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Abstract 

The use of different concentrations of sodium hypochlorite solutions (placebo; 1% and 3.5% sodium hypochlorite solutions) 
and 2 water-storage containers (traditional plastic container and the improved CDC safe water-storage container) as inter-
ventions in 2 rural communities using different water sources (improved vs. unimproved) was evaluated over a period of 4 
months.  Standard methods were used to determine the presence of indicator organisms (total coliforms, faecal coliforms, 
Escherichia coli, faecal enterococci, Clostridium perfringens, male-specific F-RNA and somatic coliphages) in the water 
samples.  The results indicated that the 1% and the 3.5% sodium hypochlorite solutions effectively reduced the numbers of 
indicator microorganisms to undetectable counts in both types of water-storage containers.  However, no statistical differ-
ences were seen between the 2 types of water-storage containers in the numbers of indicator microorganisms present in the 
stored water with the addition of a placebo sodium hypochlorite solution.  Compliance of households with the use of the 
sodium hypochlorite intervention ranged between 60% and 100%.  A household questionnaire survey indicated an urgent 
need for education concerning the risk of waterborne diseases, the proper use of safe household water-storage devices and 
water treatment processes and improvement of hygiene and sanitation practices in these rural households.

Keywords: rural households, safe water-storage container, sodium hypochlorite solution, South Africa, stored 
drinking water

Introduction

An estimated 1.2 bn. people worldwide do not have access to 
safe drinking water (WHO, 2002a; WHO, 2002b).  Almost  
2.2 m. children under the age of 5 years die each year in devel-
oping countries due to diarrhoeal diseases associated with 
faecally contaminated water (WHO, 2002a).  The main reason 
for these mortality rates is the absence of water-treatment 
infrastructures, which leaves rural communities with no 
other choice than to collect water for domestic purposes from 
untreated sources such as rivers, boreholes and springs (Sobsey, 
2002).  In addition, the water-storage containers used in these 
rural households are often not cleaned and are exposed to fae-
cal contamination due to children who put their hands into the 
water, unhygienic handling of the water-storage containers, the 
use of dirty utensils to withdraw water, dust, animals, birds and 
various types of insects (Mintz et al., 1995; Reiff et al., 1996; 
CDC, 2001; WHO, 2002a).  
	 Several studies carried out in developing communities to 
improve the microbiological quality of stored household drink-
ing water, have reported on the effectiveness of treatments 
such as boiling, heating, sedimentation, filtration, exposure 
to ultraviolet radiation from sunlight and disinfection with 
sodium hypochlorite solutions (Gilman and Skillicorn, 1985; 
Mintz et al., 1995; Conroy et al., 1996; CDC, 2001; Sobsey, 

2002; Clasen et al., 2006).  Studies which have investigated the 
shapes and sizes of household water-storage containers showed 
that the geometric design of household water-storage containers 
played an important role in ensuring that the stored drinking 
water does not become contaminated by external factors such 
as dirty hands and utensils (Patel and Isaacson, 1989; Sutton 
and Mubiana, 1989; Sobsey, 2002).  The United States Centres 
for Disease Control and Prevention (CDC) and the Pan Ameri-
can Health Organisation (PAHO) have taken the results from 
all of these studies and designed a 20 ℓ household water-storage 
container containing a valved spigot, a handle and a medium-
size opening to reduce the risk of external contamination of 
the water during water-storage (Mintz et al., 1995; Reiff et al., 
1996; CDC, 2001; Sobsey, 2002).  
	 The CDC safe water-storage container together with the 
addition of a sodium hypochlorite solution has been evaluated in 
several communities in developing countries (Macy and Quick, 
1998; Semenza et al., 1998; CDC, 2001; Makhutsa et al, 2001; 
Sobsey, 2002; Sobsey et al., 2003; Lule et al., 2006; Shestrah 
et al., 2006).  The first study to use the CDC safe water-storage 
container was carried out in Bolivia (Quick et al., 1996).  In this 
study, 3 study groups were used: one group received the CDC 
safe water-storage container together with a sodium hypochlo-
rite solution; one group received the CDC safe water-storage 
container without a sodium hypochlorite solution and one group 
used their traditional household water-storage container without 
a sodium hypochlorite solution.  Results from this study showed 
that the stored water of the households who used the CDC safe 
water-storage container and a sodium hypochlorite solution 
had no faecal coliform and Escherichia coli (E. coli) counts, 
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compared to E. coli counts ranging between 10 and 100 cfu∙100 
mℓ-1 in the households which used their traditional water-storage 
containers and the households which only received the CDC safe 
water-storage container (Quick et al., 1996).  
	 Three years later another study was carried out in Bolivia 
using the CDC safe water-storage container together with a 
locally produced sodium hypochlorite solution.  The aim of this 
study was to reduce the incidence of diarrhoeal disease (Quick et 
al., 1999).  Two peri-urban communities in Bolivia using ground-
water from uncovered shallow wells (hand-dug wells), covered 
wells equipped with a hand-pump, and a household tap from 
neighbouring communities were selected.  The results from this 
intervention indicated that the water of most intervention house-
holds had no E. coli bacteria and contained detectable levels of 
free chlorine residual, while the water from households in the 
control group had counts of E. coli bacteria in excess of 1 000 
cfu∙100 mℓ-1 and contained no detectable free chlorine residual 
levels (Quick et al., 1999).  This study further showed that house-
holds with the CDC safe water-storage container and sodium 
hypochlorite solution had fewer episodes of diarrhoea compared 
to households without the interventions (Quick et al., 1999). 
	 On the African continent, studies with the CDC safe water-
storage container and sodium hypochlorite solutions have been 
carried out in Guinea-Bisseau (Daniels et al., 1999), Madagascar 
(Mong et al., 2001),  Zambia (Quick et al., 2002), Kenya (Makutsa 
et al., 2001; Garett et al., 2008) and Uganda (Lule et al., 2005; 
Shestrah et al., 2006).  In other developing countries, the CDC 
safe water-storage container intervention with sodium hypochlo-
rite has been carried out in Uzbekistan (Semenza et al., 1998), 
Pakistan (Luby et al., 2001), Guatamala (Sobel et al., 1998), 
Bolivia  (Quick et al., 1996; Quick et al., 1999; Sobsey et al., 
2003) and Bangladesh (Sobsey et al., 2003).  All of these studies 
have shown an improvement in the microbiological quality of the 
water when the CDC safe water-storage container and a sodium 
hypochlorite solution was used as a combined intervention strat-
egy (Sobsey, 2002; Sobsey et al., 2003; Clasen et al., 2006).  
	 To date, no investigation has been conducted into the 
introduction of the CDC safe water-storage container in rural 
communities of South Africa, especially in impoverished 
households such as those found in the Vhembe region of the 
Limpopo Province and the impact of disinfection practices  
such as chlorination of stored water supplies in these house-
holds has not been established either.   The South African 
Department of Health (DoH) recommends the addition of a  
5 mℓ volume of a stabilised 3.5% sodium hypochlorite solu-
tion to 20 ℓ of water for the treatment of drinking water (DoH, 
water treatment pamphlets).  However, the majority of people in 
rural communities do not treat their drinking water.  Only dur-
ing disease outbreaks such as cholera, will these rural commu-
nities start using the sodium hypochlorite solution as specified 
by the DOH.  The aim of this study was therefore to improve 
the microbiological quality of drinking water in rural house-
holds through the implementation of intervention strategies, 
which included the use of an improved household water-storage 
container (CDC safe water-storage container) and the addition 
of either a 1% or a 3.5% sodium hypochlorite solution.

