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Abstract

Introduction: Rapid urbanisation, climate variability, and increasing water scarcity
have intensified interest in greywater reuse for urban agriculture in developing coun-
tries. However, evidence on the management, quality and reuse potential of greywater
from small-scale eateries remains limited. This study aimed to assess greywater man-
agement practices, microbial contamination, and stakeholder perceptions to evaluate
its suitability for reuse in urban farming in Mbarara city, southwestern Uganda.

Materials and methods: A mixed-methods approach was employed involving 80
participants (40 eatery operators and 40 smallholder farmers) across two administrative
divisions. Data on greywater generation, handling and disposal were collected using
questionnaires and interviews, while greywater samples from eateries were analysed
for fecal indicator bacteria using standard methods, and findings were summarized
using descriptive statistical analyses.

Results: Eateries generated approximately 80 L of greywater per day, with disposal
identified as a major operational challenge. Microbial contamination was widespread,
with coliforms detected in 87.5% of samples and faecal indicators in nearly half. Poor
disposal practices were associated with environmental challenges, including odours,
mosquito breeding, and drainage blockage. Smallholder farmers reported persistent
water shortage and expressed strong willingness to adopt treated greywater for irriga-
tion and urban farming.

Conclusions and implications: These findings highlight a critical gap between grey-
water availability and safe reuse in rapidly growing secondary cities. While untreated
greywater poses clear public health risks; its consistent availability and stakeholder
acceptance present significant opportunities for reuse following appropriate treat-
ment. Strengthening decentralized treatment, hygiene practices, and policy guidance
could enable safe integration of greywater into sustainable urban agriculture systems.

Keywords: Greywater management, Microbial contamination, Smallholder farmers,
Urban farming, Hydroponics, Greywater reuse, Public health
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1 Introduction

Rapid urbanisation, climate variability, and increasing pressure on freshwater resources
have intensified global concerns regarding sustainable water management and food sys-
tems. In many low- and middle-income countries, expanding urban populations are
accompanied by rising water demand, declining water quality, and inadequate wastewa-
ter management infrastructure [9, 39]. As a result, greywater generated from domestic
and commercial activities has gained attention as a potential alternative water resource
for non-potable applications, including urban agriculture. However, despite its growing
relevance, significant knowledge gaps remain regarding the quality, management, and
safe reuse of greywater in rapidly urbanising secondary cities, particularly in sub-Saha-
ran Africa.

In sub-Saharan Africa, urban growth is among the fastest globally, exerting increas-
ing pressure on water supply systems and food security [32]. Uganda reflects this trend,
with a steadily rising urban population and increasing vulnerability to water scarcity and
climate variability [17, 37, 42 ]. Urban households and small-scale businesses generate
considerable volumes of greywater, yet this resource is largely unmanaged and often dis-
charged untreated into the environment. While previous studies have examined waste-
water reuse and urban agriculture in central Uganda and other regions [15, 18 ], limited
empirical evidence exists on the quantity, microbial quality, disposal practices, and reuse
potential of greywater in emerging secondary cities such as Mbarara. In particular, the
interface between greywater management and urban farming systems remains poorly
characterized.

Mbarara city, located within Uganda’s cattle corridor, is experiencing rapid population
growth, land fragmentation, and increasing pressure on water resources due to recur-
rent droughts and erratic rainfall [29]. These conditions have heightened the need for
alternative water sources to support urban agriculture, particularly among smallholder
farmers who operate under constrained land and water availability. At the same time,
the expansion of informal and small-scale eatery businesses has led to increased genera-
tion of greywater, often disposed of through unsafe and unregulated practices. Such dis-
posal contributes to environmental pollution, public health risks, and the degradation of
urban water bodies, including River Rwizi, a key water resource for the city.

Targeting smallholder farmers and easterly operators provides acritical entry point for
understanding both the supply and demand dimensions of greywater reuse. Eatery busi-
nesses represent a concentrated and consistent source of greywater, often generated in
relatively high volumes within limited space, making disposal a persistent operational
challenge. Conversely, smallholder urban farmers face chronic water shortages for irri-
gation, particularly during dry seasons, and therefore represent potential end-users
of treated greywater. Understanding the practices, perceptions and constraints within
these two groups is essential for designing feasible, locally appropriate greywater reuse
systems.

Urban farming technologies, including hydroponics, vertical farming, and container-
based systems, offer promising solutions for food production under conditions of limited
land and water availability. Studies have demonstrated the potential of treated greywater
to support such systems when appropriate risk-reduction measures are applied [15, 41 ].
In addition, nature-based treatment approaches such as phytoremediation have shown
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effectiveness in improving greywater quality in resource-constrained settings [44], [7]).
Despite these advances, the adoption of such technologies remains limited in many Afri-
can urban contexts due to gaps in knowledge, infrastructure, and policy support.

