AppropriateTechnology for SustainableM unicipal Sewage
Treatment in Yola, Adamawa State, Nigeria

| brahim Saidu

ABSTRACT

The current discharge of enormous quantities of untreated sewage released into
water bodies containing several substances that are hazardous to aquatic life
and public health is a major environmental and economic concernin Yola. The
bottlenecks occasioned by the absence of sewage treatment plant to which sewers
are usually connected for conveyance of the sewage for eventual treatment of the
phenomenon before its discharge into the environment, are well documented.
Application of alternative innovative approaches to sewage treatment
technologies is not understood and several constraints to their adoption exist.
Sewage best management practices are the application of modern technologies
for sewagetreatment to addresstheissues of water quality, quantities, and amenity
for long term sustainability. This study propses an appropriate technology for
the treatment of sewage in the study area.
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INTRODUCTION

Sewageisdisposed off, or left to wonder initschosen courses, either in gutter, culvert,
aongtheroad, or flow into other streamsor individual septic tanksuntreatedinamost all
theurban centresin Nigeria. Consequently, stagnated sawagein theguttersare convenient
placesfor breading mosguitoeswhich arekey transmitting agentsof malariaand related
ailments. Otherssink into the ground and end up polluting the groundwater. Sewage
requiretreatment beforeit can safely be buried, used or conveyed, or released back into
local water systems. In anutshell, the common approach of the day isto throw the
sewageout thedoor and window. Thisisnot the casein citiesinthe developedworld, as
sewageeffluentsfromresidential, commercial, and industria areasare conveyed through
sewerage systemsto treatment plants.

Thereisclear evidencewithin'Yolathat the current systemsof sawageisunsuitable
and that the study areahasthe opportunity to learn from the best practice appliedin other
countriesand adopt an alternative innovative approachesto sewage management. This
work highlightsthegppropriateinnovativetechnol ogy that needsto be adopted and gpplied
inthetreatment of sewage and the potentia |essonsthat can belearnt for Yolapractice. It
a so emphasizestheimportance of educationin aproper application of such atechnology.
Theareaof study ismade up of Jimetametropolisand Yolatown, jointly referred to as
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Yola, withtheformer, housing theAdamawaState capitd. It liesonlongitude 12°29E and
latitude 9°12N (Fig.1) having thetotal land areaof 1,213km? (Rahalt,1995). Thetotal
population of the peoplein thestudy areais 392,854 (Saidu, 2012). Thestudy arealies
along the southern flanks of the River Benue on Bimasandstones (600-900m thick) and
alluvium sedimentsrel ated to the River Benue system. The Sedimentsweredepositedin
shalow environment during thetransgressive phasewhen the Benue-Chad-Rift valley and
itseastern segment intheformer Adamawa province began to subsidein the cenomanian
such that heteropic deposits occurring with coarse el astics are most common (Rahalt,
1995). Yolahasatropica wet and dry climates (Aw), with therainy season beginning in
April and terminating inlate October, lasting about s x months. Theaveragerainfal for the
study areais957.9mmwhilethe minimum and the maximum temperaturesare 21.2°C and
34.5°C, respectively (Adebayo, 1999). Thevegetationinthestudy areaisgenerally short
savannagrass and typewith occasional trees. Thepatternof urban landuseisdominated
by residential landuse on one hand, and the persistent mixed land use being observed
between residential and commercid landuses, in particular, on another.
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Figurel: Map of Adamawa State showing the Study Area
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METHOD

Thisstudy dependslargely on personal field observationsand literaturereview. Inthis
study, theword “ appropriate’ isapplied to describewhat can be accessed, afforded, and
sustained. Any technology that iswithout any of thesethree qualitiesisnot appropriate.
Similarly, theword “technology” isconsidered in abroad sense. Itinvolvessupporting
machinery for sewage treatment, sewerage network, power generation, etc. Thework
also places emphasis on adoptive research to arrive at appropriate technology for all
aspectsof sewagetreatment. Adoptiveis, insimpleterms, experimental research that
assistsoneto apply technologies, inputs, recommendations, systems, or practisesmore
appropriatein sewagetreatment plant in particular location. A number of aspectsof sawage
management need adoptive research of one type or the other for adequate sewage
management. For instance, in sewage management, the following aspects can be
researched:(a) Water Quality of Sewage Drains(b) Physco-Chemical Characteristicsof
River water (c) Background Level of Trace-metasin River sediments, etc. Theseaspects
and othersare researched and the outcomeswill guidewhich leve of technology to select
andimplemen.

