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ABS 11~i\( 'I 

The project was based on ev,!\lIation or drainat2e \\ask\vakr ('()t" irrigation 1~lrIllS_ th,-' \\~Isk\\akl 

• 
was found to be highly polluted in all1lost ;dl its constituents which shovvs that the \\,~Isk\\ ater ic. 

not good fe)r direct lise ft)!- irrigation pllrpO'>l' d.S it will afICcl the crops irrigllkd \\ itll Ihl' \\;ltlT 

adversely, hence there is need for Irl'atll1ellt or the waskwater hcl'ore liSe to rl,dlll',-' tl1l' 

constituents of the wasleVia\(;r \ll the set ',tallliardc. lill' irrigat.jon !'arlllS . 
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CII,\I'TFH ON E 
" 

1.0 GENFHAL I NTHODliCTION 

Nigeria and Africa as a continent is presentl) Llcill~ a major li.lllli crisis as h,:illt,: 1\: !'(\ rll'll \1\ thl' 

print and electronic media in our daily Ill'\\S, ,I c:iluillion if nol properly handled \\ illl.':'l.'abll' intl\ 

farmine, Majority or ollr brmers depend sokl) ()II rain \vater Ill!' cultivalioll or llll'il ll(\!"'; 

because water is an cssential criteria ror optil1lul1l lTuj1 growth, Agriculture conSUI1ll.'S ~Ih('ut X~"" 

of water used from all SOlll\;e including l'rl.'l.'ipit'ltion, Lll'Il1erS hardl:- cngagl' ill dr\-Sl.'a,,<,11 

fanning as they is hardly adequate \\ater Ill!' l'onsumplioll and olhl.'r donll'stil' dlilil'.s I.dk llhlrl' lil 

using it for fanning during the dry-season. 

Lvery community produces hoth liquid ,1Ild solid \\ask. The liquid portilll1 ""sk h 

essentially the water supply of the community aner it has heen rouled hy a Varid) or llSl'S, It I': 

the I iquid waste port i on I hal is k no\\ II ;IS \\ asll'\\:lt0L Wasll'\valL'r lll<l\ hl' lk Ii nl'd : IS t hl' 

combination or liquid wakr carrying \Vask' pr(\dUCL' li'om residence, institutions, c(\ll)Il1l.'rLi~d ,lIle\ 

industrial establishment logether with sllch glOllml. surl~lee water and slllrll1 \\ater as ll1a\ hl' 

present (Ayotamuno and Akor. 1(94), 

constitute the following el1\ironmcnlal ri~,ls 

I. llealth ha/mds; in which disL';I~;I.'" ;lll' l';lIlscd by putilogcllic Ul'g.;lIlisll\s ill till' \\;]slL'\\;]ln 

ii, Nuisance; in which physical Ch;ll'dCll'IISlics like scum, odms cause ,I ps: cillllllt!iL'''\ slrl'''s 

in human, 

i' 



Ill. Ecological risk; in which the discharge or emuent in sur\:lce \\ <llL'r 111~') l'\cl'l.'d till.' 

surface purilication lIf the rccipil'llt "aleI', Ihis is p<lrtiudarl: dall~l.'\'ullS III till' ~Il\ll~'tl'-' 

life, 

IV, Agricultural risk: in which to\ic COlllPUUlllls in thl.' polluled \\alL'r call ad\ L'I'Sl'" ~tlll.'ct I It 1..' 

plant irrigall.'d with till.' \".akr frolll thl.' rl.'cipil.'nt strcams ()\' waleI' hudil''> (,\nhuL \ l)\)~), 

In view of this, thl.' immediate and nuisanec free rcm()v,d of waskwiltcr fro III its S()urcc Ili' 

generation followed by lreall11elll lIllll displls,t! is Illll olt'l), lksir~lhk but itlSIl il Ill'l'l'ssil:, 

Most developing countries lack c!'lCcti\l' culkctiull system rur dOlllesliL' :lIld ;I~i\\ in,lllslri,d 

waste, This problem will persist in so 1~lr <IS thl.'ir go\,crnment refuses to iltlurd ell\ i~'llllillelll~d 

sanitation and public health the desired clllL'lltions (!\gllll1wHmba, .2()() 1 ), 

There is need ror et'icctivc c()lkclillll S\ skll1 ror drainagl' \\asll.'\\ilter alld its 1I11illl;\lC 

disposal in a receiving \vater cost ill o\'(kr t(): 

a, Prevcnt the pollution or sur!iICl' illlll gl\lulld \\(Ill'l'. 

b, Reduce the spread Ill' disl.'asl.' call'>l.'d h\ pathogenic organisms in thL' drdillagc \\d,>te\\alC\' 

channel and sewage, 

These two reasons arc interdependcllt tll I Ill' c\tL'nl lhat the pollllll.'d hudy ot \\,Iter i" :1 

potential and frequently an actual SUlIIl'C uj' intt:clion, pilrticlilarly in d hut clilllille (Nigl'lid 

inclusive), Then; is n()w an increasing i\\\;ll'l'IlL>';S or polllltiml, ('(lntal1lilllltion or thl' l'll\irollllh'lll 

is most undesirable ill itsl:lr and th:ll IllL'C!SllI'L'S tu :lha1L' pollutioll should hl' \ iL'\\cd I'rolll ~lll 

ecological point rather than merely till' illlj1W\l'llll.'nt lh~v Ilwh' to thl.' Illlllltlll L'Ullditiull (t\LII'd, 
i) 

1986), 
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The treatment or waslcw<llcr therefore is to imj1\"()\'L' ,its quality. ~\I1d t',olld qu~tlil: \\~\ll'r 1\1I' 

house hold ancl other agricultural purpllses must lK' free or harmful hackria. s\.'dimL'nh. 

objectionable minerals. taste. odor etc. (J\d'.'ll)l'. 2()()()). 

These treatment are done tt)!' 

1. Excessive mim'ral conlcnt. hardness ill pClrliculClI". 

11. Acidity 

Ill. Objectionable odors 

IV. Sediments removal 

v. Contamination. 

collection, transfer and transportation. pl"\l\:L's~;illg ami disposal C1ctivities ha:;l'd Ull l'ngllll'erlnt,' 

principles at minimum environmental impilcts ilild cost. The ullimCile g()al or \\;:slL'\\alL'r 

management is the prolecliun or Ihe cm irlll1l11l'Ili ill ;\ manncr 10 CUIl1I11l'11Slll;\ll' \\ illl plIhli\.' 

health, economic and social concerns. 
,\ 

1.1 DRY-SEASON FARMING (IRRf(;ATION) 

Irrigation may he defined as the applil'~\lilln ur waleI' 10 suil 1'01' I Ill' purpllSl' u\' suppl: int', th\.' 

moisture essential ttlr plant growth. Il'Iigatiun plays a vital role in increasing crop yields and 

stabilizing production. In arid and SCll1i·~\rid rl·gillIIS. irrigation is L'Ssl'lllial l'l'lll\llillil~dh ,i"hk 

agriculture, while in semi-humid and hllmid ,!Il'as. II is lltten on a sllI'Pk'nll'nlar: hasis. 



1.1.1 IRRIGATION METIlOIlS. 

Many diffen:nt mdhods are used b) 1~llIlh:r~ 11\ l'rIlI'S. The) r~ll1ge I'rum \\~Ikring illdi\ idll~li 

plants from a can or water to highly autullldlcd irrigation by ~: centre pi\ot s: ~tel1\. Ilu\\l'\ l'l 

from the point of wetting the soil, these mdhods can be grouped under live headings, namely: 

1. Flood irrigation; water is applied mer the l'ntire tiekl to inliltra\L' into the soil kg \\ ilLl 

/looding, contour Ilooding, horders. Iw..,illS d.c) 

II. Furrow irrigation; water is applied hl'l\\l'l'n ridges (L'.g !c\L'1 and gralkd t'urn\\\s, C(\I1I(\l11 

concentrated. by capillary actiol!. 

i) 

Ill. Sprinkler irrigation; water is applied In the form of ,I spray and rl'achl's thl' suil \el'\ 

mllch like rain(e.g j1iJrtahk ami sulid sl'l sprinklers, travelling sprinkler. Sl'r~l) gtllh. 

centre- pivot system. t.Lc), TIll' rilk of applicati()n is ml.iusted so that it dOL'S nul cre:llL' 

ponding of water on the surface. 

IV. Subsurface irrigatidlL waleI' i~ applll'd 11L'llealil the mot I.one ill such d 11\,llllll'(" IIl<ll il \\l'h 

surface canal or buried pipes an: w·nl for this purpose. 

zone only (e,g. drip irrigation. hllhhkrs, l1Iieru-sprinkkr e.t.c). IT\,: applic;lliUI1 (",lie i:... 

adjusted to meet evapo-traspiratilln Ill'ed" s() that percolali()n losses arc Illillillli/l'li 

1\ 



1.2 WASTEWATER TREATMENT ANI> MANACEMENT STATllS IN ~I(;FRI.\N 

UNIVERSITlES. 

Wastewater colkcted from 11111nicipalitil's dlld l'()nllnunities Inust ultill1l1ll'ly he rl'!llrlll'd III its 

,) 

source or to the land, It is how~~ver unliJrtlilldlc thilt Nigeria has nut c\ellrly l'stahlishl'd ernUl'llt 

standards to ensure that the streams and \vak'r Clllil'Sl'S do not become unsuitable Ill! their prl'sellt 

uses, In recent times. industrial devc\opllll'11I alld llie growth or cities in the country has led t() 

increased rate of pollutant discharges into ()ur \\akr courses (Ojukwu. I l)l)()), Ihl' u~:,-'s lll' the 

_ water courses (river and stream) inclu& li:-,hillg, ilriglltiun. ClIttle gr~\ling. IlIumlr: ~llld rl..'ll\:~lli\ln. 

Most towns, communities or industries ill Nigeria and developing countries eUllsider trl..'~llill~) 

their wastewater as a wasteful venture, llellce it is very convcnient to disp()se its \\dStc\\dLLT 

from communal premises \vithout paying alkllti()11 I() Its tl)\,ic errcct 011 our agricliltllll' LUld 1,\1' 

level of pollution, Ilmvever. some higlh:r illstitutiuns in Nigeria ha\e mer the: l'drs killg 

involved in establishing or c(lnstructing \\<lstcwater treatment plants which ~lrl' bl'illg il1lpnl\l'd 

upon, Some of these higher institutions arc: ,'\1lI11lldli Ikllo llniversity (i\,IU I) laria. k~ldlilla 

state, University of Nigeria Nsukka. \-:tlllgu stlllc, Obal'cl11i ;\wol()\'vo llni\lTsit\ Ik- Ik. l)sull 

state, (Agumwanba, 200 I) 

1.3 STATEMENT OF PROBLEM 

, 'I )111 The lise of wastewater for irrigation ''vll~, lirsl practice ill /\IlCIL'lll i\IIlL'IIS III Inid \ L'l'llllil') 

without regards to unplcasimt condition pllldllL'l'd ,It Ihl' Lmnland (lluLII1 I l)tH)). Ihis \\;IS till' 

only way to its displlsal. In most dCVl'l()pill~ L'()lIl1tril's (Ni~eria in\:\lIsi\ej, I'armilll:' ',;,')tem 

depend solely on rainl'<.lIl. which rl'strict productiun ul' lilOd only during Ihl' r~lin:-- SI..,<lSUll, \\ hL'l'I..' 

as the population and the demand 01' this lill ,d is UI1 the inLTCHSl\ a lypiealc.,amplc 01' \\ hich most 

s 



of the Africans countri~s including Nigl:ri~1 is l'\I1L'ril:ncing \l.)ot\ crisis as 1\:l'orll'd \1\ \ his da\ 

newspaper dated June 8 2008. 

The need for waste stahilization pond for Hosso campus of Fl:deral llnivl:rsit) 0\' ll'l'hnlll\)~l> 

Minna is a challenge that should be Llu: \\ ith ~dl seriollsnl'ss. The I11l:thud 11\ ~dl(l\\ jn~ . ' 

wastewater to now in open drains and to bl' di,>chall!l'd into the I:l1virol1ment PllSl' d risk til thl' 

resident of the community. 

Untreated wastewater discharged into (ill' I:nvironml:nt are stagnant and pl'll\ idl' ;1 LI\ \\Iahk 

breeding place for mosquitoes, which al'l: ~1~el1t I'llr transmitting dise~bl:s such ~b in,\hri~\. 

dysentery, diarrhea and related aliment. 

