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ABSTRACT

Lusaka sits on a limestone rock formation which makes recharge as well as pollution of groundwater
very easy due to the presence of channels created by solution weathering. Informal/unplanned
settlements where waste disposal facilities are non-existent, are potential groundwater contamination

arcas.

George Township area of Lusaka is an unplanned or informal settlement where supply of water is
provided by Lusaka Water and Sewage Company through stand pipes. However, it was found that
at least one percent of a sample of three hundred and fifty people interviewed in 2001 indicated that
they entirely depended on shallow wells for their domestic water supply despite the availability of
an ultramodern water supply infrastructure provided through a JICA grant. The quality of the water

in the shallow wells has been largely unknown.

A study to monitor the quality of the water in the shallow wells in the area was instituted in April
2006 and ended in April 2007. Results obtained do indicate that the water is highly contaminated
with waste materials especially human waste. The source of this contamination seems to point to

the pit latrines which are the method of choice in the disposal of human excreta in the area.

With high levels of total coliforms (TC) as well as fecal coliforms (FC) and Escherichia coli,
human health problems such as those related to gastro intestinal problems including diarrhoeal
diseases, are a reality in the area. Further, from the preliminary results, it seems that metals such as
Lead and Cadmium are also in concentrations above acceptable levels. These have serious health
effects such as damage to the nervous system (Lead) as well as those related to damage of the
kidneys (Cadmium). The “blue baby” syndrome in neonates arising from taking water with high

nitrate concentrations such as the one in George Township area seems a real possibility.

Measures to reduce groundwater contamination from pit latrines are necessary. Those proposed
range from design and construction of pit latrines to use of other types of disposal facilities as well
as education of the communities. Other measures relate to treatment of water at household level to

make it suitable to drink.
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WATER QUALITY IN SHALLOW WELLS OF GEORGE TOWNSHIP IN
LUSAKA ZAMBIA AND ITS POSSIBLE HEALTH EFFECTS.

CHAPTER 1: INTRODUCTION
1.1. Background

Water is one of the most important requirements for human survival. It is estimated that about one
sixth of the world population does not have regular access to an adequate and affordable supply of
potable water (Miller, 2005:312). Zambia is said to have vast amounts of water of generally good
quality (JICA, 1995:Q-3). However, there is a general decrease in the quality of this commodity due
to various anthropogenic activities (Nkhuwa, 2003:1139). According to the South African Quality
of Domestic Water Supplies Volumel&2: “Assessment Guide” and “Sampling Guide” (Second and
First Edition respectively), water quality is defined as “the physical, chemical and microbiological
properties of water that determine its fitness for use...” (DWAF, DH, WRC, 1998:5; DWAF, DH
WRC, 2000: 3). It can, therefore, be said that the chemicals dissolved or suspended as well as other
materials that may be in it including microbes, determine how fit for use any quantity of water may
be. Water of poor quality though may be physically available, in reality it can be said to be
inaccessible and unavailable to humans as consumption of such water means exposure to diseases

with catastrophic consequences.

Pollution is defined as “.the presence of substances at high enough levels in air, water, soil, or food
to threaten the health, survival, or activities of humans or other organisms” (Miller, 2005:11).
Polluted water would therefore have unwanted chemical and biological agents as well as suspended
materials following man’s actions that would render it unfit to be used (DWAF,DH,WRC, 1998:6).
Groundwater is one of the major sources of water supply to many cities and towns in the world
today. However there are serious threats to this source due to pollution arising from human
activities. This is more evident in informaliinplanned settlements. Provision of modern
infrastructure for water supply to communities may not in itself result in total abandonment of the
old and contaminated supplies. The need to establish the quality of such sources of community
water supply and find ways of ameliorating this problem is critical. Identification of the possible
effects of consumption of such water may have on human health, is important. Further, provision of

better available alternatives also becomes a necessity.




1.2. Rationale of the Study

During the period 2000-2002, a project on Adaptive Capacity, Water Demand Management and
Natural Resource Reconstruction involving three SADC countries namely Botswana, South Africa
and Zambia was carried out. Data gathering was done in two of these countries namely Botswana
and Zambia. Anthony Richard Turton of the African Water Issues Research Unit (AWIRU) of the
University of Pretoria was team leader for this project. The Water Research Fund for Southern
Africa (WARFSA) supported the project. One of the findings of this project in Zambia was that as a
coping strategy due to problems of access to the cleaner water supply, communities in one of the
Zambian sites called George/Lilanda in Lusaka depended on shallow wells for their water supply.
This was despite having an elaborate and ultra modern water supply system (Turton, A.R., Khupe,
J., Mucheleng’anga C.G., 2002: 37 Appendix E2). It was also established that about all residents of
this area had alternative supply in form of a shallow well (Turton er al., 2002:39 Appendix E2). The
shallow well therefore provided a supply of water when the clean water supply was inaccessible due
to among others, inappropriate access times that is limited between 04:00-08:00hours in the morning

and 15:00-17:00hours in the afternoons as well as quantity being limited to 100 litres per household.

It was also found during the same study that at least one percent of a sample of three hundred fifty
(350) respondents interviewed in this area solely depended on shallow wells for their every day
supply of domestic water (Turton ef al., 2002:39 Appendix E2). Incidentally, the modern water
supply infrastructure was built to reduce the incidence of cholera outbreaks in the communities in
the area. These outbreaks were associated among others, with drinking water of poor quality from
shallow wells. Restrictions of accessing only a maximum of about five (5) by 20 litres containers
(total 100 litres) of water each day per family were also observed (Turton et al., 2002:39 Appendix
E2). The operating times were also seen to be somehow awkward to most of the people especially
those that had to go to work in town. In this regard water is only accessible twice a day between
04:00 and 08:00 in the mornings and between 15:00 and 17:00 in the afternoons. The problems of
water borne infections in form of diarrhoeal diseases may continue to affect the communities due to
the fact that shallow wells have continued to be used as a source of water despite the modern
infrastructure (Turton et al., 2002:39 Appendix E2). The area is one of the most affected in the now
nearly-endemic cholera outbreaks in Lusaka (Nkhuwa, 2000:997).