Materials and methods

Informed consent

Ethical clearance to conduct this study was obtained from the 
ethics committees of the Department of Health, Polokwane, 
Limpopo Province, Republic of South Africa (RSA) and the 

University of Pretoria, Gauteng Province, RSA.  In each study 
household, the head of the household was asked to sign a writ-
ten informed-consent document.  

Study sites 

Two rural villages in the Vhembe region were included in this 
study.  In Village 1 the main water source was communal taps 
(improved water source) with untreated water, pumped directly 
from a borehole into a large open reservoir.  In Village 2 the 
main water source was the Sambandou River (unimproved 
water source), which was also used for livestock watering, 
washing of clothes and recreational activities.  

Administration of household questionnaire

A comprehensive questionnaire was administered to randomly 
selected households in one of the local dialects (Tshivenda or 
Xitsonga) by 2 postgraduate students from the University of 
Venda, Thohoyandou, RSA.  Data were collected from each 
study household on water collection, water-storage practices 
and sanitation conditions in the household.  

Sodium hypochlorite and water-storage container 
interventions

In each village 60 households were selected at random and 
then randomised into control and intervention groups.  A group 
meeting was held with the selected households in each village 
before the study commenced to explain the purpose of the 
study.  The actual concentration of the sodium hypochlorite 
solution to be added was not known to the selected households 
and they were informed during the group meeting that vary-
ing concentrations of sodium hypochlorite were going to be 
evaluated and they should be aware that different concentra-
tions would have different smells, e.g. strong to weak.  The 
intervention study was conducted over a 4-month period.  The 
treatment combinations of the intervention trial are presented 
in Table 1.  The traditional 20 ℓ water-storage container (called 
a ‘tshigubu’ with a capacity of 20 ℓ) was compared to the 
improved 20 ℓ CDC safe water-storage container, with the 
addition of a placebo, 1% or 3.5% sodium hypochlorite solu-
tion.  Each of the households in intervention Groups III, IV and 
V (Table 1) in each village received 2 CDC safe water-storage 
containers to replace their traditional household water-storage 
containers.  These households were visited individually and 
given clear instructions concerning the proper use and cleaning 
of the CDC safe water-storage container.  
	 In addition, each household was shown the correct proce-
dure to add the sodium hypochlorite solution to the water in the 
water-storage containers.  Every 3rd week, each study household 
was given a freshly prepared bottle of sodium hypochlorite 
solution.  The placebo, 1% and 3.5% sodium hypochlorite 
solutions were all distributed in similar bottles and given to 
the households at the same time.  Using a teaspoon as measur-
ing device, all study households were instructed to add 5 mℓ 
of provided sodium hypochlorite solution to the water in the 
water-storage container.  The chosen volume of 5 mℓ is the 
standard recommended dosage stipulated by the Department 
of Health in South Africa for the 3.5% sodium hypochlorite 
solution.  Laboratory studies were performed to determine the 
chlorine demand curve for the 1% sodium hypochlorite solution 
with water from both sources.  The results of repeated experi-
ments have shown that 5 mℓ of the 1% sodium hypochlorite 



Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 35 No. 4 July 2009
ISSN 1816-7950 = Water SA (on-line)

507

solution gave a free chlorine concentration in the region of 
0.5 to 1.5 mg∙ℓ-1 after 60 min as stipulated by the CDC.  To 
be consistent, households who received the placebo sodium 
hypochlorite solution were advised to add 5 mℓ of their sodium 
hypochlorite solution to the water-storage containers.

Water sample collection

Drinking water samples were collected once a month for 4 
months, both from the household water-storage containers and 
from the respective water sources.  Aseptic techniques were 
used to collect 2 ℓ water samples in sterile Nalgene (Merck, 
Darmstadt, Germany) collection bottles for microbiological 
analyses.  The water-storage containers (25 ℓ and smaller) were 
shaken before a sample was taken.  If the water-storage con-
tainers were larger than 25 ℓ, the water sample was taken from 
the top of the container.  During collection of communal tap 
water samples in Village 1, the water from the tap was allowed 
to run for 1 min before a sample was taken.  During collection 
of river water samples in Village 2, care was taken to collect 
samples at the exact sites used by the study households as their 
collection points for domestic purposes.  All samples were 
transported on ice to the laboratory and processed within 8 h.
 
Physicochemical analyses of water samples

The temperature and turbidity of each water sample were 
determined on site using a Silberbrand laboratory thermometer 
(Merck, Darmstadt, Germany) and a portable HI93703 micro-
processor turbidity meter (HANNA Instruments, Germany).  
Free chlorine residuals in each water sample were determined 
using the N, N-diethyl-phenylenediamine (DPD) colorimetric 
method according to the manufacturer’s specifications (Merck, 
Darmstadt, Germany). 

Microbiological analyses of water samples

Standard methods were employed for the detection of bacterial 
indicator organisms (Standard Methods, 1995).  The Presence-
Absence Test to detect somatic and male-specific F-RNA 
bacteriophages was conducted according to methods published 
by the International Standardisation Organisation (ISO) (ISO, 
1995; ISO, 2000).  The Presence-Absence Test was used instead 

of the Double Agar Layer Test because a larger volume of the 
water samples could be analysed.
	 Selective media were used and prepared in 90 mm Petri 
dishes (Merck, Darmstadt, Germany) according to the manu-
facturer’s instructions.  Plate count agar (Difco Laboratories, 
Detroit, MI, USA) was used for the enumeration of hetero-
trophic microorganisms.   The enumeration of total coliform 
bacteria was conducted on mEndo agar (Difco Laboratories, 
Detroit, MI, USA).  Faecal coliform bacteria were enumerated 
on mFc agar (Difco Laboratories, Detroit, MI, USA).  Fae-
cal enterococci bacteria were enumerated on mEnterococcus 
agar (Difco Laboratories, Detroit, MI, USA).  Nutrient-MUG 
(4-methyl-umbelliferyl-β-D-glucuronidase) agar (Difco Labo-
ratories, Detroit, MI, USA) was used for the enumeration of E. 
coli.  Clostridium perfringens OPSP agar with supplements A 
and B (Oxoid Ltd., Basingstoke, Hampshire, England) was used 
for the enumeration of Clostridium perfringens (C. perfringens) 
vegetative cells and spores. 

Enumeration of heterotrophic microorganisms in the 
water samples

The number of heterotrophic counts was determined as colony-
forming units per millilitre (cfu∙mℓ-1) using the pour plate 
method (Standard Methods, 1995).  Briefly, tenfold serial 
dilutions of each water sample were prepared in sterile distilled 
water.  One mℓ of each dilution was added to 9 mℓ plate count 
agar that was kept in sterile 16 mm test tubes (Adcock Ingram 
Pty Ltd., Johannesburg, South Africa) at 55ºC in a water bath.  
The test tubes were vortexed to mix the water sample and the 
agar and poured into sterile 90 mm Petri dishes (Merck, Darm-
stadt, Germany).  After solidification of the agar, the plates 
were incubated under aerobic conditions at 37°C for 48 h. 