The problems associatell with thl: USl' llr domestic \vas(e\vatl:r \\hich .al'l: mustl> \11 upl'n 

drains ror dry season farming (irrigation) jlll·lud\.: 

I. Assessm~nt of its pollution pOt\:l\lial in mLllT 10 establish the likely dlCets ul disclldr~e 

on receiving 1~1l'mland. 

2. The type and degree or treatment. \\hieh would he reqllilnl 111 \Jrlkr to I\:ndcr tlw 

wastewater harmless. 

3. Assessment or stren6th and Ill)\\ rat\: in ordn to levy thl: dischar~e \\ ith an ~ippruprialL' 

treatment charge. 

4. Design of storage reservoirs to assure nl:Cl:ssar) (reated domestic \\ask\\akr l'l'Ilucnl. 

implementation of the projl:et. Thl' trl:a(ml'l\( ml:thod should pWlitlce an I:i'lhll:nt \,ith a qllalit) 

that meet established guidclinL's. hut \\ illl the minimum dlwrational ~\I1l1 ll1C1illl,:nilI1C\: 

l'l 



requirements, In this n:sp~ct. "'.ask stahili 1:ltillll pUlllis arc sllperior tll cum l'ntillll,d prUl'\..'sse" 

(Mara 19R6), 

As simpler a wastewater treatment pr()c~ss is, til~ greater the likelihoud that tile re-lISl' 

scheme will be slIccessful provided the syskl1l is prul'~rly managed, 

1.4 AIM AND OBJECTIVES 

This project is aimed at prot'ICring \\akr supply problem to tlK' uniHTsit) L'()\11I1lllllity I'llI' dr: 

season farming, It is also aimed at seeing the h~st treatm~l1t method 01' \\ask\\ elkr rrUlll till' 

major drainage that passes through the Bll~Sll lelmpUS that will h~ collected at a pllillt (I'l'ild), 

The objectives of the project work include. 

1, To evaluate the constitucnt eOl1lpusitilll1 ul drainilge \\Llste\Vater \\ ithill the arl':1 ul' stud), 

.., To ddcJ'lllillC Ihe h<lcleriologil':tI P:ltlll)!'l'llic p"r:lllll'krs ill till' illlllll'lll t!Ullll'stil' 

wastewater, 

3, To determine the Ix:st treatment Il1clhlHi I'm the wastewater tu mahe it suitahle IlII' dr\ 

season l~lrming, 

4, To make rccommcndation on the types llr crops that C~\I1 pruduce uptimall) \\ itil ille 

quality or erlluent. 

1.S PRO.JECT SCOPE 

In this project, a waste stahilil.atioll poml will he designed ror the treatmcnt 01' dr,lillagc 

Waste water and supply ror drY-SetlSllll lill"lllillg "I) tiS to boost IllOd prudul'tillil Illl' thl' IHht 

community, for the purpos;.' ot'this \\ur". I Ill' \\aslL'\\atntll he USl' is I'I'lII11 tl,,: main dr:\III:\~\..' thai 

passes through the school (Federal llni"-'1sity oj' ICl'I1I1olngy Minna. I~oss() camptls.) 
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CIlAPTER T\VO 

2.0 LlTER\T\iRE REVIEW 

2.1 INTRODUCTION 

Wastewater colleeled li'OIl1 ll1unicipalilil's "Ill! Cllmnllll1ilies musl ullimakh hl' rl'luI"lll'd h) 

their receiving waters or 10 the land. Although Ihe cullccliun or slorm waler rrom drainages dates 

back from ancienllimes. Ihe collcl'lion or\\;l.sk\\aler can only be traced 10 Ihe l'ar!) I~(II cl'llImy. 

development of Germ theory by Koch and ]>asillcr in the latter hall' or the Illlll \Xlllul'\ 111~lI I,> Ihl' 

.. ~ 
relationship or pollution III disease had olll} hl'ell Llinll) ul1lkrstuod. and Ihl' ~igl1S \\1 haclcri~l. 

than in its inl~U1cy, had not been applied to the subject or \vastewater treatment. 

in the latc 80's because the extent or tlw Iluistlnl'e l';!used by the discharge ur lllHrCdll'd \\ask 

water into the relatively Imge bodies ()r"<lln (c\lIllp:lrl,d to those in hlrllpe) ":IS n()t se\cre. and 

nuisance and health conditions brought ;Ihout all incrl'(lsing demand IlH lllllre crkclih IlW:ins lit 

wastewater managemenl (Agllmwanba. :2()() I) Illl~ impracticahility or procuring sul"lit:il'lll <lrl';}'; 

intensive methods or Ire'ltmenl. 

With the new approach to trelltml'nt :lIld disposal ()r waste\\<lter. therl' l'"il :t Ill;\rh,d 

difference in wastewater disposal bct\\e\.'n communities in de\'l'loped u)untrics ;\Ild thusl' llr till' 
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developing once, In the develooed counlri,-'s. \\astl'\\ater ertluents sllch as domestic, industrial 

and agricultural ml,~ discharged through s,-'\\,-'rs. hllt in dc\cluping cllllntri,-,s likl' Nig,-'ri:l. 

wastewater ef1luents is discharged untreated \\ith disease carrying mgani"ms ~llld tll,-:i,-' 

chemicals through open drainage with acull' hl\llth dkcts, llntreated ll\unicip~tI \\~lstC\\i\ll'r Gill 

.\ 

Decomposition of organic materials can causc lJ\;ygen depletion in I"kl'" or S,-',I r,-'slilling into 

releasing of foul smelling t'dses and thl' IllItril'nts in the waste\\illL'r ;ilso cillltrihlllL' \I) 

eutrophication (W.II.O. I ()l)9). 

In the developed countries, then: arl' c,-'Iltral i/ed wastewater system a III I SC\\ nO, arc l·· 1I lIh:ckd 

to common treated plants were they are lrl'all'd 10 meel illteJ'l\ational qualil~ sl;\I1L!ards h,-'Illre 

being disposed into the environment <IS a sel'ulllbry diluent. l\yoleJ11Unll ,\I1d .\kllL (1'Il)-I) 

acknowll:dged this 1~lcl lIsing IZio Ik (ieIIU'() vii), \\!ticll is lip III c!cH'n .llIilli(1I1 [ll'()Pk. Illl' 

countries is undertaken hy implementing sllund l'n\iJ'()llll1ental strategies and ll'chnic:tI ,-'\p,-Tti"l' 

such as environmental and wastewater 11l<lIlagclllcllt at national. iegiunal a III I l(lcal Ic\cl" along 

the local initiatives (1lamhraecus, :?O():?). 

In contrast to the vvastewater managl'nlenl in the developed cuuntrie", tlte \\(JslL'\\all:r 

management in several countries is determined by otllL'r prevailing ractor~ oj' gllVCl'l)lI11,-',-'. had 

regulatory and cconomic policies. indppr()prialL' lL'cllllll\ugies, insul'llci'-'III klIO\\ kdgl' ;tlld 

effective municipal wastewater management. [n most undeveloped e()lIntr: '-'iti,-'s. 11111llicip:ti 

government lack institution capacity l() carry llul el'l'celive municipal pllll1l1ing ,lI\d \\<ISll' 



management and to routinely prnvide l'll,:cll\C sewagc and drailla~c sel\lCCS (:\gulll\\;ll1b;1. 

2000), Poor co-ordination or puhlic illl'r;ISlt'lh'tllll' at dirkrl'nt k\cls llr gU\l'II11llCI11 \';IUc,,'S Ih,' 

failure of most government to providl' lI1sul'ticiCI1l cducation ur tll includc CI11ll111111111\ ;llh\ 

private sector participation in the desigll, plalllling and pr iI1lplerI\l~ntatioll or SC\\ agl' dnd 

drainage services (Masor, :WCnl. 

An obvious prohlem 1~lcing thc dC\l'l(lpillg countrics in promoting hetkr S;lllitaliull I'> III 

identify and to provide appropriatc tU:illlology 1'01' wastewalcr l11allagenll'lll (( )gllllJ'()hi 1I11<1 

Onuona, 1986), In thc poorcr countril's Ill' Ih,' ,,'.odd, cspl'Ciall:: in thl' humid IJ'opil';d 1\'~~illllS, 

Nigeria inclusivc, with the cxccption or S(llll,' c()lIl1lries in the South I',ast ;\,>ia, impll)\ Cl1h:1l1 ill 

wastewater management have heen quitc slow, 

2.2 WASTE WATER ANI) ITS (,()~IP()SITI()N 

WHstewatcr is ddincd as any \\<lll'l Ih<tl il;IS becn <tdvcrsclv <tl't'~'l'll'd ill qualil> \1\ 

anthropogenic inl1ucnce which Cllll1pnSl'S (ll' liquid \\(lstc discharge hy dUllleslic r,'sidellel'" 

commercial properties, industrics ,llid dgrinIllllll', It l'llCllll1lXISSCS ,I \\ idl' r(lllgl' u,' PLlkllli:!i 

contaminants and concentratiuns, In till' Illo,>l l'UlllmUn usag.e. it relel'> III till.' 1111lllicip~d 

wastewater that contains hroad spectruill 01' cont<lminants resulting rrul1l thl' mi"tllJ'l' ld' 

wastewater from different sources (Br<lll), 11)(J.)), 

Fresh wastewater is a gray turbid liquid \\hich has an earthly but ollel1sivc odor, ItC()l1taills 

largely Iloaling or suspclllkd solids (sul'h as rd(!S. pl<lstics COII\;lillcrs, Ill(li/l' l'l),'" l'.ll') sl\l,I1kr 

suspended solids sllch as (paper, vegl'lahle Iwels c.l.e) and small solids ill l'ulluiLi,d i,c, nUll 

settleable suspension, as well as pollutants in true solution is objectionahle in appl'<tralll'C illld 

.; 
ID 



organisms it contains (tvlara, 19X(l), In the IlIlt elilllillL' ,lreilS \\i\ste\\<llcr (,Ill SOOII Ill:-'l' ilS (lllllL'111 

of dissolved oxygen and so become stale llr sl'ptil'. SL'\)tic wilstewalL'r has tilL' musl llrii.'ll:-,i\l' 

odor usually of hydrogen sulphide, 

According to Metcalf and Eddy (1979). composition rL'['crs to the actual anllllltll nl' ph~ siLal. 

chemical and biological constituents in wasll'\\alL'r, 

2.3 PHYSICAL COMPOSITION OF \\ASTEWATE 

The most important physical characteristics o[ \vastewater are its total solid (unlL'IlL \\Ilich 

compose or l10ating matter. settle ahk IlWIlL'I. ,ltld L'lllloidal InatlL'r ill slliutio\l, ()IIl'.'1 :llqhllLItII 

physical characteristics inelulk: odor. tclllPL'ldllll'l:. l·U\Olll. 

A. TOTAL SOLIDS 

Analytically, the total solid content or iI \\asle\vatcr i~; delincd as all the matler Ihal reilldin as 

'd 'I 1 (),.., (Ie I -II, I I " -resl ue upon evaporation )e[ween ,) III ()), matter t 1at 1as a slgntllcanl \'apur preSSlll .... ' at 

this temperature is lost during evaporati()n alld is not dclined as solid (Meltealr dlHI hldv, 11179), 

Settleable solids are those solid:; tl1<lt ",ill :-'l'llk <It the hottom 0[' a COlle shaped l'Ulllailll'\ (l"t1bl 

an inholf cone) in a 6(j minute periud, sL'llleahle slliids an.: an appru~il1lale 1l1l'aSlIrL' ll\ IIlL 

quantity to sludge that will be removed by primary sl'dimentation, 
i\ 

B. ODOR 

Odor in domestic wastewater is usually caused by gases produced b) thl' deC()mj111sitilln ur 

organic matter or by suhstances added to the \\aslc\vater. I:resh \vaslcwalcr IIlIS a dislill(ti\e, 

undergone anaerohic (devoid Ill' oxygen) dL'l:umpll:,itilln (Meltcall' and hid). I lnl)). I Ill' mosl 



2.4 CHEMICAL COMPOSITION OF WASTEWATER 

The chemical constituents that make up the eheillieal composition or \\aSlc\\~I"-,\" illclude: 

organic matter, inorganic maLkr and gases. 

Organic Matter. 

