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Abstract

Motivation

Purpose

Approach
and

Methods

Findings

Contribution
and

Implications

Exposure to faecal pathogens is a driver of preventable disease worldwide, with an estimated 3.4
billion people still lacking access to safely managed sanitation (UNICEF, 2025). The sanitation
chain protects public health only when it achieves the full separation of faeces from human
contact. Failures in Containment, Transport and Treatment release pathogens into the

environment, from where they travel along multiple routes to human exposure (Peal et al., 2014).

In the face of such failures, interventions planned without a robust source-pathway-exposure
framework risk becoming fragmented and misdirected, with resources channelled into meeting

indicators rather than achieving meaningful public health benefits.

The approach was mixed methods and exploratory, combining literature review, fieldwork and
modelling. Evidence for source-pathway-exposure linkages for faecal pathogens in the urban
context was synthesised. The F-diagram was critically assessed for its usefulness in representing
these complex flows, and a new model was proposed: the novel Amplified F-diagram. This
diagram was then applied using data collection in Delhi: 180 microbial samples tested for faecal
coliforms, 259 household survey participants, over 2000 behaviour observations, six focus group
discussions and twelve key informant interviews. The Amplified F-diagram was used to consider

how different intervention focus areas would influence public health outcomes.

Faecal pathogens are highly mobile across urban environments, creating exposures for
communities remote from their source. This underscores the need for systemic city-wide
approaches to sanitation interventions. Both empirical and modelled data demonstrate that
preventing failures in the Transport stage of the sanitation chain is the most critical for protecting
public health. In Delhi, faecal pathogens on the Fresh Produce were traced primarily to herbs
grown on urban farms, while Solid Waste had more localised contamination pathways. These

non-hydraulic pathways are neglected in both research and in intervention design.

By conceptualising and analysing source-pathway-exposure linkages, this research expands the
traditional F-diagram into a model that more accurately represents urban realities. The Amplified
F-diagram provides decision-makers with clearer evidence on which interventions are most likely
to disrupt transmission and reduce disease risk. The contribution is therefore both conceptual and
empirical: developing a new framework for thinking about urban faecal flows and applying it to

case study data from Delhi.
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Plate 5 - Photos from the transect walk taken by the author, Oct 2023. (a) Jagdamba Camp
path, (b) Andrewz Ganj municipal bins, (c) Madrasi Camp municipal bins, (d) Jagdamba Camp
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Plate 7 - Bagged Solid Waste samples. (a) from Jagdamba Camp, (b) from Andrewz Ganj, (c)
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Plate 8 - Iterations of the Amplified F-diagram. (a) Amplified F-diagram, (b) Containment

failures solved, (c) Transport failures solved, and (d) Treatment failures solved. The resultant

change of node size represents decreased number of sources and pathways...................... 125

Plate 9 - Iterations of the applied Amplified F-diagram. (a) Applied Amplified F-diagram, (b)

Containment failures solved, (c) Transport failures solved, and (d) Treatment failures solved.
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1 Chapter 1 - Introduction

Exposure to faecal pathogens is a major contributor to preventable disease. An estimated 3.4
billion people remain without access to safely managed sanitation (UNICEF, 2025) leaving
large populations at risk of contact with faecal contamination. The sanitation chain protects
health only when it fully separates faeces from people, yet failures in containment, transport
and treatment routinely allow pathogens to circulate through the environment (Peal et al.,
2014). The consequence of this is severe: faecal matter from billions of people enters the
environment untreated, contaminating water, soil, food and public spaces. The leads to
enteric diseases such as diarrhoea, with consequences that include stunted growth and child
mortality (Null et al., 2019). These poor outcomes persist despite decades of investment in
water, sanitation and hygiene (WASH). The limited success of household-level interventions
in highly contaminated environments (Briscoe, 1984; Ercumen et al., 2018) underscores both

the scale and the persistence of the problem.

For decades, observational data had shown a strong association between poor household
WASH conditions, enteric infections and childhood stunting. This drew the obvious conclusion
that improving WASH at the household level would deliver health improvements. The WASH
Benefits and SHINE trials (Null et al., 2019) set out to test that assumption through large
interventions in combination with high-contact behaviour change support. The WASH
interventions were not associated with any improvement in child stunting rates or
community faecal contamination. These findings suggest that localised household
interventions cannot overcome the pervasive mobility of faecal matter in highly
contaminated urban environments. As a result, it was recommended that further research be
done to identify system-level approaches that would radically reduce faecal contamination

across the domestic and community environment.

The F-diagram (Wagner and Lanoix, 1958) illustrates the source-pathway-exposure linkages
by showing how uncontained faeces contaminate fluids, fields, food, flies and fingers. It was
originally titled “Channels of Transmission of Disease from Excreta” and was in a guide for
rural sanitation practitioners published by the World Health Organization (WHO) (Figure 1). A
version using words beginning with ‘F’ was in common use in WHO documents from the

1980s onwards.
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Figure 1 - The original F-diagram showing transmission pathways of excreta-related diseases, titled "Channels of
Transmission of Disease from Excreta" in Wagner and Lanoix, 1958.

While influential, this model was originally framed for rural contexts and cannot fully capture
the multiplicity of contamination routes in dense urban settings where pathogens are
introduced simultaneously from many sources, travel through overlapping pathways, and

circulate in systems that defy simple downstream logic.

The challenge for public health is compounded by uncertainty over which sources and
pathways are most significant in any given context. Reviews highlight that interventions often
reduce non-dominant routes, while leaving others untouched, thereby delivering little
measurable health benefit (Shuval et al., 1984; Robb et al., 2017; Mills et al., 2018). This
mismatch has led some to question the value of sanitation investments (Cairncross et al.,
2010). However, the issue is not whether sanitation matters, but rather that interventions
lack precision. In settings with profuse faecal contamination (Ercumen et al., 2017), health
gains are unlikely unless dominant transmission pathways are targeted and exposure doses

are reduced below infective thresholds (Briscoe, 1984).

The complexity of transmission becomes particularly evident in cities. Urban environments
are unbounded systems in which every community is both upstream and downstream, and
many places and objects (what might be considered “nodes” in a network) act as both
sources, exposures and sinks simultaneously. Faecal contamination may originate locally, for
example, from leaking septic tanks or overflowing drains, but may also travel from distant
sites via water distribution, food supply chains, Solid Waste, or vectors (Drechsel, 2010a; Ali,
2010). Pathways can be conceptualised as either hydraulic, following gravity through drains

and surface water, or non-hydraulic, carried by Solid Waste, fomites and Fresh Produce (fruit

17



and vegetables eaten raw). Both types operate simultaneously, entangling communities in

what can be described as a “faecal catchment” that stretches across entire cities.

Attempts to quantify and manage these risks have generated a range of conceptual and
practical tools. Shit Flow Diagrams (SFDs) map the fate of domestic faecal flows (including
raw faeces, wastewater, faecal sludge and effluent from sanitation systems) within a city and
reveal where sanitation systems fail, but they do not trace subsequent transmission pathways
(Peal et al., 2014). SaniPath identifies dominant exposure points for populations, yet lacks
information on sources or city-scale flows (Amin et al., 2020). Sanitation Safety Planning (SSP)
provides a structured risk assessment framework but relies heavily on qualitative
assumptions and expert judgement (Frattarola et al., 2019; Clavijo et al., 2020). Quantitative
Microbial Risk Assessment (QMRA) offers detailed dose—response analysis, but the need for
extensive data collection and technical analysis often makes it impractical for decision-
makers (Mara et al., 2007). Collectively, these tools illuminate parts of the picture but leave

major gaps in linking sources, pathways and exposures across scales.

It is important to have an approach that strikes a balance between oversimplification and
unnecessary specificity. Enough data needs to be collected to accurately identify risks and
priorities, and not rely on excessive assumptions or normalised decisions. Research methods
are needed that facilitate progression of intervention norms outside of the legacy practices.
This disconnection between system realities and measurement frameworks is visible in the

evolution of global sanitation targets.

In 2015, the United Nations agreed on the Sustainable Development Goals (SDG) to be
achieved by 2030 (Nations, 2015). This agenda was built on the earlier Millennium
Development Goals (United Nations, 2019), for which the goals were to increase household
access to improved sanitation (Containment), but with no indicators for Transport and
Treatment. The SDGs partially acknowledge this lack by updating the indicator to measure
access to safely managed sanitation services. Safely managed should mean that the whole
sanitation chain is considered; the question of how to look at a toilet and know if it is safely
managed (including Transportation and Treatment), or not, has not been fully resolved, and
there has been a reliance on proxy measures. While safely managed is a better indicator than
just toilet access, it still does not go far enough in ensuring the functional outcomes of
protected public health. A more meaningful indicator could be a maximum threshold level of
faecal contamination that people are exposed to in their community environment. This thesis

contributes to current international discussions on future sanitation targets, demonstrating
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that the post-2030 ambitions must move beyond access and community-level assessments

and consider equitable protection of public health.

Delhi exemplifies why current frameworks fall short in accounting for both hydraulic and non-
hydraulic flows, with its infamy for travellers' diarrhoea (Delhi belly). As one of the fastest-
growing megacities in the world, with high population density and overstretched
infrastructure, it experiences sanitation failures at every stage of the chain (Luthi et al., 2010;
Diehl, 2015). The Yamuna River, while sacred, functions as a conduit for the city’s waste
streams (Prashar et al., 2012). Communities along the tributary drainage channels are
exposed not only to local sanitation failures but also to contamination from across the wider

city.

In such contexts, planning interventions without a robust source-pathway-exposure
framework for data collection and risk assessment can lead to fragmented and misdirected
interventions. Resources may be directed to fulfil administrative indicator targets and

undermine the potential for achieving meaningful public health outcomes.

1.1 Aims and Objectives

The work undertaken that is captured in this thesis addresses that gap. It investigated the
extent to which people are exposed to faecal contamination via multiple pathways as
described in the aims and objectives (Table 1). In other words, it was an attempt to map what
might be called the “faecal catchment” of specific urban communities. To explore this idea,
the city of Delhi was taken as a case study. The research explored non-hydraulic pathways,
many of them having a source remote from the affected communities, through which faecal
matter might travel. These included Fresh Produce distribution and Solid Waste. By
conceptualising and analysing source-pathway-exposure linkages in Delhi, the research
expanded the traditional F-diagram into a model that better represents urban realities. In
doing so, it sought to provide decision-makers with clearer evidence on which interventions
are most likely to disrupt transmission and reduce disease risk. The contribution is therefore
both conceptual and empirical: developing frameworks for thinking about urban faecal flows

and applying them to case study data from Delhi.
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Table 1 - Aims and Objectives

Aim:

Develop a better understanding of the principal pathways of faecal

contamination in low-income urban communities.

Objective 1

Evaluate the usefulness of the F-diagram as a model to describe
pathways of faecal contamination in low-income urban areas and

propose an alternative model.

Objective 2

Using an example location, assess the relative significance of
different faecal pathogen exposures on health risks in typical low-

income urban communities.

Objective 3

Identify and explore the sources and pathways that result in the
critical exposures, including those arising beyond the immediate

setting of the example location.

Objective 4

Using the results from objectives 1, 2 and 3, evaluate how targeted
sanitation interventions might or might not reduce faecal pathogen

exposure and thereby enhance public health.

1.2 Thesis Structure

This thesis is organised into nine chapters. Following this introduction, Chapter 2 examines

the literature around the impacts of sanitation failures and then develops the conceptual

framing by tracing the history and application of the F-diagram. In Chapter 3, the Amplified F-

diagram is introduced as a lens through which to consider the sources and pathways leading

to faecal exposures in urban communities. Chapter 4 outlines the methodological approach

and study context. Chapter 5 presents an integration of microbial and behaviour data to

provide an assessment of exposure risk across three study communities. Chapters 6 and 7

then explore two critical exposures in greater depth: Chapter 6 examines the sources and

pathways leading to faecal contamination on the Fresh Produce eaten raw. Chapter 7 focuses

on qualifying the exposure risk associated with exposure to Solid Waste. Chapter 8 draws
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these threads together in a discussion and application of the Amplified F-diagram. The
implications for understanding urban sanitation complexities and intervention design are
considered. Finally, Chapter 9 reflects on the thesis aims and objectives and further research.

This structure is displayed in Figure 2.

Chapter2 - Literature Review

!

Chapter 3 - Methodology

and Context
|
17 Results —]
Chapter 4 - Formulation Chapter 5 - Exposure Risk
of the Amplified Analysis
F-Diagram 1
Chapter 6 - Chapter 7.

Faecal Qualifying
Contamination BSEIHeANVER 1=
Pathways as a Source
through Fresh | Exposure

Produce

Chapter 8 Discussion:
Applications of the Amplified F-
Diagram

Figure 2 - Thesis structure diagram
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2 Chapter 2 - Literature Review

It is important to set the scene with the Shit Flow Diagrams (SFD) (Peal et al., 2014; Peal et al.,
2020). There are 332 city-level SFDs published on the data portal from five continents. Each
one represents an in-depth assessment of the state of that city’s sanitation chain and the
failures that are occurring. The online data portal allows a conglomerate SFD to be displayed

with all of the 323 global city data points included, shown in Figure 3.

Multi-city SFD, 342 cities, total population: 200,764,823 Date prepared: 14 Sep 2025
Version: Draft

SFD Level: not set Prepared by: Not specified

Containment Emptying Transport Treatment

23% WW treated
Offsite sanitation

2% SN treated

12%FS
contained - not
emptied

4% FS treated

Onsite sanitation

14% 16% 5% 15%

2% FS not FS not SN not WW not 3% FS not 1% 4%
Open contained delivered  delivered delivered ke SNnot  WWw not 59 l:y
defecation - not to o to real treated  treated o
emptied treatment  treatment treatment
Local area Neighbourhood City
WW: Wastewater, FS: Faecal sludge, SN: Supernatant - Safely managed - Unsafely managed

The SFD Promotion Initiative recommends preparation of a report oh the city context the analysis carfied out and data sources used to produce this graphic.
This multi-city SFD Graphic is based on data from SFD reports for selectad cities, and is not representative of national or regional data

Figure 3 - Shit Flow Diagram depicting the proportion of safely and unsafely managed excreta in 332 cities
(susana.org, 2019).

As can be seen in Figure 3, the total amount of faecal waste not safely managed is 59%.
Within the Containment stage, the flows (2+4+6+25%) mean that 38% of the faecal waste is
not safely contained. Some of this then enters Transportation, but 16% reaches the
environment, including the estimated open defecation of 2%. 12% remains safely contained

and treated on site. 36% of the faeces reach the environment at the Transport stage.

Not all the faecal sludge, supernatant or wastewater that is produced in a city reaches a
Treatment facility. The global urban Shit Flow Diagram portal (susana.org, 2019) makes the
optimistic estimate that 33% of the total urban faecal matter reaches a Treatment facility. Of
this, 8% is untreated and discharged directly into the environment. Of the faecal matter that

is estimated to be treated, the quality of the Treatment may mean that some of the effluent
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is still highly contaminated with faecal pathogens when it reaches the environment. These
are the three flows of treated green arrows at 23%, 2% and 4% combining to make 29% of

the waste.

Therefore, all three stages of the sanitation chain are contributing to the faecal
contamination of the environment, and examining the literature for the consequences of this

is important.

This literature review is segmented into two sections in support of the attainment of
Objective 1. Firstly, taking each segment of the sanitation chain in turn (Containment,
Transport and Treatment) to examine the published evidence for the sources and pathways
leading to public exposure to faecal pathogens. The full method of the search terms and
inclusion and exclusion criteria is included in Appendix A (page 170). Not all the reviewed
studies were directly concerned with sources, pathways, and exposures of faecal pathogens;

nevertheless, they contained information that was valuable for addressing these questions.

Secondly, this chapter examines the development and uses of the F-diagram in the years
since its initial publication. The Amplified F-diagram will then be introduced along with some

explanation of its development.

2.1 Sanitation failures leading to exposure to faecal
pathogens

2.1.1 Review of Containment Failures

After exclusions, 30 papers were identified and reviewed. Of the reviewed articles, most of
the articles only specified either the type of failure as the source of contamination or the
pathway to exposure mechanism; all but four articles were focused on one aspect only. Many
of the articles focused on children’s health due to their vulnerability to faecal pathogens and

stunted growth.

Records of faeco-oral disease outbreak investigations are limited to high-income countries.
One example of this was in the USA, where the cause of the outbreak was animal faeces
washed by rain into an unprotected piped water source. However, the authors also identified
that there were multiple other sanitation chain failures that could have easily caused an
outbreak (Hrudey et al., 2003). Due to the pervasive nature of enteric infections in low and
middle-income countries, this type of outbreak investigation has not been carried out. At

times, practitioners may attempt to apply findings from studies like this to determine
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interventions in other contexts, leading to incorrect allocations of funds and efforts (Amebelu

etal., 2021).

2.1.1.1 Sources

The most common Containment failure leading to human faecal exposure was improper
siting of sanitation infrastructure that impacts the surrounding ground and surface water,
with 11 articles asserting this problem (Hrudey et al., 2003; Howard et al., 2003; Ahmed et
al., 2005; Banerjee, 2011; Knappett et al., 2011; Graham and Polizzotto, 2013; Deilami et al.,
2017; Back et al., 2018; Gwimbi et al., 2019; Akpataku et al., 2020; Verma et al., 2023). Seven
articles identify poor child faeces management (Pokhrel and Viraraghavan, 2004; Kwiringira
et al., 2014; Sclar et al., 2016; Mills et al., 2018; Ercumen et al., 2018; Solid Wastearthout et
al., 2019; Lin et al., 2020), and 11 remark on direct discharge into the environment and
unemptied systems overflowing locally (Howard et al., 2003; Pokhrel and Viraraghavan, 2004;
Knappett et al., 2011; Schoen et al., 2014; Kwiringira et al., 2014; Mills et al., 2018; Islam et
al., 2018; Peal et al., 2020a; Amin et al., 2020; Manga et al., 2022; Verma et al., 2023).

Animal faeces in the household environment was cited by 12 articles as a source of faecal
contamination, and while not directly related to sanitation chain failures, is worth noting due
to being so commonly mentioned and causing similar health issues (Howard et al., 2003;
Pokhrel and Viraraghavan, 2004; Knappett et al., 2011; Kwiringira et al., 2014; Ercumen et al.,
2017; Mills et al., 2018; Ercumen et al., 2018; Solid Wastearthout et al., 2019; Gwimbi et al.,
2019; Lin et al., 2020; Budge et al., 2022; Verma et al., 2023).

Nine articles also mentioned general failures such as “inadequate sanitation”, “lack of
sanitation access”, and “poor maintenance” (Kamat and Malkani, 2003; Pokhrel and
Viraraghavan, 2004; Graham and Polizzotto, 2013; Schoen et al., 2014; Kwiringira et al., 2014;
Mills et al., 2018; Back et al., 2018; Peal et al., 2020a; Manga et al., 2022).

There is some concern among eight authors about the reality of the situation where
sanitation is designated as ‘improved’ or ‘safely managed’, but even when sanitation meets
these standards, it does not always effectively prevent the escape of faecal pathogens. These
issues could lead to metrics like SFDs having inflated safety percentages (Pokhrel and
Viraraghavan, 2004; Graham and Polizzotto, 2013; Schoen et al., 2014; Kwiringira et al., 2014;
Mills et al., 2018; Back et al., 2018; Ercumen et al., 2018; Peal et al., 2020a). Four authors

draw attention to unsafe on-site sanitation emptying practices spreading contamination
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(Schoen et al., 2014; Kwiringira et al., 2014; Mills et al., 2018; Peal et al., 2020a) but did not

quantify how much of a regular or significant contributor this flow would be.

2.1.1.2 Exposures

The most commonly identified pathway to exposure was through contamination of water
sources, be it for drinking, as mentioned by 12 (Hrudey et al., 2003; Howard et al., 2003;
Clasen and Bastable, 2003; Eshcol et al., 2009; Graham and Polizzotto, 2013; Sclar et al.,
2016; Deilami et al., 2017; Back et al., 2018; Islam et al., 2018; Gwimbi et al., 2019; Goddard
et al., 2020; Verma et al., 2023), or for bathing or recreational use, as mentioned by six
(Ahmed et al., 2005; Knappett et al., 2011; Schoen et al., 2014; Islam et al., 2018; Gwimbi et
al., 2019; Peal et al., 2020a).

The next most commonly mentioned pathway to exposure was general contamination of the
environment, hand contamination and surface contamination. For the purposes of this study,
this has been collected together under the topic of fomite exposure and mentioned by 13
articles (Kamat and Malkani, 2003; Knappett et al., 2011; Schoen et al., 2014; Kwiringira et al.,
2014; Sclar et al., 2016; Ercumen et al., 2017; Mills et al., 2018; Islam et al., 2018; Ercumen et
al., 2018; Solid Wastearthout et al., 2019; Lin et al., 2020; Goddard et al., 2020; Verma et al.,
2023). Six studies mentioned contamination of food preparation areas, specifically (Eshcol et
al., 2009; Sclar et al., 2016; Solid Wastearthout et al., 2019; Lin et al., 2020; Goddard et al.,
2020; Verma et al., 2023). From the literature, it is clear that the pathways for environmental
contamination are less clearly understood than the pathways leading to water-based

contamination, with more unspecific language used.

Hygiene, including handwashing, safe water storage and cooking practices, can mitigate some
of this exposure, but these rely on with behaviour change adherence (Sclar et al., 2016;
Ercumen et al., 2018; Solid Wastearthout et al., 2019; Lin et al., 2020; Goddard et al., 2020). It
would seem logical that just asking people to be more hygienic alone, while living in a highly
contaminated environment, will be less effective than also reducing the environmental

contamination from an infrastructural approach.

2.1.1.3 Sources to exposures

Sclar et al., (2016) carried out a review of Containment failures and found these results:
poorly sited, poor-quality Containment, issues with child faeces disposal, open defecation
and flies leading to contamination of water and surfaces. Graham and Polizzotto (2013)

carried out a review about the impact of pit latrines on groundwater and identified the issue
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of poor siting and soil conditions increasing the likelihood of contamination in drinking water.
Goddard et al (2020) also carried out a systematic review focused on flies but also found that
poor quality and poor maintenance of household sanitation, plus unmanaged child faeces, led
to faecal waste entering the living environment. Kyu et al (2024) did a review analysis of the

global burden of diarrhoeal disease and concluded that faeces enter the environment due to

failure to contain it with adequate sanitation, either due to open defecation or sanitation that
was failing. The pathogens then moved through groundwater used for drinking or washing, or

around the environment in other ways, leading to exposures by water, surfaces and food.

2.1.2 Review of Transport Failures

Transport is the part of the system that moves faecal waste from the point of production to
Treatment or discharge. It comprises pipes, channels or motor vehicles. It is challenging to
define the exact boundary between direct discharge from ‘Containment’ and some
discharges associated with ‘Transport’. For this review, effluent flowing directly into a water
body or the wider environment from was considered as Containment (i.e. an outlet from a
sealed tank) as a Containment failure; but any flow that subsequently enters a pipe or open
channel prior to discharge into the environment is defined as a Transport failure. After

exclusions, 14 papers were reviewed.

2.1.2.1 Sources

The most commonly reported mode of Transport failure, with seven articles, was pipes
(sewers), drains or ditches leaking or directly discharging faecal matter into waterbodies and
the environment (Lara et al., 2011; Lam et al., 2015; Mills et al., 2018; Islam et al., 2018; Peal
et al., 2020a; Amin et al., 2020; Manga et al., 2022). This can be by design, by use of Open
Drains (which do not safely contain faeces) or through leaking and broken systems. One study
mentioned the possibility of aerosolisation of faecal pathogens from open waste streams

(Rocha-Melogno et al., 2022).

The second most often reported mode of Transport failure, with six articles, is sewer overflow
and leakage (Xagoraraki et al., 2014; Schoen et al., 2014; Mills et al., 2018; Peal et al., 2020a;
Manga et al., 2022; Salubi et al., 2025). Sewer failures can be exacerbated by intense rainfall
and flooding events, often associated with climate change, as discussed in seven articles
(Chambers et al., 2008; Lara et al., 2011; Xagoraraki et al., 2014; Lam et al., 2015; Islam et al.,
2018; Amin et al., 2020; Salubi et al., 2025).
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The third most common mode of Transport failure, with four articles, is waste not taken to
Treatment but dumped into waterbodies or the environment (Chambers et al., 2008; Lara et
al., 2011; Mills et al., 2018; Peal et al., 2020a). Emptying of on-site sanitation can be a costly
and technically challenging service. There is widespread use of informal and unregulated
emptying services. Sewage sludge and wastewater, along with untreated effluent from
Containment, is used in agriculture and aquaculture as described in five articles (Lara et al.,

2011; Xagoraraki et al., 2014; Lam et al., 2015; Mills et al., 2018; Manga et al., 2022).

2.1.2.2 Exposures

The most commonly referenced exposure from the Transport failures was direct contact
through drinking, playing in, bathing in or travelling through contaminated water, including
surface water, Open Drains and flood waters, mentioned by 11 articles (Chambers et al.,
2008; Lara et al., 2011; Xagoraraki et al., 2014; Schoen et al., 2014; Mills et al., 2018; Islam et
al., 2018; Crank et al., 2019; Peal et al., 2020a; Amin et al., 2020; Manga et al., 2022; Salubi et
al., 2025).

The second exposure type was through consumption of contaminated foods, such as
vegetables and fish, with six articles (Lara et al., 2011; Xagoraraki et al., 2014; Schoen et al.,
2014; Lam et al., 2015; Mills et al., 2018; Manga et al., 2022). The third common exposure
with six articles, type was the contact with the contaminated environment, such as soil and
toys, which was particularly a concern for children (Chambers et al., 2008; Lara et al., 2011,

Graham and Polizzotto, 2013; Amin et al., 2020; Manga et al., 2022; Salubi et al., 2025).

2.1.3 Review of Treatment Failures

Thirdly, the evidence for failed ‘Treatment’ as a source of human exposure to faecal

contamination is investigated. After exclusions, 13 papers were reviewed.

2.1.3.1 Source

There can be many reasons that Treatment plants are not working as intended. This is a
commonly cited reason for faecal pathogens reaching the environment. This includes sludge
mismanagement which is discussed in four articles (Strauss, 1995; Xagoraraki et al., 2014,
Chernicharo et al., 2015; Nguyen et al., 2021), neglected post-Treatment infrastructure in two
(Chernicharo et al., 2015; Capodaglio et al., 2017), overflow and bypass during storms in
three (Oliveira and Von Sperling, 2008; Chernicharo et al., 2015; Capodaglio et al., 2017) and

other failures such as fouling of membranes and filter overloads in seven (Chong et al., 2012;

27



Xagoraraki et al., 2014; Chernicharo et al., 2015; Capodaglio et al., 2017; M. Wang et al.,
2017; Kehrein et al., 2020; Amin et al., 2020).

Other Treatment works can function as intended, but still not remove pathogens sufficiently
to protect human health. This is usually to do with the design not including disinfection or
post Treatment as described by six articles (Oliveira and Von Sperling, 2008; Wen et al., 2009;
Rijal et al., 2011; Li et al., 2014; Chernicharo et al., 2015; Capodaglio et al., 2017). Other
issues include misrepresented indicators in two articles (Wen et al., 2009; Li et al., 2014), and
bacterial and antimicrobial resistant bacteria regrowth in four (Strauss, 1995; Surbeck et al.,

2010; Xagoraraki et al., 2014; Nguyen et al., 2021).

2.1.3.2 Exposure

In these articles, there is no data collected on human exposures or health risks, and in some,
they are not discussed at all (Oliveira and Von Sperling, 2008; Wen et al., 2009; Li et al., 2014;
M. Wang et al., 2017; Kehrein et al., 2020; Nguyen et al., 2021). Some conclusions are

reached based only on the authors’ opinion on the likely transmission pathways.

The most common exposure type, in seven articles, was through contact with or consumption
of contaminated crops and seafood (Strauss, 1995; Chong et al., 2012; Xagoraraki et al., 2014;
Chernicharo et al., 2015; Capodaglio et al., 2017; M. Wang et al., 2017; Nguyen et al., 2021).
Five articles named contact with contaminated water as the pathway to faecal pathogen
exposure (Strauss, 1995; Surbeck et al., 2010; Rijal et al., 2011; Xagoraraki et al., 2014;
Capodaglio et al., 2017). Three studies mentioned exposure through aerosols (Rijal et al.,

2011; Xagoraraki et al., 2014; Nguyen et al., 2021).

2.1.4 Conclusion of Literature Review

This review has identified that failures are occurring across the sanitation chain, and this is
leading to faecal pathogen exposure for people and communities. The majority of the
literature focuses on the impacts on surface and groundwater and the resultant exposures
through drinking, bathing and recreation. Additionally, exposures can be through Fresh
Produce and fish contaminated by the impacted water. The second theme was around
general contamination and exposure to fomite transmission, but the sources and pathways

for this are less clearly defined.
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2.2 Review of the F-diagram and its uses

Here, the usefulness and uses of the F-diagram (Wagner and Lanoix, 1958) to represent
sources of human exposure to faecal pathogens is explored. After exclusions, 33 papers were
reviewed. These had a wide range of different aims and objectives, but were included
because they all used the F-diagram as an underpinning for their work, either in practice,

research, or theoretical development.

The F-diagram has been used as a valuable tool from 1958 until the present day, and it has
conceptual acceptance and familiarity. F-diagrams are also extensively used in grey literature
with a range of examples referenced here: Clean Water for Laymen, 2015; Samaritan’s Purse
Canada, 2018; UNICEF, 2020;/ Waterlst, 2021; Baidoa Research Training and Consultancy
Centre, 2022; RCUES Mumbai, 2022; Centre for Science and Environment, 2025; The Water

Project, n.d.; Verma et al., n.d.; Sweeney, n.d.; UNICEF, n.d.; Maksimenko, n.d..

From the academic literature searches, eight papers were found to include the classic F-
diagram concept with a variety of stylisations and graphics, but no major conceptual
alterations (Curtis et al., 2000a; Brown et al., 2013; Guiteras, 2015; Wolfe et al., 2018; Aliyu
and Dahiru, 2019; Ntajal et al., 2020; Ketema et al., 2022; Fatima et al., 2025). Two examples

of these diagrams are shown in Figure 4 and Figure 5.

The F-Diagram

Fluids
/ Fields %
w— — New
Feces > Food =P  Host
= /
\ Flies /
Fingers

Figure 4 - Iteration of the F-diagram showing transmission pathways of excreta-related diseases using words
beginning with ‘F’ (Brown et al., 2013).
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Figure 5 - Iteration of the F-diagram depicting faecal-oral transmission of infection from an infected person and
points of interventions (Fatima et al., 2025).

In four articles, the F-diagram was used as an underpinning concept, but the visual figure was

not included (Odai et al., 2008; Boisson et al., 2014; Ali, 2020; Fatima et al., 2025).

Many authors, even when using the F-diagram as a bedrock of their work, approach it
critically, and some went on to suggest or create updated versions. While some of the
usefulness of the F-diagram is its simplicity, many authors also found it to be over-simplified
or missing key complexities (Curtis et al., 2000a; Humphrey, 2009; Mbuya et al., 2015;
Penakalapati et al., 2017; Wolfe et al., 2018; Wang et al., 2018; Ngure et al., 2019; Whitley et
al., 2019; Mensah, 2020; Ntajal et al., 2020; Zerbo et al., 2021; Budge et al., 2022; Zerbo et
al., 2022; Niven et al., 2023; Wright et al., 2024; Niven et al., 2025).

Some authors made minor amendments to the F-diagram to provide altered emphasis
depending on the purposes of the article (Hjalmarsson, 2012; Van Seventer, 2017; Rose and

Jiménez Cisneros, 2019).

Figure 6 shows the amendments Nordin (2010) made (picture taken from Hjalmarsson, 2012)
which keeps the structure and purpose of the original diagram, adding some more detail

about primary and secondary Treatment, faecal reuse practices and food hygiene.
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Washing
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Figure 6 - Amended F-diagram illustrating faecal transmission pathways with added detail on treatment, reuse and
food hygiene (Hjalmarsson, 2012).

Figure 7 shows amendments made by Van Seventer (2017) to add labels for primary and
secondary barriers, and emphasise where water, sanitation and hygiene interventions would

be applicable.
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Figure 7 - Amended F-diagram to show primary and secondary barriers to faecal-oral transmission and intervention
points for water, sanitation and hygiene (Van Seventer, 2017).

Figure 8 shows minor amendments to the F-diagram to include hand-drawn icons and some

more specificity to the barriers (Rose and Jiménez Cisneros, 2019).
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Iaditional 5
latviné ' "h“

Figure 8 - Amended F-diagram with transmission routes blocked by latrines and hygiene interventions (Rose and
Jiménez Cisneros, 2019).

Other authors made major revisions that departed from the original F-diagram to a greater
extent, while still drawing ideas from the premise of a diagram that shows the flow of faecal
pathogens (Eisenberg et al., 2007; Humphrey, 2009; Campos et al., 2015; Penakalapati et al.,
2017; Wang et al., 2018; Whitley et al., 2019; Okaali et al., 2022; Zerbo et al., 2022; Jensen et
al., 2023; Wright et al., 2024).

Humphrey (2009), shown in Figure 9, took a version of the f-diagram and developed it to
demonstrate how faeces in the environment lead to tropical enteropathy and problems with
healthy child development. This diagram is a useful contribution, but it does not show the

intricacy of the sanitation failures, as it has just a box for ‘no toilet’.
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Figure 9 — Adapted F-diagram illustrating how environmental faecal exposure contributes to tropical enteropathy
and impaired child development (Humphrey, 2009).

Campos et al. (2015) developed a diagram shown in Figure 10, to show how hazardous events

cause failure of the sanitation system, leading to the transmission routes, and that social

factors exacerbate vulnerability. This does not expand on the original F-diagram and, in fact,

reduces the complexity while adding those important additional considerations.
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Figure 10 — Diagram illustrating how hazardous events and social factors contribute to sanitation system failure
and increased vulnerability to disease transmission (Campos et al., 2015).

Two authors (Penakalapati et al., 2017; Whitley et al., 2019) considered that including only
human faeces was not a complete picture, and also included animal faeces as an important
contribution, as shown in Figure 11 and Figure 12. Aside from this addition, there are barely

any changes to the original F-diagram.
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Figure 11 — Amended F-diagram incorporating both human and animal faeces as sources of environmental
contamination (Penakalapati et al., 2017).
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Figure 12 — Adapted F-diagram illustrating the role of animal faeces along with human faeces in faecal-oral
transmission pathways (Whitley et al., 2019).
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One author (Wright et al., 2024), used a diagram based on the F-diagram (Figure 13) to show
how the sanitation system failures, storm drain issues and clean water sources interact with
Solid Waste management issues. This is useful to include often-ignored issues such as flying
toilets (bagged faeces) and disposable nappies/diapers, but does not include any nodes

regarding human exposure to the pathogens.

C\,,,o WATER |
| 2P ’

S9 S8 T

S10

Water for washing e o Bottled / sachet Water for washin
separated waste ',:,“ e b l,“,' water packaging oth diaper

N \=/ /
— % S4 Fiyingtoilet’

" SOLID WASTE
MANAGEMENT <4- T2 Disposable dapers -
A~ N
T3 S10 S5

Discarded hygiene Soap for washing
products cloth diapers

| Trade-off [T] between WASH service delivery
KEY . T and solid waste management

Figure 13 — Synergies and trade-offs between Solid Waste management and WASH for urban households (Wright
et al., 2024).

Okaali et al., (2022) expanded on the F-diagram in Figure 14 to attempt to explain the
complexities of the sanitation chain failures and shows the failed sanitation leading to
contamination of surface water, but does not include any other ways that people can be

exposed to faecal contamination other than through water.
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Figure 14 — Expanded F-diagram illustrating sanitation chain failures leading to surface water contamination as a

primary exposure pathway (Okaali et al., 2022).

Shit Flow Diagrams (Peal et al., 2014; Peal et al., 2020b) as has already been mentioned, are a
tool for understanding the sanitation failure in the city, as shown in the master diagram in

Figure 15. While the SFD gives some indication as to the potential exposure routes and

domains along the bottom of the diagram, it does not attempt to go into detail on these and

the subsequent pathways leading to exposure.
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Figure 15 — Master Shit Flow Diagram depicting all the possible flows of safely and unsafely managed excreta (Peal
etal. 2014).

Three authors attempted to update the F-diagram to include a consideration of spatial
domains (Eisenberg et al., 2007; Zerbo et al., 2021; Jensen et al., 2023). Eisenberg et al.,
(2007) updated the diagram to include a consideration of the within and between household
transmission routes, added a node for animal faeces, and added a line to show the circularity
of infections, as shown in Figure 16. This figure does not improve the representation of the
multiple contamination connections happening at once and does not explain much about the

purpose behind separating the domains.

Within households

Fingers
Fluids
Flies

Fomite

Food _

Fields (soil) Susceptible
human

Infectious
human

Drinking water

Between households

Fingers
Fluids

Infectious
Flies animals

Figure 16 — Updated F-diagram incorporating within and between household transmission, animal faeces and the
circularity of infections (Eisenberg et al., 2007).

Jensen et al., (2023) developed this idea further with the clear diagram shown in Figure 17.
This diagram adds much to F-diagrams’ usefulness by making it clearer how each
transmission happens, but keeps the source of faeces to one node of ‘latrine’. The shift of
direction from the source being on the left and the exposures being at the top decreases the

intuitive ease of this F-diagram.
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Figure 17 - Transmission routes in the public, domestic and personal domains (Jensen et al., 2023)

Zerbo et al., (2021) added many elements to ensure there is representation for the reality of

the urban situation. This is arranged according to the domain, but with no obvious direction

of flow that makes it harder to follow even with in-depth viewing.
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Figure 18 — Zerbo et al., 2021: Diagram of faecal-oral diseases transmission pathways in urban areas, divided into

public, domestic and individual areas. Arrow colours: orange - impact; black - pathogen flows; blue - barrier.
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A team at Emroy University did research to quantify the routes of exposure to faecal
pathogens for children under 5 years old. They described their findings in two papers (Wang
et al., 2017; Wang et al., 2018) but the part of the work that is most comparable to the F-
diagram is included here in Figure 19. This diagram is, as intended, focused on the final
pathway to exposures and does not attempt to describe sanitation failures or the pathways

leading to the point of exposure.
. Bath
HW
s
® - o
@
. Food

Figure 19 - Wang et al., 2017: Faecal microbe transfer network for a typical child day. DF = direct contact with own
faeces, HW = handwashing. The thickness of the connections is proportional to the log10 number of microbes
transferred. Red = sources; yellow = vehicles; green = sink; purple = ingestion.

This aligns with the SaniPath research at the same university (Raj et al., 2020), which is a
methodological approach designed to quantify population exposure to faecal contamination
by integrating microbiological measurements from environmental samples with detailed
behavioural observations. The SaniPath framework estimates exposure by combining the
results of measures of faecal indicator bacteria concentrations at specific environmental
compartments (such as open drains, food, soil, and water) with observed frequencies and
durations of human contact at these points. In doing so, it provides comparative insight into
which exposure pathways dominate at the community level. This can support prioritisation of
interventions based on relative exposure burden. However, the approach is inherently
Exposure-focused, rather than tracing contamination back to Pathways or Sources.
Consequently, while SaniPath is highly effective for identifying high-risk exposure points, it
offers limited insight into how those exposure points are generated through interconnected
failures elsewhere in the city, or how contamination may spread spatially beyond the

immediate sampling sites.
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2.3 Research Gaps Identified in the Literature

The F-diagram has long been a foundational and useful schematic for describing how

pathogens travel from uncontained human faeces to new hosts by environmental pathways.
However, a growing body of literature has criticised its simplicity, particularly in the context
of low income urban environments characterised by infrastructural complexity, overlapping

exposure routes and simultaneous contact with multiple contaminated exposure points.

As identified in the literature review above, numerous authors have proposed extension or
modifications to the F-diagram to address specific limitations, including the incorporation of
flooding events (Campos et al., 2015), spatial and domain areas (Eisenberg et al., 2007; Zerbo
et al., 2022), animal faeces (Penakalapati et al., 2017; Whitley et al., 2019), Solid Waste
(Wright et al., 2024) and other updates (Humphrey, 2009; Wang et al., 2018; Okaali et al.,
2022).

While these contributions have advanced understanding of particular contextual factors,
none fully resolve the central challenge the F-diagram was originally intended to address:
describing how uncontained faecal matter enters and moves through environmental
Pathways that interact and overlap. Existing adaptations tend to remain compartmentalised,
address individual modifiers rather than capturing the dynamic distribution of faecal

contamination across interconnected systems.

The lack of an integrative conceptual tool represents a key gap in the sanitation and exposed
literature. In particular, there is no tool to link upstream Sources and Pathways to
downstream Exposure points in a way that supports comparative assessment and
intervention prioritisation in complex urban settings. This gap directly informs Objective 1 of
this thesis, which evaluates the usefulness of the traditional F-diagram and proposes an

alternative conceptual model that can better represent these dynamics.

In addition, much of the existing literature focuses on Exposure at discrete points of context,
without assessing the relative significance of the different exposure Pathways within the
same community, or considering how dominant risks emerge through system-level
interactions. This limitation underpins Objectives 2 and 3, which assess the relative
significance of different faecal pathogen Exposure and identify the Sources and Pathways,

including those arising beyond the immediate household environment or locality.
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Together, these gaps provide the rationale for the development of the Amplified F-diagram,
introduced in Chapter 4, and its subsequent application to empirical microbial and
behavioural data in Chapter 8. By integrating conceptual modelling with exposure assessment
and systems thinking, this thesis seeks to address the limitations identified in the literature
and contribute a more pragmatic framework for understanding and intervening in urban

faecal contamination pathways.
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3 Chapter 3 - Methodology and Context

This chapter will describe the methodology adopted by the researcher in meeting the
objectives as described above (Table 1) which were designed to address the literature gaps
identified in Chapter 2, particularly the lack of integrative exposure assessment and system-
level analysis. The process of designing the work, including the paradigms, models, and
approaches, is outlined. Getting this right is important in order to ensure that this research
addresses the topic in the most robust way, considering the weight and importance of the
subject matter and public health outcomes. The process of thinking that led to the PhD and,
subsequently, how each piece of work informed the next is outlined, followed by
consideration of ethics, risk and positionality. The relationship between these approaches is

outlined in Figure 20.
Positivism
Systems Thinking

Evidence Based
Public Health

Public Health
Ethics and Justice

Figure 20 - Relationship between approaches

3.1 Research Paradigm - Positivism

Research paradigms play a crucial role in shaping the research process, from identifying
guestions to designing investigative methods. Positivism is widely used in all physical sciences
and is systematic in its approach (Payne and Payne, 2004). It derives from a belief that there
is a truth that can be identified and that everything around us can be explained and
described, and is governed by patterns, principles or laws (Mukherji and Albon, 2023).

Positivist science suggests that explaining and describing the causation of observed patterns
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enables solutions (Romero et al., 2013; Sultana, 2020). The aim of this thesis is to develop a
better understanding of the principal pathways of faecal contamination in low-income urban
communities, and to add knowledge which will contribute to solving problems relating to the

health impacts of failed sanitation.

Positivist research consists of looking for a pattern, planning an investigation, investigating
the pattern, analysing the results, and finally coming to a conclusion about the reasons
behind the pattern (Mukherji and Albon, 2023). The positivist approach is generally accepted
in application to science, but is criticised when applied to questions relating to investigating
attitudes and feelings in social science (Payne and Payne, 2004). For this thesis, the positivist
approach is an appropriate paradigm for investigating faecal pathogens pathways in the

urban environment using mainly quantitative methods.

Positivist research can be confirmatory with a formal hypothesis about the causation behind
the pattern or exploratory with a broad idea about why the observed pattern occurs (Johnson
and Christensen, 2024). The lack of peer-reviewed, analytical work and preexisting models on
this topic, as explored in Chapter 2, necessitated an inductive approach to be used here. Each
stage of this work was developed in response to the previous step, and therefore, it was not
appropriate to form a hypothesis. This inductive analysis process is crucial as it allows this
exploratory data collection to draw conclusions on the big-picture reasons behind the
observed patterns, based on the balance of probability that the conclusion is true (Romero et

al., 2013; Mukherji and Albon, 2023), highlighting the necessity of this research.

While the positivist approach is well-suited to this research, it is important to acknowledge
that any scientific study set in the real world does not exist in isolation from human
behaviour, individual impacts and contextual factors; therefore, these must be considered in
the design and interpretation of the data collection and analysis to ensure that the design is

accurately testing what it sets out to test (Mukherji and Albon, 2023).

Based on this summation, the researcher chose this approach as appropriate for meeting the
research objectives. In this mixed methods research, focus group discussions, key informant
interviews and observations are carried out to triangulate data on behavioural patterns (Park
et al., 2020). The focus remains on physical contamination processes rather than on the
subjective lived experience or opinion of the participants; therefore, positivism remains the

best approach.
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3.2 Evidence Based Public Health

| am originally a health scientist, then trained in engineering, and now working on public
health in the School of Civil Engineering. Public health has overlaps with medical research,
but has a different focus; instead of the individual patient, the emphasis is on the community
(Brownson et al., 2009). My experience allows me to bring my expertise from both
disciplines: the engineered systems around water and sanitation intersecting with the

considerations of health, pathogens and transmission prevention.

Evidence-based medicine is referred to as the gold standard approach in all medical
interventions on the individual scale. It is based on Cochrane's observations that, in the past,
medical Treatments did not have evidence of their effectiveness, and so he sought to change

that by ensuring that all interventions were backed up by appropriate data (Cochrane, 2004).

There have been several models of Evidence Based Public Health (EBPH) formulated over the
years, but a common factor is that scientific evidence should be used in decision-making with
a sound understanding of the context and resources available. This commits the public health
professional to make decisions according to the best scientific evidence, collected in the most
robust way. This has the benefit of more successful disease prevention and effective use of
public and private funds. The EBPH action cycle is to generate evidence, synthesise the
evidence, communicate with the public, and make policy recommendations for decision-
makers (Lhachimi et al., 2016). This does not mean that common sense and anecdotal
evidence should be disregarded, but that these cannot be the only things on which thousands
or even millions of people's lives and large financial investment decisions are relying. There
must be a balance between objective and subjective evidence to move forward from

repeating status quo approaches that do not fit the context applied.

