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ABSTRACT

This research project dealt primanly with the assessment of the sanitary disposal
system of human wastes, for The Federal Polytechnic, Bida Campus, situated in Niger State
of Nigeria, using socio-cultural, technical, instituticnal and economic factors, which impact
on the potential of providing sustained services to all sectors of the campus. The cnlena
for evaluation of several existing systems were formulated using the factors determmed
through physical and attitude surveys conducted on the campus. The selection of
appropnate sysiems were carried out to ensure acceptability and adequacy.

From the study, it was discovered that most of the existing sanitation facilities on
the campus were not appropriate in lerms of adequacy and acceptability. The systems, that
were eventually selected and designed for different sectors of the campus, which salisfied
the criteria for evaluation, in lerms of adequacy and acceptability were: Ventllated
Improved Pit (VIP) latrines, around the workshops and laboratories, due to socio-cultural
factors, septic tank and soakaway pits for office buildings and residential quarters, where
the topography of the terram and the sparse population do not encourage a centralized
lacility; and sewerage and central sewage treatment system for the student hostels, where
there 15 high population density and suitable topagraphy for gravity fow,

Cost comparisons were carmed out for these alternative sanitation systems, using
the Total Annual Cost per Household (TACH) criterion. The cost implication would

enable the users to decide on what service level they were willing to pay for, without

sacrificing adequacy and acceptability.
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CHAPTER ONE

INTRODUCTION

1.1 General

Every normal human being passes oul waste products from the body, in the lorm
of excreta. -The process iself is a healthy one, but il the waste products are not properly
handled they may constitute problems and danpers (o man. One ol the magor reasons why
a pood sanitation system for human wastes 13 indispensable & the need to safepuard
human health. An effective system, therefore, must be able (o coliect, retan, and render
excreta harmless and inoffensive to man,

Figures from the World Health Organization (WHO) for 1980 showed that only
53 percent of urban population, and 13 percent in the rural areas, of the developing
countries had adequate facilities for excreta disposal. The figures, however, which were
based on very modest definition of adequacy, do not mean that all facilities met the
munimurm public health requirements (Calmeross and Feachem, 1983),

It is bad encough that there are no adequate facilities for excreta disposal, but it is
worse 1o discover thal some of the exisling facilities are not functioning effectively as one
would desire. Even, some sophisticated facilities built in some communities have naol
recorded the expected high standard of performance on a conlinuous basis,

The case study is that of the Federal Polytechnic Bida, in Niger State, Nigeria.
The sanitation facilities on the campus are the cistern flush toilets with septic tanks and
soak-away pits. There are also & few pit latrmes, strategically located. But, despite all
these, one could still find people defecating in unapproved and inappropnate places on the
campus, constituting poor excreta disposal practices, and senous health hazard to the

community.



There are several altemative sanitation technologies for excreta disposal, rangimng
from simple techniques used by remote rural communities 1o the most specialiced of
recent innovations, It is, however, obvious thal every sanitation system option cannol be
appropriate for every community, Any right atlempt at providing appropriate facility for a
given community must be based on sound understanding of existing resources, imstalions,
and possibilittes. With the benefit of hindsight, it should be possible to correct some of
the short comings of past solutions as well as to develop a sequence of planned santtaticn
improvements, designed from the outset, to provide maximum health benefit= while

Selection of alternative facilities has been largely based on quantitative mdicators,
which measure project success only in terms of fund spent (Eales, 1997). However, apan
from the money spent (economac factor), there are other factors of influence lo effective
performance of sanitation systems. These include social, cultural, technical and
institutional factors, Other things being equal, the selection of one design aver another
should be determined by & composite of these named factors.

1.2 The study area

The study area s The Federal Polvtechnic, Bida, an institution established on
March 1st, 1977 as Federal College of Technology, Kano, but was moved to Bida on July
27th, 1977, as Bida Colliege of Technology. It became The Federal Palytechnic, Bida in
1979, through the enactment of Decree 33 of 1979. The institution 15 located in Bida
town in Miger State of Migena, along Bida - Doko road. The site lies between latitude
9"00'N and 9° 15°N and longitudes 5" 45'E and 6" 15'E. (Fig 1.1)

The Institution 15 divided into thres major zones: “LAGOS”, “ABUJA", AND
STAFF QUARTERS. The “Lagos™ zone comprises the School of Business

Administration and Management, School of Environmental Studies, School of Preliminary
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Studies, the Poiytechnic Library, Works and Services Department, and the Polviechnic
Climg, The “Abua™ sone comprises the School of Applied Arts and Saences, School of
Enginesaring Technology, the Administrative Complex, and the IBB Computer Cenire.

The male hostels are located in the “Lagos™ zone, while the female hostels and
students gentre are located m-between the “Lapgos™ and “Abuja™ mne.a The laboratonies,
workshops, classrooms and offices are at I:mh. the “Lagos™ and “Abuja™ zones. The
Polytechnic Staff School is situated on the way Lo the Staff Quarters.

As at January 31st 1999, the total staff strenpth of the Federal Polytechnic,
Bida was 940, made up of 418 semor staff and 522 junior stafl. The tetal students’
population for 1997/98 season was 12,053, with each school’s fipure as shown in Table

I':l.



TableI'.1 Student population distribution at the Federal Polytechmc Bida (1997/98

AT i

 Schools | Population
School of Business Admmsiration and | 5,201
Management
School of Environmental Studics 933
School of Applied arls and Sciences 1,147

[ School of Engineering Technology 3473
School of Preliminary studies | 2,300
Total population 12,053

The stall quarters was l:upahl!: ol housmg about 60 members of seror stall of the
Polytechnic, while the official figures of bed spaces in the male and female hostels was
about 1,136 and 784 respectively. The Polytechnic Stafl’ School 15 made up of the
Nursery and Prnmary School wmng, and the Secondary School wing Both run & day
schools, with approximate populations of 1,320 and 270 respectively. The stall strength
of 1he two wings was about 43. (1999 Figures),

1.3  Objectives of the project

The strategic sanitation approach, which has been defined as “an approach to the
delivery of samitation services which engages all the factors, social, technical, institutional
and economic, which impact on the potential for sustamed services provision to all sectors
of the urban community”, is an area that seemad to be receiving attention from many

mvestigators m recent time (Darren, 1997 and Eales, 1997). The need to demonstrale this



principle, using the Federal Polvtechnic Bida as a case study, molivaled this research

project. The objectives of this work are therefore:

(a)

(k)

{c)

(d)
(e}

To determine the type and extent of the existing excreta disposal [acilittes in the

Federal Polytechnic, Bida campus, and to record their misuse, nuisance and health
hazard potential,

To study and document the social and cultural factors related 1o excreta disposal
on the campus, and 1o determine the beneficiary system preference;

To deiermine the technical and institutional [actors relating (o excrela disposal on
the campus, if any;

To evaluate alternative excreta disposal svstems for the campus,

To design an appropriate excrela disposal system for the campus.



CHAPTER TWO

LITERATURE REVIEW
2.1 General

The standard of providing one latring and one water 1ap per [family has received
mter:mumml recognition (Feachem el al, 1978). However, from available data, this is stll
a mirage as far as developing countries are concerned, Danperfield (1983} has reporied
that 75 percent of all persons in developing countries live without any kind of sanitation
facility. ‘Bays (1992) also reported that aboutl a quarter of the world population do not
have adequate samilation. Even though progress was made m water supply and sanilation
during the dnnking water supply and sanitation decade of the 1980s, when more than 1.3

'hil.ljcm people were newlv supplied with adequate water and about 750 million with
sanitation (Ctkun and Launa, 1992), the present standard is still below expectation

The significance of generalized datz on the avalability of adeguate excreta
disposal systems becomes much more evident when it can be compared with the detaled
results of surveys from specific localities, One of such results is the one from a national
survey carried out in Ghana by members of the Civil Engineening Depariment of the
University of Science and Technology, Kumasi. The result showed that there was one
communal latrime for every 389 rural persons on the average: and there were areas where
1,713 persons were served by one communal latrine (Wright ot al, 1981),

It has been observed that entenc diseases spread by msamtary disposal of excreta
and polluted waler supply was a major cause of illness and death in developing countres,
particularty among children (Carroll, 1983), The role of effective sanitalion svstermn 15,
therefore, to break this cycle of disease transmission.

Feachem et al (1978) have discovered that water supply alone cannol provide full
health benefits. It was noted that, in some cases, owing to the lack of adequate facilities

7
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for excreta disposal, an increased water supply mav even cause the spread of disease. In
many ways, therefore, improvements in practices of disposing exereta are crucial to
raising the level of public health in developing countries.
2.2  Technologies for excreta disposal

'I_'he generic classification of sanitation systems according to the 1982 works ol

Kalbermatten et al as reporied by Edwards (1992), was in four broad catepones (Fig

2.1)

(i) Those systems in which excreta are carried alf-site by cartage or by waler
I SEWETS,

(e} Those systems that treat and dispose of excreta on-site;

(1)) Those svstems that do not need water;

{tv)  Those systems where water 15 mixed with excreta during flushing,

Another mvestigator, Pacey (1981), subdivided the whole range of sanitation
technologies as lollows:

Cistern-flush latrines with conventional sewerage;

Specialized technologies (packing lorlets, chermcal latnnes, e l.c),

Aqua - privies and related systems; |

Pit latrines and derivatives;

Composting latrines;

Bucket latrmes or conservancy vaults with cartage of excreta off the site;

Simple techniques (irench lainnes, open latrines funrowed defecation grounds e.1.c).
23  Description of human wastes disposal systems

{(a)  The trench latrine
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This is a very crude method of excreta disposal. 1t consists of a small shallow pil
dug in the ground for the purpose of defecation. This 15 only suitable for emergency and
temporary situations, such as temporary military camp and building site (Edwards, 1992},
(b)  Pit latrine

The essential components of the pit latrine are a superstructure, a squat slab, znd a
pit or hole into which excreta falls. Pit latrine has been reported as the most widely ased
technique for excreta disposal in developing countries, and the cheapest and simplest
option to construct (Pacey, 1980). The pit receives and retains excreia which are
biologically l:iig_csl{:d and eventually rendered harmiless (Carroll, 1983)

(e} Bucket latrine

= The bucket latrine consists of a superstructure, a squat slab and a bucket located
in a small vault below the slab. The bucket 1s emptied into a larger collection bucket or
the full bucket is replaced with an empty one, for tronsporiation (o a treatment depot
The operation of bucket latnne 15 normally msaniary (Mermit and Maxkurtz, 1986,
Edward, 1992). The system may find good application in places where the re-use of
excreta is customary {(Pacey, 1981). Blackett (1994) reporied that the Brniish
protectorate authorities presented bucket latning system for urban sanitatbion in Lesotho m
1930, but this was eradicated in 1993 when people were persuaded 1o change 1o VIP
latrines.
{d}) The overhung Iatrine

This consists of superstructure and floor buwilt on piles, above water, along the
banks of rivers and in coastal areas, It has been reported that overhung lairines were
common features on ponds in Asia, Southemn China and Indonesia (Edwards, 1992).

ie) Compaosting latrine



This = a modified pit latrine, which deals wilth excreta in a dry state. Composting
toilet, sometimes referred (o as the moulding toiet, needs to be regularly fed with
vegetable matier and sometimes with wood ashes (Pacey, 1980). Composting latnne was
reperted to have been successfully used in Vietnam since 1956 (Pacey, 1981)

(n Pour-flush toilet

This is an improved pit latrine, with a water seal beneath the squat siab. This
water seal entirely separates the pit and the latrine compartment. and prevents smells from
getling from one into the other. From the nvestigation of Cairncross and Feachem
(1983) it was discovered that, with pour-flush toilet, the very high water demand of the
conventional cistem-flushed svstem could be avoided, so that the toilet 15 flushed by
pouring water from a jug or bucket by hand, with about 1-3 litres per flush as opposed (o
10 - 20 litres per flush for most cistern - flush toilets, This type of unit is believed to be
best suited for public places like schools or community centres (LUinrau, 1981).

