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Potential Health Risks Associated with Consumption of Shallow Well Watersin Informal
Settlementsin Dar es Salaam, Tanzania
Abstract

This paper explores the risks associated with gege of private water supply from shallow
wells in informal settlements in Dar es salaam,ZBama. Studies on spatial location of water
sources used by water vendors in relation to petesburces of contaminants in Tanzania |are
scant in literature and therefore little is docuteenon the potential health risks posed by such
ith

officials and local leaders at Nyambwera and Ta®ld-wards in Dar es Salaam. It was

water sources. Data were collected through docwsnéousehold survey and questioning W

observed that the distance between the wells arndtpnes for most of the households was less
than 10 meters which is far below the acceptalaedstrds of 30 m (p=0<0.001). Given the fact
that most plots in the study areas have sizesmgrfghm 120 mto 300 nf and plot coverage is

beyond 90%, space for proper construction of sanitecilities and shallow wells was extreme

<

limited. The study recommends for close cooperalietween sub ward leaders, ward officer

and health officials to prevent drilling of wells close proximity to pit latrines.

1. Introduction

The provision of potable water service in inforreattlements especially to the poor households
remains a critical challenge for the realizationsofstainable urban development. Generally,
people living in informal settlements are disadeged due to lack of public services such as
piped water supply, high population density, and levels of sanitatiofil]. While only 30% of
urban inhabitants have access to piped water, G0&tegpopulation relies on other sources of
water including shallow wells for their daily comsption [2]. Cheaper borehole drilling
technology facilitates the drilling of such shallomells [3]. Tanzania, just like many other
developing countries has not managed to provide, sdan drinking water to its citizef4).
This is inconsistent to the country’s National wapelicy of 1991, which states that citizens
should have access to clean and safe water widOmZetres by 2005]. Rural populations in
developing countries have a higher proportion efttital population without access to clean and
safe water. However, the fastest growing populatvth no access to safe drinking water reside

in urban and peri-urban arefd. In general, there are improvements in the nunofbarrban
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populations connected with safe water but theseadugments are compromised by the rapid

increase in the number of urban dwellers livingniiormal settlementf7].

Residents in informal settlements largely dependwater which is supplied by private
individuals. Such individuals obtain the water frafifferent sources such as shallow wells,
water kiosks, stand-pipes and borehd8k In some African Cities, the proportion of the
inhabitants served by water vendors may range f20m- 30%][9] to as high as 90%l0Q].

Therefore, water vendors fill the demand of watgepdy gap experienced by informal settlers

although they (water vendors) carry out their opena outside the legal frame work.

Water vendors use different means to supply watdrouseholds; these include door to door
delivery, where they carry the water in some comia and sometimes they supply through
piped water connections. However, the reliability], quality[12] and affordability]13] of the
water supplied by these suppliers remain a sulgkecobncern. Due to unsafe and insufficient
water supply in urban areas, water borne diseasels as cholera have been prevalent. For
example in 1997, 3220 cases of water borne disandel28 deaths were reported in llala
District in Dar es Salaam city alof&4]. In 2001, regions such as Kigoma, Arusha, Shingang
and Dodoma in Tanzania were also affected by choléholera in Ilala District affects people
living in low-lying flat areas where the water tab$ high[15]. These areas depend on shallow
wells as a source of domestic water. The wells @alpe those located in close proximity to pit
latrines, are prone to contamination by human eadd®]. It is further reported that in some
parts of Dar es Salaam, Tanzania, cholera wastegp@or five consecutive years from 1997 to
2001[15].

