=196)%
T L({':,'yﬁu ~separate  Pre-inlcrvention 0(0.00) 0(0.00)
your wastc beforc (Yes)
_dlggosal Post-interventon 36(18.7) 0(0.00)
(Yes)
Do you praclicc Pre- 0(0.00) 0(0.00)
camposling intcrention(Y cs)
' Post- . 50(26.0) 0(0.00)
intcrvention(Ycs)
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Comparison of Knowledye Level of Respondents st Bascline wnd after the
Tradning and Provisinn of Compost B,

J.16 shows 4 comparison of knowlcdge level of students in both schools before and
the tromning and provison ol compost bin. Proportion of studemis in IS with poor
aowledge on waste recycling and composting reduced from 57.1% 10 12.2% while there was

_!.ftftlc or o deerease in respondents poor knowledge in WCI (42.3% and .16.9%) befoic and

gier the intervention,

4116 Cuinparison of Attitude Level of Respundents nt Bnscline and aficr Intcryention
Tablc 4,17 shows a compnrison of the attitude level of siudents in ISI and WCI before ond
sfter the intervention. This shows thot respondents in 1S with negative atlitude reduced ftom
31.3% to 11.7% oler the intervention while those with positive ottitude increased frafn

68 7% to 88.7%. In WCI, therc was o slight dccrease in number of students with ncgative

anitude (39.5 10 24.9%).

411.7 Elfcet of Intervention on Knowledge and Adtitude Leved uficr Intervention
Table 4.18 shows the relationship hetween knowledge and atiwde fevel of oll the respondents

in both schools ofter intervention. The resulis show that few students (26) with poor

Laowlcdge nlso hod negotive attitude towards waslc tecycling while he lcast numbwrr of

students (22) hod  cxccllem xnowlcdge on waste recycling ond ncgotive aiutude towanis

majonity of the students (138)
c atitude 10wards it

o . f . lc
wasic recycling. Intcrestingly. who had cxccllent knowlcdgc on

organic waste recycling (composting) also had positiv

412 Effect of Orpunic \Wastc Reeycling on Quantity of Organic Wasle
Iablc 4.19 shows the quantity of organic ‘vastes generated ot baschme and ofter the

156.9kg Of Organic
5.2%g of Organic Manure (compost
n WCI, 56.3 kg of Orpasuc Wasic Was gencrated at

There wWas sigisticant reduchion In

wasic was gencrated ot basclinc

icrvention in both schools. In 1S,
) was produccd

However. after the intcrvention Pcriod 4

from ihe recycling of the organic waste: !

. ' lised oftcr the intervention |
basclinc whilc 51.2kg was Tedlisc o o e e ul
| » ’

while -thcie was little or no reduction In the

2kp) before and ollcr inten cition Since

quaniity of organic Wastc in IS[ (fron

lollowing the recycling Process (composting) S
1001

quantity of organic wasie in wcC| (from 56.3 k8

a0 composling was adopicd O practiced.
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1.16; Knowledge Level of Respandents alter Intervention in Study Schoels
- e e—

Baseline Posl inlcrvenlion

IS (%) WCI(%) Towul(%)  [SI(%) WCI (%) Toial (%)
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(329)  6I(3L.1)  64(32.7)  125(319)

Excellem 30(15.3) 29(14.8)  59(15.1) 111(56.6)  49(25.0)  160(40.8)

Mcan + S.D 3.48+1.69 3.8441.68 3.56+1.68  5.49+1.63 4.12+1.84 4.81+1.87

Knowledge Score
Chi-squorctest  X?=5.396, df=2, p=0.067 X} = 56.630, df= 2, p<0.001
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o i

[ab ".5:". f:!\ I‘l“-‘.'_l'-:"*"ef Itespondents at Bascline and Post latcrvention in Study Schools.

- Dascline Post inlervention

[S1 (%) WCI (%) Total (%) ISI (%) WCI (%) Total (%)

Negative  61(31.3)  77(39.5)  139(35.6) 23(11.7)  4B(24.9)  71(18.3)

Positive  134(68.7) 118(60.5) 251(64.4) 173(88.3) 145(75.1) 318(81.7)

“X'=0.996, df = 2, p = 0.608 X' = 17.529, dl = 2, p<0,001
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4“If Relationship Hetween Knowledge and Atlitude Level of Responcenis nflcr

Intervention,
- e S
Knowledge level Altitude lcvel Total
Negative Positive

Poor 26 78 104

Good 23 102 [25

Excetlent 22 138 160

Totnl 71 I8 389
X% 6.036, df=2, p~ 0.04
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4.19: Effect of Composting on the Quantity of Orgadic Waste in Study Schoals

gfter Intervention

e Quantity of Organic Wasic (Kg)

Schoo) Bascline Post Intervention P - Veolue

iS] 156.90 45.20 >0.05

WCI 56.30 51.20 <0.05
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CHAPTLER FIVE

50 BISCUSSION

In this section, the implications of the socio-dcmograpluc chasacteristics of the populotion
under study, quantity and composition of solid wasies gencrated in the two schools as well as
the physico-chemica] characteristics of the solid wastes pencricd and the compost produced
from the recycling of organic waste are prescnted. In addition. bascline data on solid waste
composition and generation in the study schools, solid waste management practices and the
problcms ossociated with such practices in the swdy schools and the cffect of Irmining and
provision of n 1\vo compnrtment compost bin for recycling of organic wastc ge nerated 10 ISI s

also discusscd.