In a wastewater of strength. about 75% oj' Ihl' sllspended solids and ··WO'o uj' the lillL'r~lhk slliid 

are organic in nature. Th~se solid arc deriwd j'rom huth the animals and plant kingdoms dllli the 

activities of man as related to the synthl'sis Ill' organic compounds. ()rganic CUIllPUlllld arc 

normally composed of' a combination 01' CilrhlllI. hydlugcll ami oxy/:,en [(l/:,ctilci \\ illl nitlllt:'CII ill 

some cases. Other important clements such ~IS slliphur. phosphorous ;\l1d il'lln mLl\ :li"l) k 

present. The principal groups or orgallil "llh:;I<lIlCCS !illllld 

carbohydrates and 1~ltS. lire;" the chic! (llllSlilllCIII or unne. is anotill'l' inl!111rl;\Il1 lll'i!:lni( 

compound contri buli ng to wastewater. 1 keatlsl..' it (kn lIl1poses so rapid 1 y, un-dec()l1lpused urea is 

seldom found in other than wry fresh "ask'\\;llLr (l;\(), 1 ()9'2). 

Along with the proteins. CtlrhollydralL'. Llls ~\I\ll lIn . .'a, \\astc\\atl'l' l'llllLlillS slll~tli ljll:lllliliL's ul' , 

a large number of different synthetic mganil' nwkcuks mngll1g rrom simpk to e.\.llem-:I: 

complex structures, Typical example illClll\k.., surl;lctanls, organic priorit) pu1llllanh, \\)Iatik 

compounds, and agriculture pesticides. 

Inorganic Matter. 

The inorganic constituent of wastc\\~llcr is composed or chlorides, he~l\ \ lllClals, Ililrllgl..'ll. 

PH, phosphorus, sulphur. alkalinity and I',ri()rit) plllllltan1. SC\l:ral inorganic l..'Ull1pOllellls U\ 

wastewaters and natural waters are important in establishing and controlling \vater quality ,I Ill..' 

with which the water comes in conlact ,mL! h\ thl..' \\<lste\"Lllcl. lreClted ul lInlreak,1 lhat ClIC 
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discharge to it (1".1\0,1992), W,lstewall'rs \\itll till' l';-.;ception ofs()ll1e industrial \\~ISle elrl' Sl'ldllll1 

treated for removal 01' the inorganic eOllslilllellls that arc added to thl' circk, CllnCl'lllralilln ul 

inorganic constituents are alst) increased b) the natural cvaporation pruccss, \\ Iticil rl'llll)\ l'S 

some of the substances in the \V:.Iter and ka\cs tile inorganic subst;lnccs in the \\ ~ller, I kcallsc Illl' 

concentration of various organic constitul'llis can )}Yl'atly arfect the bcnelicial lISl'S or tltl' \\;llL'rs. 

it is well to examine the nature or so 111 l' ul thl' constituents, particularh thuse adlkd III thl' 

surface water. 

Gases 

Gases are mostly found in untrl'atl'd \\;Istl'\\,lkr,1 he g(lses cOlllnlllnl~ Illlilld ill lllltrl'~lkli 

wastewater include; nitrogen (N 2 ). UXY!:'l'll (O'l, carhondiuxiLic (CU;), llyLlnl!:,cllslIil'itidc('<II.1 

and methane(CH~) (Metcalf and hid" 11n l »), Ihe lirst thrl'e are common g,ISl'S \>1' till' 

atmosphere and will be liJuml in all watns c;-,;posl'd to air. The laller two arc dcri\l'd i'r1l1l1 till,: 

decomposition of the organic matter present in wastewater. 

Although the constituents that m,lh' lip cllelllic,tI composition or \\ ;ISle\\ ellL')' arlO st,i\l'd 

above, the category that are of primm) implll'tance in both the design elnd operatillns III 

wastewater treatment plants and the n1<lnagcmelll or \\:ater quality is the urt'-dnic c\)nlenl. I'h,: 

oxidation (BOD and COI)), 

According to liN Department 1(1)(), \\,Isll'\\akr arc usually trealL'd b\ sllppl: tlwlll \\ itlt 

oxygen so that b,1Cteria can utili/e till' \\d:;k as rood, B<lsic;t\ly, thnl' <ll'l' tlUl'l' \\~I\S III 

expressing the oxygen dC111<1nd or wasIL's: 
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Thcorctic~ll Oxygen Demand (Tholl). 

This is the stoichiometric amollnt or 0') !:-,l'll n:qllircd to o,idi/e the Ilrg;lIlie l'r;Il'lillil uj' ,I 

organic fraction completely to carbondi()\ide ,llld \\illCI (liN Ikparll11cnt Il)(){J) W,h(c\\;IiL'r is 

usually so complex in nature tlwt the Tho]) C,lIlllllt k cakllLIll'd in practice. il is appn)\illlalL'd 

by the chemical oxygen demand (COD), 

Chemical Oxygen Oem and (COD) 

The chemical oxygcn dCllwlld of the waslcl\i1kr i·; <t Ille<lSlIrC or I Ill' O'Y!2-l'l) l'qlli\ ;dCllt ol'tlll' 

organic matter susceptible 10 oxidation or a sll'llng chcmical oxidatioll, (Agllll\\;lll1ha. :::()Ol), 

This is obtained by oxidizing wasll:wall:r witlt ;1 hoiling acid Dicilwl1l;llc solutioll, Ihis pllll'CSS 

oxidizes almost all organic compollnds to c;trhlllldiu\ide <lI'IL! \\all'r. the l'e;lctiull lIslI;dl:-. prlll',,'ss 

to more than 95°;() completion (\1ara. 19X(I), 

Biological Oxygen Demand (BOI» 

> 
According to Agllnwamb:l. (20() 1). Biolu!:-,ical (h)gl:n Demand is the Illea:-.;urc of till' (h:-. g,,'11 

required to break down orgal1IC matter hy Illicru ()l'g<lnislll ror a period or li\ l' dil):-'; ill :::()\, It is 

. also a measure of the concentratinn or hillLiet'l'adilhk urganic matter in a \\a:-.;le\\;llcr lISllall) 

expressed on a five day. :20\ basis rur C,III\l'llil'IlCC. hccause \3( )[), is casicr to 111 ,,',h 1I l'l' lh,lIl 

ultimate BOD (BODlI) (Mara. ll)X(». 

2.5 BlOLOCICAL COMPOSITION OF WASTEWATER 

The biological constillll'l1ts or \\;lsll'\\<lll'r composl'd ()r hactcri~l. \Iruse:-,;. dlgd,: ,llll! 
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Bacteria 

Bacteria are single celled prokaryotic l'ubacteria, Most bacterial can he grouped intll I()ur 

general categories: Rod. Spheroid. Curved I~(ld or Spiral and l'iLlIl1entlllls (f'.lctcall' ilnd hld\, 

1979). 

According to Mara (\986), bacteria ,\I,,' lIsually classilied in one uC the 1()lhl\\in~ triblllL':-, 

according to the range in which their (liltillllllll tl'mpLTatllre occurs: ps~ ,'IHllphili-; ~()"l', 

Mesophilis 20-45 "c, thermophilis ->45 "c, 

> 
The bacterial or imporhulce in the al"l'ohic treatlllent or sewage arc the rod sh;'1K'd ,lIld ror 

facultative are mesophilic, It is import,lI1t to know that they arc e"eellent u\idi/ers 01' lk;ld 

organic matters (Saprophytes) that gnm e\trel11c1) \\l'lI in sewage, The: are all capahle 1>\ 

exuding a slummy llucu\ent layer which ill SllnH' treatment unit (eg, acti\ated sllIll~e) is ,Ill 

important mechanism in the treatment prlll'l'SS (IVLlra l()Xh), ('olifml1ls and illtestinal h(ll'terial lIll 

system. 

Virus 

Viruses are ohligate parasitic particks c()nsisting oC a strand 01' gL'l1L'tlc 11l:1ll'li:t\ 

deoxyribonucleic acid (DNA) or ribonuckic acid (RNA) with protein coat (f'.ktcalr ,1I1d hld\, 

1979), 

(' 

i.e. they do not have the ability to synthl'sis nl'\\ compounds) during 121\)\\ th: till'} rl'prnducl' \1\ 

invading a host cell whose rcproductl\" pillcesses they IL'dirl'ct tll 111""l1lilctur,~ nHliL' \ irll\ 

particles (Mara, 19X6). They arc e\trl'llll,1\ -;111<111 (abtlut O,02-t),2 1I111 111llt') ,lIld \\ IlL'll tll"\ 

. 
behave as stable chemicals Il)o\ccllks ,1I1d tllll~ call rellwin illacliVL' I'lli' 1\\,111\ year,>, 
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Algae 

Algae arc mostly multicellular photos) IlthL'lic orgallisllls, which arc e.'\trelllel) \ ,llinl ill thcir 

shapes and sizes (Mara, 1986), Carbondio.'\ide is used as the source 1\\1' tIK- s)llthe"is or Ill'\\ (l,1I 

and oxygen evolved from the water by the cla""i( mechanism or plltnl ph01U:-,: IHlll',I:-', 

Algae can he a great nuisance in SurLI~'l' \\ilters because, when conditIon "rl' rit!.hl. the: \\ ill 

rapidly reproduce and cover streams, lake dlld rl'sel'\oirs in large Iloatillg c()lllllil's (,tiled hlu()llh 

Algae hlooms are lIsually characteristiclll" llr \\ Illlt is c<tlled a elltrophic lake, ()I' a Idkl' \\ itll high 

content of the compounds needed fur hiological gl"l)\\ th, Because em uent rrulll \\lI:,[c\\ CI[c1 

treatment plants are usually high in hiologic,tI Illitrien\s, discharge or diluent" III 1,I"l'S (<lUSl' 

enrichment and increases the rate of eutrophication (;\thur, 19(8), 

Protozoa 

Protozoa are single celled cucaryotil' Illicro-oq:'-Clnislll \\ilh Ixll \\;tlls, I hl' Ill;\IUlil: \11 

,) 

protozoa arc aerohic or facultative all'I\.:r()hic chl'llllltrophs, The prot%,\ or illlpnrlCllll'c III 

wastewater engineering include amoehas, ILtgell<l[c", alld free-s\\imillillt! dnd st<llh'd ;tllid[c:-' 

Protozoa teed on hacteria tr'~atment prOl'l'''Sl'S allL! ill till' purilic<ltioll 01' slreetllh heC,IU"l' Ih\..,\ 

maintain normal balance among the dilTerl'llt groups ()rmicrn-()rgdnisll1 (1:,\0, ..:'(H)..:') 

• 
2.6 WASTEWATER MANAGEMENT 

Wastewater management is (klil1l'd ;IS till' l'()l1trol or W,ISteW<ltlT gl'lll'Lltioll, slllr,lgl,', 

collection, transfer and transportation, procl'sslllg allli disposal acti\'ities bascd on engineerlll!:, 

principal at 1l11I1lll1111l1 en\'irnnmellwl illlP<lCls and cost.· The ultimate gUlti III \\;\S\L'\\illL'I 

management is the protectiol1 or the ell\ irllnllll'lll III a milllllcr III COlllilICI1SllldlL' \\ ilh j1uhli,' 

heath, economic and social concern, 
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There are three constituents and ill\l~r rebted aspects or waste'\illcr l11<1n<lt'l'l11l'nl. I hl'''~' 

include: wastewliler collectiol\, waslc\'villl.'llll::t1lllelll ,llld \VLlslL:wdter re-USl', 

2.6.1 WASTEWATER COLLEtTI()N. 

It is nee(,:ssary that \\astewater he inili,dh c()llected at H puinl hel\l1l' Ire<llnlcnl C()I11Il1~'nc\:". 

The collection of the domestic waslL:watlT is hest achieved hy full se\\l~rage (w alcr-l:aITi<l~l' I n ~ 

system, 

Wastewater conveyed III pipes kno\\ll itS Sl'\\l'rS from its place 01' prllductioll tll its pLlCl' \II 

treatment and disposal. I~xccpt \\'hen Sl'\\,It!l' is trl',lkd, septic tank \\hich i~; sitll:lted closl' tll lh~' 

hOllse or hOllses where the sewag(,: el11<111<l\cS, the pipl' IH:tv-,'ork, which clll1lpri:-;,_'s tll~' I'Cll'nlioll 
• 

and trunk sewers, is usually consillcrabk during hot climalL:s by haying Sep:lritk III' du,ti "l'\\d~~' 

system or sanitary sew(,:rs, which carry lllt!) sturm \\(ller (Agul11wanha. 2(}() I) 

2.6.2 WASTEWATER T!~EATMFNT. 

is suitable whatever re-lise process is "elected lill' it. Wastewater may ellnt<lin pallillgl'nic 

organism, organic and nutrients, llellcl' \\dS[c\\illL'r Illust be treated hell)\'(: di,)l'hitrgc in order it) 

prevent pollution or the surl~lce and 1I11dLTgrllllild \\iller sources, \Vas!L'\\;lln ~'.'l'rh hiolut'-il'al 

oxygen demand in rivers. which depletes u,) gen thereby starving aquatic ll\"g:lI1isl11 Ill' ll"~ gl'\1 

Besid~s being rich in nutrients (main" Ililrut'-l'n and pi1osphllrolls) \\astc\\:lln i~ gl'ncralh 

treated by supplying it with Ilxygen so {hilt h<lelL'ria may utili/e the waslL' as I(lml (.\gull\\:lmh:1. 