The last decade has seen some movement towards applying the same principles used in the
Treatment of the individual by a medic to inform public health scale actions (Lhachimi et al.,
2016). This is the case, whether or not the term evidence based public health is being used
(Brownson et al., 2009). Evidence-based medicine favours rigorous, randomised, controlled
epidemiological trials. Public health evidence usually relies on case study approaches and
quasi-experimental designs. This means it is problematic to assert direct causality between
the action and the result for public health than for medicine. However, natural experiments
can provide invaluable data when an intervention is carried out in a set area and not in the
surrounding areas (Brownson et al., 2009). For evidence-based approaches to be possible,

there needs to be evidence (Brownson et al., 2009). This raises the question of how to gather
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accurate community and population-level health data, and what constitutes good evidence
(Kaplan, 2019). Research is plentiful in some topic areas, but there are still many subjects

where data is sparse, and more work is needed.

The objectives of using evidence-based public health approaches are to ensure high-quality
data and analysis precede action, to bring a higher likelihood of successful programmes with
long-lasting benefits and resources being more efficiently used. Public Health interventions in
practice can lack systemic assessments of peer-reviewed evidence of the best approaches
and instead respond to crises. Hindsight reviews have concluded that the population
interventions which significantly increased life expectancy in the USA are clean water,
sanitation, adequate clean food, smoking policies, injury prevention strategies and
immunisation (Brownson et al., 2009). However, another review found that at the time of
carrying out a project, the public health benefits are only known for 4.4% of population-level
interventions (Thacker et al., 2005), making it clear that a true assessment of the efficacy of
public interventions is rare. This means that interventions are carried out and repeated
without certainty of the best approach. This research aims to use the evidence-based
approach to bring rigour and expansion to somewhat oversimplified narratives and status

quo approaches to improving public health regarding faeco-oral diseases.

3.3 Systems thinking

Systems thinking is an oft-mentioned, nebulous concept that describes something so basic
and fundamental that it can be hard to define. At its core, however, it is the recognition of
the complexity surrounding any given issue, and the understanding that the wider system
must be included to make analyses useful and interventions effective. It is important to be
forthright about it because it can be easy in science to forget about the context and
concentrate on answering our research questions as if we are looking at a test tube in a
laboratory. Systems thinking for public health encourages transdisciplinarity, contextual
understanding, acknowledgement of complexity, and the acceptance that changes in one
part of the system can have intended and unintended consequences elsewhere in the system

(Leischow et al., 2008).

Infectious diseases have a wide range of entrenched and systemic physical and social
determinants. Public health actions focus on three key areas: preventing exposure to
pathogens, reducing vulnerability of groups, and ensuring preparedness for responses when

hazards do occur (Beauchamp, 1976). Many complex factors lead to some populations having
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better health outcomes and some having worse health outcomes; this is a fundamental root
and branch of other inequalities, such as poverty. Within this level of complexity, successfully
designing interventions to change these inequitable determinants at the population level is
proving challenging, even with a myriad of academic and practice groups dedicated to this
cause. Engaging with the intricacy of the systems that health exists within is an evolving field,
as interdisciplinary research and working across silos are slowly becoming more accepted and
encouraged (Canadian Academy of Health Sciences, 2016). Nutritional status is a large
protective factor against the effects of faeco-oral diseases; poor nutrition, water and
sanitation is often associated with other intersectional issues such as gender, caste, poverty,
living situation, location, employment, work type, migrant status, age and disability (Null et

al., 2018).

Working on the Bill and Melinda Gates Foundation-funded Phase Ill Shit Flow Diagram
(Centre for Science and Environment, 2020) programme gave me a deep dive into
understanding that city-level sanitation system analysis is complex. This is not just from an
engineering perspective of understanding the infrastructure that exists, but also that
complexity exists within political, policy, and environmental structures. This is further
overlayered by informal systems that arise where people are not provided for by municipal
services. WASH interventions can sometimes be done on a localised and community scale,
but that does not factor in how a city can act as a total system of pathogen flows. Therefore,
systems thinking must be the explicit foundation for this research in order that, while the task
of formulating a PhD is to make a question small enough to be tackled within the time frame,
the big picture of the context and systems surrounding the pathogen pathways continue to

exist and be acknowledged.

3.4 Public Health Ethics and Justice

Public health ethics is about ensuring that public health interventions and policies are guided
by principles and values that are ethical (Ortmann et al., 2016). One approach would be to
say that it is up to the individual to take care of their own health, such as by not smoking and
eating healthily. However, many hazards are outside the individuals’ control, meaning they
cannot choose to avoid exposure, for example, to air pollution. This can also result in a sense
of pessimism, powerlessness and fatalism, which weakens the impulses of the individual to
take action to reduce their risk, even where that may be possible. This can be rightly or

wrongly driven by the belief that their individual actions make little difference to the overall
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risk they face. Inevitably, the risk we face as individuals is dependent on our own actions but
also on the individual actions of those around us, the industries and the state that we live
under: we place our lives in each other’s hands. Blaming the victim offers those benefiting
from structural injustices a ready-made justification, masking their complicity and obscuring
the need for systemic change. This structural and systemic norm is known as market justice,
where the benefits are available and ‘on the market’ for those who wish to adhere to the
health advice or work hard enough to earn the money to purchase the benefits, such as living
in a clean area or paying for medicine (Beauchamp, 1976). Market justice perpetuates

inequities and is unethical.

There is a large body of work (Ostrom, 1990; Ostrom, 1996; Arnold et al., 2015; De Angelis,
2017) promoting the power of the community collective action in being able to effect change.
The idea of a ‘commons’ describes community assets that could benefit everyone if shared
and cared for well. This often refers to shared spaces such as places to congregate or play, or
rivers and oceans. A commons dilemma occurs when the collective benefit involves some
cost, time or inconvenience for each person. For example, for individuals to avoid open
defecation or littering and instead travel to the public toilets or municipal bins could be seen
as an inconvenience. However, every member of the community adhering to these
behaviours improves the environment and reduces hazards for all; those not doing so cause
an unsanitary living environment for everyone (Ostrom, 1990; Kaplan, 2019; Sultana, 2020).
This sharing of space and resources is more common in rural areas where community
cohesion is more likely. Urban areas can be different, with higher transience of people and
often lower agency over their surroundings. Work on the ‘urban commons’ has sought to
understand where caring for the commons is still possible in urban areas and how it is
different to the rural situation. It can involve more collective lobbying of municipalities,
rather than direct action. This idea is sometimes promoted to engender community
engagement to overcome problems, such as Solid Waste build-up, that the municipality is
unable or unwilling to solve. Usually, solutions focus on the state or markets that have been
shown as repeatedly failing to have the power to solve these ‘wicked’ problems (Arnold et al.,
2015; De Angelis, 2017). However, this standpoint assumes that the community effort, which
might be substantial in terms of energy, time and even funds, has the power to afford the
necessary changes and that it is something that the community members will want to engage
in (Mosler, 2012). It is likely that often, these communal acts of local improvement are
powered by one or a few charismatic and highly motivated members of the community who

expend a lot of energy in persuading others to change their behaviour and join in the efforts
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(Cleaver, 1999). There could be debate about the most appropriate line between state
responsibilities and community action, but | would propose that community action should be
for ‘extras’ like providing spaces for socialising, improved entrepreneurial activities,
neighbourhood watch preventing petty crime, skills swaps, etc, and not for ‘basics’ like clean
water, sanitation, Solid Waste management, health, social care, Transportation systems and
safety from major crime (Evans, 1996; Willetts et al., 2022). Asking members of the
population to improve their own health through individual actions is a disservice to them
because system-level changes are needed to affect real change. Kaplan terms this a ‘betrayal’
and suggests that public health researchers should be advocating for radical social and

systemic changes (Kaplan, 2019).

Politicians advocate for policy reforms that reduce inequality for a variety of reasons; this can
be to make a genuine difference, but it can also be to paint themselves in a favourable light.
The advocacy for equitable policies can also be a distraction ploy to seem like the
government is addressing a topic, while allowing the systemic failures to remain (Mosse,
2004). It strengthens the belief of the privileged that all that can be done is being done, and

nothing more disruptive is necessary (Beauchamp, 1976).

As well as individual action, there is often a health promotion that relies on curative health
services, such as hospitals and doctors. However, these cannot possibly make the major
reductions in disease and death that would be needed to bring equality in health between
populations. Real progress can only be made by wider alterations in the structures and
systems around people, enabling changes in the environment and lifestyles lived
(Beauchamp, 1976). The reality is that the causes of diseases are acutely political and,
therefore, are outside of the scope of doctors to cure. Science is always ethical and political
(Kaplan and Valles, 2021a). Minorities (even of very large numbers) can suffer social or health
problems for a long time without public attention, but when attention increases, there may
be some hope that this problem will be tackled and solved. The majority may hope for
technological or local solutions that do not involve a major reordering of societal structures,
but often, this is not possible. Solving the problem can threaten inconvenience, loss or cost
for the majority who benefit significantly from their privileged position in the status quo. In
this case, the problem may be considered unsolvable, and the deliberate or accidental
disparities may be allowed to continue as an accepted norm (Downs, 1976). A key principle of
public health is controlling health hazards, but when a small minority of people are exposed
to the hazard, it is not always efficient or necessary to intervene. In these cases, it could be

easier to identify why some people are exposed to the hazard by individual factors. In
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attempting to change the behaviour of this minority, there can be a tendency to victim-blame
and unfairly protect the majority from responsibility for allowing the hazard to remain

(Beauchamp, 1976).

Instead, the public health approach is to control the hazards, not consider the affected
individuals as having failed. It is the system that has failed to control the determinants of
health sufficiently (Beauchamp, 1976). That is why looking at the factors leading to
environmental contamination with faecal pathogens is so important for this work. The aim
should be to protect all human life from hazards that cause illness, disability and death,
where all persons have equal entitlement to good health and well-being (Beauchamp, 1976).
Controlling hazards, as is the focus of this thesis, may be a technical task, but with profound
social components. Removing the burdens of bad health from minorities and creating equal

burdens and expectations in all walks of society means public health is a justice project.

If we do not have data, we cannot promote good public health. Understanding pathogen
pathways, as is sought in this work, can lead to outcomes that are beneficial for equity by

improving health.

The approach adopted in this research is grounded by a positivist orientation. It is explicitly
evidence-based, drawing upon empirical data to support analysis and interpretation. This
work is informed by systems thinking, recognising the non-linear and complex nature of
sanitation challenges and situating the investigation within the wider dynamics of the urban
system. Finally, the approach is underpinned by a concern for public health justice,
emphasising that effective responses must address structural inequities rather than place the

burden of risk reduction on affected communities.

3.5 Research Formulation

Before working on this PhD, | had been working as a Researcher on the Bill and Melinda Gates
Foundation funded SFD Phase 3 project. The aim of that project was to assess the impact of
the SFDs and to identify improvements or updates that could enable the tool to be
institutionalised without further investment phases. As part of that project, we organised
expert forums with prominent sanitation professionals worldwide. A common reported
theme was the challenge of prioritising interventions to gain the best health improvements,
given that using the SFD revealed many concurrent and overlapping sanitation failures. This
indicated that the sanitation professionals wanted to use evidence-based public health

approaches but were unsure where to begin. This, in turn, indicates that data and models on
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sanitation failure health impacts would be helpful for sanitation practitioners. This experience
was seminal for me, revealing the need for furthering the understanding of health impacts

related to the variety of sanitation chain failures found in typical cities.

At this time, | also carried out a search for other tools currently available for understanding
risks from sanitation failures. The SaniPath tool is an excellent complementary tool for SFDs
(Raj et al., 2020). While SFDs describe the source of the faeces being emitted into the
environment as in the Delhi example (Figure 21), SaniPath rates the relative significance of
community exposure points. There was, however, no existing tool or model that could link
SFD and SaniPath analyses to characterise the pathways linking sources and exposures. This
lead to the literature review outlined in Chapter 2 and the conceptual diagram described and

displayed in Chapter 4. The method of the diagram’s formulation is described in detail in that

chapter.
Delhi, National Capital Territory, India Date prepared: 8 Feb 2016
Version: Reviewed Prepared by: CSE, India

SFD Level: not set

Containment Emptying Transport Treatment

52% WW treated

Offsite sanitation

2% FS contained
- not empti

Onsite sanitation 1% F'S treated

i

‘Open defecation
0
56%
13% kel 1%
4% FSnot FSnot SN not WW not 6%
Open contained  delivered  delivered delivered WW not 440/
defecation - not to to to treated o
emptied  treatment treatment treatment
Local area MNeighbourhood City
WW: Wastewater, F5: Faecal sludge, SN: Supernatant - Safely managed - Unsafely managed

Produced with support from the SFD Pramation Initistive with funding from the Bill & Melinda Gates Foundstion
The SFD Promotion Initiatve recommends that this graphic is read in conjunction with the city's SFD Report which is available at sfi susana org

Figure 21 - Shit Flow Diagram of Delhi, 2016, made by CSE, India.

The SFD tells us that the sources of faeces in the environment come from all three stages of
the sanitation chain. The three largest, red downwards arrows come from the Transport
segment of the chain with faecal sludge (FS) not delivered to Treatment, supernatant (SN) not

delivered to Treatment and wastewater (WW) not delivered to Treatment. The literature tells
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us that these failings are likely to reach communities through surface water and Open Drains
(Chambers et al., 2008; Lara et al., 2011; Xagoraraki et al., 2014; Schoen et al., 2014; Mills et
al., 2018; Islam et al., 2018; Crank et al., 2019; Peal et al., 2020a; Amin et al., 2020; Manga et
al., 2022; Salubi et al., 2025), consumption of contaminated foods (Lara et al., 2011,
Xagoraraki et al., 2014; Schoen et al., 2014; Lam et al., 2015; Mills et al., 2018; Manga et al.,
2022) and fomite contact with the contaminated environment (Chambers et al., 2008; Lara et
al., 2011; Graham and Polizzotto, 2013; Amin et al., 2020; Manga et al., 2022; Salubi et al.,
2025).

Evidence is needed to establish the actual hazards faced in Delhi, so a SaniPath analysis was
carried out in the selected communities. The results of the SaniPath study carried out in the
selected Delhi communities are described in Chapter 5 (page 75). These results informed the

focus of the pathway investigations that are described in Chapters 6 and 7.

3.6 Nomenclature

In any thesis, language is used in a precise way to communicate a set of ideas.

The sanitation chain is sometimes referred to as the sanitation value chain. Here, the word
value is omitted intentionally as the concept of the value of the faecal materials for use falls
outside the scope of this work. In this context, the importance of the sanitation chain

functioning as an unbroken chain is paramount.

While this work draws from a range of disciplines, often water and sanitation work is carried
out by practitioners with a hydrology background. This leads to the incorporation of ideas
such as point source for contamination, and then the impacts on downstream areas or
communities. These flows are hydraulic (with water) and follow gravity. In low- and middle-
income countries where there is not complete sanitation coverage, the situation is much
more complex and erratic. There are hydraulic and gravity-mediated flows, and there are also
flows that are not hydraulic and therefore do not follow gravity. These non-hydraulic flows
could be considered neglected due to the paucity of evidence of their being considered in

research or intervention planning.

Source-pathway-exposure linkages are a way to describe how pathogenic material travels
from the origin to the new host. In this context, the source is the failures in the sanitation
chain. These failures allow faecal matter to escape from where it is safely contained,

transported and treated, and means that it is in the environment. Pathways are the ways in
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which the faeces move around the environment and can be as short as a few centimetres or
as long as thousands of kilometres. Flow is a simple word meaning the movement of

something from one place to another, and is another word used for the pathways.

Faecal pathogens include a wide range of organisms that are transmitted through contact
with faeces. Among them are bacteria (Escherichia coli, Salmonella spp., Shigella spp.),
viruses (norovirus, rotavirus, hepatitis A virus), protozoa (Giardia lamblia, Cryptosporidium
spp., Entamoeba histolytica), and helminths (Ascaris lumbricoides, Trichuris trichiura,
hookworms) (Board, 2015). These organisms are responsible for the majority of diarrhoeal
and enteric infections worldwide, with particular impacts on child health in low-income urban
settings (WHO, 2017). In this thesis, exposure was measured rather than specific organisms,
so when faecal pathogens or contamination is referred to it includes any and all of the above
categories. Some studies extend the analysis of faecal contamination to include animal faeces
as a source of community and household exposure. This thesis does not address that
dimension, as the interventions required to reduce exposure to animal faeces are
fundamentally different from those needed to address systemic weaknesses in sanitation

infrastructure and management.

Exposure to potentially pathogenic materials is here used as a proxy for health impacts. Only
if a high enough dose of pathogens is received by a susceptible host does exposure become
disease (Board, 2015). In areas of profuse faecal pathogen exposure, the disease response
may not be obvious (such as a case of diarrhoea), but may be chronic, impacting gut function
and healthy growth (Bank et al., 2006). Therefore, this thesis employs concepts such as
exposure and contamination to describe an unacceptable state that is subject to conditions

that may result in health impacts from faeces.

In this thesis, the idea of “solving” sanitation chain failures is employed as a shorthand for
interventions that are both contextually appropriate and effective in preventing faecal
pathogens from entering the environment. The term is not intended to imply a single
universal solution or to advocate for one particular technological or behavioural approach.
Rather, “solving” functions as a catch-all phrase to signal the necessity of targeted actions
that address specific failures within their social, infrastructural and ecological context. Put
simply, the focus is on the outcome of breaking the link between faeces and human exposure

rather than on prescribing a fixed method of achieving it.

In this thesis, the use of capitalisation draws the readers’ eye to the important themes and

concepts across the work. Examples of this are the stages of the sanitation chain
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(Containment, Transport, Treatment), nodes of the Amplified F-diagram (e.g. Open Drain,

Fomites, Fresh Produce) and Solid Waste.

Solid Waste is the term for municipal trash and litter that is generally generated in residential
and commercial areas. This is usually managed separately from medical and industrial waste.
In this case, the Solid Waste found in the communities is usually a mixture of snack

packaging, raw foods, cooked foods and other items such as paper, foil and rags.

3.7 Selection of the data collection locations

Exploring the links between SFDs and SaniPath presents a considerable methodological
challenge. Reliance on desk-based analysis could generate a complex model, but with a high
degree of uncertainty. To address this, a single exemplar city was chosen as a case study
through which these connections could be investigated in depth. The process of city selection
required the identification of a context with certain characteristics, including the availability
of an SFD (Figure 21) and existing projects that collected a range of relevant supplementary
data. Delhi was selected, not only because it met the practical requirements but also due to
its strategic significance as one of the world’s largest and fastest-growing megacities (Mallick
et al., 2024). Therefore, it offers a critical setting in which to examine the interplay between

sanitation chain failures and environmental exposure risks.

Three urban low-income communities were selected, along a drainage line where there was
good hydraulic information to support the interpretation of the results. This hydraulic
information, and extensive social, infrastructural and economic data, was being gathered by
teams associated with The Water Security and Sustainable Development Hub (Water Security
Hub, 2022). This group will be referred to as The Hub subsequently. The project partners in
the India branch of this Collaboratory were the Institute of Technology Delhi, Janya Collective,
and the School of Planning and Architecture New Delhi. This doctoral research was affiliated

with their work.

Three study locations were selected in cooperation with the Jayna Collective team, who had
been working along the Barapullah drain and had built a relationship with the communities
there. Jayna Collective also provided experienced enumerators and translation services for

this doctoral project.

Communities with good access to clean piped water were chosen due to the research focus,

which aims to focus on faeco-oral disease transmission from failed sanitation (see Table 2).
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Due to the interest in the upstream and downstream effects of living adjacent to the Open
Drain, the final choice of the three communities was made to span the drain. These were also
chosen as they were relatively homogenous for social background, income status and quality
of living. All the communities selected are JIBs (Jhuggi-Jhompri Basti), which is the
municipality designation of a registered slum community, but these were relatively

formalised and longstanding.

Table 2 - Relevant data about the three study communities (data provided by Jayna Collective and The Hub).

Year Established | Households HH Toilet Water
coverage Coverage
Jagdamba Camp 1975 1099 29% 95%
Andrewz Ganj 1978 904 13% 80%
Madrasi Camp 1982 483 11% 100%

Their locations and other key locations are shown in Figure 22.

OHINI
Rifgoft Semty
Azadpur Market

WNEKPURI ), S

SRl

<3
Urban Farm Market
~ Urban Farms

56



Jemma Felicity Phillips Doctoral Thesis 2025

Figure 22 — Delhi and surrounding area, showing the locations of the study communities (Madrasi Camp, Andrewz
Ganj and Jagdamba Camp) shown along the Barapullah Open Drain (brown) and their relationship to the Yamuna
River (blue, arrow showing flow direction). (Google, 2025).

The Barapullah Open Drain was originally an irrigation channel to bring the waters of the
Yamuna River onto farming lands. Since the population has expanded to the surrounding
areas, the drain has served the population for drainage and as an open sewer. Dilution from
all other water runoff can keep the contamination levels lower than closed drains.
Additionally, in this instance, due to the way that the drain was originally built, it is possible
that there is some dilution added from backflow from the river near the mouth of the drain.
This would affect the contamination of the drain at the location of our most downstream

community of study.

Cultivation along the Barapullah corridor is not governed by the same blanket prohibition
that applies to the Yamuna floodplain (Zone O), where farming edible crops has been banned
by the National Green Tribunal since 2015 (National Green Tribunal, 2015). Authorities have
taken action against farming in these areas due to repeated findings of contamination in
produce irrigated with wastewater (Singhal, 2023). By contrast, kitchen gardens on private
plots or rooftops, away from the drain, are generally permissible, although larger farming
activities must align with the land-use designations in the Delhi Master Plan (Delhi

Development Authority, 2020).

Site 1 is Jagdamba Camp, which is upstream from the other two sites. It is situated at the
point where the urban density is high and the point where tributaries of the drain converge.
From this point until the river, the drain is consistently more than five meters wide. This site
is 225m above sea level. Site 2 is Andrewz Camp, which is around halfway and is at an
elevation of 215m. Site 3 is Madrasi Camp, which is near the outflow of the drain to the
Yamuna River and is at an elevation of 210m. The floodplains where the crops are grown

have an elevation of 203m above sea level (Topographic-Map.com, n.d.).

3.8 Microbial Methods

Environmental sampling was necessary to establish the extent of faecal contamination on
different pathways and exposures. Following the SaniPath approach, indicator bacteria were
selected as a proxy measure of contamination. It is not feasible to test for every pathogen,

but the presence of the indicator provides evidence of faecal contamination and therefore
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suggests that pathogens are likely to be present. SaniPath suggests the use of Escherichia coli
as the indicator bacteria because simple, low infrastructure testing methods are available. E.
coli has many subtypes, which means that it is not specific in distinguishing between
contamination of human or animal origin. For this study, human faecal coliforms were
selected as the indicator bacteria in order to demonstrate contamination of human origin.
For each target pathway and exposure, sampling protocols were adapted from the SaniPath

portal (Emory University, 2020).

3.8.1 Microbiological Sampling

At the seven sampling sites across Delhi, samples were collected using sterile equipment.
More details about these methods can be found in Appendix E (page 234). Piped Water was
collected directly into a sterile container after running the tap for 30 seconds. The Open Drain
water was collected using a bucket on a string. In each location, it was possible to access the
flow away from the banks via a bridge or other infrastructure. A representative grab sample
of the Fresh Produce was collected using a sterile plastic bag, inverted for collection. A

representative grab sample of the Solid Waste was collected the same way.

Samples were immediately placed on ice in a cool box and transported to the cold storage in
the laboratory within two hours of collection. In the laboratory, the solid samples were
prepared for plating by adding 150ml of sterile water to each bag, shaking for 60 seconds and
draining into a clean bottle. The liquid samples and the solid sample rinses were plated raw
and at serial dilutions, in duplicate. Aliquots (0.5ml) were plated on faecal coliform media
containing rosolic acid and NaOH, using three serial dilutions in phosphate-buffered saline,
and processed in duplicate. Plates were incubated at 44°C for 24 hours. After this time, the

samples were refrigerated, and colonies were manually counted and recorded.

Plates containing between 20 and 200 colonies were considered most accurate; therefore,
where possible, that range was selected for data analysis. Colony counts were multiplied by
the dilution factor and plating volume to calculate colony-forming units per millilitre
(CFU/mI), with the mean of the least diluted duplicate plates taken as the result for each

sample (Cappuccino and Sherman, 2014).

Testing was carried out in the Wastewater Testing Laboratory at |IT Delhi. Eight plates were
necessary for processing each sample due to dilutions and duplication. Therefore, due to
limitations of space in the laboratory, it was necessary to be selective about the number of

samples processed.
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3.8.2 Data Analysis

Quantitative data analysis was carried out using Excel (Microsoft® Excel® for Microsoft 365
MSO (Version 2508 Build 16.0.19127.20192) 64-bit) for collating and cleaning the data, and
MiniTab (version 22.1) software to allow a thorough examination of the data, building figures
and investigation for significance. The observational and microbiological data were assessed,
making a comparison between categorical data types. The observation tally sheet data was

transformed into deposit-event level rows.

For two-category comparisons, two-sided binomial tests against a null probability of 0.5 were
used, with p-values reported. For comparisons across more than two categories, Pearson’s
chi-square tests were applied to contingency tables, with Cramer’s V used as an effect size
measure. Continuous datasets were tested for normality using the Shapiro-Wilk and
Anderson-Darling tests, both before and after log transformation. All the data remained non-
normally distributed, so non-parametric approaches were adopted. Kruskal-Wallis rank-sum
tests were used to assess differences between groups. Where significant differences were
observed, Mann-Whitney pairwise tests (adjusted for ties) with Bonferroni correction for
multiple comparisons were applied (Campbell and Machin, 2003). These tests were to
determine if there was a random split between the finding categories, or if there was

something driving a meaningful difference.

3.9 Ethics and Risk Assessment

Ethical approval was sought and gained from the University of Leeds (see Appendix C - page
173). Collaboration was sought from partners in India to ensure that the correct permissions

and protocols were adhered to.

Participants involved in the household surveys, focus group discussions, and key informant
interviews gave fully informed consent to their participation. All these participants were
adults and were not recruited from vulnerable groups. There was no coercion nor reward for
participation. Participants could leave at any point during the surveys, discussions or
interviews if they wanted to. There was no element of deception in the research; the purpose
was explained fully to the participants, and they could ask questions if they wanted further

clarification or information.
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None of the data recorded included any personally identifiable data and was saved onto a
University of Leeds laptop that was password-protected. It was also stored on the University
of Leeds OneDrive storage cloud. There are no conflicts of interest for the researcher or

funding bodies and the research outcomes.

Due to the sensitive nature of the topics, regarding cleanliness and private behaviours, it was
important to respect the dignity of the participants and move on from any topic if they
expressed any discomfort at all. Indian people who were Hindi speakers were employed for

all activities to ensure that they were carried out in a culturally sensitive way.

Participants in the observation were not given the opportunity to consent to their
involvement; however, they were being observed in public spaces with no personally
identifiable information being recorded. The only information that was being recorded was a
tally of different behaviour types according to male/female and adult/child, so it was very

general.

Participants were recruited for the household survey by random sampling, going from
household to household, focus group discussion participants by convenience, and key
informant interview participants by snowballing. Access to the communities was mediated by
the in-country partners, particularly Jayna Collective LLP, who have worked extensively in

those communities.

Mapping the faecal contamination in New Delhi could have unintended consequences for
homes and businesses in the affected areas. This issue has been considered and managed
before the publication of any data in order to produce visualisations that are meaningful but
not harmful, particularly for the urban farming communities who are at risk of eviction by the

authorities.

Although participants did not receive immediate benefits from this study, this research is
intended to contribute to the broader public health knowledge base, which has the potential
to improve interventions in water, sanitation and hygiene. By sharing the findings with
relevant stakeholders, policymakers, and the academic community, | aim to contribute
insights that could help inform future interventions, health policies, or research studies that
address similar issues in public health. This knowledge, while not immediately impactful,
holds potential for shaping improvements in the health and well-being of communities over

time.

Before beginning data collection, a thorough risk assessment was carried out to identify any

potential physical, psychological, or social risks to the researcher or to others. That was
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assessed and granted by the University of Leeds before each data collection activity and is
included in Appendix D (page 173). Hazards that were recognised and mitigated include risks
from the high temperatures and sunburn, poor air quality, access to clean drinking water and
food, safety of accommodation and Transportation, contamination from microbial samples
and safety in the laboratory. All necessary and precautionary vaccines and prophylaxis were

taken before travel. COVID-19 guidance was adhered to, including vaccination.

3.10 Positionality statement

In interdisciplinary fields like civil engineering and public health, human and environmental
systems intersect, which means that recognising positionality supports more ethical,
inclusive, and context-sensitive research. As a white English woman, my positionality is
shaped by the intersection of my identity, background, and the contexts in which | work. My
upbringing in Leeds, a big multicultural city, has allowed me an understanding of social
inequities, informing my approach to designing my research to benefit those of low-income
and socio-economic positions. My family are originally from Scotland, a nation that has
experienced its own complex history of colonisation and systematic cultural oppression. This

has given me the ability to step outside the usual lens of English perspectives.

Despite my history, | acknowledge that | am working within a broader global structure of
inequality, where my race and educational opportunities afford me privileges that are not
equally distributed. In India, a country with British colonial history and a complex
sociopolitical landscape, | strive to be sensitive to local knowledge, cultural dynamics, and the
ongoing impacts of historical injustices. | am acutely aware of my status as an outsider, both
as a foreigner and as someone whose appearance carries historical connotations of
colonialism. One person | spoke to in India told me, “I don’t usually make friends with white
people or give them space to be involved in my work, as they are usually here with their own
agenda and to interfere”. | did not take for granted any person who collaborated with me or

allowed me into their spaces.

My gender also influences my research approach, particularly in the field of engineering, a
discipline that has historically been male-dominated. In many contexts, including both the UK
and India, gender expectations can influence perceptions of competence within academic
and professional spaces. While collecting data in India, | was especially mindful of the local
gender norms and expectations, which may differ significantly from those in my home

country.
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Navigating these intersecting post-colonial and gendered landscapes requires a balance
between adapting to local contexts and advocating for equity and inclusion in my work
environment. | aimed to approach my work with humility, recognising the need to constantly
interrogate how my presence, privilege, and cultural background may influence both my

process and the conclusions that | reach.
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4 Chapter 4 - Formulation of the Amplified F-
Diagram

The review in Chapter 2 located a need for a diagram that does not oversimplify the sources,
pathways, or exposures but remains focused on human faeces. This led to the development
of the Amplified F-diagram by this author; this is shown in Figure 23. The coding to recreate
and adjust this diagram using the SankeyMATIC tool (SankeyMATIC, 2025) is available in
Appendix B (page 172). This is a generalised or conceptual model, and therefore, all of the
plausible types of failure that could plausibly occur are included. In that way, this is similar to

the Master SFD diagram Figure 15.

Sources Exposures

Open defecation
Fomites

Direct discharge

Broken containment Fresh produce

Spillage during emptying I
Piped water

Direct discharge from pipes I

Well water
Leaking from pipes .

Dumped faecal sludge I Surface water

Insufficiently treated WW

Ocean
Insufficiently treated FS

Figure 23 - Amplified F-diagram: a model for understanding the flows of faecal pathogens (source, pathway, and
exposure). Colour-coded flows: Containment failures (purple), Transport failures (orange). Treatment failures
(pink), flowing through Open Drains (navy), Soil (brown), Agriculture (dark green), Groundwater (Teal).

It is important to explain the evolution of the original F-diagram aspects and how they are

represented in the Amplified F-diagram. The singular node of ‘faeces’ is now included in the
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nine sanitation chain failure nodes as the sources on the left-hand side. The true source of
faecal matter is so much more than just the image of a person practising open defecation on
the F-diagram; in fact, faeces is reaching the environment in many ways concurrently. For the
Amplified F-Diagram, the failures from the SFDs are utilised (Peal et al., 2020a); the
categories are Containment, Transport and Treatment which are separated by colours

(purple, orange and pink).

‘Fluids’ are now shown as Piped water, Well water, Surface water, Ocean and Groundwater.
This separation is important as the different water sources have different sources of
contamination, people interact with them in different ways and for different reasons and
different interventions are needed to prevent faecal contamination and exposure. ‘Fields’
and ‘floors’ are included in fomites, which are anything that can be touched and cause
exposure to faecal pathogens. ‘Fingers’ are considered part of the person being exposed but
are connected to fomites. ‘Foods’ is included as Fresh Produce. Food in general is not
included, as often the contamination related to food is a hygiene issue, and this thesis is
focused on sanitation failures leading to environmental exposure. The ‘new host’ of the F-
diagram is not shown but is implied here in interaction with the exposures. The exposures are
the hazard; this diagram does not define whether those hazards become a risk, as that is
determined by the behaviour of the communities in interacting with the exposures. One
challenge in making this diagram is that many of the nodes and pathways are concurrently
sources, pathways, exposures and sinks. This is particularly the case for the nodes that are
located in the middle of the diagram, which do not fit neatly on the left or the right side of

the diagram.

In this conceptual diagram, each flow begins as the same width. Some of these flows go
directly to the exposures, but others flow to the central nodes first. Therefore, the width
represents how many flows are arriving at that node. In order to retain the weight of the
multiple sources, each mid node outflows are split equally between the outflows. There are

also flows from some of the exposure nodes to other exposure nodes.

This means that the size does not necessarily signify contamination or health risk but signifies
the number of different sources leading to the potential faecal contamination on the central
node or exposure. Hence, the size suggests how difficult it may be to protect that exposure
from contamination due to how many different potential pathways would need to be
interrupted. This suggests the number of different types of interventions that would be

needed to render it free of contamination.
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This model does not include consideration of the die-off or sinks that could occur in the
environment, nor the multiplication of pathogens. This is because this model is showing
potential pathways. Confirmation of the pathways and the contamination level would need
to be determined on a case-by-case basis with context-specific data. Epidemiology is
concerned with quantifying risk numerically, but in contexts with high and pervasive
contamination of faecal pathogens, the only numbers that really count are ‘none’, ‘few’ or
‘many’ (MacLennan, 1983). All the flows represented in this diagram have the potential to
bring ‘many’ faecal pathogens to human exposure and therefore have been included in this

diagram. Work to quantify this further can be done on a context-by-context basis as required.

As described, the size represents the complexity of solving the sources and pathways leading
to the exposure point. Those larger nodes may be the ones that retain some contamination
even while the city is making progress towards safely managed sanitation. In this conceptual
diagram, Surface Water is the largest node, closely followed by Fomites, Ocean and Fresh
produce. This suggests which exposure points might be the hardest to solve and which may

have lingered faecal contamination even as the sanitation chain is nearly failure-free.

In the diagram, the nodes and flows are colour-coded in order to enable the reader to more
easily see the origins of each pathway. The Containment, Transport and Treatment failures
(purple, orange and pink), and the mid flows of soil, Open Drains, groundwater and
agriculture (brown, navy, teal and forest green), could each be modelled as ‘solved’ to show
more easily how different intervention activities may impact on the resultant exposure
hazards. If an ‘intervention’ dealt with all of the flows to an exposure, then that node would

disappear from the diagram.

Figure 24 reapplies the idea of barriers as used in the original F-diagram to the Amplified F-
diagram. This time, the barriers have been split into 18 different potential points where
interventions are commonly made. This visual is useful for showing how few of the sources,
pathways or exposures are interrupted by any one intervention, and how many remain

uninterrupted.
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Figure 24 - Amplified F-diagram with potential barriers as in the original F-diagram.

This chapter has set out the development of the Amplified F-diagram, explaining in detail how
it was constructed and how it extends the original model to better reflect the complexity of
urban sanitation systems. By mapping the multiple and overlapping sources, pathways and
exposures of faecal contamination, the diagram provides a framework that can accommodate
both localised and city-scale processes. It is intended not only as a conceptual tool but also as
a practical guide for identifying where interventions are most likely to deliver meaningful

public health benefits. This meets Objective 1 as outlined in Chapter 1 (page 19).
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5 Chapter 5 - Exposure Risk Analysis

This chapter describes the faecal exposure risk assessment in the study communities. The
purpose of the assessment is to identify the most significant hazards. This will inform more

detailed investigations, which are described in subsequent chapters.

The assessment of risk to the communities from exposure to faecal pathogens was based on
the SaniPath project approach, which uses microbial sampling and behavioural
questionnaires. This combination of data was used to estimate the relative risk based on the

size of the hazard and the frequency and severity of exposure.

5.1 Methods

5.1.1 Before Data Collection

The researcher carried out transect walks in the three communities to identify the possible
exposure points. This was done with the team of local enumerators. The targets for sampling
were identified as Open Drains, municipal piped water, raw produce and Solid Waste. The
sampling method for Solid Waste was adapted from the SaniPath method for raw produce

sampling.

The SaniPath household survey was downloaded and amended to establish how often the
community members interact with the identified environmental exposures. This was then
translated into Hindi by the project partners, for use by the enumerators. Back translation
was not necessary as the results were numerical. Training was conducted with the
experienced local enumerators who were part of the Water Security Hub partnership, and
they had opportunities to ask questions before beginning and throughout data collection.
After each day of sampling, this researcher checked the survey responses, and an opportunity
for any further enumerator queries was provided for clarification. The survey and other data
collection forms can be found in Appendix F (page 239). The Kobo app was downloaded for

this researcher to enter the data into the SaniPath portal for further analysis.

5.1.2 Data Collection

A total of 87 environmental samples were collected during the dry season in the study
communities. A household survey was carried out within two weeks of the samples being

taken, likewise in the dry season. The details of this are shown in Table 3.
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Table 3 — Sample type and process information.

Sample Sampling Method Where Number of samples and
type method reasoning
Open Scoop water Plating raw and | Jagdamba Camp 21
Drain from the drain at serial Andrewz Ganj Samples from each site
using a bucket on | dilutions, in were taken to gain a clear
) Madrasi Camp &
a rope, as near to | duplicate. understanding of the
the middle as contamination levels in
possible utilising the Open Drains adjacent
existing to the communities.
infrastructure
like bridges.
Piped Water was Plating raw and | Jagdamba Camp 8
water collected directly | at serial Andrewz Ganj Previous tests done by
from the tap dilutions, in the project partners on
. Madrasi Camp
after the tap had | duplicate. piped water showed it to
been running for be low in faecal
30 seconds. coliforms, so a small
number of samples were
taken to confirm this was
still the case.
Raw Collected directly | 150ml of Jagdamba Camp 46
produce from vendors sterile water

within the
community and
placed into
sealable plastic

bags.

was added to
the bag,
shaken for 60
seconds and
drained into a

clean bottle.

The rinse liquid

was plated raw

and at serial

Andrewz Ganj

Madrasi Camp

From the published
SaniPath datasets, it was
clear that produce eaten
raw was likely to be an
important exposure
route, so a large number
of samples were taken to
gain accurate

understanding of this.
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asking about
the
frequencies of
interactions
with the
selected
exposure

points.

Andrewz Ganj

Madrasi Camp

dilutions, in
duplicate.
Solid Collected directly | 150ml of Jagdamba Camp 6
Waste from the sterile water Andrewz Ganj There is no published
municipal bins was added to data about the testing of
ithin th he b Madrasi Camp J
within the the bag, faecal contamination of
community and shaken for 60 Solid Waste while still
placed into seconds and within the communities.
sealable plastic drained into a These samples were
bags. clean bottle. taken to confirm if this
The rinse liquid will be an exposure route
was plated raw that will merit further
and at serial investigation
dilutions, in
duplicate.
Household | House-to-house | Closed Jagdamba Camp 259
Survey surveys questions

Every 8" residence, as
recommended in the
SaniPath methodology to

result in 12% coverage.
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5.1.3 Data processing and Analysis

This was carried out as described in section 3.7 on Microbial Methods.

5.1.4 Further analysis

The goal of this stage of data analysis was to compare the hazards faced by the community
from various exposures. Therefore, the level of contamination was multiplied by the
frequency of exposure to assess the overall risk. Analysis was done using the MiniTab
platform to make comparisons between sample type, sample location, and spatial location

along the drain.

As a secondary analysis, the SaniPath online tool was used. This uses dose predictions,
guantitative microbial risk assessment and Bayesian analysis to combine microbial and
behavioural data to produce an estimated monthly dose of faecal pathogens (Raj, 2020). This
allows for a comparison of the health significance of each exposure for the communities. Due
to the higher sample number requirements, comparison between the communities was not
possible, but the tool could still be used by combining all the locations in order for it to

provide analysis between the sample types.

To use the SaniPath tool, the data had to be converted from faecal coliforms (as measured) to
Escherichia coli count using a ratio. The literature recommends ratios varying from 0.59 to
0.77. Two recent documents suggested 0.77; therefore, this researcher chose this ratio,
which was also beneficial in preventing underestimation of the risk (Garcia-Armisen et al.,

2007; Leydecker, 2008; World Health Organization, 2017).

When inputting the data into the SaniPath data collection tool, it was somewhat challenging
to know how to amend it for the inclusion of the Solid Waste. This is because, although some
of the calculations are published in the supplementary material, some of the underlying
assumptions are not specified (Raj et al., 2020). After some consideration, it was decided that
Solid Waste was interacted with as a fomite, which has the most similarity to the interaction
with public latrines in the assumptions that the SaniPath model is likely to make. Therefore,

the Solid Waste data was coded using the public latrine assumptions within SaniPath.
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5.2 Results

5.2.1 Faecal contamination exposure in the communities
Faecal coliforms were detected in all three communities: in the Open Drains, raw produce
and Solid Waste. Only minimal or trace faecal coliforms were detected in the drinking water

in all three communities.

Figure 25 shows the visual comparison of the level of FC in samples relating to the four
exposure types for the three communities. The Open Drain in Andrewz Ganj has the highest

mean value. The raw produce, by far, has the largest range and the highest absolute values.

—

£ 500,000 -

=

(5

“ L

jo——]
0 | — = — —
o = o o B o o e [ o = o
E [ E £ o E £ o £ E < £
L] O L] ] O ] L] O < < O ]
(¥) N (9] (V] N ($) [$) N (V] (9] N [¥)
[ - — [= — — [ - — [ - —
£ S < £ .=l .= = ° < = < <
X c T = c [ 3 < ] < c [
o < = ) < = o < = o < =
) ] o o
K = 3 =
Open Drain Piped Water Raw Produce Solid Waste
Sample Type/Site

Figure 25 - Prevalence of faecal coliforms in Open Drain, Piped Water, and rinse water from Raw Produce and Solid
Waste in samples taken from study sites in New Delhi in November 2022. The bar shows range, and the box shows
the 25t and 75 percentiles.

Another way to represent this is shown in Figure 26. If the Open Drain was gathering
contamination as it flowed downstream, the expected results would be increasing
contamination levels. However, this is not found to be the case. If the Open Drain was the
driver for the contamination in the communities, the expected findings would be that the
other contamination levels would follow the same pattern of the contamination rise and fall
as the Open Drain. However, it is only Solid Waste that even appears to somewhat follow a
similar pattern of being highest at Andrewz Ganj and lower at the other two sites. This means
it is likely that other confounding factors are also influencing faecal coliform concentration in

the communities.
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Figure 26 - Relationship between the total mean faecal coliform count in samples relevant to four exposure
pathways, along the Barapullah drain from upstream to downstream. Data collected in Delhi, November 2022.

5.2.2 Differences between samples

All the sample categories were compared for significance, and the data are shown in Table 4.

Table 4 - Results of statistical significance tests run on CFU data collected in Delhi, November 2022. Orange cells
represent where significant differences are indicated.

Section Comparison Variable 1 Variable 2 p-value
(orange means
significance is
indicated)

Sample types

Raw produce vs Raw produce Open drain 0.322
Open drain
Raw produce vs Raw produce Solid Waste 0.080
Solid Waste
Open drain vs Open drain Solid Waste 0.620
Solid Waste
Piped water vs Piped water Solid Waste 0.001
Solid Waste
Piped water vs Piped water Open drain 0.000
Open drain
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Piped water vs Piped water Raw produce 0.000
Raw produce

Sites:

Open drain Jagdamba Camp Jagdamba Camp Madrasi Camp 0.081
vs Madras
Jagdamba Camp Jagdamba Camp Andrewz Ganj 0.001
vs Andrewz Ganj
Andrewz Ganj vs Andrewz Ganj Madrasi Camp 0.004
Madras

Raw produce Jagdamba Camp Jagdamba Camp Madrasi Camp 0.010
vs Madras
Jagdamba Camp Jagdamba Camp Andrewz Ganj 0.174
vs Andrewz Ganj
Andrewz Ganj vs Andrewz Ganj Madrasi Camp 0.291
Madras

Solid Waste Jagdamba Camp Jagdamba Camp Andrewz Ganj 0.245
vs Andrewz Ganj
Jagdamba Camp Jagdamba Camp Madrasi Camp 0.245
vs Madras
Andrewz Ganj vs Andrewz Ganj Madrasi Camp 0.699
Madras

Sites: Overall
Jagdamba Camp Jagdamba Camp Andrewz Ganj 0.025
vs Andrewz Ganj
Jagdamba Camp Jagdamba Camp Madrasi Camp 0.003
vs Madras
Andrewz Ganj vs Andrewz Ganj Madrasi Camp 0.961
Madras

Piped water forms a distinct (and plausibly much cleaner) exposure category than

environmental and food pathways. Raw produce contamination is of a similar order of
magnitude to environmental surfaces and flows; the borderline comparison to Solid Waste
suggests a trend, but not a reliable difference at a=0.05. Non-hydraulic (Raw produce, Solid
Waste) and hydraulic (Open drain) pathways are statistically indistinguishable from one
another in these pairwise tests, consistent with the thesis argument that “shit also flows

uphill” via non-hydraulic routes.
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While all three sites had substantial faecal contamination, there were differences between
the concentrations in the three communities. The difference is driven by the lower

contamination levels in Jagdamba Camp, with no significant difference between Andrewz

Ganj and Madrasi Camp.

