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Abstract
A simple technology termed Gravity-Pipatter System (GPWS) has been used in the Hohoe
District in theVolta Region of Ghana to provide drinking water without any disinfection treatment.
Ten years after the establishment of the GPWS, there were complains about the incidence of
diarrhoea diseases, colouration of water and sediment in some of the systems put in place to
provide potable watelThe paper reports on bacteriological quality and health implications of
water at various points (source, reservoir, standpipe and individual homes) of four GPWS in
four communities in the Hohoe District over two seasonal regimes for three consecutive years,
2005-2007. Conventional cultural methods, as specifigsPbyA (1995), were used to detect
the resident faecal and total coliform bacteria. Biochemical methods, empkRing0E
identification kit and serological tests, were used to confirm the presence of bacteria species and
diarrhoeagenic agents, respectivelructured questionnaires were used to obtain medical
information. With the exception of the source at one of the communities, Nyagbo Israel, all
points of the GPWS were heavily contaminated with Enterobacienagram-negative non-
sporing bacteria of possible health consequences belonging to the family Enterobacteriaceae
were isolated from water samples at all points. The presence of diarrhoeagenic agents,
enterotoxigenice. coli (ETEC), enteropathogenkscherichia coliEPEC),Salmonellaand
Shigellaspecies were confirmedll the systems showed a trend of reduction in parameters
from source to tap, with no significant elevations in the homes. Enteric diseases peaked in rainy
seasons (August-Octobeljedical reports support a strong link between diarrhoeal incidence
and water used. The practical implications of the findings are discussed.

Introduction approximately 2.2 million die of waterborne
Majority of the worlds population does not have disease each year (Mirgral, 2001). For instance
access to adequate supply of safe drinking watdrarroheal diseases alone are responsible for an
and proper sanitation. Higher child mortalfigr ~ estimated 3.5 billion episodes and 1.8 million
example, is closely linked with inadequate supplyleaths annually worldwide (Benjanghal.2007;
of clean water (¥ung, Dooge & Rodday004). Clasenet al., 2009. In developing countries,
An estimated 88 per cent of global disease burdefiarrhoea is a leading cause of mortality and
is attributable to unsafe drinking water supplymorbidity and accounts for 17 per cent of deaths
inadequate sanitation, and poor hygiene (Gundigmong children aged less than 5 yeBen{amin
et al, 2006). Since 1990, the number of peoplet al.,2007).
without access to safe water sources hasln Ghana, conscious efforts are being made by
remained constant at approximately 1.1 billiorthe government, through the Danish
(Claseret al.,2007; Mintzet al.,2001) of whom International Developmetritgency (DANIDA),
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to provide potable water of good quality to thg51%), GPWS (38%) and streams (7%) (Hohoe
majority of the rural communities by taking DistrictAssembly2004) Apart from metropolitan
advantage of ground water resources. DANIDAHohoe, (the district capital), provision of treated
under the RuraWater Supply and Sanitation pipe borne water is not found anywhere else in
Project (RVSSP), undertook to improve and makehe district.
potable water accessible to many communities in Wherever the gravity system is found, as in
the Volta Region of Ghana by exploiting thethe case in the Hohoe Distrct of Ghana, it
spring and ground water resources. Hohoeonstitutes a main source of domestic water
District of theVolta Region, in particularis supply Findings byWater Research Institute
endowed with numerous springs that flom(WRI) of the Council for Scientific and Industrial
perennially and could be harnessed to solve watBesearch (CSIR), Ghana, howevedicated the
supply and sanitation problems. In accessingresence of faecal coliform bacteria (FC) in all
the spring water resources, a simple technologgsamples of spring water from the District (WRI,
called the Gravity-PipeWater System (GPWS) 1994, 1996a, 1996b), suggesting permanent
was launched in 1993 (Fig. 1). Provision of GPWS®ontamination and risk to human health.
under the RWSSPwas based on DemandMoreover there are reported incidence of
ResponsiveApproach and Community-basedsporadic outbreak of water-related diseases like
Management concept. Currentlye main sources diarrhoea, dysenterycholera and subsequent
l l 1 l l dgaths in some communities of thg thoe
Source District using GPWS (Hohoe District

