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ABSTRACT 
 
 The present report is an overview of water availability and distribution, water consumption, and wastewater 
treatment trends in Lebanon. Aspects of current practices of municipal wastewater treatment are discussed in 
addition to current standards, both for disposal into surface water and the sea, and impacts in terms of water 
savings, socio-economical and environmental benefits of wastewater treatment and reuse.  
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State of the Art:  
 
 In Lebanon, like in many other Mediterranean countries particularly those of the southern and eastern basin, 
demands on water resources for households, commercial, industrial, and agricultural use are on the increase 
(Jaber, 1997; Geara et al., 2010), due to rapid population growth and demographic shifts (EMWATER, 2004; 
Geara et al., 2010). To aggravate the problem, accelerated urbanization and development of intensive 
agriculture have resulted in an inexorable pressure on limited water and land resources. In fact, the cultivable 
area is estimated at 360,000 ha, or 35% of the total area of the country. Total cultivated area in Lebanon 
accounts 247,939.50 ha, of which 104,008.7 ha is irrigated (44% of the total agricultural land). The remaining 
143,931.0 ha, or 56% of the total agricultural land, is under rain fed conditions (MoE/LEDO/ECODIT, 2001). 
Present estimates indicate that Lebanon consumes what is equivalent to one and half times the annual ground 
and surface water replenishment. This situation has led to an increased scarcity of water, overuse of 
groundwater in coastal areas and an increasing competition for water from non-agricultural sectors of the 
economy. The overuse of groundwater results in seawater intrusion into coastal aquifer, and hence an associated 
deterioration in its quality (Korfali and Jurdi, 2010).  
 If current unstained and unbalanced supply and demand practices continue, Lebanon will suffer from a 
water deficiency like most Middle East and North Africa (MENA) countries (EMWATER, 2004). In this 
context, the lack of sufficient resources make the use of wastewater (black and grey water) a necessity since 
growing urbanization increases domestic water use, but also produces wastewater that can be reused for 
agricultural purposes, and hence become an economically attractive proposition (Haruvy, 1997; Oron et al., 
1999; Qadir et al., 2010).  
 Unfortunately, what could be an economically attractive issue is turning out to be a major environmental 
hazard in Lebanon. In fact, wastewater management still remains one of the greatest challenges facing Lebanese 
people, since water supply projects have been given priority over wastewater projects (Geara et al., 2010). In the 
absence of operational wastewater treatment plants, wastewater management is considered high priority issues 
in all the administrative regions since effluents from coastal agglomerations are discharged into the sea while 
effluents from communities in the hinterlands are disposed in rivers, streams, on open land or underground (EC, 
2006). During the war years (1975-1990), and in the absence of institutional control and monitoring authorities, 
domestic wastewater in Lebanon was discharged directly into the sea without any treatment. In 1991, it was 
reported that the total volume of raw sewage generated in the country was 165 Mm3/year, of which 130 
Mm3/year is domestic wastewater and 35 Mm3 is industrial effluents. Only 4 Mm3 of wastewater is treated, of 
which 2 Mm3 is used in agriculture, and the rest is disposed in the marine environment by direct diversion to the 
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rivers, or infiltrated by deep seepage to groundwater. Environmental impacts associated with open sea disposal 
of untreated wastewater had raised international and local concerns in recent years, particularly with the ever 
continuing increase of the population and the growth of major coastal and cities in the hinterland. In the post-
war period, several actions have been undertaken by the authorities to find out immediate short-term corrective 
solutions and long-run planning strategies for the whole country. In that sense, the need for rehabilitating the 
already existing structures of wastewater collection and disposal system, and the construction of new treatment 
facilities were the government’s major concerns. 
 Present estimates indicate that 35 to 50% of the untreated urban sewage water is infiltrated to the aquifers 
due to the lack of discharge networks and wastewater treatment plants and then pumped for irrigation and 
domestic use. In fact, most towns and villages lack wastewater infrastructure except for the traditional 
household septic tanks or the method of draining wastewater into boreholes in bedrock which in turn eventually 
reaches the groundwater (MoE, 2004). Currently the use of non-conventional water in Lebanon is being 
practiced mainly in agriculture, but with ignorance of the harmful effects on human health and the environment. 
Harmful effects are mainly due to associated pathogens, and heavy metals and other undesirable constituents 
depending on the source (Qadir et al., 2007; Qadir et al., 2010). For instance, in the central Bekaa valley as well 
as in other agricultural areas in Lebanon, sewage water is used to irrigate vegetables; even those which are 
normally eaten raw, without any control and any national legislation (Dib and Issa, 2003). Risk management and 
precautionary solutions are urgently needed to prevent the adverse environmental and health impacts that result 
from ineffective wastewater irrigation practices (IWMI, 2006; WHO, 2006a).  
 Hence, this report describes the general situation of water balance in Lebanon and the current wastewater 
treatment practices and the problems deriving from the use of untreated wastewater in agriculture. The second 
purpose of this study is to define and evaluate alternatives in wastewater treatment; with the third goal being the 
discussion and recommendations of appropriate approaches to achieving wastewater evaluation policies, the  
review of the different steps necessary for the implementation of such policies; and their impacts in terms of 
water savings, socio-economical and environmental benefits. 
 
