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HUMAN IMPACT ON KARST:
THE EXAMPLE OF LUSAKA (ZAMBIA)

Jo DE WAELE ! and Roberto FOLLESA !

ABSTRACT

Lusaka, the capital of Zambia with over 2,000,000 inhabitants, is built on an extensive plateau
composed mainly of schists and dolomitic marbles, constituting a very important aquifer that
provides the city with almost half of its drinking water needs. Recent demographic growth,
leading to uncontrolled urban expansion, and mismanagement of the water resource and of
urban waste has lead, in the past 20 years, to an overexploitation of the aquifer and to a gen-
eralised water quality depletion, putting in serious danger the future social and economical
development of the capital. This third world city has, for these reasons, become a terrifying
example of human impact on a vulnerable karst environment, and if no measures will be taken
in the very near future, quality of life in the city will be at serious risk.
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Introduction

Lusaka is the capital of Zambia (ex-Rhodesia) situated on a plateau mainly com-
posed of dolomitic marbles and schists in the centre of the country. This rapidly
expanding city has an estimated population of over 2,000,000 people mostly living
in uncontrolled settlements without primary services such as water and electricity
supply, sewage systems and waste collection. The dolomitic marbles underlying most
of the city constitute a karstic aquifer of regional importance, providing almost half
of the total amount of water to Lusaka for agricultural, industrial and domestic use,
resulting thus in a strategically very important resource for the capital.

The rapid demographic growth has caused an increasing negative impact on the
karstic environment and on this aquifer, with uncontrolled human activities (settle-
ments, quarrying, etc.), scattered waste and sewage disposal, groundwater quality
and quantity depletion etc.

The Authors give a general overview of the geo-environmental situation of the
Lusaka area with special regard to the karst aquifer and some guidelines for the mit-
igation and the rimediation of its pollution.
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Geographical and geological outline

Lusaka is built on a plateau which stands at an altitude of 1,300 m a.s.l. to the
North and gently drops to 1,200 m a.s.l. towards the East, the South and the West The
study area is entirely comprised in the topographical Map of Greater Lusaka of the
Republic of Zambia in scale 1:50,000 and is located between latitudes 15°10° and
15°50* South and longitudes 27°45° and 28°30’ East..

Natural vegetation is characterised by Miombo savannah-type woodlands, while
in the North, along the Ngwerere and Chunga rivers, and to the Southwest, along the
road to Chilanga, extensive farmlands and cultivated areas are situated. The natural
forest reserves North and South of Lusaka have gradually been cut to leave space for
newly growing townships.

The flat morphology of the Lusaka plateau is the result of intense and long during
weathering of the outcropping lithologies, resulting in flat schist and carbonate plains
with rounded quartzite hills, forming an immense erosion plateau known as the
Gondwana and Africa surface (Dixey, 1945).

The Lusaka plateau forms a watershed between the Chumba river, which ends up
in the Mwembeshi river to the West, and many smaller rivers which end up into the
Chongwe to the Northwest and Kafue rivers to the South.

The Lusaka area is underlain by a thick sequence of Precambrian metasediments
which have been intruded by granitic and basic bodies (Simpson et al., 1963). These
Precambrian rocks were divided into a mostly granitic Basement complex and the
metasediments of the Katanga Supergroup.

The Basement complex crops out to the North and South of Lusaka and are com-
posed of coarse grained quartz-muscovite-biotite schists and sheared quartz-feldspar-
biotite gneisses in the North and augen gneisses, feldspathised and foliated schists in
the South. The augen gneisses have been dated at 1106+/-19 Ma (Hanson, 1990).

The metasediments, which dominate in the central part of the area and underly the
city of Lusaka, are composed, from bottom to top, of Matero Quartzite, Ridgeway
Schist and Lusaka Dolomite (Newman & Matheson, 1966; Thieme, 1984). These last
are grouped in the Lusaka Formation, prevalently composed of dolomitic marbles.

From a structural point of view many fracture joints, shears and thrust faults occur
especially on the schist-dolomite contact, representing highly permeable areas in
which surface water easily reaches the watertable.

