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ABS'rHACT

(chel waler is a major source of drinkin.t-; ,wter for low and medium elas:; l'-igtrian:..

'alu<1tia11 uf ,-ad·,d water for 1he pr•?:.ermc of ¡11re:;linal çysb ;,.nd eggs of parnsites was

ied ow in Ije.bu-lgbo. Og:un sw11c, ·¡,,.;jg..:1i:1. Thi" ,,,,1s in rmlcl' to detcmllne the safety and

'.t..· .

t'f·
b1luy oi such wa1'1 fm hwnm1 consmnptws 1 he physic,\. chcm\rni and b,ctc,iulogical

?_'.'ff01'erlle-,;
as well ;i.S 1m11ernl c:ompos1\ion of the fdk.e11 (IS) sckdeil :.:.achei watn and tilt'

!;
,

- 'fin: iS) :;o.1J1?t drinking w?n>cr \-Jr:wdf, sold iis l_iehu-lgbn water c:m11paniés w;:re analy2cd

e . . -
- -

.
-

. .

\

· -,:5uc.,:c-,;st,11ly. F1nd1nl'-'.-. slmw ;h?l ónukmg \',Ji...:L·
cilstnbuteJ cmd ha••,:kcd ll1 lJ':bLl·

'¡_.

lgbo may not pos.e any hi;lllth threat for now ,1-:; no parasitic 1,rg:mi-;m? weh' found in Ü1t::tll,

Thi:,:. stu.dy indica\,:d tbcu pcl'si?ts ílS J res:,d1 of foa.c.11 contaroinalion

re?ulting fi·orn in1prope"r lland\ing. i'. Íê- tk1t:1.·-:n<': rec:.,ni111e1.ó;:d 1],rn 111.:: çoll--;urner, -v•ilw bily

sacfl.ct drinking water froin 1hc hc1wh?r-; shoul<l prnpdl;' dean ,he r:c!lop11anc packet

f' especially lhe o,e, lü be C"I oree befe.,, ón,,k\ng. P,trnniing bowkm w\rn m·c genernlly

'f dí1iy a11d \\:ith u11s;m1it:uy cnn:111ercia'.
ha';,it:> sh1,uld bt: ¡n•oids:d ¡:;¡nally, ?c,,vernm.::nt

agencies ,·,,nlalies tlK ,odie, wale, indnsUy slmctld inc,e.M mid ;c,sis\e tl1c tempo of

iii \ ,norutoring in ocd" w cnsmc hip,hCS\
"'"""'''in"" mess of w,tet· soetC<, tce,tmenl md

Ll!.gos Sta1i.:, >!igcria.
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CHAl-'l'EROJ\£

1.0 lNTRO»lTTIOl\

\Vater is one ofthc in<li-spernmhk resauffe., forthe cominued existence of all living things

ÍJ1ciuding inan hem:¡; adequate supply or rr?sli llnd clean cirinking water is a !-iasic need

for all human bón?:=, \Vater is d:.:Oncd ri s?11Jst;mc'--' Lfu1t ls colorle:,-s, odorless, ckru: ,'ind

if c,tpahk éJf exiSting ln 11 liquld. :-olld ,11· gaseous phas.:. It is a b::i.?ic n.:?cssity of lifo,

second to air. becaLisL: ¡1

m1nuur?:ulisms anél l'\·cn pbnts

makes up nbo\11 8()p.:ri:..:nl or Lhe ceirs comp1Jsitk,11, \Vau:r '.s 1.:ery distinct frnm any other

way of qucnthing taste c,f its cli..:11\ÍU\l .;;c,mri0slti<:in. Water has been part of

naturl'. fiom time imn1L:n1orial srn1u>tiirn.,s b(, ,'.l111lami11ated ín its natural

CIIVll"(\)lllll'.llt(,\1ua11y11.ctal

hi Nl?<:'ria. w,1tn i? pc,JdlLL·cd it110

;i,:. a :<mHc:e of rHH1rishmenl to man, animnl,

d c>l \Vakr J;; a rnüqu<e solution, it

¡?rüdw,:Ls sur fl ..t., ?achei. v. akr populmly kno,\TI

as "pun:: water" SadKT water i? i:c,1n;r.;,Tcial!y treat..:d watcr. maimfé;çLutt!d, packagi.:dand

distributed for sale in sec1led pcilyth'..':Je çontaintrs for human Cúnrnmption. The

prnductin11 ofsnchet 1.va1.::r i11 \'lgcrl?t surll:J ln die law 903 and todúy lhe advancement in

scie111iTlc ll:clu1ulo?ff ha.? maLie- ?f.!d1eL wnta pwdudiülJ one or the fastt::;.l grnv.'ing

industries in the country (Elimi?n et al, 2019). ?lany lnJ.ivillua!:. and corporate bodies in

Nig,eria now eng.i.gt: in packaging wati.:r in pols,1hcne sache1s ófabout 50-60cl which they

sell tú Lbt: public. ThliS, drinking water is commercially available in such
ca.<:,y

to open

sachets. The production,
nuU'ketiI1g and consumption of sachet water have increased



tremendously .. l.hcre are nQw several brn.nds of rhis sachet wate1 marketed in Nigeria.

The m::ijMily of consumer;, knJ w be rnmc:: com:crned wilh tbc, nppe.arancc and taste of

water \.har1 the invisibk loads ,,f ¡1rneiiti?l\y harmful micw•organisms aéó well as other

contarnínants th.at tnay be pn:scnl ln ih..: ,,-;!.ter (;,..-tgtiakor2018).

The corni1;uou? incrt:?\Se in lhe ;,ak cux1 ir,d'.ss::1·imiricLte c1_m;,umpti011 of 1-,aehct >\'<tler in

Nigeria is of publk health :-ignilicance, as the prn-alenc;; í)f water ncfati;d di:;e::isc!i in

Jc,veloping co11n1ric,? is ckti.:rrnlnec' by 1hc quality of their drlnkitw, 1.,v¡¡tçr (F..irdami. et al

2ül9}. S:wbel ,1dk1 is seen tu 1,-: a g,:,çd suppk1ni:.-1:t ¡¡_, llth-.:r types nl'p¡¡áaged. 1.vat<.'f ami

can be- hm1ghl a, cheaper price. ll s.iw-re oi' Jri11.kirig w¡¡ícr for lmv and metfüun das.s

Nigerians (Obímna. ç1

Purn?iLes ,ire'.' or¡;ani:srn::- thuL r.:btio11?hlp ,,vith üthcr organism (hosts.I and

are c:apahk of causing harni tu thi:ir l11.1st. ·¡ l1eir rnutes of trnn?mission arc of gJ<:at

importance iii lhe 11._,,3]th 1.1f 111m1y popt1i:éliorn in deve.loping coL111tric?, when; the

frctiuo::ncy of ¡11fi.-c:ticn i? ¡i gs:11crnl 11cóitllti,1n of !oc:1i hygiene and environmental

sanitation level._ (Okeke, et aL 2018)

Pmasitic infccllum; wl¡ich hav? dined l'.ydt ::md do m)t 11cccl lll1 intermediate host to

infect a new host a.re acquin;d tl1?ough direct ing.::stion of infect.:d eggs. or cy?ts.

