Volume 3, Issue 8, August – 2018

International Journal of Innovative Science and Research Technology
ISSN No:-2456-2165

Tiger Worm Based Toilets for Uganda GovernmentAided Schools: A Case Study of Boro Primary School
Nwoya District
Jacob Nyende and Achire Michael West
Department of Civil and Building Engineering,
Faculty of Engineering, Kyambogo University
P.O. Box 1, Kyambogo – Kampala, Uganda
Abstract:- Only 47% of the districts in Uganda have
been able to meet the national target of 77% latrine
coverage, whereas the average pupil to stance ratio in
majority of primary schools in the country is reported to
be 70:1, which leads to high fill up rates of pit latrines.
Boro Primary School, Nwoya District was chosen as such
a school with pit latrines that fill up in less than two
years, resulting in high costs for demolition and
construction of new latrine structures and open
defecation in areas surrounding the latrines.Visits were
made to the school, in January 2017 and March 2017
that had focus group discussions, key informant
interviews and co – creation workshops in order to assess
the sanitation situation with regard to excreta disposal in
the school and to ensure involvement of these
stakeholders. The use of tiger worms for the
decomposition of faucal sludge in the latrines was
studied as possible solution to the problem. Laboratory
experiments were carried out to determine the tiger
worm stocking density. The vermicompost produced was
tested to assess its potential for use in agriculture.
Results from Microsoft Excel Software Package (2016)
showed a worm stocking density of 1.5kg/m2that gave the
highest percentage reduction in the accumulation rates
(0.46% per day) and the designed tiger worm based
toilet had a pit volume 0.6045m3 and 1500g as the
specified amount of tiger worms per pit. An operation
and maintenance plan for the toilet was formulated to
ensure sustainability of the latrine.
Keywords:- Tiger-worms, vermicompost, primary schools’
toilets, parameter characterization, Boro-Nwoya, Uganda.
I.

INTRODUCTION

A. Importance of access to Water and Sanitation to Fast
Growing Population
Although having access to water and sanitation is
viewed as a necessity to living life in dignity, recent
research has shown that more than one third (1/3) of the
global population don’t use improved sanitation facilities.
Of these, one billion people still practice open defecation
(WHO & UNICEF (2014), which is deemed the riskiest
sanitation practice of all (UN – Water, 2012). WHO &
UNICEF (2014) also reported that the trend in sanitation
coverage differs, depending on presence of geographic,
economic and socio-cultural inequalities around the world,
which have led to the uneven distribution of sanitation
facilities. The clear majority of those without sanitation are
IJISRT18AG241

the poorer people living in rural areas, ethnic minorities and
other marginalized groups such as women and children.
According to WHO & UNICEF (2014), 69 countries
are not on track, 37 of them being in Sub – Saharan Africa,
where sanitation coverage is at only 30%, with only 45% of
its rural population. having access to proper sanitation.
Uganda on the other hand, stands at only 35% sanitation
coverage (WHO & UNICEF, 2014). A latrine, being a basic
sanitation facility, plays a very important role in the
prevention of sanitation problems at source and yet only
47% of the districts in Uganda meet the national target of
77% latrine coverage Ministry of Water and Environment,
2013). In Ugandan schools, the introduction of Universal
Primary Education (UPE) policy has resulted into a rapid
increase in numbers of children attending school, by up to
28% between 2000 and 2013 (MoES, 2013), which has
resulted in a strain on sanitation and hygiene facilities
(CHDC, 2006). Galimaka (2008) also noted that rapid
enrollment of children under the UPE policy was not
matched with an increase in infrastructure such as toilets in
the schools, thus enhancing pressure on the existing
facilities. As a result, several Non-Governmental
Organizations(NGOs)have made efforts to provide mobile
toilets (mobiles)to minimize the costs incurred when
replacing the latrines upon their filling up and construction
of drainable latrines to eliminate the need to construct new
toilets once the old ones are full. A situational analysis
conducted in 2015 in primary schools in Amuru, Nwoya and
Pader districts where major WASH related problems were
identified, revealed that many schools (including Boro
Primary School – Case Study) faced several problems of
poor latrine facilities and is characterized by Settlement
Camps where people who were displaced by the Lord’s
Resistance Army (LRA) in the late 80s and early 90s settled.
The fast filling rate sare of great concern among schools in
this region and consequently, several NGOs have provided
pit latrine additives such as the Effective Microorganisms
(EMOs) which are known to suppress the harmful micro
organisms and encourage quick break down of organic
substances in the toilets (UNICEF, 2013).
This paper reports on a study done on current Water
and Sanitation capacity, the current applied technologies and
challenges facing the water sector in Boro District and
provides aid in the reduction faucal matter accumulation
rates as a sustainable and affordable toilet option in Boro
primary school.
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 Objectives
The main objective of the study was to design a tiger
worm based toilet to aid in reduction faucal matter
accumulation rates and increase the life span of the pits in
Boro Primary School. In additional to that, measures to
enhance quality constructions are suggested. Based on this
major objective with regard to Boro District, the specific
objectives developed include the following:
 To assess the existing sanitation situation regarding
excreta disposal in the school.
 To determine the effect of different tiger worms tocking
densities on faucal sludge reduction and pathogen die off
with time.
 To assess the quality of the vermi compost for potential
use in agriculture.

