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1 CHAPTER ONE: INTRODUCTION 

 

1.1 Background 

Contaminated drinking water has been implicated as the principal cause of diarrhoeal diseases 

(Tambekar et al., 2008). Despite substantial global progress made in reducing child deaths since 

1990 and the subsequent decline in the number of under-five deaths from 5.1 million in 1990 to 

2.7 million in 2015 (WHO, 2016), diarrhoea related deaths still account for high morbidity and 

mortality rates (Guchi, 2015). Provision of basic interventions to improve drinking water, 

sanitation and hygiene (WASH) for diarrhoea prevention, has potential to save many more 

millions of children (WHO, 2016).  Furthermore, unsafe water is a threat to 

immunocompromised people as it increases the risk of them suffering from infectious diseases, 

diarrhoea, and diarrhoea-associated mal-absorption of essential nutrients (Peletz et al., 2012). An 

estimated 90% of HIV and AIDS patients have their plight worsened by diarrhoea (WHO, 2004). 

It is also estimated that 440 million school days are lost annually as a result of water-related 

infections (WHO, 2014).  

 

In-house contamination of drinking water is a persistent problem in many communities (Rufener 

et al., 2010), which many researchers have acknowledged (Moyo et al., 2001; Roberts et al., 

2004; Oswald et al., 2007; Walters, 2008; Amenu, 2013; Guchi, 2015). Quick et al., (1999), 

noted an association between diarrhoeal disease transmission and an introduction of pathogens 

into drinking water stored in open, wide–mouthed containers. Rufener et al., (2010) assert that 

even home based interventions such as point of use water treatment may not guarantee health 

benefits because of the risk of post treatment contamination. Factors linked with recontamination 

of drinking water in the home include the size of the mouth of the drinking water storage 

container (Mintz et al., 1995) and unsanitary methods of extracting water from wide-mouthed 

household storage containers (Lindskog and Lindskog 1988). In addition, contaminated hands, 

bowls and small handled cups may also contribute to the recontamination of these water sources 

(Tambekar et al, 2008).  

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2592274/
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In most rural and peri-urban communities in Zimbabwe, the majority of households do not have 

running water, hence drinking water is obtained outside the home and stored until it is consumed. 

Typically, water is stored in 20-liter buckets which are widely available in Zimbabwe, and many 

other countries, and which are often used for water transport and storage (WHO, 2016). Cholera- 

focused participatory health education of the 2008 - 2009 Zimbabwean cholera era, advocated 

for use of buckets with tight fitting lids for household drinking water collection, transportation 

and storage. Plastic buckets with tight fitting lids (figure 1) were therefore distributed to 

communities free of charge as part of the cholera intervention None Food Items (NFIs) Kit 

(ACF/UNICEF, 2009). Since the cholera era of 2008-9, most grocery and hardware shops now 

stock and sell plastic buckets with tight fitting lids at relatively affordable prices of between 

US$2 – 5 depending on size, quality and shop. 

 

 

Figure 1 Buckets with lids as part of NFI Kit distributed during 2009 cholera intervention 

Source: (ACF/UNICEF, 2009).   
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Figure2: Traditional mukombe (left) and Long handled  Mukombe Cup (right) 

 

Recently, with the constraints of the old mukombe cup in mind, researchers at the National 

Institute of Health Research, the Public Health Research Department in the Ministry of Health 

and Child Care in Zimbabwe, led by John Mwenda, adapted and developed a ladle, referred to as 

the long handled mukombe cup (also just called LHM cup or Inkhezo cup). Unlike other ladles, 

this LHM cup has a 25cm long handle and can extract approximately 500ml of water per scoop. 

This adaptation of the cup design makes it more practical to use in extracting and transferring 

drinking water from one wide-mouthed container to another in the home, analogous to the soup 

ladle used in households globally. The evaluation of the LHM cup, particularly in the field, is a 

critical step in determining if it is an appropriate, effective and acceptable technology for 

household use to extract drinking water from wide-mouthed storage containers.   

 

1.2 Research problem 

Piped water supplies are generally lacking in most communities in Zimbabwe (ZIMSTAT, 

2015), including some urban communities. Harare City water supplies are erratic and unreliable 

(Hove and Tirimboi, 2011) and residents have indicated that even when available, borehole 
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water the household was drinking on the day of the visit
2
 (from the wide-mouthed container) was 

collected using the cup the household had been using since the start of the project (Figure 3). 