5.2.3 Community behaviours impacting exposure

Figure 27 shows the exposure rates. This was calculated by the frequency of exposure
assessed from the household survey. In the survey, respondents were asked to report
activities on a (daily, number of times a week, or less) basis. This was then converted to how
many times in a year that exposure would occur, and then standardised to a population of
1000 people to mitigate for the communities being of different sizes. As shown in the figure,
the respondents revealed rarely interacting with the Open Drain. Municipal water use varied
between the communities, as did interactions with the Solid Waste. All respondents to the

household survey ate raw Fresh Produce daily, which is 365 exposure days a year.
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Figure 27 - Comparison of frequency of interaction with different faecal contamination exposure points, in sites
along the Barapullah drain, Delhi. Data collected in November 2022.

Exposure days per year per 1000 people. This data was extracted from the household survey

where participants were asked about their frequency of contact with the Open Drains, Piped

Water, Solid Waste and Raw Produce.
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5.2.4 Risk Analysis

Combining the microbial contamination data with the behaviour data gives a crude measure

of risk of exposure to faecal contamination. The results of this calculation are shown in Figure

28.
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Figure 28 — Relative Exposure Risk: calculated by hazard (CFU/ml on the samples) multiplied by exposure (exposure
days per year per 1000 population). Data collected October 2022, Delhi.

The risk calculation was also calculated using the online SaniPath tool (Emory University,
2020) which is shown in Plate 1. Risk from drinking water is negligible due to the low levels of

CFU detected, and therefore, a SaniPath graphic was not available.
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Plate 1 — SaniPath People Plots. Online tool output, microbial and behavioural data collected in Delhi, 2022. Results
(a) Raw Produce, (b) Solid Waste, and (c) Open Drains.

Both Figure 28 and Plate 1 show that Fresh Produce eaten raw brings the highest risk for the
three communities. The second-highest risk interaction is with Solid Waste; Open Drain is
third. Drinking water generates the least risk due to low contamination levels despite high

intake.

5.3 Discussion

Gathering contamination and behavioural data enables the hazard and exposure to be

examined and analysed for resultant risk.

5.3.1 Raw Produce

The findings here of Raw produce as a high-risk exposure are unsurprising due to the previous
SaniPath dataset findings and other published research that also find similar results (Emory
University, 2020). The only Indian data point on the SaniPath dataset is from Vellore (2018),

where high levels of contamination were also found in Raw Produce.

An inconsistency was observed in participants’ responses regarding the frequency of Raw
Produce consumption. While many respondents reported never or only seldom consuming
raw produce when asked in general terms, the same participants reported daily consumption
when asked about specific items such as chillies or mint. The use of item-specific questions
allowed cross-verification, ensuring a more accurate understanding of actual dietary practices

and preventing underestimation of raw produce exposure.
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5.3.2 Solid Waste

Despite clear correlational support in the literature of the multidimensional hazard caused by
Solid Waste build-up within communities, little empirical evidence exists in the literature to
understand the level or nature of faecal contamination on Solid Waste or the precise
resulting health risks. The results presented here suggest that the role of Solid Waste may
play an important role in the transmission route for faecal pathogens. However, there were
only two samples taken in each community, and these were from a central location; there is
definitely scope for a wider analysis of the faecal contamination on the Solid Waste and an
investigation into the cause of this. The behavioural data collected in the household survey
was gathered by the question “How often do you interact with the Solid Waste in the
community?”. Respondents may have understood this to mean “how often do you take your
Solid Waste to the bins?” rather than the intended question relating to how often people are
at risk of exposure to faecal pathogens from dumped Solid Waste. Preliminary results from
the survey and sampling suggest that the question of faecal hazard exposure due to
contaminated Solid Waste merits further investigation and a better understanding of the
nature of contamination and related behaviours, and to understand the sources of the faecal

contamination of the Solid Waste in the communities.

5.3.3 Open Drains

The Open Drains seemed likely to contribute a lot of risk to the study communities due to
being directly adjacent to the houses and looking and smelling unsanitary. However, it seems
that while the appearance and odour cause disgust (Curtis, 2013) this has the effect of
preventing direct interaction with the large Open Drains. It is also possible that people
interact with the drains more than they admitted to in the household survey. This is
particularly likely for the smaller drain tributaries that run through the communities. During
the transect walks, it was observed that people hopped across these small streams of less
than a meter wide, and animals were kept around them. It was also observed at one location
that pigs were being kept on the bank of the large Open Drain, and the pig pen was partially
submerged in water. This means it is likely that people involved in animal husbandry in the
drain localities may have been more exposed to the contamination from the Open Drain than

the general population, and this may not have been captured in the survey.
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Aside from direct interaction with the Open Drains, it is possible that the Open Drain is a
contributing factor to the faecal contamination in the community at other exposure points.
The Open Drain faecal contamination was significantly higher at Andrewz Ganj, but none of
the other exposure points, or the collective community contamination levels, had
significantly higher contamination at Andrewz Ganj. This suggests that, in this case, there is
no evidence of higher community faecal contamination being driven by higher Open Drain
contamination. It could be that the Open Drain does not contribute to the environmental
contamination at all or very minimally. It could be that the Open Drain contributes
significantly, but that other contributing factors overwhelm the correlation. It could be that
the Open Drain has a significant contribution at certain times of the year, such as during
flooding, and this was not picked up by this data collection carried out during the dry season

(Yadav et al., 2019).

5.3.4 Piped Water

Water supply was not a major source of risk, contradicting other studies in Delhi (Yadav et al.,
2019). A plausible explanation is that the water supply in these three locations suffers less
intermittency and therefore less contamination, although this could not be confirmed.
Importantly, where community members use alternative water sources such as bore wells
and sachets, these could be associated with higher or lower levels of contamination (Chauhan

et al., 2017).

5.3.5 Methodological Limitations

The liquid samples (Open Drain and Piped Water) were compared directly with the solid
samples (Raw Produce and Solid Waste). The washing process for measuring contamination
on Solid Waste samples is not a standard method, and the relationship between the raw
condition of the waste samples and the test results is unknown. The results for Raw Produce
and Solid Waste are likely to underestimate the true level of faecal contamination compared
with the liquid samples. Despite this potential underestimation, the contamination detected
in these solid samples was sufficient to indicate that they pose a more significant risk to the
community than the liquid exposures. Thus, even under conservative estimates, these

exposure routes represent a serious risk that warrants further investigation and intervention.
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This data was collected at limited sites within the city of Delhi; the results are not
representative across the whole drainage system. Nonetheless, the sites selected were of a
typical drain catchment passing through a typical low-income housing area While behaviour
and contamination data may be highly context-specific particularly due to differences in
behavioural, cultural, religious and social practices, the results confirm general trends in the
literature, including previous SaniPath studies, which suggest that contamination of Fresh
Produce eaten raw and poor Solid Waste management are common sources of
contamination globally. The study in Barapullah could be a useful prompt for further
contextual studies in different locations (Drechsel, 2010a; Wilson et al., 2012; Robb et al.,

2017).

This data was collected during the dry season, and there was only one round of data
collection. This means that the results must be treated with some caution as they do not

capture the variation across the year, particularly in relation to the rainy seasons.

There are some risks of lost nuance due to the data collection tools being translated from
English to Hindi. However, the researcher and enumerator team worked in close

collaboration with the researcher on site for real-time clarification of any queries.

5.4 Conclusion

This chapter presents the data collection that has shaped the direction of the next two
chapters. The analysis of community exposure has been central in determining how to
allocate research effort in ways that are most beneficial for both the study and for public
health priorities. While the methodological limitations outlined above must be
acknowledged, the findings point clearly to the importance of investigating specific
transmission routes. Accordingly, the following chapters focus on the sources and pathways
of faecal contamination that lead to exposure through raw produce (Chapter 5) and through

solid waste (Chapter 6).
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6 Chapter 6 - Faecal Contamination Pathways

through Fresh Produce

In Chapter 4, Raw Produce was revealed as the most significant potential pathway for
exposure to faecal pathogens for people in the three study communities. This finding aligns
with other literature (Drechsel, 2010a; Alegbeleye et al., 2018; Emory University, 2020; Raj et
al., 2020). Previous studies have asserted or shown that faecal contamination on Fresh
Produce may occur at many points along the journey from farm to fork: on the farm, after
harvest, at the market and by consumers. Studies have also suggested that the main drivers
towards this exposure are the use of unclean water in irrigation and post-harvest washing

(Badosa, Trias, Pares, et al., 2008; Faour-Klingbeil et al., 2016a).

Faecal contamination leads to exposure to pathogens including bacteria (Escherichia coli,
Salmonella enterica, Vibrio cholerae), viruses (Norovirus, Hepatitis A virus) and protozoa
(Cryptosporidium hominis, Giardia intestinalis). It is likely to be a larger problem where
coverage of safely managed sanitation is low, the prevalence of endemic diseases high
(Seymour and Appleton, 2001; Drechsel, 2010a), and safe storage practices such as
refrigeration are not practiced consistently due to unreliable or expensive energy supplies
and infrastructure constraints (Harris et al., 2003; Todd et al., 2007; Badosa, Trias, Parés, et
al., 2008; Faour-Klingbeil et al., 2016b). Consuming faecally contaminated raw Fresh Produce
has been shown to be strongly associated with increased risk of diarrhoeal diseases (Beuchat,
1998; Harris et al., 2003; Drechsel, 2010a) and Ascaris infections (Shuval et al., 1984b;
Cifuentes, 1998; Bosch et al., 2006). India has experienced rapid economic growth in recent
decades, as evidenced by its GDP, but it still grapples with significant nutrition, food security
and infrastructure challenges, particularly among the poorest populations (World Food
Programme, 2025). This chapter aims to build on the community-level data described in
Chapter 4 to identify, quantify and model the pathways and sources leading to the

contamination of the food eaten raw in the study communities in Delhi.

The approach in this chapter is exploratory and uses mixed methods. The data collection was
carried out in the dry season. In Delhi, Fresh Produce is sold daily at wholesale markets, from
where it is distributed by carts across the city and sold to local vendors within the
communities. Therefore, in order to locate the sources of faecal pathogens in the study
communities, the food network must be considered more widely than at the point of

exposure. The tracing began in the communities and followed the food supply ‘upstream’
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with a view to identifying likely points of contamination. Data were collected through
surveys, environmental sampling, focus group discussions, observations and key informant

interviews.

6.1 Methods

6.1.1 Pre data collection

Discussions were held with The Hub team to identify the types of Fresh Produce to prioritise;
however, their limited familiarity with the dietary habits of households in the study
communities made it difficult for them to provide informed guidance. Examples of this were
whether the study communities eat raw herbs, greens, and radish on a daily basis. They were
also unsure if community members bought only from their local vendors or would travel
further afield. Therefore, exploring these questions became a starting point for the food

network investigations.

It was not clear from the literature what form the food network would take in the study
communities. Figure 29 outlines several possible models that were considered prior to data
collection. These included (a) a linear network in which each of the three study communities
relied on separate food source pathways, (b) a collective network in which all three
communities shared the same food source pathways, and (c) a more chaotic network in

which multiple sources and pathways intersect to contribute to the food consumed.

(a) (b) (c)

Food Source Network

Community |
Vendors

Figure 29 - Food network model possibilities to consider before data collection began. (a) a linear network where
each of the three study communities has separate food source pathways, (b) a collective network where all three
communities have the same food source pathways and (c) a chaotic network where there is a range of food
network sources and pathways contribute to the communities' Fresh Produce.
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Preliminary discussions with the Hub team indicated that the food supply network was likely
to resemble option (c), characterised by overlapping and shifting routes rather than neat
separations. This expectation required the investigations to be designed with multiple
starting points, in order to capture the range of possible flows and to avoid assuming a single

dominant pathway.

6.1.2 Household Survey

A survey was carried out with 259 participants from the study communities to identify what
foods they commonly ate raw. The list of produce was taken from what was seen as available
in the communities and a wider range, as suggested by the project partners, to ensure

nothing was missed. Survey tool available in Appendix G (page 246).

6.1.3 Focus Group discussion

Focus group discussions were held in each of the three communities. The objective was to get
the community's perspective on their Fresh Produce shopping behaviours, to discuss why
they chose their vendor, and to see if they view the produce as dirty or contaminated.

Printed maps were used for the participants to place sticky dots on to represent where they

buy their Fresh Produce locally.

6.1.4 Key Informant Interviews and Observations

At each stage of the food network that was studied, interviews were carried out with key
stakeholders, and observations were made of relevant conditions and practices. These twelve
stakeholders were located through convenience and snowball sampling while following the
chain of the food network from the study communities. The objective of the questions asked
was to find out where they purchased the Fresh Produce that they were selling, if they
believed it was contaminated in any way, and if they washed it. This includes the urban farms

where observations were conducted to establish farming practices.

Following this pathway of information, data collection was carried out at the market
identified by most vendors, on the urban farm in the Yamuna flood plains and at the market

where Fresh Produce arrives from outside the city boundary.

82



Jemma Felicity Phillips Doctoral Thesis 2025

6.1.5 Microbial sampling

Samples of Fresh Produce were taken from each of the nodes of the food network that were
discovered in the network explorations. These samples were transported, plated and

analysed in the same way as described in section 3.7 (page 57), resulting in CFU/ml values.

Microbial samples had already been taken in the study communities as described in Chapter
4. Table 5 describes the additional data collection necessary to build an accurate model of the

food network and contamination factors.

Table 5 - New Data Collection for investigating the Sources and Pathways leading to the Community's exposure to
faecal pathogens on Raw Produce.

Site Microbial Sample Behavioural Sample Types

Jagdamba Camp Produce Survey
Focus Group Discussions

Key Informant Interviews

Andrews Ganj Produce Survey
Focus Group Discussions

Key Informant Interviews

Madrasi Camp Produce Survey
Focus Group Discussions

Key Informant Interviews

Okhla Market Fresh Produce Key Informant Interviews
Wholesale Market Fresh Produce
Urban Farm Market Fresh Produce
Urban Farm Fresh Produce Key Informant Interviews
Ground Water Observations
Wash Water
Soil
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6.1.6 Statistical Analysis

Data from this sampling group were combined with the results from the data collected as
described in Chapter 4. Data analysis was done using Excel and MiniTab software to allow a
thorough examination of the data, production of descriptive and analytical figures and
investigation for significant differences. Comparisons between the sampling locations and

food sample types were carried out as described in section 3.7 (page 57).

6.1.7 Flow and Dose Modelling

The food network pathways were modelled using the SankeyMATIC diagram builder tool. This
was done using the collected data and estimated likely contamination and flow data to

balance the model.

The potential CFU exposure doses that the community members could encounter were
modelled using a script written by the author, included in Appendix H (page 248). This
allowed multiple scenarios to be run, taking advantage of the range of data collected to plot
out the wide range of outcomes. Probabilistic exposure modelling was used to estimate the
distribution of hand contamination arising from interactions with Fresh Produce. Rather than
relying on point estimates, a Monte Carlo simulation was implemented to propagate
empirical variability and parameter uncertainty. The model resamples measured produce
contamination and combines these draws with parameterised contact behaviours to

generate ensembles of plausible exposure scenarios.

6.2 Results
6.2.1 Community findings

The household survey shows that coriander, cucumber, chilli, radish, tomato, carrot and mint

are eaten raw daily by more than 80% of the community members. (Figure 30)
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Figure 30 - Proportion of respondents reporting daily consumption of produce eaten raw. Pooled results for
Madrasi Camp, Andrewz Ganj and Jagdamba Camp. Delhi, November 2022.

FGD participants reported that most produce is purchased from vendors within and around

the communities, although not all participants buy locally. Unsurprisingly, purchase locations

are clustered along roadsides (Plate 2).

(@) _ (b)

Plate 2 - Location of purchase of raw produce as reported by Focus Group Discussion participants in (a) Jagdamba
Camp, (b) Andrewz Ganj and (c) Madrasi Camp (c). Data collected October 2022, in Delhi.

6.2.1.1 Jagdamba Camp
In Jagdamba Camp, most residents buy from vendors within 100m of their homes. There is

one vegetable vendor who sells from their home within the camp, but the rest are mobile
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vendors who arrive on carts and bicycles daily. Twenty-five percent of residents go to an

evening market that is situated 1.2km away.

The participants stated that they do not believe the produce to be contaminated with
anything, or they would not purchase it, but they wash it before eating as a good practice and

to remove any soil.

6.2.1.2 Andrews Ganj

Andrews Ganj has two main roads running through it. On one road vendors are present all
day and evening, while on the other vendors are only present in the morning. Ninety percent
of residents go to these local vendors, but 10% go to Shadiq Nagar, a market about 3km

away, as they find the prices cheaper.

Participants reported knowing it is generally good practice to wash Fresh Produce, and some
people said they wash their Fresh Produce. Some people said tomato, chilli and cucumber
can be eaten immediately without washing. They reported knowing that sometimes
vegetables can be contaminated, so they like to stick to the vendors they trust who sell clean

produce.

6.2.1.3 Madrasi Camp

All the residents of Madrasi Camp get Fresh Produce from the market that runs along the

road outside the camp. This road runs over the bridge that crosses the Open Drain.

These residents believe the produce can be contaminated, and that is why they wash it.

6.2.2 Community Vendors

Vendors from all three locations reported getting the majority of their produce from Okhla
Mandi, which is a wholesale market in the southern area of central Delhi. A small number
from Andrewz Ganj also purchased from a market in Old Faridabad, about 20 km away,
because they appreciated the fresh quality they could get there. Some vendors working in
Madrasi Camp also reported buying from Ghazipur Mandi and some directly from urban
farms in the Yamuna floodplain. The vendors believed that the Yamuna River water was used
to irrigate vegetables grown in that area. They also stated that there was agriculture along
the Barapullah Open Drain, and some vendors reported that they grow some produce
themselves using Barapullah drain water for irrigation. However, when pressed further for
information about the agriculture along the Barapullah drain, they were not willing to speak

further.
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The vendors only reported washing produce if it was if visibly dirty to increase the sale price.
They believed some vegetables were impossible to wash, but did not state which ones.

Typical operating conditions for vendors are shown in Plate 3.

Y
L 8
IR
FI B
.
=

Plate 3 - Food vending in New Delhi (a) Food vendor in Jagdamba Camp (b) Food vendor operating from a bicycle in
Andrewz Ganj, (c) Food vendor washing produce in Madrasi Camp. All photos taken by Jayna Collective, November
2022.

6.2.3 Findings at the Markets

As directed by the reports of the community-based vendors the next point for investigation
was Okhla Mandi. Food samples were collected and a selection of vendors who had delivered

vegetables or sold vegetables there were interviewed.

The vendors at Okhla Mandi reported buying produce from the Yamuna Floodplain urban

farms and Azudpur Mandi, so this directed the investigations to both locations.

In Delhi, all of the fresh food that is sourced from outside the city must be processed at the
Azudpur Market. This is the bureaucratic centre for measuring and logging all Fresh Produce
arriving in Delhi from outside the city boundaries. Records are kept in the offices there on the

tonnage, quality and sale price for each produce type (such as tomatoes, apples etc) for each
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day. This market plays a pivotal role in the aggregation, registration, and resale of Fresh

Produce.

A distinction can be made between the ‘internal’ markets, whose bulk supplies and sales both
take place within the city, and ‘Extracity’ markets, whose bulk supplies come from outside the
city but whose sales take place inside the city. Azudpur is an example of an ‘Extracity’ market

and will be referred to as such from this point.

6.2.4 Findings at the Farm

Leafy greens and radish were seen to dominate the cropping at the urban farms on the

Yamuna flood plain, in the dry season, during the field visits.

Five farmers were interviewed about their farming practices. They explained they select crops
so that they can have several growing cycles throughout the year and maximise their income.
They dig cattle manure through the soil before the crops are sown to fertilise and improve
the soil. After germination, petrol-driven pumps with tubewells are used to extract
groundwater, and they irrigate with this water. They reported that they never use the
Yamuna River to irrigate their crops, but that they have heard some farmers directly adjacent
to the water might do so. They reported no use of animal or human faecal materials once the
crops were planted. They also reported no open defecation around the crops despite the
communities living there having no access to suitable sanitation services. There was visible
evidence of open defecation around the crops. They said they buy and use chemical

fertilisers.

The farmers were seen to wash the crops they had harvested. Water from tubewells was
poured into a shallow ditch dug into the soil (see Figure 31) or in one instance, a concrete
trough. Several kilos of radishes and leafy greens tied in small bundles were put into the
water. The farmers got into the water with their bare feet and proceeded to use their hands
to rub and wash the produce. They eventually laid it on the soil, or on a cloth, beside the

washing pool to dry in the sun. At this point, the produce looks visibly clean.
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Figure 31 - Farmers washing their Fresh Produce on the Yamuna flood plains in Delhi. Photo taken by Jemma
Felicity Phillips, November 2022.

6.2.5 Faecal contamination

6.2.5.1 Sampling locations

During the process of exploring and tracing the sources and pathways of the food eaten in
the study communities, samples were collected at four locations. Results from these samples
can be combined with data from the samples taken at the three community sampling sites as
described in Chapter 4, resulting in a total of seven sampling sites discussed here. These are:
Jagdamba Camp, Andrewz Ganj, Madrasi Camp, Wholesale Market (Okhla), Extracity Market

(Azudpur), Urban Farm Market and Urban Farm.
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High contamination levels were found in the sample rinse from all three community sites.
High levels were found at the Wholesale market and on the urban farm. Low contamination
levels were detected at the Extracity market: this market sold produce that was grown

outside Delhi city boundaries (Figure 32).
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Figure 32 - Colony-forming units per millilitre of rinse water from vegetables sampled at selected sites in New Delhi,
India, November 2022. Mean represented by the central line, box representing the 25t and 75t centiles and
whiskers representing the range.

The Kruskal-Wallis test suggested that there were significant differences between the sites
(p-value: 0.044), and the pairwise Mann-Whitney test (with Bonferroni correction) confirmed
the only significant difference to be between the Urban Farm Market and the Extracity

Market.

6.2.5.2 Food types
At the sampling sites, a mixture of different food types was available for testing for faecal
coliforms. These were carrots, chilli, cucumber, herbs (mint and coriander), pea pods, radish,

tomatoes and other (such as grapes and apples) ( Figure 33).
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Food type
Carrot Chilli Cucumber  Herbs Other  Peapods  Radish  Tomatoes

Jagdamba Camp
Mean:
CFU/ml

Andrews Ganj & 1,000,000

Madrasi Camp

=1

Oklha Market

Site

Extracity Market

-1,000,000
Urban Farm Ma... - - ’

Urban Farm

Figure 33 - Colony-forming units per millilitre of rinse water from vegetables sampled at selected sites in Delhi,
India, November 2022. Arranged by produce type and site to see patterns of contamination.

Kruskal-Wallis test was carried out and found some significant differences, which were
located by Mann-Whitney tests. Herbs had a significantly different CFU/ml than all the other
types except Chilli. Tomatoes had a significantly different CFU/ml than all the other types.
However, none of these differences held up against the Bonferroni correction. The samples
were then divided into three categories: Herbs and Chilli, Other and Tomatoes. These were
tested in the same way and found to be significantly different from each other, even against

the Bonferroni correction (the p-values were all below 0.0167), as shown in Table 6.

Table 6 - Significance testing results of the grouped food types from the CFU/ml testing on the food network in
Delhi, November 2022.

Herbs and Chilli Tomatoes
Herbs and Chilli 0.001
Other 0.003 0.000

This categorisation made it possible to see the trends across the different sites, as shown in

Figure 34.
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Figure 34 - Faecal contamination levels on samples taken across Delhi, India, in November 2022. Divided by site
and food type group.

The highest contamination was found on samples of the herbs, and these were extensively
grown on the Delhi urban farms. The Herbs and Chilli tested from the Extracity market, grown

outside Delhi, were found to be low in contamination.

6.2.6 Combining behaviour and contamination data

Data from the initial survey about the frequency of eating different types of raw food was
combined with the contamination data from the produce sampled within the communities.
These results are shown in Figure 35. An indicative red gradient visual was added to show
that the greatest exposure risk is from the data points in the top right of the figure. These

represent highly contaminated produce types that are eaten raw the most regularly.
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Figure 35 - Colony-forming units per millilitre of rinse water from vegetables sampled within Madrasi Camp,
Andrewz Ganj and Jagdamba Camp. Combined with the number of days that survey respondents reported eating
each Fresh Produce type raw, in Delhi, November 2022.

6.2.7 Dose calculations

Having established a picture of relative risk and identified important routes for both hazard
and exposure, it is possible to convert the available data to estimate the ingested dose of the
indicator faecal pathogens in a typical consumer. This can be used to estimate the absolute

severity of the risk using Monte Carlo modelling.
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Plate 4 - Frequency of modelled doses received by community members from consuming contaminated Fresh
Produce raw. (a) showing total modelling results and (b) the results split by produce type.

The results are shown in Plate 4. This shows that of the 10,000 iterations in the model, there
was a large peak of incidence around zero exposure dose. This demonstrates that a large
majority of the time (~¥60%), the community members receive a zero or low dose of faecal
coliforms from the Fresh Produce eaten raw. However, 40% of the time, the doses are higher.
On the histogram, this is shown by the dose incidences that do occur between 20 and 90
million CFU per portion. Around 10% of these higher doses are extremely elevated CFU
numbers, which are likely to represent an extremely high risk of a high dose exposure to
faeco-oral pathogens. To give some context, in the UK, ready-to-eat salad is considered

unsatisfactory with CFU levels over 100/gram (UK Health Security Agency, 2024).

On panel (a), it is possible to see the colours representing the food categories disaggregated
and further split out for clarity in panel (b). This makes it clear that the majority of zero or
near-zero exposure doses are from the tomatoes and other Fresh Produce types. The higher

dose exposures almost exclusively come from the herbs.

6.2.8 Modelling Fresh Produce Networks within Delhi

As suggested by The Hub partners and prior reading, the data collected supports interpreting

the Delhi food network as following a chaotic model (Figure 29 (c)).

While the city as a whole is likely to involve further complexities, this analysis begins to clarify

the food sources and distribution routes leading to Fresh Produce consumed in the three
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study communities. Two principal origins were identified: produce arriving in Delhi via the
Extracity market, and crops grown on the Floodplain Farms. Additional sources were
mentioned but could not be fully verified. These may ultimately trace back to one of the two
main origins, but others may represent pathways not captured in this dataset. There was also
a suggestion that some Fresh Produce may derive from crops cultivated further upstream

along the Barapullah Open Drain.

From the data collected and some reasonable assumptions, it was possible to make a
notional flow diagram, building on the chaotic model with what we know. Data on the
volume of Fresh Produce was not collected, so we had to make some plausible estimates.
Then, using the known levels of faecal contamination tested at the communities, the markets
and the farm, it was possible to propose a level of contamination coming from the other,

untested sources of Fresh Produce. This model is shown in Figure 36.

Extracity Market

Urban Farms

Other Market 1 Wholesale Market Other Market 2

Jagdamba Camp Andrewz Ganj Madrasi Camp

Figure 36 - Modelled Fresh Produce flows across Delhi that end in the three communities selected for sampling
along the Barapullah Drain. Data collected in November 2022. The thickness of each line is an approximation of the
relative volume of raw produce items flowing from one location to another in the flow, and the darkness of the red
colour represents the level of faecal coliforms per ml.
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The Floodplain farm was observed to produce mostly Herbs, which were also found to be one
of the most contaminated and most regularly eaten raw food types in the communities. Chilli
was not observed being grown on the Floodplain Farms. Focusing just on herbs reinforces

the importance of the flood plain farm (Figure 37).

Extracity Market

Urban Farms

Other Market 1

Jagdamba Camp Andrewz Ganj Madrasi Camp

~

At

Figure 37 - Modelled herb flows across Delhi that end in the three communities selected for sampling along the
Barapullah Drain. Data collected in November 2022. The thickness of each line is an approximation of the relative
volume of Herbs items flowing from one location to another in the flow, and the darkness of the red colour
represents the level of faecal coliforms per ml.

These notional models should not be read as exact representations of the Delhi food network
but rather as heuristic devices. By combining empirical data with informed assumptions, they
allow patterns, gaps, and possible linkages to be visualised in ways that purely descriptive
accounts cannot achieve. In doing so, they provide a means of thinking through the likely
routes by which Fresh Produce reaches the study communities, while also highlighting
uncertainties and areas that warrant further investigation. Even if necessarily simplified, such
models create space for reflection on how food systems function in practice and offer a

starting point for more detailed analysis. Herbs play an important role as a pathway for
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moving faecal coliforms across Delhi, leading to high exposure in the study communities of

the Barapullah drain.

6.3 Discussion

6.3.1 Communities

Food is an important reflection of not only nutrition but also cultural identity, family and
home (Priyadarshini et al., 2024). Accurate, locally grounded data are essential for
understanding exposure pathways in low-income urban communities. In this study, it is clear
that raw produce consumption is a frequent behaviour in the study areas and therefore

constitutes a relevant pathway for exploration.

Members of the communities had some understanding that washing was important before
eating Fresh Produce, but the discussion centred around visible dirt (Curtis et al., 2000b;
Drechsel, 2010a). There were mixed ideas about whether the produce could be contaminated
by something they could not see. Trust in vendor reputation and customer relationship
functioned as a substitute for risk assessment, as communities lacked access to relevant

information. They stated that trustworthy vendors would not sell contaminated products.

This accords with other studies (Dreibelbis et al., 2013) that there is a mismatch between risk
perception and actual risk, and that better public health messaging may enable community
members to understand the nature of microbial risk. Currently, communities do not have
access to information about how to avoid invisible contamination better and to reduce their

own risk of ingesting faecal pathogens.

Household buying behaviours situate their immediate decisions of where and who to buy
from as a localised issue. This is useful for understanding how the produce pathway flows

into the communities and the importance of the local vendors.

6.3.2 Vendors

Vendor practices accorded with the community practices: prioritising visible cleanliness

rather than considering microbial safety.

Despite the produce being visibly clean and recently washed, high faecal contamination was
still found on the produce at this point. It is unlikely this was caused directly by the water

used for washing, as the piped water was found to have low faecal contamination (see
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Chapter 4). However, it is possible that the water was used for multiple batches of produce,
which means that vendor washing practices may have been a point of spreading and
increasing, rather than decreasing, contamination. Therefore, encouraging vendors to

consider contamination and wash their produce is likely to be counterproductive.

Discussions with vendors revealed a discrepancy between their initial ‘official’ answers given
and their actual Fresh Produce sourcing practices. This gives the impression that they knew
that the wholesale markets were the better places to buy from, particularly considering the
line of questioning being about safety and contamination. This suggests that there are other
drivers leading to them sourcing produce from sources that they know are not to be
professed. These drivers could be price and locality, meaning less time spent on travelling to
the wholesale market. Any policy changes or health promotion activities must not ignore the
realities of the priorities for the vendors of making a daily living and survival for themselves
and their families. Customers in these low-income communities will also appreciate the

ability of vendors to keep costs down.

6.3.3 Markets

There is only one Extracity market in Delhi for the bureaucratic management of importing
Fresh Produce within the city boundaries. The purpose of this administrative process is
unclear, with some data published on the government website, but no other obvious outputs.
Microbial quality is not part of the records collected. The state or country that the produce
originated from is recorded, but immediately, the produce's origins lose traceability as it is
mixed and sorted by quality and price, ready for distribution across the city. The many
wholesale markets across Delhi are critical to the infrastructure and system of food
distribution. At this stage, the produce from the Extracity market is mixed with the produce
from the urban farms, and traceability is further eroded. The complex market system directly
results in loss of traceability, and also probably results in mixing between produce with

different levels of contamination.

It is plausible that the low faecal contamination found in the samples from the Extracity
market could be due to safer farming and washing practices in rural farms. It could also be

due to bacterial die-off on large trucks throughout the journey before arriving in Delhi.

Observation revealed that at both the Extracity market and inner-city wholesale markets,
there were several risk factors. Contamination may happen in these markets due to vendor

handling and other unhygienic practices. No evidence of facilities for washing hands or
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produce was observed at any markets visited during the data collection. Many cows at the
markets were observed eating the vegetation waste and consuming plastic and paper items,
which adds to the risk of microbial contamination before reaching community customers.
This means that markets may act as hazard multipliers and require multipronged

implementation to improve.

6.3.4 Urban Farming

Urban agriculture contributes to food security, household income, and environmental
sustainability in many contexts (Kaur and Rani, 2006; Drechsel, 2010a; Diehl, 2015). More
than half of India's working population is employed in agriculture (Diehl, 2015). In urban
areas, many people turn to agriculture to supplement their main income. However, urban
space for growing crops is being squeezed by ever-increasing housing needs and is
increasingly happening on land that is unsafe for growing food crops (Kaur and Rani, 2006).
Delhi’s agriculture is concentrated on the east bank of the Yamuna River across the flood

plains.

Despite these challenges, urban agriculture holds significant potential in reducing Transport
emissions, decreasing costs and increasing food security (Chandra and Diehl, 2019). The
guantity of food that urban agriculture farms contribute to Delhi is unknown, but previous
estimates have placed it at around 20 — 30% of the total consumed Fresh Produce (Cook et
al., 2015). In African cities, urban production supplies 50-90% of Fresh Produce (Drechsel,
2010b). However, urban farming in Delhi will need considerable augmentation to contribute

meaningfully to sustainability (Maheshwari and Singh, 2017).

Much of the global literature identifies irrigation water as the leading cause of Fresh Produce
contamination (Mcheik et al., 2018). Outbreak investigations typically attribute
contamination to water sources, but in practice, evidence is often circumstantial: farms or
distributors are identified and routes such as irrigation water, poor hygiene during handling,
or pests in storage are suggested, but rarely confirmed (Todd et al., 2007; Kozak et al., 2013;
Drechsel et al., 2022) Similarly, it treats contamination as common but not worth tracing in
routine investigations, instead focusing on interventions at the point of exposure, such as
removing contaminated produce or closing restaurants. Contrary to expectations, farmers
reported irrigation using groundwater rather than Yamuna River water, aligning with national
policy promoting groundwater irrigation (Mukherji and Shah, 2005; Aldy and Stavins, 2012).

This concords with findings by (Cook et al., 2015), who found that farmers reported that even
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cows would not eat crops irrigated by Yamuna flood waters, so they considered them too
dirty or contaminated to use. The use of clean groundwater means that irrigation practices
may not be the main source of faecal contamination on the crops grown in the Yamuna flood

plains.

Farmers interviewed did not demonstrate appreciation of the risks associated with the use of
faecal waste as a soil amendment due to their denial of its use. When asked about anything
that helped their plants grow, they spoke of their use of chemical fertilisers as an agricultural
necessity for growth, which suggested they did not view the open defecation as fulfilling this
purpose. It was not possible to know if the farmers perceived any benefits from open
defecating around the crops, as this practice was denied completely. Whether intentional or
not, this is still a plausible source of the faecal contamination. Providing sanitation
infrastructure and behaviour change interventions could be an effective way of reducing
faecal pathogens on Fresh Produce, affecting many urban communities in Delhi. However,

with the tenure and political situation, this may be challenging to implement.

Post-harvest washing practices are critical, as repeated immersion of produce in
contaminated water can elevate microbial loads (Gagliardi et al., 2003; Faour-Klingbeil et al.,
2016b). This was reflected in the findings of this study: samples taken directly from the field
looked dirty and were found to have faecal contamination, but contamination increased
fivefold after washing, despite then looking clean. Implementation to improve washing
practices on the farm could reduce the hazards associated with eating Fresh Produce raw in
the study communities. However, it was observed that one farmer had a concrete produce
washing station that he used instead of the pits dug into the ground used by the other
farmers. It is possible that this was an intervention done to improve washing practices, but
this farmer used the concrete trough in the same way, washing repeated batches and
standing in the water with his bare feet. The water was still highly contaminated after use,
showing that changing from a soil pit to a concrete trough was not enough to change the
outcome. Other ways of improving the farmers' washing practices would need to be
explored. Herbs, with their large crenulated surface areas, are particularly vulnerable, and
even where chlorinated water is used, they are commonly recontaminated during washing

and handling (Gagliardi et al., 2003).
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6.3.5 Risk

This study demonstrates a range of risks and the joint drivers of frequency of consumption
and level of faecal contamination. Herbs, chilli and cucumber represented the highest risks
for these reasons. Herbs, as a key concern, are observed to be among the main crops grown
on Delhi’s urban farms, suggesting that the contamination risk is not randomly distributed,

but caused by urban farming practices.

The pattern of risk observed in this study reflects the way that the microbiological results
were understood in relation to public health. The dose-exposure plots highlight relative risk
and how risk thresholds could be conceptualised (such as using the diagonal gradient in
Figure 33). This study does not attempt to define an acceptable threshold, however, because
in the context of the Delhi study communities, levels of faecal exposure were orders of
magnitude beyond what would ever be considered tolerable in a high-income context. In
such circumstances, effective risk reduction is a better focus than excessive data collection
and modelling in order to produce an arbitrary threshold. In this way, the indicator bacteria
serve as a pragmatic signpost that unacceptable faecal contamination has occurred. From the
indicator bacteria, it can be inferred generally that faecal pathogens will be present. More
precise risk estimates can be carried out using modelling such as QMRA. Yet without direct
pathogen sampling, such models still rely on published literature to assume ratios between
indicators and pathogens in this setting. While this could be carried out in future work, it is
unlikely to change the conclusions made here that current farming and washing practices
expose communities to high levels of faecal pathogens, which are carried on herbs and other

foods eaten raw.

Although this analysis is specific to the low-income study communities in Delhi, there is no
evidence that high-income communities and expensive restaurants in Delhi have a different
source of herbs, and, therefore, all consumers are exposed to the same risks. Such findings
challenge the assumption that risks from poor quality food are a blight on those in poverty
and reframe Fresh Produce safety as a city-wide issue. Further supply chain tracking could
confirm that urban farm herbs reach high-cost outlets, with important implications for public

interest and governance oversight.

6.4 Limitations

This research was exploratory in scope, and therefore, there is much more data that could be

collected to confirm and extend the conclusions reached. Nevertheless, the evidence
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presented consistently indicates a substantial risk from exposure to faecal pathogens through

the consumption of Fresh Produce in Delhi.

The data collected did not encompass every potential node in the food network, nor did it
empirically quantify the volumes of produce flowing through the network. These flows can
only be inferred through vendor testimony and relative faecal coliform concentrations. As

such, the conclusions of the modelling remain indicative.

Reliance on self-reported data and key informant interviews introduced constraints.
Community members, vendors and farmers may have withheld or curated information
according to locally understood norms and their perception of illegitimacy. This could have
led to an underestimation of the significance of the role of urban-grown produce entering
Delhi’s food supply. Omission of purposeful use of human faecal soil amendments and
irrigation practices could have mischaracterised the risk sources. However, the findings here
were consistent with previous work in the same context (Cook et al., 2015), lending

confidence to the conclusions.

The microbial data were constrained by the use of indicator organisms, which signal the
presence of faecal contamination but do not confirm the presence or infectivity of specific
pathogens. In addition, the microbial data collected were analysed by millilitres of wash
water, yet consumers ingest food by portion. Estimated doses were derived through portion-
based calculations; these inevitably represent approximations of actual exposure loads.
Despite the careful documentation of the raw foods eaten by the target communities, the
portion quantities were not documented. Even if the need for portion data had been
anticipated, community members may have found it difficult to quantify the amounts

consumed in any meaningful way.

Despite these limitations, the evidence from using multiple triangulated data sources
converges on the same conclusion: that Fresh Produce in Delhi represents a significant
exposure pathway for faecal pathogens, and that farming, marketplace, and consumption

practices collectively contribute to this risk.

6.5 Conclusion

This chapter aimed to meet Objective 3: to identify and explore the sources and pathways
leading to critical exposures from Fresh Produce eaten raw in the study communities. The

findings show that Fresh Produce is a pathway for the Transportation of faecal coliforms
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across Delhi’s food supply. A critical source of the contamination has been traced to herbs
grown on the urban farms, and this is due to a lack of sanitation facilities for the farming
communities and amplification through unsafe washing practices. The risks are compounded
by community consumption practices, where herbs are eaten raw and are not washed

effectively, or at all.

These findings highlight the need for systemic public health interventions addressing
agricultural, market and household practices through a multibarrier approach (Drechsel,
2010a; Galibourg et al., 2024). This study contributes evidence to the importance of viewing
public health at the scale of the urban system, demonstrating that community-based
interventions alone will not achieve their intended effects, given the distances that faecal

pathogens travel through the food chain.
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7 Chapter 7 - Qualifying Solid Waste as a

Source of Exposure

In Chapter 4, community contact with Solid Waste was found to be a critical risk for exposure
to faecal pathogens. Previous studies show a correlation between Solid Waste build-up and
infectious disease (Maciel et al., 2008; Curtis, 2011; Krystosik et al., 2020), particularly where
the Solid Waste is contaminated with human faeces (Hanks, 1967). While it is acknowledged
that poor Solid Waste collection is often seen in the same communities that also live with
unsafe sanitation, the mechanisms of the pathways between source and exposure are not

known (Krystosik et al., 2020).

There are some plausible pathway suggestions, such as depositing behaviour (including flying
toilets, diapers, pet faeces), insects, birds, animals, flooding and Open Drains; but none of
these are supported by evidence (Fedorak and Rogers, 1991; Gerba et al., 2011; Haas et al.,
2014; Qian and Barlaz, n.d.). Understanding the most substantial contributors is a

prerequisite for devising effective interventions (Gerba et al., 2011).

In Chapter 4, community members were asked about the frequency of interaction with Solid
Waste, but the question was found to lack specificity, and in that initial phase of the research,
results were not triangulated with observations, leaving uncertainty about how such
interactions would translate into exposure risk. This chapter, therefore, expands on those
findings by gathering more microbial data and examining observed interactions with Solid

Waste and their potential to act as faecal pathogen exposure pathways.

7.1 Methods

The detailed data collection plan is included in Appendix | (page 249).

7.1.1 Transect walks

The transect walks described in Chapter 4 identified a large quantity of Solid Waste around
the communities. The aim in this follow-up study was to characterise the locations of the
Solid Waste spatially and identify points for sampling. These accumulation sites are crucial
nodes where contamination can occur, and people can be exposed. Therefore, new transect
walks were carried out, and six sites were chosen for sampling in each community. The choice

to capture multiple types of locations (municipal bins, edges of paths, near Open Drains, and
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neglected areas) allows for cross-comparison in contamination levels between the

communities. The locations were mapped and photographed.

7.1.2 Focus Group Discussions

Focus group discussions were carried out in each community with a total of 53 participants.
Each FGD included men and women, and older and younger people. Discussions with
community members explored household Solid Waste management practices, including the
contents of bin deposits, methods of disposal, and whether waste was deposited elsewhere.
Participants were also asked about handwashing practices following contact with Solid
Waste. In addition, the discussions addressed perceptions of the dirtiness of waste and its
associated health risks, as well as the guidance given to children regarding behaviours around

Solid Waste.

7.1.3 Observational categories

Pilot observations were carried out in the communities to establish two things: firstly, to
identify where interactions with the Solid Waste could be observed. Based on this exercise,
the main observations were carried out at the municipal bins in each community (sampling
sites: M1, J1, A4 on the maps in Plate 6), as community members were not observed regularly

touching the Solid Waste anywhere else.

Secondly, the pilot observations were carried out to determine what kind of behaviours were
observed from a long list of possibilities to design the finalised data collection sheet. For
example, there were no observations of any community member removing anything from the
bins and no observed examples of children playing in or on the Solid Waste. The resultant

categories used in the data collection are explained in Table 7.

Observations were carried out from 7am until 4pm for three days. The observation data was
divided by hour. The tally sheet recorded the type of deposit behaviour and whether it was
made by a man, woman, boy or girl. Pilot and finalised blank tally sheets in Appendix J (page
250). There were workers and rag pickers present around the bins, but they were not

included in the observational tallies, as the focus was on community contamination routes.
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Table 7 - Solid Waste Depositing behaviour categories and descriptions

Deposit

behaviour type

Description

Notes

without touching anything other

than their own Solid Waste.

No touch Depositing the Solid Waste into This includes their own Solid Waste, the
the bin without touching bin sides, the Solid Waste in the bin,
anything. and the Solid Waste on the floor. This

could be because the Solid Waste being
deposited is in a polybag or being
tipped from a bin or bucket without
touching the contents.

Touch own Depositing the Solid Waste They do touch the Solid Waste that

they are depositing in order to extract
or scoop it out of the bucket or bin
container. They do not touch the bin

sides or the Solid Waste in the bin.

Touch existing

Depositing the Solid Waste and
touching what is there with their

hands

While depositing their Solid Waste,
they touch the bin sides or the Solid

Waste in the bin.

7.1.3.1 Microbiological Sampling and Analysis

At the 18 locations identified, a representative grab sample of the Solid Waste that was found

there was collected using a sterile plastic bag, inverted for collection. The sample handling

was carried out according to the description in 3.7 (page 57).

7.1.4 Exposure Modelling

The potential CFU exposure doses that the community members could encounter were

modelled using a script written by the author. This allowed multiple scenarios to be run,

taking advantage of the range of data collected to plot out the wide range of outcomes. This

programme was run with 10,000 Monte-Carlo iterations.
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Probabilistic exposure modelling was used to estimate the distribution of hand contamination
arising from interactions with Solid Waste. Rather than relying on point estimates, a Monte
Carlo simulation was implemented to propagate empirical variability and parameter
uncertainty. The model re-samples measured Solid Waste contamination (e.g., concentration
distributions) and combines these draws with parameterised contact behaviours to generate
ensembles of plausible exposure scenarios. Observations were not made of the hand-to-
mouth behaviours in this context, but hand contamination is a proxy for the likelihood of

receiving an ingested dose of faecal pathogens.

As community members do not interact with Solid Waste in terms of millilitres of rinse
solution, it was important to consider alternative ways of expressing the CFU data. The colony
count obtained from each plate was multiplied by 150ml to estimate the CFU present in the
total corresponding sample rinse. To account for potential differences in exposed surface
area, the fill percentage and number of layers within each bag were estimated, allowing the
surface area of each sample to be approximated. As the potential for Solid Waste to act as a
fomite is directly related to the surface available for contact, this approximation was

subsequently used to calculate CFU per square centimetre (CFU/cm?).