Sewage Disposal Methodsin Yola: Asreported by Saidu (2012), majority (66.12%)
of theresidentsin the study areadispose off their untreated sewagein open drainage
channelsmainly owing to poorly constructed and maintained drainsthat areinadequatefor
excessive sewage particularly from kitchens, bathrooms, toilets, etc. Thisfindingwas
corroborated by dl the staff respondentsfrom theAdamawaState Ministry of Environment.
Further more 21.01% of theres dentsdisposed off their raw sewage on theland surface;
9.24% of theresidentsintoilets, while about 4% of them get the sawage disposed directly
into surface water and groundwater sourcesaswell asinto soakaway. Clearly, al the
disposal, methodsare essentialy inappropriate asthey lack modern technologies.

Field Determination of Some Sewage Parametersin Yola: The specific parameters
that weremeasured at the sampling Siteswere hardness, col our, phosphorus, and biochemica
oxygen demand. Otherswere temperature, electrical conductivity, total dissolved solids,
pH, and dissolved oxygen. Thetemperature, pH value, colour, electrical conductivity,
total dissolved solidsof the samplesweredetermined inthefield using the HannaHI 991300
portable pH/EC/TDS/Temperature meter. On the other hand, dissolved oxygen
concentration was measured in thefield using the Hanna HI 9142 portable water proof
dissolved oxygen meter equipment. Distilled water was used to cleanse the equipment
after each sampling to diminateimpurity andinterference. Asfor thevauesof biochemica
oxygen demand, phosphorus, total hardness, and colour, Hanna C213 was used for
determiningtheminthefield (Saidu,2012).

Physical and Chemical Characteristics of Sewagein Yola: Results obtained from
physical and chemical field analysisfor colour, pH, temperature, dissolved oxygen (DO),
electrical conductivity (EC), total dissolved solids(TDS), biochemical oxygen demand
(BOD), and total hardness, in sawagein opendrainsintheareaunder consideration are

Journal of Environmental Issues and Agriculture in Developing Countries, Volume 7, Number 2, August 2015 65
ISSN: 2141-2731



presented on table 1. Of significant note, isthat the appearance and colour of most of the
samplesisdark, measuring 86Hz (Hazen units) at Rundeward. 1tisworth noting that the
catchmentswith dark sewagewhich could bereated to discharge of excretafrom bucket
latrinesand pit | atrines are densdly popul ated, while catchmentswith aclearer gppearance
aresparsaly populated. Theresultson thetable show that high and medium density areas
reveal higher valuesfor electrical conductivity (indicating high salt contents of sewage
samples), total dissolved Solids, total hardnessand colour. Also, indicated ontable 1 are
the pH valuelevels of 9.9, 10.5 and 10.8 for Demsawo, Runde and Luggere wards,
repectively. Theselevesare outsidetheWorld Heal th Organizations, (WHO) permissible
valuerange of 6-9 and signify the presence of contamination, particularly, fromminera
acidsand akalines (Ademoroti, 1996). Theresult showsthat the sawage samplesfromall
catchmentsregistered strong akalinereactionswith the exception of Makamaand Jambutu
area, only. Smilarly, low amountsof dissolved oxygen (DO) inthesawage samples, ranging
fromthevaueof 4.04 mg/l in Makamawardto-2.15mg/L in Rundewards, particularly
inthesewagefromthedrains| Rundeward indicatean excessiveload of organic waste,
cgpableof having adverseeffectsonfish and other aquaticlife. Suchlow levelsarerelated
tolow pH valuesaccording to Oguagbuajaand Madu (1993).