 Focus Group Discussions (FDGs): Groups of individuals
with similar gender, background and age group were
gathered and engaged in open discussions concerning
toilet use and challenges using a focus group discussion
guide. Each group consisted of 8 individuals within age
groups of 6 – 11 (Lower Primary) and 12 – 16 years
(Upper Primary).

 To propose a design for the toilet using the findings from
objectives (a)and(b)

 Observation:
A comprehensive observation of the toilet situation
and toilet usage in the school was made with the aid of a
pre-designed checklist.

 To formulate an Operation and Maintenance (OM) plan
for the designed toilet.
A. Location of the Study Area
The study focus will be limited to the use of tiger
worms for the decomposition of faucal matter from Boro
Primary School in Nwoya District (about 20kilometres from
Gulu District). The choice of school was made because it is
a typical example of a rural Universal Primary Education
(UPE) school located in a region previously characterized
with a lot of violence during the LRA Bush War and
Internally Displaced Persons (IDPs) Camps, which reflects
the problems of fast filling pits because of the high user
load.

 Key Informant Interviews (KIIs):
Face to face qualitative in-depth interviews were
conducted with key personnel who were well versed with
the sanitation situation in the school and community. These
interviews sought to obtain an insight into the nature of the
toilet problems and recommendations regarding the design
of the proposed toilet.

This information was later adopted in coming up with
an appropriate tiger worm based toilets.
Experimental Setups
To determine the effect of tiger worm stocking on
faucal sludge reduction and pathogen die off, experiments
were set up in the Environmental Engineering Laboratory at
the College of Engineering, Design, Art and Technology,
Makerere University.
Feedstock and Tiger Worm Collection
For the different experimental set – ups, the faucal
matter to be used was obtained from a drop and store latrine
located in Kawempe – Tula using a rammer from Water for
People, a local NGO that specializes in sanitation related
research. Kawempe – Tula is conveniently located near
Makerere University and thus transportation costs were
greatly minimized. Faucal matter was also collected from
drainable latrines in Boro Primary School.
The collected faucal matter was then transported to the
laboratory in plastic containers respectively. 300g of Tiger
worms (Figure 2) were obtained from Appropriate
Technology Centre (ATC) for water and sanitation and hand
sorted.

Fig 1:- Boro Primary School on Grid 2° 19’ 36.1’’N, 31°
21’43.2’’ extracted from map of Uganda (Source: Google
Earth)
II.

