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ARTICLE INFO ABSTRACT

Sustainable development goal 6.2 advocates for increasing access to equitable and

KEY WORDS adequate hygiene and sanitation for all by 2030, and its indicator target is to raise the

Onsite proportion of the population using safely managed sanitation. On the contrary, it is

) ) approximated that only 54% of people globally have access to safely managed sanita-
Bioconversion ) . s . :

tion, while 2.4 billion lack access. Recent innovations have however seen the develop-

Faecal ment of low-cost technologies that can be customized depending on the region. The

Coliforms container based sanitation (CBS) is one of the options for safely managing the waste

compared to conventional sewerage systems that are expensive. However, the need
for emptying and transportation of filled faecal sludge (FS) containers on daily basis,
E.coli inactivation leads to high operational costs and increases the operational exposures risks to faecal
pathogens amongst the CBS operators. The study determined the performance effi-
ciency of Black Soldier Fly Larvae in inactivation of E.coli via seeded container based sanitation- Urine diverting dry
toilet model. Sample was transported to the lab for analysis of E.coli after every 3 days from Seeded households
and samples from Non seeded households in replication. One gram of sample was used in serial dilution up to fac-
tor 5.The inoculum was plated in Tryptone Bile Glucuronic (TBX) agar for enumeration according to manufacturer’s
instructions. Plates with 30-300 colonies were considered viable for counting. The study used statistical analysis
IBM SPSS software from the sets of experiments. The E.coli (CFU/ml) mean varied between 7.3+1.3 and 10.1+2.8
for Seeded treatments while non-seed treatments ranged between 7.5+1.6 and 10.4+3.2. A significant variation
occurred between the two treatments at p<0.05(SH and NH). Findings from this study showed that there was re-
duction of E.coli coliforms with Bioconversion of organic waste using the BSF technology has been noted to reduce
the E.coli load and reducing the volume of the bio-waste. Sanitation policy makers can apply the findings of this
study in formulation of policies on safe handling and disposal of faecal matter from onsite sanitation facilities.

Container based Sanitation

Introduction

Sustainable development goal 6.2 advocates for
increasing access to equitable and adequate hy-
giene and sanitation for all by 2030, and its indica-
tor target is to raise the proportion of the popula-

tion using safely managed sanitation (UNWATER).
On the contrary, it is approximated that only 54%
of people globally have access to safely managed
sanitation, while 2.4 billion lack access (JMP,
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2020; UNICEF & WHO, 2020). In sub-Saharan Afri-
ca, it has been estimated that only 7.6% of the
population has been connected to sewer systems
whereas, in Kenya, 30% of the population has ac-
cess to improved sanitation (UNICEF & WHO,
2020). The sanitation challenges are expected to
exacerbate since the world population is project-
ed to increase to 9.7 billion by 2050 (Leridon,
2020). Previously, Engineers focused on conven-
tional wastewater treatment to address the sani-
tation needs of the population, in urban areas.

Conventional sewer systems are however not
only capital intensive but also have a high opera-
tion and maintenance cost, high water require-
ments, and adequate planning in the layout of the
pipe network (Strande et al.,, 2014). As such, on-
site sanitation technologies, such as pit latrines,
and septic tanks which were initially thought of as
a sanitation solution for rural areas, have been
widely adopted in urban and peri-urban areas
(Strande et al., 2014).78% of sanitation needs
among peri-urban and poor urban settlements in
Kenya are met by onsite technologies, whereas
conventional sewer systems coverage stands at
12% (Riungu et al., 2021).

Despite the high adoption of onsite systems,
there has been a lag in the development of faecal
sludge (FS) treatment technologies to handle the
faecal waste generated from these systems
(Strande et al., 2014). In onsite sanitation tech-
nologies and services, faecal matter is stored,
treated, and disposed of near the place of genera-
tion (Jeuland et al., 2013). If not well managed FS
generated from on-site systems can lead to high
environmental and public health risks, owing to
the high pathogenic load in excreta (Riungu,
2021). The poor status of sanitation experienced
in developing countries has led to an increase in
contribution to infectious diseases such as polio,
diarrhoea, cholera, hepatitis A, and typhoid
(Ritchie &Roser, 2021).

