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FOREWORD 

This water quality survey was carried out by a team led by Dr Mey Jurdi from the American University of 

Beirut (AUB) under subcontract with IRG, the main contractor under the Litani River Basin 

Management Support (LRBMS) Program, a USAID-funded program in Lebanon (Contract EPP-I-00-

04-00024-00 Task Order No. 7 under the Integrated Water and Coastal Resources Management 

Indefinite Quantity Contract (IQC) II. 

Apart from the main text which details both methodology and results, an Executive Summary presents 

the main findings, conclusions, and recommendations, while detailed results are provided as appendices. 

Only appendix I is provided in this volume while other appendices are in volume 2. 

 





 

EXECUTIVE SUMMARY 

INTRODUCTION -CONTEXT OF STUDY  

This study was conducted as part of the efforts of the International Resource Group (IRG) under the 

USAID/Lebanon funded Litani River Basin Management Support Program (LRBMS) to assist the Litani 

River Authority (LRA) in upgrading and improving the management of Upper Litani Basin (ULB). 

As such, the objectives of the study are to update the water quality inventories that were conducted in 

2005 under the USAID funded activity of the Litani Basin Advisory Services (BAMAS) by: 
 

a) Evaluating the ULB water quality profile, 

b) Comparing to the results of the previous USAID-funded study (BAMAS 2005), 

c) Reflecting on possible risks associated with multipurpose water usage, and 

d) Recommending interventions for improved practices and mitigation/control measures for the 

main sources and types of pollution. 

INITIAL FIELD SURVEY  

Field and reconnaissance surveys were conducted for a period of 16 days (July 9-30 2010). 

The upper zone, stretching between Saidi and Rayak, is characterized by a mixed residential, agricultural, 

and industrial profile. Four major tributaries feed into it; two of which are dry in summer. The river flow 

is minimal, only sustained by sewage and industrial wastewater effluents. Management of municipal solid 

waste is highly deficient; open dump sites are scattered throughout the area. Additionally, sanitary sewer 

systems and cesspools are the main venues for sewage disposal. A wastewater treatment plant 

(secondary/biological treatment) located in El Ferzol is operative; another treatment plant in Ablah is 

still under construction. Agricultural activities mostly relate to tobacco plantation, wheat and seasonal 

vegetables. Dependence on sewage and ground water for irrigation is high. The main industrial activities 

are dairy plants, food processing plants, rock cutting industries, plastic and paper industries. Industrial 

wastewater effluents are discharged directly into the river and its tributaries, or are disposed into the 

city/village sewer that outflows into the surface water body. 

The middle zone, from Rayak to Aammiq, is also a mixture of residential, agricultural, industrial and 

recreation areas. The river flow is again minimal and is heavily exposed to sewage and industrial 

wastewater discharge. The water is blue green in color due to the extensive growth of algae. Five major 

tributaries contribute to the river flow yet are, in summer, either dry or completely tapped for irrigation. 



 

A major landfill used for the disposal of solid wastes is located in Zahle. Yet, open dumping is still 

practiced by many cities/villages. As for the management of domestic wastewater, sanitary sewer systems 

(mostly) and cesspools (minimally) are the main venues of disposal. Additionally, a sewage treatment 

(secondary/biological) plant located between Housh Al Oumara and Bar Elias is under construction. 

Agricultural activities mostly relate to growing of seasonal vegetables with excessive dependence on 

sewage as irrigation water. This zone is characterized by an active industrial sector: dairy plants, food 

processing plants, water bottling industry, wineries, paper industries, dyeing and tanning, manufacturing 

of batteries, food packaging materials etc. Still, industrial wastewater is directly discharged into the river, 

or disposed into the municipal sanitary sewer that outflows into the river. Also, this zone is known for its 

restaurants and hotels mainly in Chtoura, Zahle and Anjar. 

The lower zone from Ammiq to Qaraoun is also a mixture of residential, agricultural and to a lesser 

extent industrial, recreational and aquaculture farming areas. The river starts with minimal water flow 

supporting extensive algae growth and some presence of fish, water snakes, turtles, ducks etc. Tributaries 

are almost dry up in summer, or are tapped for irrigation. The river then flows into the Qaraoun Lake 

with relatively more water flow due to some resurgences and again sewage flows and return flows from 

agriculture. The management of municipal solid wastes is deficient. Sewage disposal is mostly through 

sanitary sewer systems and minimally through cesspools. Currently, a major sewage treatment plant in 

Jeb Janine is under construction. Agricultural activities relate to fruit trees (mainly vineyards). 

