Sustainable drainage to address Zika in
favelas, Brazil: community perspectives

Susanne M Charlesworth, Debora Kligerman, Frank Warwick
and Matthew Blackett

Author post-print (accepted) deposited by Coventry University’s Repository

Original citation & hyperlink:

Charlesworth, S. M., Kligerman, D., Warwick, F., & Blackett, M. (2023). Sustainable drainage to
address Zika in favelas, Brazil: community perspectives. /nfrastructure Asset Management, (In-
Press), (In-Press). Advance online publication. https://doi.org/10.1680/jinam.23.00012

DOl  10.1680/jinam.23.00012
ISSN  2053-0242
ESSN 2053-0250

Publisher: Emerald

This author accepted manuscript is deposited under a Creative Commons Attribution Non-
commercial 4.0 International (CC BY-NC) licence. This means that anyone may distribute,
adapt, and build upon the work for non-commercial purposes, subject to full attribution. If
you wish to use this manuscript for commercial purposes, please contact
permissions@emerald.com.

Copyright © and Moral Rights are retained by the author(s) and/ or other copyright
owners. A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge. This item cannot be reproduced or quoted extensively
from without first obtaining permission in writing from the copyright holder(s). The
content must not be changed in any way or sold commercially in any format or medium
without the formal permission of the copyright holders.

This document is the author’s post-print version, incorporating any revisions agreed during
the peer-review process. Some differences between the published version and this version
may remain and you are advised to consult the published version if you wish to cite from
it.


https://doi.org/10.1680/jinam.23.00012
mailto:permissions@emerald.com

Auto-generated PDF by ReView Infrastructure Asset Management

Instrtuticn

ice | science

publishing

Sustainable Drainage to address Zika and
lack of drainage in favelas, Brazil:
community perspectives

g{wgrllejiworth, S.M.* Centre for Agroecology, Water and Resilience, Coventry University, Coventry, CV8
Kligerman, D. Fundac&o Oswaldo Cruz, FIOCRUZ, Departamento de Saneamento e Saude Ambiental
(DSSA) (ENSP), Rio de Janeiro, Brazil

Warwick, F. School of Energy, Construction and Environment, Faculty of Engineering, Environment and
Computing, Coventry University, Coventry, CV1 5FB, UK

Blackett, M. Centre for Agroecology, Water and Resilience, Coventry University, Coventry, CV8 3LG, UK;
School of Energy, Construction and Environment, Faculty of Engineering, Environment and Computing,
Coventry University, Coventry, CV1 5FB, UK

*Corresponding author: apx119@coventry.ac.uk ORCID number: 0000-0002-3030-019x

Abstract

The 2015 Zika virus outbreak in Brazil established that neonate microcephaly was related to maternal infection by the virus during
pregnancy, the highest densities of which occurred in the northeast and southeast of Brazil, the country’s most populated areas. These areas
are typically associated with informal settlements or favelas which lack effective water management, sanitation and drainage, hence
providing suitable breeding environments for the Aedes aegypti mosquito, the Zika virus vector. This paper reports on a novel study of
community perceptions around the potential for Sustainable Drainage Systems to provide a means of reducing areas for the mosquito to
breed, and hence reduce Zika infections in favelas. Interviews were carried out with key external stakeholders working with favelas and
members of the favela community. Poor management of water supply, drainage and solid waste were clearly emphasised by participants
illustrating gaps in current research connecting these areas. Participants proposed that only a holistic approach could address sanitation
issues, hence the distribution of Zika-carrying mosquitos, subsequent infections and microcephaly. An approach was therefore needed
taking account of the environment as a whole, increasing public awareness of sanitation and environmental health, improving sanitation
infrastructure and providing adequate systems for solid waste management.

ARTICLE TYPE: Paper

KEYWORDS: Favela; Sustainable Drainage Systems; Zika virus; Developing country; Drainage and irrigation; UNSDG 3,
6, 11, 16, 17.

Introduction

As is common the world over, those who reside in informal settlements live with the results of lack of land tenure, in comparison with
those in the “formal” areas of the city. In general, informal settlements lack facilities and infrastructure to manage solid waste and dispose
of greywater, as well as manage stormwater and subsequent flooding and the potential consequences in terms of proliferation of disease
vectors such as mosquitoes, leading to impacts on human health and quality of life (Armitage, 2011). Whilst there are many terms which
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refer to an informal settlement, in Brazil the specific name for these settlements is “favela”, named after the tree around which the first of

these settlements was located in the late 19th century (Cath, 2012). Hence, the term favela will be used hereinafter.

Charlesworth et al., 2022 reported on the results of a study which examined conditions in favelas in the northeast and southeast of Brazil
which may have been implicated in the outbreak of the Zika virus (ZIKV) and of some babies being born with microcephaly (abnormally
small heads; Vissoci et al. 2018) during 2015-16. Observations and in-depth interviews provided information that supported the view that
on-street disposal of greywater (i.e. water produced by households not including toilet water) and lack of drainage of stormwater due to
heavy rain provided conditions in which the ZIKV-carrying mosquito (mainly Aedes aegypti) could breed in close proximity to
households. Whilst it would appear that the ZIKV epidemic may be under control, nonetheless, the mosquito is responsible for
companion viruses chikungunya, dengue and yellow fever (Kraemer et al., 2019) and it is highly likely that ZIKV will return in the
future. Thus, a long-term perspective is required if the kind of outbreak of ZIKV experienced during 2015-16 is to be prevented in the
future. However, few studies investigate the infrequent water supply in favelas, the problems disposing of solid waste and socio-
economic factors hindering investment in sanitation. In fact, the issue of solid waste is yet to be fully integrated into multi-disciplinary
studies investigating mosquito-vectors in informal settlements (Wilson et al., 2019). Such information is necessary in order to formulate

future strategies to address these issues.