Several studies on informal water supply in urberas have been carried out; see for example
[3; 8; 1. These studies, however, have so far not donespatial analysis of the locations
between pit latrines and the water wells to exptheepotential health risks associated with the
consumption of such water. Studies on spatial iocaif water sources which are used by water
vendors in relation to potential sources of contents in Tanzania are scant. Therefore, little is
documented on the potential health risks posedumh svater sources in relation to spatial

location of pit latrines in the informal settlem&nt
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Therefore this study explores the risks associatgd private water supply undertakings in
informal settlements in Dar es Salaam city. Thelagtion was done through mapping and
analyzing water sources by water vendors in relatethe locations of pit latrines, exploring
awareness rate and perception of water users amtbrseon the potential health risks associated
with the consumption of such waters. The studyifigd are intended to raise awareness on the
potential risks associated with water consumptielivdred by water vendors.

2. Materialsand methods

2.1 Study area

This study was carried-out in Nyambwera and Tartre@ess located in Tandika ward, Temeke
District, Dar es Salaam. Dar Es Salaam city istletan the Eastern part of Tanzania between
6° 34" and 7°10° South along Indian Ocean coastal(Fig 1).

DAR ES SALAAM REGIONAL SETTING
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Figure 1. Location Maps of the case study areas

The study area is boarded by the Indian Ocean ®rfEést and Pugu on the west. According to
the population census of 20127], Nyambwera and Tamla had a total population of6837

7438 people in Nyambwera and 6331 inhabitants imldaThe area had a total of 3700



79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
9%
97
98
99

100

101

102

103

104

105

106

107

108

109

households, 2034 households in Nyambwera and I6G&inla. Temeke District was selected
because despite having five municipalities in DéBataam, Temeke is the least serviced with
piped water supply18]. Nyambwera and Tamla sub-wards were selectedcase study area
because they are comprised of informal settlemsittscharacteristics such as lack of access to
sanitation and unreliable piped water, poor roamidition and high density. Most households
depend on the water from shallow wells. Pit lairsand septic tanks are used as a means of
sanitation. People with high income drill shallowells for personal use and commercial

purposes.

2.2 Sampling

This study was undertaken between March 2016 ahd 216. A total of 350 household
samples were obtained for this study. To map ssuwéevater, local government leaders at sub-
ward level were consulted for the purpose of idgimy different sources of water used by
vendors and the inhabitants. Details on the splaitations of wells in relation to the location of
pit latrines were taken using Global Positioningt®yn (GPS) and entered on the base map after

being digitized based on satellite imagery (12/@38) with Arch Map software.

2.3 Data collection

Household survey was carried out to explore awae@ad perception of water users and the
water vendors on the health risks associated welconsumption of well waters. Questionnaires
were administered to350 households to obtain inébion concerning major domestic water
sources and the perception on water sources séfftgial questioning were carried-out to sub-
ward leaders, Dar es Salaam Water Supply CompaAYMASCO) officials and health officers.
Ward officers and sub-ward leaders provided infaromaon the boundaries of Tamla and
Nyambwera sub-wards, water supply systems in tha,ahe number of wells available, well
owners, sewage system, prevalence of water boseasks and the existing water vendors.
Water vendors and well owners were interrogatedsdbcit information on water safety
perception in terms of water treatment before @elivand cleanliness of water storage vessels.

Other types of information were collected from DAWBO and these included the percentage
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of houses that have been connected with water dagsaccepted standard distance between
wells and pit latrines. Information collected frdrouseholds’ survey was analyzed using SPSS
software, and information on spatial locations balow wells and pit latrines was analyzed
using GIS software. Correlations were calculatdgvben variables using spearman’s correlation
analysis (p=0.05). Furthermore, the normality &f data on the distance between pit latrines was
checked using QQ plot in SPSS. Data were analyaeastertain if there is any significant
difference in distance between pit latrines andwiledls against the set standards using a z test
(p=0.05).

3. Resultsand discussion

3.1 Socio-economic attributes

According to sub ward and ward leaders, resideinfandika ward engage in petty trade, selling
of clothes and food vending as sources of incorherd are some residents who engage in small
scale industry activities and those who are emplayevarious government sectors such as
finance, education and health. The study has rededhat 40.8% of the people were
unemployed; 45.8% were employed in the inforneaitar; and 13.4% were employed in the
formal sector. Employment status determines thelle¥ income and often dictates the water

sources a household opt to Ud®]. People with stable income have access to cledrrwa

supply.