Enumeration of coliforms, faecal enterococci and 
Clostridium perfringens in the water samples

Water samples were assessed in duplicate for the presence  
of total coliforms, faecal coliforms, faecal enterococci and  
C. perfringens using the membrane filtration technique (Stand­
ard Methods, 1995).  Sterile filtration membranes (0.45 µm 
pore size, 47 mm diameter) (Millipore, Johannesburg, South 
Africa) were prepared by passing 10 mℓ volumes of each water 

TABLE 1
Summary of the intervention trial carried out in each of 2 rural villages in the Vhembe region of the Limpopo 

Province, South Africa
Study group Description of each group No. of  HHs

per group
Control I Traditional household container with 5 mℓ placebo sodium hypochlorite solution 10 HHs
Intervention I Traditional household container plus the addition of 5 mℓ of a stabilised 3.5% 

sodium hypochlorite solution
10 HHs

Intervention II Traditional household container plus the addition of a pre-determined volume of a 
stabilised 1.0% sodium hypochlorite solution

10 HHs

Intervention III CDC safe-water-storage container with 5 mℓ placebo sodium hypochlorite solution 10 HHs
Intervention IV CDC safe-water-storage container plus the addition of 5 mℓ of a stabilised 3.5% 

sodium hypochlorite solution
10 HHs

Intervention V CDC safe-water-storage container plus the addition of a pre-determined volume of 
a stabilised 1.0% sodium hypochlorite solution

10 HHs

Total number of households per village 60 HHs
HHs = households		  No. = number	 Placebo sodium hypochlorite solution = distilled water
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sample through the membranes using a vacuum pump and plac-
ing the membranes on the respective agar plates.  Counts for 
each indicator organism were reported as colony forming units 
per 100 mℓ (cfu∙100mℓ-1).  
	 Total coliform plates were incubated aerobically at 37°C 
for 24 h and metallic-green colonies were counted.  Faecal 
coliform plates were incubated aerobically at 44.5ºC for 24 h 
and dark-blue colonies were counted.  Faecal enterococci plates 
were incubated aerobically at 37°C for 48 h and pink colonies 
were counted.  Clostridium perfringens plates were incubated 
in micro-aerophillic conditions at 37°C for 24 h using Anaero-
gen sachets (Oxoid Ltd., Basingstoke, Hampshire, England).  
Dark-brown to black colonies (both vegetative cells and spores) 
were counted.  

Enumeration of Escherichia coli in the water samples

Membranes from the mFc agar plates containing faecal colif-
orm bacteria were removed and placed directly onto Nutrient-
MUG agar plates and incubated aerobically at 37°C for 24 h.  
Plates were removed from the incubator and observed under  
a 366 nm ultraviolet light source (Merck, Darmstadt, Ger-
many).  Fluorescent colonies were counted as presumptive  
E. coli bacteria and the counts expressed as cfu∙100 mℓ-1.  Each 
presumptive E. coli colony was confirmed using Gram stain-
ing and indole tests with Kovac’s reagent (Merck, Darmstadt, 
Germany) according to the techniques described by Mac Fad-
din (1980).  All Gram -negative, indole-positive colonies were 
recorded as E. coli isolates (Mac Faddin, 1980).

Presence-Absence Tests for the detection of somatic 
and male-specific F-RNA bacteriophages in the water 
samples

The Presence-Absence Test was carried out following a 
procedure described by Uys (1999).  Escherichia coli strain 
WG5 (ISO, 2000) and Salmonella typhimurium strain WG49 
(ISO, 1995) were respectively used as bacterial hosts to iso-
late somatic and male specific F-RNA bacteriophages from 
the water samples.  Each water sample was mixed to have a 
homogenous suspension and 500 mℓ was poured into a ster-
ile plastic 1 ℓ water collection bottle to which 5 g Trypticase 
Peptone (Difco Laboratories, Detroit, MI, USA), 0.5 g Yeast 
Extract (Difco Laboratories, Detroit, MI, USA), 4 g Sodium 
Chloride (Merck, Darmstadt, Germany) and 5 mℓ of a calcium-
glucose solution were added.  The Calcium-Glucose solution 
was prepared as follows: 3 g Calcium-Chloride (CaCl2.2H2O) 
(Merck, Darmstadt, Germany) and 10 g Glucose (Merck, 
Darmstadt, Germany) were dissolved in 100 mℓ distilled water 
and filter sterilised using a 0.22 µm syringe filter (Merck, 
Darmstadt, Germany).  Host cultures were prepared accord-
ing to ISO procedures (ISO, 1995; ISO, 2000).  One mℓ of the 
specific host culture was added to each of the water samples 
and incubated at 37°C for 24 h.  The presence of either somatic 
or F-RNA bacteriophages was determined by spotting 5 µℓ 
from each Presence-Absence water sample onto a pre-prepared 
lawn of host bacteria in 90 mm Petri dishes (Merck, Darmstadt, 
Germany) (Uys, 1999).  The plates were incubated at 37ºC for 
24 h and zones of cell lysis (plaques) were considered positive 
and reported as ‘present’ for each water sample (Uys, 1999).  

Data analyses

The Stata Release 8.0 statistical software package (Quantec, 

RSA) was used to clean and edit the data, find summary sta-
tistics for each parameter and do comparative analyses.  All 
parameters in the household questionnaires were of a categori-
cal nature describing certain water and sanitation practices at 
the household level.  Results (counts) for the water collections 
from the water sources and the household water-storage con-
tainers (as outlined in Table 1) were summarised for each water 
source and household group, using the geometric mean and a 
corresponding 95% confidence interval.  At source level, i.e. 
tap or river, villages were compared using Students two-sample 
t-test.  Within each village, sodium hypochlorite concentration 
and water-storage containers was compared using a two-way 
analysis of variance (ANOVA) followed by pair-wise compari-
sons using the Bonferromi adjustment.  For indicator organ-
isms, logarithmic transformed data were analysed.  Exposure 
variables, i.e. hand-washing etc., were assessed with the inci-
dence rate ratio (IRR) following a Poisson regression analysis.  
Testing was done at the 0.05 level of significance.

Results and discussion

The intervention households using the 1% and the 3.5% sodium 
hypochlorite solutions had zero counts for all indicator micro-
organisms in the water samples taken from both container 
types during the formal intervention trial.  This indicated that 
both the 1% and 3.5% sodium hypochlorite solutions were 
effective home based treatments.  Therefore, all physicochemi-
cal and microbiological results discussed will be from results 
on counts obtained for the traditional and CDC safe water-
storage containers in households receiving the placebo sodium 
hypochlorite solution.