This paper reports on a British Council Newton Institutional Links Award between the UK and Brazil. Based in Rio de Janeiro, the focus
was on the relationship between the favelas, provision of sanitation, greywater management and the prevalence of ZIKV. Data from the
Brazilian government suggests that about 95% of the city of Rio de Janeiro is connected to the water supply system (Kelman 2015).
However, the statistics do not account for the fact that the supply is unreliable, particularly in relation to Rio’s 2990 favelas
(Charlesworth et al., 2022). According to Britto et al. 2018 and Dias et al. 2018 regular issues are encountered with supplies of piped
water, as well as seasonal issues faced during times of drought or high demand. These problems cause health concerns in Rio’s favelas
due to the incorrect storage of water in open containers on roofs and inside homes, deterioration of water quality due to long-term storage,
the introduction of disease pathogens, cross-contamination and the presence of disease vectors including mosquitoes (Lowe et al. 2018).
These issues are common in informal settlements in general worldwide as well as in other cities in Brazil (Katukiza et al. 2012; Jiusto and
Kenney 2016).

The issue of disposal of solid waste and its place in the proliferation of disease vectors has not been fully investigated from the point of
view of informal settlements in general, or favelas specifically (Armitage 2011; Wilson, et al., 2019). Brazil’s National Guidelines for
Basic Sanitation, established by Law n° 14026 (2020) (Vieira Coelho, 2020) explicitly states the requirement for the collection and
disposal of solid waste. However, as stated above, due to their “informal” status, favelas do not have access to these services. With no
alternative, waste accumulates in the street and, depending on the topography of the site, may flow downslope of settlements and into
rivers, leading to contamination of the environment, accumulation of polluted runoff and the provision of suitable places for disease
vectors to breed in collected water (Charlesworth et al., 2022). In studies by Mezue et al., 2020 and Charlesworth et al., 2016 of the
potential to use SuDS in informal settlements in Lagos, Nigeria, solid waste was identified as blocking what drainage infrastructure there
was. These issues are common in cities with informal settlements globally and are subsequently implicated in the proliferation of water-
borne and water-related disease (Annenberg Foundation 2017).

In terms of issues around governance, whilst Brazil is not unique, nonetheless there are substantial problems associated with crime and
the persistence of drug trafficking that make addressing sanitation in some favelas difficult. This has also meant that the government has

been reluctant to invest in improving infrastructure in favelas, exacerbated by police raids and the presence of the Pacifying Police Unit
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(UPP) since 2008. In addition, internal and external stakeholders have negative perceptions of one another, which prevents them from
working together (Adler et al. 2017). The larger-scale infrastructure projects such as the “Informal Settlements Urbanization-Growth
Acceleration Program” (PAC-UAP; Lima-Silva and Loureiro, 2020) have largely been abandoned in favour of smaller public health
initiatives such as the training of those living in favelas as community health workers, avoiding the necessity of government

representatives visiting the favelas to engage with the community.

There is some discussion in the literature around these issues, however there is little if any that connect these barriers with water

management in favelas. This paper therefore has two aims:

1) To ascertain the feasibility of using SuDS in a favela environment to address the lack of drainage infrastructure, and

2) To investigate whether the favela community would engage with a SuDS approach to reduce the incidence of ZIKV infections.

In addressing these issues, the United Nations Sustainable Development Goals (UNSDGs) that are relevant include: 3 Good Health and
Wellbeing; 6 Clean Water and Sanitation; 11 Sustainable Cities and Communities; 16 Peace, Justice and Strong Institutions and 17

Partnerships for the Goals.

2. Methodology

2.1 Site selection

Charlesworth et al., 2022 gave details of the decision making for selecting Rio de Janeiro as a study site based on the high numbers of
confirmed ZIKV cases during the 2015-16 outbreak in Brazil; there were 1.67 million notified cases of which 2.5% were pregnant women
(de Oliveira et al., 2017). Of those reported cases of infection, 1950 resulted in babies being born with microcephaly. Figure 1 shows the

location of Rio de Janeiro State, Metropolitan Area and Municipality (the City).
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Figure 1 The locations of Rio de Janeiro State, Metropolitan Area and Municipality (City).

2.2 Data collection
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A total of 16 in-depth interviews were carried out individually with both stakeholders and members of the favela community in Rio de
Janeiro, using 2 complementary schedules; one was focused on external stakeholders (including academics based in local universities,
government representatives, NGOs and public sector organisations which were involved in projects based in the favelas) and the second
focused on members of the favela community. It is acknowledged that there were fewer favela residents than other stakeholders (Table 1),
this arose due to limitations on access to the favelas during the field visit because of concerns over safety at the time. However, some of
the stakeholders, such as the health workers, also worked in the favelas and so were able to share their experiences and views.

Questions were asked from the perspectives of the four main a priori thematic areas the research focused on: Governance, Favelas, ZIKV
and Sanitation, to identify the potential for different stakeholders to implement SuDS and the challenges that recommended SuDS
interventions would have to address. A list of the principal interview questions are given in Table 2 with further details of the interviewees

given in Charlesworth et al., 2022 and summarised in Table 1.

Table 1 Participant background and number taking part.

Participant background Number of participants
Social Sciences

Natural Sciences
Health workers
Government employees
Favela community

NININ[(N|W

The individual interviews were semi-structured whereby the order of the questions was provisional, allowing for flexibility in allowing
participants to lead any conversation based on their own expertise and background, enabling the development of additional lines of
discussion during the interview. The sample size of the in-depth interviews allowed participants to describe their actions, opinions and life-
experiences and was chosen to collect these rather than conducting larger, less detailed samples for statistical analysis (McDowell, 2010).