(Intake structure)

Assembly 2004).The aim of the paper is,
therefore, to investigate the bacteriological
quality of water produced by the GPWS in

Experimentals
Study area and rainfall data
The study area is located between
longitude 015" E and latitude%8!5™ E, and

B Rovaning four communities of the Hohoe District of
R Ghana and its possible health implications,
s S‘Owslm Treatment espgcially With_respect to their predisposal
. fiter (SSF) to diarrhoeal diseases.

j Reservoir

<. latitude 645" N and 715" N in the middle
- M section of the/olta Region of Ghana and
¢ £ shares boundaries with the Republic of
s 1 —— g Togo in the easAnnual rainfall is between
= hig 8 1016 mmand 1210 mm. The area experiences
KEL 8 andpipe 4-5 months dry season between December
andApril. The rainy season starts from late
Figél.,tA scheme of a typical Gravity-Pip&dater May and ends in Novembewith the first
ystem.

peak occurring in June/July and the second in
of water in the Hohoe District and the percentageseptember/October

of relative dependence on them for domestic useGravity-Pipedwater System in the following
are as follows: pipe borne water (4%), boreholefpur communities were selected for the study:
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Nyagbo Israel (NI)Tafi Agorme (), Santrokofi several public standtaps through distribution
Bume (SM) and Santrokofi Gbordome (SG). Thdines by gravity Because of the presence of
incidence of diarrhoea in each communitysuspended particles, treatment plants may be
presumably reflects the quality of water from theéncluded in the system (Fig.1). The treatment plant
system that serves it. The two Santrokofis afiltration medium usually made up of roughing
communities, Santrokofi Bume and Santrokoffilters (filled with layers of gravel of variogszes)
Gbordome, experienced very high diarrhoeand slow sand filters, consisting of ungraded fine
incidence and were, therefore, included in theand free from clay and loam. It does not include
studies to represent communities with GPW&ny chemical treatment.
where diarrhoea is highly endemic and the water
quality considered very paor Sample collection

Water quality from the system at Nyagbo Israel Water samples were collected from four
has been established BpmmunityWater and sampling points: source, reseryatandpipes and
SanitationAgency to be the best in the Districtfrom individual homes in each of the four selected
and the diarrhoea incidence in this communitgommunities. Monthly water samples were
was also very lowit was, therefore, chosen for collected over a period of 7 months, i.e. June—
the purpose of comparisomhe system afafi September (rainy season); December-February
Agorme was considered to be of intermediatédry season), for 3 years (2005-200Water
quality, and diarrhoea incidence here was lessamples were collected into wide-mouthed pre-
severe. The systems in the four communitiesterilised 500 ml glass bottles and kept on ice and
could, therefore, be representative of GPWSs itmansported tdNater Research Institute (WRI)
the entireDistrict in general. laboratory