Agricultural lands mostly depend on Irrigation Canal 900 that directs water from the Qaraoun Lake, 

across the villages. This zone has minimal industrial activities like sugar cane industries, car repair shops, 

and paper industries, dyeing and tanning. Industrial wastewater effluents discharge into the river either 

directly or through the city/village sanitary sewer that outflows into the river.  

METHODOLOGY  

A total of 149 Samples were collected during this study, over a period of 22 days (August-September 

2010), from: 
 

(a) The Litani river and its tributaries (26), 

(b) The Qaraoun Lake (10), 

(c) The Irrigation Canal 900 (7), 

(d) Groundwater springs and wells located within the ULB (43), 

(e) Sewage effluents from residential areas located along the river water flow (12), 

(f) Major industrial wastewater effluents disposing directly into the river (7), 

(g) Soils of agricultural areas bordering the river and irrigation canal (36), and  



 

(h) River and lake sediments (8).  

The types and location of samples are presented in figure 1. All samples were collected, transported, and 

analytically tested following standard methods and procedures. Complete physical, chemical and 

microbiological (total dissolved solid, electric conductivity, dissolved oxygen, biochemical oxygen 

demand, pH, alkalinity, ammonia, nitrates, phosphates, sulfates , chlorides, potassium, calcium, 

magnesium, sodium, lead mercury, cadmium, chromium, nickel, copper, zinc, iron, aluminum, arsenic, 

barium, cobalt, boron, manganese, molybdenum, organochlorines, organophosphorous, total coliforms, 

fecal coliforms and fecal streptococci) quality assessment was conducted. Additionally, analytical results 

were compared to BAMAS 2005 data to reflect on possible changes in water quality with time. 

 



 

KEY FINDINGS  - SURFACE W ATER  

Results (see table below) show a significant deterioration in the quality of the river water as compared to 

BAMAS 2005. This is evident by the: 
 
 

¶ Increase in biological contamination (tenfold increase in BOD) resulting from the discharge of 

untreated sewage and the leachate of municipal solid waste dump sites and boosted by the 

discharge of untreated industrial wastewater into the river and its tributaries,  
 

¶ Increase in chemical contamination (170% increase in TDS and shift of pH towards alkalinity) 

mostly reflective of continuous exposure to domestic and industrial wastewater discharge despite 

efforts to increase the sewerage system coverage; and 
 

¶ Decrease in microbiological loads, dispite the continious exposure to wastewater, mainly due to 

reduced oxygen levels, decreased water flow and prolonged exposure to  sunlight UV radiation.   

Table:  Comparison of Surface Water Quality Profiles Reported by BAMAS and Present Study 2010 

Indicator  

BAMAS (summer)2005  

calculated from surface 

water results  

Study (summer)2010  

surface water results  

Drinking water 

standard  

MoE 

Lebano

n 

EPA 

Min  Mean Max Min  Mean Max 250C  

1Total Disolved Solids 

(mg/l)  
88 290.96 706 187 502 1979 <5008 <500 

2pH (pH units)  6.57 7.09 7.68 7.27 7.93 8.66 6.5-8.5 6.5-8.5 

3Biochemical Oxygen 

Demand (mg/l)  
2 48.46 624 2.50 547 2530 NA NA 

4Nitrates (mg/l as N)  3 13.46 62 0.10 1.23 4.90 <10 <10 

Phosphates (mg/l)  0 11.75 197 0.00 8.58 72 NA* NA 

5Fecal Coliform 

(CFU 11/100ml)  
0 223,487 150,000 1 71.61 400 0 0 

6Cadmium mg/l  NA NA NA 
0.00

5 
O.01 0.079  <0.005 

7Manganese (mg/l )  NA NA NA 0.01 0.07 0.27  <0.05 
 

* NA: Not Applicable 

 
Definition of indicators: 
1.TDS: measures mineral content; reflects on the type of water source and exposure to pollution. Increased levels in 
surface water represent mostly increased exposure to sewage, industrial wastewater effluents, leachate of municipal solid 
waste dump sites and agriculture run off. 

2. pH: measures alkalinity or acidity; agricultural runoff and sewage shift the pH towards alkalinity.  

3. BOD: measures oxygen needed by aerobic microorganisms to treat organic pollution; high BOD reveals pollution 
from sewage and inefficient wastewater treatment, agribusiness effluents and excessive application of organic fertilizers. 

4. Nitrates: measures presence of nitrates which causes algae growth and impacts aquatic life. Sources of nitrates are 
mostly nonpoint-source runoff from heavily fertilized croplands. High nitrate presence is improper for domestic use. 