The difference between the two interview schedules was in the type of open-ended questions used which were designed to produce short
or more comprehensive responses, a technique used in order to ensure that language challenges could be addressed and ensure the
participants were comfortable (Hay 2005). Thus, members of the favela community were encouraged to give relatively short responses
related to their everyday life whereas the questions for external stakeholders were fairly broad and open-ended. Interviews with both groups
of participants enabled understanding of key factors around government policy as well as potential barriers to the provision of water
management infrastructure in favelas. A translator was always present during the interviews in order to ensure that any language challenges

for interviewer, interviewee and translator could be addressed and that there was accurate understanding on both sides.

2.3 Template Analysis of interview returns

Charlesworth et al., 2022 gave details of the Template Analysis carried out to analyse the results of the interviews. This process identified
significant recurring themes or revealed noteworthy insights, which were assigned a shorthand description and a code. Once the list of
codes was produced, a hierarchical weighting was applied to those codes that occurred most often; identified themes were then sorted into
categories and sub-categories (King 2004). Each of the transcripts was re-reviewed in order to ensure that the original coding re-emerged
— preventing bias or subjectivity related to themes (Cope 2010). Some additional coding hierarchies were created, and a final outputs theme
produced into which any previously uncategorised codes were placed.
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Table 2 Questions used for in-depth interviews with A.) external stakeholders and B.) members of the favela community

A. External stakeholder interview questions

Do you know of any government policies or initiatives that support the provision of better infrastructure in favelas?

Do you know of any NGOs or University projects working on upgrading activities in favelas?

Do you know of any favela communities where formal drainage exists?

If yes, how effective is it?

In your interactions with favela communities, have you noticed any community initiatives to improve sanitation?

Where there are areas with inadequate drainage and/ or water management infrastructure, do you think that there would be a reduction in
mosquito populations and the transmission of vector-borne disease if approaches were used to reduce the presence of surface water?
B. Favela community members interview questions

Is the community flooded? In the past or present?

Is the origin of the flood from the river or from rain?

Avre there specific areas which flood in the community?

When is rainfall the heaviest during the year?

Where is household greywater (from cooking, cleaning, bathing) disposed of?

Do the community use any improvised methods to create drainage or sanitation infrastructure?

Have the community been involved in any municipal/ NGO/ research projects where improved infrastructure was implemented?
Avre there concerns/ problems/ issues in the community that you have experienced?

What do you think would be the most important issue for action by favela members?

The purpose of the different phrasing of the questions was designed to ensure that interviewees were engaged and felt that their views are
listened to and respected. For example, if academic language had been used to elicit responses from non-academics it may have served to
alienate interviewees if there was a lack of understanding of the question. Thus, the wording of the questions was tailored to the lived
experience of the relevant interviewee groups. Whilst the larger number of “expert” views may lead to an impression that they were regarded
as more significant, this was not the case and responses were given equal weight irrespective of their origin. Due to the difficulties
encountered with access to the favelas during the field visit as explained in section 2.2, planning of any future work would need to
investigate the incorporation of a wider range of community interviewees, if possible.

3. Results

The result of the Template Analysis was in the form of a ‘codebook’ containing key codes in 5 broad thematic areas including 15 Categories
(indicated by upper case Roman numerals: ‘1.”), 58 sub-categories (lower case letters ‘a.”), 117 primary sub-categories (lower case Roman

numerals ‘i.”) and 55 secondary sub-categories (numbers ‘(1)’). An example of one of the outputs of this process is given in Table 3.

Table 3 Example output of the coding process using “sanitation” as the key word
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|. SANITATION IN BRAZIL

a) POTABLE WATER
i) SUPPLY CHALLENGES
ii) CONTAMINATION

b) SEWAGE REMOVAL
i) COMBINED SEWERS

c) SEWAGE TREATMENT
i) LACKING SEWAGE TREATMENT WORKS

d) DRAINAGE
i) GREYWATER
if) STORMWATER
iii) FREQUENT FLOODING

I1. SANITATION INFRASTRUCTURE AGENDA
a) EVERYONE
i) INADEQUATE CAPACITY
i) POOR QUALITY
iii) LEGAL AREAS ONLY
b) FAVELAS
i) UPGRADING/IMPROVING
ii) RELOCATION
iii) REMOVAL
I1l. FORMAL DRAINAGE IN FAVELAS
a) CEILANDIA (BRASILIA)
b) ROCHINA (PAC PROGRAMMIE)
i) SUPPORTING NATURAL DRAINAGE
ii) CHALLENGE OF SEWAGE DISPOSAL
¢) NOVA IGUACU
i) CENTRAL NETWORK PROVIDED

IV. COMMUNITY INITIATED SANITATION
a) PRAIA DO SONO
i) EVAPOTRANSPIRATION TANK
ii) FOR HOUSEHOLD GREY & BLACK WATER

ii) RAW SEWAGE DISCHARGED BY OCEAN OUTFLOW

(1) BLOCKED DRAINS/GULLY POTS/PIPES OVERFLOW
iv) LOWEST GOVERNMENT SANITATION PRIORITY
(1) UNMAINTAINED INFRASTRUCTURE

ii) HOUSEHOLD RESPONSIBLE FOR OWN CONNECTION

iii) CONDENSED VAPOUR COLLECTED, USED FOR AGRICULTURE

3.1 Outcomes of interviews

Participants across the board suggested that “government support, capital and resources” were vital if any strategy was to be implemented

with additional support from other stakeholders. This would enable them to “work together and exchange ideas” with the favela community

in order “to give [them the] knowledge and ability to identify and understand their own problems, so they can work towards solving the

issues themselves”. These statements were given in response to both sanitation issues and also reduction of incidences of ZIKV. Responses

from participants firstly covered the feasibility of SuDS in general and then the potential of using SuDS to specifically address ZIKV.

