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Abstract

Dry composting toilets are increasingly being used as practical
sanitation systems in areas with inadequate sewage disposal and inefficient
(or inexistent) hydraulic network. In Cdte d’Ivoire, the by-products from
such systems are progressively used in peri-urban agriculture as organic
fertilizer, most of the times regardless of any hygienic quality assessment;
constituting thereby a major health risk. The main objective of this study was
to assess the inactivation rates of key microbiological parameters [i.e., total
coliforms (TC), fecal coliforms (FC), fecal streptococci (FS) and Ascaris
lumbricoides (AL)] during the composting process of fecal matters from dry
composting toilets. Feces from dry composting toilets pits located at Abobo-
Sabgé, Abidjan, Cote d’Ivoire, were collected every two weeks from
February to June 2017 and their microbiological contents, along with two
physico-chemical characteristics (moisture content and pH) were analyzed.
Results revealed noticeable concentration decreases for all the
microbiological parameters, except AL. The concentrations dropped from
7.72 to 3.93, 7.61 to 2.70, and 7.10 to 3.11 (log FCU/g) for TC, FC and FS,
respectively, during the monitoring period. Regarding AL, there was an

290



increase during the first 29 days, then a decrease in their concentrations over
the last 3 months. Furthermore, the study revealed that all fecal bacteria
followed a first-order kinetic with the inactivation rates being 0.31, 0.24, and
0.21 d*! for FC, TC and FS, respectively. The amount of fecal bacteria in the
composts suggests that an additional time is required for maturation before
any uses of such material as fertilizer.

Keywords: Compost, Dry composting toilets, Ecological sanitation, Kinetic,
Microorganisms, Sub-Saharan country

Introduction

Managing wastewater and solid waste is one of the major challenges
faced by governments and other decision makers in terms of public health
safety in developing countries. Given the lack of collective purification
plants such as activated sludge types, fixed-bed reactors, and lagoon ponds,
non-collective sanitation (e.g., pit septic toilets, rudimentary latrines, public
toilets, etc.) are increasingly being used in those areas (Pambrun, 2005).
However, serious flaws occur in their management when it comes to
handling the solid wastes generated. For example, solid wastes are often
disposed in gutters, rivers, or public squares, favoring subsequently the
development of water-borne diseases such as dysentery, typhoid fever,
cholera, diarrhea, intestinal infections, hookworm infection, schistosomiasis
or bilharzia, all well-known as the main causes of general mortality and
infant morbidity in tropical African countries (Franceys et al., 1995; Cofie et
al., 2006). The failing disposal of such materials can also lead to serious
environmental risks (e.g., odors, ground and surface water pollution,
destruction of urban aesthetics, eutrophication, etc.) over the short or long
term. A better management of these solid wastes is therefore required to
ensure an environmentally friendly sanitation and avoid (or reduce) any
public health risks. One management option could be to provide such solid
wastes with an additional added value through their composting. This could
also enable actors in this sector ensure their financial autonomy while
promoting a sustainable ecological sanitation (Nsavyimana, 2014).

Among the existing non-collective sanitation systems, dry
composting toilets with urine deflection are less expensive and do not require
high technology compared to conventional systems (Magri et al. 2013).
Moreover, this ecological sanitation system has the potential to upgrade
urine and feces through their use as fertilizers, which thus become resources
rather than wastes (Ogunyoku et al. 2016). Dry composting toilets are also
accessible to all, less fragrant, more practical and quick to build, more
durable and profitable, while providing better protection of the water table.
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Other advantages include ease of maintenance, reasonable investment cost,
and sources of additional incomes (Diabagaté, 2009).