5.1 Socio-Demopruphic Charactcristics of Students in the Study Schuols.
Tlic result of the sutvey had shown thet it both schools. majonty of the studcnis werc within
14 and 16 years ol oge. This could be ducto the fact that students sclected for the study were

mostly it the scnior secondary scction and most of them are witlun |4 and 16 age bracket.

5.2 \Wasic Managemcut Praclices neross the Study Schools

Majority of the students utilized the school waste bin for waste disposnl in both schouls.

However, direct obscrvohons using the checklist indicated tbat although plastic waste bins

were provided for disposal. wastcs such ns paper. nylon, lell over snucks, sweel wrapperss clc

were found littering the floor of classtooms. This conforms with the observelions of the

Central Pollution Control Board (CPCB) (2000) that problems associaicd with solid wustc

disposal are numerous and included littering of food nnd other solid wastes in the school
cross the 1wo schools were dumped n un open

compound. Generally, wosics genciotcd @ |
4 ) i dequatc ond overflowing with waste fittered

dumpsitc which had o central bin tbat was ina

indiscriminately on the floor. Tlic bin
WCJ was bunt openiy.

) UNICEF/FOS (1997) which stotced that tnef¥ective

¢ were however cvacuated by exicmal contraclors

This is in conformity' with the

liccnsed by the school whilc wastc in
fadings of Akpovi and Sridhar (1985 Wi

: i scen sn ISk
solid waste collection results in 0Pen dumping as 3¢€n

138

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



ems associated with Sulid Wasee A
| Kavironntental ’roblcms

Agement Practices

cnvironmental : « .
problems agsociaied wiih solid waste management pesclices across the 1wo

schools which included odour, vector brecding, scavengers and unsightliness conformed with
the lindings of Cambell (1993) which isted odour, vector breeding, littering and vermyn as
problems associsicd with dccomposing refuse., This is also in agreement with the rcport of
Medecins Sans Fronticres (1994) which indicated that decomposing organic wastes aliricts
animals, vermiin nnd Nics and that fies played a major role in the transmission of facco-ural
diseases particulirly where wastes contains facces. Mwanthj, Nyabola and Tenanibergen i
1997 also stated that (rom the public and environmental healih points of view, impeoper solid
waslc managcment con pollute the cnvironment (water courses, air, and land) and providc

niches [or discase vectors such as niosduitocs, rodents, houseflics. and cockroaches

5.3.2 lleatth I'robleny

The major heallth problemis associated with solid waste managemem practices across the (wo
schools were malaria. typhoid [cver, diarrohca, ycllow fever cic with mataria being the most
prevalent o[ all the health problems. This finding is i agrecment with the studies of Medecins
Sans Fronticres (1994) which indicated that solid wastes provide breeding sites for
mosquitoes:such as the Acedes genus which lay eggs in woter stored 1n discarded itcms such as
tins and containers which are responsible for the spread of denguc and yellow fever. e
however, further stated that such conditions may also afiract niosquitoes of the Anopheles
genus swhich uansmitis imalaria. Yhdcgo and Majura (1998) also reported thar poor sanitation
and ymproper wastc disposaj practices resulied in the sprcad of infectious diseases, which are

the most ficquent causes of morbidity ond mortality. Stephens and Homlwun in 1992 also

aitributed the prevalcnce of parasites, lelanus, malosio. hookworm, cholera and dierrohea in

mos! Afcican cities 1o the unsaniary conditions in these citics. Songsorc and McGranahan

(1993) (hereafter stoted malana.
infections as the most common health problems e

Accra Region o[ Ghanu. [n 2008, Ksunon stated that the waste
not have proper disposal mcans create unsanitary iiving conditions

diarrohca. intestinal worms and upper respiratory trict
poited inout-paticm facilitics in the Greater

generated 119 Nigeria as well as

in giher countries that do
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.
' 5 .
cuimental hedlth conces, such as diasrhoca and malnutrition, in addition to o range of

nesscs and discases
]

54 Physicul Charncteristics of Solid Wasles
5.4.1 Solid Wuste Conposition

In order to develop an etfective waste management strstegy lar a given region, it is important
1o know the amount of wuste gencrated and the composition of the waste sueam. Past research
bas shown 1hat the amount of waste generated is propostional to the population and the average
mean living standards or the average income of the people. In addition, other factors may affect
the amount and composition of waste. These are climate, living habits, fcvel of educaton.

religious and culturn) belicls and social and public attitudes (Bandara et al, 2007).