3.2 The feasibility of using SuDS in favelas

In comparison with traditional approaches to drainage, participants were reasonably positive about the benefits of a simple SuDS design

for favelas, such as that suggested by Charlesworth et al., 2022 (e.g. a gravel filled ditch, cleared of solid waste, allowing the water to

infiltrate below the surface). They commented that “drainage does not need pipelines to be innovative... nature-based solutions like

infiltration ... may be more appropriate after studying how ecosystem and drainage problems interact”. Similarly, more work on “installing
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green roofs in favelas” was one of the suggestions. Furthermore, the benefits of SuDS in terms of sustainability and biodiversity were raised
by three of the participants who also prioritised solutions that had the potential to improve both environmental and public health. However,

one participant stated “there is no straightforward solution, and the policies we currently have are likely not going to help.”

Whilst most of the comments regarding whether SuDS would be feasible came from external stakeholder, members of the favela community
were aware of the need to improve drainage options and felt that there were appropriate skills in the community which would enable the
construction of straightforward SuDS devices. The challenges identified were lack of a funding mechanism, which it was felt had to come
from the government, and provision of specific knowledge: “many [favela] areas have people who are bricklayers ... and build their own
septic tanks. ... the challenge is how to spread this knowledge ... many people feel the government should be providing ... and paying to

build their drainage systems”.

3.3 The potential for improved sanitation to reduce breeding opportunities for the ZIKV-carrying Aedes aegypti mosquito

Participants gave similar views on the ability of any form of improved sanitation and drainage infrastructure to address issues around
disease vectors, specifically proliferation of ZIKV. Many were of the opinion that “low-scale [sanitation interventions] will not work,
sanitation on a large scale is needed because mosquitoes can fly” and thus the insect can “go everywhere”. Others felt that a more holistic
approach was preferable since “drainage [and sanitation] on its own will not be able to do this” and “you need education on health,
environment ... and the connections between ... drainage and the mosquito”. It was felt that just targeting favelas would not resolve the
problem since ZIKV infections had also been confirmed in the formal areas of Rio. Whilst some in both groups were aware of the links

between sanitation and health, there were also examples from both groups where this was not the case.

Responses fell into four main categories:

e  Suitable project management and engagement with the community (GOVERNANCE NEEDS);

e The public need to be better aware of water-related issues (EDUCATION, AWARENESS BUILDING);

e Addressing water, sanitation and drainage challenges in an integrated and holistic way, including dealing with vector-borne disease and
other health issues at the same time (ENVIRONMENTAL HEALTH);

e Investment in new and improved sanitation and solid waste management infrastructure, in the urban environment as a whole rather than
small-scale single interventions (LARGE- SCALE APPROACH, GOVERNMENTAL WILLINGNESS, ADAPTABLE TO CLIMATE
CHANGE).

The coded diagram of results given in Figure 2 summarises both the views of participants regarding current challenges, and also potential
solutions that might be implemented in the future to resolve the problem of ZIKV in favelas. The diagram is based on the analytical
codebook and uses the 4 themes: Governance, Favelas, ZIKV and Sanitation, each of which is colour coded. Figure 2 is based on the
comments of participants only, and there may be further challenges and solutions that were not covered in the interviews.

The challenges are given to the left of Figure 2; each branch and its connected strand are sorted by theme, the added colours give an
indication of potential relationships with the other themes. For example, lack of management of solid waste is specific to favelas, so the

text is in purple, and underlined in blue to reflect that this is grounded in inadequate sanitation infrastructure. The sanitation branch,
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including both the infrastructure agenda and its subcategories are underlined in red, highlighting the need for the involvement of governance

to enable the application of effective sanitation.

Accountability
Sustainability

Finance Governance
Engagement
Empowerment
Everyone Infrastructure -~ Sanitation
Favelas —— Agenda
Uncollected solid waste
Inadeq.uatAe w?ter suppi%‘ Eidironmenial
No sanitation infrastructure
Favela
Crime
Pre]udi}' External perception:
=== of favelas

Misconceptions

R _E‘ Zika
Distribution of cases across urban environment

Current challenges

Accountability
Sustainability
Finance

Engageme nt—{
Empowerment{

Governance
needs

£

Holistic approach

Environmental Health §
Education /
awareness building
\\\’ Large-scale sanitati
Governmental{
willingness
\

Codes connected to the 4 themes identified:
FAVELA
ZIKA HOLISTIC
oo SANITATION APPROACH
prio GOVERNANCE
Bottom-up
Stakeholders
Communities
Sanitation
Housing infrastructure

Health
Solid waste

<: Appropriate

Self-help

on—>House to house —Zika is a city- =\, Sanitation solutions
sanitation is wide problem  must be city-wide

low-scale

Increased availability of funds

Accountable implementation

+ Variable temperatures
\ Adaptableto

climate change

~— Increased rainfall

Potential solutions

Figure 2 A coded diagram to illustrate the current challenges and potential solutions identified by participants.