Since the WARFSA-supported project concentrated on socio-economic issues, a look back on actual
evaluation of the quality of the water of this area seemed an appropriate thing to do. To assess the
quality of the water during and after the rainy season was therefore important. This was further
supported by the fact that though some form of monitoring of the quality of water had been done in
the past, this had been limited in scope and had never covered the George Township area. For
example, Nkhuwa and team made observations on the water quality of some shallow wells in some
peri-urban areas of Lusaka between 2003 and 2005 but excluded the George Township area. This
exercise could also be said not to have been long term and consistent. Long term monitoring of the
quality of the water in this area seems therefore not to have been done before except for ad-hoc
water quality checké during disease outbreaks. The issue of monitoring quality of water regularly
was also raised by the Japan International Cooperation Agency (JICA) in the National Water
Resources Master Plan (JICA, 1995: Q-4, Q-28).

1.3. Problem Statement.

The 1994 Zambian National Water Policy states “ ... promoting a sustainable water resources
development with a view to facilitate an equitable provision of adequate quantity and quality of
water for all competing groups of users at acceptable costs and ensuring security of supply under
varying conditions” (MEWD, 1994:14). It further states that the amount and quality of water
consumed by a community determines its standard of living (MEWD, 1994:3). It is in this regard
that the Government of the Republic of Zambia embarked on the improvement of water supplies to
communities in various peri-urban and rural areas of Zambia. Provision of safe and accessible
drinking water in order to enhance health and productive lives of the people is an ideal that
Government wants to achieve (MEWD, 1994:3). Government also aims to improve the health status
of its people through among others, encouragement of lifestyles that promote health as well as
creation of environments that support health (SCCO;ld PRSP Implementation Progress Report July
2003-2004:41).

It has been established that there is widespread domestic use of water from shallow wells in George
Township area (Turton ef al., 2002:39 Appendix E2). During the WARFSA project it was found

that almost the entire population of George Township has a shallow well where water for various




domestic activities is drawn (Turton et al.,2002:39 Appendix E2). Use of water of poor quality has
serious effects on human health. For example domestic use of water of poor bacteriological quality
may result in various diseases in the community. Some of these may be diarrhoeal in nature. In
cases where some mineral elements exceed the stipulated levels, disease outbreaks may also result.
For example, high Lead concentration may result in diseases that affect the nervous system while
Nitrates may results in serious problems of transportation of oxygen in babies. Though only one
percent (four persons) of the sample of 350 people interviewed indicated their total dependency on
shallow wells, if this is extrapolated onto the entire George Township population, the figure could
be in the region of 2000 individuals. This figure can not be ignored. Further, it can be said that
anyone coming into contact with water of poor quality in whatever way, may also be affected. The
problems of water borne infections in form of gastrointestinal ailments such as diarrhoeal diseases
may continue to affect the health of the communities as shallow wells have continued to be used as a
source of water (Turton et al., 2002:39 Appendix E2). The area is perhaps one of the most affected
in the now perennial cholera outbreaks in Lusaka (Nkhuwa, 2000:997). The lack of focus to
establish the trends in the quality of the water in the area over a period of time through a consistent

and long term monitoring programme propelled the need for this study.
1.4. Methodology

The project aimed at assessing the quality of the water as well as possible impacts on human health
the water supply would have on the communities. It was therefore found imperative to have
community consent before the work could start. In order to bring the community on board, the
leadership at various levels was brought to the knowledge of the activity through written requests as
well as one-to-one meetings. For example, letters were written to the Ministry of Local Government
and Housing as well as the Lusaka City Council whose responsibility covers issues of water supply
and sanitation (see Appendix 1). Lusaka Water and Sewerage Company was also written in similar
manner to seek its support including provision of any information on among others, the issues of any
past water quality observations done in the area. Department of Water Affairs (DWA) was also

requested for information as well as technical support to undertake the project.



On another level, the political leadership of the area was involved long before the sampling work
actually started. One-on-one meetings were held with the area councillor and other members of the
communities in which sampling of water was to be carried out. Focus group discussions were also
held with the community leadership as well as members of the community. Transect walks were

also carried out in the area.

Initially at least twenty wells were selected at random within the Lima ward 17 of George Township
area. A further sift was done to pick ten (10) wells which were subsequently sampled consistently
for the period of the study. The water sampling started in April 2006 and was concluded in April
2007.

Using scoops that the communities were using to draw water at each shallow well, water was
collected into sample bottles which were fully labelled (including name, date, person sampling, time
of sampling). Three bottles on each site were filled with water obtained from the site: one for
physical chemical, one for bacteriological while another was for heavy metal determination. These
samples were then delivered to the University of Zambia Environmental Engineering Laboratory for
analysis. During each sampling campaign, water depth, temperature, pH, Electrical Conductivity

(EC) and Redox Potential (Eh) were determined in situ.

Analysis of the results was done by using the World Health Organisation (WHO,2004:Guidelines
for Drinking Water quality 3" Edition) as well as the South African Quality of Domestic Water
Supplies Volumel: “Assessment Guide” on domestic water quality as guides to show whether the
samples exceeded the normal permitted levels in the various parameters: physical, chemical and
bacteriological. These also provided the required information on possible effects of the various
materials present in the water. Other literature was also used to determine the possible health effects

the water could have on the user community.

1.5. Constraints of the study

This study was undertaken under circumstances where financial resources were a major limiting

factor. This made the selection of sample points not to be as extensive as would have been desired.