Infections can also be acquired througl1 .:ontruninated food or drwks. The resistance

capacity of irite:,;tinal parasil(:s is a leature of prnfound influence on the epidemiology.

2



for i::xample, eggs of .1sci:.ris c?,n remait1 ,,.-iabk for up to síx yc:m-::: in the soil (Onyegemc

Jn recent yearn, loh of n:?n1.rcl1 h:i,s bn:n carried oul i:1 ,w·Jom parts of the country W

dctcrmin<: the p1.uity of sachei ,v<Lter, and most of thl' rl::'iltlts point towards the srunc:

cüm:\u5ion; tha1 r.11.ir called "pure ,,ater·' may not be complttely safe for drínklng. The

re5ult,; of ;be stL1dics un sacl1d pmily ,mJ safety have élln1()St íllways

churned up evidcm.·c of rnicwbÍLtl :ind in some c.1.,,;i:;; chemical ç.,_,ntamina:nl?

(Uguchuklvu; Giwa_ Giwa.

Og.Ltn

ming 1l1c water. thért· is 1wc:d 1,,

Consi(kring the 111)'1--iaJ brc1nd? of suchd ,vc1tcr

wi1h tlk· i:1C1s:;1:;',ng µop11latiun of stmknts

tlw qa.ilit)' 0f Lf'c water. This will provide

informaliflll on the s;;fr:ty and rniçrobinlo_g1c;il l[ll<lli<;' c,r Lhe sachet ,?,akr tn.Jrkcte<l in

ljl:bu Jgb(•. Ogi111 Stiik. llii,-, swdy cb;:1 ·l'tfrt ;:iin1 k.1 invnli¡::ate the pcra.site prev::ilcnce in

:;tichc:i: w;11?r in Ogun Sliltl:.

Aim and Objtcfü·e of tht Study

The general aim and ob.iedivi: of this prr;'.s.cnt study is 10 determine parasite associated

v..•lth ?¡tdWI drinking \,-ati:1' ln ljdlll lgbo, ü:;ún State, :,,Ji>\Cl'Ía.



CHA l'TEl{ TWO

LITERATL:RR l{.E\-'JEVV

WA'fkf{

,?, \Vatcr is Oil;;' of the ?mi?t ini¡x,J'':rnt rit' all nílt11ral rnourccs kno-..\11 Oil earth. It is.

IIJj: fu,pon,,,, to nil living rn·;aoi_s,,,,_ ccc,lo,,¡,,1 mtem,. "º"""' hcolth. food prnJuction '<o<l?- ..

«tonomic development. Somi:ti111es ,:,otlr (jlLality wc1tcr ¡,;auscs many di?cases in fi11mru1s,
theri;:fore qrn1llty uf" wêtkr nu1?t l;c tl':-.lt•d fl.11· b11th Lh?· chcmirnl ,1s wdl as fnr The

R
f

thicrnbial cont,1minanrs. v,.,·c1h:r is fü1 rsscntic1I compunenl I(,¡ of !if(.· on éarth.
which t:ontain;<, miJ1LTah, Cmpor!a'tl for i'iL1rrnms wdl as fnr world mid r1quatic lifr

{Okeke. e¡ al, 2úi8i. Lakc:s and 1,;urfa1.:c waler res?'rvoir.? are the plam.:t's most importmit
fr\"sln\¡fü."1' 1·c.,ource:-; ;md ¡1r,1\·.'de i:mu:_1c:1 1l:iloe h?T<elih

ill"<'" uatcd for domcsfic and

i· fünctio11ing as a soun::c- (li' ¡;ssential prn(1:i11 t111d for si[';nitic:im ekm?nts c_if thl: world's

t
-H

a;

fm açu<1'ir !Lk e::,pcá1Hy fish, the.rd:iy-

biological divçrsit?. They kw,: impc11·r,111[ and ec.oiwmic benefits as it result of

t1Juri.,;ni ,il'd rec1·ca1io11. art: cultun,ll:,- ai1,J ,,c:sthetically lmpuUant for pçople throughout

\'V1e world (Obíoma et al .. 20 17). Physico-s:hemical parameters arç very es.sentia! and

mportanl [O test th,;; ?.-ater, bcfort i! is used for drinking, domestic. agricultural m-

ldustrial purpose and to gd 1/1e e.xact ldecr aho1Lt t.1e liuality of\vater (Elimian et aJ,

19).



lmportartct• of \\'ater

Water i$ one of the rnost important substance? on earth, all living orgrnl.lsms
'nd !JD this SLÜJfümcc

t"¡_1r life It Ls :1 liquid al star1dard nmbiem tem¡x':f'alure Mid

?stite_ bul can &lsn
_ f.: _

' i:xi?t
a ?rnlid ?ir g;:is. 1-:::.:.:clllding fal, water composes

.Jifi,wrox1ruately ·;o% oi'tl, ¡
,

;-._:,;
_

lt: iumari b11dy b_v ma:.s. 1L i? a crucial ,;ompone11t of metabolic

.:.;

t·_:•.:--procesSes
artd ?çn•,:s as a solvs:'nt for

111r1ny bodily soluk?. \Vater has so many uses,

?-

Ulcludln¡: cooking, 1N<1shing and tc:creation. It i?; .tl,;o neces.?ary for the heal[hy gmwlh of

(a11n cmp, aJ1{i f&r111 ;1nd

product,;, Ort earth %.5';,'i, of th<:'

plciys ;in impn?l:nt role in thç nmnufacrnrc tlÍ many

water i:; found Ln ?e¡;_? and oct".fillS, 1.n-n in

groundwater, 1.7% in glaciLr-> .:md c/1(: icé' u1ps úl' ,\ma:-ctica and Greenland (Gn:enh,1lg,

2001)_ li is repc'rtcd 1il¡it kss tl1.õ11 c,i' 2111 Í? :11 l'ÍVé'l'S, lakes .ind the

atmosphere, and a11 Cl'cn ?m,1:ltir ill1munl of Ih? Eílrth';; fro.:shwater i;; conrained in

biologiç,iJ bodii.·-? (Kc,rtahi,

t{ diiHk at least ei?ht
f ..