In the intervention group households, the LHM cup was used to collect the water and fill the 

sterile 200ml Boston round sampling bottle with a lid. For the control group households, water 

samples were collected the same way but using the household‘s usual
3
 water collection cup used 

to scoop water stored in the bucket. These samples were stored on ice and transported to the 

National Institute of Health Research in cooler boxes and processed within 4 hours to assess the 

levels of faecal contamination. Where processing could not be achieved within 4 hours after 

collection, samples were stored overnight at fridge temperature of between +4°C and +10°C 

(Standard Association of Zimbabwe, 1997). On all but one occasion the samples were processed 

on the same day of collection and within the recommended 4 hours after collection. Aseptic 

techniques were practiced at all times in order to minimise possible contamination during 

sampling. Sampling procedures were in line with the WHO water sampling and analysis 

guidelines. 

 

 

Figure 3: Water sampling from a household container: intervention (left) and control  

(centre and right) 

 

                                                 
2
 Only from water from wide-mouthed containers where method of collection was by scooping  

3
The pre-intervention cup 
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standard (0 NTU) solution. If the turbidimeter reading of the standard solution was more than 0 

NTU off the actual value, the turbidimeter was recalibrated. A transparent plastic tube was filled 

with sample water under investigation up to the point of the calibration mark, closed and inserted 

into the Paqualab 50 digital Turbidimeter. A digital figure on the turbidimeter screen denotes 

turbidity level. 

 

 

Figure 4: Microbial water quality testing in the laboratory (photos by Researcher). 

 

Escherichia coli was identified as the yellowish colonies or dots observed after incubation  

 

3.8.3.5 pH  

The pH was measured using a battery powered pH meter. A water sample was poured into a 

50ml beaker and a pH meter probe was immersed into the water. A digital figure on the pH 

meter screen denotes digital reading of the pH level. 

 

3.8.3.6 Standards for drinking water quality 

The WHO Guidelines for Drinking Water Quality recommend that all water intended for Human 

consumption should not have any faecal contamination in any 100 ml sample. The WHO 

guideline for the presence of E. coli (or thermotolerant coliforms) in drinking water is 0 colonies 

per 100 ml sample (WHO, 2008).  
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The results of the membrane filtration are presented as the number of E. coli colony forming 

units in a 100 ml water sample. The E. coli counts, according to the WHO, classify the quality of 

an analysed water sample in terms of the risk of faecal pollution of the water and level of 

acceptability for human consumption. Using E. coli as an indicator, the level of faecal pollution 

and associated risk is given in Table 1.  

 

Table 1: Faecal Pollution and its Associated Risk 

E. coli Count per 100 ml sample 

(CFU/100 ml sample) 

 

Risk category Recommended Action 

0 safe water quality In conformity with WHO guidelines 

0-10 Reasonable 

quality 

Water may be consumed as it is 

11-100 Polluted Treat if possible, but may be consumed as it is 

101-1000 Dangerous Must be treated 

> 1000 Very Dangerous Rejected or must be treated thoroughly 

(WHO, 1997; Centre for Affordable Water Sanitation (CAWST), 2009) 

 

 

The WHO (1997) risk-based categories show that: 

At <1 E. coli CFU per 100ml sample, the risk to an individual from drinking water contaminated 

to this level is negligible. The water is bacteriologically safe for drinking. 

At <10 CFU per 100ml sample, the risk of waterborne disease is categorised as ―low‖.  

The risk of disease increases with increase in E. coli counts per 100ml sample. 

 

3.8.3.7 Observation 

A sanitary survey to visually assess the environment, basic operating and maintenance 

requirements recommended by the project is critical in monitoring the project to ensure safe 

drinking water. Other simple observations researchers undertook in this study included 

identifying potential water quality risks linked to water handling practices and the environment, 
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4 CHAPTER FOUR: RESULTS 

4.1 Study Population and Socio-demographic characteristics 

4.1.1 Recruitment, enrolment, withdrawals and completion 

At the commencement of the study (May 2016), 238 households with a total of 1254 persons 

were enrolled and interviewed after obtaining informed consents (Figure 6). Household 

demographics are shown in tables 1 and 2. Of the 1254 persons enrolled into the study, 48.8% 

(612/1254) were in the intervention group while 51.2% (642/1254) were in the control group. 

