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ABSTRACT

Objective: To estimate the effect of improvingwaste collection services on waste disposal behaviourand exposureto
environmental riskfactors in urban,low-incomecommunities in Pakistan.

Methods: We enrolled 6 low-income communities inIslamabad (Pakistan), four of which received an intervention
consisting of a door-to-door low-costwaste collection service with centralised waste processingand recyclingsites.
Intervention communities underwent community-level and household-level mobilisation. The effect of the
intervention on waste disposal behaviour, exposureto waste and synanthropic fly counts was measured using two
cross-sectional surveys in 180 households per community.

Results: Intervention communities had less favourable socio-economicindicators and poorer access to waste disposal
services atbaselinethan control communities. Use of any waste collection serviceincreased from5% to 49% in the
intervention communities (difference 44%, 95%Cl 41%, 48%), but the increasewas largely confined to two
communities where post-intervention coverage exceeded 80% and 90% respectively. An increasein the use of waste
collection services was also found in the two control communities (from 21% to 67%, difference 47%, 95%Cl 41%,
53%). Fly counts decreased by about 60% in the intervention communities (rate ratio 0.4, 95%Cl 0.3, 0.4) but not in
the control communities (rate ratio 1.52,95%Cl 1.1, 2.2). The decreasein fly counts was largely confined to the two
high-coverage intervention communities.

Conclusion: Introduction of a low-costwaste collection service has the potential for high uptake inlow-income
communities and for decreasingthe exposure to waste and synanthropic flies athousehold level. Intervention success

was constrained by low uptake in halfofthe intervention communities.
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INTRODUCTION

Solid waste or refuse is generated by households, agriculture, industry,and by institutions such asschools, offices and
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medical facilities. Management of that waste is a majorindustryand livelihood sourceglobally. Its mismanagementis
likely to be an importantfactor underlyingthe global burden of disease[1]. Economic development and urbanisation
go hand-in-hand with increased waste, which becomes a more pressing problemas countries transition fromlow- to
middle- and high-incomestatus. Solid waste management targets are included under Sustainable Development Goals
11 and 12 [2]. The World Bank has estimated that urbanresidents generate 1.2 kg of municipal solid waste per person
per day [3], resultingin 2 billion tons per year [4]. Waste per person-dayis three times largerincitiesinthe richest
countries than the poorest, with the same variation atdifferentincome levels within countries [5]. Some research has
been conducted into the effects of solid waste management on public health,and on sanitary workers such as formal
waste collection workers and informal waste pickers. It suggests health impacts both on those working with waste [6],
and on communities inthe vicinity of waste disposalsites [7], particularlyin low-income settings [1, 3].

However, a largeproportion of the household solid wastethat is generated is never collected by any formal
system of waste management. An estimated 2 billion peoplelackaccess tosolid wastecollectionand 3 billion people
lackaccess to controlled wastedisposal [8]. The lowest collection rates arein Africa and Asia, with estimated
collection rates of 25% - 70% and 50% - 90% respectively [8].

Inappropriately managed solid wastedisposalislikely to be associated with diseaseand environmental pollution,
bringingsocialand economic costs. Mosquitoes breed instagnantwater indiscarded tin cans or flooding caused by
waste-blocked drainageditches, propagating malaria, dengue and zika virus;flies and cockroaches breedingin open
waste may spread gastro-intestinal pathogens causing diarrhoea [1]; exposure to human and animal faeces in waste
could be associated with helminth infection [1]; rats livingon domestic waste lead to outbreaks of leptospirosis [9].
Burning of solid wastearound homes andininformal dumpsites has been estimated to contribute to 270,000 deaths
per year due to ailments includinglungcancer and heartdisease, of which 191,000 deaths would be prevented if
informal wasteburning were stopped [10]. Various plastic additives and heavy metals have been identifiedinsolid
waste leachate atdumpsites, and it may be assumed that the same compounds will contaminateinformal dumpsites.
One of the most widespread hazards is lead. Lead-containing wastes include cement, paint, vehicles (e.g. lead-acid
batteries), fertiliser, compost,and general household waste. The IHME Global Burden of Disease study estimates over
500,000 deaths worldwideannually attributableto lead exposure [11]. Apart from specific health effects, poorly
managed solid wastemay also affectgeneral wellbeingand social status, for example by stigmatising communities
that are perceived as undesirabledueto the closeness toinformal wastedisposalsites.Overall, thereis a strongcase
for improving waste disposal practices notonlyin high-income settings (which produce a disproportionate amount of
waste), but alsoamonglow-income populations who may have fewer opportunities to avoid exposureto adverse
health effects of poorly managed waste.

The Saaf Mahol (“Clean Environment”) projectinlslamabad, Pakistan,introduced daily wastecollectionin urban,
low-income communities that previously had onlyinformal and unsystematic waste collection services. The project
presented an opportunity to study the reach and effect of improved waste collection services,and to further our
understanding of the links between solid wasteand health in urbanlow-income settings.

The aim of this study was to estimate the effect of introducingsystematic solid waste management ina poor
urban environment on waste disposal practices, diseasevectors and markers of environmental exposure in the target

population.

METHODS
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Study design and study population

We used a before-and-after study design, collecting data through cross-sectional surveys atbaselineand follow-up.
The study was carried out in 6 of the 7 urban, low-income communities inIslamabad, Pakistan, wherethe Pakistan
Mission Society was operating. Four of these communities received a waste management intervention whilethe two
remaining communities served as controls. The study communities were demarcated by largeroads, rivers and fields
which separated them from surrounding neighbourhoods. The communities were informal or semi-formal settlements
with some variationinthematerials used for housingas well asinaccess toservices such as water, sanitationand
electricity. The 4 intervention communities were chosen based on the perceived need for improving waste disposal,in
particularabsence of existing services. The choice of the two control communities was limited, as only three eligible
control communities were accessibletothe research team. Among these three, two were chosen for their greater
similarity to the intervention communities interms of socio-economic development. However, these were notideal
controls as both were more established, having better legal status and better access to publicservices such as water,
electricityand waste disposal than the intervention communities. The size of each community ranged between 230
and 800 households.