The right-hand side of Figure 2 highlights potential solutions, which were raised in response to the interview questions. The same colours

have been used for both the challenges and the solutions, which emphasises the complexities and levels of inter-dependency linked with

each solution suggested. Participants recommended that the most useful approach had to be both multidisciplinary and holistic in order to

address the combined issues around ZIKV and sanitation. Overall, and at all levels of stakeholder involvement, governance needs to be

flexible to enable changes to be made to conditions associated with sanitation, as well as regulations and procedures. Unfortunately, and

brought out clearly during the interviews by participants themselves, it was acknowledged that the favela community may have to take

responsibility and ownership of their own specific situation in order to address the issues raised. This is a direct consequence of the

informality of their living conditions, allied therefore to a lack of interest by government to act to improve the situation.

3.4 Areas requiring action

Findings were related to the following four main areas:

3.4.1 Project management and engagement of the community

It was generally accepted that there are issues with certain levels of corruption in Brazil (Rose-Ackerman and Mattos Pimenta, 2020) with

many of the study participants stating that the most burning issues associated with government projects included “financial accountability”

and the lack of “sustainability”. It was suggested that funds were often used inappropriately, and the design of projects did not have

“sustainability at the[ir] heart”.
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Hierarchical structures in the favela (i.e. drug lords and their associates) meant continual distrust between both internal and external actors
exacerbated by inflammatory police raids. These issues have been identified in the context of past slum-upgrading and household
infrastructure improvements (Denaldi et al. 2016; Ren 2018; Samora 2016). More recently, high court corruption investigations and major

sporting events have disrupted government budgets and agendas.

Participants from both groups believed that there was a need for collaboration and approaches that were “community-led” and “work with
[existing] skills and knowledge [of the community]”. One of the external experts also suggested that “you have to have conversations ...
and ask them [the community] their opinions and discuss methods of collaboration” so that the community can be encouraged to “improve
and sustain themselves” enabling “sufficient jobs ... and develop skills to ensure dignity for the community ... [and for] future community-
led improvements”. Relying on the community to make such improvements itself may be distasteful to some in the Global North, who may
consider that it is the Government’s responsibility and may reflect outdated attitudes of the era of colonisation. However, in Karachi,
Pakistan, the Orangi Pilot Project-Research and Training Institute (OPP—RTI) supported the delivery of sanitation and other services in the
Orangi Town informal settlement (Hasan, 2006). This project was able to demonstrate that an informal community is capable of financing,
building and managing the development of an internal sewerage system; however, this was based on technical and managerial support from
OPP-RTI. It is notable that the project was subsequently able to build positive relationships with local government officials including

engineers and administrators who were then willing to provide support.

3.4.2 Increased public awareness of water-related issues

In the absence of public engagement with improvements to sanitation, it was proposed by both groups that educational activities,
implemented early in the delivery of projects could increase awareness of “the risks and consequences of a polluted environment”. One
expert participant recognised that: “without sanitation education, we cannot try to bring people together” as it is when “behaviour changes”

that people “will see the issues” and become involved in solving problems with inadequate sanitation.

3.4.3 Integrated and holistic approaches

The issue is not simply due to inadequate sanitation, there are other issues affecting life in the favelas which were brought up in the
interviews including “living conditions, income, [and solid] waste collection”. It would be useful to be able to tackle such issues holistically,
due to the connection between public and environmental health. However, participants acknowledged that Brazilian policy-makers “don’t
always link everything together” such that the actions of one department may be disrupted by the agenda of others. Therefore, approaches
need to be integrated and collaborative to “effectively deal with these issues”. Figure 3 shows how the connections and relationships around

provision of adequate sanitation can be holistically managed to address infections of the ZIKV.
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Figure 3 An integrated holistic approach to address inadequate sanitation, governance and solid waste management to address the
distribution of ZIKV in Brazil

3.4.4 Increasing investment in sanitation and waste infrastructure

Although the opinions of expert participants were mostly positive when considering government investment, two were skeptical due to the
level of financial support required and the scale of the projects needed: “I think these problems can be solved ... some solutions have been

made ... I’m not saying there’s no solution, but it would take a very large intervention from the government”.

Furthermore, there was particular concern in both groups regarding extreme weather events, with any systems under consideration needing
to be designed to account for the current climate and also predicted climate change, since “we are struggling to deal ... with existing systems
in the current climate ... those with no systems are just going to get worse”. Regarding the scale of interventions “sanitation must be
everywhere, by only improving one neighbourhood you’re not improving everywhere” which supports earlier concerns which were raised
around the ability of the Aedes aegypti mosquito’s ability to fly anywhere, as well as the close relationship between drainage and hydrology

across the city as a whole.

4. Discussion

All participants recognised prejudice and lack of willingness of the government as the most significant barriers to addressing issues around
the lack of sanitation infrastructure in favelas, this in spite of there having been interventions implemented before. Six of the 16 participants
also identified high levels of “drug trafficking and insecurity....corruption and crime hierarchy within the favelas” that were major factors
hindering the government and communities working together resulting in the favela community being prevented from accessing publicly
funded support and services. Several participants who were external stakeholders also stated that many families living in the favelas “do
not want to live without services or in violent areas, they simply have no choice”, and that it is the “drug traffickers who [hold] power ...
and often do not permit [government and livelihood] activities”. In addition, the ongoing disputes over land legality and the focus of utility

companies on their profits meant investment in sanitation mainly occurred in “wealthier areas [where companies] can make good profits”.