Locally upon these ancient rocks alluvial sediments (Quaternary) have been
deposited. Furthermore all these rocks are covered with a more or less thick cover of
soils, mainly composed of iron-oxide ooliths in a clayey matrix on dolomitic litholo-
gies and sandy sediments on schists, gneisses and granites (Fig. 1)

Current geo-environmental situation

The population of Lusaka is distributed in many historical compounds and
unplanned townships. Recent estimates report that only 32% of the inhabitants are
provided by a sewer service, 43% use septic tanks while the remaining 25% have pit
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Fig. 1 - Geographical and geological outline of the study area: Quaternary: 1: Old and recent
alluvial deposits; Precambrian: 2: Lusaka Dolomite; 3: Matero Quartzite; 4: Ridgeway
schist; 5: Granite (modified from De Waele et al., 2002).
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latrines. Especially the unplanned squatter townships are lacking the primary ser-
vices: there is no electricity and no water in the houses; water is taken from few foun-
tains mainly constructed in the framework of international financial aid programs.
Liquid waste and sewage are not collected and are dumped in open channels or left
in pit latrines without any waterproofing. The same can be told for solid urban waste
which is dumped in a haphazard way in the open spaces between the houses or is
sometimes locally collected and brought in illegal waste dumps.

Local water demand is estimated in 450,000 m3/day: considering a daily con-
sumption per person of 180 litres the domestic water demand is estimated in 360,000
m3/day, while the remaining 90,000 m3/day are used by industry. 100,000 m3/day of
water is taken from the Kafue river, at about 40 km S of Lusaka, and is brought to
the capital through a mostly external pipeline of 2 m diameter. At least 350,000
m3/day is taken from the aquifer, of which 90,000 m3/day comes from 40 production
wells of Lusaka city, leaving not less than 260,000 m3/day pumped from 3000-4000
private boreholes (Nyambe & Maseka, 2000; Nkhuwa, 2000).

For what concerns urban waste, considering a domestic waste production of a lit-
tle more than ? kg/day/person, Lusaka’s population produces about 1,100,000 kg/day
of waste material for a yearly production of 400,000 tons. Of all this waste material
only 10% is collected and was brought, until the end of the 20th century, to the only
official dump site situated near the compound of Libala, in a flat and open terrain
where laterite quarrying was carried out and is still going on. This dumping site, that
should have been closed in 1994, is situated in the recharge area of the Lusaka
Dolomite aquifer and is now abandoned; recently the Libala compound is urbanising
the area with new settlements.

Since 1999 Lusaka’s waste is brought in a dump site close to the city of Kafue,
located on the flank of a quartzite hill at a distance of more than 30 km from the cap-
ital, with great transport expenses. Waste is approximately composed of 20% each of
plastic and metal cans, 15% oil sludges, 10% each of vegetal-paper-rock-glass, 3%
clinical waste and 2% other types of materials (Nkhuwa, 2000).

Karst around Lusaka

The plateau on which Lusaka is built is characterised by a flat morphology in which
the lowest areas are generally underlain by schists, less resistant to erosion, the inter-
mediate ones are characterised by the outcropping of dolomitic marbles and the few
hills, locally named kopjes, are made out of massive marbles, gneisses or quartzites,
much more resistant to erosion. Surface drainage is almost exclusively present on the
crystalline lithologies or schists, while on the dolomitic marbles water tends to disap-
pear randomly underground along fractured zones normally close to the contact.

Surface karst on the dolomitic marble is hidden by a layer of laterite soil which
can attain a thickness of a couple of meters. These laterites are extensively exploited
by local people and in the places where this cover has been taken away a well kars-
tified surface is exposed. Extensive rounded karren fields, sculpted on the boundary
between laterite and carbonatic rock, are clearly visible and go down up to 4-5 meters
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Fig. 2 - Diffuse laterite quarrying all around the capital of Lusaka exposes a rounded karren field
oriented along the main fracture directions. These areas, which sometimes are ideal places for
illegal waste dumping, are extremely vulnerable places for the pollution of the aquifer.

from the surface (Fig.2). In the absence of the filtering laterite cover these exposed
rounded karren fields constitute places in which surface drainage water easily infil-
trates and reaches the subterranean aquifer.