Turbidity (Table 2)

Turbidity measurements give an indication of the concentration 
of suspended clay, silt, organic matter, inorganic matter, plank-
ton and other microscopic organisms in a water source (DWAF, 
1996).  Both water sources and water-storage containers in both 
villages had turbidity values which exceeded the recommended 
South African guideline value of 0.1 NTU for turbidity (SABS, 
2001).  High turbidity values are associated with the survival 
of microorganisms due to association of the microorganisms 
with particulate matter in the water (DWAF, 1996).  A signifi-
cant difference (P<0.001) was observed in the turbidity values 
between the 2 types of water sources which suggested that the 
river water had more nutrients and particulate matter, which 
could have assisted in the survival and transmission of water-
borne diseases due to the association between microorganisms 
and particulate matter (DWAF, 1996).  In Village 1, no statisti-
cal difference (P>0.5) in the turbidity values from the com-
munal tap water source, the traditional water-storage containers 
and the CDC safe water-storage containers was seen.  Like-
wise, no statistical difference (P>0.05) was seen between the 
turbidity measurements of the 2 types of water-storage contain-
ers.  In Village 2, a significant statistical difference between 
the turbidity values from the river water source and the tra-
ditional water-storage containers (P=0.008) and between the 
river water source and the CDC safe water-storage container 
(P<0.001) with river water was observed.  The lower turbidity 
measurements in the water-storage containers could be due to 
settlement of particulate matter in the containers during water 
storage especially if the water-storage containers were larger 
than 25 ℓ.  In general, no statistical differences (P=0.350) were 
observed between the turbidity values from the traditional and 
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improved CDC water-storage containers in all study house-
holds receiving the placebo sodium hypochlorite solution.  

Temperature (Table 2)

Several studies have shown that temperature plays an important 
role in the survival of microorganisms and the effectiveness of 
a disinfectant.   Atkin et al, (1971) and Sattar (1981) have shown 
that viruses have a tendency to survive longer in groundwater 
sources than in surface water at similar temperatures.  Carlsson 
(2003) stated that an increase in water temperatures can result 
in higher rates of inactivation of microorganisms in water 
samples.  The South African recommended guideline values for 
water temperature ranged between 18 to 24ºC (DWAF, 1996).  
The temperatures for all water samples in this study fell well 
within this range.  During this study very few fluctuations in 
the temperature measurements in the sources and in both the 
traditional and CDC safe water-storage containers were seen, 
which indicated that the microorganisms present in the sources 
and the containers were not exposed to temperature extremes 
which could have affected their survival and growth (Allwood 
et al., 2003; Skraber et al., 2004).  The temperature measure-
ments indicated no significant difference (P=0.867) between 
the temperature values of the 2 types of water sources.  In 
Village 1 no statistical difference (P>0.3) was found between 
the temperature values from the communal tap-water source, 
the traditional water-storage containers and the CDC safe 
water-storage containers.  In addition, no significant differ-
ence (P=0.193) was seen in the temperature measurements 
between the 2 types of water-storage containers containing the 
tap water.  In Village 2, no statistical difference (P>0.5) was 
observed between the temperature values from the communal 
tap-water source, the traditional water-storage containers and 
the CDC safe water-storage containers containing the river 
water.  In general, no statistical differences (P=0.193) were 
observed between the temperature values from the traditional 
and improved CDC water-storage containers in all study house-
holds receiving the placebo sodium hypochlorite solution.  

pH (Table 2)

The pH of a water sample, especially with regards to disinfec-
tion of microorganisms could play an important role.  Various 
studies have shown that bacteriophages and viruses are affected 
differently in their susceptibility to chlorine disinfection due 
to changes in pH and temperatures of water sources (Engel-
brecht et al., 1980; Schaper et al., 2002).  A study by Vaughn et 

al. (1986) showed that viruses are more readily inactivated by 
chlorine when the water has a pH level of 6 compared to when 
the water sample had a pH level of 8.  In this study the statisti-
cal analyses of the pH measurements indicated no significant 
difference (P=0.783) between the pH values of the 2 types of 
water sources.  The pH values for tap water and river water 
fell within the South African water quality pH guideline range 
for domestic use of 6.0 to 9.0 (DWAF, 1996).  In Village 1 no 
statistical differences (P>0.35) were found between the pH 
values from the communal tap-water source, the traditional 
water-storage containers and the CDC safe water-storage con-
tainers.  In addition, no significant differences (P=0.483) were 
seen in the temperature measurements between the 2 types of 
water-storage containers containing tap water.  In Village 2, no 
statistical difference (P=0.423) was found between the pH val-
ues from the communal tap water source, the traditional water-
storage containers and the CDC safe water-storage containers.  
In general, no statistical differences (P=0.350) were observed 
between the pH values from the traditional and improved CDC 
water-storage containers in all study households receiving the 
placebo sodium hypochlorite solution.  

Heterotrophic bacteria (Tables 3 and 4)

Heterotrophic plate counts indicated the general microbiologi-
cal quality of the water samples and mostly included microor-
ganisms that required organic carbon for growth (DWAF, 1996; 
WHO, 2002b).  Generally heterotrophic microorganisms are 
considered to be harmless.  However, various studies have indi-
cated that some heterotrophic microorganisms such as Aero­
mona spp., Klebsiella pneumoniae, Enterococcus spp., Flavo­
bacterium spp., Bacillus spp. and Enterobacter spp. might be 
opportunistic pathogens (Payment et al., 1991; WHO, 2002b; 
Bartram et al., 2003).  These opportunistic pathogens have 
been associated with diseases in immunocompromised individ-
uals, infants and the elderly during exposure to or consumption 
of contaminated water (Payment et al., 1991; Bartram et al., 
2003).  The heterotrophic plate counts in both the water sources 
and the traditional and CDC safe water-storage container water 
samples exceeded the South African recommended guideline 
value of 100 cfu∙mℓ–1 (SABS, 2001).  No statistical difference 
(P=0.272) could be seen between the heterotrophic bacterial 
counts of the river- and tap-water sources. Heterotrophic micro-
organisms are found as natural inhabitants of water and soil 
environments and might have been present in the communal 
tap water due to biofilms inside the reservoir and pipe distribu-
tion systems or because of animal- and human activities inside 

TABLE 2
Summary of the physicochemical parameters (95% confidence intervals) of the water sources and the 

traditional and improved household water-storage containers of 2 rural villages in the Vhembe region of 
the Limpopo Province, South Africa

Physical parameters
Village 1 using tap water Village 2 using river water

Communal tap-
water sources

Traditional 
water-storage 

container

CDC safe 
water-storage 

container

River-water
source

Traditional 
water-storage 

container

Improved CDC 
water-storage 

container
pH 7.0 

(7.0; 7.1)
7.3 

(7.0; 7.8)
7.3

 (7.0; 7.8)
7.2

 (6.8; 7.7)
7.0 

(6.9; 7.2)
7.4 

(6.7; 7.6)
Temperature (ºC) 19.4 

(18.6; 20.2)
20.2 

(19.2; 21.3)
19.4 

(18.6; 20.2)
19.3 

(15.6; 22.9)
19.3 

(18.6; 19.9)
19.7 

(18.7; 19.9)
Turbidity (NTU) 0.6 

(0.3; 1.0)
0.6

 (0.1; 1.1)
0.9

 (0.2; 1.5)
5.9 

(4.1; 7.7)
4.2 

(3.0; 5.3)
3.5 

(2.4; 4.6)



Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 35 No. 4 July 2009

ISSN 1816-7950 = Water SA (on-line)

510

the river catchment (Bartram et al., 2003).  In Village 1 no sta-
tistical difference was found between the tap water source and 
the traditional water-storage containers (P=0.359) or between 
the tap water source and the CDC safe water-storage containers 
(P=0.968).  Likewise, no statistical difference (P=0.459) was 
found between the traditional water-storage containers and the 
CDC safe water-storage containers containing the tap water.  
In Village 2 no statistical difference was found between the 
river water source and the traditional water-storage containers 
(P=0.196) or between the river water source and the CDC safe 
water-storage containers (P=0.303).  Likewise, no statistical 
difference (P=0.597) was found between the traditional water-
storage containers and the CDC safe water-storage containers 
containing the river water.  In general, no statistical differences 
(P=0.974) were observed between the heterotrophic bacteria 
counts from the traditional and improved CDC water-storage 
containers in all study households receiving the placebo 
sodium hypochlorite solution.  The slight increase in hetero-
trophic plate counts in both the traditional and the CDC safe 
water-storage containers could be ascribed to: 
•	 Secondary contamination of the stored water 
•	 Re-growth of some heterotrophic microorganisms
•	 Unhygienic water-handling practices (Nala et al., 2003).  

