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Abstract 

Many reservoirs have been constructed throughout the world in the 20th century which 
often suffers from eutrophication. This worldwide problem increases phytoplankton 
biomass in reservoirs and impairs their uses. Except for Lake Kinneret, the 
environmental status of lakes and reservoirs in the Middle East is poorly documented. 
Karaoun Reservoir, also known as Qaroun, Qaraoun or Qarun, the largest water body in 
Lebanon, was built for irrigation and hydropower production. In this article, we provide 
a brief monograph about the reservoir characteristics, uses, water quality and 
phytoplankton succession, in order to assess the environmental status of the reservoir, 
based on the few previous publications. Since 2004, 39 years after its construction, the 
reservoir was found to be hypereutrophic, with low phytoplankton biodiversity and 
regular blooms of toxic cyanobacteria. The nutrient and trace metals concentrations 
would not prevent drinking water production for Beirut as is planned, but not all 
micropollutants are not documented. We compare Karaoun Reservoir to other 
monitored lakes and reservoirs around the Mediterranean Sea. They share annual toxic 
cyanobacterial blooms of Aphanizomenon ovalisporum and of Microcystis aeruginosa. 
The phytoplankton composition and succession of Karaoun Reservoir matches more 
with El Gergal Reservoir, Spain, than with closer natural lakes like Lake Kinneret, 
Israel and Lake Trichonis, Greece.  Phytoplankton diversity in Karaoun Reservoir was 
the lowest, due to higher nutrient concentrations and a larger decrease in water level in 
the dry season. Karaoun Reservoir presents an interesting example of what would be the 
response of the phytoplankton community in other lakes and reservoirs during the 
drought periods expected from global climate change. 

Keywords: eutrophication, Litani River, Middle East, phytoplankton diversity, water 
level, water quality.  
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1. Introduction  

Over 45 000 large dams had been constructed in more than 140 countries by the end of 
the 20th century. An ongoing increase in the construction of reservoirs is expected in the 
future (Seitzinger et al., 2010). These artificial water bodies meet human needs for 
drinking water production, agricultural irrigation, power generation, industrial and 
cooling water supply, commercial fishing and recreation (Jørgensen et al., 2005).  

Fertilizers and untreated sewage in their catchments often increase nutrient loads and 
concentrations in these ecosystems and cause their eutrophication (Smith and Schindler, 
2009). Eutrophication threatens freshwater bodies as it promotes the development and 
persistence of harmful algal blooms in warm conditions (Heisler et al., 2008; Salmaso et 
al., 2012; Søndergaard and Jeppesen, 2007; Xavier et al., 2007). Many lakes and 
reservoirs throughout the world suffer from toxic phytoplankton blooms (Messineo et 
al., 2009; Oberholster et al. 2006; Okello and Kurmayer, 2011; Rejmánková et al., 
2011). These harmful photosynthetic species are mostly cyanobacteria; they reduce 
ecosystem biodiversity and produce toxins (neurotoxins, hepatotoxins, cytotoxins, 
dermotoxins and endotoxins).  

The assessment of the environmental status of aquatic ecosystems is achieved by 
studying their hydro-morphology, physico-chemical and biodiversity conditions (Piha 
and Zampoukas, 2011). This assessment is poorly documented for many lakes and 
reservoirs in the Middle East, except for Lake Kinneret in Israel. Karaoun Reservoir, the 
main reservoir in Lebanon, suffers from annual blooms of potentially toxic 
cyanobacteria, as reported since 2009 (Atoui et al., 2013). Documents about the 
hydrology, the water quality and the phytoplankton of Karaoun Reservoir are scarce. In 
this paper, we analyse this bibliographic basis to perform the first assessment of the 
environmental status of the reservoir and compare it to the environmental status of other 
lakes and reservoirs around the Mediterranean Sea. 

After presenting the geological and hydrological characteristics and the current and 
future uses of Karaoun Reservoir, we analyse the available data about its water quality 
and phytoplankton succession, in order to assess the environmental status of the 
reservoir. We then compare Karaoun Reservoir to other monitored lakes and reservoirs 
around the Mediterranean Sea. 

2. Material and methods 
2.1. Geology and hydrology of Karaoun Reservoir 

Karaoun Reservoir (33.34° N, 35.41° E), constructed in 1965, is the largest reservoir in 
Lebanon. It is located in the Bekaa valley on the Litani River at an elevation of 800 m, 
86 km upstream from the mouth of the Litani River into the Mediterranean Sea (Figure 
1).  

The Litani River, the longest and largest perennial river in Lebanon, with a length of 
170 km, flows between the Mount Lebanon Mountains in the West and the Anti-
Lebanon Mountains in the East (Doummar et al., 2009). It rises from Olleiq village 
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(altitude 1800m) and drops a total of 1000 m down to the Karaoun Dam. This upper part 
of the watershed (Figure 1) constitutes the Karaoun Reservoir catchment and has a 
surface area of 1600 km2.  The reservoir is located before the steepest descent of the 
river between Karaoun and Khardali, where the river drops 600 m in about 30 km. In its 
final stretch, the Litani River flows rather gently and drops a total of 300 m over a 
distance of 50 km from Khardali to the Mediterranean Sea (Figure 1). 

 

Figure 1 Location of Karaoun Reservoir with reservoir outlets, sampling sites in the reservoir 
(Atoui, et al. 2013) and in canal 900 (K1, K2A, K2B ; unpublished results), maps adapted 
from USAID (2003). 

Karaoun Reservoir has a surface area of 12 km2 at full capacity, a maximum depth of 60 
m, mean depth of 19 m, total capacity is 224.106 m3, and water residence time of 0.77 
year (Table 1).   

