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Haile Gashaw, Ethiopia
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MOST OF THE water supply in the studied area is from
groundwater sources; however, there is a quality problem.
This is due to high TDS and fluoride concentrations.
Water samples and lithologic data of wells in the area were
collected, analyzed and used, to identify the source of major
constituents of surface and ground waters and to examine
the suitability of the waters for different purposes.

����������	
����������
���

Almost all the groundwater in the lowlands of the area is
sodium bicarbonate type. The ground waters in the Eastern
Highlands are calcium sodium bicarbonate type. When we
consider surface water Ketar river is calcium bicarbonate
type, Meki river is calcium sodium bicarbonate type and
Bulbula river and Ziway lake are sodium bicarbonate type.
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In the studied area high silica concentration is mainly
derived from dissolution of feldspars within weathered
ignimbrites. Relatively low silica of Lake Ziway is due to
low temperature and extraction of silica by organisms for
shells and skeletons.
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In the ground water of the area sodium is the dominant
cation. This is due to high rock - water interaction, which
is confirmed by higher values in wells within lacustrine
sediments and lower in welded ignimbrites and basalts. In
rivers of the area Na+ is low since the main source of sodium
in water is dissolution of sodium containing minerals and
river water have no long time interaction with rocks.

In the studied area the concentration of potassium fol-
lows the same trend as sodium (higher in ground water and
low in surface water) but it is always less than sodium. This
is due to two reasons: first potassium containing minerals
(i.e. sanidine) are more resistant for weathering than so-
dium containing minerals (e.g. plagiolcase); second potas-
sium is less abundant than sodium in the acidic peralkaline
rocks.
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Calcium (Ca2+) ranges between 0 and 91 mg/l in waters of
the studied area. The maximum value is at Gerbi well,
which is located southwest shore of the lake within an
irrigated area. This high value is due to the fact that
recharge of the well is composed of irrigation drainage
water. It contains higher proportion of calcium than so-

dium, since the exchange of sodium by calcium is common
in waters drained from irrigated areas. The other higher
Ca2+ wells are found nearby the rivers in the area, which
indicate that these wells probably get higher amount of
recharge from the rivers.

Magnesium mostly follows the same trend as calcium,
but it is always less abundant than calcium. This is probably
due to the fact that magnesium is present in a much lower
concentration than calcium in most igneous rocks in the
area. The highest value in the area is at Chefe Jila (14 mg/
l), probably resulted from the surrounding recent basalts
that contain high amount of  ferro - magnesian minerals.
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In the studied area bicarbonate varies between 79 and 1179
mg/l. Because bicarbonate ion is not believed to be the main
component of any of the minerals in the host rocks of the
studied area, the high concentration of bicarbonate is
derived from atmospheric and magmatic CO2, according to
the reaction

Na, K - Silicates + H2O + CO2     =     Na+
, K

+ + HCO3- +
H - silicates (see also fig 1.)

The contribution of magmatic CO2 for high bicarbonate
ion could be considerable since magmatism is active in the
area.
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The great variation of chloride ion concentration is ob-
served in the ground waters of the area which indicates that
the main source of chloride in the area is leaching of
chlorine from acidic igneous rocks. This is also confirmed
by high concentration of chloride ion in the wells within
sediments dominantly composed of materials derived from
volcanic rocks.

The main sources of fluoride (F-) in natural waters are:
chemical weathering of fluorine containing minerals, vol-
canic or fumarolic gases and atmospheric dust. The main
chemical reactions control solubility of fluoride in natural
waters are: ion exchange reactions, dissolution reactions
and precipitation reactions.

By using Arnorsson et. al. (1982) equation to calculate
the percentage of magmatic fluid contribution for the total
amount of  F- based on the temperature of the system,
Berhanu G. (1996) calculated that about 23 per cent of the
fluoride in waters of the lakes district was contributed by
deeper magmatic fluid. In general the high concentration of
fluoride in the studied area and in the Main Ethiopian Rift
(MER) may be due to magmatic contribution since the area
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is characterized by active volcanism. This can be supported
by low concentration of F- in the ground waters around the
eastern escarpment of the MER. Specifically in the area
high concentrations of fluoride ion are related with disso-
lution reactions and precipitation reactions.