ADOPTED METHODOLOGIES

Field visits were made to Nwoya District Headquarters
and Boro Primary School and all key stakeholders (the
pupils, school administration and community) were involved
as below to obtain holistic information on the current
sanitation situation in the primary school.
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Six equal sized wooden laboratory reactors of
dimensions 0.28mx0.28mx0.5m (Figure 4) were fabricated,
each containing a saw dust and paper bedding filled to
0.03m from the mesh base (0.2mmx0.2mm) to aid flow of
effluent if any, from the faucal matter. Four of the reactors
had a glass top to allow in light and the remaining two (2)
had a wooden top (not light permitting) to facilitate an
investigation into the effect of light on worm activity. Three
(3) out of the four (4) reactors that had glass tops code
named A, B and C were loaded with 20g, 60g and 120g of
tiger worms. The fourth reactor with a glass top contained
no worms (control) and was code – named D. The remaining
two (2) reactors with wooden tops, code named E and F,
contained 60g and no worms (control) respectively. Figure 3
below, shows the schematic of the different experimental
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setups of the reactors while Figure 4 shows the reactors A to
F in the laboratory.

A. Feed Rates and Monitoring
0.25kg of faecal sludge was added to each reactor and
left to pre-compost for one week before addition of tiger
worms. The same quantity of faecal sludge was added to the
reactors daily for the subsequent week (27 th March – 3 rd
April 2017) and thereafter this daily feed rate was reduced
to 0.1kg for the following weeks (4 th April – 22 nd May
2017). This duration was chosen to coincide with the
approximate generation time of the tiger worms (Ndegwa et
al., 2000).

Fig 2:- Tiger WormsLaboratory Setup

Fig 3:- Reactor Schematic (Adopted from Kassim, 2012)

Fig 4:- Reactors in the Laboratory (Adopted and modified from ATC, 2014)
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The accumulated faecal sludge in each reactor was
weighed after each week till the eighth (8th) week of daily
feeding. Feeding was then resumed for another three (3) to
four (4) weeks to determine the variation of Ammonium
Nitrogen concentration with pH of the faecal sludge. Faecal
sludge and vermi compost samples were picked weekly
from each reactor for analysis. At the end of the laboratory
experiments, the tiger worms in each reactor were hand
sorted and weighed.
B. Faecal Sludge Characterization
Characterization of faecal sludge was done by testing
for Total Solids (TS), Total Volatile Solids (TVS),
Ammonium Nitrogen, Moisture Content, pH and
Temperature. Total Solids (TS) were measured using the
gravimetric method at 105°C over a period of 24 hours
(APHA et al., 1998). TS were then expressed as a
percentage of the weight of the oven dried sample at 105°C
in relation to the original weight of the sample. Moisture
Content (MC) was determined based on the gravimetric
method at 105°C over a period of 24 hours (APHA et al.,
1998). MC was then obtained by taking the difference
between the initial weight of the sample prior to oven drying
at 105°C and afterwards, and expressing as percentage of
the original weight of the sample.TVS were determined in
accordance with the gravimetric method (APHA et al.,
1998). Here TVS was obtained by taking the weight
difference between TS and the 24-hour muffle furnace
ignited sample at 550°C.Ammonium nitrogen was
determined in accordance with the direct nesslerization
method (APHA et al., 1998). Temperature of sludge in each
reactor was measured daily using an LCD digital pocket size
thermometer (range -10 to 50°C) by inserting it into four (4)
selected points in the faecal sludge heap. The average of the
four (4) temperature readings for each reactor was
considered as the temperature of the sludge. pH was
measured using a HANNA HI99121 probe on 10g of a
faecal sludge sample soaked in 25ml distilled water, stirred
for ten (10) minutes, allowed to stand for thirty (30) minutes
and stirred again for two (2) minutes Okalebo et al., 2002).
C. Assessing Vermicompost Quality and Stability
To ascertain the quality of vermicompost and
pathogen
die-off,
Total
Nitrogen(TN),
Total
Phosphorus(TP), faecal coliform counts and askaris eggs
were determined. Five (5) – Day Biochemical Oxygen
Demand (BOD5) and Chemical Oxygen Demand (COD)
were also determined to ascertain the stability of the vermi
compost.
BOD5
was
determinedusingthe5DayBODtestmethod as stipulated in APHA et al. (1998).In
this test, BOD was obtained as the difference between the
measured initial and final dissolved oxygen (DO)(measured
using
a
DO
meter
(HCV,
Denmark))inthesampleafter5daysofincubationat
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20±1°C.COD was determined using the closed reflux
calorimetric method (APHA et al., 1998). Total Phosphorus
was determined according to per sulfate digestion and
ascorbic acid method (APHA et al., 1998). The readings for
phosphorus were taken from a spectrophotometer (Helios
Aquamate NRTL/C England). For Total Nitrogen,
determination was by persulfate digestion and cadmiumr
eduction method (APHA at al., 1998). The readings for TN
were also taken from a spectrophotometer (Helios Aquamate
NRTL/C England). Faecal coliform counts(CFU/g)were
determined in accordance with the membrane filter
technique (APHA et al., 1998) while the number of askar is
eggs was obtained using the Mc Master egg counting
technique.
D. Toilet Design
For the tiger worm toilet design, values of feed in grate
and average weekly change in weight for the reactor with
the greatest education in accumulation rates and pathogen
die-off were used. The design was made for a single stance
using an average faucal excretion rate of 350g/ca./day
(Feachem at al., 1983) The considered change in weight was
calculated in terms of volume using an average faucal
sludge density of 1200kg/m3 ( Still & Foxon, 2012). The
sanitization period (obtained from the duration it took for
pathogens in the design reactor to reach zero count) was
used as there commended desludging period for the pit
where as the worm stocking density for the reactor
considered in design was maintained for the designed toilet
pit.
E. Formulating an Operation and Maintenance Plan
The Operation and Maintenance plan (OP&M) for the
designed tiger worm toilet was developed based on the
observations and results from the field investigations and
laboratory set-up.
III.