This study therefore aimed to assess the quantity, management practices, microbial
quality, and reuse potential of greywater generated by small-scale eateries and house-
holds in Mbarara City. Specifically, the study sought to: (i) quantify greywater generation
and disposal practices among eatery operators and smallholder farmers; (ii) evaluate the
microbial contamination of greywater from eateries using fecal indicator organisms;
and (iii) examine stakeholder perceptions and willingness to adopt greywater reuse for
urban farming. By integrating social and microbiological perspectives, this study con-
tributes empirical evidence to inform sustainable greywater management and supports
the development of safe, low-cost reuse strategies for urban agriculture in rapidly grow-
ing secondary cities.

2 Study area, materials and methods

2.1 Description of the study area

The study was conducted in Mbarara City, a rapidly growing urban centre in South-
western Uganda, 000 36 48’S, 300 39 30'E (Latitude: 0.6132; Longitude: 30.6582),
at an average elevation of 1,147 m above sea level. The city lies within Uganda’s cat-
tle corridor, characterized by a semi-arid climate, recurrent droughts and highly vari-
able rainfall patterns. These climatic conditions contribute to periodic water shortages,
particularly during prolonged dry seasons, thereby increasing dependence on alterna-
tive water sources for domestic and small-scale agriculture. Mbarara city is the largest
urban centre in the region, with an estimated daytime population of 500,000 [33], and
was officially established as a city in 2020. It is administratively divided into North and
South divisions (Fig. 1), both of which were included in this study. Rapid population
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Fig. 1 ArCGIS Map of Mbarara City showing Study Area and Sampled Locations
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growth, driven by rural-urban migration, has resulted in increased demand for water,
expansion of informal settlements, and growing pressure on existing water supply and
sanitation infrastructure. Water supply in the city is primarily provided through piped
systems managed by National Water and Sewerage Corporation, supplemented by alter-
native water sources such as shallow wells in some areas. However, access to reliable and
affordable water remains uneven, particularly for low-income households and small-
scale businesses. As a result, water use efficiency is prioritized, and greywater is gen-
erated in significant volumes from domestic and commercial activities, especially from
small-scale eateries that rely heavily on water for food preparation and cleaning. The city
is traversed by River Rwizi, a major tributary within the Lake Victoria drainage basin
and a key water source for domestic and urban use. However, inadequate wastewater
management infrastructure and limited sewer network coverage have led to widespread
discharge of untreated greywater into open drains, soils, and nearby water bodies. This
not only contributes to environmental pollution and public health risks but also high-
lights the potential for capturing and reusing greywater as an alternative water source. In
this context, the combination of water scarcity, high greywater generation, and limited
wastewater treatment infrastructure creates both a challenge and an opportunity. While
current disposal practices pose environmental and health risks, the consistent produc-
tion of greywater presents a viable resource for reuse in urban agriculture, particularly
for smallholder farmers facing water constraints.

2.2 Sample design and sampling

This study employed a mixed methods design which integrating qualitative and quanti-
tative approaches to assess social perspectives, water use patterns, greywater generation,
and contamination. Study participants comprised smallholder farmers and small-scale
eatery operators in Mbarara City. A total of 80 participants were purposively selected,
including of 40 eatery operators and 40 smallholder farmers from the North and South
divisions to ensure representation of the study area. Inclusion criteria for smallholder
farmers were: (i) engagement of urban or peri-urban farming activities, (ii) residence
within the study divisions, and (iii) willingness to participate in the study. For eatery
operators, inclusion criteria included: (i) operation of a small-scale food business with
on-site water use, (ii) generation of greywater from kitchen activities, and (iii) consent to
participate and allow sample collection. Participants who did not meet these criteria or
declined to participate were excluded.

Purposive sampling was used to target participants with relevant experience in grey-
water generation and use; however, this approach may introduce selection bias and limit
the generalisability of findings beyond study population. Nevertheless, the sample size
was considered adequate for capturing variability in practices and perceptions, consist-
ent with established qualitative sampling guidance [8, 43 ]. For microbiological analysis,
40 greywater samples were collected from eatery kitchen sinks, corresponding to one
sample per participating eatery. This sample size was dimmed sufficient to characterize
contamination patterns within the study setting and is consistent with similar explora-
tory studies assessing microbial water quality in small-scall urban systems. Sampling
was conducted to capture variability across locations and operational conditions within
the two city divisions.
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2.3 Data collection instruments