 

5. Fecal Coliform: measures sewage discharge. Decreasing levels found by the survey (as compared to BAMAS) are due 
to reducing conditions no supporting development of fecal organisms, not decreased discharge of sewage. 

6. Cadmium and Manganese: trace metal indicators that measure exposure to agriculture runoff (increased use of 
pesticides and fertilizers)  



 

vi 
 

                           

             

 

Figure 4: Phosphates Levels along the Litani River and its Tributaries Figure 5: Biological Oxygen Demand along the Litani River and its 

Tributaries 

 

 



 

Potential water extraction sites are as few due to minimal water flow, high organic loads, high levels of 

trace metals (mostly cadmium and manganese and to a lesser extent barium) and fecal contamination. 

Contaminants are mostly attributable to cesspool leachate; sanitary sewer system outlets; leachate of solid 

waste dump sites; food processing plants (sugar beet, dairy products, fruit jam, juices, vegetable canning) 

wastewater effluents; industrial zones (dyeing and tanning, electroplating, manufacturing of batteries, 

chemicals, sponge, paper and stone cutting) wastewater effluents; farm (swine, cows, sheep and poultry) 

waste, recreational areas sewage discharge and solid waste dumps and agriculture runoff (pesticides and 

fertilizers). Accordingly, the major identified hot spots are distributed throughout the ULB and are not 

specific to a single zone but are more evident in: 
 

(a) Hezzine; mainly due to sewage and major municipal solid waste dump site, 
 

(b) Rayak; mainly due to industrial wastewater (e.g. dairy factory Libanlait), 

(c) Ferzol; mainly due to industrial wastewater (e.g. Master Potato Chips), disposal of improperly 

disinfected secondary treated wastewater effluent and solid waste dump by the river, 
 

(d) Ablah; mainly due to industrial wastewater (e.g. Tanmeiyah), domestic wastewater as treatment 

plant is still under construction and solid waste dump adjacent to the river, 
 

(e) Jdeita; mainly due to industrial wastewater; dairy Plants (e.g. Jarjoura), serum industry and paper 

mills, 
 

(f) Al Marj; mainly due to municipal solid waste landfill leachate, 
 

(g) Taanayel; mainly due to industrial wastewater (e.g. Taanayel dairy plant), 
 

(h) Ammiq; mainly due to industrial wastewater (e.g. SICOMO industry), 
 

(i) Dier Zanoun; mainly due to domestic wastewater from Anjar & Majd Al Anjar, and 
 

(j) Jeb Janine; mainly due to domestic wastewater from Jeb Janine & Kamed Al Louze as the 

wastewater treatment plant is still under construction. 

In comparison BAMAS 20005 reported the highest levels of contamination within the mid-upper Litani 

basin, where the largest communities are located and related it mostly to sewage discharge into the river 

prioir to dilution by the various tributaries. 

Additionally, the suitability of river water for irrigation is partially restricted and is associated with: 

(a) Increase in soil salinity resulting from increased TDS and BOD levels, 

(b) Reduction in water infiltration rates due to increased sodium and manganese levels, 

(c) Projected crop toxicity (main element of concern is cadmium as the mean level of 0.0099 mg/l is 

approaching the maximum recommended level of 0.01 mg/l), 

(d) Possible deposition on leaves and fruits associated with increased bicarbonate levels, and  



 

(e) Microbiological safety due to increased total and fecal coliform counts. 

Moreover, surface water use by livestock is also restricted by the levels of trace metals. 

KEY FINDINGS  - LAKE W ATER  

Comparing the lake water quality profile reported by the BAMAS 2005 to the present study 2010 study, 

the main findings reflect on: Increase in the overall total dissolved oxygen, masking the increase in 

biochemical oxygen demand (boosted by organic contaminants), change in pH towards alkalinity 

reflective mostly of exposure to sewage and industrial wastewater discharge, increased fecal loads (50% 

of sampled sites), increased levels of cadmium exceeding the recommended Lebanese standard level of 

0.005 mg/l by 2 folds with higher levels reported in the mid lake water zone (trace metals were below 

detectable levels in BAMAS 2005 Study). This change in the water quality profile is concurrent with the 

progressive exposure to contamination loads from the various identified point and nonpoint sources. 