Consequently, the high heterotrophic plate counts in the water-
storage containers indicated an increased health risk to people 

consuming the water, due to the fact that opportunistic patho-
genic microorganisms such as Aeromona spp. and Pseudo­
monas spp., which have been associated with diseases such as 
diarrhoea, skin, eye and respiratory infections might be present 
(DWAF, 1996; Bartram et al., 2003). 

Total coliform bacteria counts (Tables 3 and 4)

Total coliforms include bacteria of known faecal origin such 
as E. coli, bacteria such as Citrobacter spp. and Enterobacter 
spp. which may be found in faeces and the environment (WHO, 
1996) and bacteria such as Serratia spp. which may replicate 
in water environments (WHO, 1996).  Results indicated that 
both the water sources and the stored water in both types of 
water-storage containers in Village 1 and Village 2 exceeded 
the South African recommended guideline value of 10 cfu∙100 
mℓ-1 for total coliforms in water intended for domestic purposes 
(SABS, 2001).   A statistical difference (P=0.004) could be 
seen between the total coliform bacterial counts of the river- 
and tap-water sources.  The high total coliform counts in the 
water sources and especially in the water-storage containers 
increased the health risk associated with waterborne diseases 
such as gastroenteritis, dysentery, cholera, typhoid fever and 
salmonellosis which are caused by pathogenic organisms such 
as Salmonella spp., Shigella spp., Vibrio cholerae, Campylo­
bacter jejuni, Campylobacter coli, Yersinia enterocolitica 

TABLE 3
Mean values (95% confidence intervals) for microbiological indicators of water samples from communal 
tap-water sources and the stored household water in traditional and improved CDC safe water-storage 

containers used by households together with the placebo sodium hypochlorite solution from Village 1 in 
the Vhembe region of the Limpopo Province, South Africa

Water source and 
container type

Heterotrophic
bacteria

(cfu∙1 mℓ-1)

Total
coliforms

(cfu∙100 mℓ-1)

Faecal
coliforms

(cfu∙100 mℓ-1)

Escherichia
coli

(cfu∙100 mℓ-1)

Faecal
enterococci
(cfu∙100 mℓ-1)

Clostridium
perfringens

(cfu∙100∙mℓ-1)
Communal tap 
source*

1.6 x 106 

(6.6 x 105; 4.2 x 106)
360

(247; 525)
180

(116; 277)
84

(54; 124)
37

(18; 72)
34

(14; 83)

Traditional 
containers**

3.0 x 107 
(7.7 x 106; 1.2 x 108)

783
(435; 1 411)

414
(221; 775)

115
(77; 170)

100
(51; 197)

98
(69; 140)

CDC safe water- 
storage containers**

1.7 x 107 
(5.0 x 106; 5.4 x 107)

944
(638; 1 390)

578
(409; 816)

120
(74; 196)

105
(47; 233)

90
(40; 199)

* n= 16 taps			  ** n = 10 households

TABLE 4
Mean values (95% confidence intervals) for microbiological indicators of water samples collected from com-
munal tap-water sources and the stored household water in traditional and improved CDC safe water-storage 
containers used by households together with the placebo sodium hypochlorite solution from Village 2 in the 

Vhembe region of the Limpopo Province, South Africa

Water source and 
container type

Heterotrophic
bacteria

(cfu∙1 mℓ-1)

Total
coliforms

(cfu∙100 mℓ-1)

Faecal
coliforms

(cfu∙100 mℓ-1)

Escherichia
coli

(cfu∙100 mℓ-1)

Faecal
enterococci
(cfu∙100 mℓ-1)

Clostridium
perfringens

(cfu∙100∙mℓ-1)
River-water source * 2.1 x 106 

(1.1 x 105; 3.9 x 107)
844

(691; 1 032)
538

(328; 883)
166

(90; 306)
154

(42; 582)
132

(21; 807)
Traditional contain-
ers**

5.3 x 106 
(5.5 x 105; 5.1 x 107)

1 345
(1 100; 1 643)

1 025
(784; 1 341)

413
(279; 610)

139
(80; 241)

170
(106; 274)

CDC safe water-stor-
age containers**

1.0 x 107 
(2.2 x 106; 4.8 x 107)

1 380
(1 157; 1 646)

1 090
(855; 1 389)

343
(215; 548)

94
(62; 142)

125
(95; 165)

* n= 4 sites on river			   ** n = 10 households
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and pathogenic E. coli (DWAF, 1996).  In Village 1, statistical 
differences was found between the tap water source and the 
traditional water-storage containers (P=0.02) and between the 
tap water source and the CDC safe water-storage containers 
(P=0.003).  However, no statistical differences (P=0.557) were 
found between the traditional water-storage containers and 
the CDC safe water-storage containers containing tap water.  
In Village 2, statistical differences were found between the 
river water source and the traditional water-storage contain-
ers (P=0.0005) and between the river water source and the 
CDC safe water-storage containers (P=0.0001).  However, no 
statistical difference (P=0.829) was found between the tradi-
tional water-storage containers and the CDC safe water-storage 
containers containing river water.  In general, no statistical 
difference (P=0.557) was observed between the total coliform 
bacteria counts from the traditional and improved CDC water-
storage containers in all study households receiving the placebo 
sodium hypochlorite solution. The increase in the total colif-
orm counts in both the traditional and the CDC safe water-stor-
age containers during water-storage at the point-of-use in both 
villages indicated secondary contamination due to unhygienic 
handling practices and inappropriate water-storage conditions 
(Jagals et al., 1999).  

Faecal coliform bacteria counts (Tables 3 and 4)

Faecal coliform bacteria were used in this study to indicate 
the presence of potential pathogenic microorganisms that 
is transmitted through the faecal-oral route (DWAF, 1996).  
The faecal coliform counts in both the water sources and in 
both types of household water-storage containers exceeded 
the South African recommended guideline value of 0 cfu∙100 
mℓ–1 (SABS, 2001).  A statistical difference (P=0.004) could 
be seen between the faecal coliform bacterial counts of the 
river- and tap-water sources.   The high faecal coliform 
counts in the river water samples indicated that the river has 
been contaminated due to direct faecal contamination from 
warm-blooded animals/humans or it could have been due 
to sewage run-offs during rainy periods (WHO, 2002a).  In 
Village 1, statistical differences were found between the tap 
water source and the traditional water-storage containers 
(P=0.012) and between the tap water source and the CDC safe 
water-storage containers (P=0.0001).  However, no statisti-
cal difference (P=0.306) was found between the traditional 
water-storage containers and the CDC safe water-storage con-
tainers containing tap water.  In Village 2, statistical differ-
ences were found between the river water source and the tra-
ditional water-storage containers (P=0.0004) and between the 
river water source and the CDC safe water-storage containers 
(P=0.0001).  However, no statistical difference (P=0.708) was 
found between the traditional water-storage containers and 
the CDC safe water-storage containers containing river water.  
In general, no statistical differences (P=0.364) were observed 
between the faecal coliform bacteria counts from the tra-
ditional and improved CDC water-storage containers in all 
study households receiving the placebo sodium hypochlorite 
solution.  The microbiological increase in water quality after 
collection, showed that secondary contamination either due to 
human or animal faecal matter, occurred because of unhy-
gienic water-storage and handling practices at the point-of-
use (DWAF, 1996).  This was in agreement with results from 
previous studies indicating the microbiological decrease in 
water quality after collection (Sobsey, 2002; Fewtrell et al., 
2005).  