(g} Vault latrine

This is a version of pit latrine where the removal of mght soil or carlage 15 by
buckets, carts or vacuum trucks, Edwards (1992) reported that this sysiem was widely
used in Europe and was still being practiced in Asia.  In the Indian sub-continent,
transport was often by bullock-drawncal, while mechanized transport svsiem was
employed for emptying the vaulls in Japan, Korea and Taiwan (Pacey, 1981).

(h)  Aqua- privies

This system consists of a water tight tank under the squat plate, and the mlet drop
pipe in the floor slab. Excreta is deposited directly into the tank, rather than being flushed
along pipe before reaching il, 1t was reported (hat aqua-privies were emploved in [badan,

Nigena, at its comfort stations, 16 solve sanitation problems (Qluwande, 1981).

Id



o

(i} Ventilated improved pit (vip) latvine

This is an improvementi on the pit fatrine, meant o reduce or elinunate odour and
insect musance, by adding screened ventilation pipe to the chamber of a basic pit latrine
The advantapes of ventilated improved pit latrine have been demonstrated in several
:uunl:rie:s,ﬁ and a good many national and regional programmes have been started based on
the technology. For instance, VIPs have been successfully developed and tested in
Lesotho, Zimbabwe and Botswana (Blackett, 1994). The Blarr Iatrine, a form of VIP
latrine, has been developed m Zimbabwe, by the Ministry of health, as a means of
improving the conventional pit latrine (Morgan, 1991).

() Reed odourless earth closet {roec)

This = an off-set dry pit latnne. 1t was onginally developed in South Africa, but
has been used m Botswana for over twenty vears {Blackmore et al, 1981). ROEC
operates with less nuisance because of the confipuration of a chute which funnels excreta
and urine mlo a chamber al the rear of the superstructure.

(k) Permanent improved pit (pip) latrine

This improved version of pit latrime consists of a double chambered, ventilated and
emptiable pit. The system, which was a concept developed at the UK Building Research
Establishment, has been installed in parts of Southerm Africa, manly in Botswana, where
several thousands have been built and are called Revised Earth Closet (Carroll, 1983),
in Packing toilet

In this system, the fresh excreta is collected in a plastic tube, a short length of
which is sealed off with excreia inside it every time the toilet is used. The used tube is
collected in a sub-floor container, and the fresh excreta is not exposed any more, and is
safe in handling. No decomposition takes place and the bags are taken elsewhere for

treatment. This is a very recent development (Krisno, 1981).

12
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(m)  Chemical toilet

The essenfial characterstics of chemical toilet 15 the presence of chemical which
prevents decomposition and odours, so that excreta can be stored until treatment can be
arranged. This has found a wide application for remote areas and in transport systems
Chermcal toilets have become quile acceptable in boats, buses, aeroplancs and holiday
cottages (Krisno, 1981).

{n)  Conventional sewerage system

This 15 a system where excreta 15 moxved with large volumes of water from a
cistemn-flush and are removed from house in a fow along pipes or sewers to a treatment
plant. The first “modem™ sewerage system was built in Hamburg, Germany, in 1842, by
an innovative English engineer named Lindley (Howard et al, 1935}: There can be no
doubt that if funds are unlimited, conventional sewerage satisfies all the criteria for
satisfactory excreta disposal (Pickford, 1981). The major advantages of conventional
sewerage, in addition to safeguarding public health, are a lugh depree of user convenience
(Edwards, 1992), There are, however, lechnical and Anancial constramts which oflen
make sewerage systens less suilable option, in masy situations, [or developing counlries
(Mara, 1976).

From the findings of many invesligators, the difference between the vanous types
of system, so far as public heaith is concerned, s not much, as long as they are correctly
built, maintaned and used (Carncross and' Feachem, 1983; Dangerfield, 1983)
However, septic tanks have limited use in municipal areas. Their effluents are cdorous,
high in chemical oxygen demand, and danperous because of possible contenl of
pathogenic organisms (Mernitt and Maxkurtz, 1986). They are, however, in large scale

use in urban areas of developing countries such as Nigeria.

13
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Full sewerage, based on the technology of developed countries 15 very costly and
requires expensive water resources. The development and application of altemative
systems, using little or no water 15 therefore very important {Carroll, 1983). It is often
pssumed that developing countries would get used to mechamisation without much
difficulty. But people ignored the fact that the impontance of looking after machinery and
equipment was learned by the industnal world only afier centunes of mvolvement with
industrialization (Dabha and Al-sabagi, 1992)

Edwards (1992) reported thal per capital cost for the installation of sewerage
gystems ranges from $150 to $600 (1979 data) This s too expensive for most
developing countries.

24 Indicators for the need for sanitary improvement

Pacey (1980) reported that UNICEF has expenmented with two checkhbsts, in
India, which could help locate areas where sanitary improvement s desired, Among other
things, i1 becomas very obvious thal sanitary improvement i desired when people
defecate too close to, or al places where other people walk, or when the oxereta 15
exposed to [lies. Sanstary improvement is also desired when people defecate close to the
source of drinking water or when the latrine svstems are not kept clean

Wherever there are problems of bad sanitation, with all the sicknesses and diseases
that result, one may be tempted to assume that improved technology 1s the answer. But
Pacey (1980) has discovered that technology by itself does not solve anything and that in
rural areas of developing countries, it is often found that lalnnes, when buill, are not fully
used, and when used, do not always banish the diseases of bad sanitation. The essential
point 18 that pood sanitation depends primarily on people, and on how they organize
hygiene-related activities.

2.5  The choice of appropriate sanitation technology
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The choice of sanitalion technology basically hangs on two factors: knowledge
about each technology option, and criteria for companng the technologies (Pacey, 1981),
The process of choice can begin with an examination of an oplion. There will usually be
some which can be excluded for technical or social reasons. Carncross and Feachem
(1983) pointed oul that typical {echnical reasons for technology choice are water
availability and soil conditions, particularly in areas of high population density; while an
example of a social reason would be the unsuitability of Vietnamese composting latrines
for people who use water for anal cleaning,

Once these exclusions have been made, cost comparison can be made for the
remaming technologies, and some can be guickly excluded on grounds of excessive cosl.
Pacey (1980} has pointed out that the essence of the 1dea of appropriate technology is that
equipment and techmiques should be appropriate to local resources as well as Lo local
needs. Careful apprasal of local resources and the oplions they represent i therefore the
haltmark of any project that successfully creates an appropriate technology within a local
commmunity.

In considering what type of technology will be best, the need will usually be for
equipment that is simple to assemble, does not depend on specialized Imporied
components, and i low in cast.  Also, the servicing and maintenance of the system should
be relatively easy for local people to organize.

The criteria compiled for WHO by Wagner and Lanoix, and modified by
MNimpuno, on the choice of appropmate sanitation technology, as reported bv Pacey
(1981), indicated, among other things, that: The surface soil, the ground water and
surface water should not be contaminated, Fresh excreta should not be expaosed to {lies,

and there should be freedom from odours. The system should be simple to operate and



L.

not too costly, and should require mimimum water for operation. Also, [rom the report of
Escritt (1972), the method of treatment to be adopted should depend on:
{i) The system which will invelve the minimum of running costs, including
loan repayment.
(i}  The extent to which nusance due 1o flies or odour will matter
(iit} The area of land available and the suilability of soil, or slope of land, for
each of the methods of treatment.
{rv)  The degree of treatment required. |
Feachem et al {1978) believed that appropriate system must be cheap, not
communal, use [ittle or none of the potable waler supply for the operation, work despile
masuse, require little supervision, not use soakaways, dispose of all waste water, treal the
waste water to a degree where it can be discharged with little subsequent danger to users,
and require no mechanical equipment. Cairncross and Feachem (1983) also observed
that, since the benefits of various sanitation systems cannot be quantified, the final siep
in identifying the most appropriate type must rest with the intended beneficianies. Those
afternatives which have survived technical, social and economic (ests are best presented
to the community with their attached price tags, so that users may decide what they are

able and willing to pay for.

2.6 Influence of social factors on sanitation alternatives

Discussions of technology will only be for academic imterest il people are
unwilling or unable to put that technology to work. In the process of planning and
development, the social factor is believed to be responsible for failure of technically sound

projects (Caimeross and Feachem, 1983), Blackett (1994) has nightly observed thal any
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sanitation project that tries o promote a technically adequate system but socially
unacceplable is likely to fail

Caimcross and Feachem (1983) have discovered that the likely eflects of the
various social factors on samutabion programme may be appraised, 1o some extent, by
studying existing excreta disposal practices.  According to Pacey (1981), the mosi
important aspect of sanitation system is their acceptability by the communities concernesd,
and this can only be satisfaclonly achieved by involving the users at all stages of
programme planning and implementation  The assumptions that i the faclities were
provided, p&pple in the course of time would use them, could be erroneous,

Blackett (1994) pointed out that the locally used anal cleaning matenal usually
diclates certain aspects of technical design, I is believed in some countries thal sons-in-
law and mothers-in-law must not use the same latrine.  Anocther of such factor is the taboo
in Muslim countries against defecating while facing Mecca (Caimcross and Feachem,
1983}, Some of these factors can inlluence the technical design of the facilities; even
though the factors are not scientific. For instance, for many of us, part of the proper
order of things in that defecation be done m privacy,

Feachem et al (1978) reported that most low-cost high density housing areas in
Africa were occupied by people who have moved {rom agrcultural areas. Their
behavicural pattern and habits are those of people living in & dispersed fashion where they
are totally unawars of the dangers to health when living in close proximuty. Conseguently,
they need, in general, very eflicient systems, which will work despite their lack of
understanding, K5~ = has documented some findings on how some critena can be

applied to excreta disposal system, as reported by Pacey (1981}, (Table 2.1).
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Table 2.1: The suggested criteria applied to four types of excreta disposal system

Convenlional W.C. Aqua

Pit Composting

Criteria With Sewerage and  Privies  Lalrine Latrine
Treatment plant
Health Criteria:
Mo pathogen survival KN + g xX#
Full BOD digestion X XK XX AKX
No Poilution of soil XXX XX X XK
No ground water pollution xX - X e
Mo surface water polhution X KX XX AKX
Mo access by msects X X X XX
No handling of fresh excrata XX xXK XAX XX
No cdours XXX XX - -
Socio-Economic Criteria
Simple todlet routing XXX XX X X
Cost lest than 10 percent house - XX XXX KX
Loocal material and technology - X XXX XX
Minimum use of water - - XXX XXX
Applicable in high density argas X X XX XX
Valuable by-produet - - X XXX

wex:  Crterton fulfilied.

xx.  Cnterion fulfilled undar certain conditions.

x:  Crterion only fulfilled under most stringent controls,

+.  Weightings will differ according to circumstances.

Source: Pacey (1981).
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2.7 Influence of cultural factors on sanitation altermatives

Very similar to social [actor i& the influence of cultural factor on sanitation
alternatives. Many rural commumties have distinctive ways of orgamising sanitation and
hygiene, and 1t 15 parl of the task of apprasal work to understand whal this mvalves.
Local hj.-g,jme culture may sometimas be a source of difficultv for a programme, but 1t
may also present an opportunity. For example, Moslems and Hindus set a high value on
cleanliness (Pacey, 1980), This is an opportunity [or a good sanitation programime,

The cultural practices in some comnunities are to provide communal (acilities.
But, Feachem et &l (1978) has observed thal communal facilities are rarely, il ever,
satisfactory, no matter what system 15 provided. This is because there 15 no individua
responsibility. Once a latrine is fouled, by misusle or accident, the next user may have no
choice but to foul it further. Organization becomes critical when toilets are to be used
communally. In general, if facilities must be shared between households, someone must
be appointed and rewarded to look after them This method, however, has nol been
known to work. Cairngross and Feachem (1983) reported that, even in Ibadan, Nigeria,
with strong ethnic and famuly ties, it has not proved possible to collect regular cash
contributions for mantenance of communal urban latrines

If new techniques are really to be parl of a people’s lile style, then we need Lo
think of them as being transformed from something that is imported and alien mlo
something that truly belongs tothe local community.  Another way is to start from whal
people are already used to and then upgrade the facilities gradually to the standard
desired. A study of potential samtation upgrading sequences carnied oul by Kalbermatien

et al in 1982 was reported by Cairncross and Feachem (1983), as shown m Table 2.2,
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Table 2.2 Potential sanitation upgrading sequences

LEVEL OF WATER SUPPLY
Toilet Type Hand Carried Yard Tap In-house
Conneclions.
ViP * — l: %
Pour Flush i - h£

Sewered Pour Flush | x %

Vaull X [

Conventional x X *
sewerage of septlic

tank

X Combination unlikely

| | Feasible only if sufficient pour-flush water 15 carmed home.