The mean total dissolved solids (1016) mg/L to 1288mg/1) and electrical
conductivity concentration levels(2,039 Scm' to 1569 Scm') are excessivefor irrigation
(Essiet andAjayi, 2000). However, asignificant rel ationship can be observed between the
high temperature and the high concentrations of these variablesin the sewage samples
anlysed. Thisisbecausechemical activity isgenerally raised up by higher temperatures.
Asfor thedissolved oxygen levels, hightemperaturesinstead reduceitslevels. Insummary,
theresultsontable 1 show that high density areasreveal high concentrations, or valuesfor
biochemica oxygen demand, total dissolved solids, total hardness, e ectrical conductivity,
pH, phosphorusand temperature but low vauesfor dissolved oxygen (DO). Thissuggests
oxygen depl etion arising from the mixture of the sewage with the riverswhich can bed
harmful to aquaticlife (CEMP, 2002). Also, the documented negative health effectsfor
people (inthetable) could beadduced to high loadings of theelementsinthe sewageinthe
area

Table 1: Physical and Chemical Characteristicsof Sewagein Open Drainsin Yola

Parameter Luggere Runde  Demsawo Makama Karewa Jambutu WHO
Standard
value

Appearance Dark Dark Dark Clear Clear Dark

Colour (Hz) 78 86 73 66 70 71 50

Biochemical oxygen Demand mg/1 65 61 53 4.2 2.2 7.3 200

Electrical Conductivity (scm?) 2,039 1,502.13 1,569.88 456.8 2,039 949 -

Total Dissolved Solids (mg/1) 179 1016 754.7 250.7 1,288 476.8 500

Phosphorus (mg/1) 53 22 34 28.3 2.35 26.7

Total hardness (mg/1 CaCO,) 57 75 59 43 36 68 500

pH 10.8 10.5 9.9 8.00 7.75 5.9 6-9

Dissolved Oxygen (PPM) 1.79 2.15 15 4.04 1.4 3.98

Temperature at °C collection of samples 23.3 21.15 20.0 32.9 28.4 26.0 None
Source: Saidy, 1. (2012).
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Proposed Technology for Treatment of Sewagein Yola

Thereisneed to construct and maintain sewage treatment plantsand provision of skilled
operator to handle sewage treatment asin the accompanying Fig 2. Sewage treatment
occursat Specificaly designed plantsthat receivemunicipa sawagefromhomes, businesses
andindustrial sites. Theraw sewageisconveyed to the plant viaanetwork of sewage
pipes. After treatment, the sewageisdischarged into thewaterbodies, (rivers, lakes, or
oceans), or in some few cases may be used for another purpose, such asirrigation of
crops. Sewagetrestment methodsareusudly categorized into Primary Treatment, Secondary
Treatment, and Advanced Treatment. Diagrammatically, asewagetreatment plantis
presented inasimplified form asin Figure 2 and preceding itsdescription asfollows:

() Primary treatment systems are meant to remove alarge proportion of the suspended
solids(SS), and associated Biochemistry oxygen demand (BOD). Raw sewage enters
the plant from themunicipa sewers-lineandisfirst channeled through large mesh screens
toremovelargefloating materialsaswood, wireandrags. Itisthenrunviachannelsat a
controlled vel ocity so that sand, small stonesand grit areremoved and disposed of. The
sewagethen entersthe primary sedimentation tank about 3m deep where particul ate matter
settlesout toform dudge. Sometimeschemicalsareusedto aid the settling process. The
dudgeisremoved and conveyed to the digester for further processing. Primary treatment
removesnearly 30% to 40% of the pollutantsvolumefrom the sewage, mainly intheform
of suspended solid and organic matter.

(ii) Secondary treatment reducesby 8510 95 % to Biochemical Oxygen demand (BOD,)
and suspended solids (SS) and activates 90 to 99% of thefeca coliform bacteria. Of the
several methods of secondary treatment, activated dudgeiswhat isdescribed here. The
sewagefrom the primary sedimentation tank entersthe aerationtank (Fig.2) wherethe
sewageismixed with air (Pumped in) and some of thed udge fromthefina sedimentation
tank which containsaerobic (an Oxygen-rich environment) bacteriathat breskdown organic
material (pollutants) in the waste. After severa hours, the sewage enters the final
sedimentation tank, whered udge settlesout. Someof thisactivated dudgerichinbacteria
isrecycled and mixed againintheaeration tank with air and new incoming sewagerepesting
the process. The bacteriaare used again and again. Most of the sludge from thefinal
sedimentation tank, however, istransported, or moved into dudgedigester. There, aong
with dudgefrom the primary sedimentation tank, istrested by anaerobic bacteriawhich
further degradethedudgeby microbia digestion.

(iif) Advanced sawagetreatment process appliesamechanicd, or asandfiltration technique
to provideasimilar but more thorough treatment than secondary processes. Primary and
Secondary treatments do not remove all pollutantsfrom the incoming sewage. More
pollutants can be removed by adding another level of treatment similar to secondary
treatment. Removal of nutrients such as phosphate, organic chemicals, or heavy metals,
need trestments designed specifically for those contaminants. Treatment could include
sandfilters, carbonfilters, or theapplication of chemicalsthat assstintheremova process.