The monthly income levels in the case study areaspsesented in Table 1. The greatest
proportion of the respondents earns more than 000XZS, per month followed by those

earning between 60,000and 80,000, and finally tle@saing between 20,000 and 60,000 TZS.
Those earning between 80,000 and 100,000 TZS weré&ast in proportion. This implies that

about 70 % of the respondents had monthly incorhésse than 100,000 TZS. Only 30 % had
monthly income of higher than 100,000 TZS. 1 USBqgsivalent to 2250 TZS.
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Table 1. household average income

Income levels (TZS) Percentage
20000 - 60000 23.3
60000 - 80000 27.5
80000 - 100000 18.4
100000 + 30.8
Total 100

From the data in Table 1, it is evident that theamiy of residents live in abject poverty. Lack
of water and sanitation services in the area wiifl more pressure on people’s liy@f] and as a
result increase the burden of hardships in theasli To complicate the problem even further,
water supplied by private vendors is more expeniwteof poor quality than the water supplied
by DAWASCO (see Section 3.4). These findings arkni@ with what was reported §g1] that

in Morogoro, the private water vendors resold watied times higher than the price of public
agencies (e.g. MOROWASA) for domestic water. Hootdhwith average income of between
20000 TZS and 80000TZS were depending on the watstly from wells. Those earning from
TZS 80,000 to TZS 100,000 depend on water venduatsaeells for the supply of domestic water
whereas those earning100,000 and above dependedtenvendors, tap water and wells for the
supply of domestic water. This shows that afflueedple had multiple sources of water. Study
findings reveal further that those with multipleusmes of water supply used tap water, which is
the safest source for cooking, drinking and washitamsils, and used water from wells largely
for flushing toilets, washing clothes and gardenimgese findings are consistent with those
obtained in Uganda which show that affluent resisiém different cities had multiple sources of
domestic water supply and that they (affluent imdinals) had more access to piped safe water

than was the case with the poor who depend onashalkell waterd22].

The Spearman’s correlation analysis revealed tmatetis a significant relationship, (r=0.19),
(p=0.034) between water sources for domestic ust employment. This signifies that

employment status, which determines income levpledetermines water sources that a
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household opts to use. Those who are engaged nmafagmployment earn more and have a
stable income compared to those who are unemplagedengaged in informal employment.

Although significant, the existing relationship wagak signifying that there are other factors
which influence households’ choices of a particulgre of water source. These results are
consistent with other findings reported elsewH@&}e It has been found that on daily basis poor
households had to make decisions at to which wsdarces to use depending on how much
money is available to purchase the water. The ntgjof the low income earners in peri-urban

population in developing countries opted for cheapater supply sources. If the cheaper
sources happen to be unsafe as it has been obsertrad study (see section 3.5), the health of

the poor residents is put in jeopardy.

3.2 Infrastructure

Ward leaders revealed that Tandika has one tarwad which connects Tandika ward with
Ubungo District. All access roads are earth roatischvlack side drainage systems and are
poorly maintained. Lack of central sewage and égénsystem provide an opportunity for storm
water to flow into shallow wells. This trend contiaates the water and may lead to the outbreak
of disease$20; 1§. Contamination pressure was found to be fuelethbytendency of releasing
septic effluents to the flowing water by the residein poorly serviced areas during rainy
seasons. Contamination of piped water as a regufioor disposal of human excreta was
especially caused by a flow of sewage in open d#ahich are close to leaking water pipes
[13]. The septic effluents ultimately end up enterihgllow wells and sometimes in piped water
systems with leak§l13]. This practice is a potential source of cholerd ather water borne
diseases in Dar es Salaam especially during raagams. Dar es Salaam has been experiencing
annual recurrence of cholera during rainy seasohs. study findings show that private water
vending at Tandale ward was not organized. Thexearguidelines on how they should operate.
They use the same containers for delivering wadecustomers from different sources. For
example they may use a 20 litres container to caater from shallow wells for a customer ‘A’
and then the same container will be used to detayersafe water to a customer ‘B’. This poses
a potential danger of contamination. In contrasthwihat has been observed in the present

