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Abstract:- The pit latrine developed in the early 20th
century to control the outbreak of infection and
pollution because of improper human excreta disposal.
Pit latrine continues to develop to satisfy the users need
for over a millennium. Although a large proportion of
Northern Nigerian population practice open defecation,
an estimated 70million Northerners rely on pit latrines
to defecate. Studies shows the moistures discharged by
pit latrine contaminate the groundwater or water
sources. Based on quantitative vulnerability, the pit hole
microbial and chemical discharges may pollute the
water sources of about 48.5million Northerners, thereby
necessitate the development of ecological friendly pit
hole. Two chambers eco-friendly and costless pit hole is
developed using fixed and random effect modelling with
new lining techniques described as a minimum
requirement standard for Northern Nigeria. Study
recommended further studies on the possibility of
generating electricity using human excreta biogas in
Nigeria.

Keywords:-  Pit  Latrine  Design,  Groundwater
Contamination, On-Site Sanitation, Northern Nigeria,
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I INTRODUCTION

Inadequate supply of quality water and measure to
promote adequate sanitation and good hygiene behaviour
remain the major global concern and top in the Sustainable
Development Goal (SDG) agenda. About 4.0% and 5.7% of
all deaths and disabilities are caused by poor hygiene,
inadequate sanitation and of access to clean and potable
water [1]. Report indicated that about 80% of death and
illnesses are linked to the poor sanitation (Water Project,
2016) improper disposal of the human excreta. Although
many efforts have been made to increase people with
sustainable access to potable water and good sanitation &
hygiene, the world health organisation (WHO) and UNICEF
report [2] and The UNICEF water, sanitation and hygiene
(WASH) report [3], recorded the substantial progress in the
MDGs global access to clean and safe water targets;
meeting up with the targets five years before the target date
of 2015, while adequate sanitation remains unattainable
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especially the sub-Saharan African countries failed to meet
up with both adequate water supply and sanitation target
2015. However, efficient sewer system or sewerage is a key
factor to achieving adequate sanitation in the region, thus,
preventing major diseases and infection associated with
inadequate sanitation and poor hygiene, and improving
economic stability dignity and immediate environment
protection [4].

In most of the sub-Saharan African countries, human
excreta disposal remained the major sanitary issue in the
region (Gokcekus et al. 2020) [5], especially Northern
Nigerian where over 60% [5] of the population rely on pit
latrine for defecation due to the lack of the proper sewer
system or sewerage in the region. Pit latrine an onsite-
sanitation facility consists of a hole in the ground to
accumulate human excreta lined with concrete, concrete
bricks, etc. [6] covered with slabs or floor. They further
explained, pit latrines are made from all types of
construction materials depending on the user’s preference;
available materials at the locations and financial status of the
user. The ground hole that accumulates faecal sludge, is 3m
height minimum and 1m wide [6] covered with the slab with
0.25m dropping hole [7]. The pit latrine varies in type
depending on the user’s preference and financial status.

The pit latrine developed as a result of the early 20th
century diseases and infection outbreak, and pollutions’
widespread associated with improper human excreta
disposal that consumed many lives [8]. The outbreak was
successfully controlled with human excreta disposal
programs [9] by constructing pit latrines. The early 20th
century’s pit latrine design and construction involved the
basic pit latrine design components such as ground hole
with slab or floor and a drop hole covers the ground hole
[10-11]. Then evolved to borehole (or simple) latrine which
was developed in the Dutch East Indies with 300mm-
500mm cross-sectional diameter [8]. Pit latrine design
continues to improve to address insects and odour associated
with a simple pit latrine. The most improved pit latrine
developed after simple latrine was South African 1940s’
reed odourless earth closet (ROEC) [12]. During the 1970s,
Blair or ventilated improved latrine (VIP) was introduced in
Zimbabwe. This pit latrine was improved in Ghana to what
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we called Kumasi ventilated improved pit (KVIP) [13-14]
and subsequently ventilated improved double pit (VIDP)
known as revised improved closet Il (REC II) developed in
[15-16]. Furthermore, SanPlat, the costless and innovative
design was introduced in Mozambique 1979 [17]. The pit
latrine design and techniques continue to evolve to address
issues associated with pit latrines such as environment and
environmental resources contamination, thus, putting human
and other living organism lives at stake
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Fig 1:- Map of Nigeria Showing the Northern Region [18]

SanPlant considered being most improved pit latrine
for its ability to retain the smells and odours within the pit
hole [17], unlike VIP which is less effective in controlling
pit latrine smells and odours thereby attract insect if it's
inadequately constructed [19-22, 8] even if it's adequately
constructed, it less effective in controlling mosquitos [22].
Therefore, SanPlant should be modified and improved to be
sustainable or ecologically friendly.