Eschericia coli bacteria counts (Tables 3 and 4)

Escherichia coli is used as the preferred indicator of faecal 
pollution (Edberg et al., 2000).  The South African guideline 
value for E. coli in water intended for domestic use is 0 cfu∙100 
mℓ-1 (SABS, 2001).  During this study the E. coli counts 
exceeded the recommended guideline value for both the water 
sources and the two types of water-storage containers.  A 
statistical difference (P=0.010) could be seen between the E. 
coli bacterial counts of the river- and tap-water sources.  This 
indicated that unimproved sources (river water) were more 
prone to faecal contamination than improved sources (commu-
nal taps) due to human and animal activities in the vicinity of 
the source.  In Village 1, no statistical differences were found 
between the tap water source and the traditional water-storage 
containers (P=0.109) and between the tap water source and the 
CDC safe water-storage containers (P=0.131). Likewise, no 
statistical differences were found between the traditional water-
storage containers and the CDC safe water-storage contain-
ers (P=0.861) containing tap water.   In Village 2, statistical 
difference was found between the river water source and the 
traditional water-storage containers (P=0.0005) and between 
the river water source and the CDC safe water-storage contain-
ers (P=0.007).  However, no statistical difference (P=0.501) 
was found between the traditional water-storage containers and 
the CDC safe water-storage containers containing river water.  
In general, no statistical differences (P=0.802) were observed 
between the E. coli counts from the traditional and improved 
CDC water-storage containers in all study households receiving 
the placebo sodium hypochlorite solution.  Although E. coli is 
found in the faeces of humans and animals, pathogenic E. coli 
strains have virulence factors, which could be responsible for 
the cause of disease and therefore implicate a potential health 
risk to the consumers (Kuhnert et al., 2000). 

Faecal enterococci bacteria counts (Tables 3 and 4)

Faecal enterococci counts in this study were used to indicate 
the presence of human faecal contamination in the water sam-
ples (SABS, 2001).  The South African water quality guideline 
value for faecal enterococci in water intended for domestic 
use is 0 cfu∙100 mℓ-1 (SABS, 2001).  A statistical difference 
(P=0.001) could be seen between the faecal enterococci bac-
teria counts of the river- and tap-water sources.  In Village 
1, statistical differences were found between the tap water 
source and the traditional water-storage containers (P<0.001) 
and between the tap water source and the CDC safe water-
storage containers (P<0.001). However, no statistical difference 
(P=0.917) was found between the traditional water-storage 
containers and the CDC safe water-storage containers contain-
ing tap water.  The increase in the faecal enterococci counts in 
both types of water-storage containers in Village 1 households 
indicated secondary contamination through unhygienic prac-
tices during collection and water-storage at the point-of-use.  
In Village 2 households, the faecal enterococci counts were 
similar to those seen in the water source which indicated that 
the collected water was already contaminated.  No statistical 
differences were found between the river water source and the 
traditional water-storage containers (P=0.597) while a signifi-
cant reduction (P=0.0001) in the faecal enterococci counts for 
the CDC safe water-storage containers was observed.  How-
ever, no statistical difference (P=0.216) was found between  
the traditional water-storage containers and the CDC safe 
water-storage containers containing river water.  In general, 
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no statistical differences (P=0.532) were observed between 
the faecal enterococci bacteria counts from the traditional and 
improved CDC water-storage containers in all study house-
holds receiving the placebo sodium hypochlorite solution.  

Clostridium perfringens bacteria counts (Tables 3 
and 4)

Clostridium perfringens is associated with soil as well as 
with animal and human faeces and the spores could survive 
for long periods in the environment (Listle et al., 2004).  A 
significant difference (P<0.001) could be seen between the  
C. perfringens counts of the river- and tap-water sources.  The 
presence of C. perfringens in the water sources indicated that 
potential pathogenic viruses (e.g. Enteroviruses and Hepatitis 
A virus) and parasites (e.g. Giardia and Cryptosporidium) 
could have been present in the water.  Diseases such as hepa-
titis, meningitis and gastroenteritis can be caused by these 
pathogens (Payment and Franco, 1993).  In Village 1, statisti-
cal differences were found between the tap- water source 
and the traditional water-storage containers (P=0.0001) and 
between the tap- water source and the CDC safe water-storage 
containers (P=0.022). However, no statistical difference 
(P=0.829) was found between the traditional water-storage 
containers and the CDC safe water-storage containers con-
taining tap water.  In Village 2, no statistical differences 
were found between the river water source and the tradi-
tional water-storage containers (P=0.247) and between the 
river-water source and the CDC safe water-storage contain-
ers (P=0.684).  Likewise, no statistical difference (P=0.216) 
was found between the traditional water-storage containers 
and the CDC safe water-storage containers containing river 
water.  In general, no statistical significances (P=0.401) were 
observed between the C. perfringens bacteria counts from the 
traditional and improved CDC water-storage containers in all 
study households receiving the placebo sodium hypochlorite 
solution.  The C. perfringens counts in this study suggested 
that the spores could have survived in sediments in the river 
and in the communal tap reservoir.  

Bacteriophage counts (Table 5)

The direct detection of viruses in water samples would be 
preferred.  However, viral isolation and detection methods 
are expensive, labour intensive and require skilled person-
nel.  Therefore, indicator organisms such as C. perfringens, 
somatic and F-RNA bacteriophages were used to indicate the 
potential presence of pathogenic enteric viruses (Grabow et 

al., 1993; Leclerc et al., 2000).   According to the South African 
guidelines, no somatic bacteriophage counts should be detected 
in a 10 mℓ water sample (SABS, 2001).  The presence of both 
somatic and F-RNA bacteriophages in the water sources and 
the traditional and CDC safe water-storage containers in both 
villages, indicated the potential risk of the presence of human 
viruses such as Adenoviruses, Astroviruses, Caliciviruses, 
Enteroviruses, Hepatitis A virus and Rotaviruses which could 
have caused diseases such as hepatitis, myocarditis and gas-
troenteritis to consumers (Grabow et al., 1993).  The increase 
in somatic and F-RNA bacteriophage prevalence in household 
water-storage containers of the households using communal tap 
water indicated secondary contamination after collection and 
during water-storage at the point-of-use possibly due to unhy-
gienic practices.