Despite recent government agendas working against upgrading initiatives in favelas, participants mentioned the positive impacts of previous
initiatives. One in particular which was mentioned was “the Profa¢e programme ... [which brought] infrastructure to the favelas in the form
of drinking water and sewage”, which was based in the Rocinha favela (southwest Rio de Janeiro). One participant was positive about the

ongoing Community Health Worker initiatives, which train favela residents, in that they felt “they are the closest government solution that
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educates on the links between health and the environment”. However, in spite of the government endorsing favela relocation projects,
suggesting that they were successful in terms of initiatives leading to upgrading and integration, one participant disagreed, stating that “the
government see improved apartments [social housing provided by favela-removal projects] as a formal area. ... [But] social initiatives are
only to help families ... living in informal areas [so we miss out]”. Therefore, favela residents may be provided with better housing and
infrastructure, but they are still in low-income occupations and continue to be prevented from accessing any wider social initiatives. Thus,
whilst claims that such initiatives reverse poverty, in fact they contribute to chronic low socioeconomic status, since families that have been

relocated to better conditions “aspire to work, [but] they still return to [livelihood] conditions of poor development”.

Water supply challenges during the summer months were also an issue with consequences in both formal and informal settlements,
particularly in 2015 before the Olympics since “there were many problems with scarcity of water. The government had to turn off the water
to many homes and apartments [in Rio de Janeiro]”. This led to households storing water inside with increased potential for contamination,
particularly with disease vectors, and poor water quality. In the past, some infrastructure projects tried “to connect [favela] communities to
water ... but the supply was never consistent... often slums are the last point on the water network. ... This sometimes reduces the water
pressure and so the water does not reach the communities”. Some of Rio de Janeiro’s favelas are situated upslope of the formal areas
(Charlesworth et al., 2022), requiring water to be pumped uphill, adding to related expense and infrastructure. Flooding and landslides
were also raised as major issues, with stormwater flooding related to insufficient drainage systems “causing a build-up of water and sewage
... so when there is a lot of rain it floods”. Fluvial flooding was also mentioned, affecting “favela communities located on flat areas [river-

banks and flood plains]”, “as they are below the maximum level of the river”. Landslides were also a “severe issue [in hilly areas], caused

by greywater and stormwater” since the soil is thin which becomes saturated and unstable following heavy rain.

In order to address the lack of drainage and greywater management infrastructure, there are occasions whereby communities “buy the
materials ... and do it themselves”. Unfortunately, this can lead to negative impacts on human and environmental health due to the
“discharge of sewage into the rivers” with “illegal connections into [formal] drainage systems” which “contaminates the potable water
supply”. However, a participant from Bahia State said that “greywater disposal [relies] on the slope of the favela, but sewage was kept in a
septic tank under the toilet”. This shows that it is possible for appropriate infrastructure to be installed in favelas, but in this case it was
built and maintained by the community. In another positive instance, a participant in Nova Iguacu (a municipality north of Rio de Janeiro),
stated that “the government builds [a] central [sewer] system and then each family is responsible for their connection ... [as a result only]

30-40% of the people in Nova Iguagu are on the poverty line”.

This small number of examples of improved sanitation implemented in favelas goes some way to explaining why 9 of the 16 participants
showed a lack of understanding of the link between sanitation and human health; and in spite of advice given by community health workers,
“communities [continue to] perceive the river ... as a sewage channel”. Whilst this attitude is disappointing, one participant gave the
example of a resident’s association in an area of relocated housing which “ensures people dispose of their waste properly” and also made
attempts to construct flood barriers around the dwellings. Similarly, “many [favela] areas have people who are bricklayers ... and build
their own septic tanks. ... the challenge is how to spread this knowledge, ... many people feel the government should be providing ... and
paying to build their drainage systems”. For many households in favelas, problems with sanitation are not perceived as an issue “because
it is outside of their reality” since “how they will eat and how their children survive ... is a bigger worry for them”. When considering
improvements to quality of life for those living in favelas, it is necessary to engage with them in order to prioritise what is best for

community health and wellbeing and for the environment.
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Conclusion

This study has shown that, whilst the favela community in Rio de Janeiro, and those that work with them, acknowledge the importance of
drainage and greywater management, nonetheless there are other challenges they feel are of more, or equal, importance; the main
challenge being simply surviving from day to day. Most participants recommended taking a holistic approach which would consider not
only issues around drainage, but also the sustainable management of both solid and human waste. Results highlighted lack of knowledge
as an issue, not only for the favela community, but also for some of the stakeholders whereby the connection between the mosquito and
sanitation had not been made. Whilst government support to improve conditions was mentioned, the fact that favelas are “informal”
means that the community has to rely on the expertise of its members to address such issues. This conclusion was expressed by the
community themselves and was an acknowledgement of their need of the knowledge to become self-reliant. Where possible, therefore, it
is recommended that support is provided in terms of information and education to assist the community to become independent,
delivering the knowledge necessary to address problems the government is currently reluctant to engage in. In the longer term, however,
there is a need for greater local and national government awareness and involvement in providing basic infrastructure, facilities and
drinking water supplies. More widely, and as stated by the WHO (2022), by improving water supplies and providing suitable sanitation, a
countries’ economic growth is increased, and poverty is reduced, leading to clear benefits in terms of addressing public and

environmental health costs and concerns; there is therefore a need for a more coordinated focus by governments on these issues.

Acknowledgments
This paper presents some results from a British Council Newton Institutional Links Award where SC was the UK Principal Investigator,
and DK was the Brazilian Principal Investigator. We would like to thank Clarice Melamed for her assistance, and would particularly like

to acknowledge Rebecca Lewis for her assistance in data collection and the participants who generously shared their time and insights.

References

Adler, L, de Almeida Lopes, T.C., and Barros, O.A. (2017) Integrated Biosystems for Sewage Treatment in Rio de Janeiro’s Slums: Vale
Encantado Community Case Study. In Proceedings of the International Conference on Progress in Biogas IV. Held 8-11 March 2017
at University of Hohenheim. Stuttgart: IBBK, 62

Annenberg Foundation (2017) Water-related diseases. Available from:
https://www.learner.org/courses/envsci/unit/text.php?unit=8&secNum=9.