Components of solid waste generated across the wo schools were; paper. nylon /plastics,
organic wastes, glass and mectals which were in agreement with the findings of Wahab (2003)
which also found the composition of wastes found in schools to include the (ollowing Paper,
prass, nylon (purc water bags), biscuits, lolly, ice-cream and swect wrappers, Sugor conc, moizec
cobs and groundnut shell. These components also vanicd in quantity which is in agrecinent

with the findings of Wahab (2003) which stated that common types of solid wastes found m
vajious schools in developing counirics vary in type and in quantity. However, arganic wasic

was the most generated of ail the solid waste components in the two schools. This inay be due
to the fact that both schools were boarding schools where & Jot

the school cafeternia. ‘[he composition of wastes in the schools con

( food wastes are genemicd in
formed with the findings of

ifcgbeson (2010) in which composilion of waustes gencsoted in schools recorded an

(62%) of biodcgradcables consisting of food remains, [t uits,
‘This coniposition makes recycling, composting and

| communily

unexpectedly largc percentage

vepetables ctc. with less paper Wasic.
:ons 1n the schoo
wnitasy tandfills to be viablec wasic management Optioos 10 he

A id \V: cneration -
2 i \astc G ious componcnts of solid waste gencrated except

gence in the van ’
cvey period whilc o ncgligible quantity

There was a significant diffc |
¢ al] in WCI duning the su
genegated in 1S§ as compascd to WCI

Uiat glass was not gencinted &

) AR
was generated in ISI. ‘rhe higher quoniity of food Wastc
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s ‘dt to the hogging activitics that take place in WCI as compaycd 1o IS1. As such: less
‘ ;'_lﬂl)*bf food waste is been disposed of in WC]. However, in IS], paper was found to be the
wst Benentcd sfler food waste while in WCI nylonyplastics though closcly followed by paper
was most generated ofler food waste. This may be attributed to higher disposal of nylotVplastic
products such as biscuil wrappers, sweet wrappers, pure waler nylon, drink containers clc as
compared with poper during the period of the survey in WCI. In IS], the high volume of
metal/cans found as comparcd 0 WC] could be atributed to the high consumption of canacd
products such as drink cans, boule covers, body spray cans, cutletics such as spoons. air

fieshner containcts, mathematical instruments clc.

Tie gencrution rales obtatned from the study revealed thot there was a significaat difference
across the 1wo schools. The estimated mean daily solid wastc gencration rate was low in the
two schools although it was higher in 1S1. This could be otintbuted to the higher volume of

organic waslc and paper generated in ISE.

5.5 Chemical Characteristies of Solid Wasee
Informntion on the chemical cornposition of solid wastes is important in cvalupting altcmalive

processing and recovery oplions (T'chobanoglous ct al, 1993). Bamnmeke ond Sridhar in 1998

also stated that chcmical choracteristics of solid waste include organic and 1norganic

is essential for predicting their application: for composting o conveision

components which ‘
the primary nulricnts

into methanc and cthanol. Tchobanoglous et al, (1993) also swted
| required by microorganism for giowth as carboa (C). nitrogen (N), phosphorus (P) and

| poltasium (K) where C and N play a vital role in the composting process. The ult:matc anolysis
involves the detenninsuon of the percent C (carben), H (hydrogen), O

f w i 3
of wasle typicolly poliasium) (Pecsok et ol 1976). The results of the

(oxygen), N (nitrogen), S {(sulphur) and P (
sc the € '
proper Mix of wastc malcriels to achicve suitable C/N

' 11 ic matler
i lvsi od to character bemical composition of the organic matler in
ullimale analysis arc us

| MSW. They are also uscd (0 deline the

! | ratios for biological conversion proc€sscs.

ll i | amec wasic gcncmlcd n
‘ ical analysis of wastes conducled in this study shows that the org

Chemycal analysis 0
IL B g becausc of the higit €O

IS] was suitable for composlin

otent of organic carbon and nizogen
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lio of 25.8:
; 23.8:1 respectively which conforms with the accepisble standards of

:1 which is the idea] CN ratio for slarling material on dry weight basis. Therefore,
1| wastc \Was required for the composiing process, This is because, nilrogen given oif at
ino (i.e high value of niNogen) impedes biological activily, However, the C:N miio
d fiom the analysis of organic wasie gencraled in WCI was lower than the acceptable

e resull of the chemical analysis of compost produced in IS revealed thai the chemical
emsvm:nls of the comPOR were within the guideline limits. The C:N tatio of the fiaished
compost (12.6:1) conforms with the guideline limits of <17:1 for C:N ratio of finished compost
gven by the Califormia Depanunent of Resources Recycling and Recovery (2004). Total
@Eanic matter present in the finished compost was also within standard limits of finished

aEnpOosl

551 lleavy Mcual Conslituents of Organic Wasle Generaled in Stud) Sehools and
Finished Compost alicr Intervention.