7.2 Results

7.2.1 Transect walks

During the transect walks in all three communities, there was such a diffuse spread of Solid
Waste that it was difficult to choose sampling locations. Almost all pathways had Solid Waste
along the entire edges, and Solid Waste was gathered in any drainage channels, gaps
between walls, buildings, around trees and by any other structures. Abandoned areas were
full of Solid Waste, and the edge of the Open Drain was a continuous bank of Solid Waste

piled up Plate 5.
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Plate 5 - Photos from the transect walk taken by the author, Oct 2023. (a) Jagdamba Camp path, (b) Andrewz Ganj
municipal bins, (c) Madrasi Camp municipal bins, (d) Jagdamba Camp rooftop, (e) Andrewz Ganj side of a
residence, pig styes and Open Drain, (f) Madrasi Camp Open Drain.

The municipal bin sites were located at points accessible to the large trucks that come to

empty them each day. Six sampling sites in each community were selected with the aim of
having a spread across the community and representing a range of place types such as the
side of the path, beside the drain and abandoned places. The locations were mapped on a

Google satellite image, as shown below in Plate 6.
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Plate 6 - Locations for Solid Waste sampling. Each sampling location is shown in red for (a) Jagdamba Camp, (b)
Andrewz Ganj, and (c) Madrasi Camp. Basemaps derived from Google Images (Google, 2025).

/.2.2 Focus Group Discussions

The participants in the focus groups described four different methods used to transport the
Solid Waste to the bins: plastic bags, bins with lids, containers without handles or lids, and
buckets with handles but without lids. A low proportion (around 5%) reported using
containers with lids. They described depositing Solid Waste that is not sorted; wet, dry,
recyclable, hazardous and sharps are generally mixed and deposited together. The
participants see people sorting the waste, who they believe are informally engaged municipal

workers, assisting with the waste collection and segregation process at the municipal bins.

They report that the municipal bins are usually emptied daily, before 9am, by trucks. This
influences the positioning of the bins so that the trucks can gain access. Some participants
felt that it would be better if the bins were emptied twice daily to reduce overflows, smells

and mess.

Some people living near the Open Drains reported depositing all their Solid Waste directly
into the drain. Very few people admitted to depositing Solid Waste in other open spaces
around the community. Younger participants in the FGD expressed concern about the

environment and keeping the drains clear of Solid Waste, and suggested fines for littering
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offenders. The Open Drains are reportedly dredged periodically for the Solid Waste, and this
is dumped along the banks near their community. There were varying descriptions about the

frequency of the drain dredging, with two to 20 days reported between cleaning events.

None of the participants in the FGD had any idea about what they, or their neighbours, are
depositing that makes Solid Waste ‘dirty’ or contaminated with faecal pathogens. All the
participants denied any depositing of ‘flying toilets’, nappies or animal faeces in the bins.
Some of the participants mentioned that they put things that they consider dirty directly into
the Open Drain, such as nappies and sanitary pads, while depositing the rest of their Solid
Waste in the bins. The participants reported that elderly and disabled people would be
supported to access toilets or sit over the drain, and that there were no adult members of the
community who were housebound and needed any kind of temporary storage or pad for
their sanitation needs. Therefore, this was dismissed by the community members as not

being the cause of contamination of the Solid Waste.

Some participants from each community mentioned that they felt that dealing with Solid

Waste was mainly a woman'’s responsibility in the home, but some said it was a shared job.

Participants of the focus group discussions were asked if they washed their hands after
visiting the bins. Around 40% of the participants said they did not wash their hands; the rest

said that they did, mostly just with water, around 10% mentioning soap.

The FDG participants did demonstrate awareness of the Solid Waste being dirty and
expressed reluctance to retrieve their belongings if they fell into the Solid Waste bins.
However, most said they would retrieve dropped items, if necessary, that had come from
their own home. Less than a quarter of participants said they would pick up something
valuable from the Solid Waste bins or piles that were not from their home, but they said if

they did, then they might wash it.

Participants reported concerns about the health and hygiene of their environment and the
Solid Waste. They complained of breathing difficulties, migraines, headaches and skin
allergies without specifying how they believe that the Solid Waste can cause these problems.
They also mentioned issues with mosquito breeding in the environment, which brings
malaria, dengue, and body pain. Parents reported not wanting their children to play on or
near the Solid Waste and instructed them on this, but were not always able to supervise this
due to work commitments and children having the freedom to play in the community. They

expressed concern about things like balls going into the Solid Waste and drains, and being
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regularly retrieved by children. There are no designated play areas seen in any of the

communities.

7.2.3 Observations

There were 2274 Solid Waste deposits observed over three sites and three days. These
observations were at the main municipal bin site for each community, as mapped in Plate 6

(Jagdamba Camp — location 1, Andrewz Ganj — location 4, Madrasi Camp — location 1).

The vast majority of observed Solid Waste deposits in all three communities were categorised
as “no touch” (81.53%), with only a very small percentage of “touch existing” (2.51%). The

behaviour of “touch own” varied between the communities (total figure 18.47%) (Figure 38).
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Figure 38 - Percentage of observed Solid Waste deposit behaviour for each study site. Data collected in Delhi,
October 2023.

The overall chi-square for site and behaviour was found to have significant differences (x*(4) =
37.0, p = 1.8x1077), with a mild effect (Cramer’s V of 0.09). The pattern is driven by the
differences in “touch own” behaviour between Jagdamba Camp (z = +4.13) and Madrasi

Camp (z=-3.57).
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7.2.4 Gender and Age distribution

The type of person who was making the deposits was observed and recorded.

In the observed deposits, there were slightly more deposits by women than men, and this
difference, though small, was statistically significant (p = 0.0062, 95% Cl 44.4%-49.1%). Boys
and girls made a similar number of deposits (p = 0.714, 95% Cl 44.5%-53.6%). Children (boys

and girls) made 21% of the deposits observed (Figure 39).
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Figure 39 - Proportion of Solid Waste deposits made in the observations in the study communities in Delhi, October
2023.

For all age/gender categories, the most common deposit behaviour is “Deposit no touch” at

89%. This can be seen Figure 40.
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Figure 40 - Solid Waste deposit count from observations in study communities in Delhi, October 2023.
Disaggregated by deposit behaviour and man, woman, boy, and girl.

Analysing the significance of these behaviours was carried out using a 4x3 chi-square test. It
was found that the Person Group types did not affect the behaviour frequency, and any
differences were not significant. The exception to this was that boys touch the existing Solid

Waste slightly more than expected (z = +3.77), and men slightly less than expected (z = -2.63).

7.2.5 Gender And Temporal Patterns

The data was examined to see if there were different temporal patterns for the age and

gender groups in Figure 41.
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Figure 41 - Temporal patterns of Solid Waste deposits, disaggregated by men, women, boys and girls. Data
collected in Delhi, October 2023.

Across the time slots starting from 7am to 3pm, all the groups followed a similar pattern of
decreasing throughout the day. The statistical differences between men, women and girls
were statistically significant but small (Cramer’s V = 0.21 to 0.23). Boys, compared to the

other groups, were different with a larger effect size (Cramer’s V = 0.28 to 0.43).

7.2.5.1 Microbiological Data
Photographs of some of the bagged samples can be seen in Plate 7. The microbiological data
show that the rinse of the Solid Waste samples from all 18 selected samples was

contaminated by faecal pathogens, but the levels of colony-forming units varied.
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Plate 7 - Bagged Solid Waste samples. (a) from Jagdamba Camp, (b) from Andrewz Ganj, (c) from Madrasi Camp.
Collected in Delhi, October 2023. Photographs taken by Jemma Felicity Phillips.

The average sample contamination varied between the three communities but within the
same order of magnitude. Jagdamba Camp had the highest mean and median CFU/ml values,
and Madrasi Camp had the lowest. Kruskal-Wallis testing showed that the differences were
not significant (H(2) = 5.33, p = 0.070). Therefore, the dataset can be treated as a pooled

dataset.

The data was used to calculate and estimate the CFU per whole sample, per ml of sample
rinse, per gram of sample and per cm? of the sample's surface area. The surface area was
determined based on the fill and layers of Solid Waste in each sample bag. However, this
added an extra element of uncertainty due to the estimated nature of the calculations and
did not materially alter the sample ordering; therefore, the CFU/cm2 data were only used for

the dose modelling calculations.

7.2.6 Solid Waste sample location types

The Solid Waste samples were collected from six different places around each of the three
communities. These were then categorised by location type; some were from the edges of
paths, some from out-of-the-way places such as abandoned buildings and rooftops (this was
categorised as “away”), some from the large municipal bins and some from the banks of the

Open Drains. These results can be seen in Figure 42.
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Figure 42 - CFU/ml on sample rinse from Solid Waste collected in the three study communities in Delhi in October
2023. Whiskers show range (excluding outliers), the box shows the 25t and 75 centiles, and the midline shows the
mean.

Median contamination was highest on the bin samples and lowest on the paths. Pairwise
Mann-Whitney tests (with Holm correction) did not identify any pair with adjusted p < 0.05,

so the differences were not found to be significant.

7.2.6.1 Content of the samples

The contents present in each sample selected from the sample sites were recorded. Most
samples contained some form of packaging (often snack wrappers). There was a mixture of
other products across the samples, such as raw food, cooked food, leaves, foil and paper.
Some of the samples also included some mud/soil gathered accidentally due to the samples
being on the floor. There was no clear association of any of the content types being a leading
contributor to the CFU/ml. There was a slightly lower average contamination in the samples
containing mud/soil, but this difference did not survive multiple-comparison correction

across all contents (See Appendix K — page 252).

7.2.7 Exposure modelling

Behavioural inputs capture determinants of hand contamination following contact with

contaminated media, specifically contact frequency, duration, contacted surface area, and
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surface-to-hand transfer efficiencies, which are established drivers of contamination

dynamics (King et al., 2015; King et al., 2020). Observed contact-and-transfer processes were

analysed to quantify their relative contributions to between-scenario variance in estimated

hand contamination. The variables, distributions, and data sources used in the model are

summarised in Table 8 and detailed in Appendix L (page 253), which informed final variable

selection and parameterisation.

Table 8 - Deposit behaviour categories with analysis of resulting risk, number of contacts and percentage of
deposits, from observational data collected in Delhi, October 2023.

into the bin, usually by scooping it out
of a container with their whole hand.
Their hands are likely to be heavily
contaminated from this activity.
However, this is just the contamination
from their own home, so it may not
contribute to new pathogen exposure.
Yet without handwashing, they are
likely to spread that contamination
around the community in anything else

they touch.

Behaviour Analysis of risk Observed number | Distribution of
category of hand touches observed
with Solid Waste deposits (%)
or bin
“Deposit no This is the safest practice as the Solid 0 81.53
touch” Waste is put into the bin without the
person coming into direct contact with
the main bin, its contents, or their own
Solid Waste. It would be better if they
had washed their hands after tying up
their own Solid Waste bag.
“Deposit touch | This is where the person extensively Between 1 and 5 18.47
own” touches their own Solid Waste to get it

117




“Deposit touch is unsafe as happens when the person | 1 2.51
hands” touches the side of the bin or the Solid
Waste that is already in the bin. This is
likely to cause exposure to faecal
pathogens. Specifically, this will be
exposure to faecal pathogens that
originate outside the person's

household.

From these findings, the contact number was selected to be a range from zero to 5 contacts.
The efficiency of transfer from the Solid Waste to the person’s hand is selected from a range
of 0.0001 to 1 is a truncated normal with mean 0.255 and variance 0.155 (Lopez, 2018).
Whole hand contact with uniformly contaminated objects was modelled based on the
observed behaviour, and for simplicity, unidirectional transfer was assumed based on being

far from saturation at five or fewer contacts (King et al., 2020).

Around 95% of the modelled doses received were zero or almost zero. The median dose is
also zero. However, due to some depositing events, including up to 5 touches, some of the
samples were very highly contaminated with faecal pathogens, and some of the transfer
efficiency data were up to 100%; there was a small frequency of very high dose figures. This
led to a mean dose of 404,338 CFU/deposit. The highest value was 47,431,295 CFU/deposit.
Despite being modelled as a rare occurrence, this dose presents a very real health hazard on
those occasions. Across the three communities, it will take just over two weeks for 10,000
deposits to occur, as per the model. That could be up to 10 people per day in each
community receiving a high faecal pathogen dose from interacting with the Solid Waste. See
Figure 43 for the distribution of doses. For healthy adults, Enterotoxigenic E. coli infection

typically occurs at a dose of between 1 million and 10,000 million CFU.
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Figure 43 - Histogram of exposure per Solid Waste deposit event, expressed as CFU (millions). Modelled from data
collected in Delhi, October 2023. The left yellow dashed vertical line marks the 95th percentile exposure level,
indicating the threshold above which only a small fraction of events occurs. The right-hand yellow dashed vertical
line represents the maximum modelled exposure.

As only 11% of deposits included any kind of contact with the Solid Waste, it is unsurprising
that the vast majority of modelled interactions result in a zero or near-zero dose received.
Another histogram was created, including only the top 5% of doses received, in order to more
easily visualise the range of doses and the number of people potentially receiving those
extremely high doses Figure 44. The top 5% of doses received account for 95% of the total
modelled dose load. The 95 percentile dose is 1.62million CFU, the 99" percentile is

12.51million CFU/ml. The maximum dose modelled is 51.47million CFU.
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Figure 44 - Histogram of the top 5% of the modelled doses received from depositing Solid Waste in the municipal
bins in Delhi. Exposure represented in millions of CFU. The dotted line represents the maximum modelled exposure
amount, which was 51.47million CFU.
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/.3 Discussion

Solid Waste is prevalent in every public area of all three study communities, and therefore,

assessing the microbial hazard that this presents to the communities is worthwhile.

7.3.1 Community perceptions and behavioural mediators

FGDs showed that community members saw Solid Waste as unclean and a health hazard,
with concerns mostly linked to bad smells. This disgust was also reflected in observed
behaviours and may serve as a protective factor (Curtis, 2011). Yet participants were
unwilling to admit contributing to the waste’s dirtiness. Similar to findings on attitudes
toward child faeces (Sclar et al., 2016), people may discount the risks of their own
contributions (Case et al., 2006; Lenk et al., 2019). More broadly, the community did not
demonstrate a clear understanding of how Solid Waste could affect health. Many appeared
desensitised to its presence in the environment. Disgust is an important emotional
mechanism for keeping people safe and curbing unhealthy behaviours, but its protective role

is uneven (Tybur et al., 2018).

7.3.2 Microbiological evidence of hazard

All Solid Waste samples were heavily contaminated with faecal coliforms. Rinsing likely
underestimated the true contamination (Jensen et al., 2017) (Jensen et al., 2017), and
overgrowth on plates may also have led to undercounts (Haas et al., 2014). Contamination
was found at similar levels in samples from both bin sites and drain banks. This indicates that
faecal material is diffuse and not driven solely by sewage in drains. Samples taken in 2023
showed higher contamination than the 2022 pilot. Flooding and drain overflows earlier in the
year may have spread contamination more widely (FloodList, 2023). No clear pattern was
found by type of waste content, despite literature suggesting food or organic matter would
be the main drivers (Gerba et al., 2011; Meyer-Dombard et al., 2020). Contamination appears
to distribute across items in mixed bins, although larger disaggregated sampling would be

needed to confirm this.
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7.3.3 Exposure pathways and risk implications

The dose modelling indicates that while most deposits involve minimal exposure, rare high
contact events dominate risks. These include households that scoop waste from containers
directly into the bin and children who handle Solid Waste while playing. Three consequences
arise from such exposures. First, individuals may become unwell. Second, illness increases the
circulation of pathogens in the environment. Third, people who interact with contaminated
waste and fail to wash their hands may spread pathogens even without symptoms. The
results suggest that interventions should be targeted at households and groups engaging in

high-contact behaviours, rather than applied uniformly across the community.

7.3.4 Infrastructure and management failures

None of the municipal bins had lids, and few household containers used for deposits were
covered. This creates opportunities for vectors such as flies, dogs, rats and goats to spread
faecal pathogens. Although community members considered Solid Waste dirty, handwashing
was not observed after deposits. The absence of nearby facilities, combined with the fact that
many deposits were made en route to work, made this impractical. With facilities in place,
uptake might be higher. Younger participants showed more awareness of the environmental
impacts of littering and drain dumping, suggesting a potential entry point for future

engagement to reduce indiscriminate disposal.

7.3.5 Social dimensions: gender and age

Cultural expectations placed responsibility for Solid Waste management on women, and
government campaigns targeted them (Luthra, 2021). However, observations showed that
both men and women deposited waste, often on their way to work. Gendered household
responsibilities may not translate to public practices. Children were consistently more likely
than adults to touch bins or step on waste, partly due to their smaller size and reach. One
observed case involved children clearing waste with their hands to make space to play,
without handwashing. Although women are often reported to have higher disgust sensitivity
than men (Al-Shawaf et al., 2018), men in this study engaged slightly less in touching waste.
Physical differences such as height may explain this variation, as the bins were around 1.4

meters tall.
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Observed temporal patterns also differed slightly between groups. All were deposited mainly
in the early morning, though women showed a small midday increase, possibly linked to

returning from work.

7.3.6 Implications for intervention and governance

Solid Waste is an under-recognised but important source of faecal pathogen exposure. While
disgust and routine behaviours limit frequent contact, high-dose events create serious risks.
Yet little research has examined the role of Solid Waste in pathogen transmission compared
with water, food or drains (Han et al., 2022). Generalised behaviour change activities are
unlikely to succeed in changing exposures. More effective approaches would target
households with high-risk practices, supply safe deposit materials such as plastic bags, and
provide covered bins and handwashing facilities. Interventions that reduce Solid Waste
accumulation would not only improve health but also support broader poverty reduction and
improve quality of life in the communities (Milea, 2009). The findings reinforce the central
argument of this thesis: that it is not only individual behaviour but infrastructural and
systemic failures of waste management that drive exposure. Failures of transport and

collection are key determinants of public health risk in these communities.
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8 Chapter 8 - Discussion: Applications of the
Amplified F-diagram.

8.1 Don't dismiss the real complexity

Urban sanitation systems are complex and dynamic, with overlapping systems and overlying
and simultaneous failures. The F-diagram provided a helpful framework for many years but
was not enough to support intervention decisions in the modern urban environment. This

became the starting point for the Amplified F-Diagram described in Chapter 2.

8.2 Shit also flows uphill

There are many plausible pathogen pathways in the urban environment that could disrupt
the conventionally held understanding about downstream communities. Paradoxically, the
“downstream community” of Madrasi Camp was not found to have the highest overall
contamination levels (Figure 25, Chapter 4). However, the upstream Jagdamba Camp did
have a statistically significantly lower level of overall pooled contamination levels in the first
set of data collection. Yet in Chapters 5 and 6, when more Fresh Produce and Solid Waste
samples were analysed, the highest contamination levels were found at Jagdamba Camp,
although these differences were not statistically significant. Therefore, the upstream and
downstream nature of the communities did not correlate with the level of faecal
contamination found; the principal exposures of Fresh Produce and Solid Waste were not

found to be gravity-mediated.

This conclusion is reached because the concentrations are not higher at the community
located at the lowest point of sampling in the catchment, which is Madrasi Camp. These
results demonstrate the haphazard and intersecting nature of the reality of faecal
contamination in Delhi. This is a reminder that urban sanitation risk cannot be reduced to a
simple linear pattern but emerges from overlapping and shifting interplay across the

sanitation chain.

Engineers and practitioners working in the water and sanitation sector may be influenced by
hydrological approaches. In urban environments, there are conflicting layers of urban
infrastructure and human behaviour that disrupt these organised assumptions. There is also a

disjointed mix of formal and informal systems. This misunderstanding of the situation can
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mean that contamination dynamics are ignored and allowed to remain, impacting public
health. This work provides evidence to challenge the established thinking around upstream
and downstream communities. Confronting urban sanitation requires an assessment style
that integrates considerations of gravity-mediated and stochastic flows, with contamination
risk that is not neatly contained by community, municipal or topographic boundaries. The

cityscape disrupts traditional contamination mapping.

8.3 Modelling interventions on the Amplified F-Diagram

Chapter 2 describes the process and displays the resultant Amplified F-diagram. From this
diagrammatic starting point, it is possible to model what would happen if different types of
flows are removed from contributing to the resultant nodes as shown on Plate 8
(SankeyMATIC codes in Appendix M — page 255). This modelled approach deliberately does
not specify any particular type of intervention at the different stages of the sanitation chain.
Rather, the emphasis is on the underlying principle that the interventions must be effective in
ensuring faeces and faecal pathogens are contained in the sanitation system. The intention
here is to draw attention to outcomes rather than technologies (whether a system is onsite,
offsite, container-based, urine-diverting, solar-powered, centralised, or decentralised), but
only if it is successful in preventing transmission pathways that lead to human exposure. The
right sanitation solutions are highly context-specific, and this work does not attempt to
suggest appropriate technologies. There is much work published on how to make the correct
selection according to the topographical, population density, social norms and institutional
capacity context (GIZ, 2022). The Amplified F-diagram offers a framework for considering
meaningful interventions accommodating diverse technologies and approaches, as shown in
Plate 8. This method provides the benefit of anchoring the emphasis from infrastructure

creation to the public health aims of preventing the escape of faeces into the environment.
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Sources Exposures Sources

Exposures
Open defecation
Open defecation Direct discharge
Fomites Fomites
Broken containment
Direct discharge
Broken containment Fresh produce Fresh produce
Spitage during emptying [ : Spillage duing emptying ] = =
Piped water . Piped water

Direct discharge from pipes I - Direct discharge from pipes I el
a

Leaking from pipes I

A4
" -
Insufficiently treated WW /' Insufficiently treated WW

treated FS [l

Insufficiently treated FS

Dumped faecal sludge Insufficiently treated FS o—
Leaking from pipes —— Insufficiently treated WW
Open

Plate 8 - Iterations of the Amplified F-diagram. (a) Amplified F-diagram, (b) Containment failures solved, (c)
Transport failures solved, and (d) Treatment failures solved. The resultant change of node size represents
decreased number of sources and pathways.

These overall improvement percentages were compared using a pairwise Wilcoxon signed-
rank results test with Bonferroni corrections. The difference between Containment and
Transport is not significant, but the Treatment improvements are significantly lower than the

other two types (adjusted p-values 0.0176 and 0.0117).

In comparison, the modelled improvement percentage in the diagram midway and exposure

nodes from the different intervention foci is shown in Figure 45.

125



60 4

40 - —

20

Modelled % improvement

0 1

Containment Transport Treatment

Failure Solved

Conceptual Nedes

Agriculture Fomites Fresh produce B Groundwater Ocean Open drain Piped water
Soil B Surface water W Well water

Figure 45 - Modelled percentage improvement of flows contributing to the contamination at each exposure node.
Disaggregated by the sanitation chain stag.

None of the focal categories reduced any of the nodes to zero, and the mean improvements
were between 25 and 40% leaving exposure hazards in existence. This means that simply
solving Containment, Transport, or Treatment will not remove the hazards that communities
face. While this would vary from situation to situation and would need to be assessed with a
location-specific weighted diagram, the potential pathways remain important. This
exploration in Chapter 2 shows that the current evidence for how faecal pathogens from
failed Containment, Transport and Treatment reach the environment is not comprehensive
enough to make a weighted Amplified F-diagram. In the literature, the most discussed
failures cover all of the sanitation chain, as these are improper on-site sanitation siting, child
faeces management, direct discharge, dumping of FS, and Treatment plants that release
pathogens (either by design or in error). The most discussed exposures were through water
contamination, fomites and Fresh Produce. The SFD data portal and the SaniPath data portal
could contribute to this, but currently, they do not cover any overlapping locations.
Therefore, further data collection was necessary. This was an interesting thought experiment,
being able to demonstrate visually and numerically some of the things that sanitation experts
have been advocating for many years about the importance of the Transport phase of the

sanitation value chain (Peal et al., 2014; Peal et al., 2015; Mills et al., 2018; Peal et al., 2020).

This visualisation in Figure 45 is also helpful when there is an exposure point resulting in
known health impacts. For example, if piped water was identified as a key exposure point,
then using the model and resulting node changes, then this demonstrates that addressing

failures in Transport, particularly leaking sewer pipes, can reduce groundwater contamination
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and resultant risk to piped water (Mukherji and Shah, 2005). Conversely, if you want to
reduce the faecal contamination exposure from Fresh Produce, it is unlikely to be helpful to

build a wastewater Treatment facility.

8.4 Applying the Amplified F-diagram

Data collected in the study communities was used to edit the conceptual Amplified F-
diagram, with the focus on demonstrating the evidenced flows. Data collected in this
research, publicly available information, and the Shit Flow Diagram data were used to inform
further decisions about the types of sanitation chain failures occurring across the city, both

within and outside the study communities.

The ocean was removed as it was not relevant to the Delhi context, but all other nodes
remained. The weighting was adjusted, and the positions of some items were repositioned to
better represent the interactions between flows and to enhance the diagram's clarity.
Evidence is that all the sanitation failure types described in the conceptual Amplified F-
diagram are present in Delhi and have the potential to impact the study communities

(susana.org, 2019; Emory University, 2020).

Surface water was a topic for much consideration because there is none in the study
communities; however, the Yamuna River is located in Delhi. It was decided that surface
water would be repositioned from being an exposure node to a central node. Insufficiently
treated WW and FS had a similar deliberation process because there were no Treatment
works serving the study communities. However, there are Treatment works around Delhi that
have been shown to have low efficacy (Jamwal et al., 2011), which discharge into other Open
Drains and the Yamuna River. This could then be distantly influencing the contamination

reaching the communities.

There is evidence that the community is exposed to faecal pathogens through Fresh Produce
and fomites such as Solid Waste. Low levels of exposure were found to result from drinking
water. However, due to known instability in the system (Yadav et al., 2019), this could be
fragile. Well-water usage was reported, but the water quality was not sampled. Open drain
interactions were self-reported to be low; however, it is likely that interactions were higher
with the smaller tributary drains that crisscross the community, due to their proximity to
people’s homes. Even without direct interaction, Open Drains remain an important feature of
the study communities due to the likely contamination spread through other nodes, such as

the Fresh Produce and Solid Waste. There is also evidence of the Open Drain being used for
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pig farming, so it remains an important part of the diagram (Figure 46 — code available in

Appendix N, page 258).

Sources Exposures

Open defecation

Fresh produce
Direct discharge

Broken containment

Direct discharge from pipes I

Leaking from pipes .

Dumped faecal sludge . =

Insufficiently treated WW

Insufficiently treated FS

Figure 46 — The Applied Amplified F-diagram for the study communities in Delhi, based on data collected in October
2022 and November 2023.

As for the conceptual diagram, the applied diagram is reiterated by solving different facets of
the sanitation chain to see how that affects the flows and the sizes of the exposure nodes

Plate 9. SankeyMATIC codes available in Appendix O (page 259).
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Open defecation
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Broken containment

Direct discharge from pipes I
Leaking from pipes l
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Insufficiently treated WW

Insufficiently treated FS

Plate 9 - Iterations of the applied Amplified F-diagram. (a) Applied Amplified F-diagram, (b) Containment failures
solved, (c) Transport failures solved, and (d) Treatment failures solved.

All three diagrams in the plate show some reduction in the size of the nodes, but clearly,

there are still many pathways and substantial exposure hazards remaining. Pairwise Wilcoxon

signed-rank tests with Bonferroni corrections (Greenhalgh, 2019) find that there are

significant differences between all three pairs of Treatment types.

As before, in comparing the effects of the intervention types on each of the subsequent

nodes, it is possible to see the contributing factors to each point (Figure 47).
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Figure 47 - Modelled percentage improvement of flows contributing to the contamination at each exposure node in
Delhi. Disaggregated by the sanitation chain stage.

Solving the failure groups had an impact on the sizes of many of the subsequent nodes, but
none of the intervention types completely resolved any of them, as all the nodes have
contributions from more than one source group. In the conceptual diagram, all the nodes
showed some improvement in each intervention group. However, in the applied diagram,
some nodes (Agriculture, Fresh Produce, Piped water and Well water) had no improvement

at all in the Treatment intervention diagram.

8.5 Findings from Applying the Amplified F-diagram

The conceptual and applied F-diagram both tell the same story: Transport is the most
important segment of the sanitation chain for reducing environmental faecal contamination,
and hence public health. As such, any interventions that only prioritise increasing coverage
and access to toilets will have a limited impact on population health. Many toilet provision
interventions are also limited by being localised and fail to see health improvements because
faecal contamination moves widely around the city and does not always follow the

hydrological principles of upstream and downstream.

The Amplified F-diagram offers a structured means of reframing responsibilities for faecal
contamination control. The nodes positioned on the left side of the diagram represent
systemic failures that fall squarely within the remit of the state, municipal and public health

authorities. In contrast, the nodes in the central and right of the diagram illustrate more

130



Jemma Felicity Phillips Doctoral Thesis 2025

complex intersections where responsibility may be shared, including some scope for
community action and behaviourally mediated practices. Crucially, the diagram makes explicit
that interventions focused only on exposure reduction at the individual or community level
will yield, at best, marginal improvements. Without sustained and large-scale investment in
the systemic failures of the sanitation chain, other interventions will remain ineffective and
inappropriate. In this way, the Amplified F-diagram provides both a visualisation of the
contamination network and a critique, demonstrating the necessity of systemic solutions

over fragmented local and behavioural approaches.

8.6 Intervention Response Focus

Public health approaches to preventing infectious disease transmission work in four ways
(Friis, 2018; Webber, 2020): reducing the vulnerability, reducing the exposure, interrupting
the pathways and reducing the source of the hazard. Each of these will be considered here,

but while reducing vulnerability is important to note, it is outside the scope of this study.

For faecal-oral diseases, reducing the vulnerability would include nutrition programmes and

oral rehydration salts therapies to prevent life-threatening dehydration from diarrhoea.

There is a plethora of options for reducing exposure, and these are often first-line
interventions for community health projects. Regular handwashing at key points such as after
defecating, before eating and before feeding children is the subject of many behaviour-
change programmes. This can include providing helpful items such as handwashing stations
and soap (Curtis and Cairncross, 2003). In the study communities, handwashing opportunities
around the municipal bins could reduce exposure to faecal contamination. There could also
be behaviour change activities such as sensitisation, signs to remind people not to touch the

bins or Solid Waste, and provision of waste bags for safer depositing.

Behaviour change interventions could target food-related contamination by encouraging
thorough cooking and washing of produce before eating, as recommended in other research
(Ehiri and Morris, 1996). These can be initiated through community action projects, schools
and health providers. Although community members, when asked, state that they already
wash their produce, the reality is that washing may not appreciably reduce the
contamination, particularly of herbs with their high surface area (Drechsel et al., 2022).
Vendors and farmers could be educated about safer produce washing practices, such as
changing the water regularly and using chlorine to provide disinfectant. These changes could

be supported by policy approaches and enforcement due to their importance.
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It is implausible that people will stop eating raw produce when it is part of the daily normal
diet, and therefore, preventing exposure to any pathogens on raw produce will be
impossible. Many of these exposure reduction actions are focused on community behaviours,
which are notoriously hard to embed. Even expensive, high-intensity projects have been
shown to have limited success and little longevity (Curtis and Cairncross, 2003; Null et al.,
2019). Worse, these interventions effectively make individual community members
responsible for protecting themselves from pathogens that are ubiquitous and concentrated
in their environment as a result of failing infrastructure and systemic neglect. This not only
places the burden on those with the least resources, but it also obscures the accountability of

institutions that should be responsible for safeguarding public health.

By contrast, removing the sources of the hazard of faecal contamination by building and
repairing the sanitation chain offers the only viable and just option. High-income countries
have achieved this to a satisfactory level due to sustained investment into infrastructure and
political commitment, enabling the entire population to reach a threshold standard of living.
Although this comes with a financial outlay, India has economic capacity and a large and
growing GDP (World Bank, 2025). Indian investment into other types of infrastructure, such
as Transportation networks, has been major (KPMG, 2020). A similar prioritisation and
investment into sanitation, particularly in solving failures in the Transport segment of the
chain, would directly reduce pathogen contamination in the environment and protect

communities in a way that exposure reduction strategies cannot.

It is necessary to examine how hazards can be removed through strengthening each stage of

the sanitation chain.

8.6.1 Potential impacts of solving Containment

For the many communities without any sanitation facilities, building toilets would be an
obvious and merited first step to provide secure Containment of faecal waste at the
household and community level. Without this, any interventions towards Transport and
Treatment would not be possible, as the faecal waste would not be able to enter the

sanitation chain.

In many low- and middle-income urban settings, Containment infrastructure is likely to be on-
site systems such as pits or tanks. Rarely are these types of communities connected to sewer
networks (Hasan, 1998; Hasan, 2006). Solving Containment means providing services where
there are none, and also mending, maintaining and upgrading facilities that are not

functioning effectively. This includes considering the impact on the groundwater and safe and
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effective emptying methods. Installing sewage infrastructure in informal settlements can be

disruptive due to the high household density.

As found in the WASH Benefits and Shine trials (Pickering et al., 2019) improved household-
level WASH (which was only tackling Containment) did not reduce the likelihood of diarrhoea
and stunting in children. The Amplified F-diagram provides a clear model to understand
potential rationale for these findings; even completely solving all contamination sources from
failed Containment (which is unlikely to have been achieved in reality) and assuming perfectly
clean drinking water, there are still a myriad of ways that faecal pathogens could have
reached the studied children. Consequently, it is likely that those other pathways resulted in
an exposure level that did not drop below the threshold level for health impacts. Additionally,
faecal pathogens from failed Containment in other localities could have also contributed to

their environmental exposure.

The authors who question the merits of sanitation investment (Bartram et al., 2018) have a
valid point that there is little public health reason to make investments into only Containment
services. However, rather than this conclusion leading to reduced investment, the investment
should be extended to the whole sanitation chain and ensure that there are barriers

preventing faecal pathogens from escaping into the environment from all parts of the system.

The Swachh Bharat Mission has been an enormous effort to ensure all people in India have
access to a toilet facility and no longer practice open defecation (Ministry of Jal Shakti,
Government of India, 2020; Ministry of Jal Shakti, Government of India, 2025). However,
going above just access to a toilet would be necessary in order to solve the problem of

contamination originating from unsafe Containment.

Solving Containment across the entire Delhi would be a challenging task due to the numerous
informal settlements and the currently low coverage of piped sanitation services. The
percentage coverage of piped services is declining due to urbanisation and population growth
(Office of the Registrar General & Census Commissioner, India, 2011). Estimates of the
coverage of safely managed sanitation vary, and official coverage rates may not account for
informal and unregistered populations (Harvard Law School International Human Rights Clinic
and Centre). Even where appropriate infrastructure exists, it may be unused or in disrepair.
The study communities had incomplete access to toilet facilities, but even where facilities
existed, most of these were not safely managed, and some were shared. Therefore,

increasing the household toilet provision is still valuable as part of the picture. However, the
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reductions in exposure contamination modelled in the diagram do not just refer to

Containment solutions within the communities, but also in the wider city.

It has been clear to see the substantial city-wide contamination impact from the open
defecation in the farming communities, and therefore targeted interventions there could
bring an important decrease in faecal contamination across the city, across the raw food
pathway. In addition to the infrastructure needed, behaviour change work would be needed,
but there may be resistance as losing the human faecal addition to the crops could reduce

productivity. However, it was unclear if this was something the farmers recognised.

In Delhi, urban farming is legally and environmentally contested. Cultivation of food crops on
the Yamuna floodplain (Zone ) is officially prohibited due to heavy metal pollution (IWMI,
2010; Singhal, 2023). Farmers nevertheless continue to grow food crops. Farming
communities experience recurrent evictions without warning and insecure tenure, and have
little quality of life infrastructure (Awasthi, 2013; Cook et al., 2015). Despite this, many of the
farming families have lived and worked on that land for many decades (Main Bhi Dilli, 2020).
Some non-profit organisations work with the farmers to support them with their legal status,
well-being and fund the provision of a school (Singhal, 2023). There has been a study
checking the level of heavy metal contamination on the crops from the floodplain farms and
found it to be within guideline levels (Central Pollution Control Board, 2019). However, this
outcome is contested by local environmental experts who state that there is lead and other
contaminants and blame the farmers for their use of the Yamuna River and unsafe fertilisers

(Singhal, 2023).

Various methods could be considered to reduce the study community’s exposure to Solid
Waste: Community litter picking could reduce the dispersal of Solid Waste, and the
municipality could be lobbied to change its Open Drain dredging method to prevent Solid
Waste from piling up along the banks. Increased coverage of safely managed local toilet
facilities may be effective in reducing some of the contamination sources on the Solid Waste.
This would be the case if there is the unadmitted use of ‘flying toilets’, diapers and disposal of
faeces for elderly and disabled people, and instead people used their household toilet
provision. If this is the case, then improving access to household sanitation, combined with
some behaviour change sensitisation if needed, could substantially reduce the short-circuit
loop of contamination within the community. However, as the sources and pathways to Solid
Waste contamination were not adequately identified in this or previous work, reducing

unnecessary exposure to Solid Waste remains a practical and appropriate barrier.
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In the Barapullah basin, many households along the Open Drains have sanitation systems that
directly discharge into the drain. This means that contamination in the Open Drains would be
reduced by communities having safely managed Containment. However, according to the
self-declared data, community interaction with the Open Drain was minimal, so any

interventions to reduce this contamination may not make a big difference to public health.

Some of the contamination of the groundwater comes from the on-site sanitation that is not
safely managed, such as pits and tanks, which leach into the ground. In the study
communities, there was low contamination detected in the microbial sampling of the Piped
Water. This suggests that the piped water is being run with adequate system pressure and
chlorination, preventing the ingress and multiplication of faecal pathogens in the water. If the
water pumping system were to fail, there is a high potential for the contaminated
groundwater to ingress and create a hazard for the communities. Currently, they are not in
the habit of needing to boil or treat their water at the point of use, so there are no barriers in

place at the point of exposure if the pathway becomes an active hazard.

The findings of this research and modelling demonstrate that localised, piecemeal and
Containment focussed interventions cannot overcome the systemic sanitation chain failures.
Containment failures in other parts of the city have a direct impact on the study
communities, demonstrating that pathways can originate at varying distances away.
Contamination pathways cross community and socio-economic boundaries, and therefore,

only city-level approaches can meaningfully reduce public health risks.

8.6.2 Potential impacts of solving Transport

In Plate 8 (c) and Plate 9 (c), the Transport failures were removed. This shows a situation
without sanitation chain failures of spillage during emptying, direct discharge from pipes,
dumped faecal sludge, and leaking from pipes. There was no example to be found in the
peer-reviewed or grey literature where anything comparable to this modelled intervention
had ever been attempted or achieved as an intervention focus to understand any real-world
before and after benefits this could have, particularly in settings where Containment and
Treatment are not adequately functional. In the original SFD studies (Peal et al., 2014), none
of the cities controlled FSM effectively. However, now there are some high-income country
SFDs in the data set that demonstrate sanitation chains functioning at a high efficacy, and
public health improvements are seen (susana.org, 2019). In the diagram model, solving the

Transport did make a big difference to the sizes of the subsequent nodes, with the biggest
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impact on Piped water, which decreased by more than half. Fomites, Well water and Surface
water nodes each decreased by around 40% and Ocean and Fresh Produce decreased by 32%
and 25% respectively. This is a greater overall decrease than the Containment failures and
suggests that it might be a more effective intervention focus. However, solving informal pit
and tank emptying and Open Drainage would be a very technically challenging and expensive
venture. This is why some authors are revising previously held ideas about on-site sanitation
being cheaper and easier, because the necessary FSM is, in fact, not. Traditional sewerage
and condominial sewers are increasingly being recommended as a practical and cost-effective

way of reaching safely managed sanitation, even in low-income communities (Mara, 1996).

In the sanitation chain, the Transport segment is where the faecal pathogens have the most
potential opportunity to move far from their source. Sewer pipes can run long distances and
can also be fitted with pumps to allow the flow to run at low gradients or against gravity. In
failures of the sewer network, the pipes can be cracked or leak, causing groundwater
contamination. The leaks can be some distance from the source, and then groundwater can
move long distances (Jamwal et al., 2011; Peal et al., ) Sewage pipes can be built without
connection to Treatment works, but instead discharge into Open Drains, Surface Water,
Oceans or onto the ground. On-site sanitation emptying systems can be utilised to take the
faeces to Treatment services or even to a sanitary landfill. However, there can be many
barriers to this process occurring effectively, such as cost, distance and the effort involved.
This means that, often, faecal matter is dumped into Open Drains, Surface Water, Oceans or
onto the ground. It can also be dumped directly onto Agricultural land. This can be ‘uphill’
from the source of the faecal matter and can also be several miles away if transported by
trucks, although sometimes it will be dumped locally if being transported on carts or other

non-mechanical options (Grisaffi et al., 2022; Wilcox et al., 2023).

These failures in the Transport phase of the sanitation chain can all happen at once, meaning
that the city can act as one big leaky, connected system. Any attempt to improve public
health with interventions only at the community level is inevitably going to be unsuccessful
because faecal pathways are flowing into every community from so many pathways with
sources located at varying distances away. The way that the pathways cross large distances
also means that in higher-income communities with excellent water and safely managed
sanitation can also be affected by the failing sanitation in the city around them. This
knowledge should be able to galvanise the popular and political will to tackle these
challenges, but so far it does not seem to have been persuasive enough (Lerebours et al.,

2021; Lerebours et al., 2022). Solving the failures in the Transport part of the sanitation chain
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would mean that there would be less potential for faeces to be moving around the city,

potentially reducing contamination over large areas.

The failures in the Transport systems, both of the limited piped network and onsite emptying
practices, are widespread in Delhi (Jamwal et al., 2011; susana.org, 2019; Yadav et al., 2019).
As can be seen in the modelled improvements in Plate 8 (c) and Plate 9 (c), solving the
Transport phase of the sanitation chain would have a substantial effect on the exposure
contamination in the study communities, with node reductions between 25 and 50%. Fresh
produce contamination is influenced by many pathways, and many of those are contributed

to by Transport sources.

Solving Transport would improve the contamination levels in the Open Drains. This would
decrease exposure directly and indirectly. Some of the Solid Waste contamination would be
improved by the reduction of contamination in the Open Drains due to being dredged out of

the drain and dumped beside the houses on the banks.

In reality, finding appropriate ways of solving Transport in urban areas is one of the wicked
problems of the 21st century (Carvalho and Van Tulder, 2022). This is particularly the case in
densely populated urban areas with high levels of informality and slums. The problematic
nature of this topic cannot take away from its importance for public health. Faeces in the
Transport section of the sanitation chain can move long distances, can move against gravity
and uphill, and therefore is a contributing factor to the wide reach and unpredictability of the

resultant contamination from sanitation chain failures.

8.6.3 Potential impacts of solving Treatment

In Plate 8 (d) and Plate 9 (d), the Amplified F-diagram has been iterated with all the
Treatment failures solved. This would be a situation where there is safe and effective
Treatment of all liquid and solid faecal matter that reaches Treatment, meaning that
pathogens are sufficiently reduced before being released into the environment to not pose a
hazard. Building new wastewater Treatment works is an investment and can cost large sums
of money. Rarely are Treatment works built to accommodate faecal sludge. There were no
examples in the literature found where the effectiveness of a Treatment intervention was
verified by testing exposure to faecal pathogens or direct health outcomes. The modelling
here in the Amplified F-diagram suggests that these interventions would have very little
impact on the exposure nodes. Even though Treatment works provide a large piece of visible

infrastructure, and even where they are working 100% effectively to remove pathogens from
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all effluent, they are only likely to contribute in a small way to the reduction of pathways

leading to faecal pathogen exposure.

Treatment plants are often designed to remove some turbidity and nutrients from the
wastewater in order to protect the ecology in the river or sea where the outflow is (United
States Environmental Protection Agency, 2010) Some Treatment plants may have secondary
or tertiary levels of Treatment, and they can be more effective in removing pathogens.
Treatment plants take a lot of maintenance and can fail. Consequently, whether working but
not removing pathogens, or failing and therefore not removing pathogens, Treatment plants
can be a source of faecal pathogens in the environment. In contexts where Open Drains,
Surface Water and Oceans are used more extensively for drinking, bathing and urban
agriculture, the failed Treatment could be causing a negative health impact. However, for the
study communities in Delhi, this was not the case in the most part, and therefore, when these
sources were modelled as solved, there was only a minimal improvement in the exposure
nodes. There are no published studies demonstrating the public health benefits from building

wastewater or faecal sludge Treatment plants alone.

In the applied diagram scenario, solving the Treatment part of the chain had even less
improvement on the resultant nodes than on the conceptual diagram. This would be for
several reasons: the communities were not directly impacted by discharge from Treatment
works, and there is no evidence that the Barapullah Open Drain is used for this purpose
(Centre for Science and Environment, 2025b). There was also no evidence found that treated
or partially treated works effluent or sludge was used in agriculture. There may be some
instances where this is the case in Delhi or surrounding areas, but the farming communities
investigated as part of the exploration here did not utilise this resource, meaning that the

risks from this use were not applicable.

8.7 Usefulness of approach/pragmatism

The conceptual and applied Amplified F-diagram is a useful approach to enrich intervention
planning. Current approaches to water and sanitation are leaving communities exposed to
dangerous levels of faecal pathogens due to interventions that are misaligned with their
purposes. Despite the demonstrable failures, the status quo of prioritising localised solutions
remains. This research provides a systematic means for identifying priorities in addressing

community faecal contamination. Incremental and strategic improvements can accelerate
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progress towards removing the health impacts from faecal contamination (Willetts et al.,

2022).

Despite the expertise that went into the formulation and integration of this model, with some
explanation, it should be possible for the conceptual model to be understood by anyone
working in the sanitation space. This would enable the usefulness of this research to be
actualised by enabling practitioners to think practically about the invisible and not gravity-
mediated pathogen flows in their context. Making an applied version of the Amplified F-
diagram would take a greater level of understanding and familiarity with the SankeyMATIC
flow diagram tool. Yet the code for the diagram has been created, and this can facilitate a
thought-provoking process of considering the reality in the local context. If someone is
carrying out the desk research to complete an SFD Lite, they could potentially have the
needed information to make an applied Amplified F-diagram to complement their findings.
The data collection process of carrying out microbial and behavioural analysis is much more

labour-intensive, but it would be ideal to be able to apply the diagram with more precision.