The irregular, improper and squalid settlements in
Northern Nigeria as a result of the increase in population
and absence of building law enforcement made excreta
collection difficult in the region [5]. However, onsite
sanitation facilities have remained the viable option for this
setting excreta disposal. According to Gokcekus et al [5],
the human excreta disposal in this nature are of two types,
improve and unimproved excreta disposal. However, both
improved and unimproved onsite sanitary facilities appeared
to pose danger by contaminating the environment and
environmental resources [5]. Although many studies showed
that pit latrine is still evolving; improving and modifying to
satisfy users satisfaction level by mitigating odours and
smells, and insect nuisance, however, no study found on
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new sitting techniques effective with a view to preventing
contaminant discharge from bottom pit latrine to the
groundwater and harvesting the biogas emanated human
excreta inside the pit hole [5]. As a result of that, Gokcekus
et al. [5] suggested that pit latrine future modification and
improvement should be sustainable and environmentally
friendly this include, feeling rate, materials to prevent
contaminant discharge, harvest the greenhouse gases
emanated by faecal sludge in the pit latrine, and treatment
and collection for safe environmental disposal or end-use.
Therefore, this research intends to use an integrated
approach to develop a minimum pit latrine design and
sitting standard requirement for Northern Nigeria.

Simple pit latrine No available
development, data
Pour flush latrines
Gooseneck water and Arboloo and
seal pour flush fossa-alterna
ROEC developed developed
Simple latrine VIP or Blaire
adopted in rural Latrine
USA, Europe and developed in
Middle East Zimbabwe,

Fig 2:- Pit Latrine Evolution and Development
1. PIT LATRINE

Although open defecation and cat method; burying
human faecal in shallow holes [8] has long been practising
in Northern Nigeria, the National Survey Finding Report
[23] indicates that the large proportion of the people in the
region use pit latrine to dispose of their excreta (Figure 5).
Most of those pit latrines are inadequately and improperly
designed and sited thereby, contaminating the environment
and environmental resources, thus putting people of the
region at stake; vulnerable to infections and pollution
associated with improper excreta disposal.

Northern Nigeria the defunct British Protectorate of
Northern Nigeria (Figure 3) was an autonomous region
within Nigeria bordered with Niger, Cameroon, Chad and
the Benin Republic. The region is comprised of 3
geopolitical zones (Figure 4), 19 Northern states and Abuja,
Federal Capital Territory (Figure 3). National Nutrition and
Health Survey-NNHS [24] estimated the region population
at about 108.5million constituting 59.4% of the whole
country’s population
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Fig 4:- Northern Geo-Political Zone Population
Distribution

To asses, understand and determine the different pit
latrine structural design features and qualities in Northern
Nigeria and health risk imposing on the users and populace
around them, established survey data were utilized to
estimate the average number of people in the region who a)
use pit latrine to defecate, €) use unimproved water sources,
and f) are susceptible to get infected by contaminated water.
Based on the Multiple Indicator Cluster Survey for 2016-
2017 of the National Survey Finding Report [23] indicates
that 64.03% of the region population rely on pit latrine to
defecate (Figure 7).
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Fig 5:- Variable Pit Latrine Use for Defecation in Northern
Nigeria [6]

Based on the National Survey Finding Report [23]
Northern Nigeria’s average pit latrine usage data (Figure 5),
the average total of both improved and unimproved pit
latrines users (PU) in the region estimated by using a fixed-
effects statistical modelling method approach (Equation 1).
Where PU is pit latrine users proportion (%), U is average
users while P is the total population of the region.

PU=YU 1)

U= (X(PU)(P)/100 @

There is concern that pit latrine microbial and chemical
contaminants’ discharged to the groundwater [26] and other
water sources may cause harm to human health. Water
sources contamination by a faecal contaminant is evident,
many studies established the groundwater quality in relation
to pit latrine [27-36]. Moreover, the studies conducted in the
region also established the groundwater contamination in
relation to pit latrine, Amadi and Aminu [37] discovered
total and coliform and faecal coliforms and Northwestern
state of Katsina and Mbonu and Ibrahim-Yusuf [38]
established nitrate groundwater quality in the preliminary
survey in North Central zone.

