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Abstract

Shallow ground water is an important resource in both rural and urban areas of Uganda. However, this water could be a vehicle for diarrheal infections in the country. Investigations were carried out to assess the sanitary practices and potential risks for pollution of these water resources. A questionnaire survey in addition to direct observations and focus group discussions was carried out in Kampala City (urban) and Amuria and Kiboga districts (rural areas). Several potential risks for contamination of these resources were identified. Pit latrine coverage was high in Kiboga (97.8%) and Nakawa (95.1%), however, in the latter they were often located uphill, and close (<15m) to the water sources.  In contrast, Amuria had low pit latrine coverage (46.8%) with residents indiscriminately disposing fecal excreta into the environment. In Kiboga 74.5% of respondents reported livestock access to domestic water sources, this was followed by Amuria (43.2%) and least was Nakawa (26.2%). Other sanitary risks included rain pollution, faulty concrete slabs on wells and protected springs and washing and garbage disposal near water sources. The presence of earth worms sometimes in water featured prominently. Data showed that 78.1%, 68% and 2.7%, residents of Kiboga, Nakawa and Amuria, respectively, boiled their water prior to drinking. The communities in both urban and rural areas preferred shallow ground water as opposed to tap water and considered the former as being fresh, clean and safe from pollution since it is from underground. Based on these data there was a need to sensitize and educate the communities about good sanitary practices and dangers of consuming contaminated water and studies were therefore necessary to assess the safety and quality of this water.
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 Introduction

Water is a cardinal strategic resource for sustaining life, promoting development and maintaining the health of the environment. An adequate supply of safe water is universally recognized as a fundamental human need (1). However, millions of people in the developing world still lack ready access to adequate and safe water supplies (1). In these developing countries, the use of shallow groundwater for drinking and other domestic purposes is a common characteristic of many communities (2, 3). People dependent on such water sources are often of low-income, reside in polluted environments with pathetic sanitation and are thus exposed to high health risks (4). Estimates show that about one-third of the deaths in poor countries are ascribed to the intake of contaminated water (5), with 2.2 million people reportedly dying from water related diseases. 
In Uganda diarrheal diseases are among the major conditions affecting children. Recent studies show that the major diarrheal bacterial pathogens causing acute diarrhea among HIV-infected children in Kampala include enteropathogenic Escherichia coli (EPEC), enterohemorrhagic Escherichia coli (EHEC), Salmonella species and Shigella species (6). In the pastoral systems of Southwestern Uganda, shiga-toxin gene-containing Escherichia coli were recently characterized from diarrheic children (7). According to Konde-Lule et al. (8), each child in Uganda gets 6 diarrhea episodes per year. This diarrhea could be related to dependence on shallow groundwater sources as source of their domestic water (4, 9). Much as the shallow groundwater is considered to be aesthetically palatable, this water reportedly often gets polluted thus becoming a public health hazard (10). 
Deterioration of ground water quality is often blamed on fecal pollution arising from poor sanitary practices such as onsite-sanitation and promiscuous excreta disposal that may lead to water contamination culminating in water-borne diseases (1). Information was therefore wanting about the potential risks for pollution of the shallow ground water sources under diverse settings in Uganda. It was against this background and in the circumstance of high prevalence of diarrheal diseases that this study was carried out to assess the sanitary practices and potential risks for pollution of domestic ground water in urban and rural areas of Uganda. 
Materials and methods

The study was conducted in Nakawa division of Kampala city and in Amuria and Kiboga districts. Nakawa division was chosen to represent an urban setting. Asamuk Sub-county in Amuria was chosen to represent an Agro-pastoral setting, while Butemba Sub-county in Kiboga was chosen to represent a pastoralist setting. A questionnaire baseline survey was carried out in each study area to elicit data on the available water sources, their uses, community preferences, the challenges faced by the communities in using these resources, whether the groundwater is drunk directly or treated in anyway and the sanitary facilities existent, among other things. Questionnaire data was supplemented by direct observations and focus group discussions. Based on the above data, a list of shallow groundwater sources was generated and study sites were selected for visits. The study sites by area were either protected (n=9) and unprotected (n=8) springs (Nakawa), protected springs (n=1) and shallow (n=2) wells (Amuria) or valley dams (n=3, in Kiboga).

A sanitary inspection was conducted at each site. The sanitary inspection of selected protected springs and shallow wells followed a WHO standardized procedure (5). The procedure involved completing a ten-point standardized data form with a set of questions with yes and no options for risks. One point was awarded for each “yes” answer (risk present) and zero point for each “no” answer (risk absent). By summing up all the “yes” scores, a final risk score was got, which indicated the overall assessment of the risk status at each site. The aggregate risk score was converted to a percentage and graded as very high (81-100), high (51-80), medium (31-50), and low (1-30). On the other hand the sanitary appraisal of selected unprotected springs and the valley dams was performed based on potential risks identified in the baseline survey. The aggregate risk score for the unprotected springs and the valley dams was determined following the WHO procedure.

