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ABSTRACT

Despite of its importance for human consumptionugdwater resource is under threat of
overexploitation and pollutions. The study to assé®e risks of sanitation facilities to
groundwater pollution was carried out in the srt@in of Babati in Manyara, Tanzania. The
identification of all the wells in the vicinity abwn and their proximity within 60 m radius to
each recorded. Water sampling from the selectetsweds done and the tests for nitrate,
nitrites, total phosphorus, Phosphates, Chemicggerx demand, fluorides and microbial
(Fecal and Total coliforms) levels performed. Methoused included Diazotization,
Cadmium reduction, Ascorbic acid, ion selective rheame and membrane filtration (MF)
for nitrites, phosphates, fluorides and microbepeetively. Geographic information System
(GIS) was used to geo-reference the water soumeésvater quality data were analyzed by
using OriginPro8 SRO v8.0724 software. The resudtgealed higher fecal coliform in
shallow wells both used bucket and pumps to dratemvdhe maximum mean level of FC
was 85.81CFU/100 mg/l and NQvas 65.48 mg-Ngl. Boreholes indicated lower nitrate
levels than National and WHO standards and werefra# of fecal coliforms. Other
parameters were all within recommended limits fibnmaells tested. The evaluation of the
potential contamination pathways revealed that ghallow well depth mean value was
10.40£0.30 m (N=366 R.05), 70% were unlined and 19% were uncovered.uA@d% of
the wells were within 30m of sanitation facilitiexf, which 60% were traditional pit latrines.
The findings reveal that most shallow wells (64%¢ @olluted and the aquifer of Babati
classified as a moderately vulnerable to contangnat The results showed a very high risk
in some parts of Kiongozi in Maisaka ward and satier parts in Babati and Bagara wards.
Most location of the locations found with shallowe&ll depths also indicated the increased
risk of groundwater pollution (Fig. 17). Therefdteis prudent that the community avoids
relying on shallow wells and boiling of domesticterabefore consumption. Authority should
also seek for a simple and affordable way/strategyhat will improve sanitation facility
designs, distributions. Also to establish adequatulations to overcome environmental
contamination challenges, persistence pollutanimiteds and resistance antibiotics through

drinking water sources in developing countries Tleenzania.
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CHAPTER ONE
INTRODUCTION

1.1 Background information

Improvements in sanitation facilities hygiene pi@et and access to sufficient quantity of
good quality water supply are known to be importhatrier of many infectious diseases.
Globally efforts by governments, development orgations, and donors have been
straggling to ensure access to clean water andasani for all as an essential part of the
world to live. For instance the Sustainable Develept Goal (SDGs) adopted in the New
York recognizes the need for addressing issuesetkl clean and safe drinking water,
sanitation and hygiene and the quality and sudtditya of water resources worldwide
(Connor, 2015). However, several researches hgntesl various cases of contamination of
groundwater resources relied upon by local commasmidue to placement of water sources
near onsite sanitation facilities (<10 m ) (Sorereseal, 2014; Wrightet al, 2013)

Improved sanitation facilities are one of the magmmponents that ensure separation of
human wastes from human contact and the environtoeriach water resources. Despite of
the reported contamination cases attributed byu®e of inadequate facilities, only 63% of
the world population is reported to use improveditssion facilities with 30% and 41%
residing in Sahara Africa and Southern Asia respelgt (WHO and UNICEF, 2012).
According to UNICEF, by the end of 2011 about 2i8iom people had no improved
sanitation facilities and that the number of peqpicticing open defecation was about 15%
of the world population (WHO and UNICEF 2012). Iramy cases unimproved sanitation
facilities do not ensure hygienic separation of homwastes from contacts to the
environment and this can cause contamination ofirghevater resources by chemicals and
microbial pathogens when the contained wastewanels fits pathways into the aquifers
(Bradford et al, 2015). Consumption of contaminated water mayltaato a burden of
disease outbreak (Bakobie and Awal, 2015; Nyenjal, 2013). About 760 000 of children
below 5 years of age are reported dying from dearbach year, mostly in the developing
countries (WHO, 2013). 88% of this disease is regubrto be attributed to the use of
inadequate water for hygiene, unsafe drinking watet lack of access to improved sanitation
(Boset al, 2008.)