Therefore only ten (10) points were selected. This also implied that only one section of the George
Township area could be covered for this activity. Further, the time requirements that would have
been ideal if work was to be carried out for more than a year had to be done in a shorter time period.
This was so in order to ensure that submission of the dissertation could not be delayed any further.
The need for observations in both dry and wet seasons of the year and over a longer period of time
could not be fully achieved due to the same time and cost factors. There were also technical
limitations as a result of not having own equipment for the sampling campaign and these had to be
hired from DWA. Only one laboratory was used for the analysis of the water samples as use of any
additional laboratory for purposes of inter-comparison could not be possible due to cost. This was
made worse by the fact that the NISIR Environmental Research Laboratory was at the time

undergoing rehabilitation hence was not available for use.
1.6. Ethical considerations

During the sampling campaign, it was obvious especially after the initial results, that there was some
serious problem especially with the bacteriological quality of the water in question. It was therefore
necessary to inform the well users to take care by way of boiling the water or application of chlorine
to the water that has been collected from the wells. This was important especially if such water was
to be used for drinking or washing. This information had to be relayed in such a manner as not to
raise any alarm. [t was also necessary to inform the community that the campaign had nothing to do
with the Lusaka City Council’s planned closure (or burial) of the shallow wells. This was important
as at the time of the start of the project, Lusaka City Council had apparently sent some people into

the area to look at what was the actual situation on the ground with regard to use of shallow wells.

Any form of inducement for participation in the study could not be considered. This could also have
amounted to corrupting the minds of the participan%s. The programme was, therefore, brought to the
full attention of the leaders in the community who eventually made it easier for the community to be
able to freely participate. Though one would have desired to make results available to all the users
of these shallow wells after each analysis, this could not be possible as it could possibly have
affected the overall results of the study. The information was however availed to the community

through advice given at each subsequent visit on how to deal with the water to prevent infection. It



was also found necessary not to extend to any new sampling points which communities were now
freely offering for the exercise as there were no resources to do so. The community was also advised
against direct application of chlorine into the wells as this could not be effective and could have

affected the results as well.

It was also found prudent not to use hand gloves as well as mouth guards when sampling the water
as this could have been offensive to the sensibilities and egos of the users. Use of the water drawing
utensils used by the owners of the wells to draw the water during the sampling campaign, was also
done so that communities did not see anything abnormal in the collection of the water. It was
therefore prudent to follow the way water was collected for use by the communities. In situ reading
of results on site had to be done in such a way that containers from communities were not used or if
necessary only minimally used when it was absolutely unavoidable and done with their full

permission.



CHAPTER 2: PROBLEM DESCRIPTION

2.1. Introduction

The African Water Issues Research Unit of the University of Pretoria in collaboration with National
Institute for Scientific and Industrial Research (NISIR) carried out a project on Adaptive Capacity
Water Demand Management and Natural Resource Reconstruction in Zambia during the period
2000-2002 (Turton, A.R., Khupe, J., Mucheleng’anga C.G., 2002). The project was supported by
the Water Research Fund for Southern Africa (WARFSA). Among the findings of the project was
the fact that in one of the sites covered: the George/Lilanda area, though well equipped with modern
water supply infrastructure, a portion of the population entirely depended on shallow wells. This
was demonstrated by the fact that of the 350 interviewed; one percent indicated that they entirely
depended on shallow wells for their domestic water supply. It was also found that literally all those
interviewed had an alternative water supply in form of a shallow well. Use of shallow wells as
alternative sources, was found to be an extensive coping strategy in the area. Reasons for this state

of affairs varied from economic to social as well as managerial ones.

When need arose for one to do a research project in a water-related aspect as a precondition for the
Masters in Environmental Management Programme, a look back on the issues raised during the
WARFSA study was a choice that one could not ignore. The evaluation of the quality of the water
the residents depended on for the various domestic chores was such an aspect. The evaluation of the
possible health effects (if any), related to use of the water in shallow wells was deemed necessary.
This was for the purposes of highlighting the problem and making people aware of this problem.

Further, suggestions on any mitigation measures to alleviate the problems were found necessary.

2.2. Aim of the study

The study aimed at observing the quality of the water in the shallow wells over a period of time to
determine its quality on the basis of given parameters. This covered both the wet and dry seasons.
Observations for any possible contamination from any sources as well as water quality variations (if
any), within the area during the seasons were to be made. Elucidation on any possible health effects

arising from quality of the water was also thought of. An attempt to make practical proposals on



possible management strategies to improve on resource management in the area was also targeted.
The shallow well in the area could be considered as “point of use” source since this water was
directly used in households. It was hoped that the current quality of the water in shallow wells in

George Township area may to some extent, be elucidated through this study.

Contamination of groundwater through use of unlined and unsealed pit latrines has been suggested
to be a major contributing factor in the lowering of the quality of the ground water in
informal/unplanned settlements. It is understood that the presence of certain substances in the water
from shallow wells such as fecal coliforms may be indicative of the pollution from the pit latrines.
High levels of nitrates as well as nitrites may indicate high levels of organic input into the water and
the likely source may be the pit latrines. It was therefore important to look at the possible health

effects of some of the physical, chemical as well as bacteriological parameters.

2.3. Study Objectives

The overall objective of the study was the determination of the quality of the water in the shallow
wells in George Township area and the possible health effects it may have on the population and
also to contribute towards provision of information for making sound environmental management
plans. In order to mount a campaign to look at the quality of the water used by residents in shallow
wells in George Township (Lima Ward 17), the study had to be able to do a number of activities
which provided the base for the work. These activities included a sampling campaign in shallow
wells in a selected part of George Township and analysing the data obtained from the parameters
given. Another was to provide information that could serve as a basis for making sound
environmental management plans as well as possible recommendations to address the problems. In

this regards, the study specifically aimed to:

i. Observe the physical-chemical and microbiological quality of the water as well as the
water table fluctuations in the wells in the area during the wet and dry seasons
ii. Determine the relationships (if any) and possible implications of the results of the

analyses on the health of the communities



iii. Propose possible strategies that may be appropriate to the community and the
Government to reduce the negative impacts on the quality of the water and health of

the communities.
2.4. Extent of the problem

Lusaka lies on a limestone rock formation which is prone to solution weathering. This has led to
formation of channels which allow for quick recharge of groundwater. In similar manner, pollution
of the groundwater happens just as quickly. Population pressures have resulted in failure of local
authorities to provide to the communities amenities such as housing, adequate sanitation and waste
disposal facilities. With a lot of informal/unplanned settlements, the threat to groundwater arising

from lack of appropriate waste disposal facilities has therefore become a reality.