DATA ANALYSIS

Participants from the FGDs ranked the different
sanitation challenges on a scale of one to ten. These
different scores were tabulated, combined and normalized to
obtain final scores. The final scores were then plotted using
Microsoft Excel (2016) to determine the variability of the
different sanitation challenges among the major stakeholders
in the school and the extent to which they are affected by
these challenges.
A. Situational Analysis
The results on the challenges faced with utilization of
the existing sanitation (excreta disposal) facilities as
reported by the participants during the FGD’s are presented
in Figure 5.
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Fig 5:- Variation of Scores Awarded by Pupils (Upper & Lower Primary) and Teachers for Different Sanitation Challenges (n = 8
Participants per Group)
It can be observed from Figure 5, that bad smell and
high fill – up rates were identified as the major sanitation
challenges faced by all the participants (On the x-axis the
figures from 0 -70 represent the total numbers of
participants). Both lower and upper primary pupils had bad
smell as their biggest challenge which could be attributed to
the fact that the pupils’ latrines were less frequently cleaned
and had more users as compared to the teachers’ latrines
(Personal Observations). At the time of determining the
status of the facilities at the case study school (Boro Primary
School), the teachers’ latrine was almost filled up (Personal
Observation – 14th March 2017) and this may explain why
the teachers singled out high fill – up rate as their biggest
challenge with the latrine facility. This was identical to
earlier findings in study conducted by Vermeulen (2013) in
Namasale Sub – County, Amolatar District. The teachers
unlike the pupils had aesthetic problems (Physical
Appearance of latrines) as the least ranked challenge and
this because maintenance and repair was more frequent with
the teachers’ latrines (Personal Observations – 16th March
2017). Additionally, it was observed that teachers had better
latrine user habits as compared to the pupils. Generally, the
observed trend was that scores were much higher for the
lower primary, followed by the upper primary and then as
compared to those of the teachers. This could probably
mean that pupils are more affected by the different
sanitation challenges mentioned compared to teachers.
B. Effect of Tiger Worm Stocking Density on Faucal Sludge
and Pathogen Die – off
The six (6) reactors used in the laboratory experiments
(code named A to F) were with the following content as
indicated in Table 1 below.
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Reactor

Worms Biomass (27th April
2017)

A

20g of Worms (Glass Top to
allow light)
60g of worms (Glass Top to 97g
allow light)
120g of Worms (Glass Top to 204g
allow light)
Control: No Worms (Glass Top to allow light)
60g of Worms (Wooden Top to 93g
prevent light)
Control: No Worms (Wooden Top to prevent light)
Table 1. Reactors and their Contents