The Gravity-Piped \ter System Laboratory analyses

The Gravity- Pip@Vater System (GPWS) isa Suspended solid (SS) was analysed
type of system where water is piped downhill fromgravimetrically using glass-fibre filter papers.
a source through gravitational action toTotal coliform (TC) and faecal coliform (FC)
communities (Jordan, 1980). Norma#ipring and populations were determined by the membrane-
stream sources located at elevations higher théitter technique using mEndo agand mFC agar
the communities are used for this purpose. Theespectively (APHA, 1995). Isolation and
spring source is normally very remote andubsequent identification of bacteria were done
inaccessible. Howevean intake structure is using Eosin Methylene Blue (EMB) agatandard
conveniently built across the stream at aibiochemical tests (Cheesbrough, 1992) ARd
appropriate point to dam and hygienically collecROE Kit (Bio Merieux, 1992)E. coli (1) O sera
the waterThe intake structure then serves as théDenka Seiken No. 245060kyo, Japan) were used
source of the GPWS. From the intake structurep serologically type for enterotoxigenic (ETEC),
water is immediately passed through a silt chambenteropathogenic (EPEC), enterohaemorrhagic
that removes about 80 per cent of suspend€BHEC), enteroinvasive (EIEC) aadteroaggregative
solids (CWSA, 1999). From here, water is pipedEAggQEC) strains oE. coli. Laboratory data on
down into a reservoir built at a lower elevatiordiarrhoeal stool examination were collected from
but just above the communijtthrough a buried the Hohoe District hospital and the District Health
pipeline made of high density polyethylene Directorate. Structured questionnaires, as well as
Water from the reservoir is then distributed tdnterviews, were conducted to gather information
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on some medical issues concerning possiblgelonging to the Family Enterobacteriaceae were
causes of diarrhoea from the use of water fronsolated from water samples at all points. These
the GPWS in the study area. Results werwere E. coli, K. pneumoniae, .Pmirabilis, P
analysed statistically using the SPSS andulgaris,Aeromonas hydrphila, C. luteola P
Microsoft Excel programmesAnalysis of cepacia, Acinetobactespp,Salmonellaspp and
variance was used to determine significant levelShigellaspp. Serological tests on suspecked

of TC and FC between various sampling pointsoli colonies confirmed the presence of
in communities whilst Paired sample t-tests wasnterotoxigeni&. coli(ETEC) ancenteropathogenic
employed to determine the significance levels oE. coli (EPEC).SalmonellaandShigellaspecies

their numbers between the seasons. were also confirmed from serological testsl{E
1). Table 2 presents medical records of diarrhoea
Results cases from the studied communities, in 2002—2006.

Faecal coliforms (FC) and total coliform (TC) valueOver 90 per cent and 60 per cent of stools of
reduced from sources to taps, (Fig\V&Jues were

significantly higher inthe rainy| _ el soazn @ Dry azaam | o0 :4‘ Dwetsessan  mDry season

season (TC, 182886 and FC, | _ o | Cig
. E R E500 A
2—-721 cfu/100 ml) thaninthe £ 7 | Sio

dry season (TC, 10 — 590 angf o W 0 1
FC, 0—181 cfu/100 ml). Sites at = ™ e [ | MM e e
Nyagbo Israel recorded lo
values of TC and FC whilst
sites at Santrokofi Bume and L. |
Santrokofi Gbordome recordeq
high valuesAbout 70 per cent | = . |
of respondents indicated they =1 £ 2 b2
wash their water receptacles souee | tesqpmn | home
twice a week, 23 per cen T
weekly, 5 per cent fortnightly 2222
and 2 per cent dailfhe levels | .,
of TC and FC in homes for both £ 1z
seasons were not significantly * o
different from those from taps ™ | ]
(P 2 0.05) |n mOSt Of the source resaewarkrBtap home source resencoir tap home
. . antrokofi Bume Santrokofi Bume
communities (Fig. 2). The TC

load was reduced by 3858 | ™

2500
per cent between sources awgm

taps of the systems durings=m
rainy seasons. = 1000

Table 1 shows the types of ™ | [jm |
bacteria isolated from the souree  resewvoir

various points of the syste

in each communityGram- Fig. 2. Mean seasonal variation of total coliform (left column) and faecal

negative, non-sporing bacteria coliform (right column) counts at various sampling points of GPWS in
' the study communities.
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TaBLE 1

Bacterial identification from the various samples

Sampling sites API 20E Bacteria identified Serology
Frequency (%)

Nyagbo Israel

(1) Standpipe Pseudomonas cepacia 48
Klebsiella pneumoniae 20
Escherichia coli 32 ETEC

(2) Individual home E. coli 40
Klebsiella pneumonia 16
Proteus mirabilis 20 EPEC
Aeromonas hydrophila 24