George Township area is located in the North West part of Lusaka (see Figure 1). This township is a
densely populated informal/unplanned settlement. It sits on a shallow aquifer with a lot of evidence
of discharge zones. Water can be obtained within five metres of depth even during the dry season.
Waste disposal in the area is far from being adequate and most residents litter their streets as well as
throw wastewater into these streets which also serve as conduits for wastewater and pollutants. The
area has the highest incidence of cholera in Lusaka (Nkhuwa, 2000:997) which is especially
prevalent in the rainy season. The major supply of water is from the shallow wells despite the
modern infrastructure due to various managerial as well as economic and sociological factors.
Looking at the drivers, pressures, state, impacts and response (DPSIR) framework in environmental

assessment, this could be as presented below:
2.4.1. Driving Forces (put pressures on environment)

Population increase in urban areas due to among others, the bright light syndrome has brought
serious situations in these areas as there has been a huge rural-urban drift. Recent job losses due to
industrial closures arising from the structural adjustment programme, have added to this density by
people moving from one urban settlement to another. The local authorities have not been able to

provide housing and other facilities for this population. Lack of requisite facilities such as decent
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housing, water supply and sanitation facilities as well as general waste disposal arrangements has

beset the communities.

2.4.2. Pressures (results from the driving forces-stresses the human activities place on

the environment)

The pressure on the services has resulted in the initiative by the people to construct their own
facilities such as houses in any open space. These informal/unplanned settlements may be located
on any space including groundwater recharge and discharge zones. Disposal of waste has become a
serious problem as there are no facilities for such. Garbage collection services are non-existent. The
problem is especially exacerbated in a limestone area where channels and other such conduits results
into direct mixing of dirty water from the surface runoff with groundwater. Discharge of human
wastes into the groundwater system through use of unlined pit latrines provides pressure on the

environment.

2.4.3. State (the condition of the environment including recent trends)

Groundwater contamination results from such poor waste disposal arrangements. The poor state of
the quality of the water which unfortunately is used in the various household chores has serious

implications on the health of the users.

2.4.4. Impacts (consequences of the pressures on the environment)

There is a direct impact on the disease burden as the water becomes unsuitable for human
consumption. Diseases resulting from use of contaminated water have had serious health and
economic impacts on the population. This has been more so with frequent outbreaks of water borne
diseases such as cholera. The impacts on the health care system have been overwhelming in
situations where resources have to be mobilized to contain the disease outbreaks. With high
morbidity and sometimes mortality being experienced during such outbreaks, the costs to the

community let alone the country are very high.
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2.4.5. Responses (by society on the environmental situation)

In order to reduce the problems of disease, the Government of the Republic of Zambia through
financial and technical support of the Japanese Government responded by providing facilities to
supply quality potable water to the communities. However, due to managerial and other problems,
communities have continued to draw water from the shallow wells to supplement their clean water
supply and in some cases, entirely depend on it. This apparently negative response from the
communities has serious consequences. Community based organisations such as the neighbourhood
health committees have also been formed within the communities to assist in monitoring the health

situation of these communities.

2.5. Conclusion

The contamination of groundwater in informal/unplanned settlements especially in a limestone area
is a serious problem. This is worsened in areas of higher population concentration with poor or no
sanitation facilities. The incident of diseases from use of such water especially diarrhoeal diseases
is a real threat. The need for measures to address the problem of groundwater pollution cannot be
overemphasized. The need for information such as what this study was designed to provide so as to

give an appropriate state of the situation, will assist in planning mitigations and interventions.
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CHAPTER 3: LITERATURE REVIEW

3.1. Introduction

3.1.1. The water sector in Zambia

Zambia is endowed with vast amounts of both surface and groundwater resources. It is estimated
that Zambia has a total surface water potential of 237 million cubic metres per day while ground
water recharge is estimated to be about 57.5x10° m® per year (MEWD, 1995). These resources are
located in Zambia’s rivers, lakes as well as groundwater reserves that exist in the many aquifers.
However, the water sector in Zambia is faced with numerous challenges. Despite the fact that there
is an apparent abundance in the resource, threats on its quality are evident. This is worsened by the
fact that there is poor coverage of sanitation facilities as well as regulatory enforcements in the

country thereby threatening the quality of the water resources through pollution.

Following the earlier part of the water sector reorganisation, the Ministry of Energy and Water
Development which had also been involved in supply of water, has been mandated to oversee the
issues related to development and management of the water resources while the responsibility to
supply water is now vested in the Ministry of Local Government and Housing through the Local
Authorities (LA). Formation of the Commercial Utilities by the LAs and eventual participation of
the private sector for purposes of ensuring better management of the water supply has been

envisaged.
3.1.2. Situation analysis of Water Supply and Sanitation in Zambia

Estimates by the National Water and Sanitation Council (NWASCO) indicate that only about 67%
of the urban population and 29.5% of the rural population have access to adequate water supply. The
sanitation situation is estimated at 39.2% in urban and 2.1% in rural areas having access to adequate
sanitation (NWASCO, 2004:3). In the towns and cities, the most affected are the
informal/unplanned settlements where water supply facilities may not be adequate while sanitation
facilities may be non-existent. This implies that the large un-serviced population is prone to all
possible negative health effects arising from use of contaminated water as a result of lack of water

supply and sanitation facilities. It is also true that cities like Lusaka do not have adequate sewerage
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treatment facilities and more than 75% of its population use onsite sanitation (Nkhuwa, 2000:995;
Nkhuwa, 2003:1141) which is a serious threat to groundwater. The rapid population increase and
expansion of the city against the available sewage treatment capacity has meant that many areas do

not have these treatment plants or if they do, then they are totally overloaded.
3.1.3. Contextualising Health Effects.