Baselineand follow-up surveys were conducted in 1080 households (180 households per community). Both
surveys used the same methods and questionnairetool. Households were enrolled by systematic sampling of every nt
household, with n being determined by dividingthe populationsizeina community by 180, ignoring decimals.
Enrolment started at the edge of each community usingthe same starting points atbaselineand follow-up, with the
firsthousehold to be enrolled chosen among the firstn households atrandom. If a household refused to participateor
was absent, the next household was selected. No efforts were made to enrol the same households atbaselineand
follow up. This avoided the need to collect personal details, which peoplewere reluctantto discloseand allowed
households to remainanonymous. In practice, given the largesamplingfractioninsmaller communities, some

households were likely to be enrolled at both time points.

Intervention
Ine SAAF Mahol project, implemented by Tearfund partner Pakistan Mission Society (PMS) and funded by Tearfund,
aimed to replaceexisting, informal wastedisposal practices with organised collection and separation of waste for
recyclingor reuse. The intervention had three elements: (1) awareness-raising activities atcommunity and household
level; (2) a regular, subscription-based, doorstep waste collection service by staff members who receive a wage by
PMS; (3) the creation and operation of recycling sites where waste was separated into organic matter (comprising
about 70% of the volume, which was composted for saleas a soil improver) and non-organic recyclables (plastics,
paper and metals) which were sold to local wastedealers who solditon for recycling. The revenues generated were
used to help cover the cost of the project. The involvement of local waste dealers was intended to prevent them from
experiencinga loss ofincome resultingfromthe project.

The intervention was delivered to communities intwo batches (Figurel). Two communities considered by the
implementing organisation to be those with greatest need for waste disposalimprovement (“Batch 1”) received the
intervention from December 2018. The other two communities (“Batch 2”) received the intervention from May 2019.

The intervention was implemented with the aim of establishingan ongoingservice with no specified end date.

Outcome assessment
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Outcome indicators wereassessed atbaselineand follow-up (10 months or 5 months after the start of
implementation). Baseline data were collected in October and November 2018, and the follow-up surveyin October
and November 2019.This was to control for possibleseasonal variation in outcomes, particularly fly numbers.

Data were collected by field workers who had not been involvedinintervention implementation. Data collection
methods included a household questionnaire, fly-counts in cooking areas and a survey of community waste dumping
and burningsites. The questionnaire covered socio-economic variables, currentwastedisposal practices, satisfaction
with current waste disposal practices, perceived exposure to waste, perceived exposure to smoke from burning of
waste, frequency of sighting of rodents inthe home, and frequency of sighting of cockroaches inthe home. The
questionnaireatbaselineand follow-up was identical.

The numbers of flies present near the cookingarea were assessed usingbluesticky tapetraps [12], either indoors
or outdoors, depending on the location of the cookingarea. The tape was cut to a sizeof 150 mm x 245 mm and hung
from the ceilingorfroman electric cableata height of between 1 m and 1.5 m. The tape was collected on the next
day. Flies were counted immediately on collection, before discardingthe tape. Fly counts were disaggregated by
genus; musca and calliphoridae. Other insects caughton the tapes were ignored.

At baselineand follow up, each neighbourhood was systematically surveyed for informal wastesites by Master
students from Allama Igbal Open University. The area of waste was measured usingtape measures andrecorded in
square meters. Attempts to measure the volume proved too difficult. Evidence of waste burningwas alsorecorded.
Burn sites were recorded as numbers, not as square meters, as their sizewas usually small. Often several burnsites
would be observed ata singleinformal wastedisposalsite. At follow-up, the team revisited the previouslyidentified

sites to assess any changes instatus sincethe baseline, before enumerating any newly identified sites.

Sample size and statistical analysis

The samplesizecalculation was driven by expected fly numbers, as these were deemed to be highlyvariableacross
communities. Based on data from an urban, low-income setting in India [13], we assumed that the mean log fly count
caughtin 24 hours would be around 2.6 (SD 1.7). We assumed the intervention would reduce this figureto 2.3, which
resulted ina samplesizeof 505 households to be sampled before and after the intervention in the intervention
communities. We increased this figureto 720 households to allow us to exploredifferences in effect sizeacross
communities. Inaddition, we enrolled the same number of households per community (180) in the two control
communities, to arriveat a total samplesize of 1080 households.

The mainaimof the analysiswas thecomparison of changes from baselineto follow-up between intervention and
control sites. Statistical tests to compare the two study arms were not applied as the lownumber of clusters
precluded this.Instead, we compared baselineand follow-up separately for each community, and for intervention and
control arm separately. For the between-arm comparison of baselineand follow-up socio-economic characteristics we
calculated difference-in-differencefigures without confidence intervals to explore differential changes in these
variablesinintervention and control communities. Continuous outcomes were analysed usinglinear regression. Binary
outcomes were analysed usingbinomialregression for risk/prevalencedifferences (link function:identity, distribution
family binomial). Ordered categorical outcomes were analysed using ordered logistic regression with changes
expressed as odds ratios. Fly counts were compared across categories using negative binomial regression resultingin

rate ratios. Statisticalanalyses weredone in STATA 14.
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Ethics approval
Ethics approval was obtained from the Research Ethical Committee of Allama Igbal Open University and the Ethics
Committee atthe London School of Hygiene and Tropical Medicine (REC ID 15998). Informed consent for the

questionnairesurvey and fly trapping was obtained from the adultrespondent of the questionnaire.