?1.m'i.: l1ealth autho1 i1ir.:s have suggc:;to.:d that people

plT d:1_y (1.39 litres) 1_l.1SEPA, 20[)0) and Lhe British

?r l)ieletic AssociaLion recommends 1.8 litres (Greenhalg, 2()(1\).0ver large parts of the

-r.:¡
?'-';'. worJd. l1u111a11s lrn\c i1KHicqL1;11t :¡¡;v¡;s,; hi ¡ml.able 1,:ikr iiml use suun:e& cama.minated

fi;

,:?Ih disease >'L'Ctor:;., patbugens er unct;::c·eptnble levels of lt:xim or suspr.:ncted snliJ8.

duction ofwnterborne dis?·ases is u majrn· public health goal in developing countries.

Pollution -OF Water

\Vat.er is rcforrcd w ao- pol:uti:.1 when ii is impairiid by anthropogenic

tàmina,irs which rcsu11s in ir being umible to ?11ppci11 a human use. Some of these uses

water includes drinldng, cooking, washing etc, or undergoes a marked shift in its



to Support its co!h;titrn.?nt hiotk c01nmw1itic$, such a,; fish and plants

p//environ.rnerlt.Jb,1t1t . .:c1n1/;:n,iwm111.:n1al çvents/W8kr,layq:i.hLm). V.-'ater pollution

urs ,vhen pollutants arc din.:ctly or i11dirL"Cl]y <lischarg.ed ínto water bodies v.itho11t:

,:

guate treatment to rett1ove harmful compounds. J\aturnl phlcnom1;,'Tla such as

;rnd eat1h?¡uakes Jiso rnu:,e major changes in watçr

(Wl!O. 200?). W::iu:r ¡wllulÍ1l!\ affects plants

and organisms living in ths:se b,1Jic:s of ,?·llkr. In ;ilmost all c.?es tile effect is damaging

not only tu i11dividual ?pecits and ,J0¡1L1lil.tiDrK hut :ibü to the mtural hiologiçal

(;\ô111rn1111l(ies. \Vmc:1· po!l1Jtici11 i? a rn,il(n c;lobfll phtrx1111c11011 (h;il n.:4,1iri.:? con1inctous

evalu?ti(11l ariJ tilt: ne!!ded ,it- ?,??li<:les to ,1ddi'es? tile, is?uc at both the local and

internatio,,al )cvd?. It hris been reported ?hat wakr pollution rd..'l.Lcd dc.i.th.1:a ¡¡n<l Jil'a,,N.'

are the kading c,w,,: ofmml1ilih (f<ml;rnii e'. a: .. 20\(J), ;g;çounting for the

dtath ofrttore tJ·a11 14. 000 people ci¿1ilJ

Fardmni et ;;L (2019) rc:por!ed that in lnLlia .'ilsü people die daily from water

pollution rdateci :,.ickr?::,.;;. lt is rqY11·1ed alw11t 9rl% ,?fthe c:itics in China suffer from

with «h:H1t SOll million pe.t)pk lacking

'i$(:ce1;s to safe drínking wHter (J .aws, 2000). ÜC\-dl1ping cüuutric:s arc mo:st1y affected hy

\
ater pol1Lition however dcvelo¡-¡ed 11;ilÍi'1t1s ?bo have water pollution Issues. The USEPA

2002 reported that, 45% c1f assi::siied wcsm mile.?, 47% of assessed lake acres and 32%

'f'àSSes.?cd bays and e3tuarine square mi'.c:i. are polluted (US.EPA, 2017). Surface water

,

-4; groundwatr.::r are int1.,-rrelated, surface water .seeps through the soil and becomes

undwaler, alt.ernàtively groundwate-t" also feed sürfacc 1,1,11ter sources, however, 1hey



e often be?n managed a? sep,1mk. re?lrnm.;S (llSU-S, 2018)_ Access to Nigeria's water

urce" arc not cvculy distribut<c;J ,11 the spatial lt:vel. Only about 39.9 percent of

..
':

?holds had acc(:Si; lo ripe borne ,valer. Two (2l percent gül 1.-l'atc,r supply from tanker

,:?íce,; whilst lb.rec other soun:es wells, bún:hoks. ,md rivers/sh-.?-ílrn.s Jccount for 16

,-;¡
;·?.Ji:,

?tc-crrl t'ach {GSS, 2(?10)
•

\·/· ln addition. necess lo pip,-bmne ,min" n somce of dcinking wale, wa, 678

percent in urban ar.::1s co111par1e:d 1r_, 14.9 pcn:cm in nmi! areíls. At the national level, 42

?tct:nl did no1 l1a\'e i,(:cesi; lo !c'l1od Jri11kin? w.:n.T. ln i\ccrn, siver 91 pn¡;cnl of

households had ac¡,:ess to pir'-'·Íx1rne water in the

pipe-borne inside tln::ir hoibc? (USS.

'.WOO with 4_1_6 percent ha\ling

\Vater pollution could occur from so many

Point source pollution

and Non-puinl Sl)urce polllili,_m ll10:: f,:inne1 refel's t,i contaminant'l that emer the

waterway from a single idcntifiahle sourt?, whis:.h may include a pipe ur a (!itch,

discharg..:.:s fnm1 c,ev,,1:-'.e 11·ç;:itn1?i1c plamc;

to diffuse contr.mirn1ti(_1r1 that dL1c's 11,11

or,tcltystormdrain, Thelatte.rrefors

1·rnrn a S'.!1glc discrete c,ourcc. lhis is

.. ?n tht' cumulative effect of smiill m11011n1s of wntm11inunts ga1hci-cd from a large area.