Semi-structured questionnaires were used to collect data on household characteristics
(household size, land ownership), water use patterns, monthly water expenditure, vol-
umes of greywater generated, disposal methods and associated management challenges.
The questionnaires were developed based on study objectives and informed by relevant
literature on greywater management and urban water usage. Prior to data collection, the
instruments were pretested in a neighbouring urban area with similar socio-economic
characteristics to assess clarity, relevance, and consistency. Feedback from the pilot exer-
cise was used to refine question wording, sequencing, and response options to improve
reliability and validity. Data collection was conducted between June and September 2023
across sampled locations shown in Fig. 1. This period spans part of the dry season and
early rainy season in Mbarara city, thereby capturing variability in water use patterns
and greywater generation associated with seasonal changes. However, no formal strati-
fication by season was applied. Data were collected by trained research assistants with
prior experience in field-based survey. Training focussed on study objectives, ethical
considerations, administration of questionnaires, and standardisation of interview pro-
cedures to minimize interviewer bias. Semi-structured interviews were conducted in the
local language where necessary to ensure accurate understanding and responses.

To enhance data validity and triangulation, a post-data collection participatory vali-
dation exercise was conducted in November 2023 using a “World Café” approach. This
interactive approach engaged a subset of smallholder farmers and eatery operators who
had participated in the initial interviews (June—September 2023). The process enabled
participants to reflect on, validate, and enrich the findings through collaborative discus-
sion [22, 24 ].

2.4 Water sample collection and microbiological analysis

Greywater samples were collected from kitchen sink outlets of 40 small-scale eateries to
assess microbial contamination. A single discrete grab sample (500 mL) was collected
from eatery during active kitchen operation to ensure representative sampling of waste-
water generated under typical conditions. Sampling was conducted once per site dur-
ing the study period, with efforts made to capture variability across locations within the
two city divisions. Samples were collected aseptically using sterile 500 mL glass bottles,
immediately labelled and placed in insulated ice boxes maintained at approximately 4 °C
to minimise microbial changes during transport. All samples were transported to the
Microbiology Laboratory at Mbarara University of Science and Technology within 24 h
in accordance with recommended holding times.

Sampling, preservation, and analytical procedures followed the Standard Methods for
the Examination of Water and Wastewater [10], [5]) and World Health Organization
guidelines for water quality assessment [39]. Microbiological analysis focused on faecal
indicator organisms, including total coliforms, thermotolerant (faecal) coliforms, and
Escherichia coli as indicators of sanitary quality.

Microbial enumeration was performed using the multiple-tube Most Probable Num-
ber (MPN) method. For each sample, a five-tube series was prepared using MacConkey
broth. Aliquots of 10 mL were inoculated into double-strength broth, while 5 mL and
1 mL aliquots were inoculated into single-strength broth, each containing inverted
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Durham tubes. Tubes were incubated at 35 °C for 24 h and examined for acid and gas
production. Positive tubes were recorded as total coliforms, and bacterial densities were
estimated using standard MPN tables.

For fecal coliform confirmation, aliquots from positive tubes were transferred into
fresh MacConkey broth and incubation at 44.5 °C for 48 h. Tubes showing acid and gas
production were considered positive for thermotolerant coliforms. Detection of E. coli
was conducted by subculturing from faecal-coliform-positive tubes onto MacConkey
agar, followed by incubation at 37 °C for 24 h. Presumptive colonies were further con-
firmed using the indole production in tryptone water with Kovdcs reagent and standard
IMViC biochemical tests.

Quality assurance and quality control (QA/QC) measures were implemented through-
out sampling and analysis. Sterile sampling procedures were maintained to avoid con-
tamination, and media sterility and performance were verified using control blanks.
Positive and negative control organisms were used where applicable to validate test per-
formance. All analyses were conducted in duplicate to ensure reproducibility, and stand-
ard laboratory protocols were followed for calibration, incubation conditions, and results
verification. Microbial concentrations were expressed as MPN per 100 mL of greywater.
The results were subsequently integrated with socio-economic data and presented under
three analytical components: smallholder farmers, eatery owners, and greywater quality.

In addition to the primary data collection phase, a follow-up participatory workshop
was conducted in November 2023 to further explore emerging themes and validate pre-
liminary findings. This interactive approach strengthened the reliability of the study by
incorporating stakeholder feedback into the interpretation of results.