All biological processes as well as reaction rate can be influenced by
several factors during composting. Moisture content and temperature are
among those factors which should be controlled and monitored carefully
during composting (Aya et al. 2015). Feces-based composts may contain key
plants nutrients as well as different types of microorganisms (sometimes
pathogenic). During the composting process, it is assumed that pathogens
present in feces are inactivated given the elevated temperatures that can be
reached (about 55-65°C at the third step of composting) (Sossou et al. 2016).
However, when the process is not well carried out, the final compost may
contain pathogenic microorganisms. Therefore, before any reuse as fertilizer
or soil conditioner, this final compost should be disinfected. To control the
destruction of all pathogenic microorganisms, fecal bacteria are used as
indicator to determine the inactivation rate of fecal microorganisms in the
compost product (Darimani et al. 2016). However, all the processes
involving in feces-based composting for obtaining stable and harmless
composts have yet to be well documented. Reported studies are generally
limited to the description of the functions of the dry composting toilets and
their advantages. Only a few deal with the sanitary and hygienic aspects of
composts. The main objective of this study is therefore to assess the
inactivation rates of key microbiological parameters such as total coliforms
(TC), fecal coliforms (FC), fecal streptococci (FS), and Ascaris lumbricoides
(AL) during a composting process of fecal matters from dry composting
toilets located in a rapidly urbanizing city in a Sub-Saharan country (i.e. Cote
d’Ivoire). These microbiological parameters are essential for determining the
stability and ensuring further safe and hygienic use of the compost.

Material and Methods
Study area

The study area was Abobo-Sagbé, one of the south-western
neighborhoods of Abobo. Located in the North of Abidjan, the municipality
of Abobo is one of the thirteen (13) municipalities of the Autonomous
District of Abidjan. Its population is estimated at circa 1.5 million
inhabitants (RGPH, 2014), for an area of approximately 9,000 ha. Abobo has
long played the role of refuge for economically vulnerable populations who
are unable to afford rental housing in all buildings. This has favored the
creation of large urban fringes which do not obey any sustainable urban plan
(Kouassi, 2008). Twenty-eight (28) neighborhoods and villages make up the
municipality of Abobo, including a dozen precarious neighborhoods where
60% of its population live (ONU-Habitat, 2012). Abobo-Sagbé covers an
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area of 430 ha, with a population of circa 100,000 inhabitants. The average
annual growth rate is 3% (INS, 2001).

The study was part of a project aiming at (i) offering dry composting
toilets to people in urban slums such as Abobo-Sagbé in order to stop open-
air defecations, and (ii) generating new job opportunities while ensuring the
management of excreta in households and the healthy use of dry composting
toilets by-product as fertilizer in agriculture. The filling time of the
receptacles of materials was highly dependent on users.

Data collection

In our study one pit of dry composting toilet (total volume = 1 m?),
used by approximatively 25 individuals, was monitored for 5.5 months. A
dry composting toilet is based on the principle of separation between urine
and feces. Fecal matters were collected directly in a pit mounted above
ground (the urine being channeled via a PVC and collected in a receptacle
located outside the latrine) (Figure 1). They were then treated in two phases.
The first phase was a desiccation which occurred simultaneously during
collection in a ventilated pit and consisted to the addition of a bulking agent
(e.g., sawdust or chips) after each defecation. This helps absorbing moisture,
and reducing the risk of odor and proliferation of flies. The second phase
(also called dehydration) begun after the filling of the receptacle and its
closure for the composting process.

The collection of feces-based compost samples was conducted over
133 days of composting, starting on February 7, 2017. The depth of the
compost pit was 1 m. The sampling was performed at three vertical positions
in the compost pit: at the top (0-5 cm from top), mid-depth (45-55 cm from
top) and depth (90 cm from top), (Figure 2). They were then carefully mixed
as one content and 1-kg sample was collected and stored in sterile plastic
bags for the determination of the physico-chemical (moisture content and
pH) and microbiological (TC, FC, FS, and AL) characteristics in laboratory.
The pH values of the samples were also determined in situ. Then, the sample
was transported to the laboratory in an ice chest on the same day (within 2
hours after collection).
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Figure 1. Dry composting toilets monitored in the experiment. A. Front view; B. Rear view;
C. Orifice for urine collection and valve covering the pit; D. Wastewater collecting orifice
(wastewaters are from hand and anal washing water after each defecation).
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Figure 2. Schematic pit profile and sampling depths: top (A), mid-depth (B) and bottom (C)

Laboratory analyses

The pH was determined according to NF T 90-006 (1950). 20 mg of
feces-based compost were dissolved in 100 mL of distilled water. The whole
was stirred for 5 minutes at room temperature with a mechanical stirrer.
After settling, measurements were made on the liquid portion only using a
multi-parametric probe HACH HQ 40 D.