Compliance in households using the 1% and 3.5% 
sodium hypochlorite solutions (Table 6)

During the intervention study, the presence of a free chlorine 
residual in both the traditional and the CDC safe contain-
ers in the households which used the 1% and 3.5% sodium 
hypochlorite solutions were measured to determine whether 
these households complied with the use of the sodium 
hypochlorite solutions.  Village 1 households complied 
between 60% and 100% and gave two reasons for the low 
levels of compliance.  The first reason was because the people 
believed tap water was microbiologically cleaner than river 
water (which they have been using before the introduction of 
communal taps) and therefore it was not necessary to treat 
the water.  The second reason was that households using the 
3.5% sodium hypochlorite solution did not like the taste of 
the sodium hypochlorite in the water, which could be due to 
the free chlorine residual of the 3.5% sodium hypochlorite 
water samples that ranged between 3.8 and 4.5 mg∙ℓ-1 after 
60 min.  This free chlorine residual is more than the recom-
mended level of 0.8 mg∙ℓ-1 (DWAF, 1996) which was only 
achieved after letting the water stand for 24 h and not 2 h as 
suggested by the DoH and DWAF.  Freese and Nozaic (2004) 
have reported that high concentrations of chlorine in drinking 
water can lead to the formation of trihalomethanes (THMs) 
which have been associated with various types of cancers.  
Village 2 households complied between 90 and 100% and had 
no complaints about the taste of the sodium hypochlorite in 
the treated stored water.  In general, the levels of compliance 
in households for both villages were in agreement with other 
studies (Quick et al., 1999; 2002;  Reller et al., 2003; Crump 
et al., 2005).
  

TABLE 5
Presence-absence test analyses of source water (communal tap- and river water) and stored water (tradition-
al and improved CDC safe water-storage containers), both using the placebo sodium hypochlorite solution in 

Village 1 and 2 in the Vhembe region of the Limpopo Province, South Africa

Bacteriophage
type

Village 1 Village 2
Communal tap 

sources
(n = 16 taps)

Traditional 
water-storage 

containers
(n = 10 HH)

CDC safe 
water-storage 

containers
(n = 10 HH)

River-water
source

(n = 4 sites)

Traditional 
water-storage 

container
(n = 10 HH)

CDC safe 
water-storage 

container
(n = 10 HH)

Somatic 1/16
(6.3%)

9/10
(90%)

10/10
(100%)

4/4
(100%)

10/10
(100%)

10/10
(100%)

Male-specific F-RNA 1/16
(6.3%)

8/10
(80%)

9/10
(90%)

4/4
(100%)

10/10
(100%)

10/10
(100%)
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Association between household demographics and 
hygiene practices and water quality in the study 
population (Table 7)

Results from the household questionnaires were used to assess 
the association (link) between household demographic and 
hygiene practices and water quality, measured in terms of E. 
coli counts.  Poisson regression which adequately deals with 
counts and zeros was used.  Several factors included in the 
baseline household questionnaire were considered.  However, 
the factors that were included into the final regression analysis 
included: 
•	 Practice of hand washing before food preparation 
•	 Container type in use and  
•	 A compounded variable of source and the distance the 

household is away from the source. 

Based on the incidence rate ratios obtained in the analysis, the 
following could be concluded: 
•	 In the CDC container, E. coli counts were 98% of that of 

the traditional container (P=0.941). 
•	 If hands were washed before food preparation E. coli 

counts were reduced to 58% (P=0.031) of the E. coli counts 
when hands were not washed.  Hand washing after defeca-
tion and before food preparation is fundamental to food 
hygiene and several studies have shown that hands could 
play an important role in the transmission of E. coli species 
(Boyer et al., 1975; Harris et al., 1985).  In addition, Lin et 
al. (2003) have shown that E. coli bacteria are harboured 
under the fingernails and proper washing with soap could 
decrease the incidence.  This was confirmed by studies 

showing that hand washing decreases diarrhoeal preva-
lence by 89% (Han et al., 1989).  

•	 When living further (> 100 m) away from the river, the E. coli 
counts were 85% (P=0.623) of that when living close (within 
100 m) to the river.  This was contrary to the expectation that 
it should have been higher.  Households living far from the 
primary water source may tend to collect more water and 
store water for longer periods in containers that are larger 
than 25 ℓ.  The results from this analysis could be explained 
by the possible settling of the microorganisms at the bottom 
of these larger containers or because of the natural die-off 
of E. coli bacteria during the long periods of water-storage 
inside these larger containers (Moyo et al., 2004).  

•	 When living close (within 100 m) to a tap source, E. coli 
counts were only 26% (P<0.000) that of E. coli counts 
when living close (within 100 m) to the river.  This implied 
that people using an improved source such as the com-
munal taps, will have fewer E. coli bacteria compared to 
people using an unimproved water source such as a river.

•	 When living further (> 100 m) away from a tap source, 
E. coli counts were only 29% (P=0.005) of that of E. coli 
counts when living close (within 100 m) to the river.  This 
implied that people using an improved source such as the 
communal taps, will have fewer E. coli bacteria compared 
to people using an unimproved water source such as a river.

Unhygienic practices in households that could have 
contributed to the deterioration of the stored water 

The questionnaire survey revealed several aspects which might 
explain the deterioration of the household stored drinking water 

TABLE 6
Compliance by intervention households who used either a 1% or a 3.5% sodium hypochlorite solution as an 
intervention together with their traditional water-storage containers or an improved CDC safe water-storage 

container 
Study
population

Container 
Type

Round 1 
(at end of month 1)

Round 2 
(at end of month 2)

Round 3 
(at end of month 3)

Sodium hypochlorite 
intervention

Sodium hypochlorite
 intervention

Sodium hypochlorite
 intervention

1% 3.5% 1% 3.5% 1% 3.5%
Village 1 households 
using communal taps
as primary water 
source

Traditional 80%
(n = 10 HH)

70%
(n = 10 HH)

70%
(n = 10 HH)

70%
(n = 10 HH)

70%
(n = 10 HH)

90%
(n = 10 HH)

CDC 70%
(n = 10 HH)

70%
(n = 10 HH)

60%
(n = 10 HH)

100%
(n = 10 HH)

80%
(n = 10 HH)

100%
(n = 10 HH)

Village 2 households
using the Samban-
dou River as primary 
water source

Traditional 100%
(n = 10 HH)

100%
(n = 10 HH)

90%
(n = 10 HH)

90%
(n = 10 HH)

100%
(n = 10 HH)

100%
(n = 10 HH)

CDC 90%
(n = 10 HH)

90%
(n = 10 HH)

90%
(n = 10 HH)

100%
(n = 10 HH)

100%
(n = 10 HH)

100%
(n = 10 HH)

HH = households

TABLE 7
Poisson regression analysis with E. coli average counts in households using the placebo solution 

as measure for water quality
Exposure IRR P-value 95% confidence 

interval for IRR
Hand washing vs. no hand washing 0.58 0.031 (0.349 ; 0.950)
CDC water-storage containers vs. traditional water-storage container 0.98 0.941 (0.646 ; 1.499)
Living far (>100 m) vs. living close (<100 m) to the river source 0.85 0.623 (0.453 ; 1.607)
Living close (<100 m) to a tap source vs. living close (<100 m) to the river source 0.26 0.000 (0.132 ;  0.493)
Living far (>100 m) from a tap source vs. living close (<100 m) to the river source 0.29 0.005 (0.121 ;  0.681)