2.5 Data analysis (collected from human participants)

Quantitative data were analysed using SPSS Version 26. Descriptive statistics, includ-
ing frequency, percentages, means and standard deviations, were used to summarize
socio-demographic characteristics, water use patterns, greywater generation and dis-
posal practices. Where appropriate, cross-tabulations were performed to compare
responses from smallholder farmers and eatery operators across the two city divisions.
Given the exploratory nature of the study, no inferential statistics were applied. Qualita-
tive data obtained from semi-structured interviews were analysed using thematic con-
tent analysis. Transcribed responses were reviewed and coded inductively to identify
recurring themes related to greywater management practices, challenges, perceptions
and reuse potential. A coding framework was developed iteratively, and similar codes
were grouped into broader thematic categories. To enhance analytical rigor, data trian-
gulation was employed by comparing responses across participant groups (smallholder
farmers and eatery operators), and aligning qualitative findings with quantitative results.
Missing or incomplete responses were handled using listwise exclusion for quantita-
tive analysis, where only complete responses were included in statistical summaries. For
qualitative data, incomplete responses were retained where meaningful insights could
still be extracted, while unclear or inconsistent responses were excluded from thematic
interpretation. Data generated from the World Café workshop were incorporated into
the thematic analysis to support triangulation and validation of key themes. Insights
from participant discussions were compared with interview findings to refine thematic
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categories and enhance interpretive credibility. The findings are presented under three

analytical components: smallholder farmers, eatery operators, and greywater samples.

2.6 Data analysis (water samples)

Microbiological concentrations of total coliforms, thermotolerant (faecal) coliforms, and
E. coli were quantified and expressed as Most Probable Number (MPN) per 100 mL of
greywater. To account for a wider range of microbial counts and improve comparability
across samples, MPN values were log,,-transformed prior to analysis. Descriptive statis-
tical analysis, including means, ranges and standard deviations, were used to summarise
microbial contamination levels across sampled eateries. In addition, the frequency and
the proportion of samples testing positive for each microbial indicator were calculated
to characterize contamination patterns. To assess potential public health risk, microbial
concentrations were compared against relevant guideline values for wastewater reuse
in agriculture, including the World Health Organisation (WHO) recommended thresh-
old for irrigation of crops consumed raw (<10* E. coli per 100 mL). The proportion of
samples exceeding these guideline values was determined to evaluate compliance and
inform risk interpretation. Given the exploratory nature of the study and the limited
sample size, no inferential statistical tests were performed on microbial data. Instead,
comparisons were made descriptively across sampling locations and categories. Results
are presented using summary tables and graphical representations to illustrate variabil-
ity and distribution of microbial contamination among sampled eateries.

3 Results

3.1 Smallholder farmers’ demographics and water management: household
characteristics; agricultural activities; water consumption and greywater generation

Characteristics of the smallholder farmers including household size, land ownership,

water use, and greywater generation in North and Southern Divisions of Mbarara City

are summarized in Table 1.

Slight differences were observed in mean household size between Northern and
Southern divisions (Table 1), with household sizes ranging from five to six members.
Variations in household size were reflected in corresponding differences in domestic
water use, monthly expenditure, and volumes of greywater generated. Large households

Table 1 Socio-demographic characteristics and water-use patterns of smallholder farmers in

Mbarara City

Parameter Mbarara City North Mbarara City South
Household size (mean SD) 6.0+2.0 50+1.0

Time spent in area (years) 65+34 47438

Size of land/plot (acres) 15+08 1.7+06

Size of land used for farming (acres) 05+03 05+02

Amount of water used /day jerrycans (litres) 9.0+2.0(180L) 8.0+3.0(160L)
Amount of money spent on water per month (Ugan- 32,030.0+16076.6 37,000.0+15,403.3
dan shillings [US$]) [$9.2+5$4.5] [$10.6+54.4]

Amount of greywater generated /day (litres) 40 to 60L 40 to 60L
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generally reported higher water consumption and greywater output, indicating a direct
relationship between household size and water demand within the study area.

All participants had resided in their current locations for less than 10 years, with mean
duration of residence ranging from 4.7 to 6.5 years across the two divisions. This rela-
tively short duration of residence suggests a highly mobile urban population, likely influ-
enced by ongoing rural-urban migration and settlement dynamics following the recent
establishment of Mbarara City. Such mobility may affect long-term investment in water
infrastructure and greywater management practices, as households may rely on tempo-
rary or informal water use and disposal strategies.

4 Smallholder farmers’ agricultural activities and the main crops grown

Crop cultivation was the most common agricultural activity, reported by 54.7% of
respondents (Table 2). Participants were allowed to select multiple activities, resulting
in a total number of responses exceeding the number of respondents. This indicates that
many farmers engage in diversified livelihood activities.

Farming is a multi-activity in Mbarara City although the bananas-were the most com-
monly cultivated crop, reported by 42.7% of respondents (Table 2). Vegetables cultiva-
tion was limited, with tomatoes being the only vegetable crop reported. Most farmers
(62.5%) reported growing crops primarily for household consumption.