The climate in the vicinity of Karaoun Reservoir is semiarid, characterized by 
moderately cold winters (the normal mean temperature is 13°C in January and 
February) and dry, hot summers (the normal mean temperature varies between 25 and 
27°C from July to September). The average annual precipitation in the reservoir 
catchment is about 700 mm (Amery, 2000). The heaviest rainfall period spreads from 
November to April. There is little or no precipitation between June and August (Sene et 
al., 1999). 

Table 1 Comparison of the physical and hydrological characteristics of Karaoun Reservoir and 
other freshwater bodies around the Mediterranean Sea. (-): data not found 

 Karaoun 
Reservoir 

Lake 
Kinneret 

Lake 
Trichonis 

Lake 
Lisimachia 

El Gergal 
Reservoir 

Lake 
Vela 

Mean depth (m) 19 24 30 4 15.7 1.1 
Max depth (m) 60 43 58 9 37.5 2.1 

Area (km2) 12 167 97 13.2 2.5 0.7 
Catchment area (km2) 1600 2730 250 246 - - 

Volume (x 106m3) 224 4000 2600 53 35 0.8 
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Altitude at max. level (m) 860 -210 18 16 63.5 50 
Annual level fluctuations (m) 23 5 2 - 8.5 - 
Water residence time (years) 0.77 5.1 9.4 - - - 

 
Both the Litani River and Karaoun Reservoir are water resources managed by the Litani 
River Authority (LRA). This authority, which works under the patronage of the 
Ministry of Energy and Water, was established to develop the Litani River Basin 
domestic, irrigation and hydropower water schemes, as well as the national power grid 
(Yamout and Jamali, 2007). The authority was also given the technical and financial 
power for operating all projects related to the Litani River Basin.  

2.1.1. Reservoir geology 

Most of the soils in the Karaoun Reservoir catchment exhibit high permeability and are 
subject to erosion, which makes them a source of minerals like calcium, carbonate, 
magnesium and iron.  Two active faults are present in the Bekaa area; namely, the 
Yammouneh Fault along the western edge of the Bekaa and the Serghaya Fault along its 
eastern edge (Figure 2a). The formations at the Karaoun Reservoir site are Cretaceous 
limestone (C4, C5, C6 on Figure 2b), Eocene limestone (E1, E2) and marly limestone. 
The Cretaceous Cenomanian limestone (C4), which is composed partly of dolomite, 
covers the upper portion of the reservoir catchment. It draws an anticline, oriented from 
the North to the South-West and filled with quaternary alluvial deposits. To the East, 
the reservoir area is covered by Senonian marls on the western slope of Mount Jabal al-
Arabi. To the West, the upper part of the reservoir contacts the Neocene marls and its 
lower part the Lower Cretaceous limestone. Finally, to the South of the reservoir, we 
have the Eocene limestone. On the upper part of this last region there are basalt rocks 
composed of magnesium and iron  (Dubertret, 1955). 
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Figure 2 a) Simplified tectonic and geologic map of Lebanon, adapted from Dubertret (1955) by 
UNDP (1970);  b) Stratigraphic section of Karaoun Reservoir adapted from UNDP (1970) by 
Cadham (2007). 

2.1.2. Reservoir hydrology 

The main inflow to Karaoun Reservoir is the Litani River. Based on Litani River 
Authority estimates, the current annual discharge rate into the reservoir averaged 
between 2009 and 2011 amounts to 9.2 m3/s, i.e. 290 × 106 m3/year (Table 2).  

 

Table 2 Inflow - outflow water balance in Karaoun Reservoir between 2009 and 2011 
Year 2009 2010 2011 3 years 

average 
Litani inflow (m3/s) 9.08 9.18 9.24 9.2 

Withdrawal for hydropower (m3/s) 6.43 10.61 8.45 8.5 
Withdrawal for irrigation (m3/s) 0.5 0.25 0.25 0.3 
Evacuation using tunnels (m3/s) 0 0 0.1 0.03 

Springs also discharge along the reservoir. Their contribution to the Litani River was 
not negligible before the dam construction (UNDP, 1970). A flow rate of 0.7 m3/s was 
measured from one of these springs in summer 1952. 
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Figure 3 Monthly average withdrawal and inflow volumes at Karaoun Reservoir in the year 2010 
(LRA data). 

Karaoun Reservoir has three main outputs: 1) the power generation tunnels which are 
loc Figure 1); 2) two discharge towers originally used to empty the reservoir, with a 
total capacity of 21 m3/s (personal communication), and currently used to supply Canal 
900, an irrigation canal, through a pumping station; and 3) the bell-mouth spillway, 
located near the dam at an elevation of 859m, used to convey the overflow into the 
Litani River at the bottom of the dam, thereby avoiding the water overtopping, 
damaging or even destroying the dam. About 280 × 106 m3 are withdrawn annually for 
the different uses which will be detailed in the next section (personal communication). 
Withdrawal volumes are regular in the year, contrary to inflow volumes (Figure 3), 
which causes a large decrease in the water level during the dry season. A volume of 
about 30 × 106 m3 is kept in the reservoir as dead storage before rain resumes in late 
autumn (Figure 4).  

Part of the stored volume is lost by evaporation, seepage through the dam and 
infiltration. Losses by evaporation, amounted to about 0.21 m3/s in summer 2012. 
Losses by seepage and infiltration vary between 0.01 and 0.03 m3/s, depending on the 
water level in the reservoir (personal communication). The losses are small compared to 
the withdrawals. 
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Figure 4 Minimum and maximum reserves in Karaoun Reservoir between 1969 and 2011 (source: 

LRA). 

2.2. Current and anticipated uses of Karaoun Reservoir 

Karaoun Reservoir was built for hydropower production and irrigation, but professional 
fishing is also practiced in the reservoir.  A major drinking water supply for Beirut, the 
capital of Lebanon, is also planned, the Awali-Beirut Project. 