!Jn
exampk be,ng thi [cachi11g m1t oi' nitrogcn compüunds from fertilized agricultural

Domestic sources of"\\1atcr Pollutinn

A major cause of water contamination is efl1ucnt (outtfow) from .<.eptic tanks and

ob. Misuse of these S)'Stems for di?pos.al of ,-mything other than dome?tfo or

'·ta-ry waste can pose.a substantial threat lO ground water (Onyegeme-Okerentaetal,,

7



'). Residential wa:;tewater systems ean be ¡¡ source of many categorie& of

ninauts indoding bacll:ri::L virus?s and nltraks from hturnm WtiStc and organic
.

pounrls, Injection welh used for dom:::sti,:; w:mewater disposal (septic &ystcrns.

? ?)?potil drninuge wells for c;torm v,,r,k1· runoff grnwHlwatl'."r recharge well¡:,) :ire of?.... ,,
? f:, ?:jâi,ticular concern lo ground 1.yatc:r quality it' located c:ID?ç lo and up "rndit:n1. water v ... ells.

i .
. .

Ímproper ?taring or disposa: c1f l10L1o?·hold clicmica'., .sw.:h ílS paints, synthetic detergents.

SOIVellts. cJils, medicines. disir,ket.:E1ls, po,Jl ch.rn1ic?I:-.. 11::?ticictes. t,mreries, g,1-?oli1w and

diesel fu.:.·l Cíl.Il lead to ground \Vmtr 1.:untaminnlion (Yakuhu 21)17)

·

\1/lirn ::.10reJ i11

Ílitroduct: suçh ,·unt;m1inaILh inL11 ilK·

w)h flour Jni.los. spilb amt tl1mtling rnay

vl'?ter b,;?i,usç c0mimmity landfills arc not

e:quipp¡:;d to l1andlc hazardur_i;; matcri!l.ls._ Simiéarly, wa?lc dumpr:d or bmied in the gro\llld

can çi1111:1mifl;;ik th1: S;"fi! :rnd inlo 11i? grmrr,J \\'at?1 .\? 11rba11 areas gTO\V, !here is m1

increase in min v,ra1n n111üff caused ¡x1vcd :rnrface.s, Some

l.
r'? ¡?

/:,' i,.,:- P,articularly jfthc are:1 is nol scrvoêd by atorm sewer or has. a limitllJ sewer system. Storm

?¡:·:'Waterdr;tÍJiage tluit i:-cnmrnnitívs use llf L111nol \.'/at.;,;:·dnri11g S-Wrm cv.:n\.s pose a threat to
.•'

ruunie-ipafüics us? swim water Jrait1<1f\L" wells to dispose oif waste, this a<ldltfot\al nmoff

,... -

_
und water parfct,larly in k,ut are;:is L'T arcas 1Nith high water tabk. Fertilizers,

,.•

·.

bicides, insecticide?, fungicides .tnd pes1icides ílpplied to the la\m cmd garden contain

rdous chemical? 1hat c,rn travel thro11gh the sail and wntflmilrnte the ground water

ht garage, items that are improperly used, store-d or disposed of may potentially

aminate ¡round water 1.;specially if there is a drain to the ground in the floor of the



Sources incluJe batteries 16.,11 u1ntain lead_ cudmiun; or mercury. Paints

containlng compmmds, barium frorn diesd

:COmbuSlion. ¼'m ....-r used in the lmrm: rmd entering a septic system or :-i:wer system

org,mic compounds from

C_&atba?.c. d',?posal b:ickriu, niu-:-iks ;md ?Lllplrnt<'S from ?,:wagi.:, greas1::s and oih Cleariing

*iJ.eMS. a.:.:rusol sprnys coolams and ?oh·e11.1s wlifr.h .i.11 c1lntain carhon tetrn.chlori<le

household pesticides. \Vater peffolz,üng :luough l:mdfilb is known as Leílch.1tc. From

landfills Lh;ü contain l·,ousdwld c:imi oth..:-r ·-vc\ste nMy pid, up dissnlvL·<l solids and voléltilc

organ ls'. compound?- l _a,.,, ns with o Yer applieJ or niisz;pplic'.d f..:rtilizers, l1;;rbkides :md

ftmgkidcs inight introdw:r: Lhc<:c co:1t:m1i:cdnt, kti.1d1k>riJc and htcavy metals such a?

ma.ngant:?{:C into th;,: grm111d

2.2.2 i\11tural snlin'.?S of water cnnt;1min:1tion.

Water con1ain:,; sonic im¡imi1i'-'.? e\-'..:17 if it is 1maffected by human activitio;;s, The

types and cúnr.:L•mrnti,_111s of natural im17ur!tic:;.dt:pends ,_,n the nJtur? of lht g.eological

jnatcriJb through which the ¡:(fO\llld waiter moves and Ih-é: quality of the recharge: water

:..\'1>!11pOt1nds
s1.1d1 ctS JTrng11<.'siu11L c,1lci111n and chloride;;. Some aquifers have high

:?,.,? concentrntion of dissolvetl constltucnts such as arsenic, boron nnd ?lenium. The

-of these natural s(lurces of ctHitarnina1ioil of water quality depends on the type of

¡?illants arid ilS tonce,1tratlon, Sorne llf the c-onlanllnants that occur naturally are:

.. inium, arsenic, barium, chloride, cluumiun'l, coliform bacteria, copper, fluoride,



,..,.,, iron. lead, rnanganesc. mcn:ury, nlirá1C. sde11lum, silvt:t, sodium, sulphate and

Other Source" ofnatrr ¡ml!utiou

Wáter that rnns off llr flow::, o'.·er tli1e grnuml ,1ncr a rainstorm pie-ks up dehris,

{''
•;;e)}etnicals, :-oil, }".:lrd w,1ste, frniliz.cr, motor oil :md othi.:r pollutrmlo. Storm wnter is

eat'J"ied !,1t,i k,cal r-ell?11tio,1 l\illêl) or dir¡·dy inw lorn] warenvay:,; through

stoTm drains that e,·enlu,1]Jy rene.li ',Yak_· llod'.es. Somctim.:? Lhis wJtcr i? partially treMetl

through ;1 storm \Vater pond. These provide temporal'}· aloràge of sto1.n1 wuter runoff tmd

captul'c Q Vfü'it·ty of pollutmm t'1:11

watr;'.rway? and wetla:1d?. Tlic:

oihen,·lsc wurk their way dCl\\1J.hill to

ÍM pemci11i11l; i,wtm Viii.ler mrumg?rm.:nl

,systems n::,t:'l with water mJ11<tl!.rn1ent m:lhmities-. Arte? dc·,dopers compkte C-Dnstruclion

or permit1cd systcn1s ln residrnti::il Jl'f:i:;. thç permit aud the: h:gal responsibilily for

mainlainíng these .sy,,kms

thousêtnds of açres of farnihmd 11:tvoe

:.1)18)

tyricall:,.- p:.i;,sç""ct
on to homeov,,rn::1:c;. for generations,

In 111an\' ¡'a?cs. nu(rier11-1·i,:h

wlth·atcd thrnu:;hout Kigeria (Tililawo et al..

fr,ml fonn iidcis h;1:-; tlniined or been pumped

·

?te,
natural water bodiç? \Vit\l(lut ll'?<1tn:en1. impacting v,ra:cr qnallt?·-

This overabundance

nutrient:. encourages algal hio?ms t11ctt deplete oxyget1 from lhe water and block

light from reitch¡ng umkrwm,'.r vcgetm:oél, critical to fish and wildlife habitats.