Heavy maial constituciis of organic waste genemited in both schools are discuseed in this

sechon. The dats from the kaboratory analysis showed that organic wasies generated io ISI and

WCl amained; zinc.-lcad, chromiwn, cadmiwn, copper, arxcnic and nickel which were ali

Jower than the guideline limits given by the Ontario Minisury of Environment (1989). Barker

and Brysan (2002) reponed that, bazardas organic anl metallic residucs ot by-products can

@y imo plants, soils and cadiownis from EroCESC) assoctaied with domesuc, municipal,

agncuiural, indusuial aod military sctivies. Iandling. injiestion. spplication on land or othey

distriputions of the contaminated cmlenals 1o the eavuvamca might cause harm (o humans,
Livesock, wiidlife, crops, or aauve plants The cooceniations of Lhe heavy meuls which are of
public heslth impanance such as lead, cadipium, oickel atul chroouian in the orgamc wvana

mmdm:hethmolsm-llmr&hmmuumlh‘y&ootmmm

any threals to human bealth

buced in IS were all withun the Ontano guideline

Heavy metal constituents of compost P e waanil west pod

fimits. A comparison of the heavy metal constfuents @
143

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



¢ produced oftcr the intetvention showed that there was a reduction in the hea¥y metal
ateny after the composting process. Ogunbanwo (2001), staicd that lower valucs of heavy
Is obtaincd ¢Ould be further reduced by composting. He further emphasized thak. other
udics have shown reduction in heavy metal levels during composting. Petcr (1992) indicated
lhat. 8lthough the exact mechanisms of these reductions are not kaown, it has been attributed to
binding of the mcial ions to the organic molecules thereby reducing their solubility and their
- poliution potcntials. However, the low content of heavy metal in the compost could be
attributcd 1o the fact that the parent organic matcrial was source seperated prior to composting,
Tnis conforms with the lindings of the study conducted by Kraus and Giammel {1992) in
which composts from scveral regions were paited into cither non-source scperated solid wastc
based compost and source-seperated compost and found out that source-scperatcd compost

cantgined a quarier of heavy metals contained in nog-source seperatcd solid waste compost.

5.6 The Compusting ’rocess und Conditions in [S]
Variations in cnvironmental conditions such ns pl, temperature and moisturc content obscrved
dunng the composung proccss in ISl arc presenied in this section, The pH of organic waslc

(rom the onset of the composling process was 6 which tallics with the pHl range of 6- 8 at the
IPA (1995n). On the 15th day, the pil ipercascd

f dccompostion, the tempcrature

onsel of composting process indicated by USE

107.8 whilc the tinished compost was 7.1 At the initiel stagc o

of the organic wasic was 34°C which cortesponded with the [:ndings of Eberle in 1997 which

) = ' OF
stoles that the mesophilic o1ganisms (bactcria) that survive empcmiure ranges from 50

(10°C) 10 113° (45°C) break down soluble and casily degroded compounds during the initinl
waste. This however increased gradually to 57°C on the 15th day of
on the 30th day of the proccss was 39°C. The
duc to the gradual decceasc in the

decolnposition of organic

e
the composting process and the final tempe ratur
resses was

; the doy proé N
decvease in the tempcraturc 83 le The composting guide for Michigan

: i 1pi
metabolic activities of the microbes in the coml:’s‘lh[;t Al S R
oo . . NR (1988) statc
communitics by Michigan U

4 - [ v an.sms bc in to
h 40°F . th 1c of dccomposition begins 0 dccline rapidly as orgam : £ )
appioachcs , the 1alc e £
d:)pl I d t ro'ms hioisﬂj[c conteanl ol lhc onsct 0f the ploc
¢ ofT or assumec dotman : ¥

u L on lhc OIh
].‘u adUﬂ d d to 48 on lh IS[h da Of lhc proccss ﬂnd h". y (0] 54%
: g "y rcducce % C 4 }
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. 5
‘This could be duc to the reduction in the metabolic activitics in the compost hcop as a
sult of the death of most of the microbes.

57 Lffects of Environnicntal Trnining and I'rovision of Conipost Bin on Knowledge

The results of Ui baseline survey showed that, the proportion of students with good knowledge
of orgonic ‘asle frecycling (composting) was low. This conforms with the findings of
Grodzinska-Jurczak ct-al (2003) which indicated the level of knowledge among People
regarding municipal wasic and wasic monogement appenred 10 be fow and mcomplete.
However, Manzonal ct al., (1999) pointed out that an understanding of the concepts nnd issucs
would help make the desired change in behaviour and attitude 1owards the cnvironment. Hecace
thiscreates the opportunily Lo uain people to contribute 10 the carc o the environment. Poolcy
sod O’ Connor (2000) also stated that a proper knowledge basc is important becouse cilizens
are given factual information and resources 1o be uscd to make responsible decisions with
tegard to the environment. Some enviroamental educators however believe that envisonmcotal
literacy has to go beyond a knowledge base (Weber ¢t al: 2000). Sia (1984) stated that the
moue skillful and knowlcdgcablc ol action stratcgics an individual is. the mose likely he or she

will behave in an cnvironmentally respoasiblc manacr. After the intervention. there was

significant increasc in the knowledge of students in 151 as comparcd with thosc of students 1n