It is said that “an important requisite for good health is an adequate supply of water that is of
satisfactory sanitary quality” (Salvato, 1982:173). Quality of water is determined by what the water
may be carrying as it moves along in the environment. Therefore the chemicals it may dissolve, the
microbes and other materials it may carry determine its quality. Presence of certain mineral
elements may have positive as well as negative health effects. For example absence of certain
mineral elements such as iodine may lead to deficiency diseases. Above certain levels, some of these
mineral elements may become detrimental to health. In this particular case, the negative effects will
be the most to be considered in this assessment. Consumption of water of poor quality has direct
health effects on the consumer. These may range from short-term diseases that may last for a short
while or those that may take long to manifest but with serious long-term effects. Microbial quality
is important as high levels of disease causing microbes brings with it dangers to human health

including death.
3.2. Legislative considerations

3.2.1. Water Resources Management Bill

The water resources management system set up in Zambia under the existing legislative framework
failed to consider groundwater as part of the resources that required to be distributed to groups of
users with competing demands. The result of this was that abstraction of groundwater was therefore
not regulated and boreholes were sunk without any due consideration. In like manner, settlements as
well as the construction of septic tanks were done without much consideration of the possible

groundwater resources pollution. The old Water Act of the 1940s and 1950s is therefore antiquated
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and is being replaced by a new bill: the Water Resources Management Bill. The Bill among others

proposes to

(d). provide for the equitable, reasonable and sustainable utilisation of the water resources;
and
(e).  provide for the management, development, conservation, protection and preservation of

the water resource and its ecosystems

Specifically Part X1 Section 92 (1) states:

(a).  encouraging the development of sustainable practices that do not degrade groundwater

(c).  preventing the pollution of aquifers through the regulation of toxic substances that
permeate the ground; and

(d).  recommending to the Minister, the declaration of protected areas around groundwater

recharge areas and abstraction sources.

This piece of law-to-be is revolutionary in that groundwater is for the first time in the water law
being considered as a resource that requires to be protected and regulated in its use and
management. The use of the pit latrine and septic tanks would somehow be in contradiction with
this legal instrument as this may be considered as part of unsustainable practices that degrade the
groundwater resources. The need to prevent pollution of aquifers through regulation of substances as
well as declaring certain areas protected zones to prevent pollution that may infiltrate into the
groundwater is emphasized. Settlements in areas which may be considered as important recharge

zones may therefore be controlled through this incoming law.

3.2.2. Environmental Protection and Pollution Control Act 1990.

The Zambian law on environmental protection and pollution control was enacted in 1990. The law

states as follows:
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The Environmental Protection and Pollution Control Act 1990 (EPPCA) and revised in
1999 is An Act to provide for the protection of the environment and the control of
pollution; to establish the Environmental Council and to prescribe the functions and
powers of the Council; and to provide for matters connected with or incidental to the
Jforegoing .
Definition of discharge according to the Environmental Protection and Pollution Control Act is
given as “spilling, leaking, pumping, emitting, emptying or dumping...”(Republic of Zambia
Environmental Protection and Pollution Control Act 1990 Part IV Section 22). The definition of an
aquatic environment according to this Act does include the groundwater as it says on an aquatic
environment in Part IV Section 22 “....all surface and ground waters.....” (Republic of Zambia
EPPCA, 1990). Further, the Act prohibits discharge of any pollutant into an aquatic environment.
This is presented in Part IV Section 24 and is stated as follows “...no person may discharge or apply
any poisonous, toxic, erotoxic, obnoxious or obstructing matter, radiation or other pollutants or
permit any person to dump or discharge such matter or pollutant into the aquatic environment in
contravention of Water Pollution Control Standards established by the Council under this part”
(Republic of Zambia EPPCA, 1990). This is repeated in Part VI Section 50 of the same Act where it
says “ no person shall discharge waste so as to cause pollution in the environment”. The discharge
of wastes to groundwater through use of pit latrines as method of sanitation could be said to without

doubt, be against this legal provision.

3.2.3. Water Supply and Sanitation Act of 1997

The Water Supply and Sanitation Act number 28 of 1997 states:
An Act to establish the National Water and Sanitation Council and define its functions; to
provide for the establishment, by local authorities, of water supply and sanitation utilities;
to provide for the efficient and sustainable supply of water and sanitation services under

the general regulation of the National Water Supply and Sanitation Council; and to

provide for matters connected with or incidental to the foregoing.
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This Act places the obligation of supply of water and sanitation services on the local authorities
when it says in Part 111 Section 10(1) ”a Local Authority shall provide water and sanitation services
to the area falling under its jurisdiction....”. Provision of such services to its population is therefore
critical. However, with the burgeoning population and reduced financial resources to cope with
such increases, there has been a general failure by the local authorities to meet this obligation. The
poor sanitation facilities in George Township area could be attributed to lack of such services from
the Lusaka City Council through the Lusaka Water and Sewerage Company (LWSC).

The National Water and Sanitation Council NWASCO) is also obligated to establish and enforce
standards for design and construction as well as operation and maintenance of water and sanitation
facilities as stated in the above Act part 1l Section 4 (2) (e) (i) and (iii) of this law. Monitoring of
the design quality of these water supply and sanitation facilities in George Township could therefore
necessarily be looked into by NWASCO so as to ensure that the menace they cause could be

minimised.