8.7.1 This is a conceptual approach to a very complex, physical

and practical problem

Clean drinking water and safely managed sanitation remain the mainstay of public health
interventions for faeco-oral diseases. However, while immediately fixing the water and
sanitation systems in every context is out of reach for technical, financial and political
reasons, it is important to be pragmatic. Using this model, either conceptually or applied,
would allow for targeting the most problematic or heavily contaminated pathways. In these
situations, benchmarks such as drinking water quality guidelines (World Health Organization,
2017) or insistence on a move away from shared sanitation facilities (Anon, n.d.) may be
wasteful of resources and do communities a disservice. Pragmatic interventions that
effectively interrupt faecal pathogen sources, pathways or exposures would be more likely to

bring real health improvements.

Interventions around agriculture and food are recommended to be multi-barrier (D.L.
Galibourg et al., 2024). This means that there is an assumption that contamination could
occur at any or several places along the food production chain and that each intervention
only makes an incremental improvement on the exposure levels from eating the food. One of
the reasons this is a good pragmatic approach is that the pathways to exposure along the

food chain will vary from place to place. Much of the literature locates the problems as
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relating to unsafe use of surface water, drainage water or faecal materials in irrigation and
fertilisation. However, in this study, the findings were different, with the main contamination

on the Fresh Produce coming from open defecation and poor washing practices.

Recommendations for reducing the contamination on the Solid Waste are difficult without
having located those sources. In addition, it is probably unnecessary, as Solid Waste is
supposed to be a waste product that is taken away from the communities for the very reason
that it is smelly and dirty. This means that the multibarrier approach could be used to ensure
that communities have fewer interactions with the Solid Waste. In this study, increasing the
use of bags to Transport the Solid Waste to the bins would result in a drastic reduction in the

number of hazardous exposures.

This study demonstrates that faecal contamination in Delhi is not localised, not gravity-
bound, and not containable through household-level action. It is mobile, travelling on food,
through Solid Waste, and in ground and surface waters, exposing communities regardless of
their own sanitation status. Local interventions alone are ineffective and unjust; systematic,
city-wide solutions are required. Critically, the evidence shows that public health gains will
not come from Containment intervention strategies, but by tackling failures in the sanitation
chain, Transport, the point at which faecal matter is amplified and redistributed throughout

the urban environment.

8.8 Meaningful results from exploratory data

The data collection in this research was exploratory to find out if it is possible to make a flow
diagram to represent the flows of faecal pathogens in the urban environment, and what data
collection and analysis would be involved. With unlimited time and resources, more data
could be collected, and could add depth and breadth to the understanding of all of the
pathways and their actions and interactions. This would enable a true weighted
guantification of the flows in the diagram. Yet even with unlimited data, a more interesting
guestion is how much data is enough to say with some confidence what is important and to
be able to transition from information gathering to action. In this situation, the adage of the
three important numbers rings true, with numbers of zero and one only found on the
drinking water. Many CFUs were found on both Raw Produce and Solid Waste, and people
were found to interact with these exposure points regularly. More specificity of the data
would be very unlikely to change the conclusion that these are areas to prioritise

interventions to improve public health. The study demonstrates both reliability and validity
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due to using a mixed-methods approach. Self-reported measures were triangulated with

objective indicators, resulting in data that is effective in answering the research questions.

As informed by the exploratory progression of the work, the two focal exposure points were
selected due to the microbial and behaviour data collected at the community level. They have
provided an interesting lens to the complexity of urban faecal contamination due to their
being very distinct from each other. Raw produce is something that you are unlikely to ever
stop being exposed to, as it is a cultural norm to eat foods in this way. The contamination on
the raw produce has been transported many miles across the city and emphasises how
interventions to improve the public health of a community cannot be only to the bounds of
that place. In contrast, Solid Waste is something that people avoid exposure to where
possible, and no one would disagree that it should be contained and disposed of. The smell
and the appearance are repellent and can cause some distress. The pathway that a particular
wrapper or other piece of rubbish has taken before it reaches the bin will vary, but while it
could have originated far away, it is likely that it changed from being a useful item (for
example, enclosing a snack product) to something to be disposed of locally in the bins. The
exception to this would be the Solid Waste along the banks of the Open Drain that could have

floated from other locations before reaching that community.

Behaviour change interventions are difficult to execute due to resistance and a return to
previous behaviours. People can express awareness of the behaviours that would be ideal for
protecting health, such as washing hands after depositing Solid Waste and washing
vegetables before consumption. However, in the absence of enabling infrastructure, these
practices remain unachievable as individuals are structurally prevented from acting on their

knowledge. Therefore, action reflects a combination of intention and opportunities.

8.9 Approach reflections.

In view of the positivist assumption that there are discoverable answers to be found, this
research sought to identify patterns and results within the data (Mukherji and Albon, 2023).
This orientation enabled conclusions to be developed without the restriction of a narrowly
framed hypothesis, which was particularly valuable in allowing unexpected findings to
surface. While evidence-based public health forms part of the researcher’s foundational
perspective, it served only as a broad backdrop rather than a prescriptive framework. Testing
interventions against the model may, in the future, provide evidence of specific public health

benefits, but the central underpinning of this study lies in systems thinking. Without adopting
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a systems perspective, the unbounded, entangled, and unpredictable realities of the city
could not have been adequately captured or analysed. The urban environment, in all its
complexity, became the subject of analysis in its own right. These philosophical positions
directly informed the methodological choices. The methods were deliberately exploratory
and triangulated, designed to enquire not only what is happening, but also where and why.
The multiple forms of data were essential for engaging with the non-linear and overlapping
failures of urban sanitation systems. The result is a visualisation that not only reveals patterns
of risk but also challenges established assumptions, demonstrating the value of systems

thinking as both a conceptual and methodological foundation.

Poverty is a fundamental determinant of poor public health (Kaplan and Valles, 2021b), and
addressing it requires multifaceted strategies underpinned by substantial political
commitment and investment. However, WASH has also been shown to be a key step in the
reduction of poverty and a driver for economic improvement (World Health Organization,
2023). Data and analysis that help us to understand really what it is about WASH that
reduces exposure to faecal pathogens, with the potential for public health improvements,
could be a stepping stone for this. Part of the motivation for this work was to show that the
poor sanitation status of the poor has a wider impact on the health of the city. However, the
richer people do not suffer as much when exposed to faecal pathogens due to better
nutritional status and better access to health care. There could also be unintended
consequences to this message, so rather than being inspired that their health could improve
from providing good WASH facilities for slum communities, instead, the rich could then want
to move informal communities further away from their dwellings and carry out clearances or
other persecutions. This could also apply to the farming communities who need secure

tenancy and sanitation facilities, but could result in further insecurity for them.

142



Jemma Felicity Phillips Doctoral Thesis 2025

9 Chapter 9 - Conclusion

9.1 Fulfilment of the Research Aim and Objectives

The aim of this thesis was to develop a better understanding of the principal pathways of
faecal contamination in low-income urban communities. This was achieved through the

following objectives.

The first objective was to evaluate the usefulness of the F-diagram as a model for describing
pathways of faecal contamination in low-income urban areas and to propose an alternative
model. The evidence in the literature for source-pathway-exposure linkages was examined.
The literature is sparse on linking all three of these together; however, some insights can be
gained from literature that covers parts of the source-pathway-exposure connections.
Published research focuses largely on exposure to faecal contamination via water, including
drinking, bathing, and recreation, as well as through Fresh Produce. There was some research
that identified exposures on fomites, including specifically children’s toys and the floor, but
this work is not extensive. The F-diagram and its applications and iterations were examined.
No model was located that visualises how the sources, pathways and exposures of faecal
contamination manifest in typical urban contexts in low- and middle-income city settings. The
novel Amplified F-diagram was developed to fill this gap in a city-scale source-pathway-

exposure modelling framework.

The second objective was to assess the relative significance of different faecal pathogen
exposures on health risks in typical low-income urban communities. This was achieved
through three study communities in Delhi, India. Sites were selected along the Barapullah
Open Drain. Data on behaviour and levels of faecal contamination were combined to
generate a better understanding of primary pathways of faecal contamination. Fresh Produce
eaten raw and Solid Waste presented the communities with substantial exposure to faecal

pathogens. Faecal pathogens were found to be profuse in the urban communities studied.

The third objective was to identify and explore the sources and pathways that result in the
critical exposures, including those arising beyond the immediate setting of the example
location. For the Fresh Produce eaten raw, a detailed exploration of the food network was
achieved by tracking backwards from community members via local vendors and their
marketplaces, to the produce that originates outside Delhi’s boundaries, and the produce
that is grown within Delhi’s boundaries. Faecal contamination was found throughout this

food network; however, the evidence suggests a key contribution comes from open
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defecation and unsafe produce washing practices on urban farms. Human relationships with
food are intricate, and identifying the actual modes of interaction is a complex process. For
Solid Waste, the level of faecal contamination and modes of exposure were more easily

identified and occurred within the community.

The fourth objective was to use the results from objectives one, two and three to evaluate
how targeted sanitation interventions might or might not reduce faecal pathogen exposure
and thereby enhance public health. The Amplified F-diagram facilitates the understanding of
complex systems and has been applied to the study of communities. Applying the diagram
pulled the strands of this research together and enabled an evaluation of how the modelled
interventions would impact public health. Modelling revealed that interventions focused on
the Transport stage of the sanitation chain have the most potential to reduce faecal

exposure. This was true both for a stylised general case and for the study communities.

In addressing these research aims and objectives, this thesis contributes to addressing the

key gaps identified in the sanitation and exposure literature.

9.2 Methodological Limitations and Boundaries of

Generalisation

Having assessed the extent to which the research aim and objectives were fulfilled, this
section draws together the methodological limitations discussed across the thesis and
clarifies the boundaries within which the findings should be interpreted. This thesis adopts an
integrated conceptual, empirical, and applied modelling approach to examine faecal
contamination pathways in low-income urban environments. Methodological limitations
associated with the research components have been discussed in each relevant results
chapter. However, these are drawn together here to clarify the limitations and boundaries

which impact the findings, and to support the interpretation and application of the approach.

The case study approach adopted in the empirical sections of this research further constrains
the extent to which the findings can be generalised beyond similar low-income, high-density
urban contexts. However, the case study contexts chosen are urban environments
characterised by fragmented sanitation systems, extensive informal sanitation and Solid
Waste handling, high population density and mobility. This type of community context is

prevalent worldwide. Caution should be exercised in extrapolating findings to rural settings,
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low-density urban areas, or contexts where containment and treatment failures dominate

over a context heavy with all three, including significant transportation failures.

A limitation arises from the deliberate focus of the analysis on selected exposure routes and
pathogen pathways. While these were based on evidence, it is recognised that other
pathogen pathways may contribute significantly to the exposure experienced in the

communities.

The limitations of Chapters 5 and 6 are common to many environmental microbial sampling
and behavioural data collection research. Microbial measurements rely on snapshot
measures of faecal indicator organisms as proxy measures for pathogen presence. This means
relative comparative judgements can be made, but not an absolute prediction of disease or
infectivity. Some indicator bacteria may be common to human and animal sources, but
laboratory methods were selected to increase the specificity to human Sources. Behavioural
data is similarly a snapshot, using indicators such as self-reported practices and behaviours
observed in public. These limitations influence the precision of exposure risk estimation, but
do not undermine the comparative identification of dominant exposure pathways across
study sites. The behavioural or environmental sources of the faecal bacteria in the Solid
Waste were not adequately identified here, so direct sanitation chain sources and other
sources such as nappies, animal faeces and mixed household wastes (such as raw meat and

cooked foods) could be contributing to the bacterial load.

Importantly, these limitations should not be interpreted as deficiencies of the approach, but
rather as defining the conditions under which it is most appropriately applied. The Amplified
F-Diagram is intended as a flexible and pragmatic approach for framing thinking and
conversations around dominant faecal contamination Pathways, rather than a perfect
representation of the exact epidemiological situation. For decision makers, the approach
offers a means of prioritising realistic interventions based on locally relevant exposure
patterns, while remaining adaptable to the inclusion of additional exposure routes as local

data demands.

9.3 Recommendations for further research

This work has developed a conceptual framework for visualising the complexity of urban
sanitation failures leading to exposures. The development of the Amplified F-diagram and the
work to demonstrate how it can measure the usefulness of interventions offer a basis for

further application in diverse contexts. Further research could determine if the reduction of
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faecal pathogen exposures from interventions accords with the modelled reductions and,
therefore, if this is an effective approach for determining focus priorities. It would also be
interesting to utilise the diagram as a framework for comparing the effectiveness of baseline

and post-intervention, to see if exposure reduction aims have been met.

Application of the model in outbreak situations, such as cholera epidemics, would allow for a
more meaningful assessment of ways to block transmission pathways, rather than simply
ensuring that water and sanitation systems are strengthened. In these situations where a
specific known pathogen is causing the hazard, the model could be enhanced with the use of

Quantitative Microbial Risk Assessment.

Now that the groundwork has been completed for the diagram, the task of applying the
model will be less time-consuming for other research groups or practitioners. Applying the
Amplified F-diagram will require some familiarisation with the SankeyMATIC web tool and
local data collection. If, over time, a set of applied Amplified F-diagrams were built for
different cities and contexts, this would allow conclusions to be drawn about common and
unusual factors. It may be that the findings in this research around Delhi are typical of large

cities in LMIC, or it may be that there is a lot of variation between cities and communities.

Further research could gather more data to systematically confirm the existence and
significance of each of the plausible pathways and locate additional potential pathways to be
integrated into the model. Determining the significance of different types of mobile fomite
Transporters, such as vehicle wheels, shoes, and other marketable goods, would enrich the
model. The addition of airborne transmission would also be an area for future expansion
(Rocha-Melogno et al., 2022). Broader transdisciplinary collaboration on tackling faecal
contamination in urban communities would unlock work that is siloed, such as data on air,
food and Solid Waste management. Development of the model to include a spatial aspect
would be useful to further pinpoint intervention targets, such as whether the improvements

should occur within or outside the community.

Research could be beneficial to determine the effectiveness of using the Amplified F-
Diagrams in providing public health education to a variety of groups, such as politicians,
nurses, teachers, and school children. These diagrams have the potential to make complex
systems thinking accessible to non-technical groups, to inspire a shift in thinking towards

more meaningful, effective interventions rather than infrastructure building.

The original F-diagram and SFDs have become mainstream and are changing the common

thinking, away from infrastructure targets as standard, but instead considering the real
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sanitation system failures. This Amplified F-Diagram approach is the first time there has been
an approach to further strengthen this thinking shift towards considering the reality of the
causes of the public health impacts from faecal pathogens and sanitation chain failures. This

will be an important launchpad for other work.

9.4 Concluding Remarks

Fundamentally, most urban sanitation systems are complex and leaky. After two centuries,
and the development of a range of credible technologies for Containment and Treatment of
faecal matter, the art of managing the dynamic Transportation of faecal waste in cities
remains neglected. This is particularly the case where extensive coverage of piped sewerage
has not been achieved. Political will and a robust policy and regulatory environment will be
needed to make these changes possible. This work also adds to the body of evidence that
public health gains from clean water provision can only be realised when the sanitation
system is safely managed. A more comprehensive understanding of the principal pathways of
faecal contamination in low-income urban communities was achieved by combining
guantitative data with conceptual analysis, thereby providing the Amplified F-diagram with
empirical grounding and real-world validation. Taken together, the findings demonstrate that
interventions cannot succeed when confined to the household or community scale. Faecal
contamination is mobile; only systematic, city-wide approaches that address Transport can
deliver meaningful public health gains. The persistent emphasis on Containment has limited
impact; Transport constitutes the critical bottleneck. Faecal contamination does not conform
to simple downstream logic. It circulates through cities along multiple, dynamic pathways,
rendering conventional upstream—downstream framings outdated and unhelpful. Instead,
the urban environment must be understood as a “faecal catchment,” a system where
contamination accumulates, mixes, and redistributes across boundaries of place and space

via both hydraulic and non-hydraulic pathways.

The unique contribution of this thesis lies in integrating health risk assessment with systems
analysis of sanitation flows, culminating in the development of the Amplified F-diagram. This
work provides new evidence that Transport is the neglected, yet decisive, stage of the
sanitation chain. Flows that are not mediated by gravity cannot be dismissed. It seems,

indeed, that shit also flows uphill.
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11 Appendices

11.1 Appendix A: Scoping Literature Review Methods
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Treatment
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11.2 Appendix B: SankeyMATIC code for the Amplified F-

diagram

17 SankeyMATIC diagram inputs - Saved:
21/07/2025, 21:23:21

17 hittps:i/sankeymatic.com/build/
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:Surface water H0096FF
Piped water EFEFFO0

Well water #D19C57

4 Fowvaluss

Sources [10] Exposures

11 flows from failed containment
Open defecation [20] Surface water
Opan defecation [20] Open drain
Open defecation [20] Ocean

Open defecation [20] Soil

Open defecation [20] Fresh produce
pen defecation [20] Forites

Open defecation [20] Agriculture

Direct discharge [20] Surface water
Direct discharge [20] Open drain
Direct discharge [20] Ocean

Direct discharge [20] Fresh produca
Direct discharge [20] Soil

Direct discharge [20] Fomites

Broken containment [20] Surface water
Broken containment [20] Open drain
Broken containment [20] Goean
Broken containment [20] Soil

Broken containment [20] Groundwater

41 flows from failed transport

Spillage during emptying [20] Surface water
Spillage during emptying [20] Open drain
Spillage during emptying [20] Soil

Spillage during emptying [20] Fomites

Dumped faecal sludge [20] Surface water
Dumped facsal sludge [20] Open drain
Dumped faccal sludge [20] Ocean
Dumped faecal sludge [20] Soil

Dumped faecal sludge [20] Fresh produce
Dumped faccal sludge [20] Fomites

Dumped faccal sludge [20] Agriculture

Direct discharge from pipes [20] Surface water

Direct discharge from pipes [20] Open drain
Direct discharge from pipes [20] Ocean

Direct discharge from pipes [20] Soil

Direct discharge from pipes [20] Groundwater

Direct discharge from pipes [20] Fomites

Leaking from pipes [20] Surface water
Leaking from pipes [20] Open drain
Leaking from pipas [20] Groundwater

Leaking from pipes [20] Piped water

41 flows from failed treatment
Insufficiently treated W [20] Surface water
Insufficiently treated WW [20] Open drain
Insufficiently traated WW [20] Ocean
Insufficiently treated Wi [20] Sail

Insufficiently treated WW [20] Agriculture

treatad FS [20]
Insufficiently treated FS [20] Open drain
Insufficiently treated FS [20] Ocean
Insufficiently treated FS [20] Sail

Insufficiently treated FS [20] Agriculture

14 flows from mid nodes

Open drain [35] Surface watar
Open drain [35] Goean

Open drain [35] Soil

Open drain [35] Groundwater
Open drain [35] Agriculture.

Open drain [35] Fomites

Groundwater [50] Surface water
Groundwater [50] Piped water
Groundwater [50] Well water

Groundwater [30] Ocean

Soil [57] Agriculture
Soil [57] Fresh produce
Soil [57] Fomites

Soil [57] Groundwater

Agriculture [30] Surfaca water
Agriculture [30] Open drain
Agricutture [30] Soil
Agriculture [30] Groundwater
Agriculture [30] Fresh produce

Agriculture [30] Fomites

1 flows between sxposures

Well water [10] Fresh produce

Piped water [10] Frash produce justifyorigins ¥
Fomites [10] Fresh produca justifyends Y move Opan defacation -0.02058, -0.05479
Ocean [10] Fomnites reversagraph N fmove Broken containment -0.01176, -0.06985

attachincompletesto nearest move Direct discharge -0.00588, -0.068

Surface water [10] Ocean 1abeds color #000000 move Leaking from pipes -0.00588, -0.13808
Surface water [10] Soil hide N move Direct discharge from pipes -0.01471, -
) 013525
Surface water [10] Groundwater highlight 0.3
move Dumped faccal sludga -0.01471, 0.15638
Surface water [10] Fresh produce fontface sans-serif
Surface water 0.00284, -0.15229
Surface water [10] Agriculture linespacing 0.2 friove Surtace water g
move Spillage during emptying-0.01176, -0.01379
Surface water [10] Fomitas relativesize 128 pilage duning empring
drain-0.56862, -0.02362
Surface water [10] Groundwater magnify 100 mive Qpean drin
move Soil -0.34509, 0.18728
|abelnama appears ¥
move Wedl water 0.00294, 0.30389
=== Settings === size 16
- gt 400 move Piped water 0.00882, -0.04809
move Frash produce 0.01176, 0.2334
heoo Iabedvalue appears N
g 172 lprecisiony move Groundwater -0.23515, 0.57043
move Ocean 0.01471, 0.19078
2 position below
move Fomites 0.01176, -0.31685
118 weight 400
oa0 Isbetposiion autoalign® move Sources -0.04813, 0.25115
move Exposures 0.03209, -0.06813
be color HEFFFT scheme per_stage
Insufficiently trested WW-0.00588, 0.01712
transparent N first bafore o fnsulficianty tras
i move Insufficiently treated FS -0.01176, 0.0317
nodaw 12 breakpoint 2
. ©alue format move Agriculture -0.43236, 0.04424
spacing 75 prefix ™
border 0 suffix™
themea themeoffscta g
color #888888 bo
opacity 1 <0
flow curvature 0.5 a0
inheritfrom source mata mentionsankeymatic N
color #989889 listimbalances ¥

)

apacity 0.45

layout order automatic

172



Jemma Felicity Phillips Doctoral Thesis 2025

11.3 Appendix C: Ethics for Data Collection 2022 and
2023

&

Fl
UNIVERSITY OF LEEDS

Faculty of Engineering and Physical Sciences:
School Of Civil Engineering

Ethics Submission for 2022 Data Collection

PhD Title:

An assessment of relative risk from exposures to
faecal pathogens; from proximal and distal
sources by hydraulic and non-hydraulic
pathways.

Jemma Phillips
201086983

Project Supervisors: Professor B, Evans
Date of registration: 2% September 2020
Date of submission: 31% September 2024

Contents

Ethics Review Form

Appendix 1: Information Sheet

Appendix 2: Research Participant Privacy Motice
Appendix 3: Risk Assessment
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University of Leeds Research Ethics Committee Application Form 1 ﬂ
UNIVERSITY OF LEEDS

Please read each question carefully, taking note of instructions and completing all parts. If a question is not applicable
please indicate so. The superscripted numbers [eg?] refer to sections of the guidance notes, available at

http:/ /risleeds.acuk/Uol EthicsApplication. Where a question asks for information which you have previously provided
in answer to another question, please just refer to your earlier answer rather than repeating information.

Information about research ethics training courses: http: / /Hsleeds.acuk/EthicsTraining.

To help us process your application enter the following reference numbers, if known and if applicable:
Ethics reference number:

Student number and/ or grant reference: 201086983

Part A: Summary

A.1 Which Faculty Research Ethics Committee would you like to consider this application?2
= Arts, Humanities and Cubiures (AHC)
" Biological Sciences (BIOSCI)
" Business, Environment and Social Sciences (AREA)
#® FS&N, Engineering and Physical Sciences (EPS)
" Medicine and Health (Flease specify a subcommittes):
i~ School of Dentistry (DREC)
= School of Healthcare (SHREC)
i~ School of Medicine (SoMREC)
= School of Psychology (SoPREC)

A.2 Title of the research®
An assessment of relative risk from exposures to faecal

pathogens; from proximal and distal sources by hydraulic and
non-hydraulic pathways.

A.3 Principal investigator's contact details+

Name [Title, first name, surname) Mrs Jemma Phillips

Position PhD Student

Department; School/ Institute School of Civil Engineering

Faculty Engineering and Physical Sciences

Work address (including posteode) 4.04 School of Chemical and Process Engineering, University of Leeds,
Woodhouse, Leeds LS2 9]T

Telephone number 07704442456

University of Leeds email address cnl&jfp@lesds.acuk

UREC Ethies form version 38 (updated 12/11/19) Page2 0f31
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A4 Purpose of the research:” [Tick as appropriate]

= Research

= Educational qualification: Please specify: Water-WISER PhD
[ Educarional Research & Evaluation®

[ Medical Audit or Health Service Evaluation”

-

Other

A5 Select from the list below to describe your research: [You may select more than one)

= Research on or with human participants
] Research which has potential adverse environmental impact® Ifyes, please give details:
= Research working with data of human participants
MNew data collected by qualitative methods

v New data collected by quantitative methods

[ MNew data collected from observing individuals or populations

2] Routinely collected data or secondary data

= Research working with aggregated or population data

=] Research using already published data or data in the public domain
-

Research working with human tissue samples [Please inform the relevant Persons Designate if the research

will invelve human tissue)?

A6 Will the research involve NHS staff recruited as potential research participants (by virtue of their
professional role) or NHS premises/ facilities?

r ¥

Yes No

If yes, ethical approval must be sought from the University of Leeds. Note that approval from the NHS Health Research
Authority may also be needed, please contact FMHUniEthics@®leads gouk for advice,

A.7 Will the research involve anv of the following:1? [You may select more than one)

Ifyour praject is classified as research rather than service evaluation or audit and invelves any of the following an

application must be made to the NHS Health Research Authority via IRAS wwwmyresearchprojectorg.uk as NHS ethics

approval will be required. There is no need to complete any more of this form. Further information is available at
http://ris.leeds. ac.uk/NHSethicalreview and at kttp://rizleeds acuk/HRAopproval
You may alse contact governanee-ethicsi@leeds geuk for advice.

[ Patients and users of the NHS (including NHS patients treated in the private sector]i1

[l Individuals identified as potential participants because of their status as relatives or carers of patients
and users of the NHS

[l Research invelving adults in Seotland, Wales or England who lack the capacity to consent for
themselves12

] A prison or a young offender institution in England and Wales (and is health m]ated]“

] Clinical trial of a medicinal product or medical devicel®

] Arcess to data, organs or other bodily material of past and present NHS patients?

[l Use of human tissue (including non-NHS sources) where the collection is not covered by a Human Tissue
Authority licence?
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[ Foetal material and IVF involving NHS patients

[ The recently deceased undesr NHS care

[ None of the above
You must inform the Research Ethics Administrator of vour NHS REC reference and approval date
once approval has been obtained.

The HRA decision tool to help determine the type of approval required is available at http:/Swww.hra-
decisiontools.ong uk/ethics. [f the University of Leeds is not the Lead Institution, or approval has been granted elsewhere (e.g.
NHE]) then you should contact the Iocal Research Ethics Committee for guidance. The Ual Ethics Committes needs to be
assured that any relevant local ethical issues have been addressed.

A.82 Will the participants be from any of the following groups? (Tick as appropriate]

[ Children under 1616 Sperify age group:

" Adults with learning disabilities12

] Adults with other forms of mental incapacity or mental illness

[ Adults in emergency situations

[ Prisoners or young offenders14

] Those who could be considered to have a particularly dependent relationship with the investigator, eg
members of staff, students17

[ Other vulnerable groups

2

No participants from any of the above groups
Please justify the inclusion of the above groups, explaining why the research cannot be conducted on non-
vulnerable groups.

N4

It is the researcher’s responsibility to check whether a DES check (or equivalent) is required and to obtain one

if it is needed. See also hitp:/ /ris]eeds.acuk/healthandsaferyadvice and hitp: fwwrwhomeoffice govuk /agencies-
public-bodies/dbs,

A.9 Give a short summary of the research1?

This section must be completed in language comprehensible to the lay person. Do not simply reproduce or refer to the
protocol, although the protocol can also be submitted to provide any technical information that you think the ethies
committee may require. This section should cover the main parts of the proposal, (300 words max)

In order to build more detailed models of source-pathway-exposure patterns for fascal contamination in urban areas,
the assumptions and knowledge gaps need to be replaced with data, This would increase the accuracy and usefulness of
current modelling, empirical and stochastic tools [such as SaniPath, Sanitation Safety Planning and the Shit Flow
Diagrams).

My interest lies in exploring the potential to place the exposed population at the heart of risk from fascal contamination;
essentially describing the ‘catchment’ of contamination that results in population risk at a particular location, The
contamination will arrive at the point of exposure by a range of pathways: these can be hydraulic (travelling with
water), such as in a river or an open drain, or non-hydraulic such as the food wansportation network

This research is focussed on the sanitation chain failures that result in contamination of common exposure points in the
environment, such as surface water, open drains, and fresh produce (fruit and veg). Environmental samples will be
taken from these exposure points in 4 different communities in Delhi and tested in the laboratory [(with technical
support from Newcastle University Empower Project) for faecal pathogens such as cholera and helminths. Household
surveys will be carried out asking questions of people within those communities about the way they interact with the
common exposures points and how frequently. This data will be combined within the SaniPath tool using Bayesian
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calculations to give a score to each exposure type based on the intensity of the hazard and the average frequency of
eXpOSuUre

Additional envirenmental sampling will be done along the food chain from the whelesale market where the fresh
produce arrives in the city in order to determine if this is a source of contamination that travels from outside of the city
boundaries wavelling on a non-hydraulic pathway.

As a part of the Water-WISER CDT, funding shall come from the individually assigned CDT research grant.

.10 What are the main ethical issues with the research and how will these be addressed?1?
Indicate any issues on which you would welcome advice from the ethics committee.

Consent: Participants who answer questions regarding their interactions with the pathogen exposure points of interest
will have been given an explanation about the nature of the worl, that their answers are anonymous, and they will
wverbally consent to their answers being noted down

Data security: All data will not be person identifiable and will be saved onto a University of Leeds laptop that is
password protected, The data accrued will be stored on the University of Leeds OneDrive service,

Unconscious Bias: reading widely of India authors, educating myself about white-gaze and white-privilege, and
working in collaboration with the local team from Jayna Collective will help to understand and mitigate for issues that
could arise from my white British context and enable me to research respectfully, and produce meaningful data that is
not compromised excessively by my bias.
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Part B: About the research team

E.1 To be completed by students only20

alificatio king towards (eg
Qualification working towards (eg EhD

Masters, PhD)

5 isor's name (Title, first name,
UPSIVLIOr S e (Title, firstn ! Professor Barbara Evans

surname)

Department/ School/ Institute I School of Civil Engineering

Faculty I Engineering and Physical Sciences

Work address (including postcode) I School of Chemical and Process Engineering, University of Leeds,
Woodhouse, Leeds LS2 9]T

Supervisor's telephone number I +44(0)113 343 1990

Supervisor's email address I E.E.Evans@leeds.acuk

Module name and number (if applicable) | N/A

E.2 Other members of the research team (eg co-investigators, co-supervisors) 21

MName [Title, first name, surname)

T
Position

Department; Scheool/ Institute

Faculty

Work address (including posteode)

Telephone number

Email address

Mame [Tite, first name, surname)

Position

Department; School/ Institute

Faculty

Work address (including postcoda)

Telephone number

Email address
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Part C: The research

C.1 What are the aims of the study?2? [Must be in language comprehensible to a lay person.)

Research Question and Project Aims:

What is the relative significance of risks to the health of urban communities in Delhi from faecal pathogens emitted
proximally and distally, and those that travel by hydraulic and non-hydraulic pathways?

Specific research questions:

1) In a set of selected communities [along the Barapullah open drain, Delhi, India),
a) Using the SaniPath tool what are the principle exposures?

b) Do the exposures vary by community and how dewnstream they are along the open drain and on a different
drain?

c) Do the exposures vary between the seasons?

2] Is it possible to map the ‘faecal catchments” of the selected communities along the Barapullah open drain?

a) Using the collected SaniPath data and current knowledge what can already be mapped for the faecal
catchments’ of the communities, particularly for the proximal and hydraulic pathoways?

b) What is the data gap to be able to map the ‘faecal catchment’ for pathways that follow non-hydraulic
pathways?

3) What can be established about the significance of faecal pathogens coming to the communities from outside Delhi
[distal) on the food chain (a non-hydraulic pathway)?

a) is fresh produce a key exposure point for the selected communities?
b) Where does the food become contaminated (inside or outside the city]?

c) How many potential points of contamination does the fresh food encounter within the city before itis eaten?
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C.2 Describe the design of the research. Qualitative methods as well as quantitative methods should be
included. (Must be in language comprehensible to a lay person.)

It is important that the study can provide information about the aims that it intends to address, If a study cannot answer
the questions; add to the knowledge base thar it intends to, due ro the way that it is designed, then wasting participants’
time could be an ethical issue.

The data collected in this study will be combined with existing data in the literature and data collect in the context by
other project partmers such as IIT Delhi, SPA, CURE and Jayna Collective, as well as through the Empower project with
Newcastle University.

Environmental samples will be taken from the identified exposure points in 4 different communities in Delhi and tested
in the laboratory [(with technical support from Newcastle University Empower Project) for faecal pathogens such as
cholera and helminths. The exposure points are:
1. Drinking Water
2. Surface water [ponds, streams)
3. Drain Water
4. Flood water (if any standing at the time of sampling)
5. Freshproduce
6. Street food
7. Community toilet latrine swabs
8. Seil [proximal to the open drain)
9. Soil [distal to the open drain)
10. Solid waste

Household surveys will be carried out asking questions of people within those communities about the way they interact
with the common exposures points and how frequently. This data will be combined within the SaniPath teol using
Bayesian calculations to give a score to each exposure type based on the intensity of the hazard and the average
frequency of exposure.

Additional environmental sampling will be done of proeduce and workers hands along the food chain from the whelesale
market where the fresh produce arrives in the city in order to determine if this is a source of contamination that travels
from outside of the city boundaries travelling on a non-hydraulic pathway.

C.3 What will participants be asked to do in the smdy?22? (e, number of visits, time, travel required, interviews)

- People within the study communities will be asked simple questions about the way they interact with the common
exposures points and how frequenty interact with them.

- People along the food chains will be asked about their role, movements around the city transporting fresh produce,
and their hands will be rinsed to test for pathogens.

- Mone of the participants will have to travel to take part in the surveys,

- Answering the survey or food chain questions should take less than 15 minutes per participant.

C.4 Does the research involve an international collaborator or research conducted overseas?24
& Yes [ No
If yes, describe any ethical review procedures that youn will need to comply with in that country:

None required - the Water Security Hub asks for sending university ethical approval to be sought.

Describe the measures vou have taken to comply with these:
N/fa
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Include copies of any ethical approval letters/ certificates with your application.

C.5 Proposed study dates and duration
Research start date (DD/MM/YY): 0171072020 Research end date (DD/MM,/YY): 31/09/2024

Fieldwork start date (DD/MM/YY): 01/10/2022 Fieldwork end date (DD/MM/YY):  30/11/2022

C.6. Where will the research be undertaken? (ie. in the street, on UoL premises, in schools)2%

In the capital city of New Delhi, in communities based along the open drain systems. The drains have a wide variety of
housing types along it but the focus will be the slum communities due to the poor associated health outcomes of living
in these environments.

RECRUITMENT & CONSENT PROCESSES

.7 How will potential participants in the study be identified, approached and recruited?28

How will you ensure an appropriately convened sample group in order to meet the aims of the research? Give details for
subgroups separately, if apprepriate. How will any potential pitfalls, for example dual reles or potential for coercion, be
addressed?

Access to the communities will be mediated by local company Jayna Collective LLP who has worked extensively in the
Delhi slums. In the target neighbourhood, houses will be chosen by dividing neighbourheods into segments. From each
segment randomiy select a household at the edge of the segment and complete surveys at every eighth household. The adult
who manages water in each household will be sought to answer the questions. If the person is not available then move to the
next household.

Participant in the food chain work will be selected by snowballing methods from initial contacts in the wholesale
market and following the routes that the fresh produce ravels,

.8 Will you be excluding any groups of people, and if so what is the rationale for thar?27

Exciuding cerain groups of people, intentionally or unintentionally may be unethical in some circumstances. It may be
wholly appropriate to exclude groups of people in other cases

Excluded groups will include those who do not speak English or Hindi, people under 18, people with any other
vulnerahbilities where the researcher may doubt their ability to consent to participate in the research.

€.9 How many participants will be recruited and how was the number decided upon?28
It is important to ensure that enough participants are recruited to be able to answer the aims af the research,

1/8* of each community as determined in the SaniPath protocols.
The food chain work is exploratory and therefore a set number of participants has not been determined. However, in

order to get a preliminary understanding of the food chain in a city the size of Delhi it is likely the participants could
number up to 150 people.

c10 Will the research involve any element of deception?2?
If yes, please describe why this is necessary and whether participants will be informed at the end of the study.

No, it will not.
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C.11Will informed consent be obtained from the research participa.nts?an

= TYes [ Mo

If yes, give details of how it will be done. Give details of any particular steps to provide information {in addition to
a written information sheet) eg. videos, interactive material. If yvou are not going to be obtaining informed
consent you will need to justify this.

As the research does not involve gathering any personal data, verbal consent will be gained to ask questions for
research purposes. There will be an information sheet available in English and Hindi with contact details if anyone
wants more information or to get in touch after speaking to me.

If participants are to be recruited from any of potentially vulnerable groups, give details of extra steps taken to
assure their protection Describe any arrangements to be made for obtaining consent from a legal representative.

Participants will not be recruited from vulnerable groups.

Will research participants be provided with a copy of the Privacy Notice for Research? If not. explain why not.
Guidanee is available ar hopsy/datgprotection leeds oo uk/informanon-for-researchers,
= Yes [ Mo

Copies of any written consent form. written information and all other explanatory material should accompany
this application. The information sheet should make explicit that participants can withdraw from the research at any
time, if the research design permits. Remember to use meaningful file names and version control to make it easier to keep
irack of vour documents

Sample information sheers and consent forms are available from the University ethical review webpage ar

httpe / fris.leeds.acuk/InvolringResearchParticipants.

C.12 Describe whether participants will be able to withdraw from the study, and up to what point (eg if datais
to be anonymised). If withdrawal is not possible, explain why not.

Any limirs ro withdrawal, eg once the resulrs have been written up or published, should be made clear to participants in
advance, preferably by specifiing a date after which withdrawal would not be possible. Make sure that the information
provided to participants (eg information sheets, consent forms) is consistent with the answer to €12,

Data will be anonymised from the outset and therefore the only data collected will be regarding environmental
interactions and 3 meter squared locations, Mo personal data will be collected.

C.13 How long will the participant have to decide whether to take part in the research??!
It may be appropriate to recruit participants on the spot for low risk research: however consideration is usually necessary
for riskier projects.

Participants will be recruited on the spot and they can decide if they wish to participate or not with no pressure.
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C.14 What arrangements have been made for participants who might have difficulties understanding verbal
explanations or written information, or who have particular communication needs that should be taken into
account to facilitate their involvement in the research?3? Different populations will have different information needs,
different communication abilities and different levels of understanding of the research topic. Reasonable efforts should be
made to include potential participants whe could otherwise be prevented from participating due to disabilities or language
barriers.

Verbal and written information will be available in English and Hindi. Vulnerable populations with particular difficulties
understanding will not be recruited for this study. Participants will be able to ask any questions they wish in order to
secure their understanding,

C.15 Will individual or group interviews, questionnaires discnss any topics or issues that might be sensitive,
embarrassing or upsetting, or is it possible that criminal or other disclosures requiring action could take place
during the study (e.g. during interviews or group discussions)?3? The information sheet should explain under what
circumstances action may be taken,

& 3

Yes No If yes, give details of precedures in place to deal with these issues.

C.16 Will individual research participants receive any payments, fees, reimbursement of expenses or any other
incentives or benefits for taking part in this research?34

v
[ Tes = No

If Yes, please describe the amount. number and size of incentives and on what basis this was decided.

RISKS OF THE STUDY
C.17 What are the potential benefits and, or risks for research participants in both the short and medinm-
=35
term?

Benefits for the participants for taking part are contributing to important research that enables greater understanding
of the environmental hazards and resulting exposure risks will be more clearly identified for the area where they live.
Mapping the faecal contamination in New Delhi could have unintended consequences for homes and businesses in the
affected areas, this issue will be considered and managed before the publication of any data in order to produce
visualisations that are meaningful but not harmful. One way of doing this could be to combine the data from the 4
communities, or to not name which communities the sampling occurred in, but just that they were along the main open
drainage networks. Despite highlighting the risks of consuming faecally contaminated fresh produce, this work is in no
way intended to discourage people from eating a healthy diet, bur instead to ensure that the fresh produce can be
consumed safely.

C.18 Does the research involve any risks to the researchers themselves, or people not directly involved in the
research? Eg lone working®®

FYES [

No
If ves, please describe:
Lone working will not oceur, locally members of Jayna Collective LLP will work with the researcher at all times. Faecally

contaminated samples will be collected but full training has been completed and appropriate personal protective
equipment will be worn,

Is a risk assessment necessary for this research?
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Ifyou are unsure whether a risk assessment is required visit httpy//rizleeds ac uk/Healthdnd Sgfeaddvice or contact your
Faculty Health and Safety Manager for advice.

¥ ]

Yes No If yes, please include a copy of your risk assessment form with your application,

RESEARCH DATA

C.19 Explain what measures will be put in place to protect personal data. E.z. anonymisation procedures,
secure storage and coding of data. Any potential for re-identification should be made clear to participants in

advance.3” Please note that research data which appears in reports or other publications is net confidential, even ifitis

fully anonymised, For a fuller explanation see http://rizleeds acuk/ ConfidentialitvAnonymisation. Further guidance is
available at http:/ris leeds.acak/ResearchDataManagement.

— Mo participant's names or addresses will be used in any documents created from this research

All data for this research will be dealt with in accordance with the Data Protection Act 2018, All data will be anonymised
from the point of collection with enly 3m? location details, Data shall be stored on a password protected encrypted
laptop and no confidential information will be transferred by email. Partners will also be informed of the data
management plans, Contact details for any participants wishing to receive further information about the cutcomes of
the research will be stored separately from research data. Further details are available from httos:/ leeds.service-

now.com /it

C.20 How will vou make your research data available to others in line with: the University's, funding bodies’ and
publishers’ policies on making the results of publically funded research publically available. Explain the extent
to which anonymity will be maintained. [max 200 words] Referto

http:/ frisJeeds.acuk/Confidentiality Anonymisation and http://ris.]eeds.acuk/ResearchDataManagement for puidance.

Data will be shared if and when ready for publishing in academic journals, all will be anonymised, in line with EPSRC
policy.

C.21 Will the research invelve any of the following activities at any stage (including identification of potential
research participants)? [Tick as appropriate)

[ Examination of personal records by those who would not normally have access

Access to research data on individuals by people from outside the research team

Electronic surveys, please specify survey tool: https:/ /www.onlinesurveys.acuk/ (further suidance)
Other electronic transfer of data

Use of personal addresses, postcodes, faxes, e-mails or telephone numbers

Use of audio/ visual recording devices (ME this should usually be mentioned in the information for

participants)

—

Storage of personal data on, or including, any of the following:

[C— . . .
University approved cloud computing services

] Other cloud computing services

-

FLASH memory or other portable storage devices

Manual files
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[ Private company computers
= Laptop computers [password protected and encrypted)
-

Home or other personal computers (not recommended; data should be stored on a University of
Leeds server such as your M: or N: drive where it is secure and backed up regularly:
Dt/ frizleedsacuk/ResearchDataManagement.)

Unclassified and Confidential University data must be kept on the University servers or in approved cloud services such as
Office 365 [SharePoint or OneDrive). The Nt Drive or Office 365 should be used for the storage of data that needs to be
shared. If Highly Confidential information is kept in these shared storage areas it must be encrypted. Highly Confidential
data that is not to be shared should be kept on the M: Drive. The use of non-University approved cloud services for the
storage of any University data, including that which is unclassified, is forbidden without formal approval from IT. Further
guidance is available via http://ris.leeds.ac uk/ResearchDataManagement.

C.22 How d.l:l‘rﬂl.l mtend to share thE resemh data? (Indicate with an "X) Referto

Fil1 A i - r guidance.
[l Exporting data outside the European Union
= Sharing data with other organisations
] Publication of direct quotations from respondents
] Publication of data that might allow identificarion of individuals to be identified
[ Submitting to a journal to support a publication
[ Depositing in a self-archiving system or an institutional repository
o Dissemination via a project or institutional website
[l Informal peer-to-peer exchange
B Depositing in a specialist data centre or archive
[ Other, please state:
r

Mo plans to report or disseminate the data

C.23 How do vou intend to report and disseminate the results of the study? (Indicate with an "X) Refer to
http: / frisJeeds.acuk/ResearchDissemination and http://risleeds.acauk/Publication for guidance.

3 Conference presentation

o3 Peer reviewed journals

& Publication as an eThesis in the Institutional repository
[ Publication on wehsite

[ Other publication or report, please state:

[l Submission to regulatory authorities

[l Other, please state:

r

MNo plans to report or disseminate the results

C.24 For how long will data from the study be stored? Please explain why this length of time has been chosen. s
Referbc- the RCUE Cu::mm-:m Principles on Data Pohgg and

.S‘tudenu It would be reasonable to retain data for at least 2 years after publication or three years after the end of data
collection, whichever is longer.

3 years, 0 months
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This will be approximately 2 years after publication (giving a year to publish), and 3 vears after data collection.

CONFLICTS OF INTEREST

C.25 Will any of the researchers or their institutions receive any other benefits or incentives for taking partin
this research over and above normal salary or the costs of undertaking the research?*

O Yes & Mo

If yes, indicate how much and on what basis this has been decided

N/

C.26 Is there scope for any other conflict of interest?*0 For example, could the research findings affect the any
ongoing relationship between any of the individuals or organisations involved and the researcher(s)? Will the research
funder have control of publication of research findings? Refer to http://ris.leeds.acuk/ConflictsOfinterest.

[ Tes i Mo

If 50, please describe this potential conflict of interest, and outline what measures will be taken to address any
ethical issues that might arise from the research.

N/

.27 Does the research involve external funding? (Tick as appropriate]

¥ [

Yes Mo  Ifyes. what is the source of this funding?

Engineering and Physical Sciences Research Council - Through the Water-WISER Centre for Doctoral Training,
The Empower Project are providing benefits in kind by processing the laboratory samples without charge.

NE: If this research will be financially supported by the US Department of Health and Human Services or any of its divisions,
agencies or programmes please ensure the additional funder requirements are complied with, Further guidanee is

available at http://risleeds e ul/ FWAcomplignee and you may alse contact your FERIQ for advice.
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Part D: Declarations

Declaration by Principal Investigators

1. The information in this form is accurate to the best of my knowledge and belief and I take full responsibility for
it

2. lundertake to abide by the University’s ethical and health & safety guidelines, and the ethical principles
underlying good practice guidelines appropriate to my discipline.