It estimated that more than 40% of Northern Nigerians
are exposed to the possibility of being infected from borne
water diseases [6] as this percentage rely on unimproved
water sources (Figure 6) which are susceptible to
contamination. Widespread of bone water in the region is
evident. Gokcekus et al. [5] estimated about 161,865 cholera
cases in Northern Nigeria between 1991-2018 (Figure 7),
other endemic diseases or infections such as polio etc., and
diseases and infections which are uncommon continue to
surface in the region are generally associated with poor
sanitation conditions especially excreta disposal which
contaminates the drinking water and lack of health
sensitization and awareness programs [5].
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Fig 6:- Variable Unimproved Water Sources in the Region

[5].

The average quantitative vulnerability (QV) was
estimated using fixed-effect statistical modelling (Equation
3). Where UWU (%) is the percentage of average
unimproved water users. This is to estimate the number of
people who are vulnerable to bone water infections in the

region.
QV =3U 3)
U = (XZUWU%)(P))/100 4)

Fig 7:- Cholera Cases in Northern Nigeria between 1991-
2018 [5].

1. APPROACH

Pit latrine developed to last long according to the
general rules, the longer the pit latrine last, the lower the
cost and greater the social benefits. However, the
anthropogenic emission to the larger extent and groundwater
contamination is least regarded. To enable Northern Nigeria
with proper human excreta disposal which is more important
than proving portable water as its eliminates or minimize
environmental and environmental resource contamination
[25] the Northern Nigerian table water depth was evaluated
by Gokcekus, et al [5] the study found variation in
hydrological formation in the region, thus, it’s impossible to
suggest the minimum vertical distance between the bottom
of a pit latrine and water table for the entire region.
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Therefore, new design and siting techniques needed. In this
approach, engineering design and combining several in-
depth qualitative methodologies will be utilized to develop
an environmental friendly pit latrine. This method has been
chosen to obtain information and to draw a logical
conclusion on the development of sustainable and ecological
friendly pit latrine in Northern Nigeria. However, the
research will give priority to the pit hole (Figure 8) because
that is where excreta are retained in and all activities and
processes are carried out such as FS accumulation,
anthropogenic emission and discharge.

This section is divided into two parts. In the first part,
the fixed and random effect statistical analysis and the
Buswell equation [39] will be utilized to determine the
annual average pit hole size or capacity (PS). In the second
part, new sitting techniques and lining materials will be
described.

A. Average Annual Pit Hole (PS)

Pit hole size depends on the filling rate which also
depends on FS accumulation rate [6] ranges between 40-90
litre/capita/year [40, 9]. Studies extensively indicate that
there is no actual pit latrine filling rate varies between 1-30
years or more [41-46, 40, 22] which ascribed to the number
of users and factors such as flushing water and rubbish
disposing into the pit latrine [47-48] which sometimes
includes non-degradable materials [49]. Furthermore,
human bio-waste is one of the biogas sources [8], according
to Emetere and Pindar [50] the biogas productions in pit
latrine is higher than in water closet (WC) due to the
anaerobic and aerobic decomposition processes; solid
excreta decomposition into pieces by water dissolution [8].
These processes especially the anaerobic process considered
as pit latrine other filling factors [9, 48, 51] because gases
are released to the atmosphere, and microbial and minerals
compound are drained into the ground [8] thereby, reducing
the significant volume of pit latrine [40, 9-10, 52-53].
Therefore, determining a pit hole size depends on pit hole
content and biogas harvesting. The pit hole should comprise
two (2) chambers, digester chamber and biogas chamber as
described in Figure 5.

In determining PS per household (Equation 5), average
annual digester chamber size (DC) and average annual
biogas chamber size (BC) are estimated the process is
described in Figure (8).

B. Digester Chamber Size (DC)

In estimating the DC, the data on average daily excreta
(urine and faeces) and flushing water rate per gram and litre
per person, and Northern Nigerian average household
members. The information on the DC filling components are
given in Table 1
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Component Unit Amount
Wet Excreta (Feces) Per g/c/d 250 [55]
Person Per Day
Nitrogen g/c/d 0.3[63]
Total Phosphorus (TP) g/c/d 0.5[64]
Total Potassium (TK) g/c/d 0.7 [64]
Water Content % 65 [39]
Solid Content (TS) % 35[39]
pH - 7-9 [39]
Carbon (%C) % 24 [39]
Carbon Biodegraded (%CB) % 70 [39]
Buswell Methane (%CH,) % 53 [39]
Mol of Gas at STP Litre 22.4[39]

Components Amount
Urine 1,200 gram/capita/day [54] 0.00145m?
Feces 250 gram/capita/day [35]
Average 5.5 (Mean) [56] 35
Household
Flushing 30 lire/flushing/capita/day [57] 0.03 m?
Water

Table 1:- Pit Hole Filling Components

The DC is estimated using Equation 6, where EX is average
daily excreta per person, FW is average daily flushing water
per person, HH average Northern Nigerian household
members and yr is 365 days.