WCI. This implics that the training was clfcetive and it focilitatcd an tocrease in knowledge on

organic waste recycling @s well as the proper use of thc compost bin provided for orgonic

tecycling in 1SE. This outcome is supporicd by thot of Grodzinska-Surczak ci-al (2003) which

subsiantiated thot cnvironmenial cducotion had a positive and signilicant impact on

environmenlal knowledge.

§ Training and 'rovision of Comupost Bin on Attitade
dint there was signilicant difference between the atitude of
s

d after the intcrventioa in [SI while

$.3 EfYect of Envirotmcentn

The result of the survey show

s s an
¢ waste recycling o basclinc . . .
. |he oltitude Of Students at boseline and after intctvention n

c It

{indings ©f Wecber ct 0

sludents towards organi
there was no such differcnc
WCI. This is in agreement with the

development of knowledge includcs the

1, (2000) which indicated that the

development of on individual's valucs and attitude-

) values and attitude toward cnvironmentol

. ! so0n
helping an individun! realicc s OF her perso
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issues’ Furthermore. the study of Ehmmpoush & Moghadam in 2005 along with others
E;diénlcd thal programns 1o improve siudents cnvironmcnial awareness can increase their
knowledge of them. which in wrn results in improvement of studen;s and parents’ attigudes and
bebﬁ‘l"ou" Similarly, Armstrong & Impara (1991) found that positive atlitudes followed

expasute 10 o K-7 environmenial education publicgtion on knowledge and altitudes obout the

environment.

5.9 Relationship beaween Knowledge Level and Attitude Level of Students ia the Study
Schools
Crossiabulation of the knowledge level and aunitude level of students before ond afler
intervention in the two schools showed that there was a significant increase in knosvledge and
attitude level of students in [SK afler the training while there was no such increase in WCI [t is
assumed that increased knowledge about the environment promotes positive nltitudes. This
corresponds \vith the results of the {indings of a study on the cffectiveness of a visilor
cducation stralegy in raising levels of knowledge #nd attitudes toward nature conservation by
Olson et al.,, 1984. They found u positive relationship between scores on the knowledge tcst
and scores on the attitude test for atl concepts measured. This was successful in taising both the
levels of knowledge and improving oltitudes lowards environmentaol management. The
increased knowledge and wttitude in (S| confirms Lhe relationship between knowledge and
ettitude os connoborated by Kallegicn and Wood (1986). In their study, knowledge wus scen as
a key variable aflecling levcls of enviroamenlal action including uttitude. Abd El Salam c1 al.,,

2009 in their study conducted on environmenial cducation and its effect on the knowledge and

attivudes of preparatory sehool studentsin Egypt. attitude was found to be positivcly correlated

o their level of knowledge prior to and folioxing the Environmental education sessions.

‘I'ryining and Provision of Compost Bin on Praclice

The results of the survey revealed that the eifect of the training on the practicc of organic wastc
ISi. At bascline, nonc of the students practiced organic waste
n. Al post-intctvention. the proportion increased as ai

otied continued use of the conipost bin afler the

5.10 Lffect of Environmeninl

lecycling was significant 1o
recycling as shown in the resuit seclio
the participants involved in the sfudy’ ep

inmtervention while in WCI, none of the students practiccd Otganic \vasle recycling.
[ ]
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| ﬂ-i’]&cl of Orgunic Waste Recycling on Quantity of Organic Waste in 1S4

result of the physical characicnisiics of the waste generated in both schools Showing the
apDlily of organic wasie at basclinc and afier the intervention indicated that the quaniity of
ofganic waste in ES] reduced remarkably in contrast to the fevel of reduction recorded at WCI.
| This was due to recycling (composting) of the organic fraction of the wasic generared in [S1-

cumpoS!ing has thus been cstablished as a methgd of waste reduciion in the school.
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CUAPTER SIN

CONCLUSIONS AND I(ECOMMENDATIO{\]S

6.0
6.4 Conclusions

‘The following conclusions were mode fiom the findings on the nature and characteristics of
wastes gencraled in the Study schools, current solid wastc managemeol practices. knowtedge.
aitiiude und praciice of students 1owords organic waste recycliag asd finally the cifeer of the
imcrvention i.c trdining ond the provision of compost bin (or recycling ol organic wastes on
wastes gencrdated.

A substantjol amount of organic waste was gencrated in the schools hcnce jusufytng the need

for introducing recycling of organic wastcs in schools.