In Tanzania, the supply of safe drinking water hamained a challenge, with poor
communities relying on shallow wells, springs, rgjestreams and ponds for their daily
domestic water needs (Pauscletral, 2012). Babati is among the faster growing towns
Tanzania, and the population growth and distribytand increasing development have led to
increased water demand. Many residents now depergtaundwater sources, mostly from
shallow onsite wells for drinking and other domesise. The easy access to groundwater
because of the shallow water table, and the cogtipfd water connections and monthly
water charges from the official water utility, hakel many households to rely on private
wells rather than Babati Urban Water Supply andit8aon (BAWASA). It is well
established that consumption of water from impramguurces (mainly shallow wells) with
unknown quality results in significant numbers ebple suffering from waterborne diseases
(Elisante and Muzuka, 2016). The shallow wells epastructed on small plots with no
account taken of potential adverse impacts ari$iogn nearby sanitation facilities, well
protection or other pollution sources. Most samtafacilities in the area are reported to be
poorly constructed, and hence likely to contamirtateland and increase the risk of water
contamination (URT and SNV, 2014). In Tanzania P8 @hildren less than five years old
are reported as dying each year from dysenterydsnthea linked to the consumption of

unsafe water (Elisante and Muzuka, 2016).

This study was conducted to assess the risk grisfiom the interaction of sanitation
practices and facilities with groundwater resouriteshe fast growing town of Babati in
northern Tanzania. The findings of this report anticipated to contribute to the ongoing

development of the town hygiene and sanitation enggan.

1.2 Problem statement

Lack of proper and adequate sewage managemenicpsm&nd the direct discharge of
sewage into the environment are commonly repomedeveloping countries (Graham and
Polizzotto, 2013; Haret al, 2015). In Tanzania for instance the only 10-26P4he rural
population is reported to have access to improveuitation faciliies as per the JMP
definition whereas the rest relying on un-improyétd for fecal disposal. Open defecation is
also reported to be practiced in some area (URT3MW, 2014). These practices lead to
pollution of water resources. During rainy peribdman wastes may end up flushed into the
surface water systems whereas the poorly construstensuitable placed sanitation facility

may pollute groundwater resources through wastewatepage in the soil substrata. Studies



by Nyenjeet al. (2013) and Wright (2013) are providing a strongderce on groundwater
pollution as an attribute of sanitation facilitieSther studies also reports high levels of
contamination attributed by poor sanitation faigtand practices. For instance, Sorereten
al. (2014) carried a study in Zambia and identifiéd tprevalence of insect repellent
diethyltoluamide (DEET) of 1.8¢g/L and chlorinated by-products trihalomethanesttup0
g/L), and the surfactant 2, 4, 7, 9-tetramethylegyahe-4, 7-diol (up to 0.6g/l) compounds
in shallow wells attributed by inadequate well paiion, sanitation and household waste
disposal. In general, most studies on pollutiongafundwater resource from sanitation
focused on poor sanitation (Gronwall, 2010; Lighal, 2010) and the influence of these pit

latrines on groundwater pollution (Mitcheit al, 2016).

In Babati town, little has been done to monitorudwater quality status in relation to
sanitations. The study of pollutant load as antaite of sanitation facilities and hydrological
dynamics with seasons is an aspect that requingsefuresearch. This study intends to
provide data and information related to water dquadtatus and to develop pollution risk

index and groundwater vulnerability of Babati aquif

1.3 Objective of the study

1.3.1 Main objective
The general objective of the study is to assesgisfie of sanitation facilities and develop

pollution risk index arising from their interactiovith soil and groundwater in Babati town.

1.3.2 Specific objectives

(1) To identify and map current sanitation facilitiesaheir associated environmental

risks in Babati town.