DC = ((EX)(HH))(yr) + ((FW)(HH)) (yr) (6)

C. Biogas Chamber Size (BC)

The BC size is based on the average amount of biogas
emanated by excreta per annum which depends on the
human excreta component [58]. The component (Table 2)
shown a great capacity of emanating biogas [59]. The biogas
emanated per kilogram of human faeces is greater or equal
to that of animal manure with up to 70% methane content
[60]. This is because human excreta have biogas optimum
pH of about 7.3 [61]. Therefore, harvesting biogas; long
noted greenhouse gases emanated by pit latrine [8] and new
detected 198 volatile gases [62] is a viable option to
significantly reduce the anthropogenic emissions

NISRT20MAY560

Table 2:- Human Excreta Content

Although, there are numbers of equations used to
estimate the biogas such as Hashimoto model [65], Bousier
equation [66], Buswell equation [39, 55], Bouille and
Bubois equation [67], Executive Board-CDM equation [68]
and Vedrenne equation [69]. However, the current study
utilises Buswell equation [39, 55] to estimate the methane
biogas emanated by anaerobic decomposition of organic
substances of chemical composition
C450H20500950N12S1 [55], [39].

CcHhOoNNSs+1/4(4c-h-20+3n+25)H,0=1/8(4c+h-20-3n-
2s)CH4+1/8 (4c-h+20+3n+25)CO2+NNH3+ sH,S
()

The amount of the methane biogas estimation using
theoretical Buswell parameters depends on the average daily
excreta (faeces) per household dry matters (DM) which
expressed in Equation (8), where FC is average faeces per
household:

DM = (FC)(HH)(TS) ®)

The Bank [39] estimation procedures where he
estimated the volume of methane by determining the weight
of carbon (WC) (Equation 9), the weight of carbon degraded
(WCB) (Equation 10) then the weight of methane carbon
(CH4-C) (Equation 11. The conversion of CH4-C to biogas
(WCH4) is expressed in Equations (12):

WC = (DM)(%C) ©)
WCB = (WC)(%CB) (10)
CH4— C = (WCB)(%CH4) (11)
WCH4 = (CH4 — C)(MMCH4/MMC) (12)
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At standard temperature and pressure (STP), the
average daily volume of biogas in litre and the cubic meter
are expressed in Equations 13 and Equation 14 respectively:

VCH4 It = (mol CH4)(22.4) (13)
VCH4 = VCH4 1t/1000 (14)

The BC size or capacity is estimated using Equation
15:

BC = (VCH4)(yr) (15)

D. Lining and Lining Materials

The basic need for pit hole lining depends on the type
of pit latrine; users’ preference and financial status, and soil
condition; firm or loose. The pit hole is lined with any
material that is strong and durable enough to support the
structure to prevent it from collapse and to ensure that it will
last long. The common pit hole lining materials include
stone, burnt bricks, masonry blocks or termite resistant
timber.  However, preventing microbial and chemical
discharge to groundwater is less considered, even septic
tank which is watertight compacted discharged microbial
and chemical to the group, thus, contaminating the
groundwater. Therefore, the pit hole should be constructed
to avoid groundwater contamination. Water table depth
parameter should be considered according to Graham, et al.
[28] before constructing any pit hole; pit hole and
groundwater proximity and safety should be evaluated.
Many efforts have been made to establish a pit latrine
minimum design standard [5] to mitigate anthropogenic
emission and groundwater contamination, however, vertical
distances between the bottom of a pit latrine and water table
depth, depending on the topography and subsurface
condition, the vertical distances vary between 3m-50m [34,
70-75] and between 10m-30m [28].

Northern Nigerian hydrogeological formations were
investigated by Gokcekus, et al. [5] and their study revealed
the variation of water table depth in the region ranged
between Om-40m. Moreover, the gradual rising of
groundwater levels as a result of climate changes which is
limiting the vertical safe separation between the water table
and bottom of pit latrine make it impractical to achieve a
minimum uniform vertical safe distance between the bottom
of pit hole and highest water table for the entire region.
However, new siting techniques including lining and
material materials will be developed to achieve an
ecological friendly pit latrine.
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V. RESULT

A. Pit Latrine Usage in Northern Nigeria

The average pit latrine users (ZU) in Northern Nigeria
is estimated in Table 3 based on the Northern Nigerian pit
latrines usage proportion (Figure 5). Based on the 5.5
average Northern Nigerian household members, about
12.73million household in the region is estimated to use pit
latrine for defecation.

