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Abstract

r 1

Seven water quality parameters were monitored in one highland Crater
(altitude 2500 m) and two reservoirs (altitude 1800 m) in the period December 2004
to July 2005. Surface water temperature ranged from 19 to 26°C, dissolved oxygen
from 4 to 10 mg 1", turbidity from 5 to 30 NTU, pH from 7.7 to 8.7, conductivity
from 55 to 185 puS cm’, total dissolved solids from 33 to 150 mg I, and nitrate
from 2.6 to 4.5 mg I"'NO; —N. The lowest val , exc . for dissolved ox~=n and
pH were observed in Zengena Crater Lake. ..e two reservoirs showed elevated
levels of nu___:nts and total dissolved solids, high turbidity, and hiéh conductivity.
This was the result of a high sediment and nutrient load from the catchments. These
results show that these reservoirs are heavily influenced by agricultural practices
and municipal effluent. We recommend that water quality management measures

like controlling allochthonous nutrient loadings should be taken to stop

eutrophicationintl er ‘rvoirs.
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Sampling
A total of 24 surface water samples, eight from each water body, were collected
from Lake Zengena, Geray and Tikurweha reservoirs (Fig.1) in between

Dec.2004 and Jul.2005.

Aliquots of surface water samples were collected monthly from the inshore zone
of each water body using acid —washed 2L polyethylene bottles. The nutrient
analysis and insitu-measurments of physical parameters were done also on a
monthly basis as follows

Determination of physico-chemical parameters

In-situ measurements of electrical conductivity, pH, dissolved oxygen,
temperature and total dissolved solids were measured with probes. pH and
temperature were measured with coupled pH/mV/O Meter (Model CE 370 pH
meter 01186, EU). Electrical conductivity and TDS were measured with
Cond/TDS meter (Model CE 470 Cond Meter 01189) -1 dissolved oxygen with
oxygen meter (OXi 31 51, WTW82362). Measurements were taken by dipping the

probe about 3-5 ¢m below the water surface.

Analyses of turbidity and nitrate samplcs were done immediately after collection
with a mobile water analysis kit (Wagtech internatic 1, Pi™" st transmittance
display photometer 5000, Palintest * * UK)). Water samples w  fi |
through a 0.45 um n "1 memb e filter before analy .1

concentration of the water was determir._ . photo ele¢ . :ally using the pa
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photometer. In order to separate the effect of turbidity and color the samples were
compared against filtered portion of the same water i.e. the filtered water sample
was used as a blank for each site. Nitrate was determined by the palintest-nitratest
method. Samples of expected high concentrations of the respective chemicals
were diluted so that they could be measured within the linear detectable range.
The detection limit is over the range of 0 - 20 mg 1" for nitrate, and 5 - 400

turbidity units for turbidity.

Data analysis

All statistical analysis was done with the statistical package for social sciences,
SPSS for windows, version 12 (SPSS Inc; Chicago, Illinois). Differences among
the three water bodies (n = 3 x 8) were tested with the non-parametric Kruskal —
Wallis H tests, whereas the non-parametric Mann -Whitney U tests was used for
pair wise comparisons of sites.

K.5UL .3 AND DISCUSSION

1. Dissolved Oxygen (DO)

The seasonal variation of dissolved oxygen (DO) values in the three water bodies is

shown in Fig. 1. DO values of the three water bodies are significant ly different

(Kruskal-Wallis H test, P < 0.05, n = 8 x 3). Furthermore, DO values of ..kurweha

and Geray reservoirs were significantly lower than DO values of ™ "¢ Ze

(Mann-Whitney U test, P < 0.05).

. ¢ maximum observed DO values for Geray, and Tiki 1a v 10.4,

8.7 and 7.8 mg | ~ ' and the minimum values were 3.9, 4.5 and 3.6 _ |
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respectively. The minimum DO values for Geray, Zengena and Tikurweha were
observed in June, May and Jan.2004/ 2005 respectively. The maximum DO values
for the above sites were observed in January except Tikurweha which was observed
in July (Fig 1). Lake Zengena had higher mean DO values than Geray and Tikurweha
reservoirs. Most likely because it was the only water body not receiving
allochthonous organic material in the form of sewage. The breakdown of organic
material by microbes increases ecosystem respiration, and therefore reduces DO
concentrations in the reservoirs.