3. Ifthe research is approved I undertake to adhere to the study protocol, the terms of this application and any
conditions set out by the Research Ethics Committee [REC).

4, [ undertake to seek an ethical opinion from the REC before implementing substantial amendments to the
protocol,

5. lundertake to submit progress reports if required.

6. Iam aware of my responsibility to be up to date and comply with the requirements of the law and relevant
guidelines relating to security and confidentiality of patient or other personal data, including the need to
register when necessary with the University's Data Protection Controller [further information available via
http: //risleeds.acuk /ResearchDataManagement].

I understand that research records/ data may be subject to inspection for audit purposes if required in future,

I understand that personal data about me as a researcher in this application will be held by the relevant RECs
and that this will be managed according to the principles established in the Data Protection Act.

9, [ understand that the REC may choose to audit this project at any point after approval.

Sharing information for training purposes: Optional - please tick as appropriate:
I'would be content for members of other Research Ethics Committees to have access to the information in
[+ the application in confidence for training purposes. All personal identifiers and references to researchers,
funders and research units would be removed.

Principal Investigator:

[This needs to be an actual signature rather than just typed. Electronic signatures are acceptable]

Print name: [EMMA FELICITY PHILLIPS Diate: 19.08.22
Supervisor of student research: Professor Barbara Evans

I have read. edited and agree with the form abowve.

[This needs to be an actual signature rather than just typed. Electronic signatures are acceptable]

Print mamie! ... emecemsmsmm e Diate: 19.08.22

Please submit your form by email to the FREC or School REC's mailbox,

Remember to include any supperting material such as your participant information sheet, consent form, interview
questions and recruitment material with your application.
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Appendix 1: Information Sheet ﬁ

UNIVERSITY OF LEED

Title of research project:
An assessment of relative risk from exposures to faecal pathogens; from proximal and distal sources by hydraulic and non-
hydraulic pathways.

Invitation

You have been invited to take part in a PhD) Research Project. This project is about faecal contamination in urban areas and
gathering data in order for better interventions for the improvement of public health. More data would increase the
accuracy and usefulness of current tools such as SaniPath, Sanitation Safety Planning and the Excreta Flow Diagrams. My
interest lies in exploring the potential to place the exposed population at the heart of risk from fascal contamination;
essentially describing the ‘catchment’ of contamination that results in population risk at a particular location. This
research is focussed on the sanitation chain failures that result in contamination of common exposure points in the
snvironment; such as surface water, open drains, and fresh produce (fruit and vegetables).

As a part of the Water-WISER CDT, funding shall come from the individually assigned CDT research grant.

What is the purpose of the project?
- To carry out an analysis of the contamination in the environment and how members of the community
interact with those exposure points
. To carry out analysis of the contamination within the fresh produce wransportation chain.

Why am I asking you?
I am asking you as a member of the community who can tell me about how you live and interact with your environment as
that information is helpful to the research.

What will it involve?
Speaking to the researcher with or without use of a wranslator for a short time (probably less than 15 minutes). The
researcher will make some notes of the information you shared.

What are the possible disadvantages and risks of taking part?
At present the researcher does not foresee any discomforts, disadvantages or risks in taking part, however if you do have
any reservations before, during or after, you may air these freely.

Use, dissemination and storage of research data

There are plans to publish this research once completed, as part of the PhD Degree, but any and all information and quotes
will be anonymised as to not allow for individual identification of participants, All anonymised data will be stored on the
server for 3 years to allow constant access throughout the end of the degree.

What will happen to the results of the research project?

All the information collected during the course of the research will be kept strictly confidential and will stored
separately from the research data. You will not be identified in any reports or publications. It is unlikely due to
the nature of the research that topics depicting harm, abuse, admittance of illegal activities or any other
dangerous item will come up, however, if they do, the researcher has a responsibility to report this. Results are
likely to be published by the end of 2024, upon the completion of the PhD this research is being collected for.
Upon publication, private and individual emails shall be sent out to all participants detailing the results. Results
will also be shared with partners working in the local area, CURE and the Water Security Hub to collaborate on
our research interests.

Contact for further information
Should you want to contact the researcher for any reason, do so at this email address:

Jemma Phillips cnlsjfp@leeds.acuk
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Appendix 2: Research Participant Privacy Notice

The following document is written in English, available in Hindi, and is available to be translated into further languages upon
request If additional language is needed, please contact the Lead Author (Hannah Robinson] at cnlshir@leedsacuk

Purpose of this Notice
This Motice explains how and why the University uses personal data for research; what individual rights are afforded
under the Data Protection Act 2018 (DPA) and who to contact with any queries or concerns.

All research projects are different. This information is intended to supplement the specific information you will have been
provided with when asked to participate in one of our research projects. The project specify information will provide
details on how and why we will process your personal data, who will have access to it, any automated decision-making
that affects you and for how long we will retain your personal data,

Why do we process personal data?

As a publically funded organisation we undertake scientific research which is in the public interest. The DPA requires us to
have a legal basis for this processing: we rely upon “the performance of a task carried out in the public interest” as our
lawful basis for processing personal data, and on “archiving in the public interest, scientific or historical research
purposes, or statistical purposes” as our additional lawful basis for processing special category personal data (that which
reveals racial or ethnic origin, political opinions, religious or philosophical beliafs, trade union membership, genetic or
biometric data, and data concerning health, sex life or sexual orientation].

How do we follow data protection principles?

—  We have lawful bases for processing personal and special category data.

— Data are used fairly and transparently: we will make it clear to individuals what their data will be used for, how it
will be handled and what their rights are.

— We only collect and use personal data for our research, for ressarch in the public intevest, or to support the work
of our organisation.

—  We only collect the minimum amount of personal data which we need for our purposes.

—  We take steps to ensure that the personal data we hold is accurate.

- We keep your personal data in an identifiable format for the minimum time required.

- We take steps to ensure that your data is held securaly.

-  Wekeep arecord of our processing activities.

What do we do with personal data?

Research data can be a very valuable resource for improving public services and our understanding of the societies we live
in One way we can get the most benefit from this work is to make the data available, usually when the research has
finished, to other researchers. Sometimes these researchers will be based outside the European Union. We will only ever
share research data with organisations that can gnarantee to store it securely. We will never sell your personal data, and
any data shared cannot be used to contact individuals.

The project specific information will include more detail about how vour data will be used.

Your rights as a data subject

Because we use personals data to support scientific research on the public interest, individuals participating in research
do not have the same rights regarding their personal data as they would in other situations. This means that the following
rights are limited for individuals who participate, or have participated in, a research project:

— The right to access the data we hold about you.

—  The right to rectify the data we hold about you,

—  The right to have the data we hold about you erased.

—  The right to restrict how we process your data,

—  The right to data portability.

—  The right to object to us processing the data we hold about you

Diata security

‘We have put in place security measures to prevent your personal data from being accidentally lost, used or accessed in an
unauthorised way and will netify vou and any applicable regulator of a suspected breach where we are legally required to
do so.

Retention periods
‘We will only retain your identifiable personal information for as long as necessary to fulfil the purposes we collected it for;
we may then retain your data in anonymised or pseudonymised format. To determine the appropriate retention period for
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personal data we consider the amount, nature, and sensitivity of the personal data, the potential risk of harm from
unauthorised use or disclosure, the purposes for which we process your personal data and whether we can achieve those
purposes through other means, and the applicable legal requirements.

Communication
In the first instance please contact the researcher who vour initial contact was with Jemma Phillips, cnléifp@leeds.acuk).
You may also contact the Data Protection Officer for further information (see contact details below).

Flease see the Information Commissioner’s website for further information on the law) - You have a right to complain to
the Information Commissionsr's Office (1C0) about the way in which we process your personal data, Please see the ICO's
website,

Concerns and contact details

If you have any concerns with regard to the way your personal data is being processed or have a query with regard to this
Notice, please contact our Data Protection Officer [Alice Temple: AC.Temple@leeds.acuk].

Our general postal address is University of Leeds, Leeds LS2 9]T, UK

Our postal address for data protection issues is University of Leeds Secretariat, Room 11.72 EC Stoner Building, Leeds, L52
9[T.

Our telephone number is +44 [0)113 2431751,

Our data controller registration number provided by the Information Commissioner’s Office is Z553814X.
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UNIVERSITY OF LEEDS

Faculty of Engineering and Physical Sciences:
School Of Civil Engineering

Ethics Submission for 2023 Data Collection

PhD Title:
Relative risk and faecal catchment mapping:
the investigation of community faecal pathogen exposures
from proximal and distal sources by non-hydraulic pathways of
fresh produce eaten raw and solid waste.

Jemma Phillips
201086983

Project Supervisors: Professor B, Evans, Dr. Marco-Felipe King, Dr Paul Hutchings, Professor Yun Yun
Gong,

Date of registration: 2™ September 2020

Date of submission: 31 September 2024
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University of Leeds Research Ethics Committee Application Form 1

UNIVERSITY OF I.EEDS

Please read each question carefully, taking note of instructions and completing all parts. If a question is not applicable
please mdlcate mThe superscnpte—d uumhers [eg") refer to sections of the guidance notes, available at

Where a question asks for information which you have previously provided
in answer to aul:-l:her q_'l.LESl'I.ﬂ:I:I.. please just refer to your earlier answer rather than repeating informatiom.

[nformation about research ethics training courses: http-/ /ris.leeds.acuk/EthicsTraining,

To help us process your application enter the following reference numbers, if known and if applicable:
Ethics reference nomber:

Student number and/ or grant reference: 201086983
Fart A: Summary
4.1 Which Faculty Research Ethics Committee would you like to consider this application?®

" Arts, Humanities and Cultures (AHC)
" Biological Sciences (BIOSCI)
" Business, Emironment and Social Sciences (AREA)
® FS&N, Engineering and Physical Sciences (EPS)
"~ Medicine and Health (Please specify a subcommittes):
- School of Dentistry (DREC)
 School of Healthcare (SHREC)
= School of Medicine (SoMREC)
= School of Psychology (SoPREC)

A2 Title of the research®
An assessment of relative risk from exposures to faecal

pathogens; from proximal and distal sources by hydraulic and
non-hydraulic pathways.

A.3 Principal investigator’s contact details+

Hame [Title, first name, surname) Mrs Jemma Phillips

Position PhD Smudent

Department; School/ Instibate School of Civil Engineering

Faculty Engineering and Physical Sciences

Work address (including postrode] 4.04 Schoeol of Chemical and Process Engineering, University of Leeds,
Woeodhouse, Leeds L52 9]T

Telephone number 07704442456

University of Leeds email address colgjfp@leeds.acuk
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Ad Purpose of the research:> (Tick as appropriate]
r Research

Educational qualification: Please specify: Water-WISER PRD

Educational Research & Evaluation®

Medical Audit or Health Service Evaluation”

Other

=

1717

A5 Select from the list below to describe your research: [You may select more than one)
[ Research on or with human participants

r Research which has potential adverse epvironmental impact.? If yes, please give details:

L Research working with data of human participants
[ New data collected by qualitative methods

New data collected by quantitative methods

Routinely collected data or secondary data

7
[« New data collected from observing individoals or populations
F

¥ Research working with aggregated or population data

[ Research using already published data or data in the pablic domain

r Research working with homan tissue zamples (Please inform the relevant Persons Desigegte if the research
will inwolve human tissue)?

A.6 Will the research involve NHS staff recruited as potential research participants (by virtue of their
professional role) or NHS premises/ facilities?

r Yes i Ho

Ifyes, ethical approval must be sought from the University of Leeds, Note that gpprove] from the NHS Health Research
Autharity may also be reeded, plaase contact FMHUniEthicsid lzed sacuk for advice.

AT Will the research involve any of the following:' [You may select more than one)

Ifyour praject is classified as research rether thar service evaluation or gudit and involves any af the following an
application must be made to the NHS Health Research Authority via IRAS www.myresearchproject. ong.uk es NHS ethics
ﬂpp"am will be requi red. There is no need to complete any more of this form. Further information is availzble ot
h L hi ew and et Attp./frisleedsacuk/HEiepproval
You may also contoct governgnce-ethics leeds gouk for advice

(il

-

Patients and users of the NHS (including NHS patients treated in the private sector]'?

[ndividuals identified as potental pardcipants because of their status as relatives or carers of patients
and users of the NHS

Research involving adults in Scotland, W ales or England who lack the capacity to consent for
themselves12

-

A prison or a young offender institution in England and Wales (and is health related) 14
Clinical trial of a medicinal product or medical device!®

Access to data, organs or other bodily material of past and present NHS patients®?

171 717

Use of human tissue (including non-NHS sources) where the ecollection is not covered by a Human Tissue
Authority Ecence®
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r Foetal material and [VF invelving NHS patients
-

a None of the above
You must inform the Research Ethics Administrator of your NHS REC reference and approval date
once approval has been obtained,

The recentdy deceased under NHS care

The HREA decision tool to hkelp determine the type of approval required 15 aveilable at hito-/Swwwhrg-
decisiontools.org uk/ethics, If the University of Leeds is not the Lead Institution, or approval kas been granted elsewhere fe.g.
NHS) then you should contact the locel! Ressarch Ethics Committee for guidance. The Uol Ethics Committee needs to be
assured that any relewant local ethical issues have been eddressed

A.B Will the participants be from any of the following groups? [Tick as appropriate)
F Children under 16 Specify age group: all ages__

Adults with learning disabilities12

Adults with other forms of mental incapacity or mental illness

Adults in emergency sitnations

Prisoners or young offenders 14

I I R |

Those who could be considered to have a particalarly dependent relationship with the investigator, eg
members of staff, students!?

-

r Mo participants from any of the above groups
Please justify the inclusion of the above groups, explaining why the research cannot be conducted on non-
vulnerable groups.

Other vulnerable groups

NjA

Itis the researcher’s responsibility to check whether a DBS check [or equivalent] is required and to obtain one
ifitis needed. See also hitp://risleeds.acuk healthand=afetvadvice and hitp://wwwhomeofficesovuk/asencies-
public-bodies /dbs,

A9 Give a short summary of the research®™

This section must be completed in language comprehensible to the lay person. Do not simply reproduce or refer to the
protocal, although the protocal can alse be submitted to provide any teckrical information that you think the ethics
committee may reguire, This sechion should cover the main parts af the proposal, (300 words max)

In order to build more detailed models of source-pathway-exposure patterns for faecal contamination in urban areas,
the assumptions and knowledze gaps need to be replaced with data, This would increase the accuracy and usefulness of
current modelling, empirical and stochastic tools (such as SaniPath, Sanitation Safety Planning and the Shit Flow
Dizgrams).

My interest lies in exploring the potential to place the exposed population at the heart of risk from faecal contamination;
essentially describing the ‘catchment’ of contamination that results in populadon risk at a particular location, The
contamination will arrive at the peint of exposure by a range of pathways: these can be hydraulic [travelling with
water), such as in a river or an open drain, or non-hydraulic such as solid waste in the community.

This research is focussed on the sanitation chain failures that result in contamination of common exposure points in the
envirenment. This next piece of data collection will focus en solid waste.

As a part of the Water-WISER CDT, fundirg shall come from the individually assigned COT research grant,
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A.10 What are the main ethical issues with the research and how will these be addressed??¥
Indicate ey issues on whick you would welcome advice from the ethics committee,

Consent: Participants who take partin Key informant interviews or Focus Group Discussions will answer questions
rezarding their interactions with the pathogen exposure peints of interest. They will have been given an explanation
about the nature of the work, that their answers are anonymons, and they will verbally consent to their answers being
noted down Members of the public (including children) will behave nermally and be observed in public spaces, no
personally identifiable details will be taken.

Data security: All data will not be persen identifiable and will be saved omto a University of Leeds laptop that is
password protected. The data acerued will be stored on the University of Leeds OneDirive service,

Unconscions Bias: reading widely of India authors, educating myself about white-gaze and white-privilege, and
working in collaboration with the local team from [ayna Cellective will help to understand and mitigate for issaes that
could arise from my white British context and enable me to research respectfully, and produce meaningful data that is
not compromised excessively by my bias.
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Part B: About the research team

BE.1 To be completed by students only®

Qualification working towards (eg
Masters, PhD)

FhD

Supervisor's name (Title, first name,
SUrname)

Professor Barbara Evans

Department, School/ Institute

School of Civil Engineering

Faculy

Engineering and Physical Sciences

Work address (incloding postcode]

School of Chemical and Process Engineering, University of Leeds,
Woodhouse, Leeds L52 9T

Supervisor's telephone number

+44(0)113 343 1990

Supervisor's email address

B.EEvansivleeds.acuk

Module name and number (if applicable] | N/A

E.? Other members of the research team [eg co-investigators, co-supervisors) 21
T

Hame [Title, first neme, surname]

osition

Department; School/ Institute

Faculy

Work address (including postrode]

Telephone number

Email address

Hame (Title, first name, surname)

osition

Department; School/ Institute

Faculy

Work address (incloding postcode]

Telephone number

Email address
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FPart C: The research

C.1 What are the aims of the study??2 [Must be in lLangnage comprehensible to a lay person.)

Research Question and Project Aims:

What is the relative significance of risks to the healtth of urban communities in Delhi from faecal pathogens emitted
proximally and distally, and those that travel by hydraulic and non-hydraolic pathways?

Specific research questions:

11 In a set of selected communities (along the Barapullah open drain, Delhi, India],

a) Establish the significance and pathways of contamination on solid waste as a proximal non-hydraulic
pathway.
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C.2 Describe the design of the research. Qualitative methods as well as quantitative methods should be
ineluded. [Must be in language comprehensible to a lay person.)

It is important that the study can provide information about the gims that it intends to addres< If @ study connot arswer

the questionsy edd to the knowledge base that it intends to, due to the way thet it is desigred, then wasting perticipants’
time could be an ethical issue.

When? Field visit October 2023,

Where? Settlements:
1. Madrasi Camp- [ugsi [hopri Colony, established 1982; 483 households.
2. AndrewsGanj - Juggi fhopri Colony, established 1978; 904 Households
3. Jagdamba Camp- Juggi [hopri Colony, established 1975; 1099 Houssholds.

Possibly solid waste from trucks and sorting centres
Samples to be taken 1. Solid waste from around communities
2. Hand rinses of waste workers

All samples to be tested | Plating for E.coli/ESEL E.coli or Faecal coliforms

for:

Observations 1. Observing community members behaviour regarding how they interact
with solid waste around the communities.

Focus Groups 1. Asking what they put on the solid waste piles (e does itinclude flying

toilets, diapers, children's faeces, animal faeces)
2. Finding cut how much the communities perceive that they mteract with the
communal solid waste piles
If they perceive it to be dirty
If they are careful not to touch it when they put their own waste on the piles
How often the piles are collected
What happens to solid waste dredged out of the Open Drains

mEn e

C.3 What will participants be asked to do in the study?2? [e.g. number of visits, time, travel required, interviews)

- People within the study communities will be asked simple questions in Focus Groups about the way they ioteract
with the solid waste, how frequently mteract with them and if they perceive any risks.

- People working with the solid waste will be asked about their role and their hands will be rinsed to test for
pathogens,

- Hone of the participants will have to travel to take part in the surveys.

- Involvement in the interviews or Focus Groups should take less than 15 minutes per participant

C.4 Does the research involve an international collaborator or research conducted overseas?*?
o Tes O Ko

If yes, describe any ethical review procedures that yon will need to comply with in that conntry:
Hone required - the Water Secarity Hub asks for sending university ethical approval te be sought.

Deseribe the measures you have taken to comply with these:
Hja

Include copies of any ethical approval letters/ certificates with your applicatdon.
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C.5 Proposed study dates and duration
Research start date (DD/MM/TY): 0171072020 Research end date (DD/MM/TY):  31/09/2024

Fieldwork start date (DD/MM/¥Y): 1171072023 Fieldwork end date (DD/MM/YY):  30,/10/2023

C.6. Where will the research be undertaken? (ie. in the street, on Uol premises, in schools)®5

In the capital city of New Delhi, in communities based along the open drain systems, The drains have a wide variety of
housing types along it but the focuas will be the slum communities due to the poor associated health outcomes of living
in these eOvironments.

RECRUITMENT & CONSENT PROCESSES

C.7 How will potential participants in the study be identified, approached and recruited?*®

How will you ensure an approprigtely convened sample group in order to meet the aims of the research? Give detwils for
subgroups separately, if eppropriate. How will any potential pitfalls, for example dual roles or potertiol for coercion, bhe
addressed?

Access to the communities will be mediated by local company Jayna Collective LLP who has worked extensively in the
Dehhi slums. In the target neighbourhood, focus groups will be arranged by dividing neighbourhoods into segments. From

each segment participants can respond to & request to participate if they with.

The person or people working on 5olid 'Waste at the time of data collection will be asked guestions if they are happy to
answer for a few minutes.

The observations will be in & public place where people are aware that other people can see them.

C.8 Will you be excluding any groups of people, and if 5o whatis the rationale for that?*?
Exciuding certain groups of people, intentiorally or unintentionally may be urethical in some circumstances. It may be
wiolly appropriate to exclude groups of people in other cases

Excluded groaps for the interviews and Focus Groops will be these who do not speak English or Hindi, people under 18,
people with any other vulnerabilities where the researcher may doubt their ability to consent to pardcipate in the
resgarch. Anyone interactang with the solid waste will be included in the observations.

C.9 How many participants will be recruited and how was the number decided upon?®®
It is important to ensure that enough participents ere recruited to be able to ganswer the aims of the research

The solid waste work is exploratory and therefore a set number of participants has not been determined. However, in
order to get a preliminary understanding of the situation across three communities in a city the size of Delhi it is likely
the partgcipant could number up to 150 people,

C10 Will the research involve any element of deception?=?
If yes, please describe why this is necessary and whether pargcipants will be informed at the end of the study.

Ho, it will not.

C.11 Will informed consent be obtained from the research participants?30
= Tes r Ko
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If yes, give details of how it will be done, Give details of any particular steps to provide information (in addition to
awritten imformation sheet) e.g. videos, interactive material. If you are not going to be obtaining informed
consent you will need to justify this.

As the research does not invelve gathering any persenal data, verbal consent will be gained te ask questions for
research purposes, There will be an information sheet available in English and Hindi with contact details if anyone
wants more informatien or te get in towch after speaking te me.

If participants are to be recruited from any of potentially vulnerable groups, give detgils of extrg steps taken to
assure their protection. Describe any arrangements to be made for obtaining consent from a legal representative.

Participants will not be recruited from vulnerable groups.

Will research participants be provided with a copy of the Privacy Notice for Research? If not, explain why not.

Guidance is availeble at htps‘detgpro tection. leeds.oc.uk finformation-for-researchers,
[ Tes r No

Copies of any written consent form, written information and all other explanatory material should accompany
this application. The information sheet should meke explicit that perticipants can withdraw from the research ot any
time, if the research design permits. Remember to use megringful file names and version cortrol to make it exsier to keep

Sample information sheets and consent forms are available from the University ethical review webpage ot

httn/ fric] InrolvineR Partici

.12 Describe whether participants will be able to withdraw from the study, and up to what point [eg if data is
to be anonymised). If withdrawal is not pessible, explain why not.

Any limits to withdrawal, eg once the results have been written up or published, should be made clear to participants in
advance, preferably by specifying a date after which withdrewal would rot be possible, Make sure that the information
provided to participents (eg information sheets, corsert farms) is corsistent with the arswer to C12.

Data will be anonymised from the curset and therefore the only data collected will be regarding environmental
imteractions and 3 meter squared locations, Ne personal data will be collected.

C.13 How long will the participant have to decide whether to take part in the research?®!
It may be appropriate to recruit participants on the spot for low risk research; however corsideration s usually necessary
Jor riskier projects.

Participants will be recruited on the spot and they can decide if they wish to participate or not with no pressure.
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C.14 What arrangements have been made for participants who might have difficulties understanding verbal
explanations or written information, or who have particular communication needs that should be taken into
account to facilitate their involvement in the research?*2 Different popuiations will have diferent information needs,
different communication abifities and different levels of understanding of the research topic. Reasorable efforts should be
made to include potential participents who could otherwise be prevented from participating due to disahbilities or language
barriers,

Verbal and written information will be available in English and Hindi, Vulnerable populations with particular difficulties
understanding will not be recruited for this study. Participants will be able to ask any questions they wish in order to
secure their understanding,

C.15 Will individual or group interviews/ questionnaires discuss any topics or issues that might be sensitive,
embarrassing or upsetting, or is it possible that criminal or other disclosures requiring action could take place
during the study (e.g. during interviews or group disenssions)™ The pformetion sheet should explain urder what
circumstances action may be taken.

r Tes [ No Ifyes, pive details of procedures in place to deal with these issues,

C.16 Will individual research participants receive any payments, fees, reimbursement of expenses or any other
incentives or benefits for taking part in this research??*
r Tes C Ko

If Yes, please describe the amount, number and size of incentives and on what basis this was decided,

RISKS OF THE STUDY
C.17 What are the potential benefits and/ or risks for research participants in both the short and mediom-
term 7%

Benefits for the participants for taking part are contributing to important research that enables greater understanding
of the environmental hazards and resulting exposare risks will be more clearly identified for the area where they live.
Mapping the faecal contamination in Hew Delhi could have unintended consequences for homes and bosinesses in the
affected areas, this issue will be considered and managed before the publicaton of any data in order to produce
visualisations that are meaningful but not harmful. One way of doing this could be to combine the data from the 3
communities, or to not name which communities the sampling occurred in, but just that they were along the main open
drainagze networks

C.18 Does the research involve any risks to the researchers themselves, or people not directly involved in the
research? Eg lone working*®
- Yes ¥ HNo

Ifyes, please describe:

Lone working will not occur, locally members of Jayna Collectave LLP will work with the researcher at all times, Faecally
contaminated samples will be collected but full training has been completed and appropriate personal protective
equipment will be worn,

Is a rizk assessment necessary for this research?

Ifyou are unsure whether @ risk assessment is required visit
Faculty Health and Safety Manager for advice.

[ Tes r Ko

OF coRtact your

[fyes, please include a copy of your risk assessment form with your application.

UREL Ethics form version 38 (apdated 12,/11/19) Page 11af30
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RESEARCH DATA

C.19 Explain what measares will be put in place to protect personal data. E.g. anonymisation procedures,
secure storage and coding of data, Any potential for re-identification should be made clear to participants in
advance,” Please note that research dota which appears in reports or other publications is not confidential, even if it is
Jully anonymised. For @ fuller explanation see http.//rzireds.acuk/ConfidentialityAnonymisetion, Further guidarce is
available at hitp: //risleedsee.uk/ReseerchDotoM enogement,

— Noparticipant's names or addresses will be nsed in any decuments created from this research

Al data for this research will be dealt with in accordance with the Data Protection Act 2018, All data will be anonymised
from the point of collecdon with only 3m? locadon details. Data shall be stored on a password protected encrypted
laptop and no confidential information will be transferred by email. Partners will alse be informed of the data
management plans. Contact details for any participants wishing to receive farther information about the cutcomes of
the research will be stored separately from research data, Further details are available from https:/ /leeds.service-

LC.20 How will you make your research data available to others in line with: the University's, funding bodies” and
publishers’ policies on making the results of publically funded research publically available. Explain the extent
to which anonymity will be maintained. (max 200 words) Refer to

http:/ frizleedsacuk/ConfidentialitrAnonymization and hitp:/ frisleeds acuk /ResearchDataManagement for guidance,

Data will be shared if and when ready for pablishing in academic journals, all will be anonymised, in line with EPSRC
policy.

C.21 Will the research involve any of the following activities at any stage (including identification of potential
research participants)? (Tick as appropriate)

r Examination of persenal records by those who would net normally have access
Apcess to research data on individuals by peeple from outside the research team
Electronic surveys, please specify survey twol- hitps:/ fevww onlinesurveysacuk/  (further puidance)
Other electronic transfer of data

Use of personal addresses, postoodes, faces, e-mails or telephone numbers

I O R e I

Use of audio/ visual recording devices (NB this should usually be mentioned in the information for
participants)
r FLASH memory or other portable storage devices

Storaze of personal data on, or including, any of the following:
Lt University approved clond computing services
Other doud computing services

Manual files

1717

Private company computers

=

Laptop computers (password protected and encrypted)

r Home or other personal computers [not recommended; data should be stored on a University of
Leeds server such as your M: or N: drive where it is secare and backed up regularly-
http:/ frisleeds.ac.uk ResearchDataManagement,)

Unclessified and Confidential University dota must be kept on the University servers or in approved cloud services such as
Office 365 (SharePoint or OneDrive), The N: Drive or Office 365 should be used for the storage of data that needs to be
shared, [f Highly Corfidential information is kept in these shored storage areas it must be encrypted, Highly Confidential

data that is not to be shared should be kept on the M: Drive. The use of non-University approved clowd services for the
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starage of ary Pniversity data, including that which is unclassified, is forbidden without formal aperovel from IT. Further
puidence is available via htp://ris.leeds.oc.uk/ResearchDateManagement.

C.22 How do you intend to share the research data? (Indicate with an "X) Refer to
http: /S Alibrary.leedsac.uk/research-date -deposit for guidance,

-

Exporting data outside the European Union

0

Sharing data with other organisations
Pablication of direct quotations from respondents

Pablication of data that might allow identification of individuals to be identified

= 717

Submitting to a journal to support a publication

=

Depositing in a self-archiving system or an instimtional repository

0

Dissemination via a preject or institutional website
Informal peer-to-peer exchange
Depositing in a specialist data centre or archive

(Other, please state: .

I I R

Ho plans to report or disseminate the data

C.23 How do you intend to report and disseminate the results of the study? (Indicate with an "X) Refer to
http:/ /risleeds.acukResearchDisseminatdon and http://ris.leeds.acuk/Publicaton for guidance,

w -
o Conference presentation

T

Peer reviewed journals

=

Pablication as an eThesis in the Institutonal repository

0

Publication on website
Other publication or report, please state:
Submission to regulatery authorides

(Other, please state:

I R

Ho plans to report or disseminate the results

C.24 For how long will data from the study be stored? Please explain why this length of time has been chosen.ss
Refer to the RCUK Common Principles on Data Policy and

e ruk { { - 7 rHpe

Students: [t would be reasonable to retain data for at least 2 years after publication or three years after the end of data
collection, whichever is longer.

3 years, 0 months
This will be approximately 2 years after publication [giving a year to publish), and 3 years after data collection.

CONFLICTS OF INTEREST

C.25 Will any of the researchers or their instimtions receive any other benefits or incentives for taking part in
this research over and above normal salary or the costs of undertaking the research?™

[ Yes e No

If yes, indicate how much and on what basis this has been decided

UREC Ethies form version 38 (updated 12,/11/19) Page 13 0f 30
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/A

C.26 Is there scope for any other conflict of interest™®" For example, could the research findings afect the any
orgoing relationship between any af the individuals or argorisations invelved and the researcher(s)? Will the research

furder have control of publication of research findings? Refer to hitp//rsleedsgeuk/ ConffictsQiinterest,
r Tes = Ko

If 50, please describe this potential conflict of interest, and outline what measures will be taken to address any
ethical issues that might arise from the research.

Njd

C.27 Does the research involve external funding? (Tick as appropriate]
[ Tes r No  Ifyes, what is the source of this funding?

Engineering and Physical Sciences Research Council - Through the Water-WISER Centre for Doctoral Training,

NB: If this research will be financially supported by the US Department of Health and Human Services or any of its divisions,
agencies or programmes pleese ensure the odditional furder reguirements are complied with. Further guidance is
available at hitp: /fricleeds ac.uk /FIWdcomplionce and you may also contact your FRIO for advice.
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FPart D: Declarations

Declaration by Principal Investigators
1. Theinformation in this form is accurate to the best of my knowledge and belief and [ take full responsibility for
it
2. lundertake to abide by the University's ethical and health & safety guidelines, and the ethical principles
underlying good practice guidelines appropriate to my discipline,
3. Ifthe researchis approved | undertake to adhere to the study protoce], the terms of this application and any
conditions set out by the Research Ethics Committee (REC),

4. lundertake to seek an ethical opinion from the REC before implementing substantial amendments to the
prabocol.

m

Iundertake to submit progress reports if required,

6. Iam aware of my responsibility to be up to date and comply with the requirements of the law and relevant
enidelines relating to secarity and confidentiality of patient or other personal data, including the need to
register when necessary with the University’s Data Protection Controller (further information available via

hitp-//rizleeds acuk /BesearchDataManasement).
7. lunderstand that research records/ data may be subject to inspecton for audit purposes if required in faoture.

8. lunderstand that persenal data about me as a researcher in this application will be held by the relevant RECs
and that this will ke managed according to the principles established in the Data Protection Act.

9. lunderstand that the REC may choose to audit this project at any point after approval.

Sharing information for training purposes: Jptional - please tick a5 appropriate:
I would be content for members of other Research Ethics Committees to have access to the information in
[*  the application in confidence for training purposes. All personal identifiers and references to researchers,
fanders and research units would be removed.

Principal Investigator:

[This needs to be an actual signature rather than just typed. Electronic signatures are acceptable)

Print name: JEMMA FELICITY PHILLIPS Date:  19.08.22

Supervisor of student research: Professor Barbara Evans

I have read, edited and agree with the form above.

Supervisor's signamre: —.. e
[This needs to be an actual signature rather than just typed. Electronic signatures are acceptable]

Print name: ..BARBARA EVANS.....c..... Date: 19,0822

205

Please submit your form by email to the FREC or School REC's mailbox,
Remember to include any supporting material such as your participant informaton sheet, consent form, mterview
guestions and recruitment material with your application.
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Appendix 1: Information Sheet iw

UNIVERSITY OF LEEDS

Title of research project:
An assessment of relative risk from exposares to faecal pathogens; from proximal and distal sources by hydraulic and non-
hydraulic pathways.

Invitation

Youn have been invited to take part in a PhD Research Project. This project is about faecal contamination in urban areas and
gathering data in crder for better interventions for the improvement of public health, More data would increase the
accuracy and usefulness of current tools such as SaniPath, Sanitation Safety Planning and the Excreta Flow Diagrams. My
interest lies in exploring the potential to place the exposed population at the heart of risk from faecal contamination;
essentially describing the ‘catchment’ of contamination that results in popualation risk at a particalar location. This
research is focussed on the sanitation chain failures that result in contamination of common exposure points in the
environment; such as surface water, open drains, and fresh produce [fruit and vegetables).

As a part of the Water-WISER CDT, funding shall come from the individually assigned CDT research grant.

What is the purpose of the project?

. To carry out an analysis of the contaminadon in the environment and how members of the community
mmteract with those exposure points
. To carry out analysis of the contamination within the fresh produce transportation chain.
Why am I asking you?

[ am asking you as a member of the community who can tell me about how you live and interact with your environment as
that information is helpfal to the research,

What will it involve?
Speaking to the researcher with or without use of a translator for a short time [probably less than 15 minutes). The
researcher will make some notes of the information you shared.

What are the possible disadvantages and risks of taking part?
At present the researcher does not foresee any discomforts, disadvantages or risks in taking part, however if you do have
any reservations before, during or after, you may air these freely.

Use, dissemination and storage of research data

There are plans to publish this research once completed, as part of the PhD Degree, but any and all mformation and quotes
will be anonymised as to not allow for individual identification of participants. All anooymised data will be stored on the
server for 3 years to allow constant access throughout the end of the degree,

What will happen to the results of the research project?

Al the information collected during the course of the research will be kept stricty confidential and will stored
separately from the research data. You will not be identified in any reports or publications, It is unlikely due to
the nature of the research that topics depicting harm, abuse, admittance of illegal activities or any other
dangerows item will come up, however, if they do, the researcher has a responsibility to report this. Results are
likely to be published by the end of 2024, upon the completion of the PhD this research is being collected for.
Upon publication, private and individual emails shall be sent out to all participants detailing the results. Results
will alzo be shared with partmers working in the local area, CURE and the Water Security Hub to collaborate on
our research interests.

Contact for further information
Should vou want to contact the researcher for any reason, do so at this email address:

Jemma Phillips nléjp@Elesds.acuk
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Appendix 2: Research Participant Privacy Notice

The following document is written ir Englisk, available in Hindi, ard is aveileble to be transleted into further languages upon
reguest. [f edditional language is needed, please contact the Lead Author (Hernah Robinson) at coléhjrivleedsacuk

Purpaose of this Notice
This Notice explains how and why the University uses personal data for research; what mdividual rights are afforded
under the Data Protection Act 2018 (DPA) and whe to contact with any queries or concerns.

All research projects are different. This information is intended to supplement the specific information you will have been
provided with when asked to participate in one of our research projects. The project specify information will provide
details on how and why we will process your personal data, who will have access to it, any automated decision-making
that affects you and for how long we will retain your personal data,

‘Why do we process personal data?

As a publically fanded organisation we undertake scientific research which is in the public interest. The DPA requires us to
have a legal basis for this processing; we rely upon “the performance of a task carried out in the public interest” as our
lawfal basis for processing personal data, and on “archiving in the public interest, scienfific or historical research
purpases, or statistical purposes” as our additonal lawful basis for processing special category personal data (that which
reveadls racial or ethnic origin, political opiniens, religions or philosophical beliefs, wade union membership, genetic or
biometric data, and data concernmg health, sex life or sexual orientation).

How do we follow data protection principles?

-  We have lawful bases for processing personal and special category data.

- Data are used fairly and transparently; we will make it clear to individoals what their data will be used for, how it
will be handled and what their rights are,

- We only collect and use personal data for our research, for research in the pablic interest, or to support the work
of our organisation.

- We only collect the minimum amount of personal data which we need for our purposes.

- Woe take steps to ensure that the personal data we hold is acourate,

- We keep your personal data in an identifiable format for the minimum time reguired.

- We take steps to ensure that your data is held securely.

- We keep arecord of our processing activities.

What do we do with personal data?

Research data can ke a very valuable resource for improving public services and our understanding of the societies we live
in. (e way we can get the most benefit from this work is to make the data available, usually when the research has
finished, to other researchers, Sometimes these researchers will be based outside the European Union. We will only ever
share research data with organisations that can guarantee to store it securely. We will never sell your personal data, and
any data shared cannot be used to contact individuals,

The project specific information will include more detail abowt how your data will be used.

Your rights as a data subject

Because we use persenals data to sapport scientific research on the public interest, individuals participating in research
do not have the same rights regarding their personal data as they would in other situations. This means that the following
rights are limited for indiriduals who participate, or have participated in, a research project:

- Theright to access the data we hold about youw,

—  The right to rectify the data we hold about you.

—  Theright to have the data we hold about you erased.

- The right to restrict how we process your data,

—  The right to data portability.

—  Theright to object to us processing the data we hold about youw

Data security

Wie have put in place security measares to prevent your persenal data from being accidentally lost, used or accessed in an
unauthorised way and will notify you and any applicable regulator of a suspected breach where we are legally required to
do 5o,

Retention periods

Wi will enly retain your identifiable personal information for as long as necessary to fulfil the parposes we collected it for;
we may then retain your data in anonymised or psendonymised format. To determine the appropriate retention period for
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personal data we consider the amount, namre, and sensitivity of the personal data, the potenal risk of harm from
unauthorised use or disclosure, the purposes for which we process your personal data and whether we can achieve those
purpases through other means, and the applicable legal requirements.

Communication
In the first instance please contact the researcher who your initial contact was with [emma Phillips, coléjfpéleeds.ac.uk).
You may also contact the Data Protection Officer for further information (see contact details below).

Please see the Information Commissioner's website for further information on the law) - Tou have a right to complain to
the Information Commissioner's Office (100] about the way in which we process your personal data, Please see the I007s
website.

Concerns and contact details
[f you have any concerns with regard to the way your personal data is being processed or have a query with regard to this
Notice, please contact our Data Protection Officer (Alice Temple: AL Templedleedsacuk).

Our general postal address is University of Leeds, Leeds L52 9]T. UK.

Our postal address for data protection issues is University of Leeds Secretariat, Room 11,72 EC Stoner Building, Leeds, L52
9T,

Our telephone number is +44 (07113 2431751,
Our data controller registration number provided by the Information Commissioner's Office is 5538145
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11.4 Appendix D: Risk Assessment for Data Collection
2022 and 2023

Appendix 3: Risk Assessment
Fieldwork Risk Assessment Form. ir

UNIVERSITY OF LEEDS

This form must be used for all Fieldwork Activities including Fieldwork Activities and Travel Plans subject to
Foreign and Commonwealth Office Travel Advice.

It may not be necessary to complete every section — where not applicable nfa. please indicate why.

Fieldwork Project Details

Faculty School of Civil Engineering, Faculty of Engineering and Physical
Schoolf Service Sciences
Location of Fieldwark Delhi, India

Is the location subject to Foreign and
Commonwealth Office (FCO) Trawel
Advice? Mo

Y., compiefe the FGO Advice sechon
and refer fo the Procedure for travel
against FO0 advice

Brief description of Fieldwork PhD researcher Jemma Phillips will be travelling to Delhi, India. This
activity and purpose work will b2 in eollaboration with Jayna Collective LLP, Newcastle
University, Empower Project, the Water Security Hub and the Centre
{Inciude country. location. area, and gnid | for Urban and Regional Excellence (CURE) organisation. The

reference and map where spplicablel. | receqreher will be carmying out fisldwork related to her PhD project in
the Barapullah sub basin area. Activities will include: walking around
and obsenving living conditions in the slums/ informal settlements of the
Barapullah sub basin area; observations of sanitation conditions in the
slumvinformal environment, interacting with local communities and
working alongside local staff in order to collect environmental samples
and conduct household surveys.

Fielcwork itinerary
Neither Flights nor Hotels have been booked, and will not be booked
Eq fiight details, hotel address, dates of | until final approval of Ethics and Risk Assessment due to the ever-
fraved, mode of fansport efc. changing global coronavirus situation; as of 28th September 2020, the
University’s fravel insurance will not cover cancellation or curtaiment of
fravel as a consequence of Covid-19. These are therefore
approximations of what | will use, and whal my curent intenfion is. This
rick assessment will be updated as | continue so it holds the latest
informadion.

Traved is ikely fo be the 15" October 2022 — 16" November 2022
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University Travel Insurance:
Policy Information

Organiser Details

Fieldwork Activity Organiser /
Course Leader

Departmental Co-ordinator

Mature of visit
Size of Group, lone worfding, sfaif,
posigraduale, undergraduate.

Participant Detailzs
Attach information as separafe list i
required.

Aviva Business Travel Policy Number 100003514GPA

hitpihwww. leeds ac ukfinsurancefiravel him

Advisory NMote: Check that the country vou intend to travel to is covered
by the University travel insurance before you go. Take a copy of the
Summary of Cover with you which includes Emergency Contact
Murmibers.

hitps-ffwaw leeds ac.ukfinsurance/documents/summary of cover.pdf

Contact details
Inciuding Name, Emaid, Telephone Number.

Barbara Evans
B.E.Evansiileeds.ac.uk
+44 1625 263363; 07747196126

Timothy Madin
T.J Nading@@leeds.ac.uk
0113-34-37330

PhD researcher Jemma Phillips will be spending up to 6 weeks in Delhi
to carmy out fieldwork in the Barapullzh sub basin area and work
alongside local staff from Jayna Collective and in collaboration with
staff from Newcastle University who's trip to Delhi will also be for
overlapping dates.

Contact details
Name, Address, email, felsphone, gender and nexdt of kin contact defails

Jemma Phillips
29 The Quarmy, Leeds, LS17 TNH
cnlGifp@@leeds ac. uk

07704442456
Female

Mesxt of Kin:

Arinze Phillips (husband)
07413209132 / 07477193761
arinzetobias@hotmail.com

UREC Ethics form version 38 (updated 12//11/15)
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HAZARD IDENTIFICATION
Hmtﬁraﬁhazaﬂ:ksp@aiﬁcm fieldwork activities and mravel plans. describe existing control measures and identfy any

further measures reguired.

HAZARD{S) IDENTIFIED

CONTROL MEASURES

{e.g. allernative work medhods, rraining. Supervision, profecive
equipment)

1. Nature of the site
lahoratory, office, workshop, constructon
fam efe.

site,

& General:
o Offices
Informal Settlements
River
Agricultural sites
Food Markets
Communal / Public
Toilets
& MNearest local contact point -
accommodation.
& System for contact
appropriate to the location
(and contact times)

o000

Research will take place in slum communities, meetings
in professional and academic offices, food wholesalers,
potentially some urban agriculture settings.

The key local contact pointe will be the Jayna Collective
LLP team, and the group accommodation.

The researcher will have a local SIM card in her phone
that ensure she is reachable at all times.

2. Envircnmental conditions

As Delhi is a humid subtropical
region, the following envircnmental
conditions will need to be
considered:
+ Climate Related Risks
+« Poor air gquality (smog)
& Access to adequate supply of
food and potable drinking
water

Climate Temperature Drnking water, avoiding
Related Risks extremes ( mid-day direct sun,
up to 40'c) carrying a sunhat,
¢ Sunbu finding shade whenever
m possible, being active at
« Sunstr the beginning and end
oke of the day before the
« Dehyd sunreaches peak
ration warmth, not over-
exerciging / over-
exerting, wearing light /
loose clothing
T T 1
¢ Floodi Locking at flood maps
ng to understand rigkier
areas, having
accommodation above
the ground floor if
poasible
I T 1
Poor Air « Humid H: Having lots of water,
Quality ity shade and cool air to
&« Smog keep body temperatures

lovw
S: Wearing facemasks

UREC Ethics form version 38 (updated 12/11/15)
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when in congested
smoggy areas

Access o « Ensuring
Water and adequate food
food and potable
water (especially
in slum / informal
areas)
3. Site-specific conditions
E.g. ciiffs, screes, bogs, featureless landscapes,
el Location  Risk Meoasures
« Accommodation
& Slum/ Informal Accommo ¢ Fire safety The researcher will
MNeighbourhoods dation & Perzonal familiarise herself
+ CURE office security with the fire safety
& Government offices and s General protocol and
municipalities in Delhi and safety of emergency escape
Chennai structure and routes in the
& Communal and public toilets facilities accommodation. All
& “Yamuna River personal valuable
e Urban agricultural sites in belongings will be
Delhi locked away in a
¢ Food markets in Delhi zafe_ All hazards
# Food wholesalers in Delhi kept to @ minimum by
ENsSuring any
faultsfizssues are
reported to hosts.
Shum/ ¢ Heavytraffic Being in a group
Informal flow where possible, only
Meighbour & Safetyl travelling alone in
hoods securty daylight, having
concerns of  rabies vaccination
physicallsex
ual violence
or abuse
& Siray dogs
Office s Office - Wearing glasses to
environme related prevent eye strain (if
nts hazards appropriate),
watching for
potentially

dangerous/ slippery
surfaces, familiarize
fire escape routes
upon entering new
buildings

UIREC Ethics form version 38 (updated 12/11/15)
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Communa Safety

| and Isecurity Only going into these

public concerns of  2paces in daylight,

toilets physicalisex  always ensuring a
ual violence  charged phone iz
or abuse available

Open Flooding Remaining at least

water High levels 2m from the banks of

such as of pollution the river at all time,

rivers and Risk of no swimming,

drains drowning vaccinations for
Infaction water related
from contact diseases. Wearing
to water PPE for sampling
bodies activities.