Regarding the determination of the moisture content, the proportion
of dry matter (DM) was first determined. 10 g of compost was sampled and
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put in an aluminum container. It was then dried in an oven at 105°C and
cooled in a desiccator. DM was calculated as follows:

DM=A><B100 (1)

where DM 1is expressed in percentage (%); A and B refer to the mass of the
sample (g) after and before drying (g).
The moisture content was then deducted as:
% moisture = 100 - % DM 2)

The method used for detecting pathogenic bacteria was based on
membrane filtration (NF, 2000). 20 mg were sampled and dissolved in 100
mL of distilled water. After stirring and settling, 1 mL was sampled and
filtered through sterile filter membrane (0.45 pum in diameter). After
filtration, the membrane was placed under sterile conditions on petri dishes
containing a solid culture medium (agar) before being incubated for 30
minutes at precise temperatures permitting the identification of the bacteria.
For seeding, the culture media used varied according to the bacteria sought
(i.e., “COMPASS® cc” and “Slanetz and Bartley” agars for FC and FS,
respectively). The determination of FC was carried out after 18 to 24 hours
of incubation at 44°C. FC colonies appear in blue. As for FS, their
determination was performed after 44 + 4 hours of incubation at 37°C. FC
colonies appear in dark roses or reds with or without a white aureole. Total
coliforms included all the present colonies in the culture media (that is, FS +
FC). They corresponded to the bacterial load of the seeded inoculum.

Considering the dilution rates of the samples, the number of bacteria

was calculated as follows:
NXVg

CS - niv1di+n,vyd, (3)
where Cs (expressed in Forming Colonies Unit, FCU) is the number of
bacteria in the reference volume chosen to express the bacterial load Vs; d;
and d> are the dilutions used for the test volumes v;, vz, respectively; n; and
n2 are the number of boxes counted for dilutions d; and d>; and N is the sum
of all colonies counted in the dishes after dilutions.

The number of Ascaris lumbricoides eggs were determined using a
method involving sodium acetate-acetic acid-formaldehyde (SAF), (Yang et
Scholten, 1977). 1 g of feces-based compost was sampled and dissolved into
100 ml of distilled water. A mixture of 5 ml of sodium acetate + 5 ml of
acetic acid was then added to destroy any vegetative forms. Then, two drops
of formalin were added to concentrate the eggs. These formal solutions were
filtered through a filter membrane and the eggs were collected. AL eggs
were then identified based on their aspects and by using a microscope (10 x
40), and then counted.

Each of the chemical and microbiological analyses was repeated four

times.
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Determination of the Kinetic rates of inactivation of fecal bacteria

The determination of the kinetic rates of inactivation of the selected
bacteria was done according to John (2002) and Qian et al. (2015). The
kinetic was expressed as a first order decay:

Ci=Co x eV (4)

where C; (colonies per grams) refers to the bacteria density at the elapsed
time ¢ (h); C, (colonies per grams) is the initial bacteria density in colonies
per grams; and k (h!) is the decay constant. The linear phase which is more
characteristic of decay process was used to calculate the decay rate.

Statistical analysis

All the mean values of each of the microbiological parameters were
compared using a t-test (0 = 0.05) to check for the statistical significance of
their difference. Data analysis was performed using software R version 3.3.2
(Team, 2016). Prior to the comparison, normality tests (i.e., Shapiro test)
were performed for each parameter. Whenever the normality test indicated a
probability p < 0.05 a non-parametric test (i.e. Mann-Whitney) was used (a
parametric test being used for p > 0.05). Thus, the Mann-Whitney was
performed for values of FC, TC and FS; while the t-test was used for AL.