B
C
D
E
F

Worm
Biomass (22nd
June 2017)
25g

Change in tiger worm biomass increased with
increasing stocking density. This can be attributed to the
earlier sexual maturity of tiger worms at higher stocking
densities (Dominguez & Edwards, 2011). This trend is
consistent with that from an earlier study (Ndegwa et al.,
2000) where an increase in percentage of earthworm
biomass was recorded with increasing stocking densities up
to a stocking density of 2kg-worm/m2.
C. Characterization of Faucal Sludge
The faucal sludge used in the study was characterized
according to temperature, moisture content, pH, ammonium
nitrogen and TVS. The results are presented in Figures 6, 7,
8, 8, 9, 10, and 11.
D. Temperature and Moisture
From Figures 6 and 7, all reactors exhibited
temperature and moisture content values within the range of
23 – 25.5°C and 61-83% respectively which are line with
the desirable ranges for survival of the worms (20-30°C and
50-90% for Temperature and Moisture Content respectively.
Ambient temperatures within the room were the reactors
were placed varied according to the weather conditions such
that higher values were recorded during sunny days and
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lower temperatures during the rainy days (Figure 7).
Temperature variations within the reactors followed a
similar trend as the ambient temperature and remained
within that range due to the low absorbent heat properties of
soft wood.

inversely with the moisture content of the faucal sludge
(Figure 8) which was attributed to the fact that dry matter
decreases with increasing moisture content (Nguyen, 2012).
GRAPH OF TOTAL SOLID AGAINST TIME (DAYS)

Moisture content of the sludge within the reactors was
in similar ranges (66-85%) as in previous research studies
(Yadav, et al., 2011; Torondel, 2010). The small variations
in moisture content (Figure 7) were likely due to the
changing ambient temperature with moisture content levels
reducing with increasing temperature.

TOTAL SOLIDS (%)
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GRAPH OF MOISTURE CONTENT AGAINST TIME (DAYS)
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Fig 8:- Variation of TS with Time for Different Reactors
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F. Ammonium Nitrogen and pH
The ammonium nitrogen (NH4-N) concentration in all
reactors first increases within the first two weeks and then
decreases (Figure 11). pH on the other hand generally
increases throughout the duration of the experiment as
shown in Figure 9. A similar trend for NH4-N was reported
by SANDEC (2003) and Zhang and He (2006) in their
studies. This is a result of release of ammonia nitrogen from
the mineralization of organic material in the composting
process for the first weeks (Nguyen, 2012). The decreases in
the NH4-N was probably due to volatilization of the
ammonia and the nitrification process (Guo et al., 2012) and
can also be related to the increases in pH for all reactors
which causes ammonium ions to destabilize in the compost
and release ammonia. Figure 9 further shows that pH
generally rises as the ammonium nitrogen concentration in
the faucal sludge decreases and vice versa. This can be used
to further explain the ammonium nitrogen measurements
taken during the first eight (8) weeks of the experiment
(Figure 10). This implies that the presumed ammonification
during the first two (2) weeks of the experiment, resulting in
a sharp increase in the NH4-N values also meant that the pH
must have been low causing a high concentration of the
NH4-N. Conversely, during the subsequent six (6) weeks
(Figure 10), with the general decrease in the NH4-N values,
it is expected that the pH was rising gradually to indicate
increased concentration of ammonia being given off
probably through volatilization.

60

TIME (DAYS) (2017)

Fig 6:- Weekly Moisture Content Variations (%) in Faucal
Sludge
GRAPH OF TEMPERATURE AGAINST TIME (DAYS)

27

TEMPERATURE (°c)

A

A

22

TIME (DAYS)
Fig 7:- Daily Temperatures in Faucal Sludge
E. Total Solids (TS)
The weekly TS values for all reactors (Figure 8)
fluctuated within the range of 17.2 – 38.2%. This implied
that the faucal sludge was of high strength (TS > 3.5%)
which is the case for faucal sludge from public toilets
(SANDEC, 2002). These values were also seen to vary
IJISRT18AG241