2001). 

Wastewater treatment IS a eomhinalilll) ul' physical and biolugical p\"llCeSSCS which. 

occasionally chemical prol.'l'SSCS are additillilally l'mplu}nl. Till' C()1l11l1Ull pl1\ sil',,1 p\"llel'SS IS 

screening and the removi,! or grit ,1I1d m)..',ill1iL' sllspended soils by scdil11l'I1(<lli()l1. Billlogil';1i 
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methods ofwllstewalL:r tr~atm~llt particlilalh ill Ilut clilllllll's. Chemical Procl'sses <Ill' 111\1 IH)\\ ill 

common use, although considerable interest is being, shm'ln in physiocltcmical rl'clalllatiun ul" 

drinking water hom sewag.~ diluent (VlllLiilllir. 2()()(}). 

Agunwamba, 200 1 summmi'~l'd the Uh.ilTli\ l'S ur \\ClslL\\ater treatment as , 

(i). Reduction of biochemical oxygen demand 

(ii). Reduction of sllsp~nded solids. 

(iii). Destruction of pathogens. 

(iv). Removal of nutrients . 

(v). Removal of non-biodegradahle compuullLis 

(vi). Removal of toxic compounds. 

(vii). Removal of dissolved solids. 

2.6.3 WASTEWATFI{ RE-USE 

The responsible re-us~ 01' sewage erlluellt in agriculture and crop irrigation 

significant contribution (0 community /"ulld stlpply and h~nce its gell~ral sucial dl'\' 'Iuplllenl. 

) 

Industrialized countries may afford tu \\Llsll' (ill' nutrients in se\\age l'l'lluellt. hut tr(lpical 

developing countries genera II y cannot. 

Domestic sewage is usually considered an actual or potential pllilutant. but in many s()cieties. 

it is in fact a scarce resource (Mara, Il)X(l). 111 (miL-r tu prevent tlK' pullutio11 \)1' surlill'C \UILrs. 

treated wastewater is lIsed to produce sunK' tangihk and henelicial end producl. I ill" prilll ir,d 

rule for economic re-use or sewage erfluellts is in protein productinn either as irril,!<ltioll \\atcr or 

by stimulating the growth or algae and lish 
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Effluent from sewage trcall~'lf;nt plllnts all' ulh:n lIsed in irrigation especiall} in ad\ anced 

countries (Barton and J\rioson()IL Il)X7: '\t'lll\\\ al11h<l. :2()() J), Till' ad\~II1I~lgl's ul sUl'h II:USl' 

include water conservation; by re-lISC, portahk wakr can be conservcd for alkrnati\e Ll~es: 

lower income generated brIner:; \\ho cannot alToI'd organic fertili/ers I'ur their Lmll Ill!' morc' 

than one season, thereby incr~asing prndllclilHl of a \arid)' ()r foud and rcdnel' em irl)ll111l'nlal 

pollution, However. slIeh ertlucnts re-use nla\ bl' associated with the risk uf lranslllissiull ur 

communicable diseascs, ~lcellnll"ali()n or ll)\il' cl1l'lllicals in I()()dstlll'i's and s,tll il1-;uii: ~lIld 

pollution of surface and underground water SOllrl'l'S, 

2.6.3.1 EFFLUENT RE-USE 

It is generally impossible to rC-lIse \\ aslL'-walcr completcly or illliclinitcl), lile 11el'L1 lu 

conserve valuable \vater resources hy ernUel)l re-use arises from the general "cLlreil~ III' "akT ill 
} 

the tropics and the high cosh of devel()ping ne\v \valer supplies, 

Effluents re-use may be classified according III USl' as 

1. Municipal 

2. Industrial 

3. Agricultural 

4, Re-use in aquaculture 

5. Recreational 

6. Ground water recharge 

.) 
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Municipal 

Direct re-use or lr~ated WH~er as drinking \\ater. alkr' dilution 111 nalural \\~Iter" III Illl' 

maximum possible extent and alier coagulatlo/l, liltraliull, ami Ill'lIl;' l'ltI(llillalillll I( II 

disinfections is practicahle on an el11~rgency hasis (fVktcal r and Eddy, I (nl) l. 

An effluent which has recei\ed ll:rtiury tll'Cltmenl is suitable ror \\atering \1lunicird park" and 

golf courses. It is orten cheaper 10 lise emllenl I'm these purposes tlWll rull) lr~akd \\ ;Ikl ]lle;llll 

for drinking. 

Effluents can also be llsed in municipal li~;ll pOlitiS to r~placl' e\'~\poration lo"cs ~111l1 prm iLll' 

nutrients (Mara, 19~H)) . 

. Effluents rc-use in Industries 

The use of wastewater in industry is ol'tl:11 practiced as a mcans Dr minil11i/ing cllSI ur \\~Ikr. 

the most common example bell1g the serial re-use ul' lh~ waslcwater or nnc pnlcess "" cuuling 

water to another. For example, in the brC\VlT:>, wall'r lIsed ror cooling is in must cases recycled 

and water from washing operations in the c(lld roOlllS Illay lind its application as lirst \\;ISII \\;}kr 

for other processes. Somc ernllcnts or rairh ck<ln character h(}v~ he~n lIsed LIS clluling \\~IIlT hut 

this practice is not widesprcad in woling t()\\LTS (['dllra. 1996). 

Effluents re-usc in Agriculturc 

This is mostly restricted !t) crop irrigaliun. Sluck watering is not recommend,:d h,-'c;llh~ ul 

health risks to animals, Two major consideratiolls. \\hich govern the suitahility or ~11l emlll'llls 

• 
for irrigation arc the chcmical quality alld til~ pOlL'llti:t1 risk to public Cdll hl'sl k prlllL'l'tl'd h~ 

restricting irrigation with wils\cwaler to l'lTt,lill crllPS, so Ihilt \\(Islewilter \\ill l1ul C()llle ill 

irrigation of fruit bearing tree is usual!) s~lk. \\ here ;IS spr<l) irrigatioll i~; nul. It is !i1nel'orl' 
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esirable to restrict wastewater to crop used lill' lillder and industrial purp()ses. I I" rullkr crups nr 

lasture are so irrigated, there is ri~.k that cat! Ie \\ i II be inkcted with larvae of tile bl'e t !lIpC\\ tll·lll. 

eania saginata (WIIO. Geneva, I lJ7'cl). 

Irrigation areas should be farmed 111 onl' lInit tu which unl)' trained \\urh'rs Illl\e ~ll·l·l'SS. 

Jnder no circumstance should such area be in thl' hamb of small holders. \\ here dual ~\ ~lcm Ill" 

\\later supply pipe would be necessary. Suuller or later cross connections \\ould occur. or 

children would drink from the wrong t,IP (W;ltsulI. I !)')2). Raw waslewater should not hl' uSl'd 

for irrigation because or health risks associate \\ illl those working on such irrigatioll schel1ll's ~\lld 

the general puhlic that may consume lhl' prut\lICl'. llsillg trl'ale,\1 el"llul'llt r;lthl'l llillil 1';1\\ 

wastewater will hest protect th·> health or raml \\orkcrs. And risk ()f public is bl's! l1linillli/cd h~ 

restricting the use or treated diluent to the irrigatioll or industri,d hand lillder cl"ll~s. I~,\\\ 

Eftluent should never be used to irrigate crops thllt ;Ire eatell raw. 

Effluent rc-usc in Aquaculhll·c. 

Aquaculture means the growing or plants and animals in water ror their e\cnlllal hlll'\l'sting 

as food, either for man or domestic animals. I he dcnse algal blooms in \vastc stahili/atiol1 ponds 

do not only provide oxygen for the bacleri,l (l\idalioll or lhe·el"llucnl w'lsle\\alLT. thl') ;Irl' ;d:;o 

available food source heing approximately )1) PCI'Cl'llt prutcin (Mara. 1')Xh). thl' t!li1\\ til tll' alga,,' 

in ponds is a highly enicicnt proecss with prtllL'in yields Llr in e'\Cl'SS ul'til()sl' l'Ulllllltllll\ I(llind 

in conventional agriculture. The algae may he harveSll'd rrom maturatiun pond l'r!llll'lll ami then 

used as an animal food supplement. Sew<lt!c-gro\\n algae ~HI\'e beell slIcl'csst"lIl1:- kd \11 chickell. 

pig, rattle and sheep (Mdiilrry, 1<>7X), \\hirh is h;ll'wsted by one .'-;l'vcral It.Ttiar\ ll~'a!men\ 

processes. 
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n the developing countri~s wh~r~ tertiary treatlllL'nt process an: ~xp~nsi\'~, algae prutcill ill 

:e stabilization pond is most conveniently e'.;pluited by growing algae eating lish ill till' 

,ities, grows extremely well in maturatioll PUI\(I. Other lish which have hl.'ell grll\\ n ill 

mation ponds include carp (cattla cattla). bhue 1()llIta (rrontispiece). challllL'1 c:ltlisiJ 
, 

alurus punctatus) and m()squito tish (gambll:;i:1 s:'P). !-ish yield paniclll:lrly lll' til<Jpia 

'otherodem mossambia) may be increascd hy the introduction or sterile hybrids. hut this 

uires the expert attention or an experienced t;JrII1L'J' (II ick ing, I (nX). 

~feational fe-use 

Golf course and park watering, establishillent or ponds f()\' hooting. reCl'eatloll aild 

intenance of fish or wild lill: p()nd are methods I'ur the reCl'eatiolJaI re-use lll' tre~lkd \\akl. 

e use of treated et'tluent I'or park watt:ring h:IS beell practiced I'()r IlJan) years in elL" c\U\,L'd 

mtries, The Jam tee project in San Diego is ,III L'''''mple ol'reCl'eational re-use ot"aste"iltcl in 

ruing son1e series of lakes, ~uilab\e 1'01' hualin~. Iishing~ and other rLL'rc~lliunal purpUSl'~ 

lerrel, 1967), 

'ound Water Recharge 

Ground water recharge is onc or the il1llSt l'lI1111l1011 lIk,thod or combining \\ater rl'-USl' and 

iluent disposal recharge has b~~n us~ tll repklli:;11 ground wall:rsupplies in many an.:ils. \hL' 

fluent from the Witter narrowly operated h: thL' I.us Angeles cOllnty siinitilti()11 distril'l is lISl' 

r replenishment of the ground water tahlc ill Riu Ilandu ri\l'r basin. In Ne\\ York. ('~dill)I'J1iil 

1d other coastal areas, rapid d~velopl11ent (ll' illdllstr\ ,lI1d inL'J'cilse in pllpulatiun hels l'C1l1Scd thL' 
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Treated eflluent is us~d to replenish thc grolllld wakr to stop thi~ intrusiol1 .. \Il\llill:r pu:-,<hk 

effluent used in th~ recharging or oil-bearing strata (f\kltcalr and hldy. Il>7h) 

From one process of pond to the next LImlllle soil sh()uld preli.:ruhk I)c impcrllle;lhk. 

2.7. WASTE STABILIZATION POND 

A waste stabili/ation pond is a cOlllpkx hi()logical ccological s: stelll ill \\ Ilicll Illc 

wastewater is treated by natural proccss~s hasc,1 nn comhined acti\ iti~s and coupn;tliull ul' hUIIl 

bacteria and algae (Ogunromoi, 1996). I Ill') arc brgl' shallow basin dug 011 Ihl' cartll lilllhl' 

organic and pathogenic bacteria and inlL':-,IIlI,t! IXlrasilc lhall thc cunvclltiollal Ill'alllll'llt pLlIll 

(Mara, 1983), it is more ~c()n()l1lical (Arthllr. Il)X3). II is bOlh simple III construct. upn;llL' ;lI1d 

maintain and does not require any inpul llf l'xkrnal ~n~rgy. It also requirl's largc land arca 

because of its long d~tention time. which IS allrihllkd to ils conlpkl~ dCI1l'lllkllCl' (Ill Ildlm:d 

processes and its erti~icncy depend on thc d\ail'lhilit) or sunlight dnd high dl11hicnl (Clllpcr,llllrl' 

(Agumwamba, 200 I). 