The Kenyan Government spends KES 27 billion
(USD 365 million) annually (one percent of the
national gross domestic product (GPD)) on the
treatment of sanitation-related illnesses (MOH,
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2016). Among children, diarrheal disease and in-
testinal worm infestation contribute to at least
40% of deaths among under-five children (MOH,
2010); Riungu, 2021), in addition to 35% of chil-
dren suffering from moderate to severe stunting
(UNICEF, 2013).

Escherichia coli belong to a family of Entero-
bactericeae and Escherichia genus. It is a gram-
negative bacteria and facultative anaerobic. It is
normally found in the large intestines of mammals
(Gebis, 2019; Gomes et al., 2019). In the laborato-
ry is isolated by growing on a Tryptone Bile Glucu-
ronide (TBX) selective medium and incubated at
37°C for 24 hours where it yields greenish colo-
nies. It's found in the environment where there is
faecal contamination which in turn causes infec-
tions when food or water gets into contact with
faecal matter. Escherichia coli are known to be a
normal flora in the human intestines, although it
has been associated with causing infections in
humans such as diarrhoea.

The infections are a result of faecal contamina-
tion with food or drink (Blyton & Gordon, 2017).
Poor handling of the faecal matter can lead to en-
vironmental contamination by these bacteria as
its high concentration is an indicator of contami-
nation. Treatment of the faecal matter is im-
portant in reducing the contamination in the envi-
ronment. The Poor design of treatment plants, pit
latrines, conventional sewers, and lack of sanita-
tion facilities are the root causes of the increase
of microbes in the environment. The inadequate
sanitation facility has resulted in people resorting
to open defecation. This has increased threats to
health as groundwater is contaminated which
leads to high concentrations of E. coli in the envi-
ronment (Hajam et al., 2023).

Higher E. coli concentrations in faecal sludge
are a reliable indicator of faecal contamination
and indicate potential health risks that result from
inadequate sanitation practices (Kumwenda et al.,
2017). Inadequate faecal waste treatment not
only contributes to environmental pollution but
also increases the possibility of microbial trans-
mission across multiple channels, raising serious
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public health problems (Nakagiri et al., 2015,
2016). Addressing the issues of faecal sludge
management necessitates comprehensive ap-
proaches that include improved sanitation infra-
structure, effective treatment technologies, and
community involvement efforts targeted at en-
couraging proper sanitation and minimizing faecal
contamination pathways.

The presence of Escherichia coli in the environ-
ment underscores the urgent need for sustainable
sanitation solutions that mitigate microbial risks
and safeguard public health (Bain et al., 2014). In
addition to direct human health implications, con-
tamination with E. coli can also compromise eco-
system integrity and biodiversity, further exacer-
bating environmental degradation.

Effective faecal sludge management practices,
including proper treatment and disposal methods,
are essential for minimizing microbial pollution
and mitigating the adverse impacts of faecal con-
tamination on water resources, soil quality, and
ecological health. Investing in resilient sanitation
infrastructure and promoting behavior change
interventions are paramount to achieving univer-
sal access to safe and sustainable sanitation ser-
vices while ensuring the protection of environ-
mental and human health.

Ensuring the microbial safety of the products
of sanitation forms the prime objective in sanita-
tion. Viscous heater (VH) has been used as a pas-
teurizer in resource recovery from sanitation prod-
ucts. The viscous heated faecal sludge inactivates
the somatic coliphage, heterotrophic bacteria,
total coliform, and Escherichia Coli at a tempera-
ture range of 60°C and 80°C for 1-6 min Peguero
etal. (2021) reported eradication of Salmonella Spp.
and Escherichia coli at a temperature of 55 °C in
the faecal sludge to non-detectable levels. The
solar photo-inactivation of wastewater assess-
ment showed the inactivation of human patho-
genic bacteria (Salmonella enteritidis and E. coli
0157:H7) (Nahim-Granados et al., 2018).

The Black Soldier Fly (BSF) larvae inactivation
efficiency studies show limited information and
discrepancy in pathogen inactivation which war-
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ranted the present study.