2.2.1. Hydropower production 

The power generation tunnels diverted an average volume of 268 × 106 m3 (8.5 m3/s) 
between 2009 and 2012 (Table 2). This water was used to generate energy at three 
hydroelectric power stations; namely, the Paul Arcache power plant located at Markaba 
(34 MW installed capacity), the Charles Helou power plant at Awali (108 MW) and the 
Abdel-Aal power plant at Joun (48 MW). The total yearly power production is 
estimated to around 600 GW.h, which makes up about 8 % of the total power 
production in Lebanon.   

2.2.2. Future water supply to Beirut 

The Awali-Beirut Project was planned as soon as the 1950s to improve to the drinking 
water supply of Beirut (Watson, 1998). In 2012, the decision was made to start the 
construction. The project is designed for the transfer and the treatment of about 6 m3/s 
and is expected to solve the water deficit of Greater Beirut and its 1.7 million 
inhabitants (Watson, 1998; Yamout and Jamali, 2007). The water will come from 
Karaoun Reservoir only during the dry season, complemented by the Awali River and 
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springs during the wet season (Figure 5). Little is said about the potential impact of this 
project on the water balance of Karaoun Reservoir. 

 

Figure 5 Sketch of the Awali-Beirut Project (ABP), adapted from Bartram and LoBuglio (2011). 

2.2.3. Irrigation through Canal 900 

In order to provide water for the irrigation of the upper Litani basin, Canal 900 was built 
in the early 1970s to transfer up to 4.8 m3/s of water from Karaoun Reservoir and from 
groundwater and springs in the upper Litani basin (Figure 1). Canal 900, an open-
surface channel of approximately 18.5 km length,  irrigates an area of about 190 km2 

(USAID, 2005-a). It was named Canal 900 because it irrigates several villages situated 
around 900 m above sea level, higher than the reservoir base elevation. 

2.2.4. Future Canal 800 

Since irrigation needs are increasing, another canal has been planned, and is known as 
Canal 800. It is intended to deliver both irrigation and drinking water through a 
combination of open channels and tunnels from Karaoun Reservoir to Chaqra village, 
located 45 km to the south of the reservoir (USAID, 2005-a). It will provide 90 × 106 
m3/year to irrigate 150 km2 in villages located between 400 m and 800 m altitude, in the 
South Lebanon and Nabatiyeh districts (Bichara et al., 2003; USAID, 2003). Again, 
little is said in these reports about the potential impact of this project on the water 
balance of Karaoun Reservoir. 

2.2.5. Professional fishing 

Freshwater fishing is very limited in Lebanon. However, Karaoun Reservoir seems to 
produce significant quantities of fish compared to sporadic catches in rivers like the 
Litani and Ibrahim rivers (MOE, 2001). About 30 fishermen practice net fishing on 
Karaoun Reservoir, with a fleet of about 15 traditional boats, producing about 150 tons 
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per year. This catch is comprised mainly of carp (Cyprinus carpio) and common trout 
(Oncorhynchus mykiss) (MOE, 2009).  

2.3. Assessment of the environmental status 
2.3.1. Water quality and trophic state 

Karaoun water quality affects present and future uses. To assess the reservoir trophic 
state and compatible uses, we analysed previous research studies and technical reports 
which document chemical characteristics of the reservoir, including major elements, 
nutrients and trace metals. To assess the trophic state of a freshwater body, the total 
phosphorus concentration is compared to thresholds in Vollenweider’s classification 
(Vollenweider and Kerekes, 1982). Here we use the phosphate concentration. In the wet 
season, it is close to the total phosphorus concentration, since the phytoplankton 
biomass is low and the reservoir fully mixed by low air temperatures and strong winds. 
We also compared the water quality of the reservoir to the World Health Organization’s 
standard values for raw water for drinking water production (WHO, 2008). 

2.3.2. Phytoplankton analyses 

Harmful algal blooms result from eutrophication, can reduce ecosystem biodiversity and 
produce toxin. These harmful blooms are mostly cyanobacterial; they produce 
cyanotoxins (neurotoxins, hepatotoxins, cytotoxins, dermotoxins, anatoxins and 
endotoxins). These toxins cause skin irritation upon contact, and illness and death to 
livestock, pets, and wildlife that ingest water contaminated with toxic cyanobacterial 
cells or toxins released from decaying cyanobacterial cells (Azevedo et al., 2002; Codd 
et al., 1999; Codd et al., 2005). In addition, other nuisances are attributable to bloom-
forming cyanobacteria. They include: 1) a decrease in water transparency; 2) a 
reduction in the dissolved oxygen concentration in the hypolimnion; 3) decreases in the 
abundance and diversity of hypolimnetic and benthic animal species like fish, due to 
hypoxia and cyanotoxins; 4) bad smell and scum production; and 5) and several 
negative economic impacts such as preventing the recreational use of the water bodies, 
clogging irrigation pumps and disturbing hydropower equipment (Smith, 2003). 
We analysed the phytoplankton composition and diversity in Karaoun Reservoir from 
previous research studies. We calculated the total biovolumes of each phytoplankton 
species by multiplying the number of cells per millilitre by the average biovolume of a 
cell of that species and size category, according to the most suitable geometric models 
(Sun and Liu, 2003). We used Shannon's diversity index, which characterizes species 
diversity in a community (Shannon, 1948). It accounts for both abundance and evenness 
of the species. We computed it for each sampling date, according to the equation: 

∑
=

−=
n

i
ii PPH

1

)ln('   

where Pi is the relative biovolume of species i in the total biovolume and n the total 
number of species. 
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3. Results: environmental status of Karaoun Reservoir 
3.1. Water quality and trophic state 

3.1.1. Nutrient concentrations and trophic state 

Subsurface nutrient concentrations, phosphate expressed in milligram phosphorus per 
litre (P-PO4), nitrate and ammonium expressed in milligram nitrogen per litre (N-NO3 

and N-NH4), were measured  during the wet and dry seasons in 2005 and 2010 (Jurdi et 
al., 2011). Nutrient concentrations dropped between the years 2005 and 2010, phosphate 
concentration by a factor of 16, nitrate by 7, and ammonium by 2 (Figure 6). The 
dissolved inorganic phosphorus and dissolved inorganic nitrogen concentrations were 
always higher in the wet season than in the dry season, due to the lower consumption by 
phytoplankton in the wet season. 
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Figure 6 Comparison of subsurface nutrient concentrations in different seasons at Karaoun 
Reservoir (Jurdi et al., 2011). 