The pH values were high (8.07 – 9.45) probably
because of the presence of urine in the faucal sludge
samples. This, however, did not seem to affect the worms in
this experiment probably due to the pre-composting of the
faucal sludge before the introduction of worms and because
the worms feed from the bottom yet faucal sludge additions
are made at the top of the pile giving the compost time to
lose its toxicity. The highest and lowest values of NH4-N
measured in the second phase (Figure 11) were 8.51mg/g
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and 2.22mg/g respectively, as compared to the previous
results (163mg/g and 19.42mg/g as the highest and lowest
respectively). This can be attributed to the continued
nitrification process and volatilization of ammonia in the
faucal sludge. The fluctuations in the ammonium nitrogen
and pH for all the reactors were most likely due to the

regular additions of faucal sludge that were made for all
reactors. The NH4-N is generally lower for all reactors with
worms probably due to the increased rate of nitrification in
these reactors facilitated by the aeration of the faucal sludge.

pH Values

GRAPH OF PH AGAINST TIME(DAYS)

pH A

9.8
9.6
9.4
9.2
9
8.8
8.6
8.4
8.2
8
7.8

pH B

pH C

TIME (DAYS)

Fig 9:- Variation of pH with Time for Different Reactors
GRAPH OF NH4- N AGAINST TIME (DAYS)
165
145

NH4-N

125
105
85
65
45
25
5

3rd/4 10th/4 17th/4 24th/4 1st/5 8th/5 15th/5 22nd/5

TIME (DAYS)
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NH4-N (mg/g) B

NH4-N (mg/g) C

NH4-N (mg/g) D

NH4-N (mg/g) E
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Fig 10:- Variation of Ammonium Nitrogen with Time for Different Reactors (Phase I)
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added at regular intervals and though sampling was done at
specific points, chances of contamination remained high.

GRAPH OF NH4 - N AGAINST
TIME(DAYS)
NH4-N (mg/g) A
NH4-N (mg/g) B

10
NH4-N

8
6
4
2
0

TIME (DAYS)
Fig 11:- Variation of Ammonium Nitrogen with Time for
Different Reactors (Phase II)
G. Total Volatile Solids (TVS)
There was a general increase in the TVS values
measured for all reactors (Figure 12), contrary to earlier
studies which show a decrease in TVS values with time
during the vermin composting processes. Alidadi et al.,
(2005) reported a 22% reduction in volatile solids of sludge
after two (2) months of vermin composting, whereas
Fredrickson et al., (1997) found a 37% reduction after only
2 months of vermin composting.

GRAPH OF TVS AGAINST TIME (DAYS)
30

TVS (%)

25
20
15

H. Reduction in Sludge Accumulation Rates
The results on sludge reduction (%) with time in the
different reactors are presented in Figure 13; reactors with
worms were observed to have higher reduction than those
without worms. This can be attributed to the worms feeding
on faucal sludge The percentage reductions were much
higher in the reactor which had more worms (Reactor C –
Figure 13) which were suggestive of the fact that worm
feeding rates increase with increasing stocking density for
stocking densities less than 1.5kg/m2 a much higher
percentage change was recorded in week one (1). This
implied greater faucal sludge accumulation rates during this
week because of the higher daily feeding rate (0.25kg) as
opposed to the lower daily feeding rate (0.1kg) for
subsequent weeks. From week (2) onwards, slight
reductions in percentage changes were observed and this
could probably indicate that worms feed more as they
acclimatize to a new environment Kassim, 2012; Yadav et
al., 2011).
I. Pathogen Reduction
From Figure 14, all the reactors exhibited a reduction
in faucal coli form counts and askaris eggs with time which
was likely due to natural die-off of organisms after
inoculation (Eastman et al., 2001). The reduction in faucal
coli form counts was greatest for reactor C and least for
control reactors D and F. By week eight (8), reactors with
worms also had relatively lower egg counts per gram as
compared to the reactors without worms (2.18 and 2.4log
helminth eggs per gram for reactors D and F respectively).
These discrepancies both in faucal coli form counts and
askaris eggs (Figure 15) could probably be because the tiger
worms release coelomic fluids that have anti-bacterial
properties and destroy all pathogens in the waste biomass
and due to the enhanced rate of die-off of the askaris eggs
because of vermin compost stabilization (Eastman et al.,
2001).