The orgaruc wastes pencrated in the two schools had good recycling polcntials and are thus a

vioblc source of rmvv material for coinposting.

The current waste rnanagenicnt practices in the schools were not cffective cspeciolly in lcrms

of adcquacy of receptacles for collection.

Although knosledge of sludents on orgonic waslc recycling was low m both schools, their

anitude was modecrote at bascline,
There wvas a significont reduction in the quantity of organic wastes generated duc to the

tecycling of the organic wastes.
The compost produccd from thc tecycling of organic wastc was rich 1n nutncnis (NPK) in

quantitics thot cxceeded the Onturio compost guideline hnuits hence serving as a good source

of organic manure/fertitizer tor soil conditioning. polling mixturc for school gardcning or for

soil omendment in school furms.

The concentrutions of heavy melals in the organic wastes and compost were low and wathin

the guideline limits. .
11 of the contpost bin was effcctive as it increased the knowledge and
)

1he 1rining and provisio |
s organic waste fecycling. It also reduced the quantity of organic

practice of studcnts toward

wasic remarkably.
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6.2 1tccummiendationy

In futherance 10 i : : <
herance 10 the above conclusions madc, the following recommendations arc proflcrexd:

Anorganic waslc recycling scheme (composting) should be cstablished in schools.

provision of W0 or niorc types of plaslic siorage bing to sepernte storage of solid wastes 1n
order 1o facititate recycling process is required.

Integration of crvironmental cducation into the secondary school curricula should be
promoled-

Eslablish sustainoble waste managcment schemes and assess their cffectiveness in reducing
debilitnting clfects of poor waste managcment practices in schools

Mcasures asmcd a1 reducing health risks associated with poor environmental sanitation such

as muloria. Lyphotd fever ctc by regular cleanng of bushes and regular disposal of wastcs in

schools should be encouraged.

Dcfine and implement mcasures to reduce indiscriminaic dumping of refuse in scheols (c.g
through provision of collection bins i classrooms and stratcgic arcas within the school such
as playgrounds. cafcicria, library, hostcls clc).

Strengthen compliance with the ¢nviromnentel rules and regulations (c.gg concerning sanitary
disposal of wastes) through increased inspection and cnforcement in schools.

Workshops should be organized by school authoritices for students and sioiTs on organic wasic
recycling 111 schools.

Resenue can be generated for schools through the salc of the finished produci (compost),
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APPENDIX |

!w AQT|0-[:_ f&lnr I! ‘ Rl Ry
r ©_COMPOST |::1s Sven lem NG “ﬁi’ﬂtm_AlNC NOASE

NDARY SCIIOOLS IN

Dear Respondent,

] am o Postgraclunie student of the Department of Lpidemiology, Medical Statistics and
Envitonmental Jiealth (EMSEH), College of Medicine, Universsity of Ibadan presenily canying
0¥l a rescarch which focuses on effect of training on solid waste 1ecycling praclices among
sclected boarding sccondary schools . | wish to kindly request your voluntary panicipation by
providing appropriate responses (o the following questions as this would increase the quality of
the findings. Please, be rest assurcd thit the information provided by you would be uscd for

research puiposes only ond strict confidentiality would be ensured.
Thanks {or your anticipat¢d cooperation.

Okin, A.O

e T R S Scrial No.........

INSTRUCTION: PLEASE TICN OR PROVIDE THE CORRECT RESPONSES

ACCORDINGLY .
Section A: SOCIO-DEMOGRAPHIC CHARACTERISTICS

(1) Age: (last Binthday) .....

(2) Sex: (1)Mglc........
(3)  Religion : (1) Christionity (2) Iskm (3) Traditional (4

(2) Femalc .cooveneuvenenn
) others

(4)  Ehnic group:
(1)Yoruba (2) jgbo (3) 11ausa (4) Others

(5)  Class: (1) SSSI (2) SS52 (3) 5553
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SECTION B: KNOWLEDGE AROUT SOLID WASTE MANAGEMENT AND
RECYCLING IN SCHOOL

(6) Which of thesc wastes do you generatehandle most oftenin your school?

(1) Food wasic (2) Papcers (3) Nylon and Plastics (4) Gloss
(5) Melals (6) Old [umiture/wood
0 Do you know nny forin of solid wasie managment? (1) Yes (2) No (3) Not sure
(8) IM*Yes" What form of solid wastc management method do you know?
(1) Recycling (2)Reuse (3) Landfilling (4) Incineratioo (5) Open buming
(6) Composling
(9) Do you know how the solid wastcin your school is being managed?
' (1) Yes (2) No (3) Nol sure

l (10) I “Yes".what solid waste management method does your school employ?

(1) Recycling (2) Reuse (3) Landfitling (4) Incineration

Ii ($) Open buming (6) Composting

| (11) Do you think wasie can be converted into useful inaterials?

| (1) Yes (2) No (3) Not sure

(12) Do you know waste can be recycled (1) Yes (2) No (3) Not sure
(13) I Yes", what form of waste tecycling do you know?