The intervention and control groups were each allocated 119 (50%) households in a 1:1 ratio. 

Hatcliffe study communities were randomised on May 4 2016, and the LHM cup distributions 

took place for the 119 households randomised into the intervention group from May 5 – 11, 

2016.  

 

During the intervention period of the study (May – July 2016), eight households (3.4%), all from 

the intervention group, were lost to follow-up. Although this loss to follow-up was significant (p 

= 0.003), the proportion of households that completed the study did not differ significantly by 

study group (93.3% intervention group versus 100% control group, p = 0.456). In total, the 

overall complete follow-up for those initially enrolled was 96.6 percent. Females (96%) 

constituted the majority of the respondents recruited for the study (Figure 5).  

 
Figure 5: Sex of Respondents 

Female 
96% 

Male 
4% 
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Figure 6: Recruitment process flow diagram 

119 (50%) households 

randomly selected to receive 

long handle Mukombe Cup 

 

 

119 (50%) households continued using 

normal water scooping vessels 

 

 
Analysed: 111 households 

(48.3% of 230 the final sample 

size) completed study 
 

 

 

 

 

Analysed: 119 households 

(51.7% of 230 the final sample 

size) completed study 

 

 

 

 

238 households enrolled into 

the study in May 2016  

All households in Hatcliffe  

8 (3.4%) 

lost to 

follow-up 
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4.2 Socio-demographic characteristics 

Socio-economic variables of the study participants interviewed (Table 2), showed that the 

majority of the respondents recruited for the study were females, 95% (113/119) in intervention 

group and 96.6% (1015/119) in control group), with the rest being males. Statistically, 

intervention and control groups were similar in terms of socio-demographic characteristics.  

 

Table 2: Demographic and socio-economic characteristics of intervention and control 

households in Hatcliffe 

Variables 

 

Category Intervention 

N (%) 

Control 

N (%) 

P-value 

Age  < 20 years     2(1.7)     3(2.5) 0.651 

 20 - 29 years   33(27.7)   27(22.7) 0.417 

 30 - 39 years   43(36.1)   32(26.9) 0.171 

 40 - 49 years   28(23.5)   29(24.4) 1.000 

 50 - 59 years     5(4.2)   21(17.6) 0.002 

 60 - 69 years     7(5.9)     5(4.2) 0.516 

 > 69 years     1(0.8)     2(1.7) 

 

0.561 

Recruited 

Households 

population 

Total population 612(48.8) 642 (51.2) 0.777 

Children ≤ 5 years  130(50.1) 126(49.9) 1.000 

Children 6 - 10 years  101(52.6)   91(47.4) 0.396 

Children 11- 18 years   96(47.3) 107(52.7) 0.396 

Adults ≥ 18 285(47.3) 318(52.7) 

 

0.396 

Level of education Never went to school     3(2.5)  12(10.1) 0.045 

 Primary    24(20.2)  27(22.7) 0.606 

 Secondary (up to A‘ 

levels) 

  90(75.6)  78(65.5) 0.119 

 Tertiary level     2(1.7)    2(1.7) 1.000 
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sanitation type used in both groups, 69.7% and 100% in the intervention and control groups, 

respectively (p = 0.001). Other type of toilet used by the remaining 30.3% households in the 

intervention group was the pit latrine (p = 0.001). 

 

Table 3: Water, sanitation and hygiene practices comparison of intervention and control 

households in Hatcliffe 

 

Variables 

 

Category Intervention 

N (%) 

Control 

N (%) 

p-values 

Water Source     

Drinking water source Borehole   14(10.9)   12(10.1)   0.470 

Public tap 105(89.1) 107(89.9) 

 

  0.818 

Distance of water 

source from house 

< 100 metres   45(37.8)   61(51.3)   0.064 

100 - 500 metres   46(38.7)   56 (47.1)   0.253 

> 500 metres   28(23.5)     2(1.7) <0.001 

 

Sanitation     

Sanitation type Pit Toilet   36(30.3) 0(0.00) <0.001 

 Pour /Flush toilet   83(69.7) 119(100) 

 