This study is part of a project on evaluating the
potential of container-based sanitation as a sani-
tation option among peri-urban areas. In contain-
er-based sanitation (CBS, faecal sludge (FS) is cap-
tured in sealable containers. The Containers, once
full are replaced with clean containers, allowing
the transportation of filled containers to off-site
treatment sites (Ferguson et al, 2022; CBSA,
2021).

The CBS system allows separate collection and
storage of faeces and urine in different contain-
ers, in a model further referred to as UDDT. Cur-
rently, the CBS operators are in charge of collect-
ing waste, transportation, and treatment of the
FS (Mackinnon et al. 2018). The CBS provides an
entry point to the circular economy in sanitation.
The circular economy promotes the conversion of
waste into valuable resources; such as nutrients
available in waste are harnessed and thereafter
put back into the matter cycle (Riungu, Ronteltap,
etal,2019; Simha & Ganesapillai,2017; Hyun et al.,
2019; Nagy et al., 2019).

Container-based sanitation (CBS) service
chains are labor-intensive, with a wide variety of
skills needed and safety issues (Russel et al.,
2015). Daily emptying and transportation to a
treatment facility are costly (O'Keefe et al., 2015).
The door-to-door collection raises vehicle fuel
costs as it relies on regular emptying and servicing
of containers by a CBS provider. There is also the
employment of drivers for the vehicles used for
the transportation of the containers and which
increases the operational cost.

The long distance between homes where col-
lection takes place and treatment centres is an-
other cost. Therefore, finding new ways for opti-
mizing the cost is a necessary field of research
(Diener et al., 2015). The research is part of a big-
ger research project investigating ways to en-
hance pathogen inactivation from faecal matter
coming from urine diverting dehydrating toilets
(UDDT), at Nchiru a peri-urban settlement.



MUMALI ET AL.

Materials and Methods

In this study, three urine diverting dry toilet
were installed in households within Nchiru. The
Urine diverting dry toilets (UDDT) were supplied
by Sanergy Kenya, a sanitation enterprise promot-
ing container based sanitation (CBS) within infor-
mal slum settlements. UDDT principle enables
waste separation at the source, thus faeces and
urine are collected via two different 30-liter seal-
able containers. The experiment investigated the
on-site treatment of UDDT-generated faeces using
the black soldier fly larvae as follows; Three UDDT
systems were installed within three households.
Containers for faeces collection were pre-seeded
with 5 days old obtained from the MUST Bsf rear-
ing unit larvae before introduction for waste col-
lection. The used containers were collected and
exchanged with clean ones after 14 days, which
has been reported as the active feeding time for
BSF larvae (Matheka et al., 2021).

The experiment investigated also off-site treat-
ment of urine-diverting dry toilet-generated faeces
using the Black Soldier Fly technology as follows:
Three urine-diverting dry toilet systems were in-
stalled at three different households at Nchiru.
Daily, the used containers were collected and
swapped with clean ones.

The collected faecal wastes were transported to
the MUST treatment facility where a treatment
experiment was set up. The faecal waste was then
fed to 5-day-old larvae in 1.5m x 1.5m x 3m
troughs through batch feeding as. The samples
were taken after three days for laboratory analysis
of E.coli for a period of 12 days in two trials.

Analytical procedures
E.coli Enumeration

Immediately after the samples were transported
from the field, 20g of faecal waste sample from
each household was placed into sterile stool con-
tainers. Replication was done by taking three sam-
ples from each household. Sample constitution
was done by transferring 1g of each household
sample into the sterilized falcon tube containing
10 ml of sterilized distilled water and then shaking
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vigorously to ensure uniform suspension. One mil-
lilitre of the sample suspension was transferred
into the first test tube with 9ml of sterilized dis-
tilled water and shaken to mix making a final vol-
ume of 10ml (dilution factor 1). To the second
tube containing 9ml of sterilized distilled water
(dilution factor 2), 1 ml was taken and added
from the first tube.

The process was repeated up to the last tube
(5th) denoted dilution factor 5. With 3 replica-
tions for each household sample and serial dilu-
tion of up to the 5th dilution factor, there were a
total of 90 test tubes with inoculums to be plated
in Tryptone Bile Glucuronic (TBX) agar for enumer-
ation. T

he sterile plates were placed in a biosafety hood
where the media was held, media was dispensed
on the plates to allow it to solidify. Once the agar
had solidified, 0.1ml of inoculum sample from
each test tube was transferred into a petri dish
and spread using a sterile glass rod spreader. All
the plates were incubated at 37°C for 24 hours
and afterwards, the number of colonies counted.
Only plates with 30-300 colonies were considered
to have viable colonies.