RESULTS

Socioeconomic characteristicsinintervention and control communities at baselineand follow-up areshown in Table
1. Several indicators,i.e.respondents’ education, availability of a working fridge and drinking water access were more
favourableinthe control thaninthe intervention arm. As expected, control armhouseholds on average reported a
longer period of residence inthe current location thanintervention households. The difference-in-difference estimate
indicates whether changes from baselineto follow-up differed between intervention and control arms.The proportion
of household heads not attending school decreased more inthe control than the intervention arm, while the opposite
was observed for respondents without any schooling. The proportion of households without a fridge decreased in the
control arm but remained the same inthe intervention arm. Access to tap water at home decreased stronglyinthe
control arm but not inthe intervention arm. Sewerage connection increasedinthe control arm but not inthe
intervention arm.

Flooding of drains decreased in both arms, while flooding of land remained constant (Table 2). Flooding of houses
decreased slightly intheintervention arm and more so in the control arm. Exposure to smoke from waste burning
(insideand outside compound), as well as the reported presence of pests (cockroaches, rats)insideand outside
compound all decreased to a similar extent inintervention and control. Overall, there was no evidence that these
exposures decreased more inthe firsttwo communities (Batch 1) than inthe second intervention batch. However, a
strong reductioninthe number of days of smoke exposure (insideand outside of compound) was observed in
Community 1.

Inthe firstintervention batch there were strongincreases in ‘waste being perceived as no problem atall’,
‘perceived improvement in waste management over the pastyear’, and ‘waste being removed from the compound
whilenot being dumped outside’. Similarimprovements were not observed inthe other two intervention
communities (Table 3). Considerableimprovements inthese items were also observedinthe control communities,
mainlyas aresultofthe practiceof bringing waste to collection points being replaced by doorstep collection.
Community 2 (firstbatch), which previously had the highest prevalence of burningwaste as main means for dealing
with household waste, had no household reporting this practiceas their main means after the intervention. Overall,
however, there were no consistentreductions inanyburning of waste across intervention and control communities.
In both study arms, ‘once daily’ becamethe most common frequency of waste collection. Storingwaste insidethe
houseincreased stronglyinthe intervention arm, with a lesserincreasealso observed inthe control arm. In both
arms, storage usinga closed container (observed) increased almostuniformly across intervention and control arms. In
both arms, but especiallyinthefirstintervention batch, reported household-level responsibility for waste
management shifted from being largely men towards a situation where everyone was responsible.

Availability and use of waste collection services increased in all communities except community 4 (second
intervention batch, Table 4). The improvement was particularly strongin the firstintervention batch. Satisfaction with
the serviceimproved inthe firstintervention batch and inthe control communities but not in the second intervention

batch communities. Table 5 suggests a strongincreaseinthe proportion of households thatdisposed of disposable
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nappies/diapersinthe garbageand a decrease inthose disposingof child faeces in the toilet.

Fly counts (Musca) decreased by 64% inthe intervention arm (rate ratio 0.36,95% Cl 0.29, 0.44), whilethey
increased by 52% inthe control arm(rateratio1.52,95%Cl 1.07, 2.16). Inthe intervention arm, the reduction in
counts was particularly pronounced in the firstintervention batch, and absent inintervention Community 4 (Figure
2A). Calliphoridae counts were generally low with littlestatistical supportfor relevantchanges in counts from baseline
to follow-up (intervention rate ratio 0.79,95%CI 0.27, 2.30, control rate ratio 0.83, 95%Cl 0.15, 4.66, Figure 2B).

The community-level environmental survey found that the area covered by informal wasteremained
approximately constantinthe firstintervention batch butincreasedinthe secondintervention batch andinthe

control communities (Figure 3).

DISCUSSION

This study suggests that implementing a low-costimproved waste collection servicewith centralised waste processing
inurbanlow-income communities canimprove waste management at household level and reduce the exposure to
synanthropic flies. However, the study shows that reach of the intervention differed greatly among communities,
suggesting challenges with implementation and community involvement faced by such programmes. The study
further highlights changes in disposal practices of child faeces after the intervention that may pose occupational
hazards for waste segregation staff. Finally, theintervention had little effect on informal waste sites prevalentinthe
study communities, despite high adoption of the waste collection service.

The study evaluated a real-lifewastedisposalintervention thattargeted underserved communities which
nevertheless differed greatly insize, socio-economic status and community cohesion. The firsttwo communities
enrolled (Batch 1) were marked by poor access to public services asthey were not recognised as legal settlements by
government authorities. However, community cohesion and prior absenceof services appear to have facilitated
adoption of the programme. Most households reported an improvement in waste management andsatisfaction with
services after the intervention. Perhaps as a result, these communities experienced a strongreduction infly counts at
household level.

Such improvements were not consistently observed in the other two intervention communities. Both second-
batch communities had better prioraccess to public services dueto some recognition of their legal status by
authorities. However, the team implementing the intervention reported a poor responsefrom community leaders and
lack ofinterest in the intervention by some households that seemed to have reduced acceptability and reach of the
intervention in these two communities.

Most communities experienced an increaseinthe amount of waste disposed of atinformal waste sites, except the
Batch 1 intervention communities where adoption of services was highest. These two communities were also
somewhat isolated, whereas the other communities were surrounded by built-up urbanareas.Possibly, the waste
deposited inthe Batch 1 communities largely came from within the communities themselves, whilein the other
communities, the dump sites may have been used by people or businesses from other communities. Further research
might investigate the users and uses of informal wastesites to understand the extent to which they are analternative
or anadditionto the use of doorstep collection services and thereasons underlyingthis. Future interventions might
try combining behaviour change communication with initial removal of waste sites as a means of shiftingsocialnorms
around waste disposal.

The effect of the intervention on reducingthe burning of waste andits associated health effects [14] was
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inconsistent. Further research needs to be done to identify reasons for the ongoing use of this disposal method, which
couldfor example be due to convenience or perhaps to fire being perceived as a way of purifying waste.