Tafi Agorme

(1) Source E. coli 48
Salmonellasp. 4
Aeromonas hydrophila 32 ETEC, EPEC
Klebsiella pneumoniae 16

(2) Standpipe Proteus mirabilis 24
E. coli 60 EPEC
Klebsiella pneumoniae 16

(3) Individual home Aeromonas hydrophila 16 EPEC, ETEC
Shigellaspp. 8
Proteus vulgaris 16
E. coli 40
Klebsiella pneumoniae 20

Santrokofi Bume

(1) Source Chryseomonas luteola 40 EPEC, ETEC
Shigellaspp. 8
E. coli 48
Salmonellaspp. 4

(2) Standpipe Pseudomonas cepacia 56 EPEC, ETEC
Proteus vulgaris 20
Klebsiella pneumoniae 16
Shigellasp. 8

(3) Individual home Proteus vulgaris 16
Salmonellasp. 4 ETEC, EPEC
E. coli, 56
Klebsiella pneumoniae 24

Santrokofi Gbordome

(1) Source Pseudomonas cepacia 60 - ETEC, EPEC
Shigellaspp. 8
C .hryseomonas luteola 32
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(2) Standpipe

(3) Individual home

Klebsiella pneumoniae
Chryseomonas luteola
E. coli

Salmonellaspp.
Klebsiella pneumoniae
E. coli

Salmonellasp.
Shigellaspp.

Proteus mirabilis
Chryseomonas luteola.

32
16
48
4
28
40
8
4
8
12

ETEC, EPEC

ETEC, EPEC

TABLE 2

District hospital laboratory report on diarrhoeal stool examination

Year Community otal number of Rentage stools
stools examined testing positive to
E. coli
SG 95 94
2002 SM 90 92
TA 87 61
NI 20 9
SG 112 98
2003 SM 106 91
TA 7 63
NI 15 15
SG 88 91
2004 SM 79 97
TA 73 60
NI 11 23
SG 77 94
2005 SM 88 94
TA 52 67
NI 7 26
SG 77 93
2006 SM 82 95
TA 79 65
NI 25 19

NB: SG- Santrokofi Gbordome, SM- Santrokofi BurA; Tafi Agorme and NI- Nyagbo Israel

diarrhoea patients from the Santrokofitested positive to the presencekofcoli during
communities andrafi Agorme, respectively the period.
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Malaria was the most prevalent disease thafoltaRegion between 1993 and 1996 and reported
occurred in the study area. Diarrhoea, dysenteqgermanent contamination of the streams by
abdominal problems and upper respiratory healttoliforms (WRI, 1994, 1996a, 1996b). The exact
problems werepredominant in Santrokofi Bume, cause of the pollution is not clear since the
Santrokofi Gbordome and, to a lesser extent, isources of these systems are far removed from
Tafi Agorme Also, 69 per cent, 63 per cent, 30 pethe communities; neither are there human
cent and 3 per cent of respondents listed diarrhosattlements nor extensive farming activities
as endemic in Santrokofi Bume, Santrokofaround the sources. The faecal pollution could
Gbordome,Tafi Agorme and Nyagbo Israel, possibly come from faecal droppings from
respectivelyForty eight per cent of respondentsoaming animals in the area. Similar observations
from Santrokofi Gbordome, 51per cent fromwere made in Sao Paulo, Brazil (Fagundes-Neto
Santrokofi Bume, 21 per cent frofafi Agorme etal, 1989), and Metropolitan Baltimore (Higgins
and 15 per cent from Nyagbo Israel acknowledgeet al, 2005), where high faecal coliform in streams
the occurrence of upper respiratory healtlcould not be traced to a specific source, but data
problems. Medical record from the Districtindicated these organisms came from
hospital listed malaria (57%), upper respiratorgastrointestinal micro flora of warm-blooded
tract infection (8.3%) and diarrhoea (7.5%) as thanimals and humans.
three topmost diseases reported at the OutThe bacterial species identified in the study