Waste stabilization ponds ar~ one or till' mosl ;lppropriat~ cXI~nsivc \\ask\\ alL'r trcalllll'nh 

methods to reduce pathogcns. 1.0\\ opl'r«ti(1I1 ,lIhl llwil1tenancc cust cOllpled clrccli\c paIIH)/:,l'n 

removal has made waste stabilization pOlIti \\ idely cl1lpl()y~d all owr lh~ \\orld. particlIl"rl) in 

developing countri~s w~r~ sunici~nt 1<ll1d i:-, l1orl1ldll) ,\v<lilahk ,\Ild clil1l'lk is 11Hlll' Ll\ (lr;lhk 1'01' 

their operation (Mara and P~ars()n, 19()X) 

In addition to being useful in the trcatml'nt or wastewater, \vasle suhili/atioll pUllds (lrl' 

applied in the treatment or industrial a III I agricultur,d \vasle. Its long ddCl1tioll tillll'~ .md its 

physiochemical condilion such as nl'lItr,dit~ \I) alkalinc. pI I hllakv il .\ttracti\l' in trl'atillt' 

industrial wastewater. 

24 



Waste stabilization pond have considnahk ad'<lntages (particularly as rL'gardillt,! il hL'ing 

most effective and least expensi,e method ul \\i\stc\\i\kr trcatment) in the hOI clilllalL' 11\ L'r all 

other methods (Mara, I <)X()). llw~;e mlVlllltagL's illcillde: 

1. They can achieve any required degree 01' purilication at the I()Wl:~;t cost \\ith the minilllulll 

of maintenance by ullsk i: Icd aperdl it II I. 

2. The removal or pathogen is consilkrahk greater than that In other Illelhud ul ~L'\\ age 

treatment. 

3. They are as well ahle to wilhstand hUlilorgallic and hydraulic shock load, 

4. They can ellectivcly treat a wide ,,\lid) ul' indllstrial and ilgricllltllral \\ask, 

5. They can easily be design so that the degree or the treatment is readily alkred. 

6. The method or construction is sUl'h tilal sholiid al sOllle IllturL' dalL' IhL' land 111,1\ k 

required for some other purpose. il is L,;t~il) reclaimed, 

7. The algae produced ill the pond arc :1 Pllkillial source or high protein I(l(ld \\ hiL'h l".111 hl' 

i\ 

conveniently exploited by lish 1~\rIlILT~. 

8, Pond requires no power use. 

9. They an: constructed in earthen hu:,ilh, 

10. They genemte very slight sludgL" 

In general, wask stllhili/atioll porlds an: the cheapest method or W(lste\\':lier tre,ltmel1t 111 

developing countries were land is not a prohknL 

The m~ior disadvantage of waste stllhili/alion pond is that they require Illuch Llrgn arL'as ur 

land than other lorm or sewage treatn1l'nl. 
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2.7.1 TYPES OF WASTE STABlLLlZATION POND 

Waste stabili'l,ation pomh ar~ llsl\,dl~ l'ldssilil'd lIccording III tlk' nalurl' ,)1 thL' hi,)lugic;tI 

activities taking place, Other crikri;l or l'h')silic,llion incilide Ihe I: pe ul' dllucnt (UllllC;llL'd 

screened, settled or acti vated sl udgc i nlluellt): pond ovcrllo\V cunL! i t ion ,1I1d llldhOlis 0 I 

oxygenation (Agunwamba, 2001 ), In krms or hiological activities, pond ,lrl' classi lied liS ;IL'IUhil', 

facultative, and maturati,lIl pond, 

A. ANAEROBIC POND 

Anaerobic ponds (2-5 m deep L devoid 0 r d iss, 1 hnl 0:" ygen and ll,J;e cerl,l i n Ii t\ k or nu ,t\ i-'-,IL', Ihn 

are usually suitable ror the treatmcnl lli' slrong \\ask\\akr (\~()I )5·l()() mgll) ,md thUSL' 

containing high concentrations of suspended solids (SS>]OOmg/l). (Mard. 11)S1). ,\llllerllhil' 

ponds remain ana~rohic throughout tlwir ,kpths l'.'\l'l'pt ror an extremely sll,tllo\\ Surt:ll'l' lonL', 

Anaerobic ponds rccei\(..' wask\\lIlll "itlt Itigll urgdllie I()dds (i,e, 11,)lld11) l:'ICdICl'IIt:I:1 

3000kg/ha.day fiJI' a depth 01' 3m), Till' IH II) I'\'PIO\ ,d is ilrhil'\'!,'d h\ sl'dillll'lltali<l11 ui' SI,lids :Ind 

subsequently anaerobic digestion ill thl' rcsllltiIlg sludge (Kayombo, 1 ()l)S), I k ,lIlllenlhil' 

bacteria are usually s~nsitive to a PI 1 ' (1.2 thll~;. acidic wastC'vvatcr mllst hc Ih.'lItr,t\i/cd prior tLl lIS 

treatment, an aerohic pond 1'1I1lction l',)Sl'llli,tlly lI,) open ')eptie l<lIlks, Th:' settk "hk s()liLl" III 

wastewater settle to form a sludge layer. \\ llnl' <ll'idiogenic and I11cth,lIlh'-cnil' hllL'll'l'i:l arl' tilL' 

removal (Agunwllmba, 20() 1 ), 

Maintenance or anaerobic ponds il1\ohl'S scum rl'l11oval ,llld Spr<l}lll~~ \\illl eIL-llll \\lllL'r Ill' 

biodegradable insecticides LlI" control I)!" 11,' hrccding, 
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B. FACULTATIVE PONDS 

Facultative ponds arc ponds that arc Ik~,it'Jll'd principally I'or n()1) rl'lllO\ ~\I Ill' (l()-XI)"" \\ ilh 

dept of I-2m, Facultative pond can recl'i\l' nlllle \\asle as inllllcnt in \\hich l'ase it is c~t!kd ~I 

primary facultative pond, Il'the innllent is i'rom an ,mal'l'ohic pond or dl1 inhull t~lI1k. it is l'alk-d 

secondary I~\cllltativc pond, BOD rem\l\ ,\I ill bolh I) Pl'S 01' I'aclllbtivl' pOllds is tlll'Hlgh ~llTIlhil' 

bacterial oxidation or non settleable orgdl1il' UlI11POlll1d:-.. together \\ith the suluhkli/e prllllucl ,It 

anaerobic digestion (Aguwumba, 200 I), Its been estimated that :wu/;) or the inlllll'111 IH)I) ka\ e:-. 

the primary facultative pond in the Conll ,d' l1lL'tl@le (Marais. 197()), i\ high proportiul1 oj' thl' 

BOD that does not leave the pond aS b mclkll1l' ('IHIs up in Algae, Ihis process Il'lIl1irl'S mUll' tillll', 

more land and possihly 2-3 weeks \Vilkl rl'lentioll time other than 2-~ lbys in the an<tl'l'ohic 

ponds, In the secondary t~\cllitative ponds LlIld thl' upper layers ()rthe primar\ LIL'ultati\l' pllnds) 

sewage BOD into "algae" BOI). and hw) ill1j1lil'iltlllll lill' ei'llul'l1t lIu:llit) reqllill'llll'llt (Kd\lllllhli 

1998), About 70-90'Xl or the 13(1) (lj' thl' lin,\I erllllent rrom the seril's \11' \\L'II ,ksigll \\~ISll' 

stabilization pond is related to the algal' tlll'Y cOl1tain, 

C. MATURATION PONDS 

The maturation pond llsually follows the I~leliltati\'e ponds 111 serIes, It is used d:-. a seClllhl 

stage to facultative pOl1(1. with a depth rangJlig from I, 1m to 2m, It is principalh lksi!2n I'lli' 

removal or destruction or pathogens (:\~Jll\\~ll11h<l 20()1). It is usually k:;s sl!',ililil'd hi()I'lt'ie:tll\ 

and physiochemical and as well oxygell<llL'd throughout the day, 

Although maturation pond achie\L' 'lIlI:- ,\ sl1l:tll dq~ree or I~()\) rel1)()\~tI tlh.'ir l'(llltrihllliUI1 III 

the nutrient removal can be signilicanl. I he ,\It'i1l' population in l11<lturali()ll p(lild is \lllil'h \llUrl' 

diverse than that or the 1~\cultativL' pond, \vitll non-lllOtilc genera lL'nding to Ill' more C0l11nllll1 

(Mara, 1986), 
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Maturation ponds arc pr~marily Itl!' the trc;lil11ent or soluble organic \\;ISlL' ;\I1d dl1UL'lll 1~1I 

wastewater treatment plant. They also lkkrmine l\u;dity or the linalenluenL 

2.8. FACTORS AFFECTING TilE OPEI~ATION OF WASTE ST:\BILlZ:\Tl()~ 

PONDS 

both algae and baclcrial actions. Sillcc tliis prUCCSSL'S arc unaided h;- mall (\\h() I11L'rel\ ;tii')Cclk ,I 

place for their occurrence), then: is IleL'L1 to kno\\ the, ravO\';lbk Llctors \\ hich kL'L'P in 1111.' 

effective operations or the ponds. The Llctol's allccting the operation or ",,'ISle s(;Ihili;;lliun p(lild 

are as follows: 

2.8.1 MIXING 

The degree or mixing occurring \vilhin a pond is inlluenced by two 1~lclors: wind ,md hL',IL 

the vital function that mixing rullils ill stahili;atiull ponds are: 

I. To minimi/.e hydraulic short cirl'ltiating and the rorl1latilln ul'SI;lt~llant rq,'lt\ns. 

2, To ensun' a reasonable lIni IllI'!ll \ ertical distributiun or B()\), ;t1~ae and U\ \ ~ell 
'II '. • '-

3, It serves as the only l1le',111S hy \\ hil'h the large nUl1lher ol'll(ln-l1lulik algae C;\ll hI.' 

carried Lip to the zero or el'it:clive light penetration. known as the "photic" Illill': 

the phonic comprises UIlI) the tup i)() -]()()mll1 dllthe pond. 

4, It is also re:>ponsibk li.lI' thl' transpllrtation of the o"ygell produced Ill! the photic 

zone to the hottom layer or the pond and increases the S;dl.' 1i<)I) load thelt can k 

applied to a pond, ThL' dist,II1LL' the wind cumL'S ill L'\lIl!<I,'1 \\ ith tilL' \\ ;1\,'1 

determines the depth tll \\ hich wind induced mi"in)2, is kit. ,\h(\\lt 1 ()()m 

unobstructed contact kllglh is required 1'01' 111""ill1ull1 ll1i"illg h) thL' \\ illd "cliUIl. 
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2.8.2 OXYGEN 

layers aerobic. Most or this oxygen is supplied by the photosynthetic acti\itics ul' till' ,dg<lL' IIlL'\ 

grow naturally in the pond were considerable quantities 0 f both nutrients and inc ident light 

energy are available, the pond backri,d lItili/e this algae ()~ygell tll lit iI ilL' tilL' org:mlc 

wastewater. 

2.8.3 SLUDGE LA YER 

> 

As the wastewater enters the pond. l11ust or the slliid settle ,It the bottul1l tl) Illl'lll ~I '>llldgL' 

layer. Intense anaerobic digestion or the sllld~'e solids (}l'Cur ilt II tel11peratlll'e grL'iltcr I )()"c. as d 

result, the thickness or the sludge is rareh I1101'e than 150111111. lk-sludging i:i required rart:l; 

about once in 10-15 year. l~vl)lution of methanc gas at temperatur~~ over 22"c is slll'licientl) rapid 

to buoy sludge particles to the surface \\el\~ drilling sludge particles must bL' rL'IlH\\L'd \\ i!h tlw 

floating scum, to ensure steady penetratiull ullight into the photic lone. Iht: suluble pwdul't ul 

fermentation diffuses into the buck liquid 1l!\\IlL'rL' tile) are further u~idi/ed. 