Some deep drillholes have demonstrated that the dolomitic marbles of the Lusaka
Formation are fractured and karstified up to a depth of at least 100 m, constituting
the most important aquifer of central Zambia.

Although these marbles cover a surface of more than 1,600 square km in the region
of Lusaka, only few caves have been reported in literature (Kaiser et al., 1998). The
widespread erosion and the extensive laterisation of the region did not allow the preser-
vation of many caves that have been completely destroyed or filled up with sediments.
The few caves which are known are all situated on the flank of little hills and anyhow
above the medium altitude of the plateau, and represent relics of a relatively ancient
karst which inferior parts are completely filled up with laterites and/or sediments.

The most important and best known caves are situated at Leopard’s Hill (60 km
East of Lusaka), near the little village of Chipongwe (30 km South of the capital) and
close to Kafue river at Kapongo village (50 km South of Lusaka) (Blondé et al.,
2001; Kaiser et al., 1998).

Leopard’s Hill cave has three entrances on the flank of the homonymous dolomitic
limestone hill, is characterised by an impressive fruit-bat colony, responsible of the
thick guano deposit, and is of archaeological interest.

Chipongwe cave, very similar to the Leopard’s Hill cave for the presence of a bat
colony, a guano deposit and archaeological remains, is characterised by the presence of
a subterranean lake corresponding to the local karst aquifer base level (Hansford, 1969).

Near the village of Kapongo two caves are known, until recently exploited for
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their guano deposits. Similarly to the other two caves, here also a big bat colony has
produced a thick guano deposit, but these caves are different from the others due to
the presence of calcite speleothems.

The Lusaka karstic aquifer

The calcareous and dolomitic marbles, which have been grouped in the Lusaka
Formation, represent a karst aquifer of regional importance that provides almost half
of the water to the city of Lusaka.

This karst aquifer is characterised by an epikarstic zone which extends to a depth
of 25 m below the surface, composed of solution channels, rounded karren, solution
flutes and -cavities which allow water to descend rapidly to the water table, situated
at an average depth ranging from -2m to -25 m and lowering year after year due to
overexploitation and general diminishing of annual rainfall (Nkhuwa, 2000; Maseka
& Nyambe, 1999; Nyambe & Maseka, 2000). The base of karstic aquifer is thought
to be at —150m and solution cavities have been found at depths of -65-80m and -125-
150m. The Lusaka dolomitic marble aquifer has an estimated thickness of 15-20 m
and an average specific capacity of about 50 m2/d, representing the best water sup-
ply of the city (Simpson et al., 1963). Average borehole yields are between 4-8 1/s,
and some drillholes have reached yields of 100 I/s. Underground water flows from
SE to NW with branches to the NE and SW, and the highest potentiometric levels
(1300 m a.s.l.) have been observed in the Southern Lusaka Forest Reserve which is
the main recharge area of the entire karstic aquifer (Maseka & Nyambe, 1999). In
this area the watertable is visible in several quarries (Fig. 3).

Fig. 3 - Marble quarry East of Lusaka in which the local water table crops out. The excava-
tions expose an intensely karstified marble with solution flutes, rounded karren and phreatic
passages in the epikarstic zone.
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According to the latest pub-
lished data average annual rain-
fall in Lusaka can be estimated in
714 mm, 27 % of which can actu-
ally be believed to infiltrate into
the aquifer while the remaining
73 % gets lost through evapotran-
spiration and superficial flowing.
Groundwater recharge would
therefore be 35,712,000 m3/year
(97,841 m3/day) (Nyambe &
Maseka, 2000).