(i) To identify surface and groundwater pollution padlye/in Babati town.
(i)  To assess and map groundwater quality, soil andohgelological characteristics
of Babati town.

(iv)  To develop groundwater risk index and vulnerabifitsp.

1.3.3 Research questions

(1) What are the different types of sanitation fa@btiand their potential risks to
environmental pollution in Babati town?
(i) What are the possible routes of surface and groateiveontamination in Babati

town?



(i)  How are the gqualities of groundwater, soil and bgeéology distributed around
Babati town?
(iv)  How is groundwater quality distributed in relatiom sanitation facilities—soil

properties and groundwater interactions in Baloatnt?

1.4 Research justification

Improvements in sanitation and hygiene practice tardjuality of water supply remains the
most important barrier to many infectious diseastsie hygiene practices coupled with
appropriate sanitation facilities, is reported ¢éoluce risk of becoming exposed to diseases
(Butterworth and Soussan, 2001). However, poorlpstoicted sanitation facilities and
hygiene practices do contribute to water sourceaacoimation in many urban areas (Mitchell
et al, 2016). Pit latrines are widely used in Babatvrioq URT and SNV, 2014) and shallow
wells as well as boreholes are the main sourcéemiestic water. It is therefore prudent that
a study to understand the interaction of sanitatamilities and groundwater be carried in
Babati. Enough data and information related to watgality status and the groundwater
vulnerability of Babati aquifer are inevitable histtime the region is revising its master plan
(Babati Town Council reports, 2017). One area gbriswement is to consider and include
hygiene and sanitation in the overall planning pesc In this respect it is important to have
knowledge of groundwater and geology of Babati t@md the potential interaction between
sanitation facilities and groundwater in order ttia master planning process is informed
and proper choice and location of different typéssanitation facilities conforms to the

groundwater resource and soil conditions of tha.are

The aim of this study was to assess the potemtiayfoundwater contamination in the urban
setting of a small town. It was also intended tovjte information concerning the proximity
of wells to sanitation facilities, the managemeiatiss of water sources, and their potential

influence.



CHAPTER TWO
LITERATURE REVIEW

2.1 An overview of water supply, and sanitation pretices and facilities

2.1.1 Sanitation

Sanitation refers to the provision of facilitiesdaservices for the safe disposal of human
urine and faces. | cover issues related to drainafgstorm-water and effluents, flood
management, collection, disposal and removal ofdiuexcreta. Inadequate sanitation may
result into a burden of diseases worldwide andefloee improvement of sanitation is
significant in reducing risk impact on health inuseholds and communities (Montoute and
Cashman, 2015). According to the Millennium Devetemt Goal (MDG) improved

sanitation facility refers to the one that hygieti separate human waste from contact.

2.1.2 Water supply

Safe water supply refers to those sources whiehlikely to supply water which is not

detrimental to health (Hamner et al., 2006). Impadrinking water sources are reported to
include public taps or standpipes, tube wells areholes, protected dug wells, protected
springs and rainwater collection (Montoute and @Gzl 2015). Worldwide 780 million

people are reported to have no access to improadrvgources whereas 2.5 billion lack
access to adequate sanitation (WHO, 2012). Watmlgwand sanitation are the component
which are interrelated because their improvement gratect environmental contamination

and risk of diseases

2.1.3 Groundwater

Groundwater is defined is defined as subsurfaceewand can be either confined or
unconfined aquifer water distinguished by the watemponents (Magesh, 2013). Water
stored as ground water is originated largely framfaxe water that seeps slowly into the
ground; it takes long time to fill up the groundematstorage (Barzanet al., 2017).

Groundwater is the world’s largest freshwater stord the world’s most important source of
freshwater supplying 2 billion people with drinkimgater. It is also widely used for irrigation

of the largest share of the world’s food supply (EBlog).