The contribution of dissolution reactions is supported by
high concentrations of fluoride, which are found in aqui-
fers within volcanic ash and volcanic ash interbeded with
other volcanogenic sediments, which are the main source of
fluoride by dissolution reactions. On the other hand,
aquifers which are composed of mainly pumice and tuff are
relatively low concentration of fluoride.

The contribution of low calcium concentration is sup-
ported by high concentration of F- in waters characterized
by low Ca2+ (see fig.2, which shows a correlation of Ca2+

and F- in waters of the area). The contribution of ion
exchange reactions is negligible, since pH is not showing a
great variation in the area.

Generally the main sources of high fluoride in the area are
magmatic fluids (23 per cent), dissolution of volcanic rocks
(mainly volcanic ash and volcano - sedimentary rocks) and
low calcium concentration.
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In the studied area the existence of sulfate is generally
associated with volcanic activity in the area but the anoma-
lous concentration of 338 mg/l in Semoye Chelemo well is
due to locally highly oxidizing conditions, probably by
human activity, which oxidize the reduced forms of sulfur.
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is observed in the people of the area particularly in the
western part of Ziway town.

All the water in the area met the standard limit for
livestock consumption in respect to TDS but in respect
to fluoride almost all the ground water in the area,
except the ground waters in the eastern escarpment
have more than the maximum allowable limit for
livestock.
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In the studied area the main problem of water for drinking
is fluoride ion which is almost in all of the ground water
above the maximum allowable value 1.5 mg/l except
ground waters in the eastern escarpment and in Meki town
north of Meki river. It is known that prolonged intake of
water with a concentration of fluoride of 2 mg/l and above
can cause mottled enamel and skeletal fluorisis. This effect
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Based on Sodium Adsorption Ratio (SAR), percent so-
dium and electrical conductivity the quality classification
of water for irrigation is conducted and it can be concluded
that most of the ground waters in the western part of the
area are unsuitable for irrigation. The wells in the eastern
escarpment have excellent quality for irrigation. When we
consider surface waters: Ketar and Meki rivers has good
quality and Bulbula river and Ziway lake have poor quali-
ties for irrigation.

In general most of the ground water in the area have poor
quality for industries like food and beverage processing,
chemical pulp and paper, wood chemicals and hydraulic
cement manufacture due to their high fluoride, TDS, silica
and bicarbonate concentrations. Water of the rivers (Meki,
Ketar and Bulbula) and Ziway lake meet most quality
requirements.
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From hydrochemical point of view the common properties
of both surface and ground waters throughout the studied
area are high bicarbonate, high sodium and high silica
concentrations. However the TDS and some ions like
fluoride show a wide range within the waters of the area.
Most of the waters are sodium bicarbonate type except the
ground water in the eastern escarpment and Meki river
which are calcium sodium bicarbonate type. Ketar river is
calcium bicarbonate type.

Water of rivers and Ziway lake have low TDS and
fluoride concentrations which have good chemical quali-
ties for drinking. However most ground waters in the
lowlands of the area have high TDS and fluoride concentra-
tions.

The major problem for drinking water quality in the
waters of the area is its fluoride content, in most cases above
the recommended limit (1.5 mg/l). The source of this high
fluoride concentration in the area is related with three
causes: addition of fluoride by active volcanic and fumarolic
activities, high water - rock interaction (particularly inter-
action of water with volcanic ash) and low calcium concen-
tration, which restricts the precipitation of fluoride as
fluorite (CaF2).

When we consider the quality of water for agricultural
and industrial purposes all ground waters in the Eastern
high lands and all surface waters have generally good
qualities. However, most ground waters in the lowlands
have poor qualities.
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1. In the towns and villages near to perennial rivers and

Ziway lake, exploitation of these water resources is very
recommendable since they have relatively good chemi-
cal qualities and great potentials for different purposes.

2. In places where very high total dissolved solids and high
fluoride contents of groundwater, construction of res-
ervoirs and ponds to collect rainwater and overland
flow during rainy seasons would be helpful.

3. Detail chemical and isotopic investigations of waters
and reservoir rocks would be necessary in order to
understand the contribution of each sources for high
fluoride contents and to conduct chemical water bal-
ance of the area.
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