<0.001 

Where toilet is located Inside the house   55(46.2) 118(99.2) <0.001 

< 50m outside house   64 (53.8)     1(0.8) 

 

<0.001 

Sharing Toilet Yes   61(51.3)   52(43.7)   0.322 

 No   58(48.7)   67(56.3) 

 

  0.322 

Hygiene practices     

Always wash hands: 

 

after using the toilet   69(58.3) 50(41.7)  0.016 

after waking up in the 

morning 

  62(52.1) 57(47.9)  0.572 

after changing baby‘s 

nap 

119(100) 119(100)  1.000 

before feeding the baby 101(51)    97(49)  0.777 

before eating your meal 119(100) 119(100)  1.000 

before preparing food   93(46.3) 107(56.7)  0.120 
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samples ranged from 21.7°C to 23°C (mean 22.4°C). The pH for all water sources ranged from 

7.03 to 7.11 (mean 7.07) and was within the recommended range of between 6.5-8.5 for drinking 

water. Conductivity for all the samples was below 20. There is no health effect linked to drinking 

water with high conductivity levels but, at 335µS/cm (500 mg/L of TDS)
4
. 

 

 

Table 4: The mean baseline water quality characteristics in intervention and control group 

s for different water sources 

Parameter             Intervention      Control 

 Public 

Borehole 

Public Tap Public 

Borehole 

Public Tap 

pH 7.09 7.11 7.03 7.05 

Temperature in °C 22.6 23 22.3 21.7 

Electrical Conductivity in µS/cm 19 4 4 6 

Turbidity in NTU 0.2 0 0 0 

Total coliforms cfu/100ml 0 0 0 0 

E. coli cfu/100ml 0 0 0 0 

 

WHO guidelines: -      pH – 6.5-8.5                      Conductivity – No normal range/value                                                                    

                                    Turbidity – 1-5NTU          Temperature – No WHO normal range/value  

 

4.5 Intervention Follow-up Household Drinking Water quality comparisons 

4.5.1 LHM cup Microbiological Effectiveness 

The bacteriological performance of the intervention was assessed based on their capacity to 

reduce recontamination of stored drinking water in wide-mouthed containers with lids. Stored 

water quality showed some marked differences between the intervention and control groups.  

The prevalence of E. coli in water samples from the control household storage containers was 

                                                 
4
 Total Dissolved Substances (TDS or ppm) = Electrical Conductivity (µS/cm). 
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higher (47.1% (56/119) than in intervention household containers (21.6% (24/111). The quality 

of stored drinking water was significantly better in the intervention group households than in the 

control group households (p < 0.001). Table 5 presents the percentage of stored drinking water 

samples examined that fall into the various WHO risk categories for faecal contamination.  

 

Overall, 78.4% (87/111) of intervention group water samples and 52.1% (62/119) of control 

group water samples yielded plates that had zero colony forming units (cfu)/100ml. All these 

plates met the WHO guidelines for zero cfu/100ml.  Conversely, 26.9% (32/119) of samples 

from control households had 101-1000 cfu/100 ml compared to 5.4% (6/111) of samples from 

intervention households (p < 0.001).   

 

Table 5: Classification of water samples based on levels of E. coli at follow-up testing 

 

Risk Classification  

 

      Range 

(cfu per 100ml) 

Intervention 

      N (%) 

Control 

   N (%) 

p-value  

Good (In compliance) 0 87(78.4)  62(52.1) <0.001  

Low Risk 1 – 10 18(16.2)  24(20.2) 0.462  

Intermediate Risk 

 

10 – 100   6(5.4)  32(26.9) <0.001  

High Risk 

 

100 – 1000 0 (0.0) 1(0.8) 0.316  

Very High Risk >1000 0 (0.0) 0 (0.0) ……….  

 

Total 

  

111 

 

119 

  

 

 

The E. coli counts in water samples from the two groups were categorised into those containing 

<100 E. coli colonies per 100 ml and those  ≥100 E. coli colonies per 100 ml sample (Table 5). 