study,[23] reported that private water vending in Onisha a@meldigeria is well elaborated and
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well organized as a result of well-placed legislatihat governs water vending operations by the
private sectof24]. This shows that if authorities set standards achgnize the private sector
in the provision of water and sanitation systenesgtivate water vending can offer safe services.
According to an interrogation with the Sub warddie® and the DAWASCO officials, it was
evident that the authorities had turned a blind teythis informal water supply system. If this
trend is left to continue, residents in informaltleenents will continue getting water of

guestionable safety.
3.3 Sources of water by private water suppliers

Findings of household’s survey in the present sindicate that the majority of the respondents
(50%) depend on water which is purchased directynfwells (Figure 2) as the main source.
Water from shallow wells has been reported to loag@to contamination rendering it unsafe for
human consumptiof25]. The consumption of such water may contributeht® grevalence of
water borne diseases. On the other hand, 25% didhseholds were getting water from water
vendors who sell the water from door to door, anly @.5% of the households received water
from DAWASCO.

Water sources

50%

25%

10.50%
7.50% I 6.70%

Water wells Dawasco Water Dawasco
vendors vendors and Wells
andwells
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Figure 2: Households water sources

At Tamla and Nyambwera sub-wards, most of the rohse no water pipe connections and the
ones that are connected do not regularly get thacee Water vendors get the water for sales
from 25 wells which were found within the site. (aftthe 25 wells, one was owned by the
government and the remaining 24 were privately aviiée depth of the wells at the case study
area ranged from 10 m to 120 m deep. Accordindgi¢owtard executive officer, the number of
wells increased with time due to increased demahettwis aggravated by the growth of

population and the shortage of piped water.

3.4 Pricecharged by water vendors

Information from water vendors as well as housebdltformation show that the price charged
depended on different factors such as the typeatémnylocation of water sources, the means
used to deliver the water, availability of watedahe cost incurred to get the water. According
to water vendors, salt water, was charged for 288 per 20litres due to the fact that the water
is easily available within the site and the cospofchasing it was 150-300 TZS per 120litres -
200 litres, respectively. On the other hand, frestter was charged for 500 TZS per 20 litres.
The prices varied in accordance with distance fegater sources and the cost incurred in buying
such water, and the quality of water. Water vendms fresh water far away from the site.
Vendors at Nyambwera sub-ward get piped water feomarea called Veterinary which is
located 1 km from Nyambwera; while vendors at Tasola-ward get piped water at 800 m away
at a cost of 100 TZS per 20 litres. Direct watenda's (wells owners) charged 50 TZS per 20
litres and100 TZS per 20 litres. For the houseslvinere connected with water pipes from the
wells, a fixed cost of 5000 TZS was charged monfhible 2).

Table 2: water price in Nyambwera and Tamla Street



243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262

263
264
265
266
267
268

Water sources Price (TZS)

Pushcart water vendor 200 — 500 per 20 litres
Neighbor connection from 5000 TZS per 1000 litres tank
well

Water kiosk 50 -100 TZS per 20 litres
DAWASCO

Households who purchased water from water vendageneral pay 4-10 times more than those
who purchase directly from water sources. This putse pressure on the urban poor because of
the hiked water costs. In line with the findingstiee present study26] reported that dwellers
who obtain water from water vendors pay from 1@@times more than those who have own
connections depending on condition of supply amdtion of consumer$8] reported that fresh
water which is bought directly from DAWASCO was rhucheaper than salty water. He
contended that vendors get more troubles to getvsaér than securing fresh, good quality water
and therefore the difficulties encountered in gettihe water dictated the price of water rather
than the quality. Dar es Salaam residents who gagemsupply from private agents end up

paying more than those getting water from formaiewaupply companig4.6].
3.5 Distance between pit latrines and wells
Nyambwera and Tamla sub-wards depend on wellseam#in source of water. It was observed

that the distance between the wells and the pihts for most of the wells (24 out of 25) is less
than 10 meters (Table 3).