Data were entered in Microsoft Excel program and descriptive statistics were performed.

Results

Respondents from Nakawa either obtained water from protected springs (29%), unprotected springs (3.5%) or a combination of tap and either kind of spring water (Table 1). In contrast the respondents from Amuria either collected water from shallow wells (69.8%), boreholes or protected springs, whilst those of Kiboga were mostly dependent on valley dams or open swamp water. 

 The residents from Nakawa who preferred protected springs gave the following reasons for their preference: (1) the water is from underground, natural and had low chances of contamination (protected), so safe and good for drinking; (2) free from chemicals, fresh, pure, of good taste and clean; and (3) always there, flowing, cold, free and had no smell. Similar reasons were given by Nakawa residents for preference of unprotected water that it was from underground, clean and safe from diseases, clean and free in addition to being near and serving more people than tap water. People in Amuria preferred shallow wells highlighting that the water was near, clean and well protected. They also denoted that the water was uncontaminated and very safe without serious infections. In Kiboga, the residents preferred valley dam water mostly because it was near home, reliable, hardly dries and served both the people and their livestock. 

The challenges Nakawa residents faced with using shallow groundwater included; the practice of washing, garbage disposal and construction of pit latrines near the water sources, overcrowding, rain pollution and sometimes worms in the water. Amuria residents faced challenges of long distances to water, overcrowding, sharing with cattle, worms sometimes in the water, rain pollution, eroded concrete slabs permitting outflow when the well was not in operation, which  water returned when pumping resumes and drying up of some shallow wells during drought spells. In Kiboga some valley dams dried up, water was visibly dirty, the communities and their livestock shared the same water sources. 

Level of challenges of livestock accessing water sources were as shown in Table 2. It was shown that the level of livestock challenges was highest in Kiboga, followed by Amuria and lastly Nakawa. It was shown that 73.4% of residents of Nakawa drunk water from shallow groundwater sources as opposed to 83.9% and 88.4%, for Amuria and Kiboga districts, respectively (Table 3). Interestingly, of the people using unprotected spring water in Nakawa, only 35.2% used it for drinking, however, the majority of those drawing from protected springs drunk it (88.4%). Details of percentage of people drinking shallow water were as shown in Table 4. 
Percentage of respondents who treated shallow water prior to drinking were as shown in Figure 1. The communities either boiled, filtered, treated with chemicals or drunk without any prior treatment. The majority of the respondents from Nakawa (68%) and Kiboga district (78.1%) boiled their water prior to drinking. However, in Amuria the majority did not treat the water in any way. Filtration using clothes was practiced by women and children in Amuria as and only when the water was visibly dirty following heavy rains. The number and percentage of the respondents who had pit latrines in their households were as in Table 5. The reasons advanced in Nakawa for lack of pit latrines included money and space constraints and living in water logged areas. In Amuria lack of pit latrines was also attributed to lack of money or time due to other conflicting engagements.

The sanitary risk assessment was as shown in Table 6. It was shown that all the water sources were at risk of pollution by bacterial fecal pathogens. The risk score varied by area and water source type. In Nakawa the risk score ranked from medium to very high, with fifty percent of the springs rated high (51-80%). Whilst the risk scores for water sources in Amuria ranked from low to high and were low for all sites in Kiboga.  

Table 1.  Sources of water used by residents 

	Area
	Source of domestic water
	Number*
	Percent

	Nakawa
	Protected spring
	58
	29

	
	Tap and protected spring
	86
	43

	
	Unprotected spring
	7
	3.5

	
	Tap and un protected spring
	49
	24.5

	
	
	
	

	Amuria
	Borehole
	14
	26.4

	
	Protected spring
	2
	3.8

	
	Shallow wells
	37
	69.8

	
	
	
	

	Kiboga
	Borehole
	14
	18.2

	
	Valley dams
	47
	61

	
	Swamp
	16
	20.8


*Represents the number of respondents

Table 2. Livestock having access to drinking water sources 

	Area
	Livestock access water
	Number*
	Percent

	Nakawa
	Yes
	45
	26.2

	
	No
	127
	73.8

	Amuria
	Yes
	16
	43.2

	
	No
	21
	58.8

	Kiboga
	Yes
	38
	74.5

	
	No
	13
	24.5


*Represents the number of respondents

Table 3. Drinking of shallow ground water by respondents
	Area
	Drinking of shallow ground water
	Number*
	Percent