Analysis: 
 
Water balance in Lebanon 
 
 In Lebanon, the average annual rainfall is estimated at 823 mm, varying between 600 to 900 mm along the 
coastal zones to 1400 mm on the high mountains and decreasing to 400 mm in the eastern parts and less than 
200 mm in the north-east. Above 2000 m, precipitation is essentially snow which helps to sustain a base yield 
for about 2000 springs during the dry period. Rainfall occurs on 80 to 90 days a year, mainly between October 
and April. About 75% of the annual stream flow occurs in the five-month period from January to May, 16% 
from June to July and only 9% in the remaining five months from August to December. Lebanon is considered 
to have a relatively positive water balance within the MENA region. However, there are severe constraints due 
to the limited water availability during the six dry months of summer (Jaber, 1997). Annual available resources 
and estimated water consumption in the country are reported in Tables 1 and 2 respectively.  
 With 2700 Mm3 of net exploitable resources, it is evident that Lebanon will face a slight water shortage by 
the year 2015 and a severe water shortage in 2030, in spite of a water sufficiency observed in 1996. To balance 
the supply, non-conventional water resources, such as treated wastewater represent a great potential on the 
supply side. These complementary supply resources are particularly well suited for the needs of the agricultural 
sector since this sector alone consumes about 70% of the total available water. In addition, the re-use of treated 
wastewater in Lebanon, when properly managed, has the benefit of reducing environmental degradation.  
 
Table 1: Annual available resources (Million cubic meters) (MOE/UNDP/ECODIT, 2011). 

Source Mm3 
Precipitation 8,600 

Evapo-transpiration (4,500) 
Losses 

Rivers to neighbors 
Groundwater 

(1,400) 
(700) 
(700) 

Total Renewable Resources 
Surface Water 
Ground Water 

2,700 
2,200 
500 

Net Exploitable resources 2,700 
 

Greywater (GW) could be another potential unconventional water source that is generated in every house as the 
less polluted wastewater from kitchen sinks, washing machines, dishwashers, hand washing basins, and 
showers. It does not include “black” wastewater from toilets that contain large concentrations of fecal matter 
and urine. Even though its contribution to the national water budget is modest, GW is considered a tool for 
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water demand management (WDM). Treated GW can potentially be used by households to irrigate their 
backyard gardens on a decentralized basis, particularly in rural and peri-urban areas (AFED, 2010). 
 
Table 2: Estimated water consumption and projected water demand in Lebanon for 2015-2030 (Geara et al., 2010). 