Table 3: Distance between wells and pit latrines

Distance (Meter) Number of wells Accepted distance (Meter)
1-3 2 30
4-6 12 30
7-9 10 30
10-12 0 30
13-15 0 30
15+ 1 30

10
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270  Most plots in the study area are small. Plot cayeria almost over 90% due to high population
271 density. Therefore, the amenities including pitites and the wells must occupy the small
272  available space and consequently these two amemitee placed in close proximity (Figure 3).
273 The QQ plot carried-out revealed that the datahendistance between pit latrines and the wells
274  are normally distributed. The z test carried-owsvsd that the pit latrines and the wells are in
275  close proximity (p<0.001). This implies that thel\@perators have grossly violated the set
276  sanitation standards and thereby pose the headthttto the neighboring population.
277
278 These findings are in line with the findings of Ndu (2007) who revealed that most of the
279  households in Kenya were depending on water frortswieat are in close proximity to pit
280 latrines.  About 38% of the wells were placed afistance between less than 15 m (The
281  commonly used guideline requires a distance afadtl15 m) in Kenya. Most (about 59%) of the
282  wells were estimated to be within the distance etiMeen 15 and 30 m from pit latring27]
283  further reported that the analysis of coliformsaiaters collected from shallow wells and deep
284  wells showed that the water was highly contaminated fecal matter while samples from taps
285 the coliforms were not detected. The results shawatiwell water is associated with high risks
286  of contamination. However, this work did not detarenthe number of coliforms in wells and
287  this requires further research.
288
289  Since the distance between the pit latrines andviiks is less than the accepted standard of 30
290 m[28] (Table 4; Figure 3a; Figure 3b), there is a higk that the water can be contaminated by
291 feacal matters because the soils in the site audysa texture. Figures 3a and 3b show the extent
292  of spatial proximity between pit latrines and staliwells.
293
294  Table 4: Distance between wells and pit latrines

Wellcode a b c¢c d e f g h i j kI mnopgr st uvw X Yy

Distance

(m) 2. 55 6 43 7 6 7 4 9598 8 88 3 86 6 75 55

Accepted

standard 30

(m)
295

11
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Sandy soil which is dominant in the case studysaie@ermeable and allows rapid movement of
liquids. The risks of contamination corroborate ywevell with the presence of water borne
diseases such as Typhoid and Diarrhea in the arexm@ained by ward executive officers and
the household respondents. Similafl§f] reported concerns of possible contamination of
shallow well waters in Yombo Dovya and Tungi infalnmsettlements in Dar es Salaam,
Tanzania. The author observed further that furthensification of the informal settlements is

likely to increase the risks of contamination.
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Figure 3a: Distance between well and pit latrines at Nyambwera Sub-ward
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Figure 3b:Distance between well and pit latrines at Tamla Sub-ward

The prevalence of water borne diseases, whichimtipte could be easily controlled, put a lot of
pressure on the costs of living to the urban ptorSouth Africa, social and health costs of
diarrhea accounts for about 1% of the G[2B]. The closer to the contamination sources (such
as pit latrines) the wells are, the higher the sigik contamination. The number of bacterial
counts (coliforms) in water wells was significanthegatively correlated with the distance
between wells and pit latring80]. This testifies that the farther away from thelpttines the

wells are, the safer the wells and vice versa.