2.8.4 IlEPTIl 

Depth below 1m must be avoided as uthcr\\ise a pond becoll1es a bret'ding ground Il\l 

mosquitoes and midges and do not prewnt the emergence of vegetation. I'ur llepth greater th:lll 

I.Sm, the pond is predominantly anaert,hic ,lIlL! this is umlcsirab.lx.- as unaccL'ptdhl) 1(\\\ t:ll'tur ui' 

safety in normal operation are to lw less <lhk til cupe \\ith a tluctllaling sllidgL' ur:t sud(kn slud),',-' 

of heavy pollution, 



3.3 SAMPLE IDETIFICATION. 

To identify and locate samples easily. all samples carried self ~Idhl'si\ e lahels.lllI .. 'Sl' \' erl' 

affixed on the sample bottles instead or the L'\)\er to l1re\ent lost or misplacin~. l';\lIsillt' s;lI11ple 
\> 

mix-up. The information carried on the sample Iilhel inc!Ulks: locatiun. datl' and tinll'. 

3.4 EXPERIMI~NTAL PIH)CEDlJRE 

3.4.1 DETERMINATION OF PHYSICAL P.\I~AMETERS OF \V ASTEWATER. 

3.4.1.1 pH DETERMINATION. 

The pl .. \ or the emucnt sample was ,kkrlll\lll'd l\Sln~ the 11/\(,11 MODI·:l 'OCI\) p(\ililhk 

pH/mv/temp Meter. 

The model EC I () katures a cllstom digital 1.('1) display the pi I ll1eaSllrel111'nl. Ihis 111l'lL'r In., 

all the features of a simple pi 1 meter pillS ll1111tivolt llwLie, seakd keypad. l'kctllllk hoilh.:r. tilt 

strand, ergonomic design and battery/ lil1l' Pll\\Cr. 

The required MODI: wa~ selected llsillt' the kl'ypad. The meter c1ectrmks \\ere rinsed \\ith 

distilled water and the pi I electrode prohl' \\as ill11l1l'rsl'd into tl1l~ SLlll1pk clliltailll'd ill tilL' hl'"kl'r. 

The display was allowed to sdtle and the rL'slilt was rl'ad. 

3.4.1.2 ELECTRICAL CONIHICTt VIT\" IlFTFRI\II NATION. 

The electrical conductivity o/" the l'l"Illiellt silmpk \\as determinL'd \\ illl a II.\lll \\( )\)1 1 

C0150 conductivity metcr. This ll1ell'r katllres iI micru processor desigJl \\hicil :tllt()m"lL'~: 

complicated and time-consuming calibratio1l and measurement procedures '·or a \\ilk \ arid}' u\ 



applications. Water quality. salinity. acids. hasl's and other sampll:s call he e~l"ih ~lI1<lh/ed (Ii 

..-

conductivity with the availaLk conductivity probl·S. 

The conductivity meter was pressed tll conductivity mode. The probe \\;1" rinsed \\illl 

distilled water and inserted into the sampk ednlained in a heaker. whill: the dispLI: \\~IS ~dlll\\l',1 

to stabilize beflm.: recording l11eaSlirClllCllh. 

3.4.1.3 TURBIDITY DETERMINATI< )N. 

Turbidity was determined by Nepill:kioilletric method. Turbidimeter 

Nephelometric with a light source for ilillminating thc sample and onc plllltllekctric dl'\L'ctm .. 1 

read out device to indicate inten~;ity or light scatlLTl'd at l)()() to the path or illeilknt "ghl. 

The sample was thoroughly shakell to ;dlll\\ air hubbies disappear. The Sh;lkl'n sampic \\,IS 

poured into turbidimeter tuhe and immersed into all ultrasonic hath ror t\\O \CL'lllH.lS. callsill'-'. 

complete bubhles release. Turhidit) \\as rl'ad directly rrom thl' illstrUl11l'nt sC~lkl" 

Nepheiometric Turbidity Units (NTl)). 

3.4.1.4 TOTAL IllSS0LVEI> SOLID I)ETFI{MINATION. 

A well mixed sample was fi ltcred through a stan<.lmd glass fihre ;\Ild tlil' Ii hr'l\<..' \\ ;IS 

evaporated to drym:ss in an already \\eighed dish alld dried to COllst,lnt \\eight at I SOc.! hc 

increase in dish weight represents tlil' tllLt! dissuhl'll solids. 

The sample was stirred with a stirrer and pipette. GOml was measured into a glass rlhre. I hell. 

wash with three sllceessivl' IOml \Ollll1ll'S 01' rCdgcnt-grade \\ater aii()\\ing l'llll1pkll' drLlin;lgc 

between washings and continue sucliu\l I'm abuut three minute alkr liliratillil \\,h l·(lI11pkll'd. 
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Total filtrate (with washings) was transtl:rI'L'll illtu a \\eiglled n<lpurating di~1l alld L'I ~lpl)r~llL'd III 

dryness on a steam hath, Dry for about I h()lIr ill an uvcn at ISO"', cool in a dcsicatur l() hdLIIlCL'd 

temperature and constant weight. 

Total dissolved solids (Y-/)xIO() 
Il1g/1 

25ml or salllpk vulllllle 

Where Y = weight or dried residue -\ dish 

Z = weight or dish, 

3.4.1.5 TOTAL SUSPENI)I~I) SOLID 

A well mixed sampk was filtered throllgh all ,dready weighcd standard glass lihrl' tiller and 

the residue retained nn the tilter was drinl lil ;1 lllilSlant \\l'ighl al I Wi"'. Ihl' inl'l"l'd~l' in II l'i~hl 

of the filter represents the total sLispellded '-,olids.1 he sal1lple Ivas stirred Wil!) a slirrer ~IIHI \\hi k 

stirring 25ml of the sample was pipette inlo a glass-lihre tiller. Wash \'vilh Ihrl'e slIl'l'L'ssi\l' 10lnl 

volumes of reagent -grade WOller and ,dl()\\ cunlpklc d rai nage hel \vcell \\ash i nt:~. ,lIld ('()1l1 i nlll'd 

suction for about three minute alter iiltralioll lIas compkted The lilter \\as l'arl'rllll~ rl'11Hl\ nl 

from filtration apparatus and transrcrn.:d inlo slaillkss sfeel. Dry ror ab01.l1 I IHlUi al I ())'" ill ,111 

oven, cool in a desicator to a balanced tClllpcralllll' and constant "eight. 
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Total suspended solids ( y -/ )'\ I O() 
---~- - --- ---

25mloi':-,al11pk volllllle 
Where Y = weight of' filter + dried residue 

Z = weight of lilter. 

3.4.1.6 TOTAL HARDNESS. 

-- m).!/I 
- .1 

The plastic measul'lng tube was tilkd \\ ith the wastewater sample to he testl'd and the 

contents were then poured intl) a mixin!:! hollk. Illrel' drops llt' hUller soluti()n \\ere addl'd into 

the mixing bottle and was swirled t'ollo\\cd hJ a dmp or M<lVL'r hmdness indicatl)r S(lilitiun. 

EDTA (ethylene-diamine-tetra-acetic acid) titrallt \\,IS thcn mkkd to the solu,tioll ill thl' Illi'\il1~-' 

bottle drop by drop. The bottle was s\\irbl at each drop and cach drop Ill' till' II) 1.\ tit),lIlt 

added into the mixing bottle was counted. The addition continued until {\ color change from pink 

to blue was seen or noticed. The hardness in mg./1 ,IS calcium carbonate (CaCO;) is cqu,d til thl' 

number of drops EDTA titrant r~ql\ired to hrll1j2 (ihout coll)r change multiplied hy 20. 

3.4.1.7 CALCIUM HARDNESS 

The plastic measuring tube was tilled with thl' \\astl~water sample to be~ teslL'd and contents 

of the tube were then poured into mixing hottle t'(lllmwd by addition ur XN puta:-,siul11 h) drll\idl'. 

A clipper was Llsed to open calver calciulll indicator p()\vder pillow which \\<lS alkkd intll the 

solution in a mixing bottle. EDTA (ethykne-diamine-tctra-acctic ,lcid) titr,lnt \\,IS tlll'll addl'd to 

the solution in mixing bottle drop by drop. The bottle was swirled at each drop and cach drop 01 

EDTA titrant added into the mixing hOllk \Vas counted. The addition contilllied uIIlil ,I l'olp) 

change from pink to blue was seen or notin'd. lile hardness in m!:!/I as calciunl GI)honak 
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-------------------

(CaC03) is equal to the nUlllher or drops or I '.1 riA [i[rant required [0 bring ahou[ color change 

multiplied by 20. 

It should he noted that magnesium-hardness can he gotte,n as magnesium hardlll'''s [n[:11 

hardness - calciulll hardness. 

3.4.1.8 TOTAL ALKALINITY 

A measure of40ml ofO.025M Na2CO\ solution s:lI11pk ortile \vastcwatlT s:lI11pk: ill:1 cOlliL':1I 

flask was added to 601111 and 3 drops of melhyl orange indicator was usc, (J.()~:--'Il)r II,'-)(). \\:h 

use to titrate until a color change from yellow to orangt: was noticed. 

3.4.2 DETERMINATION OF INOIH;ANIC MATTER COMj»OSITION OF 

WASTEWATER 

3.4.2.1 CHLORIDE ION DETERMINATION. 

It was determined by titration with silvl.'\' nitralt:: 

Procedure/Reagent 

1. The following thrt:e reagents wert: prL'parcd. 

a, 48g of silver nitrate was dissolved in I lilre uj' distilled waleI' and 11111 \vas eqlli\akn[ 10 

1 mg chloride. 

b. 1.6g of sodium chloride standard a III I I Il1le()lllains Iml chloride 

,~ 

c, Potassium cbromall: indicator. 5g per I()()~ld \Vas added t" tbl' sihl'l Ili[r:l[l' '.1l11l[i(1I1 [0 

produce a sligh[ red prt:cipitate and \\<1'. lillL'red. 



2. 100ml of wast~water sample was nH:asur~d into a llask and I ml or pOlassillm chromalL' 

solution wa<; added and titrated "illl siher nilrate witll constant stirrint' umit a -.,tit'lll re,1 

colour persists. 

Chloride volume of silver nitralL' I'm sample-hlank 

Volume ofwastewalL'r salllpk (ml) 

3.4.2.2 PHOSHATE ION DETERMINAION. 

X IO() mgil 

Phoshate was d~termined by the turbidill1c1er ll1c1hod. Colloidal Barium sulphalL' \\,IS 1~)J'l1h:d 

by the reaction of :.;ulphate with barium ion. a barillm chloride hydrochloric>,wid SOll!liuIl ill I Ill' 

presence of glycerol and ethyl alcohol. The colour intensity \vas measured uSing 1m 2()()() 

spectrophotometer at 42ml11 wavelenglh. 

3.4.2.3 SULPHATE ION DETERMINATION 

Sulphate is a minor ion occurring in n,lilll',t1 \\llters and \\aslcwalcrs. I )irel'l ,1l1111rllpllt'l'llil' 

sources of sulphate inclUde industrial and municip,t1 "aste. 

To determine sulphate, an excess or barillm chloride BaCb was added lu Ihe \\<\slcwaler 

sample, The barium ion reackd with the slllplwte 10 precipitate bmill11l sulphalc l'l'ysl,tis. lhl' 

colloidal sllspension was measured using ,1 spel'lrophotol11Cler and lhe slllphale l'Oll"l'lllr,llioll 

was determined by cOlllpming with stand,lI'lls 

3.4.2.4 NITRATE 

This is one of the /(Hlr inorganic !l>rlllS ornilrogen compounds Ihat i~j ot's,lllililry sit'nilicancl' 

This is measured llsing the spectropllllloll1c1l'r. I Ill' slored progmnll11e 1l1111lbl'l' It)!' nilrdlc '\CI', 
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entered and a wavelength dial was rotatl'd. ny pressing the enter bo\lom un the dl'\icl'. Ill~'1 N() 

H was displayed. A sample cell \Vas tilkd \\ ith 2)ml or the sample to he kSkd t"lllll)\\L,,1 h: thl' 

addition of the contents of onl~ nitraver ) Ilitratc reagent powder pillows tu the cell (prl'pared 

sample), The shiH timer bottom on the device was pressed and tile cell was \igol"OlIsl) lIlltil the 

timer beeped in one minute. The conknt 01" the sample was allowed to s'tand Il)1" :) lllinLiks. 

Another sample cell lilled wit!l 25ml or dl,.;till \\;Itcr WilS plnced into the cell hol(kr ;llld L·lo.'-;L,d 

until the timer beeped, O.OOlllg/l N0 1' II \\;lS di,-;played. By removing the black alld pLlcing IhL' 

prepared sample in the cell holder the \,:ille or the nitrate was displayed and remmed. 