Results and Discussion
pH values of the feces-based compost

In our study, the compost pH decreased from 7.82 to 6.75 during the
first 29 days, then increased from 6.75 to 8.19 over the 20 following days,
before a ~26% decrease during the last 3 months (Figure 3). There was a
statistically significant difference between the pH values during the
composting process (P = 0.0132). The pH is a good indicator of the progress
of composting sludge from sewage treatment plants or domestic waste
(Jimenez and Garcia, 1991). The slight decrease of pH at the beginning of
the composting process can be explained by the production of organic acids
subsequent to the degradation of carbohydrates, lipids and other substances
(Mustin, 1987). Moreover, the production of CO» during aerobic degradation
contributes to the acidification of the medium by its dissolution in water and
production of carbonic acid.

While studying the effect of biological compost juices on plant
diseases, Znaidi (2002) reported that the compost initially had a pH ranging
from 8 to 8.2. In our case basic composts were found after the first month
and up to the second month of the monitoring. Such basic environment
favors the development of actinomycetes and alkaline bacteria (Mustin,
1987). Jimenez and Garcia (1991) reported a gradual increase in pH from 7
to 8 during a composting process of urban refuse and urban refuse + sewage
sludge. However, Sundberg et al. (2004) showed that in organic household
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waste initial pH values ranged from 4.5 to 6. Nevertheless, they pointed out
that in a complete and successful process of composting bio-waste the pH
increases to reach 8-9. Such an increase can be explained by the
disappearance of fatty acids (Reveille et al., 2003). Cayuela et al. (2006) also
observed a similar increase in pH (7-9) during the composting of waste from
the olive industry. Olive wastes contain a substantial proportion of lipids and
free organic acids (Cayuela et al., 2006). Tang et al. (2004) hypothesized that
the NH4" ions released during the process would also contribute to the pH
increase (although a decreasing trend was observed later during the
composting process). The presence of organic acids with short chains mainly
acetic and lactic acid could also lead to such acid environment (Beck-Friis et
al., 2001). The slight acidification at the beginning of the composting process
is noteworthy because this phenomenon is assimilated to an acid production
due to incomplete oxidation, a sign of poor oxygenation as highlighted by
Francou (2003) and Sundberg et al. (2004).

Acid environments are characteristics of immature composts,
whereas the pH of mature composts ranged from 7 to 9 (Forster et al., 1993).
Given a pH of ~6 at the end of the monitoring period in our study, the feces-
based compost was not completely mature. Additional time would probably
bring it to maturity.

pH
o [ N w SN [0, [e)) ~ o] o

1 29 49 63 77 91 133
Composting time (days)

Figure 3. Evolution of pH during the feces-based composting process

Moisture content in the feces-based compost

The moisture content remained high (76.6-81.2%) during the first
month of the composting process; then it decreased, down to 69.5% at the
end of the monitoring period (Figure 4). The difference in moisture content
was not statistically significant after 133 days of composting (P = 0.4947).
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The study area was not sunny during the composting period with an ambient
temperature estimated at 26 ° C, and generally cloudy. This similarity could
be explained by the ambient relative humidity in the study area (Babaammi,
2014). Indeed, while characterizing the microbial biomass developed in a
compost from date palm (Phoenix dactylifera) wastes, the piles lose water by
evaporation and decreased in volume under the effect of heat and ventilation.
The decrease of moisture content in our study was in line with previous
studies. Remy (2007) noted a decrease from 55 to 30% after 180 days during
a composting process of municipal solid wastes mixed to green wastes.
Canet and Pomares (1995) measured moisture content drops from 60 to 21%
during 90 days of composting of municipal solid wastes. The heat energy
released during the composting process is responsible of the evaporation that
occurs. The moisture content (69.5%) at the end of the 133 days of
composting was in line with one of the conclusions reported by Sghairoun
(2011) (moisture content = 50-70%). However, it was too high compared to
most recommended material moisture contents (45-50%) for optimal
composting. Although this was not the case in our study, it would be
interesting to control this factor by investigating an optimal ratio of bulking
agent to feces (e.g., w/w).

Optimum moisture values depend on the nature of the substrate used
in composting as well as climatic conditions (Pereira et al., 1987). Low
moisture contents (< 25%) lead to a decrease of biological activities, thereby
slowing down the composting process (Laos et al., 2002). On the other hand,
for high moisture contents, water saturation can occur, which could stifle the
micro-organisms in the composting pile (Leclerc, 1997).