(1) Plastic recycling (2) Poper recycling (3) Organic waste recycling

| (4)All of the abovce

(4) Do you think recycling can help manage solid waste propeely?())Yes (2) No (3) Not sure
I (15) Doyou know if solid waste can be separated at source (1) Yes (2) No(3)Not surc

(16) Do you know nbout composting? (1) Yes (2)No (3)Not sure

(17) 16" Yes” what [orm ofcomposting do you know ?
(1) Pit method (2)Windrows method (3) Bin method (4) In vesse! method

(18) Doyou think compost is highly bencficial 10 planis? (1) Yes (2} No (3)Not sure

(19) Do you think propcr solid waste managcmcn! can affect health?

l (1) Yes (2) No (3) Not sure
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[ION C: ATTITUDE TOWARDS SOLID WASTE MANAGEMENT IN SCHOOL

[astrucuon® Pleasc Tick the word  that best suites your option for each statcmcnl.

A-Agree (1) |- Indifferem (2) D. Disagree (3)

| §/No | Question A N n

20 | Solid wasic recycling is necessary in the
School Community.

21 Training of students on how to recycle solid
wasic is necessary in Schools.

22 | Waslc managcmcent enhances good health of
the students nnd beauty of the School
environment. ¢

2)  |The School Authorities alone should be held
responsible for managing wasle generated in
the School.

24 Eveiy student should be involved in the

recycling of organic wasic in the school.

25 Individual seperation of wasic is necessary for
proper managemcnt of wasle.

26 Seperation of wauste into various coinponcnis in
the school sciting is shnaply agreat distusbance-
27 Composling of organic waste will constitute
nuisance (o the school.

28 Composting is it good mcthod of resource

recovery.
29 | Compost is generated from practice of organic

wasle recycling.
30 | Composting will reduce the bulk of wast¢

being disposed (rom the school. | |

—
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S e

(32

(33)

(34)

S ,CHON D: SOLID WASTE MANAGEMENT PRACTICE IN TIIE gCHAOL.

an

thl wasle d;Sposnl methods do you employ in your school?

(1) Bush dumping (2) Open duinping (3) Pit dumping (4) School wastc bin

Do you scparate your solid waste into biodgradable and non.biodegradable fractions?
(1) Yes (2) No

If “yes" what do you do with the biodegradablc fractions of wastc obtaincd?

(1) Dispose (2)  Recycle (3) process (4) Nothing

what do you do with the non-biodegradable fraction?

(1) Sell (2) Reusc (3) Nothing (4)None of the above

Docs anyone come nround to collect wasle genersted in your school?

(36)

37)

3?)

(39)
(10)

(41)

(42)

(43)
{44}

(15)

(1) Yes (2) No

[s waslc recycling practiced in your school?

() Yes (2) No (3 Not sure

Is compost:ng practiced in your school?

(1) Yes (2) No (3) Notsure
Would recycling of organic wastc cnhance proper management of solid waste in your
school (1)Yes (2) No (3) Not sure

Docs cach ciassroom have a dustbin in your schoot? (1)Yes (2) No

If *“No” how maony classrooms share one dustbin?

(1} Onc (2) More than onc (3) Not surc

Flow olten do you empty the waste bin m your c b sscoom?

{1) Oncec a day(2) Twice a day (3) Evary ivo days  {1) Once awcek (5}
Once 1n 1wo weeks

What do you use to collect your wasic wn the clostroom?

(1) Basket (2) Nyton (3) Carton (4) Mcual with hd (5) Plastic Bin
Small (2) Medium (3} Large

What is Lhe size of your bin? (1)
(2) Every 2days (3) Morc than 2

When docs the school bin get filled up? (1) Dail”

days (4) Weekly
{1ow often is the school bin cmptied?

(1)  Daity (2)Every 2 days (3) Beyond 2 days (1) Weckly (5) Not sure
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SECTION F: PROBLEMS  OF CURRENT SOLID WASTE MANAGEMENT
OPTIONS
Docs the waste Benermed in your school constitute a nuisance 16 you?
(1) Yes (2) No
In what wiy docs it consitute g nuisance?
(h) Odour (2) Flies (3) Scavangers (:l)Unsigl tliness ($) Leachate
Does the wasle generated in your school blo k the drainage in your environment?
(1) Yes (2) No
(19) Docs the waste generated in your school ouract vectors ?
(1) Yes (2) No
(50) ! *Yes® whuch of the following vectors docs it atract?
| () Rats (5) All of thic above
(2) Mosquito
(3) Flics
(1) Cockrooch
(51) s the present waste disposal practice in your school cfTective?
(1) Yes (2) No (3) Not sure
(52) Wha are the commonesl environmenol problems coused by the waste  generated

| in yYour school?