3.4.2.5 TRACE METALS DETERMINATION. 

Prior to metal analyses, each sample ul" IOOml \"'as aeidilied with cOI1L'L'ntrakd IIN(); 

(0,5011). 25ml of each sample was poured into a heaker and ,Iilukd with 1.2:')ml II('\' ThL' 

mixtures ,.vere heated for 15 minute on a ste(ll11 bath and the limd volume \\as adjusted tu 25m\. 

Graded concentrations orthe standard melal suilitions were similarly prepared (0 . .2, (l.-L OA ().~ 

1.0 and 1.2ppm) and aspirated into till' tlall1L' alld the ahsorhance read in thL' ,ltomiL' ;lhsl)rptillil 

spectrometer. The ahsorhance 01" the standard C(tiihration curve t\pm which the l"llllCentratlllllS oj 

the metals present in the sample extrap()\;llL'd. 1\ Idals detected were iroll. cakilll1l. Ill;It'lleSlllm 

and lead. 

3.4.3 DETERMINATION OF OIH;ANIC MATTEI{ COMPOSITION (W LU)lIID 

WASTRS. 

Over the years a number or ditfcrellt lests have becn devL'loped to delL'rmillt: till' IlllmhL'I" III 

organic content or wastewater. In gelh'r'll. the \l:st may he divided into those lIsed to 111L'<lsure 
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gross concentration of orgal1lc math:r grl'<llL'r Ih<ln Iml and those used to nh.'llSllrl.' tr~lL'L' 

concentration in tlw range of IO-13mgil. I he lahm<1ttlr) methods cllmm()nh Lhl.'d IIIlLl\ I(l 

measure gross amounts of organic matlcr (grl',lk'r thall Img/l) ill \\llstL'\\illcr illl·llld ... ·: 

1. Biological Oxygen Demand (BOI)) 

2. Chemical Oxygen Demand (COl)) 

3. Total organic carbon. 

4. Theoretical t)xygen Demand (Tho\)) 

Trace organic matter in the wnge or 1 O-13mgil are determined using illstrllllll'llliti Illl.'lhllLis 

including gas chromatography and mass SPl'Ctruscopy, Within the past I () ) e:lr~;. thl' tral'l' l)r~,lniL' 
oj 

compound has improved signilicantly and dl.'ll'l'lillil llrconcentratillil in the ran!:!l' ol'I()-I)lll1~il is 

now almost a routine maller (Metcalfalllll,ddy, I()()I). 

3.4.3.1 DISSOLVED OXY(;EN l)l;~Tl~nl\'ll NATION. 

The Dissolve Oxygen (DO) was lklclillil1l'd in the fkld with .ILN WAY Iv\()J)I·.1. ')()71. 

Dissolved Oxygen Meter. The meaSllremL'llt system consists of a "clark" typl.' pOI(li'~r<lphil.' 

oxygen electrode and an oxygen metre, Illl.' units gi\ l' the user readollt 01' disSll" cd ll,\\ ~ ... ·Il in 

mg/l or (Yt, and have ,I temperature mcaSllrl·llh.'nt r,lIlgl' or -~() tol50c. TIll' rL'quirl'd IIl()d,' \\,IS 

selected. The dissolved oxygen probe \\as inlll1C1'sed in the beaker containing thl' saI1lpk ill hl' 

measured. The model 9071 dissolved oxygell nll.'lrL· simultaneously dispLI) dissll"l·d 0\) ~L'II illlli 

measurement results. It is possible to lix di~;s(\lved ()xygen by Winkers nletlwd <lIH,1 sLlh'>l'qLll'nt 

analysis in the laboratory, 
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3.4.4 BACTERIOLOGICAL ANALYSIS 

This is the determination of the indicalur ul urgal1lsm in it sample nf \\asle\\~\I,,'1' "I' \\~lk'r. 

This is also referred to as coliform count. I'he test \\as carried out uSing the i\losl t>l'llh~thk 

Number (MPN). 

An indicator, bromoresol purple indicator \\ dS adtkd illto a seril\ ut' stcriliA'd clIltlll,,' huttks. 

A change of colour from pink 10 yellow <IlkI' --IX hnurs indicated the presence 01' cnli liH'I1l. Ihe 

number or coliform availahle was estimakd hy thl' lISl' ur Mt>N tabk, The ellltllr,,' IllL'di;1 \\;IS 

prepared by dissolving approximately Ig orhc",t'holillion and -lg orpo\\dered milk iii ~:",()1111 ut' 

distilled water. 15ml of media was thun illtrodllced illto each 15 scre\'v capp,,'d stLTili/ed hottk 

followed by the addition or the drops or Imlilloresol purple indicator solutiol\. 

10mi of wastewater sample was introdllcnl in the lir~;t group ol'eulture sterili/ed luttle "hich 

contain the media and indicator soluti()ll. I he second group or the li\e stcrili/l'd hllttleS \\<1:, 

introduced with Iml of wastewater sample. And thl' third grtllip or live stl'l'ililL'd h(lttks \\~IS 

introduced with 0.1 ml of wastewater sample hy l1leans ()r a sterili/ed syringe. I he hUlllc" "ere 

then incubated at about 35°C for two days. 

After two days, the bottles were obse\'\l'tl for l'ulollr'clwl1gl', positin: kst hottk:, tllat hCl\ I..' 

colour change to pink were obtained. A MPN table \\as lIsed to estimate the nllmh,,'r (ll colil'orm 

present in the wastewater. 

MPN values per 100ml of sample ,IIHI '~() cOlllidencc limits IlH' \~\I'IOliS c()mhill~tti(lIlS llr 

positive and negative result when (live 10m!' liw Iml <Illd live O.lml) lest P<ll'tiliOII arl' lIsed. 
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(,IIAPTI<:I~ FOUR 

4.0 PRESENTATION AND DlSCllSSION OF RESllLT 

4.1 RESULTS 

• 
The results or lahoratory analysis oj' till' dOlllestic \\<Isle\\ aler collectl'" ,'rull) till' Imill 

drainage that rasses through F.ll.T Minna Hosso campus are sh()\\Il in rahlec. -1-.:::_ -+1 allli -1-.-+. 

while World Health Organization ('J./.I \.( l) and I'ood and Agriculture (lrg,lIli/alillll (I, . .'\()) 

standards for irrigation waters ill Table -t.I. 

TABLE: 4.1: FOOD AND AGIHCliLTlIIU: ORGANIZATION (FAO) AND "()I.I~I) 

HEALTH ORGANIZATION (W.lI.O.) STANDARDS 

r---r -~~~---
--- -

SINo. Paramctc.·s 

--_._-_. -- ~---

I. PH 
f---- f-.-------------

2. Electrical conductivity (: mh) 
----_._-- -

3, Total hardness - mTA ( 

4. Dissolved oxygen (mg/I 

5. Chloride cr (mg/I) 
-------

6. Sulphide S03' (mg/I) 

7. Total Hardness (mg/I) 

8. Iron F~F;-(~g/I) 
._-----"----- -.- _ .. --.~-

9. Total Alkalanity (mg/I) 

10. Potassium k' (mg/I) 
~---.-------- ---- -_. - - -----

II. Manganese Mn' (mg/I) 

11 tl 

World intemational hodies 

WIIO 

6.85 ~8.5 

30 

100 

1.3 

200 

200 

soo 

0.3 

150 
--- - ._---------

0.001 -100 

0.3 

.\ 

FAO 

7.0 - 7.5 
.. 

IS 

28 

4 

220 

200 

I 
0.3 

I 

I 100 I 

1 200 

0.3 

100 



.--- - ------_._---

I 13. Total dissolved Solids ( mg/I) 
I 

.-.-~~ 

, 14. Suspended solid 55 (mg/ I) 
------_. -- ---- - ~ 

15. Nitrate 
I 

; 16. Sodium Na + 

i 17. Lead 

18. Total alkalinity (caco3) ( mg/I) 
~~-~~-

19. Turbidity 
------

20. Total calcium hardness 

'21. Total magnesium hardne ss 
.-
I 22. Phosphate (mg/I) 

--.. -----

23. Free CO 2 (mg/I) 
------~---t 24. Total bacterial count (CF U/MI) 

Source: W.H.O 2003 and FAO 2004. 

I 

i 

4') 

100 

100 

45 40 ----- ..... ---- ----- -- - l 
200 

--- _ ... -- --------"-" .. _--_. __ .. ----

0.14 

150 200 

10 
-- ----- .. - -----

200 
~- -~- --- -_ .. 

200 
----._._._._- -

50 

o 

15 

150 

150 

50 

I 100 
~ -~ ~ - j 



4.2 DISCUSSION 

Table 4.2 Results of Physical P~'rameters of The Wast~ Water . 

Parameters . S,,:Tc l-J Sallll·lc 2 

8.5-\8.5 

-C-o-n-d-u-ct-iv-it-y-(-:o-h-m-s-/-cm--) -1-493-:6-7-- ------1-4927881 

Turbidity (NTU) 

Total Suspended solids 

-----------
PH 

Total dissolved solids 

Total Solids 

1009 

1047 

121)0 

1268 

Sample 3 

'8.9 

1321 

38 

27 

1006 

1033 

Appearance 

Colour 

Not clear Unobjectionable Clear 

230 230 89 
f------------ - -----

Odour Objectionable Odorless Odorless 

Taste Sipid Insipid Insipid 
---_._-----_. -

4.2.1 pH: 

Means 

8.6 

1090 

45 

31 

1085 

1116 

183 

The pH Value indicates the degree oracidity or .tlkalinity any water, the pi I \'ulue alsl) rl'pl\:sl'nls 

the Hydrogen ion (Hf) concentrations in \\,Iter and is also the logal;\thl11 01" thl' l'ecipruc~tI (d'the 

Hydrogen ion concentrations. 'Ihe pll \allie hl·I,)\\ :l indiculL's acidic concl'illration \\hiIL- pll 

Value ahove R indicates the albline concl'ntr,ltion oi' the \\"Itel'. I-'I-onl thl' rl"';lIlt IIi' \\,lslL'\\alL'r 

analysis, the mean pll value or sample slHl\\s that the \\:lslL'\ValL'r is slightly ,d111\ e the "lit) alld 

FAO limit of 8.5, therefore it will be Wtse to treut the \Vater to reduce the pi 1 \'uille helpre lIsing 

it for dry season farming, 
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, 4.2.2. ELECTRICAL CONDUCTIVITY 

The electrical conductivity is used to mL'asme salt concentration in any \\;Iler. it Illl'ClSllrcs till' 

ability of any water to conduct electricity and this is l'\:pressed in Mhos/em. 

When the electrical conductivity and salt concentration or water samples \\ herc cUl11pClred 

with standards obtailled li·()11l World IIe,dtll ()'gillli/illioll (W.II.O) ,IIHllood ailli '\/',il·tilltll\' 

Organization (FAO) of the 2006; it was discovered Illat the dectrical contlucti\lty orthe sampks 

ranged hetween 9(i I and 1:121 ohms/cm fell lInder the group four of the standards. This l'karl) 

shows that the water cannot be used 1'01' an) Il)l·ln or irrigation practice since the sl)il 0'· ,ill' ilrea 

is the sandy clay soil that will not allow till' l·ClS) nwvelllent of the water through. 

Group 1: 0-200 milos/cm 

a) Water samples can be use for irrigalion \\ith must crops as the samples hav Lleclrical 

conductivity with low salinity ha/ard. 

b) Little likelihood of suil salinity luvard. 

c) Leaching due to irrigation can hamill- pressure ()f salts (c\:c~'pt ill soils \\ illll,\:trellll'l) lo\" 

permeability) 

Group 2: 200-400 

a) Water samples can be used witllnlodcrClle Clmount 

b) Leaching salinity control required 
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Group 3: 400-800 

a) Water sample cannot he lIsed on soil '.vith rcstricted drainagc. 

b) Management or salinity control rcquirl'd. 

Group 4: 800-\600 

a) Water sample not suitable 1'01' irrigatioll undl'!' urdinary conditions. 

b) Soil must hc pcrmeahle, have good drilinilL'L' 

c) Irrigation water must be applied ill c:-;ccss III provide considerable leacilillj!. 

d) Only tolerant crops yield satisfactorily. 

It can be seem that the electrical conducti\il\ llr the wastewatcr s:lInpk falls \\ithill group rour 

which means that at present st,lte, it is not sllitilbk lill' dry season I~lrming. 