#* Mo upgrading required.

Sowrce: Cairncross and Feachem (1983)

2.8  Influence of economic factors on sanitation alternatives

The single most useful Agure for cost comparisons of technologies 15 the tolal
annual cost per household (TACH), which included both invesiment and recurrent cosis,
A distinction between investment and recurrent costs is important for both technical and
financial reasons, Edwards (1992) has found that a community with limited financial
resources might find it impossible to raise the mvestment finance to construct a syslem
with a large initial capital requirement, but could afford 1o build and maintain a sysiem

with the same TACH but with relatively high recurrent costs.
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It 15 smportant to make correct compansons among altematives. For example, the
cost of any water borne sanilation svstem must include the cost of flushing water, if it had
to be compared with a system that does not use water, Similarly, the cost of VIP latrines
must include the cost of separate sullage disposal system such as individual yard
su;}knwag.is (Cairncross and Feachem, 1983).

Operating and maintenance cost can easily be recovered from the users, for public
facilities. This can be done by charging for admission. This has been successfully tned in
parts of India (Caimcross and Feachem, 1983). Some studies have been conducted on
construchion cosls of agqua-privies and seplic tanks, compared with other latrines {Pacey,
1931), as shown in Table 2.3

Table 2.3 Construction costs of agua-privies and septic tanks compared with
other latrines

Latrine Type and Country | Approximate Construction Cost of latrine, plus Super
Structure, US Dollars 1977 Prices.
Cost of Total cost of Cost of
matenials only | materals experimental
pluslabour models of Lobatsa
Septic Tanks
Nigeria - 315+ :
Taiwan - 160E -
| Agqua-Privies
Migeria Q* | 50+ -
Caleutt - 220 -
Tanzania - 300 -
Botswana - : 305
“Pit Latrine = =
| Nigeria (slab only) 1.20 - -
{All materials) 39.20* i =
Zimbabwe 30-40* . .
India {(ofl-sel wel pi) 25-31 - =
Botswana 13-24 - 340
Composting latrines
{Multrum Type)
Philippines - 554 -
Tanzania 30-40* - -
Botswana - - 390

* Figures quoted dunng the conference from which this table originated.
+ 1973 Cosl.
+ Quoted costs may not cover whole installation.
Source: Pacey (1981).
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29  InfMuence of public health and nuisance factors on sanitation altermatives

Feachem et al (1978) has observed that, in general, the lower the standard of
health education the more necessary il becomes thal the sanmitation systems be sell-
operating and non-fouling. Since human excreta can be a source of infection from
pal:hclgﬂ'q'c bactena, viruses and eggs ol parasitic worms, which are spread through Lhe
deposition of excrela rom mfected persons (Carroll, 1983), the disposal tacilittes must
prevent contaminations.  Carroll (1983) has also noted that, a foul smelling latrme,
infested by flies, is unlikely to be used if people can defecate i the open air or bush with
less attendamt risks o community health MNuisance is subjective, and lolerance to
nuisance of all kinds varies from person lo person.  However, in the context of social
acceptance of the need to build and use latnne systems, odour and insect nuisance play a
large part

From the works of Carroll (1983), basic comparison can be made between

different systems, incorporating health and nuisance factors, as shown in Table 2.4,
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SANITATION SVSTEM General Suitability Water

Low High Cost Technology Skills feeds fof Health | Nui- Comments.

density density flushing| hazard  sance

Rural | Urban| Urban| Initial] Original Construct | Main-

tain
Night soil bucket and Efficient Management
collection Yes | Yes | Yes | Low| High| Verylow | Low [None High High essential
Overhung latrine Yes Mo { Mo | Low{ Low| Low Low [MNone High Medium Environmentally
to high polluting
Pit Latnne Yes No | No | Lowf Lowi Low Low [None |Medium { Medium i Not parmanent
Bore hole latring Yes No | Mo | Low: Low: Low Law None | Medi Madmm1 Medium Not
permmsanel
Ventilated Improved
Pt (VIP) Yes | Yes | Mo | Low| Low| Low Low MNone Low Low | Not permanent
Bermanent Improved _
Pit (P1F) ¥Yes | Yes § Mo | Lowi Low| Low | Low |MNone Low Low Small double
chambers emptiable

Compost Latrine Xes | No | Mo | Lowi Low} Low Low :None :Medium | Medium| Extra user care required

Source: Carrall (1953)
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2,10  Influence of soil conditions on sanitation alternatives

It is more difficull to excavale pats and pipe trenches in areas of rock or loose sand, and
where tha‘e' is a danger of ground water contamination this will influence the choice of
sanitation system  Also, the feasibility of some svstems for on-site disposal of excreta will be
limited by insufficient infiliration capacity in local soils, For these reasons, Cairncross and
Feachem (1983) wamned that no larpe scale sanilation programme should be undertaken withoul
50il survey.

The soil in the study area has been discovered to be of well graded sand, with litie
amouni of silt. The soil is of intermediate plasticity (Yusuf, 1992). The resulls of percolation
test conducted for the area gave an average infiltration rate of 200mm'hr ( Ayanroh, 14%84G).

Carroll {1983) reported that, a pit latrine in dry soil above the water table has hitle
spread of contaminants in a lateral direction, and penetration vertically is not hkely to exceed
three meters. But if the mit or disposal system has penetrated the water table, then the baclena
or chemical contamination may travel both downwards and laterally; transported by the ground
water, the contaminants flow in the direction of flow of ground water. A study carried out by
Pacey (1980) presenied some erilenia for the approprialeness of different {ypes ol latnine, where

the effects of soil condition is reflected, as shown in Table 2.5,
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Table 2.5 Some criteria for determining appropriateness of different  types
of latrine
Latrine Cost to|Depth of| Potential | Technical |Best anal | Fertilizer
build soil needed | for  better | assistance | cleaning production
hygiens material =
Simple pit | Low Deep sol | Medium Simple Arny Can do
latring nol waler manly
logged flush slab
Pit  latrine | Low Deep soil | Good Simple Any Mot easily
with  venl nol  waker wenl 1o be
pipe logged supplied
Soakage pit | High Deep  soil | Good Skilled Water Mo
latrine, with not  water banlder
water seal logged needed
Agua-privy | High Not  water | Good Skilled | Water No
logged bulder
g needed
Composting | Moderate | Any Good Skilled Paper Yes
latrine builder
needed
Bucket Low Any Good Simple Any Can do
latrine ]

Source: Pacey (1980)
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CHAPTER THREE

MATERIALS AND METHODS

3.1 General
In order to achieve the objectives of this research project, the work was carmied out in
the following stages:
{i) An extensive literature review on various technologies for excreta disposal;
(i) A physical survey of existing excreta disposal syslems on the campus,
()  An atlitude survey, by personal observations and standard questionnaire;
(iv)  The formulation of eriteria for evaluation of alternalive excreta disposal systems;
(v}  The actual evaluation of alternative excreta disposal systems for the campus, and the
selection of appropnate option{s);
(vi)  The design of the selecled excreta disposal system oplion(s) for the campus, with their
costs implications given.
3.2 Physical survey of existing excreta disposal facilities in the study area
The toilet facilities in the hostels were physically inspected 1o assess their conditions.
Some of the porters of the respective hostels were also interviewed during the visil.  Also
inspected were the toilet facilities around the workshops, laboratories, classrooms and ofTices,
the pit toilets built around the hostels and classrooms, and the toilet facihties at the stall school
premases. It was not possible 1o gain entrance to some of the facilities located within the
building in the stafl quarters, for reasons of privacy. However, the conditions of the septic
tanks and soakaway pits were assessed, and some members of staff iving in the quariers were
inlerviewed.
The purpose of this survey was 1o determine the type and extent of the existing excreta

disposal facilities in the study area, and to record their performance, misuse, nuisance and health
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hazard factors. The survey was carmned oul from eady January 1999, when the students were on
holidays, to March, 1999, when the students had fully resumed. Photographs of sample
facilities were taken during the survey.

3.3 Attitude survey

Questionnaires were administered to both staff and students within the study area. The
sampled population were drawn from students who had resided in the hostels for at least one
year, and the senior stall members who had used the polvtechnic sanitation facilities for at least
one year, This was to ensure that those answenng the questionnaires were familiar with the
facilities in the study area. 400 stall members ond 1420 students qualified for this survey, giving
a target population of 1820,

Proportionate stratified random sampling technique was uwsed m thes study. In this
technique, the population was first stratified in terms of the variables of interest, (i.e studenis
and staff). Elements were then drawn randomly from each stratum in such a way that the
relative propertioning of the strata in the resultant sample were the same as existed in the parent
papulation, The relative contnibution of each stratum in the population was exactly its relative
contribution in the sample. There were two strala in the sample with the following allocations:
57 senior staff respondents representing 22% of the sample population, and 203 studenis
respandents, representing 78% of the sample population.

Simultaneously with the administration of the questionnaires, personal observations
were made on the sanitation attitude of the people, and interviews were also conducted across
the rank and files of stail and students at random,

The attitude survey was carried oul, essentially, to study the social and culiural factors
refated to excreta disposal in the study area.  Some of the items that were investigaled in the
attitude survey included the favoured anal cleaning materials, the general background of the

people’s sanitation practices, reasons why people defecate on unapproved places, and how the
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praclices could be stopped, and the social and hygienic accepiability of the existing facilities 1o
the people.

Other factors studied in the attitude survey included the beneficiary system prelference,
adequacy (quantitatively and {echnically) of the existing systems, as well as the level of user’s
involvement in care and maintenance of the systems. Improvement on existing systems, desired
by the people, were also investigated
34  Technically related factors

Data related to sub-soil conditions were collected, for the study area, from past works.
the composition of soil stratifications, of up to three metres deep, were obtained. Daia relaling
to infiltration characteristics of the soil, within the study area was also oblained. A study of the
mode of water supply, in the study area, was carmed out. This was to determinre the adequacies
of water supply in there, Rainfall and temperature statistics were also collected for the study
area.

3.5  Evaluation of alternative sanitation systems

The major factors considered in the evaluation of allernative sanitation systems werg
Acceplability, Adequacy and Affordability (AAA), Under acceptability, the influence of socio-
cultural factors and beneficiary system preference were explored. For adequaey, technical,
public health, and nuisance faclors, as well as number of users o facilities, were considered.
Affordability was measured on & sliding scale or relative costs of systems, The approach
employed for the evaluation of altemative sanitation systems, was, therefore, the one thal
considered all the factors that impact on the potential for sustaned services provision 1o all
sectors of the study area.

The options were examined, in turn, in line with the ¢ritena bult up from socio-cultural,

technical and institutional factors, to delermine their acceplability and adequacy. The oplions
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that passed the tests of acceptability and adequacy were further subjected to cost comparison (o
determine their affordability.
3.5.1 Hypotheses
The following hypotheses were lested, each, at five per cent level of significance.
(i) * The systems, in use now, do not significantly differ from the ones preferred.
(i}  The systems used outside the study area do not significantly differ from the ones
preferred.
(i)  The anal cleaning matenals, used outside the campus, do not significently differ
from the ones in use on the campus, |
(iv)  The use of the same facility for both urine and faeces s independent of socio-
economic slatus.
(v}  The social acceptability of the sanitation sysiems on the campus 15 independent
of status,
{(vi)  The adequacy of sanitation facilities an campus is independent of siatus
352 Method of data analysis
Frequency counts and percentapges were used 1o answer the research questions. The

hypotheses were tested using Chi square (X°) distribution,

29



CHAPTER FOUR

PRESENTATION AND ANALYSIS OF DATA

This section of the study deals with the presentation and analvsis of data collected from
the physical and attitude surveys. The physical survey was carried oul by personal observations
and interviews, while the attitude survey was carmed out by the administration of questionnaire,
personal observation and interviews, as explained in chapter three
4.1 Data from the physical survey
4.1.1 Toilet facilities in the hostels

The two Il}'pas of excreta disposal systems being used in the hostels were the cistern
flush teilets and the pit latnnes. The cistern flush toilets consisted of the cistern tank, the
lavatory pan connected to the septic tanks which discharged to the soakaway pits. The put
toilets provided was the unimproved type, consisting of a pit dug below the squatting slab, and
a superstructure made of sandcrete blocks and zine roof.