Journal of Environmental Issues and Agriculture in Developing Countries, Volume 7, Number 2, August 2015 67
ISSN: 2141-2731



Advanced trestment may remove more than 95% of the pollutantsin the sewage. The
treated sewageisthen discharged into surface water, or could be used for irrigation of
agricultural lands, or municipa properties, such ascity parksgold courses, or grounds
surrounding the sewage treatment plants. Advanced sewagetreatment isused whenitis
particularly important to maintain good water quality.
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CONCLUSION AND RECOMMENDATIONS

It can be concluded from theforegoing that thereisno sewagetreatment plant in the study
area, hencethe prevalence of sewagerelated environmental pollution concern. Sewage
treatment is essential and needs great and urgent attention from all environmental
stakeholdersasthe current practice of handling same has become asource of concernto
al. Inview of theforegoing, thefollowing recommendationsare put forward:

Vi

viii

A joint venture between aforeign firm with anew technology to sell and alocal
firmwanting to usethat technology isnecessary. Thiscouldinvolvetheforeignfirm
bringing initstechnology to assist thelocal firm solvethe problem of sewage
treatment. In such circumstances, thetechnology istruly transferred so that the
local operations and managers can take over the operations and master the
technology themsdlves.

Privatizing the sawage management would removethe conflict of interest that exists
between the State government whichisto finance and regul ate sewage treatment
worksandtheloca or municipa governmentswhich areto operatethemwhilethe
private sector runs and operates the sewage management, the State government
could regulate and enforcethe enabling law.

Thethreetiersof government should utilizeimproved technol ogy, implement better,
gtricter regulationsand enforcement, and introduceincentivesto encouragecitizens
and corporationsto restore and preserve waterwaysin the study area.
TheAdamawaState Environmental Protection (Effluent Limitation) Regulations
1991 which makesit compulsory for industriesto ingta | anti-poll ution equipment
for treatment of effluentsand chemica dischargesbeimplemented and complied
with by organi zations, industriesand communities.

The study areaneedsto adopt strong enforcement policy dealing with pure control
and discharges* polluterspay” principle, whereevery body contributing to pollution
paysfor the clean-up costs.

For the study area, municipal governments need to implement effective water/
waste/effluent pricing reformsbased on volumefull water metering. Only when
residential, commercial, and industrial consumersrealizethetrue costsof their
water useand wastewater generationwill they haveafinancid incentivetominimize
their use of water.

Thereisneed for privatization and regulation of wastewater utilities. Thismay
bring anend tothe conflict of interest wherethe State government finances, regul ates
and proscutes.

Introduction of incentivesin handling of sewageiscrucial. Thethreetiers of
government should utilizeimproved technol ogy, implement better Stricter regulations
and enforcement and i ntroduce incentivesto encourage citizensand corporations
toreserveand preserve Yolato waterways.

A regulation for effluent quality to bein placeand to be implemented making it
clear that if caught effluent polluterswill haveto pay penaltiesfor breaching the
regulation.
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X Improved technology hasto be designed to preservethediversity and productivity
of ecosystemsto minimize public health hazards and to permit desired uses of
lakesandrivers. Tertiary trestment with disinfection can achievetheseends.

X Effortsat ensuring better sourcecontrol of pollutionbemade. Dedingwith pollution
at itssource carriesmore effective and less expensive cost than attemptsto remove
toxinsat treatment, or to rehabilitate damaged ecosystems. The private sector
and the government ought to devel op technological and regulatory methods,
respectively, preventing industrial pollutantsfrom entering the sewage system.

Comprehensive monitoring of effluentsisdesirable. Monitoring isanintegral part of a

source control programme. Periodically monitoring effluentswould hel p businesses,

institutionsand industriesin each community to be aware of the happeningswithintheir
environment. Stricter monitoring of industrial sewer pollutershaveto beasoputinplace.

Sampling teamshired to spot check industriesand/or intelligent e ectronic sampling devices

located in sewerswould validate the results submitted by industries. Essentialy, public

education and outreach on the adoption and devel opment of technological processesfor
improving the present Situationin the study areaiscrucial.
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