This study did not attempt to estimate potentially negative effects of introducingsystematic wastecollection on
the livelihood of existing waste pickers and scrap dealers. These people were intended to be includedinthe
intervention by givingthem a roleas middlemen inthe saleof higher-valuerecyclablessuch as plastic and metal. The
intervention removed the need for them to conduct house-to-house visits and pay for the recyclables atthe doorstep
and was reportedly well received by these groups. By far the largestvolume of waste was organic waste which was
previously notdealt with at all by the informal waste sector. Some income loss for households who previously sold
recyclables to waste pickers may have occurred, but the benefit of havingwaste removed inits entirety seemed to
have offset this disadvantagefor most households. Future studies should aimatprovidinga more comprehensive
picture of the effects of introducing wastedisposalservices inlow-incomesettings where waste is notonlyseen as a
nuisanceor environmental hazard but alsoas animportantsource ofincome and employment.

Improvements inwaste collection services and satisfaction with services were not only observed inthe Batch 1
intervention communities but (to a lesser extent) alsointhetwo control communities.The control communities were
a sub-optimal choiceas controls. Both had been established several decades ago (pre-datingthe intervention
communities), benefitted from a recognised legal status,and enjoyed the best access to public services amongstudy
communities. For these reasons, they were not prioritised as target communities for the intervention. Efforts to
identify more suitable control communities failed, making the comparison with the intervention communities difficult.

The control communities appear to have experienced improvements in waste management such as doorstep
collection serviceand storage of waste in closed containers in the house or compound prior to collection. The
recruitment of these control communities still proved worthwhile. The data suggested that highly underserved
communities in which the intervention was successfully implemented (i.e. the firstbatch of communities) could “catch
up” with the more established communities interms of reducing perceived problems with waste collection,increasing
satisfaction with services and reducing fly counts and (to some extent) the area of waste presentinthe publicdomain.

In addition to the intervention not being randomly allocated and the lack of suitable control communities, the
study was limited by the small number of communities allocated to intervention and control arms. The waste disposal
programme was implemented inonly4 communities at this stage, even though a similar model is beingused in
projects with communities elsewhere in Pakistan.The small number of clusters made statistical comparisonacross
arms difficult, allowingonly for a before-and-after comparison withinintervention and control arms, and for each
community separately. Furthermore, the two surveys were conducted as cross-sectional studies rather thanrevisiting
each household enrolled at baseline.

Comparison of socio-economic characteristics between the two surveys revealed changes in several variables
from baselineto follow up. Sampling procedures were the same at baselineand follow up but samplingvariability or
unknown biases inselecting households arelikely to have influenced the composition of the study populationand,
possibly, theresults.

Most outcomes were based on self-reportby the household respondent. We used a simple method to estimate fly
counts which had been validatedina similar setting [12]. Because of the great varietyin buildingand kitchen set-ups
among participating households, standardisation of placing the fly traps proved difficult. Assessingtheamount of
waste disposed of atinformal waste sites in the public domain within the communities was also a challenge. Much of

this waste was disposed of on uneven surfaces such as riversides and other slopes, makingitdifficultto estimate the
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volume. Due to Government regulations, we were unableto use GPS to measure the size of waste sites. Instead, we
used measuringtapes, which was cumbersome, especiallyin cases wherethe waste sites were of uneven shape.
Overall, the study highlights methodological challenges in measuringthe effect of a waste management intervention
inarealistic setting, which may be why most previous studies have been largely observational (e.g. [6, 7,9, 15-17])
To conclude, the study shows that a centralised, low-costwaste collection servicecan positivelyimpacton waste
disposal practices in urbanlow-incomecommunities and reduce exposure to healthrisks such as synanthropic flies.
The study highlights methodological challenges in assessing the effect of improved waste disposal practices on health

and wellbeing in low-income settings.
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Table 1. Socio-economic characteristics
Intervention control
Communityl Community2 Community3 Community 4 Total Total control DiD
(15t batch‘), (1 batch‘; (2nd batcl}ll) (2" batch) Community 5 Community 6 intervention
BL FU BL FU BL FU BL FU BL FU BL FU BL FU BL FU

HH size (mean) 7.9 6.5 11.7 7.2 6.3 7.7 7.4 8.3 7.0 6.5 8.2 7.7 8.3 7.4 7.6 7.1 -04
education level (HH
head), %
Did not attend school 50.0 64.8 69.4 55.6 53.9 435 47.2 50.3 75.6 49.7 439 53.6 55.1 53.6 59.7 51.7 6.5
Some Primary 10.6 5.0 5.6 5.0 11.1 6.8 5.0 6.2 2.8 6.6 7.8 6.2 8.1 5.7 53 6.4 -35
Completed Primary 6.7 3.9 0.6 0.6 2.8 1.7 6.7 1.7 3.9 3.3 4.4 2.2 4.2 2.0 4.2 2.8 -0.8
Some Middle 6.1 7.7 5.6 7.2 5.6 7.3 3.9 8.4 1.1 8.2 8.3 8.4 5.3 7.7 4.7 8.3 -1.2
Completed Middle 6.1 33 7.8 6.1 10.0 7.3 7.8 8.4 5.0 8.7 8.9 5.6 7.9 6.3 6.9 7.2 -1.9
Some Secondary 33 4.4 1.1 5.6 3.3 34 3.9 5.6 2.8 4.4 4.4 6.7 2.9 4.7 3.6 5.5 -0.1
Completed Secondary 11.1 7.1 8.3 12.8 8.9 9.0 16.7 3.9 7.8 3.8 6.7 9.5 113 8.2 7.2 6.6 -2.5
zce’:;‘;:a'fcer 22 11 11 22 11 28 11 17 00 16 28 17 14 20 14 17 03
gzcrzz'deat‘:j Higher 28 22 00 17 33 17 78 28 11 00 78 11 35 21 44 06 24
Higher education 1.1 0.6 0.6 33 0.0 16.4 0.0 11.2 0.0 13.7 5.0 5.0 0.4 7.8 2.5 9.4 0.5
education level
(respondent), %
Did not attend school 52.2 53.3 55.0 45.0 41.1 31.1 29.4 447 32.8 443 32.2 31.8 44 .4 436 325 38.1 -6.4
Some Primary 10.0 3.3 8.9 8.3 9.4 13.0 6.1 8.9 8.9 8.7 7.2 6.7 8.6 8.4 8.1 7.7 0.2
Completed Primary 7.2 5.5 0.6 0.0 6.1 1.7 7.8 1.7 7.8 1.6 7.8 2.8 54 2.2 7.8 2.2 24
Some Middle 5.6 7.7 10.6 6.7 8.9 7.9 8.3 10.1 5.0 10.9 8.3 9.5 8.3 8.1 6.7 10.2 -3.7
Completed Middle 5.0 7.1 8.3 6.7 111 7.3 10.6 5.6 8.3 6.0 12.8 11.2 8.8 6.7 10.6 8.6 -0.1
Some Secondary 3.9 14.3 5.6 22.8 8.9 17.0 7.2 17.3 15.0 20.2 8.3 20.1 6.4 17.8 11.7 20.2 2.9
Completed Secondary 12.8 3.3 7.8 0.0 7.8 7.3 16.7 0.0 15.0 1.1 4.4 0.6 113 2.7 9.7 0.8 0.3
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Some Higher
Secondary