Although the phosphate concentrations decreased from about 1 mg/L in 2005 to 0.2 
mg/L in 2010, the values of this first study remained above 80 µg/L, threshold for the 
hypereutrophic trophic state in Vollenweider’s classification. This classifies Karaoun 
Reservoir as hypereutrophic. 
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Figure 7 Comparison of nutrient concentrations at the output and input of Karaoun Reservoir 
(Cadham, 2007) 

 To compare the nutrient concentrations upstream and downstream of Karaoun 
Reservoir phosphate, nitrate, nitrite and ammonium concentrations were analysed in 
May, August and November 2004 (Cadham, 2007). Water samples were taken from two 
sites: at the inlet of the Litani River into the reservoir at an unprecised depth, and at the 
outlet of one of the power generation tunnels downstream the dam. Phosphate, 
ammonium and nitrite concentrations always decreased after passing through the 
reservoir (Figure 7). Only nitrate concentrations exhibited a seasonal pattern: they 
decreased in November but increased in May and August 2004. The authors explained 
the reduction of phosphate and ammonium concentrations by the presence of nutrient 
consumers like phytoplankton and microbial activity in the reservoir. The increase in 
the nitrate concentrations while passing through the reservoir was not interpreted. We 
think the high concentrations of nitrate in May and August 2004, coinciding with low 
concentrations of nitrite and ammonium suggest the nitrification of ammonium and 
nitrite into nitrate.  

The lower phosphate concentrations in the wet season in this second study (80 to 90 
µg/L) would again classify the reservoir as hypereutrophic. From both studies, we 
conclude that the reservoir is hypereutrophic. 
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3.1.2. Metal concentrations in water and in fish 

We compared the concentrations measured in Karaoun Reservoir to the World Health 
Organization’s standard values for raw water for drinking water production. The 
monitoring of metals in Karaoun Reservoir has been conducted since 1995 (Jurdi et al., 
2002; Korfali and Davies, 2005; Korfali and Jurdi, 2010; Korfali et al., 2006). The main 
objective of this monitoring was to assess the suitability of the water for its possible use 
in different sectors, including recreation, irrigation, domestic use, fishing, and 
hydropower generation. The authors used the same sampling, collection and analysis 
methods (APHA-AWWA-WPCF, 1992) for the dry season campaigns in 1995 (13 July, 
2 August, 26 September and 6 October) and 2008 (unprecised dates) (Jurdi, Korfali et 
al. 2002; Korfali and Jurdi 2010). An automatic sampler was used to collect water from 
mid depth along various transects (19 points in 1995 and 15 points in 2008), ranging 
from the river inlet to a point located 800 m upstream from the dam. Total metal 
concentrations (Fe, Cr, Ni, Zn, Cu, Pb, and Cd) were determined by flame atomic 
absorption spectrometry. A titration procedure was used for Ca and Mg analyses.  

We compare these results for both 1995 and 2008 in Figure 8. No significant variation 
in the concentrations of Ca, Mg, Na and Cu was observed. Zn concentration decreased 
by a half between 1995 and 2008, Cr concentration decreased by a factor of 7 and Fe 
concentration increased by a factor of 10. Korfali and Jurdi (2010) revealed that 60 % of 
the iron in Karaoun Reservoir is lithogenic. We have mentioned the presence of basaltic 
rocks in the Karaoun Reservoir catchment in subsection 2.1. The erosion of these rocks 
can result in a high iron influx to the reservoir.  
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Figure 8 Comparison of average metal and cation concentrations in the years 1995 and 2008 (Jurdi 
et al. 2002; Korfali and Jurdi 2010). 

The metal concentrations measured in the Karaoun Reservoir were compared (Table 3) 
to the standard values prescribed for raw water for drinking water production (WHO, 
2008). Na, Cr, Zn and Cu concentrations were below the standard values for these 
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metals in raw water supplies. Only the Fe concentration reached 3 times its standard 
value in 2008.  

Table 3 Comparison between the maximum total metal concentrations recorded in 1995 and 2008 
in Karaoun Reservoirs and WHO standard values for drinking water ( WHO, 2008) 

Metals Na Fe Cr Zn Cu 

WHO standard value (mg/l) 200 0.3 0.05 3 2 

Maximum concentration in 
Karaoun (mg/l) 

10 0.85 0.02 0.09 0.019 

  

Trace metals were quantified in 7 fish samples in 2005 (USAID, 2005-b). The test was 
conducted in accordance with the US Environment Protection Agency 200.8 method 
that uses inductively coupled plasma–mass spectrometry (USAID, 2005-b). The results 
were compared to the US Food and Drug Administration (FDA) levels for toxic 
elements in fish, 12 mg/kg for chromium (Cr), 3 mg/kg for Cadmium (Cd), and 1.5 
mg/kg for lead (Pb). The results obtained by the LRA showed that Cr levels in the 
sampled fishes were significantly below the FDA levels. However, Cd and Pb levels 
exceed the FDA guidelines in two samples and one sample respectively. This may 
indicate the degree of bioaccumulation and biomagnification of trace metals 
(Ebrahimpour et al., 2011; Vinikour et al., 1980) since the heavy metal concentrations 
remain low in Karaoun Reservoir. 