3.2.4. Public Health Act CAP 295 of the Laws of Zambia

The Public Health Act Chapter 295 of the Laws of Zambia provides necessary input in the
protection of groundwater from pollution. Part IX Section 64 prohibits any individual to generate or
cause nuisance that may be injurious or dangerous to health. The Local Authority is mandated to
ensure that its areas of jurisdiction are kept clean and without nuisances (Section 65 of part 1X).
Section 67 (1) (d & €) of Part IX indicate that wells supplying domestic water of poor quality

(polluted) or waste water flowing or discharged into public streets constitutes nuisance.

Prevention of pollution to water supply as well as cleaning of such water supplies in any Local
Authority’s jurisdiction area is the responsibility of such a Local Authority. This is contained in

Part X1 of the Public Health Act CAP 295 of the Laws of Zambia. In this regard Section 78 states:

78. It shall be the duty of every Local Authority to take all lawful, necessary and
reasonably practicable measures for:
(a).  preventing any pollution dangers to health of any supply of water which

the public within its district has a right to use and does use for drinking or
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domestic purposes(whether such supplies derived from sources within or
beyond its district) and
(b). purifying any such supply which has become so polluted; and to make
measures (including if necessary, proceedings of law) against any person so
polluting any such supply or polluting any stream so as to be a nuisance or
danger to health.
The seepage of materials from the pit latrines into the groundwater whether done without
knowledge, is a matter that requires control by the LA and other agents as it is a public health

problem.
3.2.5. Local Government Act Cap 281 of the Laws of Zambia

Functions of Councils in Zambia among others include control of developments and use of land in
their areas especially in the interest of public health and public safety (Section 61 subsection 29 of
the Local Government Act CAP 281 of the Laws of Zambia). Others include establishment and
maintenance of public health (Section 61 subsection 40 of CAP 281). In Section 61 subsection 61,
the Councils have an obligation “ to take and require the taking of measures for the conservation and
the prevention of the pollution of supplies of water”. This therefore requires that the Council should
ensure that water supply areas within its jurisdiction are maintained in a manner fit for use. Sub-
section 50 of Section 61 indicates that Councils have the responsibility to provide sanitary
conveniences and ablution facilities as well as ensuring that these are available and well maintained.
However, due to various problems as a result of high population pressures and other related issues,
the local authorities are unable to perform this function to the full. The result is informal/unplanned
settlements wherever open space can be found, without authorisation and without adequate

sanitation facilities. Political interference has not spared the situation either.
3.3. Other literature

Groundwater is of great importance to man. This is so because it may be easily accessible in a most

cost effective way. This is specially so in situations where surface water supply becomes difficult to
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access (Sililo, O.T.N., Saayman, 1.C., Fey, M.V., 2001:1.1). If this water has to be of use to man,

knowing its quality, is therefore very important.

Quality of groundwater is usually determined by the rainfall and the geological reactions that take
place in the saturated and unsaturated soil zones (Veltman, 2003:104). It is indicated that the largest
cause of alteration of the natural water chemistry is through pollution from human activities. These
activities include waste discharges and agriculture (Goldman and Horne, 1983:92). Urbanisation has
been cited as such an element that has caused serious diffuse groundwater pollution problems today

(Goldman and Horne, 1983:94) especially when unplanned.

Aquifer vulnerability is said to be a factor of accessibility of the saturated zone as well as the
attenuation capacity of the ground where this aquifer occurs (Sililo et al., 2001:1.1). In this regard,
the more accessible the aquifer’s saturated zone through penetration of mobile contaminants, the
higher the vulnerability. It can also be stated that the higher the capacity to attenuate the effects of
the pollutants by the subsurface soil and other materials, the less vulnerable is the aquifer (Sililo et
al., 2001:1.1). Limestone aquifers are said to be very vulnerable to various environmental impacts.
This is due to the fact that they have a poor subsurface purification system (Veltman, 2003:104).
Increased human activities in urban areas provide serious opportunities for negative impacts on
groundwater quality (Sililo et al., 2001:1.2). This is specially so in areas where there are inadequate
facilities for sanitation and other waste disposal requirements (Sililo et al., 2001:1.2). Most
pollutants found in groundwater are in form of bacteria and other micro-organisms. In addition,
there are inorganic ions such as nitrites and nitrates, chlorides, sulphates and trace ions such as
heavy metals (Lead, Arsenic, etc) which are also important (Sililo et al., 2001:2.1; Wright, 1999:1,
8; Wu et al., 1999:251-256). In urban areas, it has been identified that groundwater contamination
occurs from sewer leakage, sewerage effluent and sludge, urban runoff, landfill leachates, latrines

and septic tanks as well as agricultural chemicals (Sililo et al., 2001:2.1).

Informal/unplanned settlements are a major contributor to urban groundwater pollution. This is so
because there is usually an accumulation of wastes. This accumulation of wastes is due to lack of
disposal facilities (Sililo et al., 2001:2.3; Wright, 1999:i ). In South Africa, at least 31% of the

urban population does not have adequate access to clean water and sanitation facilities (Wright,
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1999:1). In China it is estimated that at least 700 million people do not have access to clean and
wholesome water (Wu et al., 1999:251-256). The Zambian situation is no different as at least 50%
of urban dwellers have no access to adequate sanitation (NWASCO, 2004:3). Problems of space (or
lack of it) do play negatively in the provision of adequate sanitation services (Wright, 1999:5). Pit
latrines though the technology of choice among the communities, are perhaps one of the biggest
dangers to groundwater pollution. This is so as these pit latrines discharge their contents right into
the ground and near or at the water table (Nkhuwa, 2003:1141) . This is worse in areas with shallow
water tables (Wright, 1999:7,8). Sanitation systems, garbage disposal sites, communal water supply
points, storm water drains and informal trading areas pose a high risk of groundwater contamination.
This is specially so in informal/unplanned settlements (Wright, 1999:34) where appropriate waste
collection and disposal facilities are not available. However, groundwater pollution can only occur if
a transport medium in form of water provided by rainfall is available (Wright, 1999:43). This could
be the major reason why there is normally a raised diarrhoeal disease burden during the rainy season
especially in George Township area. This may be exacerbated by the coarse texture of weathered
material which allows for increased transmissivity hence probably reduced attenuation capacity and

increase in transportation of pollutants to groundwater (Wright, 1999:48).