Completed Higher
Secondary

Higher education
Fridge

None

yes - not working
yes- working

Number of years living
at current residence
(mean)

drinking water source
Filter Plan

Public Borehole
Private Borehole
owned by someone
else

Borehole owned by HH
Supply water/Tape
water to home

water for washing
source

Filter Plan

Public Borehole
Private Borehole
owned by someone
else

Borehole owned by HH
Supply water/Tape
water to home

water location

Piped to house

1.7

1.7

0.0

94.4
3.9
1.7

6.8

7.2
0.6

74.4

17.8

0.0

33
0.6

77.2

18.9

0.0

47.2

2.8

1.7

11

94.0
6.0
0.0

5.9

4.4
8.8

86.3

0.6

0.0

1.7
8.8

87.9

0.6

11

28.6

2.2

0.0

11

96.1
33
0.6

23.0

3.9
11

0.0

0.0

95.0

0.6
11

0.0

0.0

98.3

98.3

6.7

2.8

11

81.7
9.4
8.9

19.0

194
3.9

11

6.7

68.9

12.8
5.6

33

11

77.2

85.0

1.7

5.0

0.0

92.8
1.7
5.6

12.4

71.1
18.3

6.7

2.8

11

0.6
76.7

7.8

6.1

8.9

14.4

51

4.0

5.7

89.3
1.7
9.0

28.2

84.8
3.4

3.4

2.3

6.2

5.7
16.4

17.0

10.7

50.3

64.4

Effect of improving solid waste collection on waste disposal behaviour

5.0

8.9

0.0

10.0
2.2
87.8

244

58.3
18.9

4.4

14.4

3.9

33
28.3

15.0

45.0

8.3

64.4

1.7

7.8

2.2

24.6
2.8
72.6

216

26.8
43.6

17.9

10.1

1.7

2.8
55.3

251

10.6

6.2

60.3

July 2022
0.0 3.8
7.2 1.1
0.0 2.2
3.9 2.2
0.0 2.7
96.1 95.1
313 141
73.3 82.0
39 5.5
6.7 4.9
33 6.6
12.8 1.1
1.1 14.8
2.8 12.0
15.0 12.6
7.2 48.6
73.9 12.0
87.2 29.5

8.3

5.6

5.0

26.7
5.6
67.8

22.8

244
17.2

13.9

41.7

2.8

2.2
26.1

16.1

50.0

5.6

96.7

7.8

3.4

6.2

7.3
11
91.6

26.2

70.4
17.3

3.9

0.6

7.8

20.7
44.7

14.0

0.6

20.1

59.2

2.6

3.9

0.3

73.3
2.8
23.9

16.6

351
9.7

21.4

8.8

25.0

1.9
26.7

25.0

17.5

28.9

56.1

4.0

4.0

2.5

72.4
5.0
22.6

18.6

336
14.9

27.4

4.9

19.2

5.7
215

33.6

5.7

336

59.5

4.2

6.4

2.5

153
2.8
81.9

27.0

48.9
10.6

10.3

225

7.8

1.7
144

15.6

28.6

39.7

91.9

5.8

2.2

4.1

4.7
1.9
934

20.0

76.2
113

4.4

3.6

4.4

17.7
28.2

133

24.9

16.0

44.2

4.3

0.6

9.7
3.1
-12.8

-28.8
4.5

11.9

15

-24

-12.2
-19

10.9

28.4

51.1



TMIH 22-675 Effect of improving solid waste collection on waste disposal behaviour July 2022

Usingrubber pipe to
someone else’s tube
outsidehouse, within
10 minutes walk
outsidehouse, more

333 52.2 1.7 33 0.0 17.0 6.1 24.6 6.7 9.3 2.8 16.8 10.3 24.4 4.7 13.0 5.8

144 18.1 0.0 6.1 80.6 18.1 22.8 151 4.4 56.3 0.6 20.7 29.4 14.4 2.5 38.7 -51.2

e L e, S0 11 00 56 50 00 67 00 17 49 00 34 42 17 08 41 58
Don’t know 00 00 00 00 00 06 00 00 00 00 00 00 00 01 00 00 01
Toilet ownership

No 06 00 00 00 00 00 00 00 11 00 00 00 01 00 06 00 05
pour flush to pit 0.6 0.6 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 1.1 0.0 0.3 0.1 0.6 0.0 04
faon”kr flushto septic 00 00 00 00 00 00 00 00 00 00 200 00 00 00 100 00 10
pour flush to river 00 00 61 22 17 00 17 00 22 16 06 11 24 06 14 14 18
pour flushto sewerage 989 995 933 978 983 989 978 1000 961 984 783 989 971 990 872 986 95
composting toilet 00 00 06 00 00 00 00 00 06 00 00 00 01 00 03 00 02
Don’t know 00 00 00 00 00 11 00 00 00 00 00 00 00 03 00 00 03