;.dinl,ents from soil m cot1:Stniclion site:; c,au wash into watc-rv.ays, which can create

blems for aquatie life. CloL1dy \,,ater caused by suspended matter reduces the amount

sunlight able to rettCh si.i.bmersed plants- The settling out of the sand, silt and other

10



;hr water 1111w tht iJ(Jttom of lh-ê" wati::r body destroys submersed

?!>eds and othi;r bottom-dwdling plants and ani¡nllls, in ,,JJition to impacting

'-I
or nonpoint scrnrce. \Vitl1 pi)Ílli ?0urce polllllion, lhi.: i.:i:.LlSe of the probk-:rn can be

,?,··?}-?to¡¡ ,-ir,gle :<;ource for lcx;1mple. ,,. pipe or e-ulvnt ,füd1.1rg_ing wfl.s.tewat?r from a

1

·

?ry. Some industrial íllld s.1.:wag:c treatment pbuts i;.onnL,tl directly to a water bDdy anJ

1;tc11te p?1int some.: poHutllm. but ?II ?ípes crc:-il-: ]1(iint rnurcc ¡x1llution. ln the pa?l.

pollution from industrial and <lonwstic p,,inl rnun.:<':_<; \\'as comD71_ll1 {Okeke <'I al. 20181

ijOWever, stronger reg\1lations. lltwer tcdnulo_gles and n11111., advru1coe-d treatment ül'

wastes IMve redt1c?d pollL1li1lll. Thçse s,1u1·,:cs arc- regulated by ,-;lilt<é"<tlld ]Lio::itl laws.

2.2.4 ."\-licroo.-gauisms as?o<:i,11'-d with \-V:1tc1· J'ollutiun

Several mino,,rganisms uséd t<:, ildcct t:le p;c:,;;;u::e of µatlmg.::11? in ,,-.,?Jtçr

·S,ampJe. Colifonn bactcri::1 arc li1c n111sl c,:,mrnonly used, although not an at:tual cause of

J
,Ai$ease. s?veral micrvorg,nisim wé!L;;r which arc ímplkaterl in

J
h1i,na11 h?alth prubk:m:,. Ci·yptos.puridiL1m p:trvum, Giardia lamblia,

·..:Lt i?rtionella, Novovirus and parasitic v.,·onns (Tongo, (!/ al., 2017). High levels of

"•·--:•.-

-?gens ¡11
,,,,.ater m;1y resull fro1n (he in:1dtqt1ctte ll'eat,-,1e11t ofsewa?t: díscharges, which

?n,mon fedtur,a; ill developing cúun1ri1.:s (£PA, 20191, howevi:r lhis may also occur

?:- -
.. , ... ''

§..,lopeJ cm.1r1trie?, where older c1'10::, \?·1th agrng mfrastrncture may lead to the

. .:. of sewage collection sysleJtls which can cause san.itm:r sewer overflows. Api:til

;croorganisms. -0tltt:r contamim.u1ts of water inch1de organic subst:.ances Iik.e;

.-:n:t.s. disinfection by-1iroducts, food processing waste, fats and grease, insecticides

l1



herbicides. petroleuni hydrocarbons, including fuds ,m<l Juhricnnts and fuel

11:m:.tion by-prodt;cts .A..;;idily c:n;:,1;(1 by iml11strial discliargcs (especially sulfur

/.

,:iJc from pliwer plants.). Am111ü11i:i horn food prncc,,:sing \'iclst'e, Chcrnicll.l waste as

j·dustrial by-products. 1'1.:rtiliz1crs Ci.m!air1ing nutricnLs--nitrates and phosph,1tes --whích

?[jtre found in S!orm WULn runç,ff fiom ,1?.riniltur<c, ::1s well as commercial and residcntíal

',Ílse(Elimi11n et al._ '.!.OJ 9/. fkavy lllCLlils from mtJLo:· 1,-?hicks (vi:1 urban storm water

runoff) {Elimiai1 e1 al .. 20l9J and m:id rni11e dn:1im1gc, Silt (se,Jimr.nti in runoff from

con.strnc1ion sitc:s, logging. slElS!1 ctnJ hum prnctice:s ur lamJ -:lc11-ing ;;itc:,;

2.3 Sachet \Valer in Ní?l'l'Íll

l

¡.:
_'j;

ª Tite sachet is u,rnally bag1:cJ i11 small poly1lieae bag:, usually SDfiml. this pr<.i<lw.:l has

_..
found its way into a.lmo?L every h<1me in the C1llilll!'y. The!'e hav<;; btcn ri.:ports that

Due 10 \I¡¡; L1meliability of tile wat.::L- :,upply in Nigi.:ria, sc1.Chd wc1kr was

introduced ta prnvidc affonfoblc and inslan: 1lrinking w;;kr tu 1hc gl,ncral public, th.is has

Sçcn o 1n::1nendous illlTC;1s;.: cl11?· In th? Ílllh<: supply system in the country.

'; #uggesi 1hê" use ,if this pmJu(": i11 11'1?17i1als. even in 1h::,8.tn::i; arid dc!ivi.:ry room;;_ Thi.-

b),'
both small rnJ large scale industries th?t

1

f«';k and machine~scal sttchct water, thi? b,1g of ,vmt!r is mostly refei-rcd to tlS -pure

,
ilter:I. According to the Stoi.::kho\m Envirnnment Institute (1993), -ice?waterl vendors

1 their lm;al rniml" b,-cau1>e mos( of them f.dd blocks of i-:e to water sachets contained in

ti-Oxes or pNs to cool the •?'liter. However, to majority, -ic::e-waterl simply mean:,.