The hostels were penerally overpopulated, with an average of ten students per room, as
opposed to the official allocation of four students per room. The general number of fcilies
versus approximate population of students in the male and female hostels are tabulated in Table

4.1 and 4.2 respectively.
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Table 4.1 Facilities versus population at male’s hostels

Hostels Approximate Cistern flush Pit
Fopulation.. Toilets Toulets
A 340 f
B 340 1
A 270 0
D 270 i
E 270 f )
F 270 f
o 270 i
H* 270 i
I* 270 B
I* 27101 A _
Total 2,840 & 3
*Facilities in hostels G,H,I and J were no longer usable.
Table 4.2 Facilities versus population at female’s hostels
Approximate Cistemn Flush _Pit
Hoslels Population Toilets Tolkets
K 480 12 2
L 490 12 2
M 490 12 2
M 4410 12 L
Total 1,960 48 b3

The general misuse of excreta disposal Tacilities observed at the studenis hosiels were;

{i) The toilets were not regularty flushed with water;

(i)  Students stand or squat on the lavatory pan instead of sitting on them, as a resull
of which many lavatory pans had been destroved and some ol the cistern lanks

completely removed.

The plite 4.1 shows the extent of damage of the hostels excreta disposal facilities.
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Plate 4.1 A typical hostel toilet, with lavatory pan destroyed and cistern tank
removed.

The facilities in hostels GH,I and J were no longer usable, The students in such hostels
had to look for altematives somewhere else.  Also, i has been noticed that the disludping
mnterval of the seplic tanks in the hostels, especially the male hostels, had become 100 {requent
over the years. The effluent from the septic tank was merely thrown on the pround surface
around the tanks, constituting a bad praclice, since the effluent, from a public health point of
view, was as hazardous as raw sewage.

The pit todets provided at the male’s hostels were communal in nature (Plate 4.2). Two
blocks were provided, each containing four pits. The pit toilets were the unimproved traditional

type, Also, there was no light provided to illuminate the toilets, for users at night, and no water

at the site for cleaning the slab.



Plate 4.2 A typical pit toilet around the male hostels.

Because of their crude design, the pit toilets produced foul smell, and constituted a
breeding site for flies and mosquitoes. As most students would nol use the pit toilets, for the
reasons enumerated above, the surroundings of the pit toilets became defecating grounds,
especially at mght A good number of studenis interviewed complained that the hot foul air
commg out from the pit could be harmful to them if they squat directly on top of the hole.

4.1.2  Toilet facilities around the workshops, Iaboratories, classrooms and offices

Most of the toilet facilities around the workshops, laboratones, classrooms and offices
were inspecied, The facihities were mainly the cislern Nush toilets with seplic lanks and
soakaway pits. However, at the “Lagos™ zone, a communal block of four pit toilets, stmilar to
the ones around the hostels, was bull around the classrooms, Some of the cistem Qush todets
were directly attached to the offices of some principal officers of the polvtechnic, while some
were directly attached to some academic depariments, These groups of tmlets atlached Lo
senior staff members were averagely well kept However, the tolet facilities around the
workshops and laboratories were generally in bad shape. Some ol the facihibes visited were

filled up with heaps of faeces (Plate 4.3). Many of them have also been badly damaged
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Plate 4.3, A Typical toilet around the laboratories and workshops

The people mterviewed aboul the status of the facilies a.rm.mﬁ the laboratones and
workshops claimed that, the reason for such a degree of misuse was the high rate of use by the
students, from classrooms to laboralones and workshops, both day and mght. 1t was difficult 1o
regulate the use of the facilities, which were purely communal without any degree of user care.
It was also reported that the flow of water in that area were very ermatic. Many junmior stall
members attached to the laboratories and workshops claimed to be using the open field or bush
for defecating,

The sites of the toilet facilities around the classrooms stank badly, Most students
interviewed claimed to be using the open fields behind the classrooms for defecatmg at night,
while studymg there. It should be noted thal a large majorty of the students’ population
studied at mght in the classrooms at the “Lagos™ zone.

4.1.3 Toilet facilities at the polytechnic stafl school and stafl quarters
The toilet facilities at the Polytechnic Staff School premises, housing the Nursery and

Primary Schools and the Secondary School, were also inspected, The toilet facilities were the
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cistern flush type. They were all averagely well kept with no visible sign of health hazard. It
was not possible {o gain entrance to most of the facilities located within the buildings in (he stall
quarters, for reasons of pnvacy. However, from the few facilities inspected, and the interview
conducted with some of the stafl members, il was very clear that a good user maintenance
culture was effectively practiced. However, most of the septic tanks and soakaway pits were no
longer structurally sound. The dilapidated condition allowead reptiles and rodents to crawd into
the chambers, and permutted the extrusion of odour into the environment,
4.2  Technically related data
4.2.1 Sub-soil

The study area was entirely underiain by sedimentary formations called Nupe Sand
Stones, Nupe sand stones consist of shales, limestones, and sandstones accumulated during
cretaceous period (ADS, 1993), Soils formed by this underlying or parent rocks aller
weathering are predominantly sand and clays which covers the sedimentary rocks. The resulls
of percolation tests conducted for the study area gave an average mfltration rate of 200mm'hr
4.2.2 Water supply

The water supply source, up Lill the end of 1998, was a surlace storage tank of capacity
378.61m’ that receives water from the Niger State Water Board, Bida, and a barehale that
supplied water to an elevated storage tank of capacity 70ny. Both the surface tank and the
elevated tank with its borehole were located in the same area at “Lagos™ zone in a relatively
depressed elevation (fig 4.1). The mode of distnbution was by pumping for four hours daily,
two hours in the mommg and two hours in the evening. This practice made the level of water
supply unstable and madequate, especially at the students” hostels area.  However, a project has
just been completed i 1999, consisting of a surface water storage tank of capacity #00m’,
which receives water from the Niger State Water Board network, and an elevated tank of
capacity T0m’ located at an elevation where water could flow by gravity to the students hostels
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Fig 4.1
The topography of the study area




Table 4.3 Temperature and rainfall data for Bida (1981- 1990)

Month Jan Feb. March | April | May June July Aug, Sept. | Oct. Nov, Dec.
Mean Max ("'C) 34.60 3697 | 3767 3650 | 3311 31.69 3030 |29%4 3060 |3261 35.64 34.74
Mean Min ("C) 2082 |2419 |[2579 |2597 |24.27 |2339 2279 2270 |2229 |Z243 (2091 |[21:24
Mean ("C) 21 3058 31,73 31.23 2869 | 27.54 26.54 2632 2644 | 2752 28 28 27.99
Mean Rainfall {mm) 6.9 13.7 202 120.2 121.9 138.0 2516 2162 187.4 6d.2 038 0.0
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4.3 Data from atlitude survey

This section of the study deals with the analysis of data collected from questionnaire
administered to the studenis and stafl’ in the study area (Appendix A). The analysis was
arranged according to the research questions.
1. Status of the sample population

A total of 260 people respondent to the questionnaire administered, oul of which
203(78%) were students and 57(22%) were stafT,
2, Rate ol defecation

The response to the question on defecaling times per day was amil_:.'sm:[ as shown in lable

4.4

Table 4.4 Defecating times per day

Times perday | 1 2 i 4
Students 133 61 9 -
Staff 35 14 5 3
Total 168 T 14 3
Percentage 4.6 288 54 1z
Pooled Mean =].43

3. Use of the same facility for both urine and faeces

Out of the 260 respondents, 84 students and 3% stall were using the same facility lor
both urine and faeces, while 119 students and 19 stafl do not use the same [acility for both.
4. Sanitation system types, used outside the campus

The response 1o the type of sanitation facilities used to outside the campus was analysed

a5 shown in Table 4.5,
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Tahle 4.5

Type of sanitation facilities used to outside the campus

Sanitation facilities Students Staff. | Total [ Percentage

0 3 b 3,
Bucket Latrina

45 15 64 246
Pit Latrine

137 39 176 7.7
Water Systems

11 - 11 4.2

Open field ar bush

203 57 2600 [0
Total

5, Type of sanitation systems used on campus

The responss to the type of sanitation facilities used on campus was analyvsed as shown

in Table 4.6.

Table 4.6 Type of sanitation facilities used on campus

Sanitation Students Staft Total Percentape
Facilities "
Buckel Lairing - - % 0

Pit Latring 41 - 41 15.8

Water Systems 125 44 174 66 4

Open field or| 37 8 45 17.3

bush

Total 203 57 260 100

., Social acceptability of sanitation systems

The response to social acceptability of sanitation systems on campus was analysed as

shown in Table 4.7
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Table 4.7

Social acceptability of existing systems

Social acceptability Studenis Staff’ Total Percentage
Very acceptable : 2 2 0.8
Acceptable 42 10 52 | 20
Fairly acceptable 74 28 102 | 392
Mot acceplable L1 17 104 i 40
Total 203 57 260 [ 100

1

7. The need for improvement on existing systems

Table 4.8a The need for improvement on existing systems

Need Students Stall Total
Yes 165G 47 213
o 37 10 47

g1




Table 4.8b Types of improvement desired on existing systems

Improvement Students Stall Total Percentage |
desired u

Adeguate hiY) 74 | L0 1.0
pravision of |
water

Replacement of | 12 12 24 1.3
damaged systems

Adequate () G (i1} alo
maintenance and
cleaning

Pravision of | 5 [ 11 53
systems that will
use less waler

Taotal 66 47 213 . 1630

5. Preferred systems

The response to the type of sanitation facilities preferred was analysed as shown in Table

4.9

Tahble 4.9 Preferred sanitation Tacilities

Preferred Students Staff Total Percentage
facilities

Bucket latrine - - - 0

Pit latrine 21 6 27 10.4
Water systems 174 51 225 86,5
Open field ori8 - B 3.1

bush

Total 203 57 260 {100

9, Anal cleaming materials used outside the campus
The response to the type of anal cleaning materials uwsed outside the campus was

analysed as shown in Table 4.10.

Table 4.10  Anal cleaning materials used outside the campus




Anal cleaning Students Stall Tolal Percentaps
materials '
Water 108 40 148 56,9
Toilet roll 76 T 83 319
Hard paper I8 &5 24 9.2
Leaves - i i l.5
Maize cob 1 - | 0.5
Total 203 57 200 La0

10.  Anal cleaning materials used on campus

The response to the type of anal cleaning materials used on campus was analysed as
shown in Table 4.11

Table 4.11  Anal cleaning materials used on campus

Anal materials Students Stafl Total Percentage
Water 85 36 121 460
Toilet roll 8 15 b 36.5
Hard paper 38 6 44 16.9
Leaves X - - {
Maize cob - . 3 0
Total 203 57 a0 1

11.  The hygiene state of the existing systems

Out of the 260 respondents, 63 students and 34 staff believed that the existing systens
were hygienic enough for them; while 140 students and 23 stalT felt that the systems were not
hygienic enough for them, The reasons given by those who felt the systems were not hygienic

enough were analyzed as shown in Table 4.12,
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Table 4.12  Reasons for unhygienic sanitation systems on campus

Reason Students | Staff Total Percentage

Inadequate waler | 44 17 61 374

supply

Bad habit of uses 57 2 59 36.2

Cleaners not doing their | 39 4 43 26.4

job

Total 140 23 163 100
I

12.  Use of distant facilities
Out of 260 respondents, 117 students and 27 stall frequently had to use facilities not

closest to them. The reasons given for using distant facilities were analysed as shown in Tabie

413,

Table 4.13  Reasons for using distant sanitation facilities

Reasons Studenis Stafl | Total | Perceniage
The closest facilities not good 65 8 73 .| 507
The closest facililies not accessible. | 27 BRE 32 | 222
Lack of water to operate facilities 25 14 kL 27.1
Total i 27 114 100

13.  Adequacy of existing facilities on campus
The response 1o the question on adequacy of existing sanitation facilities on campus was

analysed as shown in Table 4.14.
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Table 4.14

Adeqguacy of existing sanitation facilities on campus

Adequacy Students Staff | Total | Percentage
Very adequate - - - 0
Adequate 9 7 16 6.2

Fairly adequate | 40 l 13 53 20.4

Mot adequate 139 29 168 4.6
Grossly inadequate | 15 8 23 5.8

Total 203 57 2600 100

14. Reasons for defecating on unapproved places

The response to the question on why people defecale on unapproved places on the

campus was analysed as shown in table 4.15.