Armitage, N. (2011) The challenges of sustainable urban drainage in developing countries. Available from:
http://www.switchurbanwater.eu/outputs/pdfs/\W2-
2_GEN_PAP_Challenges_of sustainable urban_drainage_in_developing_countries.pdf

Britto, A., Maiello, A., and Quintsir, S (2018) Water supply system in the Rio de Janeiro Metropolitan Region: Open issues,
contradictions, and challenges for water access in an emerging megacity. Journal of Hydrology 573, 1007-1020

Cath, C. (2012) On the origin of “favela”. RioOnWatch. Available from:
https://rioonwatch.org/?p=2920#:~:text=The%20term%20favela%20is%20first%20,Janeiro%20t0%20await%20their%20payment.

Charlesworth, S.M., R. Lewis, M. Blackett, F. Warwick. (2022) The potential to address disease vectors in favelas in Brazil using
Sustainable Drainage Systems: Zika, microcephaly and drainage. International Journal of Environmental Research and Public Health.
19(5), 2860. https://doi.org/10.3390/ijerph19052860

Charlesworth S.M., Mezue M., Warwick F., MacLellan, M. and J. Bennett (2016) The potential for Water Sensitivity, sustainable
drainage and adaptive management in West Africa using Lagos, Nigeria, as a case study. GRAIE, Novatech, Lyon, France. Available
at: https://hal.science/hal-03304538/document

Cope, M. (2010) Coding Transcripts and Diaries. in Key Methods in Geography ed. by Clifford, N., French, S., and Valentine, G.
London: SAGE Publications, 440-452

ICE resubmitted paper for publication.docx M ainDocument ICE Review COpy On/y 14



Auto-generated PDF by ReView Infrastructure Asset Management

Denaldi, R., Moretti, R., Paiva, C., Nogueira, F., and Petrarolli, J. (2016) Urbanizacéo de favelas na Regido do ABC no ambito do
Programa de Aceleracdo do Crescimento- Urbanizacdo de Assentamentos Precarios (Slum upgrading in the ABC Region under the
Growth Acceleration Program — Precarious Settlement Urbanization Program) Cadernos Metrépole. 18 (35), 101-118

de Oliveira, W. K., G. V. A. de Franga, E. H. Carmo, B. B. Duncan, R. de S. Kuchenbecker, M. I. Schmidt (2017) Infection-related
microcephaly after the 2015 and 2016 Zika virus outbreaks in Brazil: a surveillance-based analysis. The Lancet, 390, 861-870.

Dias, C.M.M,, Rosa, L.P., Gomez, J.M.A., and D’Avignon, A. (2018) Achieving the Sustainable Development Goal 6 in Brazil: The
Universal Access to Sanitation as a possible mission. Anais da Academia Brasileira de Ciencias 90 (2), 1137-1367

Hasan, A. (2006) Orangi Pilot Project: the expansion of work beyond Orangi and the mapping of informal settlements and infrastructure.
Environment & Urbanization, International Institute for Environment and Development (II1ED). 451, 18(2), 451-480. DOI:
10.1177/0956247806069626

Hay, I. (2005) Qualitative Research Methods in Human Geography Melbourne: Oxford University Press

Jiusto, A. and Kenney, M. (2016) Hard rain gonna fall: Strategies for Sustainable urban drainage in informal settlements. Urban Water
Journal 13 (3), 253-269

Katukiza, A.Y., Ronteltap, M., Niwagaba, C.B., Foppen, J.W.A., Kansiime, F., and Lens, P.N.L. (2012) Sustainable sanitation options for
urban slums. Biotechnology Advances 30,964-978

Kelman, J. (2015) Water Supply to the two largest Brazilian metropolitan regions. Aquatic Procedia 5, 13-21

King, N. (2004) Using Templates in the Thematic Analysis of Texts. in Essential Guide to Qualitative Methods in Organisational
Research. ed. by Cassell, C. and Symon, G. London: SAGE Publications, Ltd., 256-270.

Kraemer, M.U.G., Reiner, R.C., Brady, O.J. and 39 others (2019) Past and future spread of the arbovirus vectors Aedes aegypti and Aedes
albopictus. Nat Microbiol 4, 901. https://doi.org/10.1038/s41564-019-0440-7

Lima-Silva, F. and M. R. Loureiro (2020) Beyond local (in)capacity: analyzing the implementation of a federally induced urban policy in
Brazil. Revista do Servigo Pablico, Brasilia, 71, 116 — 143. DOI: https://doi.org/10.21874/rsp.v71.i0.4084

Lowe, R., Barcellos, C., Brasil, P., Cruz, O.G., Hondrio, N.A., Kuper, H., and Carvalho, M.S. (2018) The Zika Virus Epidemic in Brazil:
From discovery to future implications. Environmental Research and Public Health 15 (96), 1-18

McDoweell, L. (2010) Interviewing: Fear and Liking in the Field. In: The SAGE Handbook of Qualitative Geography. DeLyser, D. (Ed)
DOl:https://doi.org/10.4135/9780857021090

Mezue, M., S. M. Charlesworth, F. Warwick, M. MacLellan and J. Bennett (2020) Exploring the potentials of using SuDS for attainment
of sustainable surface water management in developing countries: a case study of Lagos Nigeria. In: Stormwater: Sources,
Monitoring and Management, Chapter 6, Ernest O. Nnadi (Ed.). Nova Science Publishers.

Ren, X. (2018) ‘Governing the Informal: Housing Policies over Informal Settlements in China, India and Brazil.” Housing Policy Debate
28 (1), 79-93

Rose-Ackerman S. and R. de Mattos Pimenta (2020) Corruption in Brazil: Beyond the criminal law. In: Corruption and the Lava Jato
Scandal in Latin America. P. Lagunes and J. Svejnar (Eds). Routledge, London. 268pp.