*DiD — difference-in-difference. BL — baseline. FU — follow up.
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Table 2. Environmental conditions
Intervention control
i Community . .
Community Community Cor:r(r;::lty 4 (2 Community Community Total intervention Total control
1 (15tbatch 2 (1stbatch 5 6
‘ )2l ¥ batch) batch)
OR/Diff OR / Diff
BL FU BL FU BL FU BL FU BL FU BL FU BL FU BL FU
(95%ClI) (95%ClI)
ORO0.6 ORO.3
. s
drain flooding (%) (0.4,0.8) (0.2,0.5)
No 91.7 918 928 856 650 904 783 855 56.1 90.7 928 883 819 883 74.4 89.5
Yes, less than 00 33 72 06 00 06 100 00 06 00 06 11 43 1.1 06 06
once per year
Yes, once a year 2.2 0.6 0.0 0.6 0.6 2.3 5.6 1.1 2.2 0.0 0.0 1.1 2.1 1.1 1.1 0.6
Yes, twice ayear 0.0 2.2 0.0 3.9 5.0 1.1 1.7 1.7 1.7 0.6 2.2 0.0 1.7 2.2 1.9 0.3
Yes,morethana ., ,5 00 94 204 57 44 117 394 87 44 95 100 7.2 219 91
twice a year
Land flooding (%) OR0.9 OR0.9
(0.7,1.2) (0.6,1.5)
No 939 80.2 889 86.1 650 898 867 844 900 89.1 894 927 836 851 89.7 90.9
Yes, less than 00 28 100 17 06 28 94 00 06 16 06 06 50 18 06 11
once per year
Yes, once a year 1.1 0.6 1.1 0.6 0.0 2.3 1.7 0.6 5.0 0.0 3.9 1.1 1.0 1.0 4.4 0.6
Yes, twice a year 1.1 1.1 0.0 3.3 1.7 1.1 1.1 1.7 1.1 0.0 0.6 1.1 1.0 1.8 0.8 0.6
Ye%, more than a 3.9 15.4 0.0 8.3 32.8 4.0 1.1 13.4 3.3 9.3 5.6 4.5 9.4 10.3 4.4 6.9
twice a year
House flooding ORO0.7 ORO0.2
(%) (0.4,1.0) (0.1,0.5)
No 96.1 923 928 961 922 932 856 955 917 978 900 978 917 943 90.8 97.8
Yes, less than 1.1 1.7 67 11 06 28 94 17 00 11 11 00 44 18 06 06
once per year
Yes, once a year 0.6 1.1 0.6 0.6 1.1 2.3 1.7 0.0 3.3 0.0 3.3 1.1 1.0 1.0 3.3 0.6
Yes, twice a year 0.0 0.0 0.0 1.1 1.1 0.6 1.7 0.0 2.2 0.0 0.6 0.6 0.7 04 1.4 0.3
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Yes, more than a
twice a year
waste burning Diff-0.2

smoke inside 14 05 02 02 03 02 03 03 06 03 04 01 05 03 (03-1) 05 o2  Diff03

2.2 5.0 0.0 11 5.0 11 1.7 2.8 2.8 11 5.0 0.6 2.2 2.5 3.9 0.8

compound (days (-0.4,-0.2)
per week)
smoke in . .
community (days 1.2 0.4 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.5 0.3 Diff-0.2 0.2 0.2 Diff0.0
(-0.3,-0.1) (-0.2,0.1)
per week)
seen rats in Diff-0.3 DIff-0.4
house (days per 14 1.8 0.7 0.9 14 0.5 1.6 0.7 0.6 1.0 2.0 0.8 1.3 1.0 =, 1.3 0.9 =
(-0.5,-0.1) (-0.7,0.0)
week)
seen rats in
Diff-0.3 Diff-0.3
community (days 0.8 1.6 0.7 11 1.5 0.7 2.2 0.7 1.6 1.2 13 11 13 1.0 I 1.5 11 !
(-0.5,-0.3) (-0.6,0.0)
per week)
seen cockroaches
Diff-0.2 Diff-0.
in house (days 02 03 06 06 07 03 11 03 04 03 14 05 06 04 1ff-0 09 04 11f-0.5
(-0.4,-0.1) (-0.8,-0.3)
per week)
seen cockroaches
Diff-0.3 Diff-0.7
i i . 2 7 4 . . 1.2 2 7 i 1.1 . . . . 2
in community 0.0 0 0 0 0.6 0.3 0 0 0 0.3 0.6 0.3 (-0.5,-0.2) 0.9 0 (-0.9,-0.5)

(days per week)

OR — odds ratio from ordered logistic regression. Diff—difference in prevalence from binomial regression (identity link, binomial family). BL— baseline. FU — follow up.