4.1 Challenges and greywater disposal practices (Smallholder farmers)

Three major challenges affecting smallholder farmers were identified (Table 3). These
included limited water for irrigation (35.8%), prolonged drought (33.7%), and pests and
diseases (30.5%). The main water source for all smallholder farmers who participated
in this study was tap water supplied by the National Water and Sewerage Cooperation
(NWSC). The amount of water used per day in households ranged between 160 and 180
L per day, with the North division consuming higher volumes of water than the South
division. Monthly household expenditure on water ranged from 32,000 to 37,000 Uganda

Table 2 Smallholder farmers' agricultural activities and major crops cultivated in Mbarara City

Responses
No Percent
Agricultural activities
Crop growing 41 54.7
Cattle rearing 9 12.0
Poultry rearing 9 120
Piggery 16 21.3
Total 75 100.0
Crops grown
Banana 32 427
Beans 20 26.7
Maize 13 17.3
Tomatoes 10 133

Total 75 100.0
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Table 3 Key challenges affecting smallholder farming in Mbarara City

Challenges Responses

No Percent
Prolonged drought 32 337
Limited water for irrigation 34 358
Pests and diseases 29 305
Total 95 1000

Greywater disposal practices among
smallholder farmers
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Fig. 2 Greywater disposal practices among smallholder farmers in Mbarara City

shillings (equivalent to $9.2 and $10.6, respectively). The cost of water is relatively high
for average smallholder households.

Households generated approximately 40- 60 L of greywater per day in both divisions.
This indicates that there is plenty of greywater that could be used to support urban farm-
ing system in Mbarara City.

Three principal greywater disposal methods were reported at household level (Fig. 2).
These included discharge into open drains (35.7%), disposal in the household backyards
(30.05), and reuse for piggery activities (25.0%). Only a small proportion of households
(2.5%) used soak pits or septic tanks. The dominant disposal methods (ditch, backyard)
contrast sharply with regulated disposal (soak pits/septic tanks, 2.5%), highlighting the
environmental risk of these dominant methods.

4.2 Greywater disposal practices and associated challenges among smallholder farmers

Greywater disposal practices among smallholder farmers are presented in Fig. 2. The
most common methods include disposal into open drains, discharge in household back-
yards, and reuse, particularly for pigs. These practices reflect the limited availability
of formal wastewater management infrastructure at the household level. Smallholder
farmers reported several challenges associated with these disposal methods. The most
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frequently cited challenges were algal growth (35.9%), mosquito breeding (34.0%), and
unpleasant odours (30.1%). As illustrated in Fig. 2, these outcomes are closely linked to
disposal of untreated greywater in open or poorly managed environments. These con-
ditions may contribute to localised environmental degradation, and increased public
health risks, particularly through creation of mosquito breeding sites and the deteriora-
tion of sanitary conditions around households.

4.3 Eatery operators’ characteristics and greywater generation

Of the 40 eatery businesses surveyed, 45% were established after 2020 (Table 4), indicat-
ing a relatively recent expansion of small-scale food enterprises in Mbarara City. This
trend reflects increasing urban demand for food services and suggests a corresponding
rise in greywater generation from such establishments. The percentage could have been
higher if the eateries that did not indicate/remember when they were established had
responded to this question.

The majority of eateries (97.1%) relied on piped water supplied by the National Water
and Sewerage Cooperation (NWSC), while only 2.9% used alternative sources such as
wells. Usually, water from the well is free but has a higher risk of contamination than tap
water. Monthly expenditure on water ranged from 45,000 to 55,000 Uganda shillings,
exceeding that reported for smallholder farmers. Higher water expenditure was associ-
ated with increased water use intensity, which in turn contributed to greater volumes of
greywater generation. Greywater generation among eateries ranged from four to eight
20 L jerricans per day (approximately 80—-160 L), substantially higher than the two jer-
ricans reported for smallholder households. Despite this higher output, most eateries
operated within spatially constrained premises, particularly in South Division, limiting
opportunities for on-site greywater management. This combination of high-water use
and limited space appears to exacerbate disposal challenges.

4.4 Methods and challenges of greywater disposal in eateries

Greywater disposal practices among eateries are presented in Fig. 3. The most com-
mon methods included discharge into roadside drains, trenches, and nearby open areas,
with trench disposal accounting for 22.5% of responses. These informal disposal path-
ways reflect the absence of connection to formal wastewater management systems. The
reported disposal methods were associated with several operational and environmental
challenges (Table 5). Unpleasant odour was the most frequently reported disposal issue
(55%), followed by algal growth (25%) and mosquito breeding (20%). As illustrated in

Table 4 Year of establishment of eatery businesses participating in the study

Year of establishment Frequency Percent
2000-2005 1 25
2015-2020 1 275
2021-2025 18 45.0
Total 30 75.0
Missing System (not mentioned) 10 25.0

Total 40 100.0
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Fig. 3 Methods of greywater disposal by eatery businesses

Table 5 Challenges associated with greywater disposal

Challenges Participants’ Responses

N (40) Percent
Bad smell 22 55.0
Development of algae 10 250
Breeding place for mosquitoes 8 200
Total 40 100.0

Fig. 3, the discharge of untreated greywater into open environments likely contributes to
these outcomes.