Water in dolomitic aquifers is mainly calcium-magnesium carbonate in nature in the ratio ranging
1.2 and 1.8. This water is said to be usually of recent origin (Veltman, 2003:29). This is probably
so because recharge may be very active in such formations especially where there are direct
channels that may quickly take water downwards. It is also said that limestone areas provide high
yielding boreholes. This is attributed to the underground drainage system made up of channels,
caves, canals, etc., which provides such a supply (Veltman, 2003:29). The channels are formed
from the solution weathering that takes place in limestone rock along the fault lines and contact
zones as well as intrusions. In this regard, the weak carbonic and/or other acids that may be formed
when rainwater dissolves some gases such as carbon dioxide subsequently dissolves the rock
(Goldman and Horne, 1983:95). Other such materials may come into contact with the limestone
resulting in its dissolution as well (Veltman, 2003:29). Contribution of surface water bodies by
limestone rock formation is very limited and usually only in form of springs and eyes (Veltman,
2003:29). Wherever dolomitic aquifers occur close to the surface there is a very high likelihood of

groundwater pollution (Wright, 1999:22).
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Daniel C.W. Nkhuwa in his paper titled “Management Of Groundwater Resources In Lusaka,
Zambia and Expectations For The Future” published by A.A. Balkema/Rotterdam/Brookfield
(Sililo et al., 2000:993-998) indicates that a high population growth compounded by the rural-urban
(as well as urban to urban) migration in search of jobs, has led to the local authority failing to meet
the service demands of its citizens. This has resulted in the flourishing of informal/unplanned
settlements and poor waste gathering and removal (Nkhuwa, 2000:998). It is estimated that Lusaka
produces about 765 tonnes of solid wastes daily. Of this quantity, only 76.5 tonnes is actually
collected and properly disposed off while the remainder is disposed off anyhow. Disposal areas
include the limestone sinkholes and crevices (Nkhuwa, 2000:995). Such a situation is made worse in
an area whose geology is that of dolomitic marble and limestone. This is the geology which forms
the larger base of the city terrain and is highly prone to solution weathering and creation of channels
and sinkholes (Nkhuwa, 2000:994; Nkhuwa, 2003:1139). Though these features provide a good
groundwater infiltration and retention capacity, pollution of the groundwater is also made easy.
According to Salvato, systems or facilities or activities designed to discharge waste or wastewater
on land are high on the list of contributors to groundwater pollution (Salvato, 1982:176). The 1970
estimate put it that there were 16 million residential cesspools/septic tanks in the USA contributing
over 4000 billion litres of sewage most of which ended polluting groundwater (salvato,1982:175).
With at least three quarters (*/s) of the Lusaka population either on septic tanks or pit latrines
(Nkhuwa, 2000:995; Nkhuwa 2003: 1141), pollution of groundwater is with certainty within the
city’s environs. This is especially worse whereby most of the informal/unplanned settlements are
located in natural groundwater discharge as well as recharge zones. An increased human settlement

and encroachment on the recharge zones is therefore a real hazard.

It has been observed among communities in informal/unplanned settlements that in order to prolong
the time in which latrines may fill, these latrines are dug to depths of about 4 to 6 metres that are
very close to the water table thereby making pollution a stark reality in these places (Nkhuwa,
2003:1141). This is made worse by the fact that these pit latrines also double as shower rooms
resulting in bath water accumulating in them. The latrines are not lined and neither is their base
sealed. This makes them a direct pollution hazard (JICA, 2005). It is also true that the location of
some of the official dumpsites is a worrisome matter. These sites are mere excavations in the

limestone rock formation. These are later filled with water during the rainy season resulting in
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wastes in solution form, finding their way into groundwater (Nkhuwa, 2000:995). With the advice
from the Environmental Council of Zambia, some of these official dump sites have however since

been closed.

It can be stated that some limited monitoring of groundwater quality has been done by the Lusaka
Water and Sewerage Company: the Commercial Utility that supplies water to Lusaka residents.
However, this has been done only in its water supply boreholes and lines (Nkhuwa, 2000:996). This
monitoring has revealed that there are some instances when the water may not meet standards for
drinking water in both physical-chemical as well as microbiological quality. It has been observed
that the worst in terms of microbiological quality is water from boreholes that are located in or near
the informal/unplanned settlements (Nkhuwa, 2000:996). With a population of 2 million inhabitants,
the daily water requirements for Lusaka at a per-capita of 200 litres per day mean that 400 million
litres are required daily. This is far above its daily supply estimated at only about 2.5 x 10° m’
leaving a large deficit (Nkhuwa, 2000:997). This may perhaps explain the consistent rationing of
water in the city. The subsequent dependence on shallow wells in some areas such as George
Township (Turton et al., 2002:39 Appendix E2) may perhaps find an explanation in this. The
George Township area apparently records the highest cases of cholera each year (Nkhuwa,
2000:997). The area could perhaps also be said to have the highest number of shallow wells in

Lusaka.