IRR = incidence ratio rate
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after collection. Many of the people had to walk long distances 
to obtain water from the source.  Approximately 53.3% of  
Village 1 households and 36.7% of  Village 2 households had 
their water source located within 0 to 100 m from the house-
holds with 18.3% of Village 1 households and 63.3% of Village 
2 households had a water source located between 100 and  
500 m from the household.  It was observed that the greater the 
distance, the longer the water-storage period of the water at the 
point-of-use.  All the households in both study groups stored 
their water after collection.  Different size containers were used 
for this purpose, ranging from 20 to 50 ℓ [55% Village 1 house-
holds and 41.7% Village 2 households], 50 to 100 ℓ [5% Village 
1 households; 13.3% Village 2 households], 100 to 200 ℓ [11.7% 
Village 1 households; 15% Village 2 households], to > 200 ℓ 
[28.3% village 1 households; 30% village 2 households].  
	 The method used to obtain water from the water-storage 
container could contribute to contamination and the spreading 
of potential disease-causing microorganisms between mem-
bers of the same household.  Approximately 90% of Village 1 
households and 96.7% of Village 2 households used a mug to 
collect water from the water-storage container.  Observations 
showed that the mug was not washed every time it was used 
and was left next to the water-storage container where animals, 
insects and small children had access to it.  Jagals et al. (1999) 
and Sobsey (2002) indicated that faecally contaminated hands 
of household members who do not apply personal hygiene 
practices can contribute to water contamination.  In this study 
population only 1.7% of Village 1 households had a place near 
the toilet to wash hands.  The survey further indicated that 
approximately 48.3% of Village 1 households and 28.3% of 
Village 2 households washed hands after being to the toilet.  
Observations indicated that only 3.3% of Village 1 households 
and 1.7% of Village 2 households had toilet paper available in 
the toilet.  However, between 95 and 96.7% of the study popu-
lation in both villages, reported to wash their hands before 
eating, while only 5% of Village 1 households and 11.7% of 
Village 2 households reported to wash hands before they pre-
pared food.  This practice was another potential risk of faecal 
contamination of food and water supplies in these households. 
	 The water-storage containers were exposed to contamina-
tion from dust, animals, insects, flies and children.  According 
to the survey 30% of Village 1 households and 56.7% of Vil-
lage 2 households stored their water containers indoors with 
a closed lid, while 56.7% of Village 1 households and 36.7% 
of Village 2 households stored their drinking water containers 
indoors in open containers.  Further observations indicated that 
15% of Village 1 households and 13.3% of Village 2 households 
had loose covers on their water-storage containers.  Approxi-
mately 58.3% of Village 1 households and 31.7% of Village 
2 households had no cover on the water-storage containers.  
Earlier studies by Dunker (2001) and Nala et al. (2003) showed 
that open containers were more at risk of being contaminated 
by human and animals than containers which were covered.
	 Inadequate or no treatment of stored drinking water 
remains a problem in low socio-economic households.  The 
majority of Village 1 (93.3%) and Village 2 (100%) households 
did not use any treatment before consuming the water, while 
5% and 1.7% respectively of the Village 1 households indicated 
that they used boiling and sand filtration as treatment of their 
drinking water.  This indicated a lack of knowledge and edu-
cation by the households on the health risks associated with 
waterborne diseases.  
	 Furthermore, observations made by the interviewers 
included the following: 35% of Village 1 households and 8.3% 

of Village 2 households had a dirty yard of which 43.3% of 
Village 1 and 8.3% of Village 2 households had flies present in 
the yard.  A study by Alam and Zurek (2004) has shown that 
houseflies carry virulent E. coli O157:H7 in areas where cattle 
are kept and this may play an important role in the transmission 
of this pathogen between cattle and to the household environ-
ment.  In Village 1, 35% households had dirty kitchens while 
40% of the households had flies present in the kitchen.  In 
Village 2, 10% of the households had dirty kitchens while 5% 
of the households had flies present in the kitchen.  Garbage 
containers were absent in all Village 1 households and 98.3% of 
Village 2 households. Approximately 51.7% of Village 1 house-
holds and 36.7% of Village 2 households had flies in the toilet.  
Only 63.3% of Village 1 households and 36.6% of Village 2 
households had a pit latrine.  However, 35% of Village 1 house-
holds and 61.7% of Village 2 households had no toilet facilities 
and used the bush near their households to relieve themselves. 

Conclusions

The microbiological quality of the water sources used for 
domestic purposes by the 2 study populations was above South 
African safe water guideline values for domestic drinking 
water and posed a potential health risk to the consumers.  The 
increase in the indicator microorganism counts in the tradi-
tional and CDC safe water-storage containers indicated second-
ary faecal contamination at the point-of-use due to unhygienic 
water-handling practices (i.e. unsanitary use of utensils and 
hands touching the water).  In addition, no statistical differ-
ences were seen in the prevalence of indicator microorganisms 
between the traditional and the CDC safe water-storage con-
tainers using the placebo sodium hypochlorite solution in both 
study populations.  This indicated that the CDC safe container 
as a single intervention without a sodium hypochlorite solution 
was not effective in the prevention of secondary contamination 
and did not significantly improve the microbiological qual-
ity of the stored drinking water.  This is in agreement with an 
earlier study conducted by Quick et al.(1996) who indicated 
that the CDC safe water-storage container without the sodium 
hypochlorite intervention is not very effective in reducing the 
risk associated with waterborne diseases.  
	 This is the first study carried out in South Africa to evalu-
ate the impact of the CDC safe water-storage container with 
or without the addition of a 1% or a 3.5% sodium hypochlorite 
solution on water supplies stored in rural households in the 
Vhembe region of the Limpopo Province.  The results indi-
cate that both the 1% and 3.5% sodium hypochlorite solution 
interventions reduced the potential risk of waterborne diseases 
by improving the microbiological quality of stored household 
drinking water in the CDC safe water-storage containers to 
undetectable counts.  These results are in agreement with other 
studies conducted in developing countries where the CDC safe 
water-storage container together with a sodium hypochlorite 
solution was assessed as a combined intervention strategy 
(Macy and Quick, 1998; Semenza et al., 1998; CDC, 2001; 
Sobsey, 2002; Sobsey et al., 2003).  However, the microbiologi-
cal quality of stored household drinking water in the traditional 
water-storage containers was also reduced to undetectable 
counts with the use of the 1% and the 3.5% sodium hypochlo-
rite solutions.  This is in agreement with earlier studies sug-
gesting that when the traditional household water-storage 
container is handled correctly and covered properly, the micro-
biological quality of the stored drinking water can be protected 
(Hammad and Dirar, 1982; Deb et al., 1986; Pinfold, 1990).   
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It also confirms that the traditional water-storage container can 
be used effectively by households which cannot afford the CDC 
safe water-storage container or another point-of-use treatment 
system.
	 Although this study included an education intervention on 
the use and cleaning of the CDC safe water-storage container 
and the addition of the correct amounts of sodium hypochlorite 
solutions to the stored water, the survey indicated an urgent 
need for behavioural changes in these communities.  It seemed 
that appropriate hygiene practices were not practiced due to 
financial burdens on the family, different cultural beliefs and 
the lack of adequate sanitation and water infrastructures.   
Several studies have shown that the addition of a sodium 
hypochlorite solution to stored drinking water reduced diar-
rhoea between 44% and 48% (Quick et al., 1999; Quick et 
al., 2002). It is however, essential that point-of-use and social 
education interventions at the household level should be imple-
mented as a package and promoted on a larger scale in rural 
communities to prevent the outbreak of waterborne diseases 
(Mermin et al., 2005).
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