Urban Mechanical

agricultura hazards from Staying away from

| sites in farm machinery that could

Dielhi machinery be potentially
Chemicals dangerous, wearing
such as long sleeve tops, and
pesticides long trousersfskirts
and crop z0 less skin is on
sprays show to come into
Aggression contact with
from potentially dangerous
domestic chemicals, not
animals provoking /

approaching wild 7
unknown animals

UFREC Ethics form version 38 (updated 12/11/15)
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Food « Heavy traffic  Awvoiding buying

markets in # Human street food where
Delhi congestion possibly (especially if
« Theft not piping hotffried
« Physical which would reduce
violence or risk of harm}), not
abuse getting out expensive
& Hygiene items (phone,
concern of camera, laptop) in
produce busy and congested

& Lackofsafe areas, only being in
infrastructure crowded areas in
+ Siray dogs daylight, using
common sense to
assess the safety of
the area, having
rabies vaccination

Food s Traffic Being vigilant for any
wholesale including hazards and keeping
re in Delhi commercial  away from harm's
vehicles way at all times.
such as Avoid touching
forklift trucks produce where
# Hygiene possible, especially
concerns of  unpackaged foods to
produce reduce risk of ham.
& Physical Yigit during daytime,
violence or if possible in pairs or
abuse a group to reduce

chances of being
alone and at risk.

4. Process
driving wehicies, handling or working with
animals efc.

& Sampling at sites of interest

« Communicating/interacting
with local people

& Communicating/interacting
with Jayna Collective staff

There are no particularty high-risk activiies (e.g. operating
machinery, electrical equipment, driving vehicles,
handling or working with animals) that will be carried out
for the duration of the trip. Minor procesas rigks include:

Informal observation and communication:
# Listening carefully and asking to repeat items if
unclear as to reduce misinterpretation
conversation/actions

members # (Geiting assistance from a local interpreter to
reduce misunderstanding/misinterpretation
5. Trz:r'tsport O — International Travel;
Mode of fransport On STe, # Prioritising reputable aifines
camage of dangerus goods el orep
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Travel to and from Delhi:
Flights from Manchester to Delhi

Trangport during time in Delhi:
Carftaxi: local driver to transport the
group to sites of interest

Internal Travel:
& Amrange for private local driverfs to transportation
around Delhi

of machinery, tools, use of specialisf equipment
eic.

Laboratorny equipment may be heavy and therefore manual
handling procedures will be adhered to and supporing
equipment such as trolleys shall be used as much as possible.
Full PPE will be used and only trained personal will enter labs
and uze any lab eguipment.

PhD researchers could be camying
out some lone work- this could pose
risk of violence, particulary sexual
viclence! abuse against women

Mugging in crowded spaces such as
food markets and slumdinformal
neighbourhoods

Conflict'hostility from local people
regarding observations and
interaction

When working alone, work should be camied out in
daylight hours and in public places to minimise risks of
being alone in the dark. Researchers should also always
use private car hire where possible to reduce the need to
use rickshaws and other less safe modes of tranaport.

Researchers should try to always use secure bags with
gseveral fastenings to keep belongings and valuables safe
{e.g. no tote bags).

Researchers need to use commaon sense whilst
documenting observational data to ensure that they do
not encroach on others' privacy (e.g. not taking direct
photos of people without consent).

8. Cultural Considerations
Specific fo the aciivty or parbcipants.

Maintaining appropriate attire and
behaviour in raditional neighbourhoods

Religious and dietary considerations

We will ensure that general attire is appropriate (e.g. no
short skirts), to make sure that we are culturally sensitive,
but also weather appropriate (e.g. ensuring we have
sunhats to minimise sunbum risks).

We need to be aware of the potential risks associated
with religious considerations as the researcher is
Christian and the majority religions are Hindu and Islam.
The researcher will be respectiul at all times.

9. Individualis)
Medical condilions), young, inexperenced,
disahiliies efe.

Medical conditions
Mone.

FREC Ethics form version 38 (updated 12/11,/1%)
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« Medical conditions
« No dizabiliies
& |nexperienced Researcher

Researcher has been to Delhi in a group trip with PhD
supervisor in April 2022 therefore is familiar with the
context.

10. Work Pattern

Time and location e.g. shift work, work at night,
woviking day (including iunch breaks and rest
breaks), personal fime and down time.

Standard work pattem:
« Breakfast

Work

Lunch

Work

Dinner

Researchers should be working standard hours
{approximately Yam-Spm), no night shifts will be done,
and long hours will be avoided.

This will reduce the chance of lack of sleep and
exhaustion negatively affecting the data collection.

When possible, all researchers should be able to take the
weekend off for personal travel/down time in order to
recuperate.

11. Permissions Required
Contsct defails, visas, and leffers of permission,
resinclions and ofher details of permissions.

Business vizas required for travel

& [Business visa is in place.

& [Business Cards will b2 taken as recommended by
the Embassy to show formal affiliation to our home
institutions (University of Leeds)

12.0ther Specific Risk Assessments
E.q GOSHH, Manual Handlbng, Lone Working i
50 what is identified in these assessments? Are
there taining requirements? (Cross reference

| wihere appropnsts).

Lone-working

Dwring the trip, several researchers may underiake
individual day-trips to different parts of the city. In this
event, they will follow the listed procedures as specified
by the lone-working policy guidance:

# [Fomal permission from supervisors to work alone

& The work iz classified as low risk

& Supervisors will be aware of work hours, and will
be checked in with regularly

& Competency to work alone, and ability to use any
software | need for the duration of the trip

= A mobile phone will always be on and charged (a
charger and a portable charger shall be carried to
ensure the phone has battery in order for others to
check in with us, and for us to check in with
others).

13. Health Guestionnaire Completed

Is it required and has if been completed, who by
and where is it recorded”?

Health questionnaires have been filled out by the team,
and where required GP proof has been given to back up
these responses.

14, Health Surveillance Reguired

Is it reguired and has if been completed, who by
and reconded? Refermal fo Ocoupational Health
for staff required?

{Student Medical Pracfice for students).

There should be no reasen to come into
contact with the following substances that
woukd cause concem.

MA
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= Specified biological agents (human
or fransmissible animal pathogens
“zZoonoses”).

= Carcinogens.

»  Toxic chemicals (with both short
term acute and kong term “chronic™
effects ).

= Allergenic substances (some wood
dusts, paint vapours, lubricants and
animal fur)

= Radioactive chemicals.

15, Vaccinations Required

Suggested: Hepatitis A, Hepatifis B,
Tetanus, Polic, Typhoid, Cholera,
Yellow Fever, Japanese Encephalitis,
Rabies, Anti-Malaria Medication

Provided by University's Occupational Health Team:
Rabies, Hep A, Typhoid, diphtheria, tetanus and polio

Researcher has been in contact with her GP to provide
their medical and vaccination history, and are currently in
the process of being booked in for the required vaccines
by the Occupational Health Team.

In addition to vaccinations, anti-malaria medication is
needed for the duration of this trip:
- Atovagquone/Proguanil (Malarone ) — (AntiMalarial)
- Thig iz needed as according to World Health
Organization (WHO), India contributes 77%
of the total malaria cases in Southeast Asia.
- Respective PhD budgets will be used to pay
for Malarone (the more expensive option)
due to its prevalence of fewer side common
effects, which iz needed to ensure data
collection ime is not lost.)

16. First Aid Provision
Requirement for firsf aid or speciaiist first aid
equipment, acoess to medical equipment and
hospitals.

No Spedalist Equipment is needed

The researcher will carry a small first aid kit.

Research will be in the capital city of New Delhi, and
therefore have good connections to available hospitals if
nesded.

Additional Supporting Information

17. Pre-departure Briefing
Camied ouwt and attended,

The Specifics of the hriefing are fo be decided
upon 1 month before fiying ouf. The brefing
itself will happen 2 days before the fight, with

& pre-departure briefing consisting of:
- Recapping the tip ltinerary
- Hazards and associated control mentioned here
- Especially food, hygiene, and climate related
dizeases (Dehydration, heat stroke etc)

mﬂm’ waiting hm! ped in the - Cnntinger_'my and Emergency Plans
- FCO Advice
- Appropriate dress / Cultural differences
18. Training Researcher is aware of operating procedures of the
Identify kevel and esxtent of information; i i i
- o ol i o coranier University and of how to implement the emergency plan.

217
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19. FCO Advice

Where travel may be against all ravel and all
bur essential ravel, refer fo the Procedure for
traved against FE0 advice.

Include curent FCO advice for fravel fo the
country / area where applicable.

The FCO does not currently have any restrictions that
would prohibit travel to India from the UK.

Within India, it advises against travel to the Pakistan
border, as well as the state of Jammu and Kashmir, and
areas including Pahalgam, Gulmarg and Sonamarg, the
city of Srinagar and the Jammu-Srinagar national
highway. This rip is not planning on going to these areas
{or near them ), so there is no danger of going against
FCO advice.

20. Supervision and Communication
Wil you be [one Working? Type Yes or
Ho..
Fiease provide further details including
contmols, amangements and levels of

|

Identify level of supervision required e.q. full
time, direct supenision or indirect supenision.
Also names of people supenising, their
specialist training,
mma'ﬂwewpum aisg
idenfify those they are supenvising.

Supervision:
« [Prof Barbara Evang available by whats app, email
and telephone.

#« [Further formal support from Jayna Collective,
Empower Project and Newcastle University.

+ [nformation suppeort from friends and
acquaintances in Delhi from previous trip.

2. Emergency! Contingency Plans
Consider and ideniify the plans youw may need
fo have in place in the event of emergency e.q.

Upon entering the country we will purchase ocal SIM cards so
that our phones are able to access the data and call networks
g0 we are able to contact people freely upon need.

reporting. Includs E}lﬁga't}'yﬁrmde&ﬂs

a5 applicable fo country visied. Important Contact Details:
Mon-emergency Number. 0113 343 549445
Emergency Mumber: 0113 3432222
Emergency Medical assistance number. 01243 621066
CURE Team +91 011-40535541
India Specific Emergency Numbers:
Police — 100, Fire — 101, Ambulance — 102
Air Ambulance - 9540161344

UREC Ethics form version 38 (updated 12/11/15) Paze 2B of 31
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Emergency Procedures:
In the event of an incident, the following procedure will be
followed:
= The proper emergency services will be called (police,
fire, ambulance - if needed)
= The First aider (if present) will address the situation and
perform any needed tasks (e.g. bandaging)
e The MedicalTravel insurance team will be notified so
that we are able to know what we can access
+ Following these steps, all incidents will be reported back
to health and safety services, other researchers on the
trip (if not present) and supenvisory team of the injured
{if unalde to notify the team themselves)

22, Other Controls
E.q. hackground checks for sife visits, embassy
reqgisiration.

A

NIA

23, ldentify Other Persons at Risk
This may include more indihiduals than the
feldwork participants e.q. other employess of
pariner organisafions.

Copy of other Organisafion’s sk assessment
attached?

Mo rizks to partrers.

24, Additional Information
Fiease use this section ko record any addiions
information nof covered by the ofher sechons.

Contact defails for Embassies / Consulstes.

Click or tap here to enter text

Contact detils for Embassies / Consulares

British Consgulate: Tel: +891 11 2419 2100; Email:
web.newdelhi@fco.gov.uk; Address: Shantipath,
Chanakyapuri, Mew Delhi, Delhi 110021, India

Formal PPE will be required for envircnmental sampling.
Addidionally, a sturdy pair of shoes (e.g. walking boots) to use
as protective footwear if the need arizes.

Ag India i= a tropical country with dramatic weather changes, |
will camy waterproofs as well as sun cream and sun hats to
ensure that we are prepared for whatever the day may bring.

The accommadation being sorted will be a guesthouss with
sequre entry which is the same place stayed at [ast ime. Upon
arrival, the accommadation must be checked to ensure checks
on fire safety, personal security, general safety, and emergency
exits are complete before agreeing to stay - if accommodation
fails these basic checks and an informed decision is made that
identfies the accommodation as unsuitable, the fisldwork
activity officer must change the booking.

Cowid-19 guidance in Delhi will b2 adhered to. Face masks will
e worn where required and socal distancing will be followed
where it is recommended. The researcher will have Lateral
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Flow Tesats with them to regularty test during their stay in India.
The researcher is fully vaccinated against Covid-19 and has
recovered from Covid-19 recenthy.

Yes The residual risks are acceptable given the given

Residual Risk
I the residusl sk scoepfable with the identifed controls
conirols? J AR NIA

Mame: Jemma Phillips
Asszessment carried out by | Signature:

Diate: 190068722

Mame:

Signature:

Diate: 01.03.2022

- J Philli
Mames of personis) Name: emma Fhilips
involved in Fieldwork )
N.B: This can take the form of @ Signature:
signed class regisfer when lange
roup work Diate: 190622
UIREC Ethics form version 38 (updated 12/11/15) Paze 30 of 31
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Academic Leader/ Academic
Tutor J Line Manager

Mame: Barbara Evans
Signature:
Date: 11.03.22

Wheere Fieldwork Activities and Travel Plans are subject to FCO Advice, approval must be obtained from
the Head of School or Service, the relevant UEG member and the University Deputy Secretary

(Secretariat).

The Data collection does not take place in an area that is against curent advice, therefore the following
section is imelevant for this fiefdwork.

Head of School / Service

Member of UEG

University Deputy Secretary

MName:

Signature:

UREC Ethics form version 38 (updated 12/11/1%)
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Appendix 3: Risk Assessment

ﬂ
|.

IVERSITY OF LEEDS

Fieldwork Risk AssessmeH Hﬂrm.

This form must be used for all Fieldwork Activities including Fieldwork Activities and Travel Plans subject to
Foreign and Commonwealth Office Travel Advice.

It may not be necessary to complete every section — where not applicable nfa, please indicate why.

Faculty
School! Service

Location of Fieldwork

Is the location subject to Foreign and
Commonwealth Office (FCO) Travel
Advice? Mo

Y, compiefe the FCO Advice sechon

and refer fo the Procedure for iravel
against FE0 advice

Brief description of Fieldwork activity
and purpose

{Inciude country, location, area, and qrid
reference and map where applicable).

Fieldwork itmerary

Eq fight detzils, hofel address, dates of
fraved, mode of fransport efc.

UREC Ethics form version 38 [updated 12,/11/15)

Fieldwork Project Details

School of Civil Engineering, Faculty of Engineering and Physical Sciences

Delhi, India

PhD researcher Jemma Phillips will be ravelling to Delhi, India. This work wil
be in collaboration with Jayna Collective LLP, Newcastle University, Empower
Project, the Water Security Hub and the Centre for Urban and Regional
Excellence {CURE) erganisation. The researcher will be camying out fieldwork
related to her PhD project in the Barapullah sub basin area. Actvities will
include: walking around and observing living conditions in the slums! informal
setbements of the Barapullah sub basin area; observations of sanitation
conditions in the slum/informal envirenment, nteractng with local communities
and working alengside local staff in order to collect environmental samples,
obsenvations. focus group discussions and key informant interviews.

Neither Fights nor Hofels have been booked, and will nof be booked wnfil final
approval of Ethics and Risk Assessment due fo the ever-changing global
coronavines situation; as of 28th Sepltember 2020, the University's travel
insurance will nof cover cancellafion or curfaiment of fravel 35 a conseguence
of Govid-19. These are therefore approximafions of what | will use, and what
my cwrrenf intenfion is. This nisk assessmenf will be updated a5 | continue 50 if
holds the latesf informadion.

Travel is likely fo be the 11* October 2023 — 307 Ocfober 2023,
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University Travel Insurance Paolicy
Information

Organiser Details

Fieldwork Actvity Organiser / Course
Leader

Departmental Co-ordinator

Mature of wisit
Size of Group, lone working, sfalf,
posigraduate, undergraduate.

Participant Details
Aftach information a5 separafe fis i
requied,

Aviva Business Travel Policy Number 100003814GPA

hitp:ffwww . leeds.ac.ukiinsurancedtravel_htm

Advisory NMote: Check that the country you intend to travel to is covered by the
University travel msurance before you go. Take a copy of the Summary of
Cowver with you which includes Emergency Contact Mumbers.

hitps:fwww. leeds. ac.ukiinsurance/documents/summary of cover pdf

Contact details
Inciuding Name, Emai, Telephone Number.

Barbara Evans

B.E Evansleeds acuk
+44 1825 203363; 07747106126

Timothy Madin
T.J Madinifleeds ac.uk
0113-34-37330

PhD researcher Jemma Phillips will be spending up to 2 weeks in Delhi to
carry out fieldwork in the Barapullah sub basin area and work alongside local
staff from Jayna Collective and in collaboration with staff from Newcastle
University on the Water Security Hub.

Contact details
Name, Address, email, felsphane, gender and next of kin confact defails

Jemma Phillips
T Falling Foss Way. Bramhope. L5168 8FP
cn1Gifp@leeds ac.uk

0770444 2458
Female

Wext of Kin:

Arinze Phillips (husband)
0747 T1B3TE]
arinzetobiasi@hotmail.com
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HAZARD IDENTIFICATION

further measures reguired.

HAZARD{S) IDENTIFIED

CONTROL MEASURES

fe.q. altermative work methods, raining, supervision, protective
equipment}

1. Mature of the site
laboratory, office, workshop, construction sife,
fam eic.

= General:
o Offices
o Informal Settlements
&« Mearest local contact point -
accommodation.
# System for contact
appropriate to the location
(and contact times)

Research will take place in slum communities, meetings
in professional and academic offices.

| The key local contact points will be the Jayna Collective

LLP team and the Delhi School of Flanning and
Architecture (SPA) team who are working with the Water

Security Hub.

The researcher will have a local S5IM card in her phone
that ensure she is reachable at all times.

2. Environmental conditions
Exiremes of temperature, cimate, alfitude,
conditions, fidal condibions efc.

Climate
Related Risks

Temperature
extremes (

Drinking water, avoiding
mid-day direct sun,

&s Delhi is a humid subtropical up to 40°c)  carrying a sunhat,
region, the fellowing envirenmental # Sunbu finding shade whenever
conditions will need to be m possible, being active at
considered: # Sunstr the beginning and end
# Climate Related Risks oke of the day before the
» Poor air guality (smog) « Dehyd sunreaches peak
* Access to adequate supply of ration  warmth, not over-
food and potable drinking exercising / over-
water exerting, wearing light
loose clothing
I T T 1
# Floodi Looking at flood maps
ng to understand riskier
areas, having
accommodation above
the ground floor if
possible
I T T 1
Poor Air # Humid H: Having lots of water,
Quality ity shade and cool air to
« 5Smog keep body temperatures
I
5. Wearing facemasks
when in congested
smMoggy areas
I T T 1
Access to & Ensuring
Water and adequate food
food and potable
UFREC Ethics form version 38 (updated 12/11/1%) Paze 21 af 30
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water (especially
in glum § informal

areas)
3. Site-specific conditions
E.q. ciiffs, screes, bogs, featureless landscapes,
ol Location Risk Measures
¢ Accommodation
& Slum/ Informal Accommo & Fire safety The researcher will
Meighbourhoods dation = Perzonal familiarise herself
+ CURE office securty with the fire safety
& Government offices and s General protocol and
municipalities in Delhi and safety of emergency escape
Chennai structure and routes in the
& Communal and public toilets faciliies accommodation. All
# ‘Yamuna River personal valuable
¢ Urban agricultural sites in belongings will be
Drelhi locked away in a
¢ Food markets in Delhi safe. All hazards
# Food wholesalers in Delhi kept to a minimum by
ensuring any
faultsfissues are
reported to hosts.
Shum/ & Heavy traffic Being in a group
Informal flow where possible, only
Meighbour s Safety/ travelling alone in
hoods security daylight, having
concerns of  rabies vaccination
physicallzex
ual violence
or abuse
& Stray dogs
Office s Office - Wearing glasses to
environme related prevent eye strain (if
nts hazards appropriate),
watching for
potentially
dangerous/ slippery

surfaces, familiarise
fire escape routes
upon entering new
buildings

UFREC Erhics form version 38 (updated 12/11,15)
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Open # Flooding
water + High levels Remaining at least
such as of pollution 2m from the banks of
rivers and * Risk of the river at all time,
drains drowning no swimming,
& Infection vaccinations for
from contact water related
to water diseases. Wearing
bodies PPE for sampling
activities.
L]
L]
4. Process i ) There are no particulary high-risk activiies (e.g. operating
M‘“m'ﬁ*";m Eﬂ“”"‘f‘;]'* machinery, electrical equipment, driving vehicles,
animals efic.
UPREC Ethics form version 38 (updated 12/11/15) Paze 23 0f 30
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« Sampling at sites of interest

& Communicating/interacting
with local people

& Communicating/interacting
with Jayna Collective staff

handling or working with animals) that will be carned out
for the duration of the frip. Minor process rizgks include:

Informal observation and communication:
& Listening carefully and asking to repeat items if

members unclear as to reduce misinterpretation
conversationactions
& Getting assistance from a local interpreter to
reduce misunderstanding/misinterpretation
S Tm:fsnm sl oy eyl International Travel:
e « Priortising reputable aifines
camage of dangerous goods els. grep

Travel to and from Delhi:
Flight= from Manchester to Delhi

Trangport during time in Delhi:
Carftaxi: local driver to transport the
group to sites of interest

| Internal Travel:

& Armange for private local driveris to transportation
around Delhi

6. Equipment
:ftn'adimew. toods, use of specialist equipment

Laboratory equipment may be heavy and therefore manual handling
procedures will be adhered to and supporting equipment such as
trolleys shall be used as much as possible.

Full PPE will be used and enly traned personal will enter labs and
use any lab equipment.

PhD researchers could be camying
out some lone work- thiz could pose
risk of violence, particularly sexual
viclence! abuse against women

Mugging in crowded spaces such as
food markets and slumifinformal
neighbourhoods

Conflicthostility from local people
regarding observations and
interaction

When working alone, work should be carried out in
daylight hourz and in public places to minimise risks of
being alone in the dark. Researchers should also always
use private car hire where possible to reduce the need to
uze rickshaws and other less safe modes of transport.

Researchers should try to always use secure bags with
several fastenings to keep belongings and valuables safe
(e.g. no tote bags).

Researchers need to use common sense whilst
documenting cbhservational data to ensure that they do
not encroach on others’ privacy (e.g. not taking direct
photos of people without conzent).

8. Cultural Considerations

Specific fo the achivity or parbcipants.

227
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Maintaining approoriate attire and
behaviour in traditional neighbourhoods

Religious and dietary considerations

Will emzure that general attire iz appropriate (e.g. no short
skirts), to make sure that we are culturally sensitive, but
alz=o weather appropriate (e.g. ensuring we have sunhats
to minimise sunburn risks).

Will need to be aware of the potential risks associated
with religious considerations as the researcher is
Christian and the majority religions are Hindu and lslam.
The researcher will be respectiul at all times.

9. Individualis)
Medical condilion|s), young, inexperenced,

#« Medical conditions
& No dizabiliies
& Inexperienced Researcher

Medical conditions
Mone.

Researcher has been to Delhi in a group trip with PhD
supenvisor in April 2022 and for data collection alone in
Movember 2022, therefore is familiar with the context.

10. Work Pattern

Time and locabion e.g. shift work, work at night,
working day (including lunch breaks and rest
breaks), personal ime and down time.

Standard work patiem:
#« Breakfast

Work

Lunch

Work

Dinner

Researchers should be working standard hours
{approximately S9am-5pm), no night shifts will be done,
and long hours will be avoided.

This will reduce the chance of lack of sleep and
exhaustion negatively affecting the data collection.

When possible, all researchers should be able to take the
weekend off for personal travel/down time in order to
recuperate.

Business visas required for travel

& [Busziness visa is in place.

& Buginess Cards will be taken as recommended by
the Embassy to show formal affiliation to our home
institutions (University of Leeds)

12.0ther Specific Risk Assessments
E.q GOSHH, Manual Handling, Lone Wordng if
50 what is ideniified in these assessmends 7 Are
there faining requirements? (Gross reference

| wfhere approprate).

Lone-working

During the frip, researchers may undertake individual day-
frips to different parts of the city. In this event, they will
follow the listed procedures as specified by the lone-
working policy guidance:

& [Fomal permission from supervisors to work alone

& The work is classified as low risk

¢ Supervisors will be aware of work hours, and will
be checked in with regularly

+ Competency to work alone, and ability to use any
software | need for the duration of the tnp

& A mobile phone will always be on and charged (a
charger and a portable charger shall be camied to

FREC Ethics form version 38 (updated 12/11/15)
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ensure the phone has battery in order for others to
check in with us, and for us to check in with
others).

13. Health Guestionnaire Completed Health questionnaires have been filled out by the team,
{:ﬁmﬁ:ﬂhﬁﬁm?m Ll and where required GP proof has been given to back up

these responses. Occupational Health team are satisfied
with all vaccinations administered.

14. Health Surveillance Required
I5 i required and has if been completed, who by A
and recorded? Refermal fo Ocoupational Health
for staff required?
{ Student Medical Praciice for students).
There should be no reason to come into
contact with the following substances that
would cause concemn.
= Specified biological agents (human
or fransmissible animal pathogens
“zZoonoses”).
= Carcinogens.
= Toxic chemicals {with both short
term acute and kong term “chronic”
effects).
= Allergenic substances (some wood
dusts, paint vapours, lubricants and
animal fur).
« Radioactive chemicals.

15. Vaccinations Required provided by University's Occupational Health Team:
SRS U GEEaELE Rabiss, Hep A, Typhoid, diphtheria, tetanus and polio

Researcher has been in contact with her GP to provide
Suggested: Hepatitis A, Hepatitis B, their medical and_vaccinatinn_hismry, and are {:urren_tly in
Tetanus, Polio, Typhoid, Cholera, Yellow the process of being booked in for the required vaccines

Fewer, Japanese Encephalitis, Rabies, by the Occupational Health Team.
Anti-Malaria Medication

In addition to vaccinations, anti-malaria medication is
nesded for the duration of this trip:
- Atovaquone/Proguanil (Malarone) — (AntiMalarial)
- Thig is needed as according to World Health
Organization (WHO), India contributes 77%
of the total malaria cases in Southeast Asia.
- Respective PhD budgets will be used to pay
for Malarcne (the more expensive option)
due to it prevalence of fewer side common
effects, which is needed to ensure data
collection fime is not lost.)

1&. First Aid Provision ) ) The researcher will carry a small first aid kit.
for first aid or speciaiist first aid
hospitals. Research will be in the capital city of New Delhi, and
therefore have good connections to available hospitals if
Mo Specalist Equipment is needed g P
nesded.
FREC Ethics form version 38 [updated 12,/11/15) Page 26 of 30
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Additional Supporting Information

17. Pre-departure Briefing
Camied owt and affended,

The Specifics of the briefing are to be decided
upon 1 month before fiying owl. The briefimg
itself will happen 2 days before the fight. with

A pre-departure briefing consisting of:
- Recapping the trip ltinerary
- Hazards and associated control mentioned here
- Especially food, hygiene, and climate related
diseases (Dehydration, heat stroke etc)

Identify lewel and extent of information;

instruciion and fraining required consider

expenence of workers, details of reevant
==

airport when waiting for fights. - Contingency and Emergency Plans
- FCO Advice
- Appropriate dress / Cultural differences
18. Training Researcher is aware of operating procedures of the

University and of how to implement the emergency plan.

19. FCO Advice

Where travel may be against all oave! and all
bur essential rravel, refer fo the Frocedure for
travel against FEO advice.

Inciude curent FGO advice for travel fo the
country / area where applicable.

The FCO does not currently have any restrictions that
would prohibit travel to India from the UK.

Within India, it advises against travel to the Pakistan
border, as well as the state of Jammu and Kashmir, and
areas including Pahalgam, Gulmarg and Sonamarg, the
city of Srinagar and the Jammu-5Srinagar national
highway. Thig trip iz not planning on going to these areas
{or near them), so there is no danger of going against
FCO advice.

20. Supervision and Communication
Wil yow be Lome Working? Type Yes or
No..

Plezse provide further detaiis including
contis, amangements and levels of
SLpErVISion

Identify leved of supervision required e.q. fal

Supenvision:

¢ Prof Barbara Evans, Dr Paul Hunter, Dr Marco
Felipe-King available by whats app, email and
telephone.

& Further formal support from Jayna Collective and
the Water Security Hub.

¢ [Information suppert from friends and
acquaintances in Delhi from previous trip.

UFREC Ethics form version 38 (updated 12/11/15)
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2. Ememen cyl Contingency Plans

Upon entering the country we will purchase local 5IM cards so that
our phones are able to access the data and call networks so we are
able to contact people freely upon need.

Important Contact Details:

Non-emergency Number: 0113 343 548475
Emengency Number: 0113 3432222
Emengency Medical assistance number: 01243 621068
CURE Team +81 01140535541

India 5pecific Emergency Numbers:
Puolice — 100, Fire — 101, Ambulance — 102
Air Ambulance - 9540151344

Emergency Procedures:
In the event of an incident, the following procedure will be followed:
= The proper emergency services will be called (police. fire,
ambulance - if needed)
= The First aider {if present) will address the situation and
perform any needed tasks (e.g. bandaging)
= The MedicalTravel insurance team will be notified so that we
are able to know what we can access
= Following these steps, all incidents will be reported back to
health and safety services, other researchers on the trip (if
not present) and supervisory team of the injured (if unable to

naotify the team themseles)
22, Other Controls
E.q. background checks for sife visits, embassy
registration. MiA

MIA

23. |dentify Other Persons at Risk
This may include more indhiduals than the
feldwork participants e.q. other employess of
pariner organisafions.

Copy of other Onganisafion’s nsk assessment
attached?

Mo risks to partners.

24, Additional Information
Flease use this section fo recond any additional
information nof covered by the ofher sechons.

Contact defails for Embassies / Consulstes.
Informabion and instrucion recefved, waste,

PPE. clothing and foohwear, sccommodiation,
securly, i Mmbmﬁiﬂ
water st

Contact detils for Embassies / Consulates

British Consulate: Tel: +81 11 2412 2100; Email:
web_newdelhi@fco.gov.uk; Address: Shantipath, Chanakyapuri, New
Delhi, Delhi 110021, India

Formal PPE will be required for environmental sampling. Addidionally.
a sturdy pair of shoes {e.g. walking boots) to use as protective
footwear if the need anses.

UREC Ethics form version 38 (updated 12/11/1%)
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Click or tap here to enter text

As India is a tropical country with dramatic weather changes, | wi
carry waterproofs as well as sun cream and sun hats to ensure that
we are prepared for whatever the day may bring.

The accommodation being sorted will be a guesthouse with secure
entry. Upon armival, the accommodation must be checked to ensure
checks on fire safety, personal security, general safety, and
emengency exits are complete before agreeing to stay - if
accormmodation fails these basic checks and an informed decision is
made that identifies the accommodation as unsuitable, the fieldwork
activity officer must change the booking.

Cowid-18 guidance in Delhi will be adhered to. Face masks will be
wom where required and social distancing will be followed where it is
recommended. The researcher will have Lateral Flow Tests with them
to regularly test during their stay in India. The researcher is fully
vaccinated against Covid-18 and has recovered from Cowid-18
recenthy.

Residual Risk Yes The residual nsks are acceptable given the given
Iz the resigual fisk acceptable with the identified controls
conirols? He NIA
Mame: Jemma Phillips
Assessment carried out by Signature:
Date: 1aMmerzz
MName:
Signature:
Diate: 01.03.2022
- Jemma Phillips
Names of person(s) involved =
in Fieldwork .
MN.B: This can take the form of & Signature:
signed class regisfer when ame
e Date: 1aimerzz
FREC Ethics form version 38 [updated 12,/11/15) Page 25 of 30
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Academic Leader' Academic
Tutor /Line Manager

Mame:

Signature:

Diate:

Barbara Evans

11.03.22

Where Fieldwork Activities and Travel Plans are subject to FCO Advice, approval must be obtained from the Head of
School or Service, the relevant UEG member and the University Deputy Secretary | Secretariat)

The Data collection does nof take place in an area that is against current advice, therefore the following sechion is

irmedewant for this fieldwork.

Head of School ! Service

Member of UEG

University Deputy Secretary

Mame:

Signature:

Ciate:

Mame:

Signature:

Diate:

Mame:

Signature:

Diate:
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11.5 Appendix E: Microbial Sampling Protocols
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Environmental Sampling Plans: Edited from SaniPath
Protocols

Summary

These protocols provide instruction for sterile collection of drinking water, surface water, open
drains, fleoded areas, produce (vegetables) from markets that are eaten raw, street food from
wvendors, solid waste in the community, swabs of latrine surfaces, and soil. Methods are designed to
col lect samples for micobial analysis to detect possible faecal contamination in these environments.

Ssample Collection of Drinking Water (Municipal Water, Other
Drinking Water] or Bathing Water

The following materials and equipment are needed:

1 Gloves

2. lce chest with frozen ice padks

3. Sterile 100ml Whirl-Pak bags with sodium thiosulfate for chlorinated water samples
4. Sterile 100md Whirl-Pak bags for non-chlorinated water samples

5. Cotton swabs

6. 70 % ethanol solution

7. Android device

8. Bxtra paper forms

5. Pen

10. Permanent Marker

Preparation for collecting piped drinking water or bathing water sample

The day before fieldwork, make sure all sampling materials are clean, sterile, and of adequate
quantity and quality. Generate unique sample identification codes (I0) that would be used fior Whirl
Pak bags of samples collected. Prepare one label for each unique sample ID using a permanent
marker.

Sampling protocaol for drinking water

1. Take a photo of the sampling location using the ONA Sample Picture form and log location.
2. Using a permanent marker, label clean, sterile 100mL Whirl-Pak bag with the Sample ID.

3. Put on gloves and spray your hands with alcohol.

4. Spray the cotton wool with 70% ethanol. First sanitize the interior of the mowth to the water
source (this may be a tap, pump, or dispenser], rubbing the cotton wool in a droular motion arownd
the interior about half a finger deep. Fold the cotton wool so that a new surface is available and
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spray the cotton wool with more alcohol. Wipe the exterior of the drinking water source with the
sprayed cotton wool making sure to dean both the tip and outside the tap, pump, or dispenser.

5. Make sure there are tablets of socdium thiosuifate in the 100mi Whirl-Pak bags for all municipal
piped drinking water collection samples. Sedium thiosulfate tablets are not needed in the Whirl-Pak
bags for non-chlorinated drinking water or bathing water samples.

6. Let the water run for 30 seconds. After the 30 seconds, open the labelled Whirl-Pak bag by pulling
gently on the tabs on the side of the bag without touching the mouth or inside of the bag. Do not
touch the mouth of tap with the bag or your hands. Fill the Whirl- Pak bag carefully through the
central opening to abowve the 100mL mark. We will need more slightly more than 110 mis per sample
{fill the sample to the second line).

7. Close the Whirl-Pak bag by carefully and quickly rotate the bag, without spilling the sampled
wiater, and then twisting the wire tabs together. Make sure that the bag is completely dosed and not
leaking (turn it upside down to check).

8. Confirm that the ID is in place and carefully place the Whirl-Pak bag into the ice dhest with frozen
ice packs.

5. Transport samples to the lab within 6 hours of collection and deliver samples to one of the
designated laboratory personnel.

10. Iimmediataly transfer the sample(s) into a 4°C refri or until they are ready to be analysed.

Sample Collection of Open Drain, Surface water and Flood
Water

The materials and equipment needed to collect samples from open drains are as follows:
1 Gloves

2. lce chest with frozen ice padks

3. Sterile 100mi Whirl-Pak bags

4. 70% ethanol

5. 90% ethanol

6. Android Device

7. Sterile ladle (soup spoon)f bucket with rope
2. Pen

5. Permanent Marker

10. Extra Paper Forms

11. Lighter
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Preparation for fieldwork

The day before fieldwork make sure all sampling materials are dean, sterile and of adequate
quantity and quality. Generate unique sample identification codes (I0s) for labelling Whir-Pak bags
of samples collected.

Sampling protocol for open drain and flood water

1. Take a photo of the sampling location using the OMA Sample Picture form and log location.

2. Using a permanent marker, label dean, sterile 100mL Whirl-Pak bag with the Sample ID.

3. Put on dlean gloves; spray them with 70% ethanol.

4. Sterilize the ladle/bucket on a rope by spraying with 70% ethanol and wiping with a clean paper
Towel.

5. Collect the water sample using the sterilz ladle/budket on a rope. If the source is shallow and the
bailer cannot be submerged, turn the hand bailer/bucket horizontally to fill, but take care to not
sooop up sediment or trash in the water.

6. Open the labell=d Whirl Pak bag by pulling gently on the tabs on the side of the bag without
touching the mouth or inside of the bag.

7. Carefully pour the drain water sample from the bailer inte thell0ml labelled Whirl-Pak bag.

8. Close the Whirl-Pak bag by carefully and guickly rotating the bag, without spilling the sample, and
then twisting the wire tabs together. Make sure that the bag is completely dosed and not leaking
{turn it upside down to check).

5. Confirm that the label is still affixed to the bag. Place the 100mL Whirl-Pak in the cooler with ice
packs.

10. Clean the ladle/bucket by spraying it with 90% ethanol and then igniting the ethanol with a
lighter. Take care to do this well away from any flammable liquids or dry environments that could
catch on fire (like grass). Keep hands well away from the mouth of the ladle/bucket.

11. Transport samples to the lab within & hours of collection and deliver samples to one of the
designated laboratory personnel.

12 Immediately transfer the sample(s) into a 4°C refrigerator until they are ready to be analysed.
Samples should be stored no longer than 6 hours before analysis.

Sample Collection of Produce (Raw Vegetahles)

The materials and equipment needed to collect produce samples are below:
1 Gloves

2. lce chest with frozen ice padks

3. 70% ethanol

4. Sterile 2 litre Whirl-Pak bags

E. Android device.
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6. Pen
7. Permanent Marker

8. BExtra Paper Forms

5. Money for purchasing produce

Preparation for fieldwork

The day before fieldwork, make sure all sampling materials are clean, sterile and of adequate
quantity and quality. Generate unique sample identification codes (I10s) for labelling Whirl-Pak bags
of samples collected.

Sampling protocol for produce (fruits and vegetables)

1. Take a photo of the sampling location using the ONA Sample Picture form and log location.
2. Using a permanent marker, label clean, sterile 2L Whirl-Pak bag with the Sample ID.

3. Put on gloves and spray your hands with 70% ethanol.

4. Open the labelled Whirl-Pak bag by gently pulling out the tabs of the side of the bag without
touching the mouth or inside of the bag.

5. If you are selecting produce at a market vendor's stall, carefully open the Whirl- Pak bags without
touching the mouth of the bag. Ask the vendor to place the produce in the bag. Only collect as much
produce as you think one person may consume during a single meal [i.e. one serving]. Quickly close
bag.

6. Confirm that the label is still affixed to the bag. Place the Whirl-Pak bag in the ice chest with ice
packs.

7. Transport samples to the lab within 6 hours of collection and deliver samples to one of the
designated laboratory personnel.

2. Immediately transfer the sample(s) into 2 4°C refrigerator until they are ready to be analysed.
Samples should be stored no longer than & hours before analysis.

Sample Collection of Solid Waste

The materials and equipment needed to collect produce samples are below:
1 Gloves

2. lce chest with frozen ice padks

3. 70% ethamol

4. Sterile 2 litre Whirl-Pak bags

5. Android device

6. Pen
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7. Permanent Marker

8. Extra Paper Forms

Preparation for fieldwork

The day before fieldwork, make sure all sampling materials are cean, sterile and of adequate
quantity and quality. Generate unique sample identification codes (10s) for labelling Whirl-Pak bags
of samples collected.

Sampling protocol for Solid Waste

1 Take a photo of the sampling location using the ONA Sample Picture form and log location.
2. Using a permanent marker, label clean, sterile 2L Whirl-Pak bag with the Sample ID.
3. Put on gloves and spray your hands with 70% ethanol.

4. Open the labelled Whirl-Fak bag by gently pulling out the tabs of the side of the bag without
touching the mouth or inside of the bag.

5. If you are selecting produce at a market vendor's stall, carefully open the Whirl-Pak bags without
touching the mouth of the bag. Place the solid waste in the bag. Quidkly dose bag.

6. Confirm that the label is still affixed to the bag. Place the Whirl-Pak bag in the ice chest with ice
packs.

7. Transport samples to the lab within 6 hours of collection and deliver samples to one of the
designated laboratory personnel.

8. Immediztely transfer the sample(s) into a 4°C refriperator until they are ready to be analysed.
Samples should be stored no longer than & hours before analysis.
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11.6 Appendix F: Household Survey Questions

ZRMS2NZTS, 10:35

Household Survey

¥ Indinatac ranniras nooctinn

Hausakald Surdsy

1. Do you consent to parlicipate in this study? =

] &g | & feg gl o 87
Mark only one aval.
[ Yes

.__'_'__. Ne

General Questions

2. Mame of the surveyor *
Mark only one oval.
[ Kamla Sharma
) Manju Upreti
I Deepak joshi

3. Name of the setilement *

Mark only one aval.

) Jagdamba Camp
() Madrasi Camp
) Andrews Gan|

[ Sanjay Colony, Okhla

Alips:idocs goesle comiformaic! 14 3p8gH0eg 75 0veab T 1 DEsia WK DB M -1g51Y yauledi a=536 500
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@ Dropdown

(=) Dropdown
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ZRMAINES, 1035 Hausahald Surdey

4.

Distance of the house from the main drain *

et & T B gt
Mark only one oval.
[ 1 <50m

() 50-100m
() 100-150m
() 150-200m

s &

7 200=250m

[ ) =250m

N Y

Gender of respondent *
e w1

Mark only one aval.

. mMale

Female

Age of respondent *

Household type *

Mark cnly one oval.

" single family home

-

) Jalrt family

How many people live in your home? *

FmFEmEEF A e

Fillpssidocs goools comlormsaie! 43p8qH0 ey P50vea 5T DER W I4Ew -1 950 yg Ladil e =8 36 3o

240

(=) Dropdown
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ZRDS2NZS, 10035 Hausalakd Sursey
9. Do you have children between the ages of 0-57 *

U TR 0-5 e 5 5 7

Mark only one aval.

 Yes

( INo

10. Do you have children between the ages of 5=127 *
I T 512 €16 & o 87

Mark only one oval.

I Yes
' No

11.  How many times in the past month did you go into the rivers, pands, orlakes *
for any of these reasons?

el e ) 2 oy et v, e, o Faelt v o 7 (3, gl et e
fefar, <t 3%

Mark only one oval,

) Mare than 10 times
) 610 710 times

1110 Stimes
| Never

' Da not know

Filips:iidos ool e comTormaia 1 43p5gH0E T S0veaS T DE R NEWHIABwMA -1 g5IY yauledi Tla=506 300
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ZRIDSIANZS, 10035

Fillpsidocs geocls comTermaie143p8qH0eg T S0vea 5T DES AWK DIAE I 1-1950 yaetedil s =836 300

242

12.

13.

14.

Hausahald Surdey

How many times in the past month did yeu go or came in close contact with the *
miain drains?

ol e me = o o it 7 e o WO B T # (918 UR S o da e i o
faern gan &, e 7 i g &, o wie & feg o )

Mark only ane oval,

[ Maore than 10 times

610 10 times

[ J1toStimes
=Y

_ Mever

[ Do net know

How many limes do you coms into contact with floodwater during times of

flooding?
et & e 7y R e g orl 3 gk 1 Al B o W gu o ), Evee & e
T2 Ut & Pt 8, $@ 38T UL 8, W & A s 3 wer S vl §h

Mark only one oval,

[ Mare than 10 fimes
[ Bte10times
[ J1toStimes
) Mever

" Do not know

How many days within the past week did you drink municipal water? *
T T & fofert Fert STl ey vy e ey &

Mark only one oval,

() Every day
4 to 6 days
[ adays orless

[ Mever

? Do not know

410
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ZRMAIINES, 10r35 Hausalkald Survery

15. Doas your household regulary treat vour housahold's water? *

T 370 U @1 SETHTE B 4 Tge SUER S99 67

Mark only one aval,

I Yes
Mo
7 Do not know

:,_,:' Mot applicable / unable to collect Information

16.  How do you treat the water for drinking purpose? *
3 o ¥ ol @ auER B

Mark only one oval.
) bailing
1 adding ehlotine
' using a normal filter
) using a RO filer

_/ no treatment

17.  How many times within the past week did you eat raw (uncooked) produce

(Vegetables or Fruits)?
Foreet gt s e e Tt He o e e e g

Mark only one oval.
[ ) with every meal?
J at jeast 1 meal a day?
J Few days a week
) Never

:Z Do not know

mlipsidocs goee comilorma /i A3p8qH0eg TS Ivea R T 1 DEsaWKIMEw Mr1-1951Y ygiledil Tl =636 300

243
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FRMNIOTS, 10035 Hausshald Survey
21, How many times within the past week did you eat street food? *
vt gt o s vt e were @ oy et & e wars o o @
Mark anly one oval,
[V every meal?
[ atleast 1 meal a day
[ ) Few days a week
) Mever

| Do not know

22, Do you have a personal tollet? *

1T T = 7

Mark only one oval,

[ Mo Skipto gquestion 24
Solic Waste

23, How many times total every week do you come into contact with sold waste? *

g gt O Rl a g d & dud T ol @i (g g ), 2 % dle A Rean v ),
TR F TEE $d §U DS & o905 § M B, 91 98K 4 Ta1 ST §1 S M I8 S En

Mark only ane oval,

-

() More than 10 times
[ JBto10times

f \1 to 5 times

) Mever

7} Do not know

Tailet Uss

Fillpaidace geods comTermait 43p8qH0e Z50vea 5T DES WK IMEwM n -1g5 1Y yakladil =836 300 &1a
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ZRMSINES, 10035

24.