.

d-tied sachet "va.ter weather it is coole2d or not. Sachets are produced by both large

busines?es often regarded as -cottage: j_ndustries,I

12



rate. pwtl1accrs are few in number a11d general!)· located in the large cities. Some of

;-

- large ?cale pwducers in Nigerúi, Everpurc, lceCDol, .\fohile Water. Standard Water,

(

Jtic ªnd Spec Lal lee Wati'T, lmwevn the mmil:>cr of tilt': sn1ílll s.cJI? industries producing

r?et wut?r.'lre Llllknuwn_ e,,,,
.?-

' - \ srnmc1m;l :1¡'\'.IKies tas.kn! with m:1uagi11g che industry are

?I • ._:--abktoaccoum for all the, .11
. "

•
_ .

?••
.m.i s.c.,ile productr1> h?cmise there ari: sc•cral Lmrs:g1?K--rcd

.\'
· ?uccr:,1 in husinc?s. liowcn:r they ha,,..: l.ieen rcpurlecl to be arnund }.000 .:iml on the

't 'ri.se e8.d1 day. lhe ¡:rvlifL·1-.itiL>11 ,_1' prnducc1·;., is ns .1 l'e:rnlt of s.trong :;,casona!

denrnmL interni.lk:nt -,•.dl<õr s1...pply anJ k,,1· bmiers t,1 méi1·kd 1;;::it1y, most oftl1ese mwll

scale producers arç typically family t:::i.11.:qJriseJ draw1) to the industry becm1:re it if. a

relali\-'\:'ly »imple bu?iness te, ré'quil'<: <:x((•11•-i\·t: c(b;::1tion, and hai lúw illitial

hw?s1111c11·

1.3.l S3chet \\·'ater l'rnductloo

t I bt: pro,luuion oí is ;1 rcl,1fi-vdy simple µroc:¢.9s, most of these

?::- producer::; arc located wi!bin arc::is thcrc ls the sLtpniy 11í Lreílted i,vater ftom the

-.¡,1:-. })ligeria \Vater Comp,my l.imikd thcr;::Jon.· a water pump J1mvs dirtttly from a piped

well from which tl1ey Jraw their ·wat\:'r. Tl1e water is then passed through u filtration

dia and in1o che sachet machine which fills a fixed volume (typically 500 mL) of a

ic roll, then heakieals and slices the edge to create the individllal sachet These

eis are then packed into bags of th:rty ?ach- lhe ma.d1incs used in the production of

:sachet ,..,<ater· are mostly numufactt1red ln China and marketed under several brand

e& wi1h the I'JlOst corm)l:on being .I.he Koyo Machine. lhe filtration of the water is



tly done with a separnte filil'mion 1mdiu ,vhich i.:; us11ully fixed to a wall, this contains

mbination vf 1;arbon and sand filter? uf varying. péiti.: :o,izes for trapping different
·

eles and organi.sm:;, These in,;chint,;-; sometimes contain 11llra\1iolet filter? for killing

?-?airJing
bacteria .'Lnd vin1se;,._ ,;orne Ill" !he producers who deliver.straight to lhe mmket

i?:f• ?IJUa1ly
co,il lhe ?,wer heforc dirni'.iuLiw1

:l-
i¡J.2: Sachet Water Qualít:,,·

1: l'ast studies 011 béll'.teriL,ln?ical pmit? of ?;Klict wáter in l\'ig?ria has bei;n

t· concluctfd by »evi.:rnl :t:se,1rL·li,;rs -;;Kl-I l_é-; l:1.er'.1011:,e el ,1J (2017) ,md l\,fo,tnphíl er

al (2018), in Owerri. Ibadan J.rid

bacteria such a.<: fJacil/1is sp, P?C11driJ11cm,1.\· sp
Kli!h.1·/c!lo sp. Srn:ptocon:11y sp, Sirrraria

lp, C/ll'fl1JmhaueriwJ1 1p

'lhe Sachet waters were n..cpott.::d rn contain

·ind of Cryptosporidi11 sp (a

pto!OZUiH) paraS,IL')

1f Another study by '\fokut>u l2017), lo Jsl·ertain tl1c pm·asites J%ciciakd with =hct
't

?J--
drinking watet' in Av,ka, Anrnnhra Slmt.'_ South.::,?atNigeri<1 indicated l11at <111 thi;: !!csl1c<l

.:_;:-, wirter .saniples met w·,,l'ld Jk,1lt!J Orgm1i;:11tion (\V.H.0,11·tcl1mmended stm1ctard, ofbeing
t',

\··1orless, tasie!r,;:.s, and ododess wíth avernge pH of6_93. Some pEIIasites were found on

surfuce of the sachets. ldealifiell parnsites indu,kd cysts of As-earls lumbricodes

%), Entamoeh(< hi,w?yrica (4.6%), l-foókwt1rm (2.8%), Trichuris trichuria (2.8%) and

$t other studies have reported a compromise oh,·<1ter quailty in one way or the other

lOl/t Tongo. eia/. (2017),Sam1Jt'l2019).
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Due to the high dem,md for sachet water and the lack of serious supervis.ion and

lation most of the !'.achct Wllt\':r prods1çe doe? not meet the required standaf(!. In the

has evolved IJUt in many ,kvd1:,ping natioos

1 •.??'IC-lis
the çon1111on l¡;chnolugy a\:iibhic

?/1.'liie:r-c
has bccn sev..:rail s1udics on tite qH;;lity ofsadu:t wrH!êl' i11 J\-igeria, in 200(i Dodovcl

'?,':
· ·

áL studied lhe qualily or :9 h1ands or scKhe1 to diffel"em tempernture

-l
,1

ei:,ríditions in the Cape Coa:H \1etropuli? fo this

I

\VICJ'e reponed Ill b?

Contaminated with ml:11 c-0lifrmn b<Kleria_ ,,,,iLh ?olony forming units ((:FU) ranging fr1)m

O efo/JOOml to 9R miLi0n L i'u.' I UUmL w1tL s_1rc.:.· ,1u1 ur?,_:•:rn \lr::mds repo1ting positive for

E. coli, This stLidy imlicakd th:i! sJcl1d w:i:er gLiality in Nig.;¡j¡¡ WílS poor, hov,·cwer in

Córtipa.ring the qliality of s.achct \li:Jlcr with other w:1\\T pro(h1cts, sfü;h<et \Valer oí ct

higher q1Lality than h,111J- filld :,,1ud --lÍ<'l: ,,.-,net· vdüch ,.vas dtirriilialing in \!igeria before

theintmdl,clion of;;¡whct 1vata this w¡_¡s n:p,lL'tei:l ¡n ,I ;k,<l_y by Ohiri"D.!11so etaL (2018).