The study revealed that all the respondents whertigd on water from wells reported to have
suffered from water borne diseases. From 2013 tth2the total number of patients who
suffered from water borne diseases in the studw avas 2,266. This elucidates that the
improvement in water and sanitation is of paramaunpiortance in improving the quality of life
of human being§31]. Water from shallow wells is prone to contaminatfoom different kinds

of pollutants. For examplg32] reported elevated levels of coliforms, aluminumpmer, iron
and manganese in shallow wells compared to deels weNdola, Zambia. The concentrations
of these pollutants exceeded the WHO acceptabkdsleThe authors concluded that shallow
water wells in Ndola, Zambia were associated wigfn fnealth risks.

13
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3.6 Perception of residents on the safety of well water

From the data collected, the majority of househ@¢@#5%) were not treating the water before
drinking it despite the high risk of water bornsahses such as diarrhea and typhoid witnessed

in the community (Table 5).

Table 5: Top five disease in Nyambwera and Tamla Sub-wards

Diseases Reported cases

2012 2013 2014
Malaria 400 320 200
Diarrhea 200 250 360
UrinaryTrack infection 109 312 400
Typhoid 400 544 512

The residents had the perception that water freamtblls was safe and therefore it did not need
any treatments prior to consumption. Diarrhea wasrg the top five diseases that people were
suffering from. Others include malaria, acute redpry infection, pneumonia, urinary tract
infection, anemia and typhoid. Only 7.5% of the $eholds were boiling the water before
drinking. [27] reported that despite the short distance estintad@deen the pit latrines and the
wells, only 42% of those reported using wells hiitee water for drinking. Those who were
boiling drinking water cited contamination as a b source of waterborne diseases. Water
contamination agents in the wells in the area ohetlichildren dipping dirty objects into the
wells, drawing water from the sources with dirtyntaners, domestic animals defecating around
water sources and people washing clothes near #fis. o respondent who use well waters
mentioned closeness of the wells to the pit latriag a possible source of contamination. This
implies that residents may continue digging weti<lose proximity to pit latrines due to low
awareness on the potential danger of contamination.

Spearman’s correlation analysis showed that theas w significant relationship between

perception of safety and the treatment of wate®(@&1).This shows that those who were aware

14
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of the quality of water and its relationship witlater borne diseases, treated water while those
who were not aware of the possible sources of cainttion did not treat the water. This finding
should be used as a wakeup call by health offidalthe need to intensify awareness campaigns
so that the community is educated on the diffeveays of preventing water borne diseases. It
was revealed that 92.5% of the house hold respaesidesre not treating water in any way. This
explains the persistence of water borne diseastt®eiarea. Households failed to treat the water
because they were not aware of the possible sowfce®ntamination as explained above.
Furthermore, when asked as to why they did not treder, they pointed out that they cannot
afford the costs of charcoal and other sourcesiefgy. In line with the findings of the present
study,[33] reported a relationship between treatment of dimkvater and the average monthly
income of the respondents. This shows that it &y dar the high income earners to afford the

cost of chlorinating drinking water as opposedto Income earners.

4. Conclusion and recommendations

Majority of the respondents do not treat drinkingter due to the fact that they are not aware of
the potential dangers of contamination of the wétery use. This shows that households are
unaware of health risks associated with consumiatgmfrom wells which are located in close
proximity to pit latrines. High population density the informal settlement as witnessed in the
case study areas at Nyambwera and Tamla Sub-wimlged space for erecting sanitary
facilities at the plot yards including water wedlad pit latrines pose a potential health risks to

the inhabitants.

The study recommends for close cooperation betwabrwvard leaders, ward officer and health
officials to prevent drilling of wells in close primity to pit latrines. Health officials should

provide education to households concerning heals mssociated with consuming such water.
Those who own the wells should be provided withcation on treating water before selling it to

consumers. DAWASCO should provide Water Kiosksrgaa which have no piped water.

15
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