The lowest DO values were observed in Tikurweha reservoir because it was receiving
heavy organic and inorganic load from the municipality and the agriculture. The
sewage line carrying municipal waste from Giga was diverted to the reservoir. All
sites had the highest DO concentration (10.4 mg 1" for Geray; 8.7 mg 1" for Zengena
and 7.8 mg I'for Tik.  eha) during post rain season i.e. in January. Nutrient inputs
as a result of rain together with better light conditions could stimulate the
phytoplankton and macrophytes to produce more oxygen as a byproduct of
photosynthesis.The main sources of dissolved oxygen in the water column are from
photosynthesis by plants (APHA 1995).According to Dejen et al. 2004, dissolved
oxygen measured in Lake Tana ranged between 5.9 - 7.3 mg I"' The minimum was
observed in December and maximum in April, A maximum valve of 10.4 n I of
DO was achived in Geray which has the same altitude as that of © "¢ T 1a .This
could be mainly because of the differen )phic sta-  of * :'""3sas ~ ke

has been cat orized as olc_ »phic based on photc mthetic community

(chlorophyll content) and primary production(Wondie etal.,2007).
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Figure 1. Seasonal variation of dissolved oxygen (mg 1 ') in Lake Zengena

,Geray and Tikurweha reservoirs during the research period (Dec. 2004-

Jul.2005;n = 8 x 3.

2. Surface water temperature

The seasonal variation of surface water temperatures in the three water bodies is
shown in Fig. 2. Surface temperatures differ significc _y among the three water
bodies (Kruskal-Wallis H test, P < 0.05, n = 8 x 3). The temperatures of
Tikurweha reservoir were significantly higher than the temperatures in Lake
Zengena (Mann -Whitney U test, P < 0.05) during the study period (Dec. 2004 -
July 2005).

The observed maximum temperature in Tikurweha, Geray and Zengena water
bodies were 28, 26 and 25% respectively. The minimum temperatures de ted
were 21, 21 and 19 °C respectively. .ue h ten crature for Tikurweha and

Zengena water bodies were recorded in June and for weray itv in © il .ae
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cloud cover and the flow and depth of the water body influence the temperature of
surface waters. The minimum values of temperature were noted in December and
maximum values in April for Geray and Zengena and June for Tikurweha. This
pattern follows seasonal fluctuations of the air temperature as December is one of

the coldest month and April and June (rare cases) are one of the hottest months.
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Figure 2. Seasonal variation of temperature (°C) at ™ ke ~engena and " ray - d

Tikurweha reservoirs during the research period (Dec.2004-Jul.2005).
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3. Turbidity

The seasonal variation in turbidity (NTU) in the three water bodies is shown in
Fig. 3. There was no significant difference in turbidity among water odies
(Kruskal-Wallis H test, P > 0.05, n = 8 x 3).

The maximum observed turbidity of Geray, Tikv 'eha and Zengena water bodiés
were 14, 30 and 5 NTU and the minimum for Geray and Tikurweha reservoirs
were 4 NTU and for Zengena 5 NTU.

Turbidity in Lake Zengena remained uniform throughout the study period. In
Tikurweha level of turbidity reached maximum in December and lowest in the
period May to June. The lowest turbidity is also noted in Geray in the month of

June and maximum were noted in March.