	Nakawa
	Yes
	141
	73.4

	
	No
	51
	26.6

	Amuria
	Yes
	26
	83.9

	
	No
	5
	16.1

	Kiboga
	Yes
	38
	88.4

	
	No
	5
	11.6


*Represents the number of respondents

Table 4. Percentage of people interviewed shallow ground water from protected vs unprotected springs in Nakawa
	Spring type
	Drinking of shallow ground water in Nakawa
	Number*
	Percent

	Protected
	Yes
	122
	88.4

	
	No
	16
	11.6

	Unprotected 
	Yes
	19
	35.2

	
	No
	35
	64.8


*Represents the number of respondents
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Figure 1. Treatment of shallow groundwater by residents prior to drinking. 

Table 5. Pit latrine coverage  

	Area
	Pit latrine in household
	Number*
	Percent

	Nakawa
	Present
	176
	95.1

	
	Absent
	9
	4.9

	Amuria
	Present
	22
	46.8

	
	Absent
	25
	53.2

	Kiboga
	Present
	44
	97.8

	
	Absent
	1
	2.2


*Represents the number of respondents

Table 6. Risk assessment scores of the shallow water sources

	Area
	Water source type
	Name of water source
	Risk observed
	Percent risk score
	Risk score grade

	Nakawa 
	Protected springs
	Nabuuzea
	2,3,4,5,6,7,8,10
	80
	High

	
	
	Kinawataka Ia
	5,6,8,10
	40
	Medium

	
	
	Kayanjaa
	2,3,5,6,7,9
	60
	High

	
	
	Alipoa
	2,3,4,5,6,8,9
	70
	High

	
	
	Mukwanoa
	4,5,6,9,10
	50
	Medium

	
	
	Mutungoa
	2,3,4,5,6,7,8,9
	80
	High

	
	
	Kitintalea
	2,3,4,5,6,7,8,9,10
	90
	Very high

	
	
	Kabanyanyaa
	2,4,6,10
	40
	Medium

	
	
	Nakatoa
	5,6,7,8
	40
	Medium

	
	
	Babiryea
	3,4,5,6,7,8,9,10
	80
	High

	
	
	
	
	
	

	
	Unprotected springs
	Kitintaleb
	2,4,6,7,9,10,11,12,19
	45
	Medium

	
	
	P. Churchb
	1,4,6,9,12,13,19,20
	40
	Medium

	
	
	Shamilas'b
	1,2,4,5,6,9,10,11,12,
	45
	Medium

	
	
	Moses'b 
	1,2,4,5,6,8,9,10,11,12,13,19
	60
	High

	
	
	Kinyarwandab
	4,6,7,8,9,12,15,19,20
	45
	Medium

	
	
	Katazab
	1,4,5,6,8,9,10,11,12,18,19
	55
	High

	
	
	Naguru Ib
	1,2,4,5,6,7,9,11,12,13,14,18,19,20
	70
	High

	
	
	Labongob 
	1,4,5,6,9,10,11,12,18,19,20
	55
	High

	
	
	
	
	
	

	Amuria 
	Protected spring
	Ongunya
	2,3,4,5,6,8,9,10
	80
	High

	
	Shallow wells
	Okweerea
	3,5,6,8
	40
	Medium

	
	
	Alajaa
	3,6
	20
	Low

	
	
	
	
	
	

	Kiboga
	Valley dams
	Watubab
	1,4,5,6,9,12
	30
	Low

	
	
	Kabagayab
	5,6,9,19
	20
	Low

	
	
	Kikoma b
	4,5,6,9
	20
	Low

	
	
	Nabitenteb 
	4,5,6,9
	20
	Low


aKey for risks observed: 1 = Spring unprotected; 2 = Masonry protecting spring faulty; 3 = Backfill area eroded; 4 = Spilt water floods collection area; 5 = Perimeter fence absent; 6 = Animals have access within radius 10m of spring; 7 = Pit latrine uphill and/or within 30m of spring; 8 = Surface water collects upstream of spring; 9 = Diversion ditch above spring absent or nonfunctional; 10 = Other sources of pollution uphill of the spring (e.g. solid waste).

bKey for potential risks: 1 = People step in water collection area; 2 = People bathe/wash <30m uphill of water source; 3 = Flowers and ornamental plant cultivation <30m uphill of water source; 4 = Fence absent or faulty; 5 = Water outflow low; 6 = Animal access within radius 10 m of water source; 7 = Surface water uphill of water source; 8 = Water source not cleaned of obvious organic matter; 9 = Diversion ditch above water source faulty/absent; 10 = Pit latrine <30m uphill of water source; 11 = Pit latrine <50m uphill of water source; 12 = High population density upstream polluting the water source; 13 = Waste dump <10m uphill of water source; 14 = Waste dump <20m uphill of water source; 15 = Waste dump <30m uphill of water source; 16 = Rainfall within previous 5 days; 17 = Rainfall within previous 2 days; 18 = Rainfall with previous 1 day; 19 = Water source overgrown with grass and other vegetation; 20 = Other pollution uphill.