It is envisaged that with the decreasing water quality in Lusaka associated with increased human
activities and accelerated decline of the quality of the environment, so would there be a decrease in
the ability of the city to support human life (Nkhuwa, 2003:1139). The major sources of pollution of
groundwater have been identified as the rampant (widespread) use of pit latrines and septic tanks in
most of the city. The unhygienic disposal of waste as well as increased use of agrochemicals adds to
this problem (Sichingabula & Nkhuwa, 1998). The unsuitable management of the waste disposal
process especially in an area whose geology is such that pollution of groundwater is so easy
(Sichingabula & Nkhuwa, 1998; Nkhuwa 2003: 1139), there is need for the citizenry to be made
aware so that measures could be achieved to stem this downward trend in the quality of the water.
Monitoring of the quality of the groundwater which has never been systematic and sustained
(Nkhuwa, 2003:1142) is therefore imperative. Shallow wells whose water is likely to be consumed

without appropriate and adequate treatment therefore, deserves a special programme of monitoring.
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It has been stated that quality of water is usually at its lowest during the rainy season especially in
areas where human fecal disposal is by pit latrine (Nkhuwa, 2003:1142). This is perhaps evident
from the results obtained presented as graphs of fecal coliforms (see Figures 10,11,12,13 &14 in
Chapter 6). It has been proposed that strict regulation of human activities as well as modernization
of the waste disposal facilities including sewage, could assist address the problem (Nkhuwa,
2003:1141). However, it must be mentioned that regulation without appropriate public awareness
and community participation would only result in discord and lack of progress in combating the
problem. Consistent and appropriate generation of information with the participation of the
community is critical in decision making and action on such matters of great concern. Monitoring
may therefore assist to provide such requisite information and an appropriate platform for

community participation towards possible resolution of their problems.

Monitored assessments based on recent physical-chemical and bacteriological data collected using
commonly accepted and well documented methods have been found to be more objective. Evaluated
assessments which may largely depend on professional judgement that may mainly rely and depend
on extrapolation of old data are easy to carry out. However, though easy, they (Evaluated
Assessments) may not be the best to use (Alabama Department of Environmental Management
2004). The observations made in these shallow wells could be said to contribute to the knowledge
base on the quality of the groundwater in the George Township area of Lusaka. Observation for
possible contamination of the water at the point of uptake for use (DWAF,DH,WRC, 2000:2) may
provide some insight into the possible quality changes (if any) over time. Seasonal changes have
been cited as one factor that may directly affect water quality in a given location apart from the
geology, land use and land cover (Alabama Department of Environmental Management, 2004). The
current study may probably add to this understanding. It was anticipated that the observations made
during this study would cover two seasons namely the rainy as well as the dry seasons. The results
from this exercise may provide an input into the management of the quality of the resource

(DWAF,DH,WRC, 2000: 2) in this area.

Monitoring is said to be an important element in the successful protection regime of groundwater
especially where there are human activities (Veltman, 2003:90). Water level monitoring, water
quality and rainfall system flow monitoring are critical (Veltman, 2003:90). In this regard, quality

and level monitoring was carried out in the study area. The information generated could perhaps be
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important in looking at drawdown levels, shape of the water table as well as groundwater flow
directions (Veltman, 2003:90). Routine monitoring especially of the quality of the groundwater has
therefore been said to be very important (Wright, 1999:53). Water quality monitoring provides an
opportunity to collect information on groundwater characteristics including trends of ambient and
contamination including sources of recharge as well as contamination itself. The extent of impact of
contamination can also be provided by such information gathered (Veltman, 2003:90). It is this
information generated that can be used to assist in building public awareness and planning upon

which sustainable groundwater degradation-prevention would be based (Veltman, 2003:96).

Presence of high Nitrate levels in drinking water has serious implications on human health
especially babies due to the fact that the commensal bacteria in the guts of these babies may convert
Nitrates to Nitrites which causes problems of respiration as methaemoglobin forms. It is this
compound (methaemoglobin) which leads to reduced oxygen carrying capacity of the blood

resulting into the “blue baby” condition (Goldman and Horne, 1983:124).

Presence of high carbonate rocks such as limestone presents a situation whereby acidic water would
subsequently be neutralised as the carbonate rock provides a buffering system (Goldman and Horne,

1983:147). Water in Lusaka is therefore with such a high buffering capacity.
3.4. Conclusion.

It is apparent from the literature that there is high aquifer vulnerability in the Lusaka area. Though
the legal provisions to control pollution of groundwater may to some extent be available,
enforcement is seen as being inadequate. Pollution of groundwater especially in the type of geology
like that of Lusaka with a lot of channels from solution weathering of the limestone rock is therefore
without question. This is so especially where there«-is failure by the local authorities to provide for
its population. This has resulted in informal/unplanned settlements. These settlements are a threat to
groundwater including the health of the population in these settlements and beyond due to lack of
waste disposal facilities in an area of poor geology. In some cases, settlements have been
established by the City Council in areas considered to be recharge zones. The threat to groundwater

quality can therefore be said to be obvious to any who may care to know.
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CHAPTER 4: METHODOLOGY AND STUDY AREA

4.1. Introduction

The study aimed at observing the quality of the water in the shallow wells in an informal/unplanned
settlement in Lusaka over a period of time covering both wet and dry seasons. The study also
addressed any possible contamination from any sources as well as water quality variations, within
the area over time. Possible health effects and recommendations as an attempt to alleviate the
problem, were also thought of as important outputs. Methods employed in the data gathering include
those used in the preparation for sampling, sampling procedures, analysis of the water as well as

analysis of the results obtained after laboratory tests.
4.2. The Study Area

The study area is located in an informal/unplanned settlement of Lusaka most of it lying in an area
with a gentle South-to-North slope on the North Western fringes of the city (see Topographical Map
in Figure 3). Chunga stream is the major drainage in the area. The area has a high human
population. Most dwelling houses are made of concrete blocks though poorly constructed (see Plate

2 page 26).

The population is estimated at between 110,000 and 130,000 residents within an area of about 5 km?
(Japan ODA, 1995; Japan Techno, 2005). Dense human settiements have been identified as one
contributing factor to the deterioration in water quality especially in places with poor sanitation
(Nkhuwa, 2000:998; DWAF, DH, WRC, 1998:6). The water table is very shallow and in some cases
to about 1-2 metres below the ground surface (Satkunas et al., 2001). This reduces further during the
rainy season to within ten to thirty centimeters. This presents an easy access by pollutants especially
in a fractured geological formation (Water Aid, 2001:3). The sanitation is almost solely through use
of unlined pit latrines which have to be buried once they are full. New ones are then dug within the

small space of less than 100 m” for each house or plot.
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