The concentrations of both phosphate (Goraw Goshu, unpublished work) and
nitrate (Table =° in Lake Zengena were very low resulting in very low plankton
densities. Nitrogen is generally considered a limiting nutrient in tropical water
bodies (Talling & Talling, 1965).This low phytoplankton densities with absence
of any inflowing river could lead to almost uniform turbidity. The maximum
turbidity in Tikurweha reservoir noted in December after the rainy season could
be most likely due to sediment load from the municipal waste and there by wind-
induced = iuspension of shallow bottom sediments. Low secchi - disk dej " -
w___ also recorded in Lake Tana during tl liin- yse in of
silt loads from the inflowing rive: together wifh h'“erwinds; Isdurir re

periods (Wondie ¢ ', 2007).Geray reservoir also receives excess sediment load
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from the agricultural farms found in the near vicinity during ine peak rainy season
but the macrophyte belt in the shore could probably play a significant role in
filtration of soil and trapping nutrients leading to low turbidity. The maximum
turbidity of Geray reservoir is observed in March before the onset of rain season.
This maximum turbidity was noted most likely because of phytoplankton growth

a result of increased nutrient availat ****y and higher temperature,
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Figure 3.Seasonal variation in turbidity (NTU) at Lake Zengena and Geray and
Tikurweha reservoirs during the research period (Dec. 2004-Jul.2005).
4. Nitrate
The seaso‘hal variation in Nitrate concentrations in the three water bodies is
shown in Fig. 4. There was no significant difference in nitrate among water
bodies (Kruskal-Wallis H test, P > 0.05, n = 8 x 3).
The highest maximum concentration of nitrate was observed in Geray 1 ervoir
418 mg I Y a "t lowest ‘- "= 7 :ngena ..86 (mg I™.ue m im
concentrations of nitrate noted in C 1y, Tikurweha and Zer ~~na were 0.97, 0.53

and 0.18 mg I"' NOs; — N respectively. The minimv.... concr—*ratic ~ of

all sites were noted in the month of June and the maximum were noted in the
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month of April for Geray and Zengena and in February for Tikurweha reservoir.
In Tikurweha there were also other peaks in April and August. The peak value of
Nitrate in April in Lake Zengena could be explained as a result of decomposition

of organic leaf falling from the trees surrounding the lake.

In lake Tana, the concentration of nitrate reached maximum (600ug i”' ) during
the second part of the rainy season and the post rainy season between October and
November (Wondie etal.2007) ; a situation different from what was observed in
all of the study sites. The nitrate concentration in ground and surface water is
normally low but can reach high levels as a result of leaching or runoff from
agricultural land or contamination from human or animal wastes as a consequence
of the oxidation of ammonia and similar sources (WHO, 2004)...kurweha
reservoir was receiving the most excessive sediment load from e diversion of
the sewage line that carried Giga municipal waste and agricultural wastes from
the catchments. Geray reservoir has received sediment and other associated loads
from the agriculture though it did not receive wastes from the municipality.
Nevertheless, due to very good vegetation cover of the shore area that could serve
for filtration and trapping of nutrients, it did not show peak in the rainy season but
showed peak later in April. 1 ue role of wetlands here regarding gradual release of
nutrients was shown. It has been sugges . that papyrus sv may it a

nutrient filter or trap Viner I 3; .aompsc 1976
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influences many biological and chemical processes within a water body and all
processes associated with water supply and treatment (APHA, 1995). When
measuring the effects of an effluent discharge, it can be used to help determine the
extent of the effluent plume in the water body. At a given temperature, pH (or the
hydrogen ion activity) indicates the intensity of the acidic or basic character of a
solution and is controlled by the dissolved chemical compounds and biochemical
processes in the solution. Changes in pH can indicate the presence of certain
effluents, particularly when continuously measured and recorded, together with the
conductivity of a water body. The pH of most natural waters is between 6.0 and 8.5,
although lower values can occur in dilute waters high in organic content, and higher

values in eutrophic waters, groundwater brines and salt lakes (APHA, 1995).
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FigureS. Seasonal variation of pH in Lake "> 1a 1d Geray: | T arweha -

reservoirs during the iearch period (Dec.2004-] " 2( " .
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The highest and lowest conductivity was recorded in Tikurweha reservoir and
Lake Zengena respectively. Geray reservoir had laid in between the rest two sites.
Conductivity ranged between 236 — 250, 63 - 185 and 50 - 55 uS cm’ for
Tikurweha, Geray and Zengena study sites respectively. For all sites conductivity
reached maxima in the month of June except Lake Zengena that is in March. The
minimum values of conductivity for Tikurweha, Geray and Lake Zengena were
recorded in the months of February, March and August respectively.