Samora, P.R. (2016) Is this the end of slum upgrading in Brazil? Available from: https://www.huffpost.com/entry/is-this-the-end-of-
slum-u_b_ 12634454

Vieira Coelho Lawyers (2020) New legal framework for public sanitation in Brazil water supply, sewage and solid waste. Available
from: https://www.vieiracoelho.com.br/en/pdfs/publications/2020-08-18-NEW-LEGAL-FRAMEWORK-FOR-PUBLIC-
SANITATION-IN-BRAZIL -water-supply-sewage-and-solid-waste.pdf

Vissoci J.R.N., Rocha T.A.H., Silva N.Cd., de Sousa Queiroz R.C., Thomaz E.B.A.F., Amaral P.V.M., A. Lein, M. dos Remedios
Freitas Carvalho Branco, J. Aquino, Junior, Z. M. Ribeiro Rodrigues, A. A. Moura da Silva and C. Staton (2018) Zika virus infection
and microcephaly: Evidence regarding geospatial associations. PLoS Negl Trop Dis 12(4): e0006392. https://doi.org/
10.1371/journal.pntd.0006392

WHO (2022) Drinking-water. Fact sheet. Available from: https://www.who.int/news-room/fact-sheets/detail/drinking-water

Wilson, A.L., Davies, M., and Lindsay, S.W. (2019) Revisiting an old idea: engineering against vector-borne diseases in the domestic
environment. Transactions of the Royal Society of Tropical Medicine and Hygiene. 113, 53-55

ICE resubmitted paper for publication.docx M ainDocument ICE Review COpy On/y 15



Auto-generated PDF by ReView Infrastructure Asset Management

Rio de Janeiro
Metropolitan Area outlined

Rio de Janeiro
Municipality

Rio de Janeiro
Metropolitan
Area

Kilometers

0 25 50 75
R0 — s Kilometers

Fig 1.jpg Figure ICE Review COpy Only 16



Auto-generated PDF by ReView Infrastructure Asset Management

Accointabilisy Accountability (;AOSEEAconnected to the 4 themes identified:
inabili Sustainability
Sustainability ——— ZIKA HOLISTIC
Finance Governance Governance Finance Fonsd SANITATION APPROACH
Engagement needs Engagement_{% GOVERNANCE
===, Bottom-up
Empowerment _

£ Stakeholders
mpowerment{:

EVETV°”> Infrastructure -~ Sanitation Communities
Agenda

Favelas
Uncollected solid waste Sanitation
Envi tal Health Housing infrastructure
Inadequate water supply 3 nvironmental Hea bl UL T
—_— 7 Environmental Health
No sanitation infrastructure —
Solid waste

Favela ———
Crime -
Prejudi}‘ External perception Education / _< Appropriate
—— of favelas awareness building Self-help

Holistic approach

Large-scale sanitation—House to house —Zika is a city- ~, Sanitation solutions

Misconceptions . —_—
o N Zika sanitation is wide problem  must be city-wide
Distribution of cases across urban environment Sl e M
low-scale
Increased availability of funds
Governmental_<
willingness Accountable implementation

Adaptable to {Variable temperatures
climate change Increased rainfall

Current challenges Potential solutions

Fig 2.jpg Figure ICE Review COpy Only 17



Auto-generated PDF by ReView Infrastructure Asset Management

Reduced cases of ZIKV infections

Public Improved
education and sanitation
awareness provision

Management
of solid waste

Governance

Informal Formal

Fig 3.jpg Figure ICE Review Copy Only

18



Auto-generated PDF by ReView Infrastructure Asset Management

|. SANITATION IN BRAZIL
a) POTABLE WATER
i) SUPPLY CHALLENGES
i) CONTAMINATION
b) SEWAGE REMOVAL
i) COMBINED SEWERS
c) SEWAGE TREATMENT
i) LACKING SEWAGE TREATMENT WORKS
i) RAW SEWAGE DISCHARGED BY OCEAN OUTFLOW
d) DRAINAGE
i) GREYWATER
i) STORMWATER
iii) FREQUENT FLOODING
(1) BLOCKED DRAINS/GULLY POTS/PIPES OVERFLOW
iv) LOWEST GOVERNMENT SANITATION PRIORITY
(1) UNMAINTAINED INFRASTRUCTURE
1. SANITATION INFRASTRUCTURE AGENDA
a) EVERYONE
i) INADEQUATE CAPACITY
ii) POOR QUALITY
iii) LEGAL AREAS ONLY
b) FAVELAS
i) UPGRADING/IMPROVING
i) RELOCATION
iii) REMOVAL
IIl. FORMAL DRAINAGE IN FAVELAS
a) CEILANDIA (BRASILIA)
b) ROCHINA (PAC PROGRAMMIE)
i) SUPPORTING NATURAL DRAINAGE
i) CHALLENGE OF SEWAGE DISPOSAL
c) NOVA IGUACU
i) CENTRAL NETWORK PROVIDED
i) HOUSEHOLD RESPONSIBLE FOR OWN CONNECTION
IV. COMMUNITY INITIATED SANITATION
a) PRAIA DO SONO
i) EVAPOTRANSPIRATION TANK
i) FOR HOUSEHOLD GREY & BLACK WATER
iii) CONDENSED VAPOUR COLLECTED, USED FOR AGRICULTURE

Table 3.jpg Figure ICE Review COpy On/y 19




	Sustainable drainage to address Zika in favelas Coversheet
	Zika_paper_as_accepted