Eateries with higher water use and greater greywater generation tended to report
more pronounced disposal challenges, particularly where space constraints limited con-
tainment or treatment options. These findings highlight the interaction between eatery
scale (as reflected by water use), infrastructure limitations, and the severity of greywa-
ter-related environmental and public health concerns.

4.5 Greywater quality and contamination (Eateries)

Detergent use among eatery businesses is presented in Fig. 4, with bar soap (42.1%) being
the most commonly used cleaning agent, followed by Omo (28.9%), Magic (15.8%), and
liquid soap (13.2%). The widespread use of these detergents suggests a substantial con-
tribution of chemical components such as sodium and phosphates to greywater quality,
with potential implications for both environmental discharge and reuse suitability.

4.6 Microbial Quality of greywater generated by Eateries

Microbiological analysis revealed a high prevalence of contamination in greywater sam-
ples collected from eateries (Table 8; Fig. 5). Total coliforms were detected in 35 out
of 40 samples (87.5%), while only 12.5% of samples showed no detectable coliforms.
Thermotolerant (faecal) coliforms were confirmed in 19 samples (47.5%), indicating
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Fig. 5 Microbial contamination of greywater from eatery businesses in Mbarara City. A Distribution of
coliform contamination categories, showing a high prevalence of faecal coliforms (47.5%) and non-faecal
coliforms (40%), with only 12.5% of samples showing no detectable coliforms B Distribution of bacterial
species isolated from contaminated samples. With E. coli detected in 22.5% of samples, followed by Klebsiella
spp. (15%), and Enterobacter spp. (10%)

substantial fecal contamination. Notably, E. coli, a key indicator of recent fecal pollu-
tion, was detected in 22.5% of samples, while Klebsiella spp. (15%) and Enterobacter spp.
(10%) were also identified. Sixteen samples (40%) were positive for total coliforms but
showed no detectable faecal coliforms.

When compared with recommended microbiological limits for wastewater reuse in
agriculture (<10% E. coli per 100 mL for crops consumed raw), the presence of E. coli in
nearly one-quarter of samples indicates that a substantial proportion of greywater may
pose a potential health risk if used without treatment. The detection of fecal coliforms
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in almost half of the of the samples further underscores the need for caution. Overall,
the findings demonstrate widespread microbial contamination of eatery-generated grey-
water, with high proportion of samples containing indicators of fecal pollution. These
results highlight the need for appropriate treatment and risk mitigation measures prior
to any reuse, particularly in urban farming systems involving direct contact with edible

crops.

4.7 Qualitative results

4.7.1 Smallholder farmers

4.7.1.1 Theme 1: Water scarcity and coping strategies Smallholder farmers consistently
reported insufficient water availability for irrigation, particularly during prolonged dry
periods. Water shortages were described as severe and recurrent, sometimes lasting up
to two weeks.

“Sometimes we can spend almost two weeks without enough water for the garden,
especially in the dry season.”

In response, farmers adopted short-term coping strategies, including prioritising
domestic use and limited reuse of greywater, mainly for livestock such as pigs. However,
the reuse of greywater for crop production was largely absent.

4.7.1.2 Theme 2: Farming practices and resource constraints Most farmers practiced
mixed farming, combining crop production with livestock rearing under conditions of
limited land availability. Zero grazing was reported among Aa few participants as a strat-
egy to optimize space. Despite these constraints, none of the respondents reported using
hydroponic or other water-efficient farming technologies.

“We grow crops on small land and keep a few animals, but we don’t have new meth-
ods like hydroponics”

4.7.1.3 Theme 3: Perceptions and willingness to adopt greywater reuse Participants
expressed openness to adopting greywater reuse, provide that safety and treatment con-
cerns were addressed. Suggested approaches included chemical treatment, removal of
detergent residues, and community sensitization.

“If the water can be cleaned and made safe, we are willing to use it for our crops.”

Farmers also emphasized the need for institutional support, including training, dem-
onstration projects, and financial assistance to pilot reuse technologies.

“We need support and training to know how to treat and use this water properly”

4.8 Eatery business operators

4.8.1 Theme 1: Greywater disposal challenges and environmental impacts

Eatery operators reported multiple challenges associated greywater disposal, including
environmental pollution, unpleasant odours, slippery surfaces, and blockage of drainage
systems. The accumulation of greywater also contributed to increased presence of flies,
which affected hygiene and operational costs.
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“The water causes bad smell and attracts many flies, and we spend money trying to
control them.