Tikurweha and Geray reservoirs have a similar altitude to Lake Tana (1800 m
a.s.1).The highest values of Electrical conductivity we noted in Tikurweha
reservoir in June were comparable but a bit higher than the maximum electrical
conductivity of Lake Tana (183.63 + 29.8 uS cm™;) noted in post rainy season
during May-June( Wondie et al,2007). According to Kebede et al.,1994 the
lowest(286uS cm™ ) and highest(49100 uS cm™ )values of electrical conductivity
were noted in lake koka and chitu that has an altitude of 1660 and 1600 m a.s..l
respectively. Conductivity is sensitive to variations in dissolved solids, mostly
mineral salts. The degree to which these dissociate into ions, the amount of
electrical charge on each ion, ion mobility and the temperature of the solution all
have an influence on conductivity (APHA,1995).The highest total dissolved
solids noted In Tikurweha reservoir in the month of June supported the observed

Ta_ -

maximum Electrical conductivity in Tikurweha reservoir . Cond1 1vi*-is = ated
to the concentrations of total dissolved solids and ___ijor ions. The ¢ luctivity of
most fresh waters ranges from 10 to 1000 pS Cm’1, especially in polluted waters,

or those receiving large quantities of land run-off. _onductivity can be used as a
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rough indicator of mineral content. The highest and lowest conductivity observed
in Tikurweha and Zengena respectively could be most likely attributed to

variations in temperature and organic load from the catchments.
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Figure 7. Seasonal variation in conductivity (uS cm™) in Lake Zengena and Geray

and Tikurweha reservoirs during the research period (Dec. 2004-Jul.2005).
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Table 1. Means and standard errors of water physical and chemical parameters; Lake

Zengena, Geray and Tikurweha reservoirs; T° = surface water temperature, DO =

dissolved oxygen, Tur., = turbidity, NTU = Nephlometric Turbidity Units, Con =

conductivity, TDS = total dissolved solids, Min = minimum, Max = maximum, SE =

standard error.

Do

T° mgl~  Tur. Con NOs;-N  TDS
Statistic (°C) (NTU) pH uSCm' mgl’ mgl"

Geray Mean 23 7.1 7 74 172 2.19 103
Min 210 39 4 7.1 163 097 98

Max 26 104 14 77 185 418 111

SE 051 065 126 01 3 038 1.6
Tikurweha Mean 24 54 13 75 242 135 145
Min 21 36 4 6.9 236 053 142

Max 28 78 30 87 250 2.86 150

SE 081 048 362 02 2 032 1.0

Zengena  Mean 22 73 5 77 52 .11 314
Min 190 45 5 73 50 0.18  30.0

Max 250 87 5 86 55 2.55 33

SE 062 047 0 01 1 .30 04
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CONCLUSION AND RECOMMENDATIONS

We observed differences in water quality among the three water bodies we studied.
These differenceé can be explained by different patterns of land use, point source
pollution, forest cover and geochemistry of the feeding catchments areas. No
significant seasonal changes in conductivity, turbidity, total dissolved solids and pH
observed in Lake Zengena. This may indicate that mixing of the water colv ___1 either
due to internal waves or wind action is completely lacking. Especially the physico
chemical properties of Geray and Tikurweha reservoirs were heavily ir ienced by
agricultural and municipal effluents from the catchments. Associated with these;
generally elevated levels of nutrients, high turbidity, high conductivity and high total
dissolved solids in Geray and Tikurweha reservoirs. These levels were significantly

lower in * " shland Crater Lake Zengena.

We recommend that water quality n  igement measures like catchments ___tm

and controlling allochthonous nutrient loadings should be taken as soon as possible to
stop eutrophication in these reservoirs. The reservoirs shouldn’t be considered as a
waste basket and especially the Giga municipality should not direct the sewerage line
to the reservoir. It is also recommended that a detail study of the water bodies

(including the biotic components) should be done year round.
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