— = o— —_—

| Prevent Free Flow of Surface Water In Drains

| Odour g

| ‘ Flies Breeding

Filthy Land
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AIPPENDIX N

| DI-!EI:‘_,RV:\TIONCIIECKI-IS‘I‘

(e —r ———

54T g
Indicators Observed ISt

; - wWCl

Ranking

_ posal of Solid Wastes by Studenis

‘Adequacy of Solid Waste Disposal Reccptaclcs

| Frequency of Collection of Wastes

Cleanliness  ond NMmintainance  of  the

‘Environment

State of NDumpsite

Presence of Scnvengers at School Dumpsilc

P'resence of Vectors a1 School Dumpsite I

Types of Solid Wasie Receptocles
Doims

Uins

Mecial Contatness

Samtary Condition of Receptacles
Covered
Exposcd

Overflowing

 Wastc Disposal I*roctices
Usc of Bin

| Reeycling

Open Dumping

Open Burming
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“Location Capable of causing Huzard 16 Swudents

cicmal/Licensed  Waste  Collection I
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ATPENDIX 111

Eyaluntiuon Qucstions

Answer ull fluestions, chuose unly oneoption

I

ty

Solid wasitc could be delined i mwen 1}

(n)AnYthing that has weight

(b)Anyihing that occupies spacc

(€)Anything order than liquid and gos that is no longer nceded for use and thrown
away

(d)Anyihing that can be uscd to build houses

Solid waste can be classified into the following cxcept..............
(n)Biodegrodable and non-biodegradable

(b)Rencwable and non-reneswable

(c)Rcusablec and non-rcusable

(d)Rctriveable and non- relriveable

Which of the following is not asource of solid wasic?
(a)Industrial wasic

(b)Domestic wasic

(c)Airbomc waslic

(d)Municipal wastc

Which of the following is the rcason for disposing solid wasie?

(8)So as 10 make moncy
(b)So as 1o have cnough land 10 cultivate

(c)In order 10 prevent adverse cficcts on the health of man

(d)So as 1o brecd cnough vectors

4 Wale so:ting promoles .....cc...e..

(3) Iniroduction of indigenous motciiols in wasie recycliog

(b) Removal of retrivable melerials

(¢) Removal of all designated rccyclablc materials froin the waslc stream

(d) Unclean m arkclgble moteriats and encourages high levels of contanunation
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f the foltowing isan clject of improper disposal of solid wastcs?

_(nﬂ'hdlcra

(b)Diabetes

(c)Pncumonia

(d)Albinism

Waste recycling could be defined as, ... ...
(n)Tuming waste 1nto cycles

(b)T'uming wastc into liquid

(c)Using wasic 1o consiruct roads
(d)Scparation,colicction and transformation or remanufacture into usable or
inatkctable products
. Which of the following is a mcthod of wastc recycling?
(a)Opcn burming
{b)Incincration

(c)Comiposting

(d)i.and Gilling
. The following typcs of solid wastc can be reeycled except?
(0)Grass trilnmings
(b)aper
(c)Mcuals
{<)Stone
. Composting is dclincd as ..o veviins

(a) Composting isa natural biological process.
conditions to produce a dark, brown, and crumbiy: material wiathan carthy ador

ing waste for planting

cacricd out under comrolicd acrobic

(b) Composting is a chemical proccss of replicat

{c} Composting is a process of scpcraling wastc

i T : :
{(d) Composting is 8 biological process of activaling solid wastc

i _ 2
10. The following organisms arc involved in the process of composung cxccpl
(a) Millipcdes

(b) Earthworm

(c) Bactcria
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(d)Mosquito
12, ..veerecorie 80d Licivioinie.... . 81C Bpproaches to composting?

(a)Acuive and passive

(b)Tuming and stirting

(c)Cultivation and motivation

(d)Muiching and tilling

13. All of these materials are compostable excep1?

(a) Bones

(b) Teo bags

(c) Grass

(d) Fruits

| 13 8 method of composting?
(8)Shelf composting

(b)Wood/plank composting

(c)Windrow/Bin composling

(d)Farm composting
15. Compost can be used for.....eeerincse
(a)Dssinfeclion
(b) Gardening
(c)Harvesting

(d)Crumbling
16. Unpleasant odour in composting can be due FO..coecruives
(a) Inadcquale airduc 10 gverwiicnng
(b) Inadequale water
(c) Jasects acuvity
' humus

e e compos il s s 1S
(a) Carbon mpotcrinls

(o) More organic materiols
(c) Water
(d) L.ime
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a) Cenlipcdes
{b) Racoons
(c) Ants

(d) Spiders

19.Microbes in a compost pile use carbon for.............. and nOGEN fOF .ooveerseieeicn:

(n) Proicin synthcsis and Energy

(b) Encrgy and Protcin synthesis

(c) Mincralisation and Protein synthesis

(d) Protcin synthesis and Mineralisation

20. Charcoal should be avoided in a compost pile becousc ................
(a) I is hard

(b) It contains sulphur oxides

(c) It attrocts pests

(d) It is calccrous
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