Some operators also highlighted the lack of designated disposal points as a major

constraint.

“Sometimes we don’t even know where to pour the water”

4.8.2 Theme 2: Current greywater management practices

Greywater management practices were largely informal. Some operators reported
removing solid waste particles for use as animal feed (e.g. pigs, dogs, poultry), while liq-
uid waste was disposed of through nearby drains and open areas. The use of detergents
such as Jik, and powdered soaps was widespread, with frequent cleaning undertaken to
maintain hygiene standards.

“We remove the food remains for animals, but the water itself is just poured away”

4.8.3 Theme 3: Awareness and perceptions of reuse potential

Awareness of greywater reuse for agriculture was generally low among eatery operators.
Most respondents were unaware of any existing practices beyond its use for feeding ani-
mals. However, there was a general willingness to participate in reuse initiatives if practi-
cal arrangements were provided.

“If there is a way to collect and use it, we are ready to cooperate”

Operators emphasized the importance of regular collection to prevent nuisance condi-

tions within business premises.

“As long as the container is emptied quickly, we are okay to provide the greywater”

5 Discussion

This section discusses the key findings of the study, with emphasis on greywater dis-
posal challenges, microbial contamination, reuse potential, and associated public health
and policy implications. The discussion integrates social perspectives, urban farming
systems, water supply constraints, greywater quality, and re-use options relevant for
smallholder farmers and eatery businesses in Mbarara City. This is intended to inform
applications of strategic urban farming technologies, such as hydroponics. The study
identified minimal adoption of the hydroponic farming systems, despite the substantial
volumes of greywater generated daily by households and eateries in Mbarara City.

5.1 Greywater generation and management practices: implications for urban agriculture

This study demonstrates that both smallholder households and eatery businesses in
Mbarara City generate substantial volumes of greywater, with eateries producing mark-
edly higher quantities (80-160 L/day). However, greywater management practices
remain largely informal, characterised by direct discharge into open drains, backyards,
and roadside channels. Similar patterns of unmanaged greywater disposal have been
reported in other rapidly urbanising settings, where infrastructure development lags
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behind population growth [3, 14, 25 21 ]. These findings reflect a mismatch between
increasing greywater generation and the absence of appropriate management infrastruc-
ture in rapidly urbanising secondary cities. From an urban agriculture perspective, this
presents both a challenge and an opportunity. While current disposal practices con-
tribute to environmental pollution, the consistent availability of greywater presents a
potential alternative water source for irrigation. In water-scarce environments such as
Uganda’s cattle corridor, where prolonged droughts constrain conventional farming [12,
19, 35 27 ]), greywater reuse could support climate-resilient food production systems,
including hydroponics and container-based farming [6, 11, 16 ]. However, realising this
potential requires improved management systems and safe water reuse practices.

5.2 Microbial contamination and public health risks: pathways and mitigation

The study revealed widespread microbial contamination of eatery-greywater, with
total coliforms detected in 87.5% of samples, and faecal coliforms in 47.5%. The pres-
ence of E. coli in 22.5% of samples indicates recent faecal contamination and potential
exposure pathways for disease transmission. These findings are consistent with previ-
ous studies highlighting microbial risks associated with untreated greywater reuse [2,
26 ], [38]). Importantly, these contamination levels exceed World Health Organization
guidelines for irrigation of crops consumed raw (< 10% E. coli per 100 mL) [40], indicat-
ing that untreated greywater is unsuitable for direct agricultural use. Potential exposure
pathways include contaminated irrigation water, direct contact with crops, and environ-
mental contamination from improper disposal. Despite these risks, the absence of fecal
coliforms in 40% of samples and lack of detectable coliforms in 12,5% suggest that grey-
water quality may be improved through targeted interventions. Low-cost, decentralized
treatment options, such as filtration, sedimentation, and phytoremediation offer feasi-
ble risk-reduction strategies in resource constrained settings ([7], [44]). A multi-barrier
approach combining treatment, safe handling and crop selection is therefore essential to
minimize public health risks.