Table 3. Wastedisposal

intervention control Total intervention Total control




ground

TMIH 22-675 Effect of improving solid waste collection on waste disposal behaviour July 2022
. . Community Community . .
Community Community 3 (2nd 4 (2 Community Community
1 (1stbatch) 2 (1%tbatch) 5 6
batch) batch)
OR/Diff OR / Diff
BL FU BL FU BL FU BL FU BL FU BL FU BL FU BL
(95%Cl) (95%Cl)
Waste perceived ORO0.2 ORO0.04
as problem (%) (0.1,0.2) (0.03,0.07)
no problem at all 1.7 80.8 0.0 83.3 16.1 131 433 106 444 78.7 2.8 55.3 15.3 47.4 23.6 67.1
small problem 194 154 439 13.3 189 480 372 548 506 186 0.6 324 299 32.7 25.6 254
bigproblem 50.6 3.9 38.3 3.3 450 36.0 17.2 296 5.0 1.6 594 106 37.8 18.0 32.2 6.1
very big problem 28.3 0.0 17.8 0.0 20.0 2.9 2.2 5.0 0.0 1.1 37.2 1.7 17.1 2.0 18.6 14
In last year waste ORO0.20 OR0.21
management (0.16, (0.16,0.29)
improved (%) 0.24) R
a lot better 0.6 79.1 0.0 80.0 1.7 0.6 13.3 1.7 450 64.5 3.9 46.9 3.9 40.7 24.4 55.8
a bit better 50.0 15.9 13.3 15.0 1.7 20.3 62.2 16.2 422 26.2 106 21.2 31.8 16.9 26.4 238
E:ocwha"ge/dont 489 2.8 256 22 900 740 217 799 111 82 850 302 465 394 481 191
a bit worse 0.6 1.1 594 1.7 6.7 2.3 2.8 1.7 1.7 0.0 0.0 1.7 17.4 1.7 0.8 0.8
alotworse 0.0 1.1 1.7 1.1 0.0 2.8 0.0 0.6 0.0 1.1 0.6 0.0 0.4 14 0.3 0.6
z’i':";s‘;’la“;aice OR3.3 OR11.2
posal p (2.7, 4.0) (8.1, 15.6)
(%)
Buried by HH 0.0 0.6 2.2 0.0 0.0 0.6 0.0 0.0 1.1 0.0 1.1 0.0 0.6 0.3 1.1 0.0
Burnt by HH 1.1 0.0 5.6 0.0 1.7 1.7 1.1 1.7 1.1 0.0 0.6 0.0 2.4 0.8 0.8 0.0
Dumped in 172 17 11 22 183 136 183 369 244 22 644 112 138 135 444 66
compound
Taken out of
compound and
thrown by 48.9 1.7 56.7 0.0 0.0 299 0.0 41.9 0.0 3.8 15.0 19.0 26.4 18.3 7.5 11.3
river/open
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Taken out of

compound and

disposedinto 8.3 3.9 344 139 778 266 678 129 394 9.3 10.6 123 47.1 14.2 25.0 10.8
container/collecti

on point

Is collectedand

removed fromthe 244 923 0.0 839 2.2 27.1 128 6.7 33.9 84.7 8.3 57.5 9.9 52.8 21.1 713

doorstep

Don’t know 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0

burnt waste in Diff-2.6 Diff2.5
last week (%) 3.9 0.6 4.4 12.8 33 5.8 21.7 1.1 33 49 2.8 6.2 8.3 5.0 (-4.7,-0.5) 3.1 5.5 (-0.5, 5.4)
Frequency of
waste disposal
(%)

More than once a
day

Once a day 828 978 717 978 950 766 833 844 883 967 66.1 927 832 89.1 77.2 94.8
More than once a

week, not every 7.8 0.6 1.7 0.6 1.1 6.9 7.8 6.2 9.4 0.0 0.0 3.9 4.6 3.6 4.7 1.9
day

once a week 0.6 0.0 1.1 0.0 0.6 1.1 0.6 0.0 0.0 0.0 1.1 0.0 0.7 0.4 0.6 0.0
less thanoncea

week

Don’t know 0.0 0.0 0.0 0.0 0.0 6.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0 0.0

Frequency of OR0.62

removal at (0.48,

collection site (%) 0.81)

More than oncea

day

Once a day 589 973 717 86.1 96.7 655 778 771 689 945 700 844 76.3 81.6 69.4 89.5
More than once a

week, not every 7.2 1.1 2.2 0.6 1.1 4.0 8.3 2.2 27.8 0.6 0.0 2.2 4.7 2.0 13.9 14
day

once a week 0.0 0.0 0.6 0.6 0.6 0.6 33 0.0 1.7 0.6 0.6 1.1 1.1 0.3 1.1 0.8

OR15 OR3.1
(1.1,2.1) (2.0,5.0)

8.3 11 233 11 33 7.4 8.3 9.5 2.2 2.2 32.8 2.2 10.8 4.6 17.5 2.2

0.6 0.6 2.2 0.6 0.0 11 0.0 0.0 0.0 11 0.0 11 0.7 0.6 0.0 11

ORO0.85
(0.59,1.21)

128 0.6 244 83 11 192 3.9 207 1.7 2.2 261 89 106 121 13.9 55
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less thanoncea

o 211 11 11 44 06 40 67 00 00 22 00 34 74 24 00 28
no collection 00 00 00 00 00 68 00 00 00 00 33 00 00 17 17 00
Don’t know
Person
responsible in HH
(%)
dult 306 385 356 278 189 226 361 268 250 339 333 302 303 200 DL, 3,0 Diff30
adultwomen . . . . . . . . . . . . . . (_5.7' 36) . . (_3.7’ 97)
Diff-12.0 Diff-12.0
adult men 361 126 394 161 211 350 350 229 300 115 167 95 329 216  (-165,- 233 105  (-17.4,-
7.4) 6.7)
Diff-2.1 Diff-1.7
boys 39 50 106 39 106 73 78 67 50 27 50 39 82 57 U7 50 33
girls 28 11 33 39 17 28 28 17 00 11 06 06 26 24 D040 5 Diff0.7
(-2.0,1.1) (-0.3,1.8)
Diff16.5 Diff 111
everyone 267 429 111 483 478 31.1 183 419 400 508 444 559 260 41.1 (11.8, 422 5323 '
(3.9, 18.4)
21.3)
Don’t know 00 00 00 00 00 11 00 00 00 00 00 00 00 03 NA 00 00 NA
Storage of
household waste O(I; ng OR0.85
before disposing 0 '79)' (0.65,1.11)
in last week? (%) ’
Inthe house 311 489 150 533 50 362 239 603 228 465 3383 402 188 497 306 434
Inthe yard/ 456 93 822 56 428 164 339 89 478 137 100 156 511 100 289 146
compound
outsideyard / 228 401 28 306 439 283 283 156 233 344 467 274 244 287 350 309
compound
not stored 06 17 00 106 83 192 139 151 61 55 50 168 57 116 56 11.1
household waste Diff43.4 Diff45.0
stored in a 128 681 272 523 111 715 400 72.6 189 778 333 652 261 67.7 (388, 228 659 o0

covered 48.0)
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container
(observed, %)

Effect of improving solid waste collection on waste disposal behaviour July 2022

OR — odds ratio from ordered logistic regression. Diff —difference in prevalence from binomial regression (identity link, binomial family). BL— baseline. FU — follow up.