Table 4.15  Heasons for defecating on unapproved places

Reasons Students | Staff | Total Percenlage
Tnadequate no of facilities 63 34 |® 381

Bad facilities 100 8 |' 108 41.5

Bad sanitation attitude 22 § |30 13.9

Lack of water for the system 10 ¥ 17 6.5

Total 203 57 260 100

15,  How to stop defecating in the bush

The response to the question on how defecating in the bush around the campus could be

stopped, was analysed as shown in Table 4.16.
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Table 4.16  How to stop defecating in the bush around the campus

What to do Students | Staff Total Percentage
Provision of more facilities Bl 30 111 427 mi
Repair of systems, provision of water and | 90 lG [ (s 40.8

good maintenance

Clearing of the surrounding bush and | 14 5 149 | 7.3
installation of light i

Education of the people |8 fi 24 92

Tofal 203 57 edi'H 1K)

16,  Level of water supply

The response to the question on the general level of water supply on the campus was

analysed as shown in Table 4.17.

Table 4.17  The general level of water supply on the campus

Level of water | Students StafT Total Percentape
supply

Very adequale - - - 0
Adequate 7 - 7 )

Fairly adequate | &0 22 82 31.5

Not adequate 117 31 148 56,9
Grosshy 19 4 23 8.9
mnadequate

Total 203 57 260 100

17.  Effect of the level of water supply on the sanitation systems

Out of the 260 respondents, 24 students believed that the level of water supply had a

positive effect on the sanitation systems on the campus, and 163 students and 55 stall believed

that the level of water supply on the campus had adversely affected the sanitation systems; while

the remaining 16 students and 28 staff were undecided.
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18,  The impact of the existing pit latrines

Out of the 260 respondents, B0 studenls and 16 stafl believed that the existing pil
latrines had made positive impact, and 93 students and 35 siafl believed that the latrines made
no impact at all, while 30 students and 6 stafl believed that the latrines had made negative
impact.
4.4  Testing of hypotheses

The statistical 100l used for the inference analysis was the Chi square (X') test. Ona
general note,

(4.1)

Where 0 = Observed Frequency
(4.2)
E = Expecled frequency

k = Number of calegones, groupings or possible outcomes.

o FurF.
N
Where E = Az defined above
Fr . Total row [requency

Fe = Total column frequency
N = Total frequency

Also, the degree of freedom in a contingency lable was given by

dr . R-1) (C-1) {4.3)
Where dr = Degres of [reedom

R = Number of rows

C = number of columns
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The hypotheses were tested, each, using the X* distributions, by calculating the X* value

and compared it with the critical value of X' for the approprate sampling distribution, as

determined by the degres of freedom and level of significance,

4.4.1 Hypothesis (T)

The systems in use now do not significantly differ from the ones preferred. Table 418

provides the data used in the analysis of this hypothesis.

Table 4,18a  Systems Preferred versus Systems In Use, and contingency table

System preferved
Bucket latrine Pit latrine Waler systems Open field or
bush

Bucket latrine - - - -
Pit latrine - 7 34 -
Water systems - 9 160 5
Open field or bush | - 11 31 3
Table 4.18b

0 E L'I E

Continganis 1) 7 |6 34 (35 |41

14 |23 160 [ 151 [ 174

14 | 6 31 (39 |45

is 225 260

¥, =1657
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bt Xore (2,0:05) = 5991

Sinca J‘.':,;} -xz"'- the null hyvpothesis was rejected al 5% level of sigmficance, That s, the
systems m use significantly differed from the ones preferred. |
4.4.2 Hypothesis (IT)

The systems used oulside the campus do not sigrficantly differ from the ones preferned
Table 4,19 provides the data used in the analysis of this hypothesis,

Table 4.19a  Systems preferred versus  systems used outside the campus, and
contingency table

{Systens prelerred)
Bucket Pil Water Open  field

latrine  latnine systems  or bush

(Systems Used | Bucket - 3 4 2

latrine

putside the Pit latrine - B 35 !

Campus) Water - 14 159 3

syslem

Open field| - 2 7 2

ot bush

&9




Tahle 4.19b

18 I1 | 66 73 B4
tingency table)
17 24 | 159 [ 152 | 176
35 225 260
=748
bt

x2,(1,005) = 3841

b 2
Since Fear > Xent, the null hypothesis was rejected at 5% level of significance. Thus, the systems

used outside the campus significantly deferred from the ones preferred.
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4.4.3 Hypothesis {111}

The anal cleaning matenals, used outside the campus do not significantly differ from the
ones in usé on the campus, Table 4.20 provides the data used m the analysis of this hypothesis,
Table 4.20a Anal cleaning materials in use versus the ones used outside the

campus, and contingency table

{Anal cleaning malerials in use)

Water Toiet Hard Leaves Maize

rall paper - cob

98 33 15 - =

Water

Tailet roll 13 54 la - E

Hard B 5 11 - .
paper

Leaves 2 1 1 - -
Maize cob - - - - -
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Table 4.20b

0 E 0 E 0 E
o8 it 35 15 25
(Contingency
: 54
13 a4 54 I6 14
30
10 13 & i3 5
11
121 05 44
P = 7546
el !

Byt Ko (H0.05) = 9.488

3 |
Since Kol > the null hypothesis was rejected at 5% level of significance. Thus, the anal

cleaning materials used outside the campus significantly differed from the ones in use on the

CAMPUS,

4.4.4 Hypothesis (IV)

The use of the same facility for both urine and faeces is independent of socio-economic

148 °

E3

29

260

slatus. Tahl; 4.21 provides the data used in the analysis of this hypolhesis.

Tabled4.21a The use of the same facility for bath urine and faeces, and

contingency table



ar

Students  StafT

Yes 84 34
No 119 19
Table 4.21b
( E 0 E
(Contingency table) | 84 | 93 38 27 | 122
112 ] 108 1% 30 | 138
203 57 260
7
¥ =1090
Bt Ko (1005 = 3841

2 2
Since-Ye! > ¥4 {he nuil hypothesis was rejected at 5% level of significance, Thus, the use of
the same facility [or both unne and facces was dependent on socio-economic status.

44.5 Hypothesis (V)

The social acceptability of the sanitation systems on the campus are independent of

status. Table 4.22 provides the data used in the analysis of this hvpothesis.
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Table 4.22a  Social accepiability of the sanitation systems on the campus, and

contingency table
Students  Staff
Very aceeplable ) 2
Acceptable 42 10
Fairly acceptable 74 7%
WNaot acceptable %7 17
Table 4.22b
0 E 0 E
Contingency lable 4% 42 12 12 54
7 B0 28 37 | 102
87 | @l 17| 23 | 104
Ll 57 260

34



2

Yig =31,

Byt Xore(2:008) =5991

Since IL ﬁ-xi'ﬂ' the null hypothesis was not rejected at 5% level of significance. Thus, the
social a.mepta:hﬂihr of the samtation systems on the campus were independent of stalus
4.4.6 Hypothesis (VI)

The adequacy of sanitation facilities on campus is independent of status.  Table 4.23
provides the data used in the analysis of this hypothesis.

Table 4.23a  Adequacy of sanitation facilities on campus, and contingency table

Students  Stafl
Very adequate - -
Adeguate 9 i
Fairly adequate 40
13
Mot adequate 139 ~ 27
Grossly inadequate 15 8




Table 4.23b

49 34 Z( 15 &l
Contingency table
1391 131 | 20 37 | 168
15 18 ] 5 23
203 57 200
X, =641

Byt Ko (2005)=5991

1 ¥
Since X > the null hypothesis was rejected at 5% level of significance.  Thus, the

adequacy of sanilation facilities on campus was dependent on status.



CHAFPTER FIVE

EVALUATION OF ALTERNATIVE SANITATION SYSTEMS FOR THE STUDY
AREA

The evaluation of altemative systems was carried out by employing the [actors that
impact on th:a potential for sustamed services provision io all sectors of the study area The
feasible options were examined along the line of socio-cultural and technical factors, buaill up
from both physical and aftitude surveys, to determine their acceptability and adequacy The
acceptable and adequate options were further subjecied lo cost comparisons for affordability,

and to determine how each could be singly used or all used in combination,

5.1  Criteria for evaluation

The following critena were built up, for the selection of appropriate sanitation systems
for the study area, based on the data collected and analysed i both the physical and attitude
SUFveys.

(i) The areas that were having major sanitation problems were the students’ hosteis,
classrooms, workshops and laboratories areas at 'Lagos™ zone; |

(i) Majority of the people (73%) believed that the number of syslems were not adequate,
especially on the studenis side;

(i) With 30 people per facility for residential areas, and 50 people per facility m non-
residential area, more facilities would be needed at the hostels and 'Lagos’ zone;

{ivy  The most acceptable sanitation sysiem, to the users, was the water system; and 87% of
the total population preferred it. There is very little preference for pit tolet.

(vl 63% of the population believed that the existing pit latrines had either made negative
impacts or made no impact at all on the sanitation of the study area, because of the problem of

odour and {ly nuisance;
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{vi) The tvpe of pit toilet that the people (users) wanied was one that will not produce foul
smell and fly nuisance,

(vii) The frequency of disludping the existing septic tanks at the students’ hostels were too
high;

(viii) The topography and the general layoul at the students” hostels were conducive for
sewerape systems. However, water supply must be adequate, and treatment site could be
acquired adjacent to the polyiechnic’s boundary;

(ix)  The level of water supply on the campus was not adequate (before 1999); however, with
the storage tanks just pul m place (January, 1999), the present level of water supply needed 1o
be assessed for adequacy;

{x)  The students in the hostels preferred 1o squat than 1o sit on the lavatory pan,

{x1)  The popular anal cleaning materials on the campus were water and toilel roll (47% and
36% respectively),

(xn) The soil on the study area has a very good mifiltration capacity, being 200mm'r  on
the average;

{xi) 55.4% of the population used any available good facility, anywhere on the campus, and
not necessanly the ones closest 1o them;

(xiv) Many people (53.1%), mosthy students, would need separate unnals, in addition 1o the
general toilets,

These criteria were used in evaluating altemative sanitation facilities,

5.2 Assessment of adequacy of capacities of the existing sanitation facilities

Because of the high frequency of disludging the existing septic tanks at the students’
hostels, there was the need to assess the adequacy of the capacities of both the septic tanks and

soakaway pits, in terms of population served. Also, apart from the faci that the existing pil



toilets had problems of odour and fly nusance, which must be rectified in the new design, il was
necessary to assess the capacity of the pits in terms of the number of users per facility, for one
vear usage before pit emplyving, Using appropriate relations, details of the existing sanitalion

facilities and their respective capacities are presented in table 5.1 below.