Source: r /\02002 

4.2.3 TURBI UlTV 

The suspended solid concentratioll inllucllccs the Incl or Turbidity. Thc Imbidit) or till: dlhll.:l1t 

had a mean measurement of 45NTLJ. Turbidity in natural waters reducc light tJ'(lnSl11ittil!KL' and 

atTects the species that may survive in the W,llcrs, the na~ure or the solids cilusing thl' lurhidit~ 

may have other health ramilication which mil)' allcct the crops if use directl:- 1'01' dr) Sl'ilSOll 

farming (irrigation). To do away or Inlucl' the tllrbidity ur the dllllellt. :,L'I'L'L'IlS oj di Ikrcnt 

diameters should be used along the Ilow ChilIlilL'1 kllll'e thc coilectioll pllinl. ~ 



4.2.4 TOTAL IlISS0LVED SOLID. 

The acceptahility and suit.t1hility oj wakr resources Illr irri~ati()n PllIl'I)SC is gllided hy tilL· 

amount of total dissolved solid ODS) pr~senl in Ihe water. The osmolic prl'ssure or Ihe soil 

solute increase when the lolal dissohl'd solid is prl'sl'nl in larg.e qU~\Illilil's IhlTl'h\, l'~llIsillg hi~h 

soil moisture stress in the root I.Ol1e which ill Ilim hinder planl g.rmvlh dlld sUhsCqlll'lllh al'll:ll 

crops yield. 

The acceptahle limit orTI)S and pi I \~due ror suitahility indicales Ihal \\aln C'llll~lillill~ IDS 

lip to 400mg/1 or less and pi 1 value 01 hl'l()\\ X (l'ighl) are gener~tlly quile sUllahk Illl irrigatitlile. 

purpose.(FAO 2002) 

However, the wastewater sample result shows a high mean level ( I OX:'img/l) 01' I US, helKL' 

the wastewater is unsuitahle for irrigation jlllrpOSl'. 

4.2.5 APPEARANCE AND COLOlm 

The appearance of water is closely rl'I~lled to colOlll III waleI'. Ihe c(lldlir (II j111r\dhk \\ <ller Ie. 

colourless and the appearance of porl~lhk \\<ller has to be cle~lr and attr<lcti\l' aC"'Ii'ding lu 

W.H.O standard 1'01' domestic water. This was dUl' hy close obsl'rvnnt of Ih,,: s~lnlples lllilected ~ll 

different sampling point. 

The sample collected at SI and S~ did Ilot show clem appearance hut s,lI11ple s, \\as ohserVl'd 

to he clear and attrael i Vt'. The appe~lranCl' 0 r I h is sample cun tlll'lllCd 10 111\.' rCCllllll11t'nlkd 

standards by W.II.O. 
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4.2.7 TASTE ANn ()n()(lI~ 

Taste and odour tkpends 011 the dclllal l'(!I1I;lcl or Ihe slimulillin~ slIhs\;lncL' \\ illl IhL' 

appropriate human reception cell.. it is normally correct to spggesl Ihdl mosl lask in \\~llL'I i" 

really a sensation of smell. The wastewater hdd an orknsivc odour and is taslY illO. hL'nce IIlL'rL' is 

need to treat the wastewater before llsing il lill' irrigdlion f~lrming. 

Table 4.3 Results of Inorganic !\1attcr_~Olllp()silioll . 
-~--- . .. _--- - -

Parameters Sample I 

-------

Total iron 0.72 
-.---- - -

Sulphate (S03) 544 

-

S ample 2 Sample .1 

O. 77 

03 7 

0.70 

l'J() 

I iVleans 

0.73 

1179 

I Chloride (CI2) 

.-.-.----~-- ----

512 3 38 1112 420 

I Lead mg/I 0,15 O. 
--.--------------- I---

Sodium 315 3 

18 0.14 

25 209 

0.16 

283 

I 
I 

I 

Manganese 

Phosphate 

Nitrate 

Potassium 

--

0.71 0 

65 
--'------

25 

654 5 

,63 

9 

3 

02 
---~: 

-----_ .. --

4.2.8 TOTAL IRON 

0.33 0.56 

88 77 

65 41 

234 463 

Iron concentration of O,5mg/l may hL' Sl'\l'rL'd ilnd may l1eL'd 10 bl' COITt'l,tcd. Ihis 111:1\ hL' 

achieved by applying appropriate measure. Tile highest desirable level or iron is 0.1 1111:'/1 \\hile 

the maximum permissible level is 1,0 nlg/l hut 1101 all crops will survive. 

11 

Iron has a chemical efkct IhaL could hecollll' a problelll alLhL' COllcClllr;lli(l11 llll.olll!! I. II il;ls 

the ability to cause rusting must especially ill :-.d 111 L' sprinklers or overhead irrig;lli()n Sy slem. 
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From the result or the ar:,:Iysis, iron "ilS li)lIIHI to have a mean valul' or (),711l)21. \\llil'll 

appear to be severe and there is the need lill' trL'allllelll so as nol to afkcI crops irri)2;lll'd \\ illl Ih .... · 

wastewater. 

4.2.9 SULPHATE 

The same limit of 200mg/l is also desirable It)!' sulphate, From result anil<tble. till' Illcall 

value or sulphate is 4791l1g/1 which 1~II' l'\l'l'ed the limit, for the wastevvater 10 he sUildble It)r 

irrigation purpose it must be treated to reduL'L' the sulphate content to its pCJ"lnissihle limit. 

4.2.10 CHLORIDE 

This is considered to be an important clement in water because its concentration determines 

the susceptibility or water tl) path()gens llid! CilUSCS SOllIe water horne diseases ill till' s)skl11 III 

man and lower animal that COl,sume it. 1"-: pl'I"ll1issihle limit or chloride according to Y\II<) and 

FAO for irrigation purpose i,,; 200mg/l. he lice the l11ean value ()t.~ the samples (~2()l11g'l) shows 

that there is need ror chloride to be treated herore use It)!' dry season l~tnlling (irri~~ali()II), 

4.2.11 SODIUM 

Sodium has the ability to destroy soil struclure and it is cap;lble or buildillg up salh ill Ihe 

soiL Therefore, it is an unJesirahlc ekllll'lll ill Ihe irrigation or crops parlinti;lIl y ill Llr)2l' 

quantities, 
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The mean sodiulll content ill the wastewater :,ampk is 1~nmg/l. vvhich exceed till' ~()()Illg/I 

'which is the WHO limit. for this reason tile wastewater cannot he used li)r irrig:lli(lIl plirpOSl' 

unless treated to reducc thc conccntratioll 01' sodium, 

4.2.12 MAGNESSIUM 

Magnesium is a common water pollutant tOl), \\ hich rcsults to !cl1lp<lr<lr: h<lrdncs:, ui' \\ :I!cr, 

The WHO permissihk limit is :W -ISOmg.1. Ille nlcan value or thl' \vas!c\\ater IS l)2mg I \\ hiciJ 

shows thaI the wastew(ltcr on the (lSpcct ()I' 1l1;l)!lll'silllll contcnt is good I'or dry Sl',IS\)1I Llrlllillg. 

4.2.13 PHOSPHATE 

This is the chemical form of pllOsphur()us \\ ilen in sui ute, ,~)hosphur()ll'o i'o ()Ile (II tile ,~ 

primary nutrients largely required by plants I'or gruwth, The wastewater <lnalysis sl"1\\ s a very 

high rate of phosphorous content of 77mg/1 nle,ln \,ilue and this h,,~ cxceelkd the pel'mi'osihk 

limit of SOmg/1 of the WHO and FAO stand<lrtis, 

4.2.14 NITI{ATE 

This is the Chemical form in \vhich Nitrogen is absorbed or taking in h) pl'll1\s rrllill the soil. 

From the result analysis, the mean value or the wastewater sample was 41 mg/I ,lI1d this h<ls LJ! kn 

within the WHO standard of 4Smg/l 1'01' irrigation purpose', Ilence the wdste\\atl'l' c,ln hl' usc 

without treatment 1'01' nitrate as it will even <ll't <IS <I S()lIrce or fcrtililer. 

4.2.15 POTASSIUM 

This is one ol'the primary nutricllt e\cnll'llls l'l'qllired hy plant lill' lllorpl]()logil'dl j1\,:rl()l'lll,lllCl' 

in the field, Although, some time, it is considered to be toxic simply beC<luse. in till: L'klllental 



state, it reacts violently wilh moisture to librates llydrogen and form Polassium Ilydroxide which 

is extremely caustic in nature. It at1ect public water and too much of its clemcnt af/ecl 

agricultural crops at the root zone. 

From result of wastewater, the mean value of 463mg/l shows that it far exceed \',!IIU and 

i) 

FAD standards value ofO.OOOI-lOOmg/l and 150mg/l respectively which is the permissible limit 

Table 4.4 Results of Chemical Parameters. 
Parameters Sample] Sample 2 Sample 3 Means 

• 
Total 1020 941 
alkalinity 

----f------------+-------------
602 456 

-

Total 350 418 
Hardness 

Calcium 223 109 66 132 
hardness 

---------------t------------
Free CO2 80 85 143 102 

.- ~~_4 -.. "_. .... _ ... - 1--------- "--. 
Total 564 551 502 5.19 
bacterial 
count 
(CFU/ml) 

---

Pathogenic Detected Detected 
orgamsm 

-------,---- - ---- -----------.J Neulral 

4.2.16 TOTAL ALKALINITY 

The permissible limit of alkalinity in water is between 100-150mg/L but li'om the wastewater 

analysis mean value of 934mg/l, it shows that the wastewater must be treated to meet the 

standards before use it will be use for irrigation purpose, 
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4.2.17 TOTAL HARDNESS 

Tht permissible level of total hardness in any water is 500mg/l, which in most cases 

comprises of calcium carbonate (CaCo]) or magnesium carbonate (MgCo1). the mean 10tal 

hardness of the wastewater is 456mg/l which is close to the 500mg/llimit, to be on san;' sick, the 
• 

wastewater should be treated to reduce the value so as make the wastewater suitable for dry 

season farming. 

4.2.18 CALCIUM 

Calcium is a very commor environmental pollutant. It causes calcium hardness in walC), the 

WHO standard is 75 -200 mg/l which is the permissiblc limit. The calcium content of the 

wastewater falls within the limit with 132mg/l which is good for dry season hmning. 

4.2.19 TOTAL BACTERIAL COUNT 

The standard for bacterial count is 100 bacterial in 100ml of water, but from the wastewater 

analysis, it shows that the mean bacteria count per 100ml was 5:19 which I~ll' exceed the limit 
, . 

specified by WHO and FAO for irrigation purposes, hence there is need to treat the wastewater 

before it use to irrigate crops especially crops that are to be eaten uncooked. 
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CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSIONS 

Table 4.2, 4.3 and 4.4 shows the level of the wastewater constituent. the water analysis 

shows a high level of pollution. When compared with the World Health Organization (WllO) 

and Food and Agriculture Organization (FAO) guidelines and standards. it was observed that. the 

effluents contain several pollutants far exceeding the WHO and F AO limits. 

The effluents is therefore not tit or good for us'e for dry season farming (irrigation) 

because the crops will be adversely affected due to the high concentration of most of the 

elements found in the wastewrrter, except necessary precaution of treatment are carried out. 

The drainage wastew"ier flows lI'olll the uutside of the university cOlllmunity into the 

school drainage, refuse and other forms of waste are dumped along the flow channel, this shows 

, the reason while the wastewa[t:r is highly pollu[t:d. For [he drainage wastt:wakr to he IiI ror dry 

season farming, the wastewater must be treated to meet the World llealth Organization (WHO) 

and Food and Agricultural Organization (FAO) standards for irrigation, and alter considering the 

various methods of wastewater or water tn:at ment. the most appropriate method It)!" treating 

wastewater from the drainage is the use of a waskwater stabilization pond system. It has least a 

cost of construction and l1lainh~nance compared to other treatment methods. 

Only a few crops can grow when irrigated with the wastewater without treatment, if the 

wastewater is treated, crops like spinach, pumpkin. tomatoes, pepper and olher vegetable can be 

cultivated during dry season effectively. 
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5.2. RECOMMENDATIONS 

After a careful study and consideration ortbe project, the following recommendations are made: 

1. That a wastewater stabilization pond system that cost less and is more efficient than most 

conventional treatment works be constructed to r,rovide quality water for dr) season 

farming to enhance food supply to the university community. 

2. That the university should consider the proposed project as it will serve as ,1 sOllrce or 

revenue, a practical site and will create employment for ollr teeming ),o\ltl1s. 

3. The wastewater from the drainage should not be lIsed for dry season t~II'ming lin less it is 

treated, as it is not good health wise tl)/' both human and livestock. 

4. That further research work should be carried out in evaluating the cost and design/ 

construction of tbe pond 
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