3.2. Phytoplankton proliferation  
3.2.1. Algal succession in Karaoun Reservoir 

Different phytoplankton populations have dominated Karaoun Reservoir in the last few 
years. Before 2009 there were scarce reports concerning the aquatic flora of Karaoun 
Reservoir, based on relatively few subsurface samples (Saad et al., 2005; Slim, 1996). 
From the beginning of 2009 to the end of 2011, phytoplankton samples were collected 
five times per year in spring, summer and autumn, between 9:00 and 13:00, at 0.5 m 
beneath the water surface and fixed with 5 % formaldehyde, on the north-western bank 
of the reservoir (Atoui et al., 2013). 
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Figure 9 a) Aphanizomenon ovalisporum b) Microcystis aeruginosa (photos by A. Fadel, 
photographed from Karaoun Reservoir samples in 2011). 

Before 1996, the phytoplankton of Karaoun Reservoir was dominated by diatoms which 
represented about 80% of the total phytoplankton count (Slim, 1996). The 
phytoplankton biodiversity in 2000-2001 was rich, but a biodiversity index cannot be 
calculated due to the absence of biomass data. At that period, 98 species were reported, 
among which about 60 species of planktonic diatoms dominated by Aulacoseira 
granulata, and a high concentration of dinoflagellate Ceratium hirundinella (Slim et al., 
2012).  

Between 2002 and 2003, filamentous green algae dominated (Spirogyra lambertiana, 
Cladophora glomerata, Oedogonium sp. and Ulothrix zonata) and the diversity was 
low.  

A decrease in phytoplankton diversity and regular blooms of cyanobacteria 
Aphanizomenon ovalisporum and Microcystis aeruginosa has been reported since May 
2009 (Figure 9). Table 4 shows the succession of phytoplankton species during years 
2009, 2010, 2011 and their biovolumes. These biovolumes were computed from cell 
density measurements published by Atoui et al., (2013). Aphanizomenon ovalisporum 
was mostly observed at the beginning of spring and autumn while Microcystis 
aeruginosa was observed in summer. In spring 2010, other phytoplankton species 
coexisted with cyanobacteria. However, they appeared in low concentrations and for 
short periods before the bloom of Microcystis aeruginosa in summer. The general 
succession pattern in the year 2011 was comparable to that in the year 2010 insofar as 
Aphanizomenon ovalisporum and Microcystis aeruginosa were the main bloom-forming 
cyanobacteria and coexisted with green algae (Table 4).   
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Table 4 Phytoplankton species composition, biovolumes (× 10-3 mm3/L), and  Shannon’s diversity 
index at the surface of Karaoun Reservoir from 2009 to 2011; (-): not detected. 

 May 
2009 

Sep. 
2009 

Dec. 
2009 

Mar. 
2010 

May 
2010 

Sep. 
2010 

Mar. 
2011 

Apr. 
2011 

May 
2011 

Jun 
2011 

Nov. 
2011 

Cyanobacteria 

Aphanizomenon 
ovalisporum 

5336 - - - 5104 - - - 5336 - 4872 

Microcystis 
aeruginosa 

- 990 28 - - 990 - - - 924 132 

Microcystis 
wesenbergii 

- 3 - - - - - - - - - 

Oscillatoria tenuis - - 5 - - - - - - - - 

Diatoms 

Aulacoseira 
granulata 

- - - - - - 1336 - - - - 

Fragilaria ulna - - 162 - - - - - - - - 

Melosira varians - - 329 - - - - - - - - 

Green algae 

Closterium 
acutum 

- 103 - 206 - - - 386 - - - 

Coelastrum 
microporum 

- - - 53 70 - - 26 - - - 

Micrasterias 
radiata 

- - - 4968 8280 - - - - - - 

Pediastrum 
boryanum 

- - - 3146 5505 - - - - - - 

Pediastrum duplex - - - 5899 5899 - - - - - - 

Staurastrum 
sebaldi 

- - - 1729
0 

24055 - - 4322 - - - 

Volvox aureus -  - - - - - - - 1178 - 

Dinoflagellates 

Ceratium 
hirundinella 

- - 2574
3 

- - 1800 3780
4 

- - - - 

Peridinium 
gatunense 

- - - - - - 5600 - - - - 

 

Shannon’s 
diversity index 

0 0.4 0.1 1.2 1.4 0.7 0.4 0.3 0 0.7 0.1 

 
Between 2009 and 2011, Shannon’s diversity index ranged between 0 and 1.4 in 
Karaoun Reservoir (Table 4). The lowest values of the diversity index (0 or 0.1) 
occurred when a single species like Ceratium hirundinella, Aphanizomenon 
ovalisporum and/or Microcystis aeruginosa counted for more than 95% of the 
phytoplankton biomass. The highest value, H’= 1.4 was recorded in March and May 
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2010, when 6 species coexisted, but it remains a low value, compared to the usual 
values of Shannon’s diversity index that range between 1.5 and 4. 

3.2.2. Eutrophication of Canal 900  

Filamentous green algae (Cladophora sp.) that was previously observed in Karaoun 
Reservoir in 2002 and 2003, planktonic green algae (Scenedesmus sp.) and planktonic 
cyanobacteria (Planktothrix agardhii) were reported as dominant species in Canal 900 
(Figure 1) during summer 2005 (USAID, 2005-a). These algae take advantage of 
intense light, high temperatures, and low turbidity accompanied with alternative periods 
of slow flows and standing water (USAID, 2005-a; USAID, 2003). 
In September 2011, microscopic identifications on samples taken from K1, K2A, and 
K2B sites at canal 900 (Figure 1), showed the presence of cyanobacterium Microcystis 
aeruginosa and four filamentous algal species in all samples: Cladophora glomerata, 
Spirogyra glomerata, Vaucheria sp. and Hydrodictyon reticulatum (unpublished 
results). 