Table 4. Wastecollectionservice

intervention

control

Total control

. . Community Community i . Total intervention
Community Community 3 (2nd 4 (20 Community Community
1 (1stbatch 2 (1stbatch 5 6
( b2 ¥ bateh) batch)
OR/Diff OR / Diff
BL FU BL FU BL FU BL FU BL FU BL FU BL FU BL FU
(95%Cl) (95%Cl)
waste collection Diff44.3 Diff44.6
available at 06 945 0.0 86.1 39 249 294 50 57.2 803 6.7 73.2 8.5 52.9 (40.4, 31.9 76.8 (38.4,
doorstep (%) 48.2) 51.0)
uses waste Diff44.2 Diff46.5
collection service 0.0 92.3 0.0 82.7 5.0 15.8 15.0 5.6 37.2 76.0 5.0 57.9 5.0 494 (40.6, 21.1 67.0 (40.5,
(%) 47.8) 52.6)
Why not using
collection service 0 13 0 67 171 11 153 2 113 24 3 92 324 93 116 116
(n=)
Diff36.1 Diff17.6
No money - 30.8 - 71.6 2.3 455 0.7 0.0 0.0 16.7 0.0 23.9 15 61.3 (22.5, 0.0 22.4 (5.3,
49.7) 29.8)
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Diff-32.1 Diff 14.7
They are not
ine h - 23.1 - 9.0 59.7 182 333 50.0 0.0 20.8 333 6.5 47.2 12.9 (-57.7, - 0.9 9.5 (5.8,
coming here 6.6) 23.7)
They are not Diff 15.4 Diff4.1 (-
. - 30.8 - 0.0 6.4 273 131 0.0 0.0 4.2 0.0 3.3 9.6 7.5 (-0.4, 0.0 3.5
reliable 1.3,9.4)
31.2)
100. Diff-19.4 Diff-36.4
Other - 154 - 194 316 9.1 52,9 50.0 583 66.7 663 41.7 18.3 (-45,4, 99.1 64.7 (-50.7, -
0
6.6) 22.1)
Satisfaction with OR2.2 ORO.1
service (%) (0.8,6.1) (0.1,0.2)
NA 936 NA 939 250 87 640 417 492 865 0.0 8438 54.6 86.8 413 85.8
very satisfied
NA 52 NA 36 625 913 36.0 333 46.0 11.0 333 9.8 42.4 10.8 440 10.6

Fairly satisfied

Neither satisfied NA 0.0 NA 00 125 0.0 0.0 25.0 4.8 1.8 66.7 5.4 3.0 0.8 14.7 3.3
nor dissatisfied

NA 1.2 NA 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0
Fairly dissatisfied

NA 0.0 NA 1.8 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.8 0.0 0.4
Very dissatisfied

OR — odds ratio from ordered logistic regression. Diff —difference in prevalence from binomial regression (identity link, binomial family). BL— baseline. FU — follow up.

Table 5. Child faeces disposal

intervention control Total control

. . Community Community . . Total intervention
Community Community 3 (2nd 4 (20 Community Community

1 (1stbatch) 2 (1%tbatch) 5 6

batch) batch)
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OR/Diff OR / Diff
BL FU BL FU BL FU BL FU BL FU BL FU BL FU BL FU
(95%Cl) (95%Cl)
child faeces
. 109 83 123 77 79 66 83 70 92 75 115 83 394 300 207 159
disposal (N=
Left where they Diff0.4 Diff 0.6
0.9 00 0.0 00 00 00 0.0 27 0.0 00 0.0 1.2 03 0.7 (-0.6, 0.0 0.6 (-0.4,
were
1.4) 1.7)
thrown out of Diff0.1 Diff-0.6
0.0 12 0.0 00 00 00 36 27 00 00 35 24 0.8 1.0 (-1.2, 1.9 1.3 (-3.2,
compound
1.5) 2.1)
Diff1.3
thrown inthe Diff3.3
drain 0.0 0o 00 117 00 00 00 00 00 1.3 00 1.2 0.0 3.0 (1.6,4.9) 0.0 1.3 (-0.3,
2.9)
100. Diff 64.5 Diff 15.0
thrown ingarbage 3.7 976 08 g3 532 0 771 946 989 987 670 952 282 950 (597, 812 969 (8.8,
69.3) 21.3)
Diff-68.1 Diff-16.4
thrown inlatrine 95.4 1.2 99.2 0.0 4638 0.0 193 00 1.1 0.0 296 0.0 70.8 03 (-72,- 16.9 00 (-22.0,-
63.9) 10.7)

OR - odds ratiofrom ordered logistic regression. Diff —difference in prevalence from binomial regression (identity link, binomial family). BL— baseline. FU — follow up.
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Community 1 Community 2 Community 3 Community 4 Community 5 Community 6
(800 HHs) (250 HHs) (400 HHs) (600 HHs) (500 HHs) (500 HHs)
Intervention Intervention Intervention Intervention Control Control

Baseline cross-sectional survey (October 2018 — November 2018)

N= 1080 HHs (180 per community)

Intervention
(from 12/2018, Batch 1)

Intervention
(from 5/2019, Batch 2)

v v v

Follow-up cross-sectional survey (October 2019 — November 2019)

N= 1080 HHs (180 per community)

Figure 1. Study flow diagram
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Figure 2. A) Musca fly counts inintervention and control communities; B) calliphoridae fly counts inintervention
and control communities at baselineand follow up.
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Figure 3. Area insquare meters covered by informal wastedisposalsites inintervention and control communities
at baselineand follow up.
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