Patients’ Department for medical attention. were members of the Family Enterobacteriaceae
known to potentially produce enterotoxins that
Discussion give rise to diarrhoea (Prescott, Harley & Klein,

The high numbers of TC and FC bacteri®2005), mild gastroenteritis or severe and
populations in the rainy season could be mainlgometimes fatal dysentergholera and general
due to the extensive surface run-off water usuallgbdominal problems when ingested in significant
associated with rains (Bartram & Balance, 2001doses (WHO, 1984b, 2002). These bacteria have
Chapman, 2001). The remarkable reduction ibeen implicated by various authors in the
coliform bacteria numbers from sources to tapeccurrence of diarrhoeal diseases. ETEC produces
in the communities (especially afi Agorme, two distinct enterotoxins: a heat-labile toxin that
Santrokofi Bume and Santrokofi Gbordome) mayauses diarrhoea in a manner identical to cholera
be due to the combine effects of filtrationand a heat-stable toxin that causes intestinal
sedimentation processes taking place in the ssecretion of fluid and electrolyte (Rubinoff &
chamber as well as ultraviolet radiation andField, 1999). EPEC strains cause specific damage
natural die-off of the coliforms in reservoirs duringto intestinal epithelial cells that, subsequently
storage. Faecal coliform counts from all thdead to diarrhoea (Prescott, Harley & KIgi05),
sampling points of the systems exceeded thend this type oE. coliis an important agent of
WHO and Ghana standards of zero coliformdiarrhoea in both children and adults in
bacteria per 100 ml for treated water (WHO, 2002jeveloping countries (Prescott, Harley & Klein,
1985, 1984ab; GSB, 1997) and acceptable range2®05); Nataro & Kaper1998).Salmonella
1- 10 total coliform per 100 ml for water from produces enterotoxins that cause abdominal pain,
unchlorinated sources (Cheesbrough, 1992). Thisamps, diarrhoea, fever and headaches (Darwin
presents a worrying risk to human health. and Miller, 1999).Shigellaspecies produce both
Water Research Institute (WRI) of the Counciknterotoxins and exotoxins that cause diarrhoea
for Scientific and Industrial Research (CSIR)esulting from acute inflammatory reaction of the
Ghana assessed spring and small streams in ih&estinal tract (Prescott, Harley & Klei2Q05);
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Sansonetti, 1999K. pneumoniagcauses various  Furthermore, post-collection contamination did
respiratory tract infections (Obiamiwe, 2006) anchot necessarily occur at points of use. The
also produces enterotoxins similar to the heasignificant deterioration that occurred was
stableE.colitoxins ( Rubinoff & Field, 1999). attributable to mechanisms inside the transport
Diarrhoea has become a daily and normand, or storage vessels. For instance,
experience of the inhabitants of theseecontamination may occur through dipping by
communities, especially Santrokofi Bume andhands during transport or by the presence of
Santrokofi Gbordome, and the period betweehiofilms on the inner surfaces of vessels. Findings
July and October each year records the highefsom the study showed slight elevation of coliform
number of outpatients with diarrhoea and generalumbers in water at points of use. Howevee
abdominal problems.Residents of thesdifferences in microbial loads of water samples
communities generally do not report mosdirectly from the taps and at points of use (homes)
diarrhoea cases for medical examination; thewere mostly not significant (Fig. 2). Bacteria loads
resort mostly to traditional herbal treatment. Onlyn household storage wateherefore, do not
the severe cases are reported for medicakcessarily suggest recontamination so as to
attention. Documented cases, therefore, represaattribute diarrhoea incidence solely to poor
only a fraction of the actual prevalence level ohygiene practices in handling water
the disease in these communities. In the early Hygiene education that accompanied provision
90s, before the construction of GPWS, there wasf water supply facility seemed to have registered
annual incidence of deaths due to diarrhoewaell, for instance, drinking water was separated
diseases, especially in the rainy season (Hohdem water for other uses and specific containers
District Assembly 2004) After the construction were designated for fetching i\lso, water
of the GPWS, diarrhoea, dysentegnd general containers were generally covered, and children
abdominal problems continue to be endemiander the age of 5 years are normally denied the
ailments of the people. direct access to drinking water to prevent dipping
In Japan, contaminated well water and watesf unkempt hands. Covering of water containers
supply aboard cruise ships have been implicated found to have reduced faecal and total coliform
in several ETEC outbreaks; so also food borneounts in stored water by 50 per centrighit,
outbreaks of ETEC have occurred in restauran®004).Good hygiene practice of washing water
where food became contaminated with ETEQeceptacles twice a week by most members of the
through the use of contaminated water (Garcieommunities is also commendable.
and Labbe, (2001). Studies carried out by Herbst, The drastic reduction in bacteria load, between
Faviera & Kistemann (2008) and Geafil (2008), sources and taps is also commendable and this
respectively indicated recontamination ofmight explain the cessation of death due to
drinking water during storage Aral Sea area of diarrhoea as observed in of Santrokofi Bume and
Uzbekistan, and in an urban slum in KenyaSantrokofi Gbordome before the construction of
Investigations conducted by Gundityal (2006) the systems. Howevethe numbers still present
in SouthAfrica and Zimbabwe, and other in water from the taps (improved sources) fall short
investigators such as Clasen & Barnstable (2008f the WHO standards, and present a worrying
andTrevett, Carter &yrrel (2005), all indicated health risk, especially as the diarrhoea incidence
that microbial water quality at improved sourcesnd the associated abdominal problems are still
of collection was always better than at points oéndemic in some of these communities, now
use (homes), and the differences were significardccentuated by the detection of diarrhoegenic
agents.
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Whereas further investigation is needed t¢the Mpira/Balaka GPWS in Malawi (Matamula,
conclusively establish the cause or causes @008).
upper respiratory tract infections, the Unfortunately because of the community
preponderance dflebsiellaspp. in the main ownership principle underlying the establishment
source of water could suggest one possiblef these systems, the communities were to
source for investigation. Rather the residents afperate, manage and sustain the system, and
these communities regard the occurrence of fevesoon community management structures
accompanied by headache, as symptoms obllapsedAfter 15 years of operation, less than
malaria. These symptoms could as well b0 per cent of these systems were fully
attributed to typhoid feveconsidering the heavy operational. The rest were reduced to vestiges;
presence dbalmonellapp.This, howevemeeds not operating according to their initial design.
further investigation. Communities were worn-out by fatigue in