Pit Latrine PU(%) P U
Types
Septic tank 5.3 5750075.58
Flush to Pit 8.5 9221819.32
latrine
Ventilated 1.17 108,491,992 | 1269356.31
Improved Pit
Latrine
Pit Latrine with 22.97 24920610.6
Slab
Pit Latrine 26.1 28316409.9
without
Slab/Open Slab
>U 69,478,271.7
Table 3:- Estimated Pit Latrine Average Users In Northern
Nigeria
B. Pit Hole Size

A pit hole size of a minimum of one-year filling rate
which comprises of two chambers, digester and biogas
chambers is determined (Table 4) based on the pit latrine
filling component (Table 1) and amount of biogas emanated
annually.

The Average Annual Digester Chamber Size (DC)

Estimation
EX (cm®) FW (cm®) HH Yr (days)
0.00145 0.03 5.5 365
DC (cm?) | 63.145

The Average Biogas Chamber Size (BC) Estimation

DM | WC | WCB | CH+-C | CHs | VCHs | VCHS4
Kg It cm?
0.49 [ 0.12 | 0.084 | 0.0445 | 0.06 | 83 [ 0.083
BC (cm®) 30.30
PS (cm?) 93.445

Table 4:- The Average Annual Pit Hole Size (PS)

C. Pit Hole Sitting

Based on the variation of Northern Nigerian
hydrological formation and rising of groundwater level
which limits the vertical safe separation between the bottom
of a pit latrine and water table, the study described a new pit
hole method includes new lining techniques and lining
materials in Figure 9 and 10 for the region entirely intending
to prevent contaminants discharged from the pit hole. In
both Figure 9 and 10, impervious barriers are used to
prevent moisture or solvent discharges from pit latrine to
contaminate the groundwater.
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V. DISCUSSION

The Northern Nigerian all types of pit latrine users are
estimated at 70 million people (Table 3) corresponding to
the 12.73 million households based on the 5.5 Northern
Nigerian average households and this number is expected to
increase as over 30million people practice open defecation
in the region. Studies extensively established groundwater
microbial and chemical qualities in relation to a pit latrine.
Based on quantitative vulnerability (QV), the pit hole
microbial and chemical discharges may pollute the
unimproved water sources of approximately 48.6million
(Table 4) people in the region, thereby, making them
vulnerable to bone water infection. QV necessitate the need
for the environmental friendly pit hole.

Based on the Northern Nigerian average household
and average excreta per capita per year, flushing water per
capita per year and average annual biogas emanated by wet
excreta, a minimum one-year pit hole is estimated at
90.50m3 (Table 5) comprise of 2 chambers, DC and BC.
Both are estimated at 60.145m3 (Table 5) and 30.30m3
(Table 5) respectively. The minimum pit hole development
or sitting method which includes lining materials and new
lining technique are described different ways (Figure 9 and
10) with a view to anthropogenic control or mitigation.
Figure 9 described the use of polyethylene sheet which is
placed in pit hole after the excavation before the lineup this
is to prevent pit hole moisture from draining to the ground
to contaminate the groundwater. Polyethylene sheet is
widely used in construction also used in Nigeria for
foundation mostly in the swampy area to protect the
building against dampness while Figure 10 described
cementation and bituminous (asphalt) coating waterproofing
techniques, both are common and easier waterproofing
method, easy to mix and get from suppliers. Asphalt
considered to be essential and economical for the pit
digester chamber waterproofing as it will not be exposed to
sunlight, the asphalt becomes very brittle when exposed to
sunlight.

VI. CONCLUSION

The sitting standard for Northern Nigeria is described
in Figure 9 and 10 with a view to anthropogenic discharge
or emission control or mitigation. Both impervious barrier
material suggested are common and widely used as
waterproofing materials and they are less expensive. The
minimum one-year life span pit hole design requirement
based on the statistical analysis and Buswell equation is
estimated at 90.50m3 comprises of 60.145m3 digester
chamber and biogas chamber. On the other, based on the
estimated 12.73 million residences that use pit latrine for
defecation in Northern Nigeria an average 385.72cm3
biogas to be harvested annually if all residence adopted this
proposed ecological friendly pit latrine, this number is
expected to increase as the use of pit latrines are on the rise.
The quantity of methane to be harvested annually present a
great energy potential for the region and the country at large.
Therefore, further study is needed for the possibility of
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generating electricity using human excreta biogas and its
economic potential.
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