Table:  Comparison of Lake Water Quality Profiles Reported by BAMAS Study and Present Study 2010  

Indicator  

BAMAS (summer) 

2005calculated from l ake 

water results  

Study (summer) 2010  
Lake water results  

Drinking water 
standard  

   

MoE-

Lebano

n 

EPA 

 Min  Mean Max Min  Mean Max   

Total Dissolved 

Solids (mg/l)  
120 160 196 221 235 256 500 500 

pH 

(pH units)  
6.5 7 7.5 8.2 8.27 8.32 6.5-8.5 6.5-8.5 

Biochemical 

Oxygen Demand 
(mg/l)  

<2 2.57 4 2.0 2.65 3.30 NA NA 

Nitrates (mg/l as 

N)  
62 16 21 0.8 0.93 1.20 10 10 

Phosphates (mg/l)  0.01 0.13 0.35 0.0 0.09 0.24 NA NA 

Fecal Coliform 

(CFU/100 ml)  
0 17 450 0 160 400 0 0 

Cadmium (mg/l)  NA NA NA 0.0007 0.010 0.021  0.005 

 

The main findings are: 
 
 

¶ Increase in the chemical and biological contamination transferring the better quality middle lake 

zone (2.5- 3.6 km from the entry point of the river into the lake) into a reducing medium with 

higher organic loads and more solubility of the metal sediments making the water not suitable 

for use, and  
 



 

¶ Increse in microbiological loads (10 folds) mainly due to  discharge of untreated sewage into the 

lake (sewage treatment plant under construction).  

KEY FINDINGS  - GROUNDW ATE R  

The overall mean total dissolved solids level is 385 mg/L with maximum level of 863 mg/l and a 

minimum level of 170 mg/l. This mean level is acceptable when compared to the Lebanese standards 

(still 12% exceed the standard 500 mg/l level), EPA standards and WHO guidelines recommended levels.  

All tested macro-elements and microelements fall within the set limit values recommended by these 

standards and guidelines.  

Still, high nitrate levels exceeding the recommended 10 mg/l were detected in 20% of the sampled wells 

in the areas of Housh Barada, Hezzine, Sariene, Helanieyeh and Ablah. Concurrently, relatively higher 

chloride (up to 130 mg/l) and sulfate levels (up to 64mg/l) were also detected at these sites.  This is 

mostly associated with the improper management of sewage. Moreover, one sampling site (Ablah) 

showed high levels of manganese; 2.7 folds standard level. The well water quality at this site should be 

further investigated to identify the sources of pollution.  

Additionally, the presence of fecal coliforms in 16% of samples (in comparison to 35% reported by 

BAMAS Study 2005).These findings reflect on efforts to increase the coverage of the sanitary sewer 

systems. This has reduced on the exposure of ground water aquifers to progressive contamination. Yet, 

at present, the system is still deficient and sewage outfalls continue to discharge along the water flow 

without any treatment. 

Table: Comparison of the Ground Water Quality Profile Reported by BAMAS and Present Study 2010 

Indicator  
BAMAS 2005  

Calculated from  

ground water results  

Study 2010 
Ground water  

results  

Drinking water 

standard  

   

MoE 

Lebano

n 

EPA 

 Min  Mean Max Min  Mean Max   

Total Disolved 

Solids (mg/l)  
NA NA NA 170 385 863 500 500 

pH (pH units)  6.54 6.90 7.22 6.98 7.76 8.72 6.5-8.5 6.5-8.5 

Nitrates (mg/l as N)  3 48 171 0.2 6.7 41.0 10 10 

Phosphates (mg/l)  0 0.3 12 0.1 1.2 6.43 NA NA 

Fecal Coliform 

(CFU 11/100 ml)  
0 42.8 400 0 39.2 400 0 0 

Manganese mg/l  NA NA NA 0.03 0.07 0.54  0.05 

 



 

The main finding is that water quality improvement remains minimal despite efforts to increase the 

coverage of the sanitary sewer systems; nitrate levels are still high and need to be addressed. 

 

KEY FINDINGS - SOIL AND SEDIMENT  

The survey also investigated the quality of soils and sediments (from the bottom of the river and the 

lake), which was not previously done under the BAMAS survey. Soil samples represent excellent media 

to monitor heavy metal pollution as they usually deposit in top soil. Results show the accumulation of 

the following trace metals in soils and sediments: 

Metal  Standards, according to Canadian 

Trace Metal Guideline Levels for 

Soils (mg/kg)  

% of river sediment 

samples that exceed 

standard  

% of canal sediment 

samples that exceed 

standard  

Arsenic  12 84% 92 % 

Cadmium  1.4 25 % 25% 

Copp er 63 25% 25 % 

Nickel  50 96% 100 % 

Chromium  64 92% 100 % 

Mercury  6.6 38% 25% 

Manganese 470 67% 86% 

 