I?';. . . . - . . . . . . . .

?-·].>io;t
of the wale, used u, the p,oduct,rn, u, .sachet ,a,n m ,,gecw,; e,tl,ec!rnm the

?·,.-Q\VCL \Jr from Lmdt:1·grow1d \\'tltl'.r lhl'.?l'. 1.111dcrirullnd \\'ílte!' lrns been proven
?1'¡.;,,-

'

J#1
St'vcral s\l:dk.? to be microhic)l'.y cc1111:-mtimLted.

a?

repmkd by Obirí-Danso ct

?008). ReceJ'lt rcsearch ú1l sachet writer has. primarily focused on sub-standard

¡;¡nd potential dü,case tmnsmissÍú11, with fül11C clflhorntí<m Lm health impact



Cl-1/!.l'TJ·: R TliR"tE

MATEJUAJ,S AND :\-'lEl'IJODS

,'ludy Arca

.

:j
,.,'.

,.

__

, .. , . udy w:is coi1d11c1eJ in ljcb11-lgb,1, ,1 tüwn in IJ_guri state_ Nigeria and still an
'i ?- ?iIDtnic and commerc.ic1J nerve ccnt1v uf the Nrtti1m, JI is located in the Súuthwi::;.fem!'

.1

seoJ>O]itical zone or ?\'igs•ria Tli?·
ú1 c1rci1 oí Nigl"rí.:J':;. 36 States, l_1L1t containing

#:le natior,·s larg,?s1 L1rh1n CH"ea

t2 Collection of S.ichct \V:11er

A lülal of 5 diffcre11t l.sr:mJ:; ,-i·
?:1L'hc>1

hawkers_ producer,; an<l wholes.:iius

\',as ¡:,urcha_<;c1I nmdomly from

,'

_Na:tio)rnl Agency for food and drng Adnünistr.'ltirm :md Conrro! (>IAFDAC)?1"
? t:ertífication mtmbtr. They were convey>.'.d to 1l1e Mirn>hio!!lg}' laborntory of Ab1abam
??. A,j:ffunvc, l'olvtcchJJic: (AA?'OI .Y I ..;.e . . .

????:· The 5 sathet WE.let wen:: n.Jmed J1i:l the :m:'.a 01- rnllecriun ílnd Ioctl! government
' ·

',,,.Jed (Table 1 ). Th<-'y wen:: then sul?il.'cted to 11.facrosmpic and parasitolugiea.J

•itions tll determim'. (/JI;' p1-¡;:;rnc,· or ;iam.sitie cysts :md ,:gg?.

2 I .C.i\ ,Ji' OgtJJJ Stak. Thi!y .:iJJ liad the



ght, the -?upernata111 \,v;i..s de?antcd. Tl1c sediment \Yas shaken and 1 ílmfa of each

'e was Centrllllged at 2,.'i0ürpm frn ,: mi:1ulc. TI1e ?,_;d¡111ent from each tube was

d for p.uasit,e by çonceritratir)n meth,Jd descriho::d by WHO (1991). This method

,,
' •t,

?•:?• '?í01er1tation. Abm,t one
"ii- the s,:dJrntrH ,11x1 H.lml of formalin were míxed

· f !lig<thc,· ,md st,ai,wd will, th, cud...
f

•.

rilixture was thoroughly rnixc<l
11si1Lg

5 detection of srrmll numbers of ¡xira?itic egg;<: ,md Jctrv.'.!c through concentration by

rnd and c·<.•nlrir'iiged at 2501i:im for I minute.

'the supenw.bnt úf debri,, ::rnd l'nnEalin-c?l\i':'1 p,_1med aw;;y by quickly invcntng the

tube. lhe sedinu-;nts
<;11s¡:ie11si,111

'.'•lih tlle ri'.:maining t1uid on Lhe

gjdes of tl1e tubt'. A drúp vi" lhe susp?ri?i1m was :rnn:;.forred ont(1 1c1 clean slide for

mforoscopíc examination under £t

dlredlv i-ilo a cc11trií11g;;, tube. Then 3ml of

?lip 11si11g
the: x I (I ;md x40 ul;ij(;'çtives, Thi? was

tepea!<'d umil tlie sc:dilllGlll in ,:,di ,:,,11tti1"11?e t11be- TI1e '."-.ur('>ee of the ;<:a-;hets of

? '?

-Wa.1el" \\TIS also \,ashed uff c1nd •,•,:c,s <tllo,x<cd w senk for ?orne minmc. The resulting water

d.?.;:\V.@S.{:t,ntrifuged and ohserved n1icm,c-oplc-ally. Th<: mclhod of centrifüging med in thi?
;;

__

.

·

WflS to ensmv r'ie n111cealration 1if impmity in tlie v>'<'l.h.T scJmpk,;. 'rllls m..;th.od is

tibk becmise p;_irasite oé\!Fs.-'cy?I? :u·e i-arely seen í11 volüni?s of liquids except when

11



RESULTS

IDEl'fflFlCATION OF INTFSTINA..L CYST/'! AND EGGS JN THE

WATER \\']THIN 'l'HE SACI I LT

The macmscopic nncl minosuiric e:,.?n:lirntion results of füe J'.'i analyzed p<Kkaged

drinkiug ,1atcr from p1·ud1ic<:rs l_ichu-lglx1 ls shov,n in Table

4, l. None ofthé p,1ckaged dri1iking wa1cr ha? any par?-.;itt., iH the w;:iterwitbin Lhe Nylon.

All the tested pctckaged d1·inki11::! water :,lso 1i•d the standm·d p!J of6.5-N.'i n;cornmended

by W.I [_()_ The JXKkil¡!.l:d r:dom!e.:.s

partidcs though low, wtre seen 11 111,>?t 1A- the

am.I lÉLt;ldess. Some

drinking water, none has

moderately high p<1rlicles I h.::,e pêi.rtidl'.:? were like çrystab and fihcrs in varying

degrees

1 J1 ;U l.Oli:NTIFJCATION OF INTE:,;o;lH\AL CYSTS Al'1;D EGGS HABUllRED

,,•t
. .__l.._· ON THE SACHET

?;\ The microscopic e.xamin,11:011 re?ult of tl1e fiflee11 (15) analy7.ed ?ae;hct.s or the

,,,.