2.1.4 Groundwater quality

Groundwater quality refers to the state of watemfb beneath the surface. It comprises the
physical, chemical, and biological qualities of @ratHarter, 2003). Groundwater quality data
give important inputs to the historical geology asting with their recharge, discharge and
storage. Variation in groundwater quality is a fiime of their physicochemical parameters
that are greatly influenced by geological formasiotiluctuation of sea level rise and
anthropogenic activities (Manjusre¢ al, 2009: Kumaret al, 2012) Most ground water is

odorless, colorless and without specific taste.
2.2 Impact of sanitation facilities and practices o surface and groundwater quality

Despite of the increased reported awareness agntiati to water and health worldwide still
water, sanitation and hygiene challenges have o existing in the developing world
(Palaniapparmt al, 2008). Inadequate sanitation facilities are Wideported existing due to
the wide use of poorly constructed sanitation fied including septic systems and pit
latrines which are used as the main option for aiap of human wastes (Graham and
Polizzotto, 2013). The major concern associatetl witor sanitation facilities is their risk of
causing seepages of nutrients and pathogens whaghfinmd its ways and reach surface and
groundwater resources and render it unsafe for hue@nsumption (Oluseun, 2013).
Consumption of such contaminated water often resuolb incidences of waterborne diseases
such as diarrhea, which is reported to accounhéarly 760 000 deaths of children under 5
years every year (WHO, 2013). Studies conducteéviuate effects of poor sanitation
facilities have revealed several cases in which lgitines were the main causes of
groundwater contamination. For instance study cotetliin the peri-urban area of Kisumu,
reported to have identified positive thermotoleremiiform and nitrates values above World
Health Organization limits of 10 mg/l in groundwatsamples obtained near pit latrine
(Wright et al, 2013). This was an indication that the pit l&riconstruction near the water
sources increases the ability of pollutants to rerttee water resources and cause
contamination. Similar research conducted in onensh Kampala also reported significant
groundwater pollution by nutrients from pit latrsmé@Nyenjeet al, 2013). In the study by

Nyenje, the dissolved nutrients and the procedisely ito affect them were assessed.

Other investigations that have reported the comtatian of water resources include that of
Sorenseret al (2014) on “emerging contaminants in urban grouaigwsources in Africa”.

In this study up to 1.8 mg/l of insect repellentEDEwas detected in groundwater samples



obtained from shallow wells found in low cost hagsareas associated with poor sanitation
infrastructures, inadequate waste disposal and meitection in Zambia. The study by
Megha et al (2015) in Southern India also found groundwater the village
microbiologically unfit for consumption due to seakfactors including improper placement
of wells near pit latrines. Total coliform countdamecal coliform count were found to

increasing as the distance of the well to latrieerdased (Meghet al, 2015).

2.3 Fecal sludge Management

Fecal/shit sludge (FS) refers to onsite sanitagaihnologies including pit latrines, un-sewed
public ablution blocks, septic tanks, and dry tsilevhich has not been transported through a
sewer (WSP, 2016)-ecal sludge management includes the storage,ctiolie transport,
treatment and safe end-use or disposal of fecdgsluThis approach aims to obtain relevant
information to develop a diagram (Shit/fecal sludigggram). Shit flow diagram (SFD) is the
diagram that presents a clear picture of the ou¢carnsing from wastewater and fecal sludge
management practices and services in a city or towerms of percentage of population
(Blackettet al,, 2015).

Shit/ Fecal sludge waste flow diagrams which hagenbdeveloped in some cities to show
the city-wide picture have identified poor managatef fecal sludge in some cities.
According to WSP 2016, in Lima about 64% of theafesludge is reported not effectively
managed although 95% of fecal waste is removed filomestic environments. While 92%
of the households have sewer connection the asahgs indicated that 50% of waste water
is lost through leakages to the environment (WSH,62 In Dar es salaam city the shit/
excreta flow analysis and the SFD developed hasated that 90% of inhabitants depend on
onsite sanitation and 57% of the sludge producetiréstly introduced into the environment
without treatment whereas 43% is well managed lblyeeisafely containment on site or

safely dispose in the recommended safe environ(Bdatkettet al, 2015).