 
Year 

Domestic Industry Agriculture Total 
mm3/year 

1990 271 65 875 1,211 
2007 195 – 405 36 – 65 670 – 875 901 – 1345 
2015 900 240 1,700 2,840 
2020 850 250 1,500 2,600 
2025 876 693 1,500 3,069 
2030 900 589 2,160 3,658 

 
Wastewater generation rates: 
 
 The World Bank reported that Lebanon generated in 2010 an estimated 248 Mm3/year of wastewater with 
an estimated total Biological Oxygen Demand (BOD) load of about 119,348 tons. In addition, industries 
generate an estimated 43 Mm3/year (World Bank, 2011). In the absence of wastewater surveys and industrial 
production statistics, it is difficult to estimate the composition and organic loading of industrial wastewater. It 
has been reported that the total BOD load of industrial wastewater is about 5,000 tons/year (METAP/Tebodin, 
MoE, 1998a; METAP/Tebodin, MoE, 1998b). But, domestic wastewater flow is directly related to water supply 
and consumption. Since both the networks of production and distribution are inadequate and irregular, the data 
of the flow of wastewater generated remains inaccurate since the average water supply delivery rate which is 
approximately 160 liters per capita per day (l/c/d), is influenced by additional water supplied from private water 
wells and which ultimately ends up in the sewage flow (MoE/LEDO/ECODIT, 2001).  
 However, data on wastewater can be estimated using a daily per capita wastewater generation rate 
multiplied by the number of population. The daily per capita average rate can vary with location and season. For 
estimation purposes, the present average rate that has been reportedly commonly used for Lebanon is about 120 
L/capita/day. Similar to solid waste generation, this average is expected to increase with time. A likely increase 
rate of 1.5% will bring the average wastewater generation rate up to 240 L/capita/day by the year 2040. 
 
Table 3: Characteristics and total quantity of domestic and commercial wastewater for the entire Lebanon (CDR, 2001). 

Year Population 
'000 

Wastewater 
Mm3 

BOD 
'000 tons 

COD 
'000 tons 

N 
'000 tons 

1994 3725 163 20.9 102.8 16.3 
2005 4390 226 29.0 142.7 22.6 
2015 5092 305 39.0 192.1 30.5 
2040 7388 642 82.1 404.3 64.2 

 
 On the other hand, industrial wastewater quantities are highly variable and depend on the type of industry as 
well as the industrial process itself. At present, these quantities can be estimated with little degree of certainty 
because of the general lack of regulatory monitoring and enforcement. The characteristics and the total quantity 
of domestic and commercial wastewater generated for a baseline scenario are summarized in Table 3.   
 
Wastewater collection and treatment: 
 
Black water: 
 
 Since the disposal of sewage and industrial effluents into the sea and the rivers is a common and widespread 
practice, recommendations by the World Bank focuses on the construction of sewage treatment plants for cities 
with a population over 100,000 inhabitants as a means to mitigate the effects of continuous contamination of the 
sea and the groundwater (World bank, 1994; EMWATER, 2004).  
 Thus a National Emergency Reconstruction Program (NERP) was launched in Lebanon in the postwar 
period (early nineties). This program conceived the design and construction of discharge networks of 
wastewater and the implementation of treatment plants in almost all the Lebanese coastal and inland cities. The 
program was funded through a World Bank loan. In addition, a Damage Assessment Report was prepared in 
1995 to formulate a policy framework for the wastewater sector in Lebanon (Khatib and Alami Company, 
1997). Implemented over three phases, the resulting NERP launched two programs: (a) Coastal Pollution Control 
Program (CPCP); and (b) Water Resources Protection Program (WRPP). Achievements under the NERP 
include the rehabilitation of two wastewater-pumping stations. The first was in El-Mina near Tripoli in the 
northern coast. The second was in Jounieh in the central coast. The NERP led also to the rehabilitation and 
construction of 820 km of sewer networks in different areas of Lebanon (CDR, 2001). The construction and 
equipment of the first large-scale wastewater pre-treatment plant in Lebanon was completed in El-Ghadir 
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region, few kilometers south of Beirut, as well as the rehabilitation of the associated sea outfall. This plant was 
brought into service in November 1997. NERP also implemented the installation and/or rehabilitation of sewer 
networks to serve the north Beirut area as well as the northern suburbs of the capital. 
 Additionally, during 1992-2000, the Council for Development and Reconstruction (CDR) has awarded 122 
contracts in the wastewater sector in the following categories: (a) Rehabilitation of existing sewer networks; (b) 
Water resource protection works; (c) Construction of new networks and treatment plants; and (d) Operation and 
maintenance of sewer and drainage networks. Until 2002, the facilities were limited to networks installed in the 
big cities and in some smaller ones, covering only one part of the urban area. Along the Lebanese coast, 88 
sewers reach the sea, of these 58 are domestic effluents and 29 industrial (CDR, 2002). In addition, 42 small 
treatment plants have been built in the years 2001 to 2004 with external funding directly to municipalities 
through the CDR or the MoEW with adequate control mechanisms put in place (CDR/EC, 2004).  
 By the year 2007, the country had only one working sewage pre-treatment plant for the Beirut southern 
suburb at El-Ghadir pretreatment plant (CDR, 2009) and only 66% of the population was connected to an 
improved sewer network (World Bank, 2011). However, about 12 main WasteWater Treatment Plant’s 
(WWTPs) (Figure 1) reached various steps of achievement (CDR, 2009): About seven main WWTPs (Tripoli, 
Chekka, Batroun, Baalbeck, El Ghadir, Nabi-younis and Saïda) are completed; seven others (Ehden, Laboue, 
Jbeil, Zahlé, Saghbine, Joubjanine and Quaraoun) are under construction; whereas those of Daoura and Sour are 
under design or tendering process. Only Ghadir and Saida are currently operational but both WWTPs are limited 
to preliminary treatment only as all the effluents are disposed into the Mediterranean Sea through outfalls. 
Tripoli has biological (secondary) treatment component but has not started its operations because most main 
networks (including the Qualmoun and Nahr el Bared sections) are still under construction (World Bank, 2011). 
 