Table 5.1  Details of the existing sanitation facilities at the hostels.
Parameters Sepuic tanks Soakaway pits Pit latrines
Length 2.60m 3.0m 1.0m
Width 1.20m 3.0m 1.0m
Depth 1.80m 2.0m 1.5m
Volume 5.62nr I8, O 1.5nv
Capacity per day ] 23 People |5 People 18 People

5.3 Design of the proposed septic tanks, soakaway pits and pit latrines

Considening the capacities ol the sanitation facilities presented in Table 5.1, the existing
capacities were inadequate. There was, therelore, the need to design new facilities that would
be adequate, by the criteria built up from the surveys. The details of the designed facilities
(Appendix B.), which had capacities of 30 studenis per septic tank and soakaway pit, and 50

students per pit latrine, were presented in Table 5.2,

Table 5.2 Details of the proposed septic tanks, soakaway pits and pit latrines at the
hostels

Parameters Septic tanks Soakaway pits Pit latnines

Length 2.80m 3.0mi{2 units) 2.20m

Width 1.50m 3.0m(2 units) 1.20m

Depth | BOm 2.0m (2 units) l.54m

Volume 7.56m |8’ (2 umits) 4.07Tm

Capacity/day 30 People 30 Peaple 50 People
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5.4 Assessment of adequacy of the level of water supply on the campus

The total volume of water that could be stored per day, based on the present (1999)
storage tanks’ capacities in the Polytechnic, was about 1388.61ny. The water demands for
varnous componenis of the Polytechnic have been computed (Appendix D). Approximately
993m3 ol w:—:lier would be needed per day, showing that one day storage still leaves a surplus of
395m’ per day. The level of water supply (as al 1999) was therefore, considered adequate.
Also, since the level of water supply at the residential area was above the minimum of 75 Iped,
required for water-bome sewerage systems (Caimcross and Feachem, 1983), it was possible 1o
provide the sewerage system for the students” hostels, where the conditions were favourable for

i,

5.5 Design of sewerage and sewage ftreatment plant for the students’
hostels
The sewerage svstems essentially consisted of;
{a) . The sanitary sewers, responsible for the collection and transmission of wasle
waters from the points of generation to the point of discharge or treatment.
{b) Treatment systems, for the treatment of the sewage before its disposal, to destroy
pathogenic agents present generally improve the quality of the effluent, and to ensure re-use
possibilities.
551 Design of sanitary sewers
(i) Design criteria:
Per capila sewage Dows (G), which is about 80% of per capita water consumption = 80 Iped.
Manning's coefficient for concrele pipe = 0.013
Peak or maamum [ow ¢ = 3DWF

Sewage flow velocity; Mimimum allowable = 0.61mls
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Maximum allowable = 2 44mils
Minimum pipe diameter allowable = 10mm
Infiltration rate = 0.01l's

(1) Design Formulas:

Q = Ay (5.1)
Q = IDWF {5.2)
) S
¥=—R§? (5.3)
n
T g
V= l[-li]!si (5.4)
nv 4
DWF = MxG+1 (5.5)
]
Lo
.| 208 (5.6)
n.s'i,l
where,
] = Peak flow,
v = Velocity of flow,

A = Cross secticnal area of pipe,

D = Diameter of pipe,

DWF = Dry weather flow,
R = Hydraulic radius,
i} = Slope of sewers,

n = Manning's coefTicient,
N = Population,

= Per capita sewerage flow

6l



1 = Infiltration from ground to sewer.
{I11) Computer analysis of sewer network s}rsteﬁu

Many application packapes are available for Civil engineering design, especially in the
field of water and waste water engineering. Among such packages s the ‘SEWER’ which uses
heuristic programming and the Manning's formula for the optimal design of gravity samitary
sewer systems, The package (‘SEWER’) was used lor the analysis of sewer network systems in
this study, Alternative network layouts were prepared, and designated as schemes. The optimal
design of each scheme was carried out; and scheme three {"Peter Sewer 37) shown in Appendix
E, with the least optimal cost, was selecied.
5.5.2 Desion of waste stabilization pond system

(i} Design criteria:

Population = 10,680,

Per capita waste water contribution = 80 lped, I N4 _
Per capita BODs contribution = 40eped, \ J
Total infiltration to sewers = 106.8 m'/d, M
Influent bacterial concentration = 5 x 107 Fe/100 ml,

Mean minimum monthly temperature = 21°C,

EfMluent standard required for } < 25mg/|BODs,
Unrestricted irmigation } < 100 Fe/100ml

(ii) Design calculations

Sewage flow = 10680 x 80 I'd = 854, 4m’/d
Infiltration - 106, 8m'/d
Total flow rate (Q) = 961, 2o /d

Total organic load = 10,680 x 40g/cd = 427.2kg/d.
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Influent BODs concentration = 427.2/961,2= d44 dmafl.

() Anaerobic ponds

A1 21°C, anaerobic ponds were designed using volumetric foading X, = 0.25kg BODs/nmv'/d
Volume ofpond = 42720025 = 1708, 8’

Check detention time (i*) = 1708 8/961,2 = 1.75 days

Use 2-day detention time (t* = 2).

Volume required (V = Q1*) = 1922 41’ (1930m’)

Use 2 anaerobic units, each 965m, for flexibility of operation, plus one reserve pond 965m’
volume. With operation depth of 4m, mid depth ;n'ea of each pond = 242ny’. Total (mid
depth) area of anaerobic pond = 726n7'.

(b) Facultative ponds

L= 20T - 60 (5.7)
Where A o Areal loading rate (kg BODsha'day)
T = Temperature ey
With T = 210C, %, =20 x 21) - 60 = 360 kg BODs/ha'day.

With BODs removal of anaerobic ponds at 60%, mfluent BODs to facultative pond =

O4x 4444 = 1778 mg/l. But,

_loxL.xQ
A s (5.8)

A

Where A =  Facultative pond area (m®)
L. = Influent BODs concentration (mg/T),
Q = Infiuent flow rate {m*d)
Thus, A=(10x177.8 x961.2)/360 = 4747 26m (4748m")

With depth of 1.75m, volume = §309m’,
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Detention time of facultative pond (1*) = V/Q (5.9)

Where V = Volume of pond

Thus, t* = §309/9612 = 4.6 davs.

With 70% BODs removal in facultative pond. Commulative removal = 88%.

(e}  Mataration ponds
The maturation ponds were designed to nr;hiaw.: an effluent FC concentration of 100
Fe/100 ml,

= E =
]+me' {5 ;ﬂ}

B

Where, B, = Influent bacteria count (per 100 ml)

B. = Effluent bacteria count {per 100 mi)
K, = First order bacteria removal rate at T°C in day
t* = Detention time

Kiu(20) = 2.6 day” for coliforms,

ButKyfT) = Ka(20).(1.19)F3 511

Thus, K(T) = 2.6 (119730

The total fecal coliform removal in ponds in series is given by

o= T B,

: “"‘K..r.!'.-.”l+E-|r;f,rc.|:":1+x+|r|f:..r' S.li

Where t*.,, 1%, and 1*y, are the detention times of the anaerobic, facultative and maturation
ponds respectively; and n 15 the number of maturation units in senes.
Three maturation ponds, with five day detention time were used in series.

T = 21°%C
Ky(T} = 2:6(1.15) Bt = 3.1
sxio’

B= Cecomm
(1+ 2x31N1+ 862311+ 5x31)° 559F¢/ 100m!
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Therefore, the bacteria effluent standard was satisfied.

The Cummulative BODs removal GR0G

Efflpent BOD=: = (.05 x 4444 22.22mg/l.
This also satisfied BODs effluent standard
Using V = t*Q, maturation pond volumes were 4,806m each.
With depth = 1.5m, the rd-depth area of each maturation pond = 3204m°
(iii) Summary
Anaerobic ponds; 3 units, 242m’ x 4m,
Facultative ponds:  4748m” x 1.75m,
Maturation ponds: 3 units, 3204m’ x 1.5m
Total mid-depth area of pond system = 15, 08601
Approximate surface area = 14,000m’

Approximate area required for the system = 2 hectare,

Total sewage flow rate = 961, 2m’/day
Influent BOD= concentration = 444, 4mg/l
Effluent BODs concentration = 25mg/L

Influent bacteria concentration = 5 x 10'Fe/100ml
Effivent bactecia concentration. = 100Fe/100ml,

5.5.3 Design of activated sludge treatment plant
(i} Design criteria
Population = 10,680,

Per capita waste contribution = B0lped

Per capita BODs contribution d0gped.,

Total infiltration to sewers 106.8mi'id.,
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Sludge concentration in aeration basin (Cpa) = 2,500mg/l of MLVSS,
Recycled sludge concentration (Cz) = 12,000 mg/l of MLVSS

BODs removal efficiency = Q0%

Mean minimum monthly temperature = 21'C

{ii}) Design calculations

Sewage flow = 10680x 801 = 854 4m’/d

Infiltration = 106 8m'/d

Total flow rate (@) = 961.2m'/d.

Taotal organic load = 10,680 x 40 pfed = 427.2kg/d.

Influent BODs concentration (L) = 427209612 = 444, 4mg/!

EfMluent BODs at discharge (L,) = Ol xddddmgl = 44.4mg/l
(a)  Aeration tank design

Using conventional treatment:

Retention time (1) = 10 hrs
Recycle ration of MLVSS 88 = Co=Cou (5.13)

2500/(12,000-2500) = 0.26

Tailk Gapiicity 7 w0 =BG EOH (5,14}
961,2 (1 +0.26) x 10/24 = 504.63m’ -
Provide 16m x 8m x 4m tank (512m’).

(b)  Oxygen requirement

Influent BODs = 444 4 mg/L

Final effluent BODs = 44,4 mg

BODs removal = 4444 -444 = 400 mg/l
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= 400 x961.2x 107 = 384 48kgBOD/day
With 2 0kg 0./kg BODs removed,
Oxygen required = 38448 x2 = 76896 kg Oy/day
If the transfer efficiency is aboul 634,
Oxveen required = 768,96 = 12816 kg Ou/day
(.96

(¢}  Final setiling tank

Overflow rate (Vy) = 30 mimd
Retention time (1) = 2 hrs:
Vo = _Q
LB (5.15)

Where, L = Length of tank, and B = width of tank

Surface area (L x B) = 961.2 = 32.04m’
aa

Capacity of tank = Qxt = 961.2%2 = 80.1nr
24

Depth of tank = 80.1 = 2.5m
32.04

With a circular settling basin,

Diameter (d) = (4x32.04)* = 64m
n

Provide final settling tank of diameter 7m and depth 2.5m (96.2m7), and surface area
38.5m".
(d)  Activated sludge retum pump

Volume of return sludge (Vi) = Q3% Cpa {3.16)
Ch
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= 9612 % 2500
12000 200,25m’ {day

2.321s.

Pump capacity (allowing for a factor of 2.5 1o overcome sludge resistance)
= 232x25 =584
Provide a pump of capacity 6 1s.

{(v)  EMuent disposal

Overtiow 2" 8 %ﬁu (5.17)
061.2 x (12000 - 2500012000 - 44 4) = 763.8m’/day
(n Sludge drying bed
The under flow, or sludge flow (Q,) = Q- Qer (5. 18)
= 961.2-T63.8
= 197.4 m'/day
With 600mm depth, the surface area = % = 329m’
Provide 20m x 17m (329m") bed, 2.00m deep.
(iii)Summary
Aegration tank: 16mx Bmx 4m (512m’)

Oxygen requirement: 12816 kg 0,/day

Final settling tank:  Diameter Tm, depth 2.5m (96.2m"),
Activated sludge return pump: a pump of capacity 6 Ufs.
Overflow rate: 763.8m’/day

Studge drying bed:  20m x 17m and 2.00m deep.

Total sewage flow rate = 961,2 m3/day

(1]



Influent BODs concentration = 444 4 ma/l

Effluent BODs concentration = 44 4l

56 Costanalysis of alternative sanitation systems

At the heart of analysis of alternative samitation technolopies lies comparauve costing.
However, there are unguantifiable costs associated with alternative sanitation technologies, such
as convenience and environmental consequences of installing a particular system. The analysis
carried oul here were, therefore, basically that of the monetary nvestmiénts on the altermative
sanitation syvstems considered.