The Colony Forming units (CFUs) were calculat-
ed as:

colonies counted x dilution factor?

CFUs/1g of original sample=

amount of inoculum into each petri dish (0.1ml)

Statistical analysis

The analysis was done in triplicates, the experi-
ment results were statistically analysed using IBM
SPSS (version 23) by conducting a one-way analy-
sis of variance (ANOVA) at a 95% confidence in-
terval. This was followed by a pairwise Turkey post
hoc comparison to determine whether a signifi-
cant difference occurred in the mean between
households and within each household (Lalander
et al., 2019). A p-value <0.05 was a considerate
indication of a significant variation between the
households.
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E.coli Inactivation - Seeded vs Non-Seeded

E.coli CFU/ml

DAY-0

Figure 1: green colonies of E. coli

NHL veenen NH2 = === NH3

SH1

SH2

SH3 = -

isolated from TBX agar
Figure 2: E. coli Logs distribution by the days for seeded and

Non-seeded across households over time in days

tMean followed by different superscripts in the same rows varied signif-
icantly (p<0.05).

*larval weight measurement was done on a wet weight basis.

Results and Discussion

Figure 1 shows green colonies of E. coli isolat-
ed from TBX agar. Figures 2 and Table 1 show the
distribution of E. coli (CFU/ml) data for seeded
and non-seeded treatment systems respectively.
The E. coli (CFU/ml) inactivation mean varied be-
tween 7.3x1.3 and 10.1+2.8 for the substrates
subjected to Seeded treatments (Figure 2), while
Non-seed treatments recorded a relatively higher
mean inactivation range between 7.5:+1.6 and
10.4+3.2 A significant variation occurred be-
tween the two treatments at p<0.05(SH and NH)
as shown in Table 1. Similarly, when households of
the same treatment were compared, for instance,
SH1, SH2, and SH3, E. coli inactivation varied sig-
nificantly Table 3.1. The same trend was recorded
within non-Seeded household treatments.

A significant variation occurred between the
two treatments at p<0.05(SH and NH). However,
when a comparison was done among households
of the same treatment, a significant variation was
recorded among the treatments themselves with-
in the individual groups for Seeded and Non-seed
treatments. (Table 1). For instance, in SH1, Esche-
richia coli reduced from 7.43 CFU/ml at day O to
5.60 CFU/ml at day 9. In NH1, it decreased from
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11.74 CFU/ml at day O to 6.47 CFU/ml at day 9.
The present study is in agreement with Peguero et
al. (2021), who evaluated the inactivation of in situ
Escherichia coli, whereby before the inactivation,
there was 9.7 (+ 5.74) x 104 CFU/g in wet faecal
sludge. After heating the faecal sludge at the 80-
degree centigrade set-point for 1 minute, Peguero
et al. (2021) found 1- to 5-logl0 inactivation of
Escherichia coli. Similarly, Riungu et al. (2018a)
found that the faecal sludge subjected to the vis-
cous heater (VH) had inactivated somatic
coliphage, total coliform, and Escherichia coli be-
low the detection limit (1- to 5-loglO inactiva-
tion). The inactivation of the Escherichia coli con-
centrations suggests the effectiveness of contain-
er-based systems. This has significant implications
for public health and safe faecal waste manage-
ment.

UDDT-CBS model offers an attractive approach
in human waste treatment after which the sludge
produced can be treated via post-treatment tech-
nology. Besides the reduction in biomass, proper
treatment of organic waste includes the sanitiza-
tion of the material. Antibacterial activity in excre-
tion/secretion of insect larvae is known and has
been demonstrated to be effective in maggot
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Seeded Non-Seeded P-Values
Parameter SH1 SH2 SH3 NH1 NH2 NH3
E.coli Inactivation 7.3+1.32 10.1+£2.80¢ 8.741.9abc 10.4£3.2¢ 7.5+1.60¢ 6.81+1.42 0.000