Several researches have been done to asses iofigactitation systems and management of
fecal sludge on groundwater resources (ShivendideRamaraju, 2015; Klingest al, 2002).
Several methods including the investigation of cisemand microbial loads and the
assessment of volume and characterization of felalge produced, the pit emptying
practices and the risks of pit contamination ofugrdwater have been conducted to determine
the relationship between potential risk factorsdgosundwater contamination due to the use

of inadequate sanitation facilities and poor manag# of fecal sludge. In this study



combined methods to assess soil, groundwater guaditameters and their interaction with
sanitation facilities in the town will be conductéthe shit/fecal sludge management survey
within the Babati town will consequently be donalarsing a questionnaire to find out the
information related to faecal sludge management &mel associated environmental
contamination risk to impact groundwater resourc€se pre-set questions to extract
information related to availability of toilets, tgpof sanitation facility owned, practiced
defecation (for those who had no toilets), dispesathods etc. The aim was to understand
the risk the associated with current fecal sludgmagement and disposal practices have on

water resources contamination and the surrounddaghyy environments.

2.4 Soil and its influence on contaminants’ transp

A soil as the upper weathering layer of the sodidtecrust has properties varying from place
to place depending on the underlying bedrock coitipas land uses and other human
activities. However, the release of pollutants amdl can lead into a changed soil properties.
For instance application of pesticides or othemulal contaminants on soils can affect soll
fertility and productivity as can lead to a reducadl quality, its functions and the whole
process of microbial community érnohlavkové, 2009). The pathways of contaminants
through the soils may take place as an aspectvefaeprocesses including direct filtration,
sorption of contaminants on mineral grains and saknic matter, bio- degradation by soll
microorganisms and geochemical reactions (Rockébéd, 2004). To understand the impact
of soil on contaminants transport it requires adaustanding of soil properties and their fate
on contamination in subsurface environment. Sodpprties like pH (acidity), texture,
amount of organic matter may influence pollutargipgen movement in the soil. For
example soil pH is known to favors virus and micabladsorption. For instance low pH
caused virus adsorption and the high pH valuedtseisiio elution of adsorbed viruses (Davis
et al, 2006; Honget al, 2011). Soil texture is defined by the soil tygelay, silts and sands)
which may play different roles on contaminant tors. Clay soil has effects of making soil
sticky and able to retain water and contaminaniés 8n the other hand make the soil
slippery while sand soil causes loose structuregclwimay influence fast movement of
pathogens. Amount of organic matter may lead toompetition with organisms for
adsorption sites on the soil particles and regyltin a decreased adsorption of viruses
(Hilliard and Reedyk, 2014) already adsorbed antio@s influences pollutant mobility and
uptake whereby soils with high Cation Exchange Cap4dCEC) indicate more retention of

nutrients in the soil and reduced mobility.



2.5 Pollution risk index

Pollution risk index is the way of representing fogeological information with a simple
map that can easily be used in water managemeo¢gsoThe approach methods developed
to assess groundwater vulnerability and index ategorized into index-and-overlay, process
based computer simulation and statistical analystsouchineet al, 2015, Harter and
Walker, 2001). Index and overlying is a method \ahiely on combining maps patterning the
physiographic attributes of geology, soil, aquifeedia and depth to water which controls
groundwater vulnerability of the area. Each attiebis normally used to determine the degree
of vulnerability (Rizka, 2018). To develop an irgetion index these information are often
interpolated using GIS software capable of ovengymaps pertaining these information.
Through Geographic Information System (GIS) an layeof various properties of the soil,
sanitation facility types and water recharge infation can be used to show their variations.
Apart from index-and-overlay the statistical meth®dnother category of the methods used
to quantify the risk of groundwater pollution by ngparing the relationship between
environmental conditions and the observed humaiiges on the environment likely to be
potentially sources of contamination. In this metlioe statistical analysis is used to establish
the relationship and the statistical significanace aalculated. Process —based computer
simulation is a third method for vulnerability assment and it involves computer simulation

model.






















































































































