10

GRAPH OF ACCUMMULATION RATES AGAINST TIME (DAYS)

TVS B
TVS C
TIME (DAYS)
Fig 12:- Variation of TVS with Time for Different Reactors
The increase during this study can be attributed to the
daily faucal sludge additions into the reactors. The highest
value of TVS measured was 27.4% of the Total Solids
which was recorded in reactor F and this is generally lower
than values from different untreated faucal sludge samples,
This could be because of the tiger worm’s action for reactors
A, B, C and E which stimulates and accelerates the
population of decomposer microbes in waste biomass
through improving aeration in the system (Sinha et al.,
2009). For the reactors without worms, the lower the TVS
values could be attributed to the sludge age (WASTE,
2014). The results, however, indicate no distinct trend with
respect to the different tiger worm stocking densities. This
could also be attributed to the fact that faucal sludge was
IJISRT18AG241
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Fig 13:- Variation of Sludge Accumulation Rates with Time
(Expressed as Percentage Changes Per Week) in the
Different Reactors
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and the fact that the rate of nitrogen loss as ammonia during
the first week was slower than the rate of dry matter loss as
carbon dioxide and water vapour (Huang et al., 2004).

Faecal Coliforms

GRAPH OF FAUCAL COLIFORMS AGAINST TIME(DAYS)

1100
900
700
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A

TIME (DAY)
B
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F

Fig 14:- Variation of Faucal Coli form Colonies with Time
(Weeks) in the Different Reactors

K. BOD5 and COD
The results of BOD5 and COD undertaken to ascertain
the stability of the vermi compost are presented in Figures
18and 19that there was a general decrease in the BOD5 and
COD values of the vermi compost for all reactors which
indicates compost stabilization (Kalamdhad & Kazmi,
2009). Reactors that contained worms, showed the highest
reduction possibly because of a higher rate of breakdown of
organic matter by the tiger worms, working symbiotically
with other microorganisms in the waste (Sinha et al., 2009;
Nguyen, 2012). The sharp increase in the values for the
control reactor without light was probably an anomaly.
GRAPH OF TOTAL PHOSPHORUS AGAINST TIME(DAYS)

Total Phosphorus (mg/g)

GRAPH OF ASKARIS EGGS AGAINST TIME (DAYS)
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Fig 16:- Variation of Total Phosphorus with Time (Weeks)
in the Different Reactors

F

Fig 15:- Variation of Askaris Eggs with Time in the
Different Reactors

GRAPH TOTAL NITROGEN AGAINST TIME (DAY)

J. Quality of Vermin compost
Total Phosphorus and Total Nitrogen Content
The results on the nutrient quality (Total Phosphorus –
TP and Total Nitrogen – TN) of the vermin compost are
presented in Figures 16 and 17 respectively. TP values in all
reactors showed a general decrease apart from week two (2)
during which there were increases in reactors C, D, E and F.
The values of TN on the other hand, showed a decrease
from week two (2) to week eight (8). The general decrease
for TP could be due to the mineralization of organic
phosphorus and subsequent consumption by microbes
(Huang et al., 2004). Increase in TP for reactors C, D, E and
F during week two (2) could be because the phosphorus
decomposition rate was far slower than that of carbon
(Zhang & He, 2006). The reduction in TN was probably
due to continuous free nitrogen loss due to ammonia
volatilization. This can be justified by the presumed increase
in pH for the same duration or the large amounts of saw dust
with high lignose content that led to increased salinity
(Zhang & He, 2006). During week one (1), the increase in
TN could be attributed to mineralization of organic nitrogen
IJISRT18AG241

Fig 17:- Variation of Total Nitrogen with Time (Weeks) in
the Different Reactors
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𝑟 = −0.02
Since the growth rate (r) was obtained as negative, the
highest population of pupils in the school for the last five (5)
years was considered for the design.
For a Pupil to Stance Ratio of 40:1, the required
number of stances will be;
 1595/40 = 40 Stances.
 Given the 40 Stances, 8 latrine blocks will be provided,
each having 5 Stances.
 The lifespan of the toilet will depend entirely on its
structural integrity since it is not expected to fill up.