Haousakald Surssy

If no toilet at home, where do you go for defecation? *

3R HTE U W TE 8 oig | & (o S o g7

Mark only one oval.

) Public Tailst Skip to question 25
[ shared Teilet  Skip to question 23
) Open field Skip to question 23

Public Toilet Use

235.

How many times within the past week did you use public latrines in yvour
neighborhood ¥
firge s & 30 o @R Yo SEea Ty EY

Mark only one oval,

) Mare than 10 tirmes Skip to guestion 23
JEto10tmes  Skip fo guestion 23

L"_".- 110 5 times Skip to question 23
 Mever Skip to guestion 232

| Donot know  Skip to question 23

This cantend is neither created nar endarsad by Soogle

Google Forms

Fillpsiidacs goecle comiforma’d! 14 3p8g HDea 75 0vealI T 1 DEsa WK DM B M- 1951 yguledil e =536 3000
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11.7 Appendix G: Raw Foods Survey

ZRMSPOZS, 10038 Hausakald Surdey

18.  Which of the following vegetables do you eat raw (uncooked)? =

T g et wim w8
Check all that apply.

Few
Daily times  Occasionally  Never

3 Wepk

onion [l O O [l

gardic ] ] ] ]

tomato ] O Il ]

camot [l O O [l

beetroot

(chukundar) ] ] ]

radish

(mook) [l O O [l

spinach

(palak) L] L] [] L]

com [l O O [l

cabbage L] ] ] ]

cucumber L] L] [] L]

sprouts ] O O |

collard

greens ] ] ] ]

(saag)

chilies [l O O [l

coriander

(dhania) ] ] ] ]

caulliflower

Goolgoty - L LD L

mint

(pudina) L] L] [] L]
Fillpasidocs googls samiformait! 4 3pSqH0eg Z50veab I T1 D Erta WK B b in1-1 g5 g wledi Tla =8 36 5o EMD
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ZRDWINZS, 10038 Hausabald Surdey

19.  Which of the following fruits do vou eat raw (uncooked)? *
T G B B e do W 57

Check all that apply.

Daily lrr::a Oceasionally  Never
aweek

apple O O ] []
papaya O ] ]
grapes [ L] ] L]
berries
o O O O O
singara
(water O] L] ] []
chestnut)
baer 0 0O ] L]
vl ] L] ] []
banana L] L] ] []
ey O O O O

20, Does anyone in your household wash the produce that your household eats *
before eating it?
s e B g e & v v a3

Mark only one oval.
[ '¥es
S Mo

) Do not know

Fillps:idacsgeoale comTormaie! 14 3pSqH0cg TS5 Bvea 5T DEDhaWRHIMBwk n-1g5 1Y yauladil e =863 o
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11.8 Appendix H: R Script for Fresh Produce Dose
Modelling

require{truncdist)

# Create an empty vector with 10,000 elements

cfu vector =- numeric({10000)

# Parameters for log-normal distribution
mean_portion <- 1.6

sd portion =-0.6

# Set the random seed for reproducibility (optional)
# set.seed(B58)

# Loop to fill the vector

for (i in 1:10000)§

# Generate a random CFU value (samples without farm or farm market included which
gre 24125, 36375, 128000, 134130

cfu_value <- sampleic(0, 3, 25, 2025, 3617, 3843, 4183, 4300, 7833, 8050, 17700,
40333, 41667, 46500, 62375, 73125, 75000, 109000), size =1, replace = TRUE)

it Generate a random portion eaten from Log-normal distribution

fiportion_eaten <- rlnormin =1, meanlog = logimean_portion), sdlog = log(sd _portion))
ficheck conversion for mean and sd 15 correct. Lpook for the formula.

portion_eaten <-rtrunc(1,spec="norm”a=0,h =
2.9, mean=[mean_portion),sd=(sd portion)})

i Calculate Cn=n*51

cn <-cfu_value * portion_eaten

# Store Cn in the vector

cfu vectori] =- cn

}
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11.9 Appendix I: Fieldwork Plan for sampling, observation

and Focus Group Discussions for Solid Waste

Field work plan

When? Field visit October 2023
Where? Settlements:
1. Madrasi Camp— Juggi Jhopri Colony, established 1982; 483
households.
2. Andrews Ganj — Juggi Ihopri Colony, established 1978; 904
Households
3. Jagdamba Camp — Juggi Jhopri Colony, established 1975; 1099
Househalds.
Samples to be taken | Solid waste from around communities
Sampling Samples to be collected from the waste collection sites/bins,

corners/streetside piles or SW, beside the open drain, and any other key
areas. Approximately 20 samples in total.
- Plating for Faecal coliforms
Observing community members behaviour regarding how they interact
with solid waste around the communities.
a) Number of people depositing waste onto trash piles and grading as to
how much they touch what is already there in the process. (Do they step
on SW in the process, do they touch with their hands eg to push their SW
onto the pile?)
b) Number of people touching the trash with notes of why If cbvious (ie
dropped something they had to retrieve, not sure why)
) Number of people removing something from the trash that they did
not just deposit (notes about if they seem to behave as if the item is dirty
or not).
d) Instances of children playing near/with/on solid waste (and do adults
tell them to come away from the SW).
Focus Groups Three communities divided by area/main street:
1. Asking what they put on the solid waste piles (ie does it include
flying toilets (poo in a bag), diapers, children’s faeces, animal
faeces, faeces on clothes or bedding, incontinence products,
menstrual products, etc)
How often to they take waste from their home to the bins/piles?
Is it one person’s responsibility or everyone in the household?
Do they pay something towards the removal of their waste?
Finding out how much the communities perceive that they
interact with the communal solid waste piles
If they perceive it to be dirty
7. Ifthey are careful not to touch it when they put their own waste
on the piles
8. How often the piles are collected
5. What happens to solid waste dredged out of the Open Drains
10. If they would collect something they saw that could be of value or
use to them from the SW. Weould it be considered dirty or would
they wash it.
11. Do you allow your children to play with or near the SW

AN

=
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11.10 Appendix J: Pilot and Final Hourly Observation
Tally Sheets

Filot Hourly Observations Tally Sheet for Solid Waste Interactions

Jemma Phillips, University of Leeds

Observer name

Community name

Photo number

Location

Date of observations

Time of observations (1 hour)

Any other notes about
conditions
Adult Child
| Behaviour Man Woman Boy Girl
Depositing

something onto SW
pile/bins without
touching what is
already there
Depositing
something onto SW
pile/bins touching
what is already
there or the bin side
Remaoving
something from SW

Playing / recreation
invalving touching
SW (no adult)

Playing / recreation
involving touching
EW (adult present)

Child being told off [
prevented from
touching SW by
adult

Stepping on or
kicking SW

Sanitation Worker
present [¥/N)
Waste segregating
present [¥/N)

Rag picking presant
[¥/N)
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Finalised Hourly Observations Tally Sheet for Solid Waste Interactions

Jemma Phillips, University of Leeds

Observer name

Community name

Photo number

Location

Date of observations

Time of observations [1 hour)

Any other notes about
conditions
| Adult Child
Behawviour Man Woman Boy Girl
Depositing

something onto SW
bins without
touching what is
already there

Depositing
something onto SW
bins using hand to
scoop from own
container

Depositing
something onto SW
pile, touching what
is already there or
the bin side
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11.11 Appendix K: Solid Waste Content Comparisons

nowisl |e e = ochdl cooked
1.12E+05
1.63E+05
1.66E+05
2 16E+04
5.90E+05
1.56E+06 sandy
1.94E+06
2.01E+06
2 0BE+06
2. 11E+06
2.54E+06 ashy
3.05E+06
I o206
E+06
+06
06
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11.12 Appendix L: R Script for Solid Waste Exposure
Modelling

# Create an empty veclor to store doses

dose veclor <=- numeric{ 10000}

#For 10,000 loops

for(iin 1:10000){

#CFU data from sampling in Delhi

cfu_values =- ¢(33100, 80000, 103000, 112000, 162000, 165000, 215000,
90000, 1560000, 1240000, 2010000, 2080000, 2110000,
2540000, 2050000, 5920000, 7080000, 7800000, 8720000,

9800000, 10080000)
selected cfu <- sample{cfu_values, 1)
#number of contacts seen in observations in Delhi

contact value <- runif{1, 0, 1)

if [contact value < 0.9){
contact_frequancy <- 0

} else if (contact_value < 0.93)
contact frequency =- 1

} elsa if (contact_value < 0.95) {
contact frequency <- 2

} else if (contact_value <0.97){
contact frequency <- 3

} elsa if (contact_value < 0.99){
contact frequency <-4

}elsa |

253



contact frequency <- 5}

#Transfer efficiency range taken from Lopez et al (2013).

transfer_efficiency <- runif(1, 0.0001, 1.00)

#dose calculation

dose <- contact frequency * selected cfu * transfer_efficiency

#and of the looping instruction
dose vectori] =- dose

}

#Show first few data points

head{dosa_wvector)

#Histogram
hist{dose vector, breaks =10, main = "Dose Distribution”,

¥lab = "Diose”, ylab = "Fraguency®, col = "skyblue")

#Summary stats

mean_dose =- mean{dose_vector)
median_doge <- median{dose vector)
sd_dose =- sd{dose_vectar)

highest dose <- max(dose vector)

lowest dose <- minjdoge vector)
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11.13 Appendix M: Iterations of the Amplified F-

diagram
Containment Solved:

H SankeyMATIC diagram inputs - Saved: Fomites #FF0000 Spillage during emptying [20] Soil Insufficiently treated FS [20] Soil

201772025, 14052 Surface water HI0SEFF Spillage during emptying[20] Fomites Insufficiently treated FS [20] Agriculture

1 hittps Hsankeymatic.comuild/
Piped water SFFFFO0

Well water #D15C57 Dumped facoal siudge [20] Surface water 11 lows from mid nodes
12 === Nodes and Flows ==
Dumped faccal sludge [20] Open drain Open drain [25] Surface water
# Souroa to Ex Facoal flows -ALL
ouree o Bxposure Faccalflows H Flow values Dumped fascal sludge [20] Ocean Open drain [25] Ocean
Sourcas [10] Expasures Dumped faceal sludga [20] Soil Opan drain [25] Soil
H colours of nodes and flows
Dumped faccal siudge [20] Frosh produce Open drain [25] Groundwater
[ sources J flows from failed containment Dumped faccal sludge [20] Fomites Open drain [25] Agriculture
“Open defecation IFFFFFF i §
Open defecation [20] Expostres Dumped facoal sludge [20] Agiculture Open drain [25] Fomites

“Broken containment AFFFFFF
oken contaimmen (Open defecation [20] Exposures

:Direct discharge #FFFFFF

Open defecation [20] Exposures Direct di pipes [20] B
Open defacation [20] Expasures Direct discharge fram pipes [20] Open drain ‘Groundwater [37] Piped water
Spillags during smptying #FFAS00 Open defecation [20] Exposures Direct discharge from pipes [20] Ocean Groundwater [37] Well water
Direct discharge from pipes IFFAS00 i i
Opan defecation [20] Expasures Direct discharge fram pipes [20] Soil Groundwater [37] Ocean
iLsgking oM ppee FFFAS00 Open defecation [20] Exposures Direct discharge from pipes [20] Groundwater
‘Dumped facssl sludge #FFASOD i i
Direct discharge fram pipes [20] Fomitas. Sail [40] Agriculture
Direct discharga [20] Exposures Sail [40] Fresh produce
Insufficiently treated WW #1453 Direct discharge [20] Exposures Leaking from pipes [20] Surface water Soil [40) Fomites
Ansufficiently treated FS #FF1233 i . )
Direct discharga [20] Exposures Leaking from pipes [20] Open arain Sail [40] Grounawater
Direct dischange [20] Exposures Leaking from pipes [20] Groundwater
Sources FFFFFF
Direct dischange [20] Exposures Leaking from pipes [20] Piped wter Agriculture [23] Surface water
BDONIey FFFFFTT Direct discharge [20] Exposuras Agriculturs [23] Opan drain
/i Tlows from failed trestment Agriculture [23] Seil
# mid nodas . .
Broken containmant [20] Expasuras 20 o
“Soil 7834313 Broken containment [20] Exposures Insufficiently treated WW[20] Open drain Agriculture [23] Fresh produce
“Groundwater 1008080 i
Broken containmant [20] Expasuras Insufficiently raated WW[20] Ocaan Agricultura [23] Fomites
heiouture#006400 Broken containment [20] Exposures Insufficiently traated WW [20] Soil
“Open drain I2FAFAF i i
Broken containment [20] Exposures Insufficiently treated WW [20] Agriculture 11 lows Between exposures
Well water [10] Frash produce
I expasures 1 flows from failed transpart Insufficiently treated FS [20] Surface water Piped water [10] Fresh produce
:Ocesn 4000088
Spillage during emptying [20] Surface water Insufficiently treated FS [20] Open drain Fomites [10] Fresh produce
Frash produca K0OFFO0 . i
Spillage during emptying[20] Open drain Insufficiently treatod FS [20] Ocesn Ooean [10] Famites
attachincompletesto nearest move Lasking from pipes -0.01765, -0.08987
Surface water [10] Ocean labeds color #000000 mave Direct discharge from pipes -0.00254, -
’ 0.08708
Surface water [10] Soil hide N
Dumped faccal sludge -0.02059, 0.25208
Surface water [10] Groundwater highlight0.3 move Dumpad faacal slidge
) move Surface water 0.01763, -0.15031
Surface water [10] Fresh produce fontface sans-serif
Spillage duri -0.00294, 0.11045
Surface water [10] Agriculture linespacing 0.2 movve Spiltage during emptying -0.00294,
- fove Open drain -0.57451, -0.08298
Surface water [16] Fomites relativesize 128
§ move Soil -0.33627, 00121
Surface water [10] Groundwater magnify 100
Well water 0.01176,0.264
labelname appears Y e el watar
: fMmove Piped water 0.00882, -0.11771
11 ===Settings === size 18
Fresh produce 0.02647, -0.24089
size wE00 weeigght 400 friove Fresh produce .
fmove Groundwatar -0.24398, 0.5012
heoo labelvalue appears N
- fMmove Ocean 0.00588, 0.18942
margin 112 fullprecision ¥
Fomites 0.01471, -0.32637
r12 pasition below frieve Fomites
move Sources -0.04813, 0.25115
118 weight 400
0.01765,-0.04825
b20 labedposition autoalign 0 move Bxposurss S,
fmova Insufficiently traated WW-0.05, 0.0546
by color HfHff scheme per_stage
fmove Insufficiently treated FS -0.00234, 004247
transparent N first before Y
Iture -0.43235, 0.00599
nodew 12 braakpoint 2 Fivyve Agricutiure
hso valua format %!
spacing75 prefix”
border 0 suffix™
themea themeoffset a8
color #B83388 bo
opacity 1 0
flow curvature 0.5 do
inheritiram source meta mentionsankeymatic N
color #953899 listimbalances ¥
opacity 0.45
Layout order sutcmatic 11/==Moved Nodes
Justifyorigins ¥ move Open defecation -0.02058, -0.05479
justifyends ¥ move Broken containment -0.01178, 0.08 G
reversegraph N move Direct discharge -0.00588, -0.068
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Transport Solved:

{i SankeyMATIC diagram inputs - Saved:
21/07/2025, 21:53:24

1/ hitps:ifsankeymatic.com/build/

/i === Nodes and Flows ===

/i Source to Exposure Faecal flows — ALL

# colours of nodes and flows
# sources

:0pen defecation #300080
:Broken containment #800080

“Direct discharge #800080

-Spillage during emptying #FFFFFF
Direct discharge from pipes $FFFFFE
“Leaking from pipes KFFFFFE

Dumped faecal sludge #FFFFFF

ZInsufficiently treated WW #FF1493

dnsufficiently treated FS #FF1493

“Sources #FFFFFF

:Exposures SFFFFFE

# mid nodes

Soil #884513
“Groundwater #008080
“Agriculture ¥006400

:Open drain §2FAFAF

#f exposures
:Ocean #00008B

:Fresh produce $00FF00

Ocean [10] Fomites

Surface water [10] Ocean
Surface water [10] Soil

Surface water [10] Groundwater
Surface water [10] Fresh produce
Surface water [10] Agriculture
Surface water [10] Fomites

Surface water [10] Groundwater

Jf === Sattings ===
size w GO0

neoo

margin 112

£12

118

b20

b color HTTHT
transparent N
nade w12

LE

spacing 75
border 0

theme a

color #538888
opacity 1

flow curvature 0.5
inheritfrom source
color #999999
opacity 0.45
layout order automatic
justifyarigins ¥
justifyends ¥
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:Fomites #FFO000
:Surface water #1096FF
:Piped water $FFFFO0

Wall water #D15C57

/I Alow values

Sources [10] Exposures

i flows from failed containment
Open defecation [20] Surface water
Open defecation [20] Open drain
Open defecation [20] Ocean

Open defecation [20] Soil

Open defecation [20] Fresh produce
Open defecation [20] Fomites

Open defecation [20] Agriculture

Direct discharge [20] Surface water
Direct discharge [20] Open drain
Direct discharge [20] Ocean

Direct discharge [20] Frash produce
Direct discharge [20] Soil

Direct discharge [20] Fomites

Broken containment [20] Surface water
Broken containment [20] Open drain
Broken containment [20] Ocean
Broken containment [20] Soil

Broken containment [20] Groundwater

41 flows from tailed transport
Spillage during emptying [20] Exposures
Spillage during emptying [20] Exposures

reversegraph N
attachincompletesto nearest
Labels color #000000
hide N
highlight 0.3
fontface sans-serif
linespacing 0.2
relativesize 128
magnify 100
labelname appears Y
size 16
weight 400
labelvalue appears N
fullprecision ¥
position below
wisight 400
labelposition autoalign 0
scheme per_stage
first before
breakpoint 2
value format 1.
prefix *
suffix™
themeoffseta 9
bo
<0
a0
mata mentionsankeymatic N

listimbalances ¥

11 === Moved Nodes

move Open defecation -0.04118, -0.23132

maove Broken containment -0.02841, -0.37201

Spillage during emptying [20] Exposures
Spillage during emptying [20] Exposures

Dummped faecal sludge [20] Exposures
Dummped faecal sludge [20] Exposures
Dumped faccal sludge [20] Exposures
Dummped faecal sludge [20] Exposures
Dumped faecal sludge [20] Exposures
Dummped faecal sludge [20] Exposures

Dummped faecal sludge [20] Exposures

Insufficiently treated FS [20] Ocean
Insufficiently treated FS [20] Soil

Insufficiently treated FS [20] Agriculture

1 flows from mid nodes
Open drain [21] Surface water
Open drain [21] Ocean

Open drain [21] Sail

Open drain [21] Groundwater

Open drain [21] Agriculture

Open drain [21] Fomites
Direct discharge from pipes [20] Exposures
Direct discharge from pipes [20] Exposures Groundwater [30] Surface water
Direct discharge from pipes [20] Exposures Groundwater [30] Piped water
Direct discharge from pipes [20] Exposures Groundwater [30] Well water
Direct discharge from pipes [20] Exposures Groundwater [30] Ocean
Direct discharge from pipes [20] Exposures

Soil [39] Agriculture
Leaking from pipes [20] Exposures Soil [38] Fresh produce
Leaking from pipes [20] Exposures Soil [38] Fomites
Leaking from pipes [20] Exposures ‘Soil [39] Groundwater
Leaking from pipes [20] Exposures

Agriculture [22] Surface watar

4 flonws from failed treatment Agriculture [22] Open drain

Agriculture [22] Soil
Insufficiently treatad WW [20] Surface water Agriculture [22] Groundwater
Insufficiently treated WW [20] Open drain Agriculture [22] Fresh produce
Insufficiently treatad WW [20] Ocean Agriculture [22] Fomites
Insufficiently treatad WW [20] Seil

traated WW [20] Agri 11 flows between exposuras

Well water [10] Frash produce
Insufficiently treated FS [20] Surface water Piped water [10] Fresh produse

Insufficiently treatad FS [20] Open drain Fomites [10] Fresh produce

move Direct discharge -0.03529, -0.34884
move Leaking from pipes -0.04118, -0.41489
mave Direct discharge from pipes 0, -0.28895
move Dumped faecal sludge 0.00234, -0.17368
move Surface water 0.01176, -0.04888

move Spillage during emptying -0.01765, -0.14531
move Open drain -0.56568, -0.10343

move Soil 033921, 0.04118

move Well water 0.00388, 0.07253

move Piped water 0.01471,-0.13688

move Fresh produce 0.01765, 0.02605

move Groundwater -0.24397, 0.28634

move Ocean 0.01176, 0.05708

move Fomites 0.00882, -0.44343

move Sources 0,-0.07717

move Exposures 0, -0.06704

move Insufficiently treatad WW -0.00234, 0.05466
move Insufficiently treated FS -0.01471, 0.03392

move Agriculture -0.43238, -0.01307
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Treatment Solved:

1/ SankeyMATIC diagram inputs - Saved: “Fomites #FF0000 Spillage during emptying [20] Soil Insufficiently treated FS [20] Exposures
21/07/2025, 22:02:41
“Surface water #0096FF Spillage during emptying [20] Fomites Insufficiently treated FS [20] Exposurss
1/ htps:ifsankaymatic.com/build/
:Pipad water #FFFFO0 Insufficiently treated FS [20] Exposurss
‘Well water #D19C57 Dumped faecal sludge [20] Surface water
I Nodes and Flows =
Dumped faecal sludge [20] Open drain 1 flows from mid nodes
/{ Source 10 Exposure Faecal flows - ALL
11 Flowvalues Dumped faccal studge [20] Ocean Open drain [27] Surface water
/ colours of nodes and flows
Sources [10] Exposures Dumped faccal sludge [20] Soil Open drain [27] Ocean
"
sourses Dumped facoal sludge [20] Fresh produce Open drain [27] Soil
11flows trom failed containment Dumped faccal sludge [20] Fomites Open drain [27] Groundwater
Opan defecation #300080
pan deacstion Open defecation [20] Surface water Dumped faccal sludge [20] Agriculture Open drain [27] Agriculture
Eroken containmant #800080
faken containmen Open defecation [20] Open drain Open drain [27] Fomites
Diract discharge #800080
e ee Open defacation [20] Ocean Direct discharge from pipes [20] Surface water
Opan defacation [20] Seil Direct dischargs from pipes [20] Opan drain Groundwater [45] Surface water
Spillage during emptying #FFAS00
pillage during emptying Open defacation [20] Fresh produce Direct discharge from pipes [20] Ocean Groundwater [45] Piped water
Direct discharge from 5 #FFAS00
e e from pipe Open defacation [20] Fomites Direct discharge from pipes [20] Soil Groundwater [45] Well water
Leaking from pipes #FFAS00
g trom pipe Open defecation [20] Agriculture Birect discharga from pipas [20] Groundwater Groundwater [45] Ocaan

Dumped faccal sludge #FFASO0
pad faect ge Direct discharge from pipes [20] Fomites

Direct discharge [20] Surface water Soil [46] Agriculture
Insufficlently treated WW #FFFFFF
clonthy ot Direct discharge [20] Open drain Leaking from pipes [20] Surface water Soil [46] Fresh produce
Insufficiently treated FS #RFEFFF
elently tradta Diteot discharge [(20] Osean Leaking from pipes [20] Open drain Soil [48] Fomites
Direct discharge [20] Fresh produce Leaking from pipas [20] Groundwater Soil[46] Groundwater
Sources #FFFFFF
Direct discharga [20] Soil Leaking from pipas [20] Piped water
Exposures #FFFFFF
posure Direct discharge [20] Fomites Agriculturs [21] Surface water
1 flows from failed treatment Agriculturs [21] Open drain
# mid nodes
“ Broken containment [20] Surface water Agriculture [21] Soil
Soil 7884513
! Broken containment [20] Open drain treated WW [20] Exp Agriculture [21] Groundwater
Groundwater £008080
. Broken containment [20] Ocean treated WW [20] Exp Agriculture [21] Fresh produce
riculture $008400
Agrieulture Broken containment [20] Soil treated WW [20] Exp Agriculture [21] Fomites
Open drain #2F4F4F
pen drel Broken containment [20] Groundwater insufficiently treated WA [20] Exposures
Insufficiently treated WW [20] Exposures 11 flows between exposures
1 exposures
EXpOBLR 14 flows from failed transport Well water [10] Fresh produce
Ocean #000088
= Spillage during emptying [20] Surface watar Insufficiently treated FS [20] Exposures Piped water [10] Frash produce
Fresh produce #00FFO0
ash produica Spillage during emptying [20] Open drain Insufficiently troated FS [20] Exposures Fomites [10] Frash produce
Ocean [10] Fomites reversegraph N maove Direct discharge -0.00588, -0.04907
attachincomplatesto nearest mave Leaking from pipes -0.00294, -0.23565
Surface water [10] Ocean labels color 000000 move Direct discharge from pipes -0.00588, -
0.25619
Surface water [10] Soil hide N
move Dumped faccal sludge -0.01176, 0.12857
Surface water [10] Groundwater highlight 0.3
mave Surface water 0.04412, -0.14222
Surface water [10] Fresh produce fontface sans-serif
move Spillage during emptying -0.00294, -0.01134
Surface water [10] Agriculiure linaspacing 0.2
move Open drain -0.57744, 0.47607
Surtace water [10] Fomites. relativesize 128 Ve Opes
move Soil -0.35057, 0.20298
Surface water [10] Groundwater magnify 100 e

move Well water 0.00294, 0.2784
labelname appears Y

move Piped water 0.01176, -0.072

1 ===Settings size 16
2o wE00 welght 400 move Frash produce 0.03528, -0.04528
heno \abelvalus appears N move Groundwater -0.24586, 0.54109
margint 12 fullpresision¥ mave Qcean 0.00388, 0.19619
2 position below move Fomites 0.03528, -0.35852
. welght 400 move Sources -0.04813, -0.25115
. sbelposition sutoallznd mave Exposures 0.00588, -0.7588
g color B scheme per stage move Insufficiently treated WW -0.00882, -0.65318
wensparent N frst bafore move Insufficiently treated FS-0.01471, -0.77572
odewia braskpoint 2 mave Agriculture -0.44412,0.32726
hs0 value format !
spacing 75 prefix™
border 0 suffix"
themaa themeoffsata s
color #888888 bo
opacity 1 <0
flow curvature 0.5 dn
inheritfrom source meta mentionsankeymatic N
color #939959 listimbalances ¥
opacity 0.45
layout order automatic " oved Nodes ===
Justifyoriging ¥ maove Open defecation -0.03235, -0.02417 @1
Justifyends ¥ move Broken containment -0.00588, -0.06048
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11.14

1/ SankeyMATIC diagram inputs - Saved:
03/09/2025, 21:36:51

1 hitps://sankeymatic.com/build/

1/ ===Nodes and Flows
1 Source to Exposure Faecal flows - ALL
I colours of nodes and flows

1 sources

:Open defecation #800080

:Broken containment 4800080

:Direct discharge 800080

:Spillage during emptying fFFAS00
:Direct discharge from pipes #FFAS00
:Leaking from pipes #FFAS00

:Dumped faecal sludge FFFAS00

‘Insufficiently treated WW #FF1493

‘Insufficiently treated FS #FF1493

:Sources IFFFFFF

:Exposures #FFFFFF

1/ mid nodes

:Soil #BB4513
:Groundwater #008080
:Agriculture #006400

:Open drain #2F4FAF

I exposures

:Fresh produce #00FF00
:Fomites #FF0000
:Surface water H0096FF

:Piped water §FFFF00

node w12
h50

spacing 75

border 0

theme a

color #886868
opacity 1

flow curvature 0.5
inheritfrom source
color #999999
opacity 0.45

layout order automatic
justifyorigins ¥
justifyends ¥
reversegraph N
attachincompletesto nearest
labels color #000000
hide N

highlight 0.3

fontface sans-serif
linespacing 0.2
relativesize 128
magnify 100
labelname appears Y
size 18

weight 400

labelvalue appears N
fullprecision Y
position below

weight 400
labelposition autoalign 0
scheme per_stage

first before
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Well water #D19C57

1/ Flow values

Sources [10] Exposures

Ji flows from failed containment
Open defecation [20] Surface water
Open defecation [20] Open drain

Open defecation [20] Soil

Open defecation [20] Fomites

Open defecation [50] Agriculture

Direct discharge [20] Surface water

Direct discharge [50] Open di

Direct discharge [20] Soil

Direct discharge [20] Fomites

Broken containment [20] Surface water
Broken containment [20] Open drain
Broken containment [20] Soil

Broken containment [20) Groundwater

Ji flows from failed transport

Spillage during emptying [20] Surface water
Spillage during emptying [20] Open drain
Spillage during emptying [20] Soil

Spillage during emptying [20] Fomites

Dumped faecal sludge [20] Surface water
Dumped faecal studge [20] Open drain
Dumped faecal sludge [20] Soil

Dumped faeeal sludge [20] Famites

breakpoint 2

value format ;!

themeoffseta 9

bo

co

do

meta mentionsankeymatic N

listimbalances ¥

/=== Moved Nodes

Directdischarge from pipes [20] Surface water

Directdischarge from pipes [50] Open drain

Direct discharge from pipes [20] Soil
Direct discharge from pipes [20] Groundwater

Direet discharge from pipes [20] Fomites

Leaking from pipes [20] Surface water
Leaking from pipes [20] Open drain
Leaking from pipes [20] Groundwater

Leaking from pipes [20] Piped water

1 flows from failed treatment
Insufficiently treated WW [20] Surface water
Insufficiently treated WW [20] Open drain

Insufficiently treated WW [20] Soil

Insufficiently treated FS [20] Surface water

Insufficiently treated FS [20] Open di

Insufficientty treated FS (20] Seil

1 flows from mid nodes
Open drain [70] Surface water
Open drain [50] Soil

Open drain [50] Groundwater
Open drain [70] Agriculture

Open drain [50] Fomites

Groundwater [0] Surface water
Groundwater [60] Piped water

Groundwater [80] Well water

move Open defecation -0.32135, -0.0575
move Broken containment -0.01224, -0.08014
move Direct discharge -0.00306, -0.07359
move Leaking from pipes -0.00918, -0.14384

move Direct discharge from pipes -0.00918, -
0.12773

move Dumped faccal sludge -0.01224,0.11019
move Surface water -0.41316,-0.11383

move Spillage during emptyi

12 -0.00308, -0.03044
move Open drain -0.21667, -0.02887

move Soil -0.73989, 0.43693

move Piped water -0.1163, -0.14047

move Fresh produce 0, -0.04199

move Groundwater -0.59628, 0.19248
move Fomites -0.07957, 0.07262

move Sources-0.04813, -0.25115

move Exposures 0.03209, -0.06813

move Insufficiently treated WW 0, -0.03045
move Insufficiently treated FS 0, -0.0305
move Agriculture -0.41094, 0.07702

(Gl

move Well water-0.15302, -0.14297

Appendix N: Applied Amplified F-diagram

Soil [57] Agriculture
Soil [57] Fresh produce
Soil [57] Fomites

Soil [57] Groundwater

Agricutture [30] Surface water

Agriculture [30] Open drain

Agriculture [30] Groundwater
Agriculture [100] Fresh produce

Agriculture [30] Fomites

/i flows between exposures
‘Well water [40] Fresh produce
‘Well water [40) Agriculture
Piped water [60] Fresh produce

Fomites [70] Fresh produce

Surface water [10] Soil
Surface water [10) Groundwater
Surface water [10] Open drain
Surface water [10] Fomites

Surface water [10) Groundwater
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11.15

F-diagram

Containment Solved:
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£ ===Nodes and Flows ==

#/ Source to Exposure Fascal flows - Delhi
#/ eolours of nodes and flows

1/ sources

:Open defecation AFFFFFF

:Broken cantainment #FFFFFF

“Direct discharge #FFFFFF

-Spillage during emptying #FFAS00
:Direct discharge from pipes #FFAS00
:Leaking from pipes #FFAS00

:Dumped faccal sludge AFFAS00

sInsufficiently traated WW #FF1493

“Insufficiently treated FS #FF1493

:Sources #FFFFFF

:Exposures §FFFFFE

1 mid nodes

:Seil #9B4513
:Groundwater #008080
“Agriculture #006400

:Open drain #2F4FAF

11 exposures
:Fresh produce S00FFD0
:Fomites #FFO000

:Surface water #0096FF

nodew 12

h50

spacing 75

border 0

theme a

color #388838
opacity 1

flow curvature 0.5
inheritfrom source
color #599595
opacity 0.45

layout order automatic
Justifyarigins ¥
justifyends ¥
reversegraph N
attachincomplatesto nearest
labels color H000000
hide N

highlight 0.3
fontface sans-serif
linespacing 0.2
relativesize 128
magnify 100
labelname appears Y
size 16

weight 400
labelvalue appears N
fullprecision ¥
position balow
weight 400
labelposition sutoalign 0
schameper stage

first before
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:Piped water §FFFFO0

Well water #D19C57

4/ Flow values

Sources [10] Exposures

41 flows from failed containment
Open defecation [20] Exposures
Open defecation [20] Exposures

Open defecation [20] Exposures

Open defecation [20] Exposures

Open defecation [50] Exposures

Direct di

arge [20] Exposures
Direct discharge [50] Exposures
Direct discharge [20] Exposures

Direct discharge [20] Exposures

Broken containment [20] Exposures
Broken containment [20] Exposures
Broken containment [20] Exposures

Broken containment [20] Exposures

71 flows from failed transport
‘Spillage during emptying [20] Surface water
Spillage during emptying [20] Open drain
‘Spillage during amptying [20] Soil

‘Spillage during emptying [20] Fomites

Dumped faccal sludge [20] Surface water
Dumped faccal sludge [20] Open drain

Dumped faecal sludge [20] Soil

breakpaint 2

value format

prafix "

suffix™

themeoffsetas

bo

co

a0

meta mentionsankeymatic N

listimbatances ¥

11 === Moved Nodes

Dumped faecal sludge [20] Fomites

Direct discharge from pipes [20] Surface water
Direct discharge from pipes [50] Open drain

Direct dischargs from pipes [20] Soil

Appendix O: Iterations of the applied Amplified

Soil [40] Agriculture
Soil [40] Fresh produce
Soil [40] Fomites

Soil [40] Groundwater

Diract di from pipes [20]

Direct discharge from pipes [20] Fomites

Leaking from pipes [20] Surface water
Leaking from pipes [20] Open drain
Leaking from pipes [20] Groundwater

Leaking from pipes [20] Piped water

11 flaws from failed trestment
Insufficiently treated WW [20] Surface water
Insufficiently treated WW [20] Open drain

Insufficiently treatad WW [20] Soil

[25] Surface water

Agriculture [25] Open drain

Agriculture [25] Groundwiater
Agriculture [45] Frash produce

Agriculture [25] Fomites

7 flows between exposuras
Well water [30] Frash produce
Well water [30] Agriculture
Piped water [80] Fresh produce

Fomites [60] Frash produce

Insufficiently treated FS [20] Open drain

Insufficiently treated FS [20] Soil

11 Tiaws from mid nodes
Open drain [30] Surface water
Open drain [30] Soil

Open drain [30] Groundwater
Open drain [50] Agriculture

Open drain [30] Famites

Groundwater [45] Surface water
Groundwater [435] Fiped water

Groundwater [65] Well water

move Open defecation -0.32135, -0.0575
move Broken containment -0.01224, -0.09014
move Direct discharge -0.00306, -0.07359
mowe Leaking from pipes -0.03508, -0.23872

move Direct discharge from pipes -0.05815, -
0.21234

move Dumped faecal sludge -0.06427, 0.07797
move Surface water -0.32441, -0.11182

move Spillage during emptying -0.05509, -0.08455
move Open drain -0.1983, -0.11693

move Soil -0.73989, 0.14411

move Piped water -0.10712, -0.52059

move Frash produce 0.00306, -0.4308

move Groundwater -0.57486, 0.06758

move Fomites -0.07957, 0.21163

move Sources -0.04813, -0.25115

move Exposures 0.03209, -0.06813

move Insufficiently treated WW -0.11018, -0.10445
move Insufficiently treated FS -0.04897, -0.12393
move Agriculture -0.43848, -0.17723

move Well water -0.14384, -0.14114

[10]Soil

Surface water [10] Groundwater
Surface water [10] Open drain
Surface water [10] Fomites

‘Surface water [10] Groundwater
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# ===Nodas and Flows ===
# Source to Exposure Fascal flows - ALL
I colours of nodes and flows

# sources

:Open defecation #300080
-Broken containment #800080

“Direct discharge #300080

:Spillage during emptying #FFFFFF
:Dircct discharge from pipes #FFFFFE
“Leaking from pipes SFFFFFE

-Dumped fascal sludge #FFFFFF

dnsufficiently treated WW #FF1493

sdnsufficiently trested FS #FF1453

Sources AFFFFFF

:Exposuras HFFFFFF

41 mid nodes

-Soil /884513
“Groundwater F00S080
“Agriculture #006400

-Open drain #2FAF4F
il exposures

“Frash produce #00FFDD

hs0
spacing 75

border 0

themea

color #388888
opacity 1

flow curvature 0.5
inheritfrom source
color #999999
opacity 0.45

layout order automatic
justifyorigins Y
justifyends ¥
reversegraph N
attachincompletesto nearest
labels color K000000
hide N

highlight 0.3

fontface sans-serit
linespacing 0.2
relativesize 128
magnify 100
labeiname appears ¥
size 16

waight 400

labslvalue appears N
fullprecision ¥
position below
weeight 400
labslposition autealign 0
scheme per_stage
first before

breakpaint 2
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Fomites #FFO000
‘Surface water FI098FF
Piped watar #FFFFO0

Waell water #D19C57

i Flow values

Sources [10] Exposures

11 flows from failed containment
Open defecation [20] Surface water
Open defecation [20] Open drain
Open defecation [20] Soil

Open defecation [20] Fomites

Open defecation [50] Agriculture

Direct discharge [20] Surface water
Direct discharge [50] Open drain
Direct discharge [20] Soil

Direct discharge [20] Fomites

Broken containment [26] Surface water
Broken containment [20] Open drain
Broken containment [20] Soil

Broken containment [20] Groundwater

11 flows from failed transport

Spillage during emptying [20] Exposures
Spillage during amptying [20] Exposures
Spillage during amptying [20] Exposures
Spillage during emptying [20] Exposures

Dumped faccal sludge [20] Exposures

Dumped faecal sludge [20] Exposures

value format 1!

prefix"

suffin™

themeoffseta®

bo

co

do

meta mentionsankeymatic N

listimbalances ¥

#1===Moved Nodes ===

move Open defecation 0, 0.06505

Dumped faccal sludge [20] Exposures

Dumped fascal sludge [20] Exposures

Direct discharge fram pipes [20] Exposures
Direct discharge fram pipes [50] Exposures
Direct discharge from pipes [20] Exposures
Direct discharge from pipes [20] Exposures

Direct discharge from pipes [20)Exposures

Leaking from pipes [20] Exposures
Leaking from pipes [20] Exposures

Leaking from pipes [20] Exposures

11 fiows from failed treatment
Insufficiently treated WW [20] Surface water
Insufficiently traated WW [20] Open drain

Insufficiently treated WW [20] Soil

Insufficiently treated FS [20] Surface water
Insufficiently treatad FS [20] Open drain

Insufficiently traated FS [20] Soil

1/ flows from mid nodes
Open drain [40] Surface water
Open drain [30] Sail

Open drain [30] Groundwater
Open drain [40] Agriculture

Open drain [30] Fomites

Groundwater [40] Surface water
Groundwater [40] Pipad water

Groundwater [60] Well water

move Broken containment -0.00918, -0.19572
move Direct discharge -0.00306, -0.13443
move Leaking from pipes -0.03979, -0.62036

move Direct discharge from pipes -0.0153, -
0.37529

move Dumped faacal sludge -0.01224, -0.23249
move Surface water -0.4254, -0.13914

move Spillage during emptying -0.00812. -0.27125
move Open drain -0.25852, -0.1474

move Soil -0.7001, 0.108

move Pipad water -0.12854, -0.39467

move Fresh produce 0.07039, -0.28015

move Groundwater -0.52589, -0.12301

move Fomites -0.101, -0.03829

move Sources -0.04813, -0.25115

move Exposures 0.03209, -0.06813

move Insufficiently treated W -0.00308, 0.03556
move Insufficiently treated FS -0.0153,0.01939
move Agricultura -0.41034, -0.07751

move Well water -0.14896, -0.28971 (ﬁ]

Soil [35] Agriculture
Soil [35] Fresh produce
Soil [35] Fomites

Soil [35] Groundwater

Agricutture [25] Surface water
Agriculture [25] Open drain
Agricutture [25] Groundwater
Agriculture [50] Fresh produce

Agriculture [25] Fomites

1 flows between exposuras
Well water [30] Fresh produce
Well water [30] Agriculture
Piped water [40] Frash produce

Fomites [50] Frash produce

Surface water [10] Soil
Surface water [10] Groundwater
Surface water [10] Open drain
Surface water [10] Fomites

Surface water [10] Groundwater
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Treatment Solved:
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11 ===Nodes and Flows ==

1 Source to Exposure Faecal flows - ALL
#f eolours of nodes and flows

1 sources

:Open defecation #800080

:Braken containment #800080

:Direct discharge #800080

:Spillage during emptying FFFAS00
:Direct dischargs from pipes HFEAS00
:Leaking from pipes #FFAS00

:Dumped faecal sludge FFFAS00

sInsufficiently treated WW #FFFFFF

:Insufficiently treated FS #FFFFFF

:Sources #FFFFFF

:Exposures SFFFFFF

## mid nodes.
:Soil #8B4513
:Groundwater #008080
“Agriculture #006400

:Open drain #2F4F4F
I exposures

:Fresh produce $00FF0
:Fomites #FFO000

:Surface water #0096FF

nodew12
hs0

spacing 75

borer 0

themea

color #388888
opacity 1

flow curvature 0.5
inheritfrom source
color #599599
opacity 0.45

layout erder automatic
justifyorigins ¥
justifyends Y
reversegraph N
attachincomplatesto nearest
labels color #000000
hide N

highlight 0.3

fontface sans-serit
linespacing 0.2
relativesize 128
magnify 100
labelname appears ¥
size 16

wesight 400

labelvalue appears N
fullprecision ¥
position below

wisight 400
labelposition autalign 0
scheme per_stage

first befora
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:Piped water §FFFFO0

Well water #D19C57

4 Flow values

Sources [10] Exposures

11 flows from failed containment
Open defecation [20] Surface water
Open defecation [20] Open drain
Open defecation [20] Soil

Open defecation [20] Fomites

Open defecation [50] Agriculture

Direct discharge [20] Surface water
Direct discharge [50] Gpen drain
Direct discharge [20] Soil

Direct discharge [20] Fomites

Broken containment [20] Surface water
Eroken containment [26] Open drain
Broken containment [20]Soil

Broken containment [20] Groundwater

1 fiows from failed transport

pillags | emplying [20]
Spillage during emptying [20] Open drain
Spillage during emptying [20] Soil
Spillage during emptying [20] Fomites

Dumped faccal sludge [20] Surface water
Dumped faccal sludge [20] Open drain
Dumped faccal sludge [20] Soil

Dumped faccal sludge [20] Fomites

breakpoint 2
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themeoffseta®
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meta mentionsankeymatic N

listimbalances Y

4 === Moved Nodes ==

Direct discharge from pipes [20] Surface water

Direct dischargie from pipes [50] Open drain
Direct discharge from pipes [20] Soil

Direct

from pipes [20]
Direct dischargie from pipes [20] Fomites

Leaking from pipes [20] Surface water
Leaking from pipes [20] Open drain
Leaking from pipes [20] Groundwater

Leaking from pipes [20] Piped water

i/ flows from failed treatment
Insufficienitly treated WW [20] Exposures
Insufficienitly treated WW [20] Exposures

Insufficiently tragted WW [20] Exposures

Insufficiently traated FS [20] Exposures
Insufficiently treated FS [20] Exposures

Insufficiently traated FS [20] Exposuras

11 flows from mid nodes
Open drain [60] Surface water
Open drain [40] Soil

Open drain [40] Groundwater
Open drain [50] Agriculture

Open drain [40] Fomites

Groundwater [50] Surface water
Groundwater [50] Fiped water

Groundwater [80] Well water

move Open defecation -0.00918, -0.15335
move Broken containment -0.04591, -0.23582
maove Direct discharge 0, -0.2138

move Leaking from pipes -0.01224, -0.27825

move Direct discharge from pipes -0.00612, -
0.25226

move Dumped faccal sludge 0, -0.01705
fove Surface water -0.40092, -0.03841

fmove Spillage during emptying -0.00918, -0.13924
move Open drain -0.20137, 0.11231

maove Soil -0.70622, 0.33455

move Piped water -0.119385, -0.45026

move Frash produce 0.00306, -0.23594

fmove Groundwater -0.59016, 0.37581

move Fomites -0.07957, -0.1761

move Sources -0.00306, -0.30655

move Exposures 0.1622, -1.00971

move Insufficiently trested WW -0.00305, -0.91904
fove Insufficiently trested FS -0.01836, -0.93557
move Agriculture -0.50888, 0.15973 Gl

move Well water -0.14384, 0.09122

Soil [45] Agriculture
Soil [45] Fresh produce
Soil [45] Fomites

Soil [45] Groundwater

Agriculture [30] Surface water
Agriculture [30] Open drain
Agriculture [30] Groundwater
Agriculture [100] Fresh produce:

Agriculture [30] Fomites

71 flows between axposures
Well water [40] Fresh produce
Well water [40] Agriculture
Piped water [80] Fresh produce

Fomites [70] Frash produce

Surface water [10] Soil
Surface water [10] Groundwater
Surface water [10] Open drain
Surface water [10] Fomites

Surface water [10] Groundwater
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