In addition to their economic damage arising from the interruption of irrigation due to 
canal clogging, these filamentous algae have negative health consequences associated 
with toxic cyanobacteria proliferation. An allelopathic relationship exists between 
filamentous algae and cyanobacteria species. Allelopathy covers chemical interactions 
between bacteria and/or plants, including both stimulatory and inhibitory activities 
(Rice, 1984). In Egypt, bloom formation and toxin production by cyanobacterium  
Planktothrix agardhii, a toxic cyanobacterium, were favoured in irrigation canals 
containing filamentous green algae Spirogyra sp. (Mohamed, 2002). Furthermore, 
filamentous green algae can also promote bacterial development, including the 
development of pathogens, posing an additional threat to public health (Ishii et al., 
2006).   

To resolve the clogging problems created by these filamentous algae, the LRA used 
copper sulphate as they found it inexpensive, safe for workers, safe for drinking, 
bathing and irrigation, and easy to use. Its toxicity to fish was not regarded as an issue 
as no fish farm takes water from the canal. The amount of copper sulphate added to the 
canal in June and July was tapered to a dose of 0.1mg/L until middle July, the algal 
biomass decreased by 75 to 90 % from its initial state. Significant amounts of algae 
were then noted in the first week of August. As a result, the dosing target was increased 
to 1 mg/L for the month of August. The problem of screen clogging was solved and the 
volume of water delivered to the farmers increased. However, time has proven the 
inefficiency of copper sulphate treatments. It only temporarily inhibits the growth of 
filamentous algae, but also kills cyanobacteria which release their toxins. These toxins 
may cause worse problems than the filamentous algae: the toxins can be absorbed by 
the irrigated crops and the planters suffer from irritation by contact with contaminated 
water. After stopping the treatment, the algal proliferation recurred (Van Hullebusch et 
al., 2002).  

As an alternative to this treatment, research performed on barley straw as an algal 
inhibitor proved its efficiency in suppressing filamentous green algae Cladophora 
glomerata in canals (Caffrey and Monahan, 1999; Welch et al., 1990). But barley straw 
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clogged canal pump screens. Titanium dioxide (TiO2), a non-toxic photocatalyst shown 
to break down the chloroplast pigments and successfully inhibit the growth of 
problematic filamentous algae like Cladophora, in the presence of sunlight (Peller et al., 
2007), is being considered.   

3.3. Environmental status of Karaoun Reservoir 

The above presented results are not sufficient to give a complete evaluation of the 
environmental status of Karaoun Reservoir, but they reveal that Karaoun Reservoir is 
hypereutrophic with low phytoplankton biodiversity. Chlorophyll-a measurement were 
not performed but nutrient concentrations have decreased between 2005 and 2010 
suggesting a decrease in eutrophication level. The phytoplankton biodiversity was high 
in the 1990s (98 species), but was low in recent years (less than 16 species), marked by 
toxic cyanobacterial blooms.  

With regard to the Awali Beirut Project, the presented metal concentrations are 
insufficient to determine whether the water of Karaoun Reservoir is suitable for 
drinking water production, because many other parameters like the concentrations of 
organic micropollutants need to be measured. 

4. Discussion: comparison with other Mediterranean lakes 
and reservoirs 

Monitored freshwater bodies are rare in the geographic neighbourhood of the Karaoun 
Reservoir, except the closest natural lake, Lake Kinneret (Sea of Galilee, Israel). Among 
other lakes and reservoirs around the Mediterranean Sea, comparable phytoplankton 
succession is documented in Lakes Trichonis and Lisimachia in Greece, El Gergal 
Reservoir in Spain and Lake Vela in Portugal (Table 1). This section compares the 
morphological and hydrological characteristics, the eutrophication level, the 
phytoplankton diversity and the bloom-forming cyanobacteria of Karaoun Reservoir to 
those of these lakes and reservoirs. 

4.1. Morphological and hydrological characteristics 

Lake Kinneret located 85 km to the South of Karaoun Reservoir has been intensively 
studied. Lake Kinneret is a medium-sized (170 km2) warm monomictic lake located in 
northern Israel at an elevation of -210 m below mean sea level (Serruya, 1978). It has a 
total water volume of 4 × 109 m3, a maximum depth of 43 m, a mean depth of 24 m , 
and a water residence time of 5.1 years (Table 1). Lake Kinneret is used for power 
generation and domestic water usages. About 12% of the maximum lake volume is 
pumped annually into the National Water Carrier system (Zohary, 2004). Annual 
fluctuations of the water level in Lake Kinneret reach 5 m, with maximum water level (-
208,8 m) and minimum observed level (-214,9 m in November 2001) (Zohary, 2004). 

Lake Trichonis, the largest natural lake in Greece, is a deep warm monomictic lake 
situated in Aetoloakarnania Province (central western Greece) with a maximum depth 
of 58 m, a surface area of 97 km2, an approximate volume of 2.6 × 109 m3 and a 
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residence time of 9.4 years (Zotos et al., 2006). Annual water level fluctuations in Lake 
Trichonis reach 2 m (Dimitriou and Moussoulis 2010). Lake Lisimachia is located 2.8 
km to the west of Lake Trichonis, with a surface area of 13.2 km2, and a maximum 
depth of 9 m, (Tafas and Economou-Amilli, 1991). 