The approximate quantities and cost estimates of alternative sanitation sysiems,
considered in this study, were camed out as shown in Appendix F. Prelimemnarnies and
installation costs of ten per cent of the estimated costs were added to armive al the nvestment
costs, while recurrent percentages of 5%, 21%, 21% and 33%, of the Total Annual Cost per
Household (TACH), were used for the pit toilets, septic tank, stabilization ponds, and activated
sludge systems respectively (Kalbermatten et al, 1980), The summary of the cost analysis, for
alternative sanitation systems considered, is shown in table 5.3,

The maximum number of users per househeld, used in both the design and cost analysis, were:
50 for VIP and VIDP; 30 for seplic tank with soakaway pit, and 30 for the sewape treatment

systems.
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Table 5.3

Summary of annual costs per household for altermative sanitation systems

considered

Alternative

sanitation

systems

Ventilated
improved pit

latrine (VIP)

Ventilated
umproved
double

latrine (VID)

pit

Septic
with

soakaway pit

tank | Sewerage syslems

| Stahlization

ponds

Activated

sludge syslem

Annual

investment
cost per
house  hold

(AISH) (#)

3000.94

274656

5204.43

1073601

F1286,.22

Annual
recurrent cost
per household

(ARCH) (M)

157.9%4

144.56

1383 .46

| 2853 88

3558.88

Total annual
cost per
household

(TACH) (™)

3158.338

2891.12

6587.89

13589 89

1684510
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CHAPTER SIX

DISCUSSION OF RESULTS

The discusston m this section wge carried out on the basis of the phvsical survey, the
attitude survey and hypotheses tested, as well as the syslems assessment, systems design and

cost anabvsis and comparison carnied oul

6.1 Discussion of the results of the field survey

Considering the number of users per effective facility in the studv area, the figures lor
‘Lagos” zone and male hostels (77 and 65 respectively) were relatively high, especially when it
was noted that user's care was almost nil in those places. The majorty of the studied
population (73%) believed that the number of facilities were not adequate. However, the
adequacy of the sanitation facilities on the campus was dependent on status, with the staff more
favoured than the students.

Before January 1999, the general level of water supply in the siudy area was inadeguate.
Majority of the studied population (84%) behieved that the level of water supply had adversely
affected the sanitation systems on the campus. The level of water supply, then, had been
between that of ‘hand carmed” and ‘vard tap” (about 29 lpcd), However, with the concluded
projects on water distribution storage tanks (early 1999), the storage capacity of 1388.61m’/day
was assessed and Found adequate for the proper operation of the facilities m the study area

Many lavatory pans (W.C.) and cistern tanks had been destroyed at the hostels, as a
result of students standing on the pans and holding on to the tanks for slail:lﬂil;-u mstead of sitling
on the pans, There was also odour and flv nuisance associated with the exisling pit loilels on

the campus as a result of lack of ventilation pipes.
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About 53% of the surveyed populalion were nol using the same facilities for both unine
and faeces, and since there were no urinals these groups of people must have been using
unapproved places. However, the use ol the same facility [or both unne and facces was
dependent on socio-status, with more stafl using the same facility, for both urine and faeces,
than students.

About 57% of the studied population were already used 1o water for anal cleaning,
putside the campus, The popular anal cleaning material in use on the campus was also water.
However, the anal cleaning matenals used outside. the campus =sipnificantly differed from the
ones used on the campus, with less percentage of people using water on the campus than
outside the campus. This might be as a result of madequacy of water on campus before January
1999,

Maore than half of the studied population (55%) frequently use other facilities apart from
the ones closest 1o them, majorly, because the closest systems were nol in good condition. The
effect of this practice was the overloading of the few good systems, and the consequent break
down of the overloaded systems,

A pood percentage of the studied population (63%) believed that the existing systens
were not hygienic enough as a resull of inadequate water supply, bad habit of users and the
failure of the cleaners in doing their job, However, only about 40% of the population believed
that the svstems were nol socially acceptable. The social acceptabality of the facilities were aiso
dependent on status, with the facilities for staff more socially acceptable than that of the
students. The peneral opinion was that there was urgent need for improvement on the existing
systems to eliminate the earlier menticned problems,

The most popular and most acceptable system both outside and on the campus was

water system.  Majority of the studied population (87%) preferred water system [or their
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sarutation, while there were some few (aboutl 10%) thal would prefer pil toilels, if given a
chance to make their choice. The systems preferred significantly differed from both the ones
used to outside the campus and the ones in use on the campus, showing thal the people were
only using what they were using because they could not gel what they wanted, [t was therefore,
belisved that if appropriate facilities were provided, defecating on unapproved places in the
campus would stop.

The soil in the study area, was of a very good infiltration -:apa::.it}r (200mmhr). This
was considered very good for on-site disposal systens, since there were no dangers of ground
water pollution. The topography of the study area did nol present a one directional gradient for
the entire arex  As a result of this it would be very costly to employ conventional sewerage
systems for the entire study area since a lot of pumping would be required. However, the
gradient around the students’ hostels area was favourable for gravity flow in sewer; and if
treatment site could be acquired close to the pelylechnic boundary, sewerage systems leading lo
a central sewage treatment plant would be ideal for that sepment of the study areq, in view of ils

density.

6.2 Discussion of the evaluation of aﬂan;aﬁvu sanitation systems

From the people’s perceptions of the existing situation and interest n or susceptitulity 10
change, which were determined through the survevs, the cnteria formulated were used Lo
evaluate and select the appropriate sanitation alternatives for different locations of the campus.
For instance, though the overall level of water supply, was sufficient, it vaned from yard
connection to in-house connection rates, for different locations of the campus, This informed
the mixture of water carriage system and improved pil lairines on the campus. Also, lor the
water cammiage systems, the topography, soil condition, and population density were used {o

determine the suitability of on-site and off-site methods, for different locations of the campus.
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The level of hygiene practices, the form of anal cleaning matenals, and attitude towards
re-use of wastes, as well as the level of users’ care, easily precluded mamy alternative sanitation
systems for the campus. The alternatives that were [inally selected, based on acceplability and
adequacy, for the different locations of the campus, and in vanous muxtures, were: The
Venlilated Imp.mved Pit latrines, Septic Tanks with Soakaway pits, and the Sewerage and
central sewage treatment plant. The assessments carnied out on the existing facilities revealed
that the capadcities were no longer adequate. This was in addition to the problems created by
the pit toilets which were neither ventilated nor highted, and the lavatory pans of the water

systems in the students hostels that needed to be changed from the sitling type to the squalling

vpe.

6.3 Discussion of the design and costing of alternative sanitation systems

The pil lairines were designed for fifty users per facility per day, while the water carmiage
systems were designed for thirty users per facility per day. The pit toilets designed were the
Ventilated Improved types, while the sitting type lavatory pans of the water systems were
changed to the squatting tvpe, For the water carnape system, three altemalives were designed:

{1} The seplic tanks with soakaway pils,

(i)  Sewerage system and stabilization ponds; and =1

!

(1))  Sewerage system and activated sludge trealment plant ' \}-..‘

The cost comparison were carried out for the alternative sanitation systems, using the
Total annual Cost per Household {TACH), which consisted of Annual Investmeni Cost per
Household (AICH), and annual Recurrent cost per Household (ARCH). The VIDP had the
lowest TACH of N2891.12, followed by VIP with TACH of M3158.88. The three aliernalive
waler carriage systems; (i), (i), and (iii) above had TACH of N6587.89, M13589.89 and

MN168945.10 respectively.
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CHAPTER SEVEN

CONCLUSION AND RECOMMENDATIONS

7.1 Conclusion

The evaluation of alternative sanitary disposal systems n['hunmn.wmies., carmned oul in
this study, based on the critena [or acceptability and adeguacy, revealed thal the exisiing
samitation systems, i some sectors of the campus, were not appropriate.  The existing pil
latrines, all over the campus, were found not acceptable, while the sitlting type lavatory pan was
found not adequate for the students sector.

The capacities of the exishing systems, in the studentls hostels, were not adequale lo
serve the existing population, which resulted in overloading of the systems and general poor
sanitation practices, in the sectors affecied, There was also poor distnbution of sanitation
facilities across the campus; from four people per facility 1o seventy seven peaple per facility

The systems designed, based on the evaluation criteria bwlt up .fmm this study, were
VIP, VIDP, Seplic tanks and Soakaway pits, and sewerage and central sewage {reatment
facility. These systems were both acceptable and adequate for the different sectors of the

campus. The cost implications of each system was presented, so that the users could decide on

what service level they were willing to pay for.

7.2 Recommendations

Based on the results of this study, the following recommendations were made

(1) The damaged sanitation systems on the campus should he repared, and the
lavatory pans in the hostels changed from lth- sitting to the squatting tvpes

(i)  If the option of septic tank and soakawsay system is desired for the students hostels,

the tanks and pits should be enlarged according to the design provided in this study. I
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(1)

(1v)

{v)

(vi}

(vii)

7.3

the sewerage and ceniral sewape (reatméent system is preferred, the waste stabilization
ponds, with lower total annual cost per household, 15 recommended, and the cne
designed in this study should be implemented.

Irrespective of the oplion chosen in the (i) above, some VIDPs should be built, 14 al
the male hostels, 5 at the female hostels and 33 a1 the “Lapos™ zone. The existing pit
toilets should be converted to VIP by introducing venlilation pipes.

Lighting systems should be provided around the toileis, and water storage tanks
should be installed at the sites of the VIDPs, to provide water for anal cleaning  and
the regular cleaning of the squatting plates.

Specilic laclities in the hostels should be allocated to specific mur;'lﬁ, lo

encourage decent usage and high level of user’s care.

Cleaners should be attached to specific facilities, for daily cleaning and maintenance,
with basic disinfectants provided.

Sanilation education should be organized 1o educate the people on good senitation

practices. *

Suggestion for further research

Similar research should be encouraged in a more heterogeneous sociely sellings, where

there are diversities of socio-cultural backgrounds, with a view to identifving more of the

factors that influence sanitation appropriateness.

Also, researche’ should be encouraged in the area of production of software that could

be used as a guide, by the policy makers, on choosing approprale sanitation for difTeren

communities with different socio-cultural backgrounds.
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APPENDIX A,
QUESTIONNAIRE

This gu&sltﬂnnaim 15 part of an on-going research work, titled: AN ASSESSMENT OF
AN INSTITUTTON'S SANITARY DISPOSAL SYSTEMS The '.Imrk i5 for an M.Eng. Degree
al the Fedegal 1Universily of Technology, Akure, wath The Federal Polviechnic Bida campus as
case study,

You are, please, requested o complete this guestionnaire, to the best of vour
knowledge. Every information given shall be for the purpose of the research work only, and
treated confidentially. |

Thanks

PETER, A TOBA
1. Sinties: Btdemt - .o |7 | L LU LR L D R ey
Z, On the average, how many times do you defecate per day?.....ooooeeeee e
3, Do you normally use the same facility for both urine and fasces?. ... s
4 Which of the sanitation systems were you used to, back at home, outside the campus?

(1) Bucket latrine ..o (1) Pitlnirine

Ts Do vou think the present system vou are using, needs some improvements?....... ..
Iy, witat type oF improvemBnty?. .o s
Which type of sanitation system would you prefer, if allowed to make vour

B e o e i e S e e e
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10.

11.

What type of anal cleaning matenals weré you used o, back at home, outside the
T e e L e L e ] S s e S el

What type of anal cleaning materials are you using now, on Campus?,.... ..o
Is the present sanitation system vou are using h}rglm: enough for vour liking (Yes/No)?

Do you, [requently, have Lo use other facilities, on the campus, apart from the one

13.

14

15,

16,

17,

closest to your roomfoffice/residence (Y es MO )T o i b baanin

.................. I T T R E R R

On a general note, how adeguate, do you think, is the sanitation facilities on the

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

......................................................................................................................................

What do vou think is the effect of water supply on the sanitation systems on the

18,

19.

What impact do you think the strategically located pit latrines have made on the general
O T T L e e b A

Any other observations and comments?.. ...
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APPENDIX B

DESIGN OF SEPTIC TANK AND SOAKAWAY PIT, FOR THE STUDENT' HOSTELS
(a)  Seplic tank
Generally V = Ont,

Where V= Volume of septic tank {m3),

Q = Waste flow {m*/hd),

N

Population,
tr = Detention time (usually 3 davs).
For a imiting ratio of 30 peaple per facility, and with 80% of water used as waste,
V= 00Bx30x3 = 7.207
Provide 28x 1.5x 1 8= 7.5601
This gives: length = 2.8m, width = 1,5m, depth= | 8m
{b)  Soak away pit
Generally . A = NOQ
Where A = lrLI[iJirmiDn area {m’)
N = Population,
Q = Waste flow (I'hd),
I = Infiltration rate (I'm’d),

For a limiting ratio of 30 students per facility, and mifiltration rate of 50 V'm’d),

A =30x80 = 45m’
50
Use two units of 3, x 3, x 2. {24m)

This gives two units of. Length = 3.0m, width = 3.0m, depth=2.0m
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APPENDIX (.