? ¡;d drinking w:iter from !h<' l1awk?rs, ,vholesakrs., prnduce?. The saçhci:s of the

d drinking water was rinsed ,111d ccntrifoged, tlrn sl.'<limmt was observed

.

opicaJly and the para:,;íte obscrv-:d were recorded and shown in Table 4.2.



:k 4. 1: Analysis of all .s11mplt."d irnckagt:cl wal<'r pun,hased ín Ijebu?Igho.

Pnrarn?íen; \'lt.'aSUHd Parasite PHrticlcs

C?·sts/Ovn
pH O<lvur Colour Taste

e
D

• F
I

?len A

íl

e

D

(, .. 5} Od,_111rkss Cc,lourl>csc, ¡·¡¡stele:?s Nil
ú.54 Od,1tnJ1:\:,;:,; Culomkss TtL?tcless ¡,;¡¡
6.54 Oclouricss Cc,k,ur]ess lastek-% '.\ii
6.60 Odourleo-? Cokiurless Tam:k.-;s Nil

6.54 OlioLJrless Cr1lourless rasrek?s ]\jJ

6.60 OdourlL•ss C'tú,urkss T_¡-¡steless Nil

(i.6{1 Cc-lourkss l;1slcless l\[I

Luw
Vcryl.tw,
Low
Lmv

Low

T,l)w

Vçry Low

Low

Low

1.i57 0Juu1·k·:;? (.;::,;OLtr!L,SS T.:.1:;Ldcss Nil Low
7.00 OJOLll'ks.? l•)lourless ·1 :1gt,cle8s Nil Low
6.55 Odourless C11lrrnrkss Ta,tckss Kil Very Low
6.60 Odourless Co!ourles:i fastek?s :'-Ii] Lmv
6.65 Odour!ess Colourless Tasteless Nil Low



l-:4.2: Ova or Cyst of Purasitc? Jwboun:d on the Sachets of the Purchased
ed!).!'.!_l!_k.!!_ag?·_!!.?r_!?Jj?1?lgbo!.__O?.S?1e_ _ -;---- ,?

N{J or A.
E.

T. 1rid1uim G. lamb!la Hook 1 ornl ( 1/u)~'!!•1!_b:}ü,ide1 _h/wo{1·1ic_rr
j

5(33.'.t)





CHAl'TERnv?
IHSCUSSHlN, HEC(>.\E\H?\fUATlON A\fD CONCLl.iSJON

Discus:sinn

lli·.,; rlc'S('clrch l"<c'üitd<c"J k,·,1 ('[1 ,ra1:1i11;itio'l of the sctdtet (if thc- diffcr,;nt s,u:het
Wll!er bra11ds. esa.rnin.,-d in lhe

sHLd_v :\lt!1rn1gl1
several high rate? uf co11tamimitiun ni" wmer with p<1r,1sik5 at difiCrent _pan.? of the

1??-=archers h:ivc recorded

country (Alli e1-al.20l J).

finding? :-;IFm tfia! lfri,:L:n,L i1awk.,d in ljebti-lgbo
in.ay nm po,;ç any he.:i.hh thr(;',::¡ IOr rnm no r1uc1si(jc ,.,rganisms WLTe foun(l in them
Tire nón - oc.:urn.:nce or pm".:isites i11 thes,, _prndrn::i.? C1):1ld be a? ,1 result of use of

i.mr:Onlanii1mled Wille) ,liid 1,11..:tlmd? 0f wa!1..T fr?•:1tméllt. }or instance,

I

Uldustrie.c; /ikc Yenwji \\'rc!lt.:rCoqx11"<11Í?>n usc:s ulil'a viokt 1illii11tion to !rear deep bor<.'liole
t· w«rer, All sachd drinking w<l!er jnduslric'3 \-'isikd, u?ed n11tanwtell padrnging machinesl

[(iWi>pposed
to ckct,·i, "'""""") ,,¡,,mid inp"lsc S""'

b"11d
held"""" could

Ó.lifls,":htiman Jmnd in do?c Clllltm::I w11h pac-bg..:d water durmg v.anous st,1ge,: cif

?n and thb could lead w 1!1fcc!irn1 {:\dam ct-al)

bulk of para,itic infr;;IÍi.111 resulted from sachet drinking watt-T is from

>Who sell ?a,,;liet water along tl1e street:;. The outside sachet of the water has

ue to improper handling of the water from lhe hawkers .. E.g; In Lagos, it is

ported tha! Nigeria also ootcd that Entaemoeba coh and other entheric
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chemicqj ;md b3l-'leriologic;:i! ¡:,ropcrci.:s <1s v.'dl as míneral
·ion of the fifteen (15) seil-'CU."d !lcJr:het ,?-nte-r ;m(i tile Jive (5) s.achd drinking

? ??:du:: standflrd of the \\-'HO Hild :'-dS ?tn11dardt
.

.
.

1'.
·fu C<:inclus1on, hawkers and ths: cur1?umers ar.: mosl[y J"i..:?pons1ble for contanun.aling

h:i:1Jingnu! uf1he '.\Bl(;'r.

', J;'J' RecommentlJ.1.tion

h is thercfc1re r..::i:ommcndcd tin: 1 he rnnsurneE 1vilo buy s,1ehc1. drínk.itig wat;,:r
t.-1.;

t? the hav,'b,:1·s sh,?l1td tlic cellopha1w p:1d.;et, es¡ici;iaHy the arca to be

!??:?11
befo1e

Udn.kin?
J-'a!rrn;i;:iJJ¡;

!1awkers.
wl10 8n: generally dirty nnd with

?füuy commerc1al habm shollld be a1·oi,leli, F'ma!ly, governmen( agi.:ncies regulating=,.>, .

?? \V8h ..'T industry slwuld inni.:st?e :111d susr.iin Jill' tempo of monitoring in order to?lu?ststandards in lhe :neas of \'>Bier s.ource, 11·ea1111e111 and filtralion techni<¡ues

?J,y industries. ft is sugge?td that similar research be carried out in other part.s'

? to amass a ciiticnl body of info1mation needed w reg?!ate and sanitize the
•

1g
water indu:;lry. This is highly deslr-.i.bJe sim:;.: sc1chet drin.king water "Pure

-".",.;i,>rsal in Nigeria. Such re,earch Js also desirable ín developing countries of

'4
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