Fig 18:- Variation of COD Content of the Vermin compost
with Time (Weeks) for the Different Reactors

M. Operation and Maintenance Plan
From the design adopted for the tiger worm toilet and
the results and observations made throughout this study, the
following Operation and Maintenance (O&M) plan was
drawn up. The purpose of this O&M plan is to ensure the
survivability of the worms and that the toilet system is well
kept and sustainable through the activities described herein.
The activities subject to this O&M plan include;
1. Maintaining moisture content in the pit;
2. Checking for the presence of worms;
3. Checking for smell in the pit;
4. Checking for urine levels in the chamber;
5. Emptying of the pit;
6. Harvesting vermin compost from the pit, and;
7. Cleaning of the latrines.

Fig 19:- Variation of BOD5 Content of the Vermi compost
with Time (Weeks) for the
L. Design of Tiger Worm Based Toilets
Table 2 below shows the Population statistics for Boro
Primary School for the last five years.
Year
Boys
Girls
Total
Total (R)
2012
874
721
1595
R1
2013
810
749
1559
R2
2014
740
772
1512
R3
2015
799
766
1565
R4
2016
725
740
1465
R5
Table 2. Population Statistics for Boro Primary School–For
the last 5 years (Source: School Administration)
Growth Rate, (r) is calculated from the sequence
equation 1 as follows:
𝑅2−𝑅1

𝑅3−𝑅2

𝑅4−𝑅3

𝑅5−𝑅4

𝑟 = [( 𝑅1 ) + ( 𝑅2 ) + ( 𝑅3 ) + ( 𝑅4 )]/
4…………………………Equation 1
Where: R1 = Total number of pupils for year 2012; R2
=Total number of pupils for year 2013;
R3 = Total number of pupils for year 2014; R4 =
Total number of pupils for year 2015; and R5 =
Total number of pupils for year 2016.
By substitution,
1559 − 1595
1512 − 1559
1565 − 1512
)+(
)+(
)
𝑟 = [(
1595
1559
1512
1465 − 1565
)]/4
+(
1565
IJISRT18AG241

IV.

CONCLUSIONS

The fast filling rates of pit latrines are of great concern
among schools in this region and consequently, several
NGOs have provided additives such as the Effective
Microorganisms (EMOs) which are known to suppress the
harmful micro organisms and encourage quick break down
of organic substances in the toilets. This study came up with
a design of a tiger worm based toilet to aid in the reduction
of faucal matter accumulation rates as a sustainable and
affordable toilet option in Boro primary school.
The following conclusions were drawn from the study;
 The major sanitation challenges in Boro Primary School
were bad smell and high fill-up rates of the latrines, user
numbers and aesthetic problems. These high user numbers
and bad toilet practices appeared to affect the aesthetics of
the toilets.
 Percentage accumulation rates of faucal sludge were least
for a worm stocking density of 1.5kg/m2.
 Pathogen die – off rates were highest at a worm stocking
density of 1.5kg/m2.
 Use of tiger worms created more stable compost. There
was, however, no significant difference in the nutrient
quality of the vermin compost from reactors with and
without worms.
 The design volume of each pit was 0.6045m3 and required
1500g of tiger worms. A total of eight (8) latrine blocks,
each having five (5) stances was specified and a urine
chamber of capacity 1050l was designed for each latrine
block.
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 The tiger worm toilet requires regular maintenance of
appropriate moisture content in the pit, regular checks for
presence of worms and smell in the pit, emptying of the
pit and urine chamber and cleaning of the latrines with
proper materials to facilitate its sustainability.
A. Recommendations
The following recommendations have been drawn
based on the findings and conclusions from the study;
 The school administration should encourage more regular
cleaning activities for the latrines. The school should also
formulate a way of working with the community heads to
carry out different maintenance activities of the sanitation
facilities.
 The tiger worms should also be fed on market waste
during the holidays (when the user load of the toilets is
very low), to maintain a constant food supply to the
worms.
 The standard pupil-stance ratio should always be adhered
to for the success of the designed toilet.
B. Area for further study
Field studies should be conducted with the vermi
compost to ascertain its suitability for agriculture and on the
effect of change in tiger worm biomass with time on the
pathogen die – off and sludge accumulation rates.
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