In July 2001 nine water sam-
ples were taken for analysis and
the results are summarised in
Table 1. At the sampling site,
temperature, pH, conductivity,
and ammonium were measured,
waters were filtered (0.4 pm,
Nuclepore 111130), and acidified
for metal analyses. Ammonium
was determined by a colorimeter
kit (Idrimeter Carlo Erba), anions
by ion chromatography, and met-
als by inductively coupled plasma
optical emission spectroscopy
(ICP-OES, ARL-3520®) and
inductively coupled plasma mass
spectrometry (ICP-MS, ELAN-
5000®), while Hg was deter-
mined by ICP-MS after flow
injection Hg-vapour or hydride
generation (Cidu, 1996).

Water samples show tempera-
tures of 19-24°C (air temperature
over sampling ranged from 21.1
to 30.8 °C), pH 7.1 - 7.8, conduc-
tivity 0.20 - 0.86 mS/cm with the
lowest  conductivity  being
observed in the shallow ground-
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to the total dissolved solids (TDS) derives from HCO5 and Ca, while CI, SOy,
Mg, Na and K are always subordinate. Both HCO3 and Ca concentrations
increase with increasing TDS. The Ca-HCO; dominant composition reflects a
prevalent water circulation in the carbonate rocks of Lusaka. The stream waters
(Z4 and Z6) show NH, above 1 mg/l (see Table 1); a phosphate concentration of
4 mg/l is only observed in the stream water Z6 other samples being below detec-
tion limit. The high concentrations of ammonium and phosphate in solution
clearly reflect the impact of uncontrolled urban wastes and sewages on the water
system.

The concentration of Sr varies between 26 and 300 pg/l and the highest con-
centration appears associated with the highest concentrations of Na and SO,.
Highly toxic elements such as As, Pb and Cd show very low concentrations, i.e.
always below 0.5, 0.7, 0.1 pg/l, respectively. In contrast, concentrations of mer-
cury in four water samples (26, Z4, Z8, Z1) are 1.1-13 pg/l; these values exceed
the guideline of 1 pg/l proposed by the World Health Organisation (WHO, 1993)
for drinking water and are most probably related to the uncontrolled urban wastes
and sewages as the common source of pollution.

More worrying is the average level of nitrate-nitrogen which is 15-40 mg/l
(exceeding the World Health Organisation limit of 10 mg/l) and ammonia which
has been found in 4 water samples taken directly from the aquifer, both demon-
strating pollution of the underground water resource by decomposing organic
matter, mostly deriving from pit latrines and leaching septic tanks.

The overexploitation of this aquifer, together with the superficial pollution
(quarries, waste dumps, sewage water, etc.), are putting in danger this resource
of fundamental importance for the sustaining and the development of the capital.

Guidelines for the protection and the management of Lusaka’s groundwater
resources

In the past decades groundwater of the karstic aquifer has been characterised
by a quantity and quality depletion due to over-pumping (besides the 40 produc-
tion wells of Lusaka city, between 3000 and 4000 private boreholes extract large
quantities of water) and to the compromised environmental situation (pollution
from waste dumps, rubbish pits, septic tanks and pit latrines).

In Fig. 4 has been represented the land use map of the area of Lusaka.

Once groundwater is polluted, restoring to drinking water standards can be
very expensive or even impossible. Furthermore, many contaminated sites are the
source of pollution for many years.

The epikarstic zone of the Lusaka dolomitic marble Formation is overlain by a
more or less thick layer of laterite that covers a well developed subcutaneous kars-
tified surface. This laterite, composed of oolithes embedded in a clayey matrix
acts as a shield for polluting agents to penetrate directly into the aquifer. Once this
protecting layer is taken away, by excavations and laterite quarrying, the pollution
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has its free way, furthermore enhanced during rainy season when the water table
surfaces in the open excavated karren fields (Fig. 5).

Covered karst characterised
by well developed rounded
karren in dolomitic marble
overlain by a more or less
thick laterite mattress which
partially attenuates the infil-
tration of polluting agents.

underground
drainage

When the laterite that covers
the rounded karren is taken
away the water table can
temporarily be exposed and
the polluting agents can more
easily penetrate into the karst
aquifer.

underground \
drainage BT,
- Jheanst

Fig. 5 - Aquifer vulnerability in relation with the laterite cover.