5.3 Stakeholder perceptions and willingness to adopt greywater reuse technologies
Qualitative findings indicate that both smallholder farmers and eatery operators recog-
nise the challenges associated with greywater disposal and express willingness to adopt
improved management and reuse practices. Farmers, in particular, identified water
scarcity as a major constraint and demonstrated openness to using treated greywater
for irrigation. However, adoption is currently limited by low awareness, lack of techni-
cal knowledge, and absence of demonstration systems. Eatery operators, while willing to
participate in reuse initiatives, emphasized operational constraints such as space limita-
tions and the need for regular water removal. These findings highlight the importance
of integrating behavioural and social dimensions into greywater interventions. Training
programs, community sensitizations, and participatory approaches are critical for build-
ing trust and facilitating adoption. The role of social influence and knowledge dissemina-
tion, as suggested in adoption theory literature [1, 20, 31 ], is particularly relevant in this
context. In addition, peer influence and social networks have been shown to significantly
affect adoption decisions in agricultural contexts [34].
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5.4 Challenges and opportunities for hydroponic and other urban farming systems

The study identified minimal adoption of hydroponic farming systems despite favour-
able conditions, including limited land availability, high water costs, and abundant grey-
water supply. Similar observations have been reported in other low-resource urban
settings, where technological uptake is constrained by cost, knowledge, and institutional
support [28], [13]). This gap suggests that technological feasibility alone is insufficient to
drive adoption. Urban residents in Mbarara City exhibit high mobility and often reside
in rented premises, making conventional land-based agriculture less viable. Hydroponic
systems, which are modular and space-efficient, are well suited to such contexts. Previ-
ous studies have demonstrated the compatibility of treated greywater with hydroponic
systems [15, 41 ], offering opportunities for sustainable food production. Furthermore,
hydroponic systems can be adapted for both vegetable production and livestock fod-
der, which is relevant for smallholder farmers practicing mixed farming [36]. The find-
ings of the study highlight the need for practical interventions including demonstration
projects, training programmes, and integration of hydroponics into community-based
initiatives and utilization of treated greywater for both vegetable production and live-
stock fodder. University-led engagement models, such as Student-Twinning Community
Project [4, 23 ], provide a platform for bridging the gap between research and practice.
However, challenges remain, including initial investment costs, technical knowledge
gaps, and concerns about food safety.

5.5 Policy and institutional considerations for greywater reuse in secondary cities.
The findings underscore the need for policy and institutional frameworks to support safe
greywater management and reuse in rapidly growing secondary cities such as Mbarara.
Current practices characterized by unregulated disposal and lack of greywater treatment
pose environmental and public health risks to rapidly growing urban populations.

Policy priorities should include:

« Development of context-specific guidelines for greywater reuse, aligned with WHO
standards

+ Strengthening hygiene monitoring and enforcement in eatery businesses

+ Promotion of decentralized, low-cost treatment technologies

«+ Integration of greywater reuse into urban planning and water management strategies

In addition, multi-stakeholder approaches involving local governments, academic
institutions, and communities are essential for effective implementation, as well as
technology transfer and capacity building. Community-based pilot projects and par-
ticipatory learning approaches can facilitate adoption and scalability of greywater reuse
systems.

5.6 Study limitations and directions for future research

This study has several limitations. Data were collected from a single urban setting, which
may limit the generalisability of findings to other contexts. The use of purposive sam-
pling may introduce selection bias, particularly in capturing perceptions of participants
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already engaged in water-related activities. Microbiological analysis focussed on indica-
tor organisms and did not include a broader spectrum of pathogens or physicochemical
parameters.

While previous studies have demonstrated the potential of phytoremediation using
aquatic plants for greywater treatment, as well as the microbial safety of crops produced
in hydroponic systems [44], further research is required to strengthen the evidence base
for safe and scalable reuse. Future studies should prioritise longitudinal assessments of
seasonal variability in greywater quality, investigations into behavioural and socio-eco-
nomic drivers influencing adoption, and the development and evaluation of community-
based greywater reuse models. Such efforts would provide critical insights to support
the safe integration of greywater reuse in urban agriculture systems.

6 Conclusions

This study demonstrates that water scarcity remains a critical constraint for smallholder
farmers in Mbarara City, particularly during prolonged dry periods, while eatery busi-
nesses generate substantial volumes of greywater that are currently underutilized. How-
ever, the widespread detection of faecal indicator bacteria, including E. coli in 22.5% of
samples confirms that untreated greywater poses significant public health risks and is
unsuitable for direct agricultural reuse in its current form, consistent with World Health
Organization guideline [39].

Despite these risks, both smallholder farmers and eatery operators expressed clear
willingness to adopt improved greywater management and reuse practices. This presents
an important opportunity to transform greywater from a disposal burden into a produc-
tive resource. Practical interventions should prioritise low-cost, decentralized treatment
approaches, such as filtration and phytoremediation ([7], [44]); combined training, pilot
demonstration projects, and community-based implementation models.

At the policy level, there is an urgent need to strengthen hygiene monitoring and
enforcement in eateries, develop context-specific guidelines for safe greywater reuse,
and integrate greywater management into urban planning frameworks. With appro-
priate treatment, routine monitoring, and institutional support, greywater reuse could
contribute to climate-resilient urban agriculture, improved food security, and reduced
environmental pollution in rapidly growing secondary cities.
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