The Gravity-PipedNater Systems, from their attempting to sustain the systems. They looked
inception to date, are still operating though nobn helplessly as the systems deteriorated.
without much challenges. Distribution pipelinesHowever as long as water was delivered at their
are often choked with silt and have to be regularlgoor steps, communities were grateful,
desilted. The roughing filters that should bdrrespective of the quality and health implications
washed every 2 months are often left for severalf the water delivered.
months without cleaning. On some occasions, Of the four systems investigated in the study
the gravels that have been scooped out @nly the one at Nyagbo Israel is still fully
filtration medium for washing are left unattendeperational. Unlike the system in other
to for several weeks, because of the tediousommunities, the eye of the spring here was
nature of the work involved. Frequent cloggindocated very close to the community was,
of the slow sand filters occurs, and it is alsdherefore, protected from pollution and water from
common to observe thick scum forming on theiit appropriately piped into silt chambheand
surfaces; this often resulted in the failure of theonsequentlyto the reservoirThis accounted
treatment systems. By fathe most daunting for the comparatively low bacterial load and
challenge is the regular occurrence of heavgxplains the very low incidence of diarrhoea.
siltation in the intake structures and silt chamberdndoubtedly one way to reduce bacteria
of almost all the systems visited. The siltatiorpollution will be to pipe the water from the very
occurs as soon as it is removed througbkye of the spring as in Nyagbo Israel.
communal labourAfter several attempts of Unfortunately howeveyrthe spring sources in the
desilting, the communities give up. The result i®ther communities are located very far and at very
that filtration at the silt chamber is very slow anchigh elevations.
enough water is not stored in the reservoirs, Gravity-Piped/NVater System constitutes a major
leading to water shortage, @iternativelywater source of water and its operation should be
is piped directly into reservoirs (by-passing intakencouraged, especially as it is an excellent
structures and silt chambers and the filtratiompportunity to harness cheap supply of water to
processes that should occur there). In situatiors®lve rural water supply and sanitation problems.
such as these, the bacteria load and sedimentlimorder to sustain effective performance of the
water at public taps naturally became heavysystems and to avert potential health hazards
exposing consumers to greater health risksssociated with them, disinfection stage must be
Siltation at the intake structure was reported tmade an integral part of the system. Continuous
be a major challenge to the optimum operation abutine monitoring of water supply from the taps
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for microbiological quality should be done. The Conclusion