El Gergal Reservoir, located in the south-west of Spain, is the last in a chain of 
reservoirs (Aracena, Zufre, La Minilla and El Gergal Reservoirs) on the Rivera de 
Huelva. El Gergal Reservoir is a medium-sized canyon-type reservoir with a surface 
area of 2.5 km2, a volume of 35×106 m3, a maximum depth of 37.5 m, a mean depth of 
15.7 m and an elevation of 26 m above sea level (Moreno-Ostos et al., 2008). Large 
seasonal and inter-annual volume variations are due to irregular inflows (Cruz-Pizarro 
et al., 2005). In 2007, the water level fluctuation was 8.5 m, with a maximum elevation 
of 63.5 m (full capacity) recorded in March and a minimum elevation of 55 m recorded 
in August (Rigosi and Rueda 2012). 

Lake Vela is a shallow eutrophic freshwater body located in Quiaios, Figueira da Foz 
Province (Western Central Portugal). It has a surface area of 0.7 km2 and a maximum 
depth of 2 m (Pereira et al., 2005).  

The previously presented lakes and reservoir present much lower water level 
fluctuations than Karaoun Reservoir, less than 10 m (Table 1). Large volumes are 
withdrawn from Karaoun Reservoir between May and October during a drought period 
with low inflows. This often reduces its volume to 30 % of its capacity at the end of 
each year (Figure 4), and results in a 23 m decrease of its water level. 

4.2. Eutrophication level and integrated water management  

Karaoun Reservoir is more eutrophic than the natural lakes to which we compare it, and 
has nutrient concentrations comparable to El Gergal Reservoir (Table 5). In 2005, P-
PO4 reached up to 0.95 mg/l, N-NO3 6.3 mg/l and N-NH4 0.48 mg/l in Karaoun 
Reservoir. The nutrient concentrations in the top 10 m of Lake Kinneret were always 
below 2 × 10-3 mg/l for  P-PO4, 0.16 mg/l for N-NO3 and 0.23 mg/l for N-NH4, during 
the period between 1997 and 2003 (Gal et al., 2009). In El Gergal Reservoir, between 
1979 and 2003, nutrient concentrations reached up to 2.92 mg/l for P-PO4, 5.28 mg/l for 
N-NO3 and 7.39 mg/l for N-NH4 (Moreno-Ostos et al., 2007). In Lake Vela, between 
2004 and 2005, nutrient concentrations reached up to 1.30 mg/l for P-PO4, 2.8 mg/l for 
N-NO3, and 0.76 mg/l for N-NH4 (Abrantes et al., 2009). There are no recent studies 
about the nutrient concentrations in Lake Trichonis, but it has been considered as an 
oligotrophic lake with P-PO4 always below 0.014 mg/l, and N-NO3 below 0.147 mg/l 
(Skoulikidis et al., 1998). During the same studied period, nutrient concentrations in the 
Karaoun Reservoir were comparable to that of El Gergal Reservoir, and much higher 
than in the natural lakes except for P-PO4 concentration that was lower than in Lake 
Vela.  

In the catchment of Karaoun Reservoir, there are 1.06 million habitant, 570 km2 of 
cultivated farmland and several industries, mostly food, paper, tanning, plastic, cosmetic 
and detergent industries (Arif, 2013). This deteriorates the water quality of Karaoun 
Reservoir through agricultural effluents (pesticides and fertilizers), untreated industrial 
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and municipal wastewaters, and solid and liquid wastes dumped into the Litani River 
(ELARD, 2011). These contamination sources along the Litani River and its tributaries 
are the main causes of the high nutrient concentrations in Karaoun Reservoir leading to 
algal blooms.  

Table 5 Comparison between maximum nutrient concentrations measured in Karaoun Reservoir 
and other freshwater bodies around the Mediterranean Sea. (-): data not found 

Maximum 
concentrations 

(mg/L) 

Karaoun 
Reservoir 

(2005) 

Lake Kinneret 
(1997-2003) 

Lake Trichonis 
(before 1998) 

El Gergal 
Reservoir 

(1979-2003) 

Lake Vela 
(2004-2005) 

P-PO4 0.95 0.002 0.014 2.92 1.30 
N-NO3 6.3 0.16 0.147 5.28 2.8 
N-NH4 0.48 0.23 - 7.39 0.76 

The Awali-Beirut project which will supply Beirut with water mostly from Karaoun 
Reservoir is expected to start soon. However, questions of water quality arise because 
this water supply is intended for domestic use and drinking water production. 
Cyanobacteria Aphanizomenon ovalisporum and Microcystis aeruginosa, both present 
in Karaoun Reservoir, produce lethal toxins. To avoid public health problems caused by 
toxic cyanobacterial blooms, we should reduce the nutrient loading and prevent 
eutrophication by treating wastewater effluents from municipalities and industries in the 
reservoir catchment area before its arrival to Karaoun Reservoir. 

4.3. Phytoplankton diversity  

Between 2009 and 2011, Shannon’s diversity index for Karaoun Reservoir 
phytoplankton was always below 1.5 (Table 4).This index was not computed for the 
other mentioned lakes and reservoirs, except Lake Kinneret, where the diversity index 
ranged between 1 and 3 and was higher than in Karaoun Reservoir most of the time 
(Ostrovsky, et al. 2012).  The phytoplankton flora of Karaoun reservoir (13 genus, 
Table 4) is not as rich as in Lake Kinneret (74 genus) (Roelke et al., 2007), Lake 
Trichonis (46 genus found in the species list of Tafas and Economou-Amilli (1997)) and 
El Gergal Reservoir (24 genus found in the species list of  Hoyer et al. (2009).  

Intensive precipitations and seasonal climatic oscillations in total radiation and water 
temperature are known to increase the ecosystem diversity (Figueredo and Giani, 2001). 
We believe that in Karaoun Reservoir, low or no precipitations between May and 
October, simultaneous with a large water level decrease (Table 1), thermal stratification 
(Slim et al., 2013) and high nutrient concentrations (Table 5) result in a low 
biodiversity. El Gergal Reservoir presents comparable high nutrient influx and 
ecological behaviour: surface algal blooms occur during calm and dry periods and limit 
the reservoir phytoplankton biodiversity (Cruz-Pizarro et al., 2005).   