100
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1 29 49 63 77 91 133
Composting time (days)

Figure 4. Evolution of the moisture content during the feces-based composting process
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Microbiological parameters in the feces-based compost

Although a rise in temperature was observed during the first days of
composting, namely because of intense biodegradation activities, there was a
relatively stable temperature in the compost (on average 25°C) during the
composting process (Millner et al., 1977). Such a stabilization of the
temperature reflects the end of the intensive degradation phase (Haruta et al.,
2005). According to Strom, (1989), temperatures ranging between 60 to
80°C are often obtained in the first week of composting, leaving room for
thermophilic bacteria. But when the temperature drops again after a few
days, the surviving mesophilic microorganisms may readily resume their
activity and overcome that of the thermophilic ones. The surviving of those
mesophilic bacteria could be explained to their thermo-tolerance or the
presence of spores which resumed the life cycle when the conditions were
favorable.

There were noticeable decreases of TC, FC and FS concentrations
during the first 29 days in the feces-based compost, followed by a relatively
low decrease during the last 3.5 months (Figure 5). These three fecal bacteria
exhibited biphasic decay patterns, i.e., one linear and one stationary phases.
According to previous studies of Nakagawa et al. (2006) and Otaki et al.
(2007), the inactivation of microorganisms followed a first order reaction.
This is confirmed by our work with a first-order kinetic of inactivation rates
being 0.31, 0.24 and 0.21d! for FC, TC, and FS, respectively. Our results are
consistent with the findings of Qdais et Al-Widyan (2016) and Sossou
(2016) who reported similar kinetic rates using composting and co-
composting piles of several agro-industrial wastes and fecal matter from
composting toilets respectively. Regarding AL an increase was recorded
during the first 49 days, before a marked decrease during the last 3 months.
The comparison of means showed a statistically significant difference for the
different bacterial populations during the study period (P = 0.0005 in the
case of TC, FC and FS; P = 0.0331 for AL). There was no Ascaris
lumbricoides on the first day of composting. According to Damien, 2004, A.
lumbricoides constitute the macro-fauna of the compost and generally
intervene during the last phase of the process (i.e., maturation) when
temperatures are < 40°C. Helminthes are of special consideration, especially
the eggs of Ascaris lumbricoides, because A. lumbricoides eggs are very
persistent and not easily inactivate (Feachem et al., 1983; US EPA, 2009).

The composting appears as an effective technique for killing
pathogenic microorganisms as long as an appropriate temperature is reached
and maintained for sufficient time during the process (Epstein, 1989).
Several factors including temperature, death or inhibition of microorganisms
caused by the secretion of toxic substances by other microbial strains, and
competition for nutrients between microorganisms (either pathogens or not)
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can reduce the bacterial load during the composting process, and more
particularly the load of non-pathogen bacteria (Pederson, 1983). Cooper et
al. (1977) denoted that actinomycetes and other microscopic fungi present in
the organic matter to be composted release antibiotic substances, which are
in most cases to most microorganisms.
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Figure 5. Inactivation kinetics of different fecal contamination germs [i.e., total coliforms
(TC), fecal Streptococcus (FS), and fecal coliforms (FC) Ascaris lumbricoides (AL)] during
the feces-based composting process.

Conclusion

We monitored the inactivation kinetics and quantified the inactivation
rates of four microbiological parameters (total coliform, fecal coliform, fecal
Streptococci, and Ascaris lumbricoides) during a composting process of fecal
matters from dry composting toilets in one highly dense urban slum of
Abidjan, Cote d’Ivoire. Our findings showed noticeable decreases of TC, FC,
and FS contents during the monitoring period, and a lower content of Ascaris
lumbricoides at the end of the composting, compared to the other
microorganisms. Given the relatively high content of selected
microorganisms and the acid nature of the feces-based compost (pH = 6.08)
at the end of the monitoring period, the compost was not mature yet.
However, the trend observed in the kinetics of microorganisms indicates that
the compost was maturing and should be free of harmful fecal bacteria (i.e.,
reasonable concentrations according to official standards) and suitable for its
use for agricultural purposes.
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