Many human activities in Lusaka make the karstic aquifer extremely vulnerable to
pollution (Fig.6).

Small and medium "
scale industry with Medium and.l:lrgel
dispersion of polluting scale ﬂ'?iﬂ-l i‘l;:‘a
materials (oil sludges, activities wi
i etc,)

and varicus irrigation Pit latrines, directly
in i rocks and

in small orchards and
aL:dmsdn?;ﬁ:m Scattered waste Small- and medium cultivated terranes
marble exploitations and sewage disposal scale zootechnical
with complete in small villages activities

and in uncontrolled

removal of topsoil settlements (compounds)

Fig. 6 - Block diagram schematising the various polluting activities in the Lusaka area: 1.
Clastic metasediments; 2. Marbles of the Lusaka formation.
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To prevent further worsening of the already partly compromised situation of the
ground water, it has become extremely urgent to start a policy program of protection
of this fundamental resource for the future development of Lusaka.

Among the actions to undertake the control of water extraction by making an
inventory of private boreholes and controlling their water abstraction rates and their
influence on the aquifer (pumping tests, nearby drillholes etc.) is one of the most
important. Furthermore, the protection of the recharge areas (Lusaka forest reserve
and the major fractured areas on the contact between schist and dolomite) and the
zones at less than 50 m from boreholes, where human activities have to be restricted
and compatible with the necessity of preserving the quality of the groundwater, is
another important action that should be undertaken very soon. Combined with these
actions, the control of groundwater quality, directed especially towards microbiolog-
ical content, nitrate and ammonia, phosphates, salinity and periodically also heavy
metals, by monitoring wells in the aquifer, would be more than advisable. At last the
individuation of new groundwater resources around Lusaka, outside the already over
exploited well field, is recommended.

In order to prevent pollution from uncontrolled waste dumps it has become
extremely urgent to open new waste tipping sites outside the recharge areas of the
aquifer (De Waele et al., 2000; De Waele et al., 2002).

If in the following few years these measures will not be taken, Lusaka will most
probably face a water supply crisis due to quantity and quality depletion of the actu-
al exploited aquifer, with great problems for the economical and social development
of the city.

Conclusions

Most of Lusaka’s inhabitants are living in unplanned townships without primary
services such as water and electricity supply, sewage systems and waste collection.
The demographic evolution of the past 20 years has caused an increasing negative
impact on the karst environment, with uncontrolled human activities (settlements,
quarrying, etc.), scattered waste and sewage disposal, groundwater quality and quan-
tity depletion etc.

As water quality and quantity is a prerogative for a healthy and sustainable soci-
ety, and karst environments are much more vulnerable to industrial and urban
impacts (Hotzl, 1999), this preliminary geo-environmental study has outlined and
offered some guidelines which should be taken into account by the local and nation-
al authorities.

The main problem is the waste management, and the closure or reclamation of
existing waste dumps, the upgrading of existing waste dumps to landfills, the estab-
lishment of new urban waste landfills and plants in geo-environmentally suitable
sites and the education for public awareness and training through local waste man-
agement projects in the compounds to prevent and reduce haphazard waste dumping
are action which should be undertaken in the very near future.

Also the enlarging of sewerage drainage systems to all compounds, the enforcing
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of control on groundwater abstraction and pollution, and demarcation of zones of
respect at existing drill holes, the provision of the city with new water supplies from
outside the Lusaka well-field are other urgent actions that would resolve some of the
existing ground water pollution problems.

At last environmental education should be increasing to all, in school and to the
population.

It is clear that groundwater management has still a long way to go in Zambia and
the low development of these subjects is unfortunately strictly related to the lack of
financing, of skilled manpower and of consciousness that preventing pollution of
groundwater and of soil is of vital importance for the future of Lusaka and of entire
Zambia.

The Authors hope, anyway, that the local authorities will start considering these
problems of primordial interest, starting international aid programs, for the sake and
the benefit of the whole population.
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