The intervention group had a greater proportion of samples that contained <100 E. coli per 100 

ml sample than the control (p = 0.001). Water quality in the intervention group was significantly 

better than in the control group, even when stratifying by level of faecal contamination (<100 or 

≥100 E. coli per 100 ml) at point of use.  
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It is clear from the information given (Table 6) that a large proportion of those households that 

were using the LHM cup to scoop water from wide-mouthed containers, 94.6%(105/111), were 

in compliance with WHO recommended values of safe water or presented low risk of ingesting 

water contaminated with pathogenic microorganisms of faecal origin. Statistically there was a 

significantly higher risk of faecal contamination of drinking water stored in wide-mouthed 

containers by households in the control group(27.7% (33/119)) than those in the intervention 

group (p = 0.001). 

 

No intervention group or control group samples were higher than 1000cfu/100ml. The 

differences between the intervention group and the control group were statistically significant, 

and there was also a statistically significant association between LHM cup use and reduced E. 

coli bacterial contamination in stored drinking water (p < 0.05).  

 

Table 6:  Comparison of risk levels between intervention and control groups at follow-up 

 

Risk differences 

Intervention Control p -value 

Less Risk (0 – 100) 105(94.6)   86(72.3)  

   0.001 
More Risk (≥ 101)     6(5.4)   33(27.7) 

Total    111     119  

 

 

Turbidity 

During the follow-up phase, which was conducted two months from the time the participants 

received the LHM cups, stored drinking water samples from both the LHM cup intervention and 

control had similar mean water turbidities: 0.02 and 0.00 nephelometric turbidity units (NTU), 

respectively, (p = 0.071) and range (0 – 1.00). 
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Observations 

The main observation was the practice of households hiring water vendors to collect water on 

their behalf. For ‗easier and more comfortable‘ transportation, vendors used wheel burrows and 

carts. Empty containers were transported stacked together (Figure 7). 

 

 
Figure 7: Water vendors’ water transportation system 

 

Acceptability  

The acceptability of the technology was evaluated through a follow-up household survey (Table 

7). Interviews were carried out with representatives of 111 households who remained in the 

project at follow-up. The LHM cup intervention achieved high uptake during the two months 

study period. Among 110 households using the LHM cups, nearly all households 

(99%(110/111)) reported exclusively using the cup provided to scoop water from their wide-

mouthed drinking water storage containers with lids into drinking cups and other point of use 
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vessels such as cooking pots. One household (1%) indicated it seldom used the cup; as the 

mother had it locked up for safe keeping.  

 

When questioned why the LHM cup was used in this manner, nearly all participants agreed that 

the LHM cup usage prevented hands from getting into direct contact with stored drinking water. 

It also ensured that stored drinking water had much less risk of any physical and bacteriological 

contamination.  

 

Table 7: Acceptability data summary for households in the intervention group at follow-up 

 

 Question Answers by % of respondents 

1 How often is the LHM cup currently being 

used? 

Always 100% 

Sometimes 1% 

2 Would you recommend the cup to a friend? Yes 100% 

3 If you lost the LHM cup would you want to 

buy another one? 

Yes 100% 

4 What is it that you liked about the LHM 

cup? 

Long handle 100% 

Prevents hand contact with stored water 100% 

5 How could the cup be changed to make it 

more user friendly? 

Ok as it is 71.2% 

Suggested some changes for improvements 

28.9% 

6 Where is the LHM cup stored?  Hung on the wall 

On top of the drinking water storage container  

In some other place including inside drawer 

 

 

Results therefore indicate that residents have accepted the LHM cup and believe that it provides 

them with better and safer method of extracting water for drinking from wide-mouthed storage 

vessels. Children were cited as the main culprits in recontamination by hand contact of drinking 

water stored in containers where the method of extraction is by dipping a vessel. In addition, 

when asked if they would recommend the cup to a friend, 100% of the 111 households 

responded positively. All participants (100%) also indicated buying an additional cup upon 
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Appendix 9: Communal Drinking Water Sources - Intervention Group 

 

 AA ggg 

Solar powered borehole water stored in large tanks (Left) from which it is piped to public 

standpipes (Right) 

 
 

 

 

                           Borehole fitted with hand pump (Type B Bush pump) 

��
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��
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Appendix 10: Communal Drinking Water Sources - Control group 

 

 
Engine powered borehole water stored in large tanks (Left) from which it is piped to  

public standpipes (right) 

 

 

 

 

 
 

  Borehole fitted with a hand pump (Type B Bush Pump) 
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Appendix 11: Wide-mouthed Drinking water storage containers with lids 
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