incidence of increasing numbers of coliformThe study provides evidence that with the
bacteria should be an indication for the syster@xception of the system at Nyagbo Israel, all other
to be examined and remedial action taken. Farmirgpring sources were permanently contaminated
and other possible human activities around thwith total and faecal coliform bacteria and the
intake structures of the GPWS in each communi[é?fveI of contamination was significantly £ 0.05)
must be banned as a matter of policpncrete Nigher during the rainy seasohlthough the
walls could also be built around the intakeSPWS greatly reduced bacterial flora, their levels
structures to reduce intake of run-offs when ift the taps (improved sources) still far exceeded

rains. Considering possible recontamination otlhe maximum limits recommended by WHO for

water during transport between source and poin‘f—ven ur_ltreated drinking wate_dennﬂcano_n of
otential enteropathogenic bacteria and

of-use, it is recommended that pOInt_Of_uS‘%iarrhoegenic agents at all points of the individual

chemical agents like sodium hypochlorite be use stems, coupled with the high diarrhoea cases

- . . S
as dls.lnfe.ctant sihce th,'s has been found to %m the communities registered at the District
effective in reducing diarrhoea (Clasenal,

. . e Hospital and the heavy presencebofcoliin the
2009; Benjamiret al, 2007 Wrightet al.,2004). stools of the diarrhoea patients, suggested a

These type of disinfectants are generally safgyong link between the diarrhoea incidence in
effective, and least expensive. the communities and the use of water from GPWS.
Regular courses for caretakers must also bgnere is, therefore, an urgent need to introduce a
organised to build capacity to face challengegisinfection process stage in the operation of the
that may crop up periodicallfhe courses will GPWS if the present health hazard identified is to
offer caretakers opportunities to appraise thee averted. Point-of-use chemical disinfection is
systems in their individual communities, exchanggarticularly recommended. Continuous routine
ideas with colleagues and receive newnonitoring of water supply from the taps for
technological insight. Finallyfor sustainability microbiological quality should be done. The
of the water supply systems, communal spirit musacidence of increasing numbers of coliform
be sustained, and the need for comprehensi@cteria should be an indication for the system
community sensitisation meetings. This ig0 be examined and remedial action taken.
necessary because the responsibilities can only
be undertaken through communal labour Acknowledgement _ _
Community members must be educated tghe_ authors are grateful f_or the financial
appreciate their water provision facility and beASsistance from the Royal Danish Embassyra,
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Malawi's success in community-basedaboratory analyses.
management approach to rural water supply and

Sa_mtatlon programme (Matar_n.ula, 2008) is aQ\MERICAN PusLic HEALTH Associarion (APHA) (1995)
evidence of how rural communities can overcome Standard Methods for thexamination of \&ter

their own water supply challenges when given 5,4 waste viter 19" edn.(A. E. Greenba, L. S.
the necessary aid.
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