Amongst the presented lakes and reservoir, the general trend of phytoplankton 
succession in Karaoun Reservoir agrees best with the typical succession observed in El 
Gergal Reservoir (Hoyer et al., 2009): diatoms, green algae, cyanobacteria, and finally 
dinoflagellates. Karaoun Reservoir and El Gergal Reservoir share no less than 11 genus 
(Table 4): diatoms (Aulacoseira, Fragilaria, Melosira), green algae (Coelastrum, 
Pediastrum, Volvox, Staurastrum), cyanobacteria (Aphanizomenon, Microcystis, 
Oscillatoria), and dinoflagellates (Ceratium) (Hoyer et al., 2009). 
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The hydrological functioning of Karaoun and El Gergal Reservoirs has more in 
common than that of the presented Mediterranean natural lakes. This explains why the 
phytoplankton composition and succession in Karaoun Reservoir match more with 
those of El Gergal Reservoir. 

4.4. Toxic cyanobacterial succession  

In spite of different altitudes, hydraulic management and nutrient concentrations, 
Karaoun Reservoir and the presented Mediterranean lakes and reservoir share annual 
toxic cyanobacterial blooms of Aphanizomenon sp. and Microcystis aeruginosa.  

Between 2009 and 2011, these cyanobacteria dominated the algal population of 
Karaoun Reservoir in warm and nutrient-rich conditions. Cyanobacterial blooms are a 
new phenomenon in Karaoun Reservoir compared to the near Lake Kinneret, and yet 
Lake Kinneret is less eutrophic than Karaoun Reservoir. As early as the late 1960s, 
winter and spring blooms of cyanobacterium Microcystis sp. were reported in Lake 
Kinneret (Pollingher, 1986), while nitrogen-fixing cyanobacteria Aphanizomenon 
ovalisporum and Cylindrospermopsis raciborskii were first detected in September 1994 
and summer 1998, respectively (Berman and Shteinman, 1998; Pollingher et al., 1998).  

Aphanizomenon ovalisporum and Microcystis aeruginosa were found to occur not only 
in Lake Kinneret but also in other Mediterranean freshwater bodies. Aphanizomenon 
ovalisporum but not Microcystis aeruginosa was reported for the first time in July 1999, 
in the warm monomictic lakes Lisimachia and Trichonis in Greece (Gkelis et al., 2005). 
In Lake Vela (Central Portugal), blooms of Aphanizomenon sp. occurred early in May 
2010 and were then followed by blooms of Microcystis aeruginosa in June 2010 
(Figueiredo et al., 2006).  

In Lake Vela and in Karaoun Reservoir, Aphanizomenon sp. blooms occurred in late 
spring and were always followed by Microcystis aeruginosa blooms in summer. We 
think that the competition between Aphanizomenon sp. and Microcystis aeruginosa is 
mainly driven by water temperature. In Karaoun Reservoir, Aphanizomenon 
ovalisporum blooms occurred both in spring (mainly in May) at surface water 
temperature of 20 – 22 °C and autumn at 18 – 20 °C, while a Microcystis aeruginosa 
bloom occurred in summer at 25 - 27 °C. In Lake Vela, a massive cyanobacterial bloom 
of Aphanizomenon flos-aquae, a species with similar traits to Aphanizomenon 
ovalisporum, occurred early in May at a surface water temperatures of 17.5 °C, and was 
then followed by a Microcystis aeruginosa bloom in June at higher water temperatures 
ranging from 23.4 to 29.4 °C. This succession can be explained by the fact that the 
growth of Microcystis sp. stops below 15 °C and is optimal at a water temperatures 
ranging from 27.5 to 32 °C (Imai et al., 2009; Robarts and Zohary, 1987). In contrast, 
Aphanizomenon sp. has an optimal growth temperature ranging from 15 to 28 °C 
(Robarts and Zohary, 1987) and is able to outgrow Microcystis sp. at lower 
temperatures (Miller et al., 2013).  
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5. Conclusions 
On the local scale, this review provides important background data for the Lebanese 
water management authorities who aim to use high volumes from this reservoir for 
drinking water production and irrigation. The reservoir was found to be eutrophic to 
hypereutrophic, with low phytoplankton biodiversity and regular blooms of toxic 
cyanobacteria. The nutrient and metal concentrations would not prevent drinking water 
production for Beirut as is planned, but other micropollutants like organic 
micropollutants are not documented. 
Except for Lake Kinneret, little or no studies were performed on other lakes and 
reservoirs in the Middle East region. In this study we compared the environmental study 
of Karaoun Reservoir to other lakes and reservoirs around the Mediterranean Sea. The 
environmental status of Karaoun Reservoir matched more with El Gergal Reservoir in 
Spain than with natural lakes like Lakes Kinneret in Israel and Trichonis in Greece. 
Comparing Karaoun Reservoir to other Mediterranean freshwater bodies revealed that 
this reservoir suffers from a lower phytoplankton biodiversity and higher nutrient 
concentrations, and shares with them toxic cyanobacterial blooms of Aphanizomenon 
ovalisporum occurring in spring and autumn, and Microcystis aeruginosa in summer. 
Unlike in these other lakes and reservoirs, the yearly water level fluctuations are very 
large in Karaoun Reservoir. The large decrease in water level in the dry season with 
others factors like a high nutrient influx, the absence of rain and thermal stratification 
result in a very poor phytoplankton diversity. This makes Karaoun Reservoir a very 
interesting example of what would be the response of the phytoplankton community to 
decreases in water levels due to drought periods in other lakes and reservoirs in a 
Mediterranean climate. 
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