This confirms the detection of these trace elements in water samples (surface water, springs, lake and 

irrigation canal).  Although the mobility of trace metals and the uptake by plants is mostly limited by soil 

alkalinity, yet crop toxicity may result. As such, trace metals are building up due to irrigation with surface 

and ground water exposed to sewage and industrial wastewater discharge and excessive use of fertilizers 

and pesticides 

Additionally, sediments are sinks for heavy metals entering rivers from anthropogenic sources, such as 

industrial and municipal wastewater effluents, land-fill leachate, and agriculture runoff. The detection of 

trace metals (arsenic, nickel, mercury and chromium) in river and lake sediment samples reflects the 

continuous exposure to pollution. Although it is well known that most potential pollutants in aquatic 

sediments are nontoxic/non-available forms, changes in ecologic settings and long term exposure may 

lead to situations where sufficient concentrations of the pollutants are released to the overlying water 

column and consequently harm aquatic organisms. Aquatic organisms can accumulate these trace 

elements and become a threat, when consumed, to human health. 

CONCLUSION  AND RECOMMENDATIONS  

The continuous exposure to pollution is disrupting the ecologic balance of the Upper Litani Basin. And 

the òcompleteó tapping of Litani springs and tributaries for irrigation is limiting the water flow and thus 



 

the ability of the river to restore its oxygen levels through self purification. This is destroying the ability 

of the ULB to handle increasingly high pollution loads provide acceptable water quality for multiple uses. 

Restoring the Litani River and its tributaries ecologic viability cannot be achieved by a single type of 

environmental intervention and should be part of an Integrated River Basin Management (IRBM) 

approach, which should include the following short and mid-term measures: 

Restore Litani River ecological wellbeing and sustainable water flow by addressing all types of 

environmental stresses, mobilizing involved communities and empowering municipalities to: 

(a) Stop the òcompleteó tapping of springs and tributaries water flow for irrigation; 

(b) Control the drilling of new wells and the overexploitation of ground water aquifers; 

(c) Enforce onsite treatment of major industrial wastewater effluents discharging into the Litani 

River and its tributaries, or into the domestic sewage networks which in turn flow directly into 

the river; 

(d) Prevent the discharge of untreated domestic sewage directly into the river and its tributaries; 

(e) Regulate the discharge of municipal and industrial solid wastes along the river water flow; 

(f) Raise awareness to reduce the over-application of pesticides. 

Protect and sustain the quality of ground water resources; the above recommended interventions 

will regulate the overexploitation of these resources and reduce the water body exposure to pollution 

sources. Additionally, the following is recommended: 

(a) Enforce existing regulations to replace leaching cesspools with waterproof and properly 

designed septic tanks; 

(b) Regulate the use of fertilizers (types and quantities applied); and 

(c) Identify and improve the monitoring of all water sources used by communities, as main and 

complementary domestic water sources, to determine water safety. 

Regulate wastewater use for irrigation; the suitability of raw untreated wastewater for irrigation is 

depends on wastewater salinity, infiltration rate, plant toxicity and other health factors. If such use is 

needed due to the scarcity of alternative water supplies, it should be regulated and restricted to crops 

presenting low risks to consumers. 

Enhance the water quality of the Qaraoun Lake; implementing the above interventions will upgrade 

the water quality of the Qaraoun Lake for various uses; especially irrigation and fisheries. Moreover, 



 

treating wastewater effluents along the lake is critical to control the levels of enriching nutrients (mainly 

phosphates and nitrates) and prevent eutrophication.  

Enhance the quality of Irrigation Canal 900; implementing the above interventions will also improve 

the quality of Canal 900 water since it originates from the lake. Additionally, the levels of added copper 

sulfate (used to control algae growth) should be monitored to prevent the progressive accumulation of 

copper in soils irrigated with canal water. 

Develop and sustain water quality monitoring programs by: 

(a) Initiating ecological studies to identify aquatic biological indicators, monitor the state of 

aquatic species, and evaluate the need to promote fisheries; 

(b) Conducting studies to evaluate the level of the risk associated with the translocation of trace 

metals into the aerial edible portions of crops grown in soil progressively exposed to wastewater 

irrigation, and surface and spring water contaminated by sewage and industrial wastewater; and 

(c) Conducting studies to evaluate the level of the risk associated with excreta pathogens in fresh 

water, sewage and on crop surfaces (e.g. Enteroviruses, Ascaris lambriocoides eggs and Entamoeba 

histolytica). 
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