Table 1: Mean + standard deviation of E. coli (CFU/ml) and Larval Yield in g/30 BSFL

therapy for wound debridement (Parnes and Lag-
an, 2007) and in the inactivation of Enterobacteri-
aceae such as Salmonella spp. and Escherichia coli
(Erickson et al., 2004; Liu et al., 2008). As an inno-
vative solution for enhancing sanitation in low
income urban and peri urban areas, UDDTs-CBS
toilets can be offered on a pay-and-use basis in
the form of serviced shared facilities where The
UDDT principle involves separate collection of fae-
ces and urine (Austin, 2001; Austin &mCloete,
2008; Niwagaba et al., 2009a; Sherpa et al.,
2009).

Studies such as Manuela Renna and Laura Gas-
co's (2018) researched on the effect of rearing
substrate on black soldier fly larvae suggest that
different feed substrates can have a significant
impact on the growth performance, waste reduc-
tion efficiency, and chemical composition of black
soldier fly larvae. Additionally, Nyakeri et al.
(2019) found that an optimal feeding strategy
could be used to maximize the biomass produc-
tion and faecal sludge reduction of black soldier
fly larvae. These findings suggest that further re-
search is needed to explore the potential of using
different substrates and feeding strategies to in-
crease the efficiency of black soldier fly larvae as a
waste reduction method. In addition, further re-
search is needed to determine the safety of using
heat-treated faecal sludge for black soldier fly lar-
vae production (Peguero et al., 2021). While stud-
ies such as Oonincx et al. (2015) suggest that
black soldier fly larvae can efficiently reduce the
amount of waste, it is important to ensure that
the resulting material is safe for human consump-
tion. Therefore, further research is needed to ex-
plore the potential of using different methods to
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safely reduce the amount of waste and produce a
safe, nutrient-rich product.

UDDT-CBSs allow simple removal, less harmful
and safe handling of the faecal waste after filling
up of the toilet (Wendland et al., 2011). The risk
of surface and ground water contamination is re-
duced through safe containment of faecal materi-
al in ventilated interchangeable water proof con-
tainers. This enables post-treatment of the faecal
waste using different treatment technologies
since the faeces are not entirely sanitized. In addi-
tion, the toilets can be built in areas which are
prone to floods (Wendland et al., 2011) where pit
latrines are not appropriate. Moreover, the tech-
nology provides opportunities to develop value
chains for recycling of human waste for agricultur-
al purposes and allow safe disposal of the by-
products. The technology is technically and insti-
tutionally appropriate, socially acceptable, eco-
nomically viable and protective to environment
and natural resources (Rieck et al., 2012). SCBS-
UDDT services comprise the full sanitation value
chain, and therefore meet the requirement for
safely managed sanitation according to the WHO
standards.

Assuming faeces are properly handled through-
out the service chain, including treatment and
safe disposalfreuse, CBS is likely to be an effective
solution for limiting the spread of faecal contami-
nation within household and community environ-
ments (Russel et al., (2015).There is a need to en-
courage sanitation and public health ministries
and policy makers to include CBS among their
sanitation policy options and to structure financ-
ing (e.g. Targeted investment and tariffs, payment
by results mechanisms, etc.) and public-private
partnerships to support the expansion of CBS-
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UDDT services. With expansion of cities at high
rates and the number of people living in informal
urban settlements expected to grow by more than
half by 2030, it is critical that new sanitation tech-
nologies and services like SCBS-UDDT be studied
and made available to governments and unserved
communities.

Conclusion and Recommendation

The experiment was conducted to investigate the
inactivation potential for seeded UDDT-CBS mod-
el for E.coli where the results showed a decrease
in number of coliforms as observed for SH1 log
reduction. The performance process of Black Sol-
dier Fly larvae was effective in reducing the E.coli
load and reducing the volume of the bio-waste.
Therefore, the seeded UDDT-CBS technique can
be employed to manage, recycle and reduce the
microbial load thus ensuring limit in environmen-
tal pollution and contamination. Sanitation policy
makers can apply the findings of this study in for-
mulation of policies on safe handling and disposal
of faecal matter from onsite sanitation facilities.
Proper sanitation and hygiene awareness practic-
es should be provided through education to the
residents of this area.
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