Discussion
The study has shown that protected springs, shallow wells and valley dams, were the most important water sources in Nakawa, Amuria and Kiboga, respectively. It underpins the great significance of shallow groundwater resources and occurrence of various potential risks for pollution of these resources in both urban (Nakawa) and rural areas of Uganda (Amuria and Kiboga). In Nakawa the data denoted that the majority of the residents used pit latrines (95.1%) and at the same time used shallow groundwater sources (protected and unprotected springs) as their major source of domestic water. The pit latrines were often sited uphill and proximate (<15m) to the water sources and distinctly posed a major risk for fecal pollution of the water. Pit latrines have been recognized as the significant sources of fecal contamination of groundwater sources in urban areas (11). Arguably, this prompted proposition for an adequate lateral separation between them and springs to minimize chances of fecal contamination (1). The situation in Nakawa did not fulfill the recommendations given for co-existence of on-site sanitation and use of shallow groundwater water (1). The situation in the rural areas was different. In Amuria there was evidence of low pit latrine coverage (46.8%) while most households in Kiboga had latrines (97.8%). In both rural areas pit latrines were far from the water sources and could not form significant sources of fecal contamination. Despite this, indiscriminate defecation in the environment by Amuria residents, as a result of insufficient latrine coverage, posed a great risk of fecal contamination of the water. 
Both urban and rural areas voiced concerns of rain pollution of the water resources. Other studies have linked rain or wet season to the contamination of water sources (12,13,14). These calls for development programs to consider construction approaches that restrict rain pollution of the water sources. Apart from the latter, livestock posed a big risk for pollution of water particularly in rural areas. Recent studies have documented high rates of transmission of Escherichia coli between livestock and humans (15) and water could be an important vehicle. Furthermore other challenges existed, for example, in Amuria shallow wells had faulty slabs and there was watering of the animals close to water sources. A case in point was Okweere shallow well from where water was sipping from the slab when the pump was idle and people would step on it and livestock would also drink, however, the same water was sucked in whenever pumping was resumed. This well could be acting as an effective incubator for fecal bacteria and a potential hazard to the people, a scenario reminiscent of London cholera epidemic of 1854 (16). It is ironic that the communities abandoned the 20 unprotected springs they were previously using in favor of 2 “safe” shallow wells and one protected spring, constructed by the non government organisations. Despite the numerous potential risks of contamination found in this study, it was not a common practice for the communities to boil or treat the water prior to drinking, especially those in Amuria.
The poor practice or lack of boiling of the water as noted in this study greatly predisposes the poor urban communities and rural residents of Uganda to water-borne diarrheal diseases such as those caused by Vibrio cholerae, a cause of cholera (17), enterotoxigenic E. coli (ETEC) (18), a cause of colibacillary diarrhea, and verocytotoxin-producing E. coli (VTEC) serogroup O157 (19, 20), an important cause of hemorrhagic colitis, among others. These data along with our findings that all the water sources were at risk of contamination by bacterial fecal pathogens (low to very high) bring out a great need to sensitize and educate the communities about the dangers of drinking/consuming contaminated water and how to avoid such dangers.

According to our data the communities, urban and rural, preferred the shallow ground water sources as opposed to tap or borehole water because of proximity, being clean and natural and availability without cost. They further emphasized that the water was from underground, fresh and free from or had low chances of contamination i.e. safe. To some it was the water they grew up using and to others, the attention to boil the water or strain it through clothes could only be prompted as and when the water was grossly muddy following heavy rains or worms were visibly seen. Based on our data, concrete slabbing of wells and springs was perceived to lead to safe water. This may explain the higher rates of drinking of protected spring water in Nakawa (88.4%) as opposed to unprotected spring water (35.2%) and the abandonment of unprotected springs in favor of shallow wells in Amuria. These perceptions and preferences seem to suggest ignorance on the part of the communities about the risks of consuming shallow ground water.  
In conclusion, the results herein have highlighted several potential sources of contamination of shallow ground water and demonstrated ignorance of the communities to the dangers of this water. The communities therefore need to be sensitized and educated about good sanitary practices and dangers of consuming contaminated water. Studies should also be done to assess the safety and quality of this water since all the water sources were at risk of contamination by bacterial fecal pathogens.
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