DESIGN OF PIT LATRINE
(a)  Pit design
Generally vV = CPN,
Where P = Population per pit,
V = Volume of the pit (m")
C = Pit design capacity (m'/person/year)
N = Number of years the pit is to be used before emptying,
C = 0.06m"/person/year
Fora 75% usable volume, ¥V = 1.35 CPN
For 50 people and | vear before pit emptying;
V= 135%006%x50x1 = 4.05m
Provide V = 1.2x22x 154 = 4.07m’
The top area of the pit = 1.2x 220y, while the depth = 1.85m.
(k)  Top slab design
To withstand two 100kg men standing at the centre, with M = PL/4,
Where M = Mid-span moment {Nmj)
P = Design load (N)
L = Span(m)
M= 2x100x98x14254 = 6985.25Nm
Using the limit state method (BS §110), As = Z16mnT

Provide eight numbers of Gmm diameter reinforcement (As. = 226mm’)
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Maminal reinforcement of four numbers, 6mm dinmeter, should also be provided for the ground

beam.
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APPENDIX D.

Table D.1 Approximate water demand for the Federal Polytechnic, Bida

Components Rate of water demand | Population | Total water demand (m’)
)
Students” hostels 104 Iped 4_800 480
Stafl quarters 115 Iped 600 69
Offices 30 Iped ﬁﬂﬂ 28.2
Laboratones 304 1'h. seat 40 x 6=240 72
Restaurant 65 I'h. seat 100 G5
Guest house 152 lped i 0.912
Clinic 220 Vh.bed 2 0440
Staff school 20 Iped 1633 32.660
Fire storage 1 Iped 15,226 15.226
Lasses 30% of water Supplied 229.03]
Gross total | 992 469

** Santosh (1986) and Hofkes (1992).
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APPENDIX E

. COMPUTER ANALYSIS OF
SEWER NETWORK SYSTEMS
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GROUND EXCRVATION - DISTANCE HIGH INVERT
MODE IMBUT ELEV DEETH TO LOW INVERT
i [a (LES) [MI = (M1
1 3.32 167 .40 1.40 0,00
- g.32 1E7.10 Z.19 .o
3 0, a0 165,840 1.848: a.0a
4 .00 163.40 2.8% ; 1.21
Wil a.ds 165,00 1.60 @.00
& 3.25 164 .50 2.58 g.o0
7 o 300 160.50 Z.432 0. 78
B .25 162.00 1.&0 . G0
B, L a8 1£1.20 1.85 (1 e T
10 g.25 161 .00 2.42 a.00
13 &.60 157.40 1.45 1 0.09
1z 3.25 158.10 2.39 0.00
13 o.35 158 .74 3. %6 Aol
14 .25 15%.349 1.&0 0.0a0
15 1.82 151.70 1.68 0. 00
18 g.00 150,20 3.010 1.33
17 1.482 148.50 1.73 .03
18 0.00 145.50 1.48 1573
13 B 127.50 1.75 (I T
20 1.82 1581 .44 1.&0 0.04a
21 1.82 147.30 1.80 g.00
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TOTAL=

106,500.00
'142,000.00
142,000.00
106,500.00
142,000.00
210,000.00 .

78,100, 00

78,100,00

71,000, 00
285, 000.00
142, 500.00
156,750.00
~78,100. 00
338,000.00
318,250.00 ¢
340,560.00
384 ,560.00°

4,953,200.00

284, 000,00
EEQ,DGD.QQ

9,241,720, 00
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2, 05,95
24 ,201.00
5,589,338
8,282.87
E.B3l.02°

132,106,723

.9,012.39,
5,812.38
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243, 045.11



APPENDIX F.

APPROXIMATE QUANTITIES AND COST ESTIMATES OF ALTERNATIVE
SANITATION SYSTEMS

Table F.1 Ventilated Improved Pit (vip) latrine

Item Description Cuantity Unit Rate Amount
P K
A Excavation of pit starting at | 4 884 m’ 2.00 976G ®O
formation level, maximum depth
nol exceeding 2m.
B In-situ concrete (1:2:4/19mm agp. ) | 0.240 m 85.00 | 2040 |00 |
in squat plate and beams
C Fair finish shuttering to honzontal | 2.640 s 240 633 G0
soffit of squat plate.
D 150 x 225 x 250mm block wall n | 15.660 m 540 B456 | 40
cement martar {1:4).
E Gmm @ mild sieel bars in squat | 24.900 m 80 1992 |00
slab and beams.
. 30 x 300 x 3600mm planks for | 7.200 m T 04 00
roof.
G Zinc roofing sheets and nails 5.750 m’ 350 2012 |50
H Flush door and frame 1 MO [,200 | 1200 50
| 150mm PVC vent pipe, 2.8m long, | 1 NO 2646 | 2646 | 00
with stainless steel screen cover al
the top.
Tolal = 20,461 | 30

o2




Table 2

Ventilated Improved Double Pit (VIDP) latrine

Item | Description Quantity Unit | Rate | Amount
N K
A Excavation of pit starting at formation | 10,380 m 200 2006 | 00
level, maximum depth not exceeding
2m
B In-situ conerete (1:2:4/19mm agg.) in | 0.780 m 8500 | 6630 | 00
squat plate and beams.
C Fair finish shuttering 1o horzontal | 5,280 n 240 i267 |20
soflit of squat plate
D 150 x 225 x 450mm block wall in | 20.020 m 540 10810 | 80
cement mortar (1:4).
E 6omm @ meld steel bars in squat slab | 52.800 m &0 4224 | 00
and beams
F 30 x 300 x 3600mm planks for roofl 14,400 m 70 1008 oo
G Zinc roofing sheets and Nails 10.700 m 350 3745 |00
H Flush door and frame. 2 NO 1200 | 2400 (00
1 1 50mmPVC vent pipe, 2.8m long, with | 2 NO 2646 | 5292 |00
stainless steel screen cover at the top.
Total = 37453 [ D
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Table F.3 Sepfic tank
ltem Description Quantity Unit Rate | Amount
™ K
A Excavation of tank, starting at | 8.584 o 200 |1716 |80
formation level, maamum depth not
exceeding 2m.
B In-situ concrete (1:2:4/19mm agg.} | 1,202 o B500 | 10217 |00
in tank’s floor, walls and roof
C G @ mild steel bars in tank’s | 27.300 m B 2134 K}
slab,
D Fair finish shuttermg to faces of | 15480 m 240 3715 20
concrele
E W.C. complete with accessories 1 NO #4500 | 8500 00
F 150mm @ P.V.C. pipe 3.500 I 920 3220 0o
Tolal = 29,553 | 00
Table F4  Soak away pit
Item Description Quantity Unit Rale | Amount
i M K
A Excavation of pit, starting at | 36.000 m 200 7200 |00
formation level, maximum
depth not exceeding 2m
B In-situ concrete (1:2:4/19mm | 1.089 m 500 Q256 S0
dgg ) in pit's cover,
C 150 x 225 x 450 block wall in | 32.000 m 340 [ 7280 | 00
cement moriar (1:4)
D 6mm @ mild steel bars in pit’s | 96,000 i B0 7680 | 00
COVEr
Total = 41416 | 50
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Table F.5 Sewerage and sewage treatment facility

F.5.1 Pipe network and man hole

ltem Description Quantity Unit Rate Armount
M E
A Excavation of trench, starting | 1215.23 [ m' 200 243046 | Q0
at formation level, average
depth nol exceeding 2.5m
B Ditto Manhole 20000 m 200 000 (K14
C 100mm @ concrete pipe in [ 136500 m | 420 1512300 | 00
trench, average depth not .
exceeding 2.5m
D Ditto 125mm O 100, Oy m 2100 2100 0o
E Ditto 150mm O 205.00 i 2850 584250 | 00
F Ditto 175mm @ 337500 m 3350 1256250 | 00
G Ditto 200mm @ B8.00 m 3870 340560 | 00
H Ditto 225mm P 8800 m 4370 384560 | 00
| Ditto 250mm @ 1015.00 m 4880 4953200 | 00
J Concrete (1:2:4/19mm agg ) in | 48.00 m 8500 | 408000 |00
marthole foundation and walls.
K Cast iron frame and cover 1o | B NO 5000 40000 oo
manhole
L Earth back filling around | 300 m 100 30,000 | o0
excavation
Total = G166 | 00

25




F.5.2 In-house collectors

Item Description Quantity Unit Rale Amount
N K
A W, C. Complete with|356 NO BS00 | 3026000 | 00
ACCESSOTHES
B 150mm @ P.V.C pipe 3,500m, | 356 NO [3220 | 1146320 |00
Total = 4172320 | OO

L




F.5.3 Waste stabilization ponds

Item Description Cluantity Linit Rate Amount
= K
A Lands for ponds 2500000 m2 66,67 1666750 | 00
B Earth work excavalion 26631 m3 200 5326200 | 00
C Compaction of pond’s | 12200 m2 100 1220000 | 00
foundation by vibrating rollers
D Compaction of slopes around | 10,000 m2 104} 1000000 | 00
the ponds
E Clay lining, average thickness | 20,000 m 120 2400000 | 00
not exceeding 150mm
F Grout riprap around the slope [ 2000 m2 G500 19000000 | 00
of the ponds, average thickness
not exceeding S0mm =
G Screen, including excavation | | MO 1300000 | 1300000 | 00
and concrete works,
H Automatic recording pershall | 1 NO 0000 SO000 00
flume
I 250mm @ PVC pipes 350) m 1840 644000 |00
] 250mm @ cast iron pipe stand | 12 No G000 72000 00
and footings, max height not
exceeding 2m
K Sump well, including | | NO 1300000 | 1300000 | OO0
excavalion and concrele works .
L Scum guards for pipe mlets 3 NO 1O 3000 00
M Excavation for inlet channels, | 180 m3 200 36000 0y
starting [rom formation level
maximum depth not exceeding
2m
N Leveling and compaction of the | 120 m2 100 12000 (i
bottom of excavation to receive
concrete,
0 Concrete (1:2:4/19mm agg.) in | 12 m3 3500 102000 oo
inlet channels.
P Road network, approximately | 1 NO 3000000 | 3000000 | 00
400m
Q Fence, | 50mm blocks, | 1 NO 848000 | B4BOQO oo
maximum height not exceeding
2.0m, total length 850m
Tolal = 3ToT9950 | 00
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F.5.4

Activated sludge treatment plant

Item Description Quantity Unit Rale Amount
T K
A Land for treatment plant 2500 m’ GHGT 166,675 00
B Inlet channels, including | 1 N0 1 500,00 15300.00 I
excavation and concrele
works
C Screen, incloding excavation | 1 NO 1300:000 | 1300000 | 00
and concrede works
D Automatic recording pershall | 1 NO 50,000 50,000 (3
flum
E Sump well, including | 1 INO 1 30 (RO} 1200, 000 oo
excavation and concrete
works
F Grit chamber including | 1 MO 2300,000 2500.000 00
excavation, concrete works
and accessories.
G Aeration tank, including | | NO 10,000.00 | 10000000 | 0O
excavation, concreie works 0
and aerators
H Primary and final seitling | 2 NO §.000.000 | 16000.000 |00
tank, including excavation,
concrete works and other
ACCESSOTES, |
I Sludge drying beds, including | | No 4,000,000 | 4,000,000 |00
excavation, concrete works,
and pipe work,
] Laboratory and office, floor | 1 NO 3,635,000 | 3,635,000 |00
area 13601 (12,6 x 10,8m)
K Car park, floor area 105m° | 1 NO 00, 000 Q00 000 00
{21 x 5m)
L Fence, [ 50mm blocks, | | N0 294 300 299 300 ]
maxirmum height not
exceeding 2.0m, total length
300m -
M Main gate 1 MO 50,000 50,000 0
N Landscaping 1 NO 300,000 | 300,000 |00
Total = | 40,650,975 | 00

S8
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