 
 
Fig. 1: Wastewater treatment plants in Lebanon (CDR, 2010). 
 



2872 
J. Appl. Sci. Res., 9(4): 2868-2879, 2013 

 

 Numerous projects are still underway to construct treatment plants around the country (Table 4; Figure 1).  
 
Table 4: Schedule of main projects under preparation in the wastewater sector (CDR, 2010). 

Project Estimated value 
million US$ 

Source of funding Date expected to 
initiate work 

Expected completion 
 

 
Construction of Nahr El Bared-

Tripoli main coastal collector line 
 

16 German Agency 
(KFW) 

March 2010 December 2012 

Construction of Akkar coast 
collector networks and pre-

treatment plants 
 

26 AFSED December 2010 July 2013 

Construction of collector 
networks and pre-treatment plants 

in the coastal area of Keserwan 
 

90 EIB March 2011 March 2014 

Construction of collector 
networks and pretreatment plants 
in the coastal area of Metn (Dora) 

78 EIB November 2010 January 2013 

     
Construction of collector 

networks and treatment plant in 
Mechmech 

10.5 Italian protocol November 2010 November 2013 

Construction of collector 
networks and treatment plant in 

Bakhun-Denniyeh 
 

19 Italian protocol December 2011 December 2014 

Construction of collector 
networks and treatment plant in 

Bcharre 
 

7.50 AFESD December 2010 January 2013 

Construction of collector 
networks and treatment plant in 

Qartaba-Jbeil 

6 Italian protocol August 2010 March 2012 

 
Construction of wastewater 

networks in the coastal area of 
Jbeil 

 
 

16 

 
 

Italian protocol 

 
 

August 2010 

 
 

March 2013 

 
Construction of collector 

networks and treatment plant in 
Harajel-Keserwan 

 

 
11.50 

 
Italian protocol 

 
November 2010 

 
November 2013 

Construction of collector 
networks and treatment plant in 

Jeita –Keserwan 
 

7.50 German Agency 
KFW 

December 2011  
December 2013 

Construction of collector 
networks in the area of Al Ghadir 
river basin in districts of Baabda 

and Aley 
 

23.50 German Agency 
(KFW) 

May 2011 May 2013 

Construction of treatment plant 
and wastewater networks in both 

areas Baruk and Safa 
 

13 AFESD July 2010 August 2013 

Construction of wastewater 
networks in the coastal area of 

Chouf 
 

14 AFESD July 2010 December 2012 

Construction of treatment plant 
and wastewater networks in 

Chakra 
 

 
4.50 

 
Kwait fund 

 
 

(Implementation and management entrusted to 
the donor) 

Construction of treatment plant 
and wastewater networks in Bint 

Jbeil and neighboring areas 
 

11 Italian protocol December 2011 December 2013 

Construction of treatment plant 
and wastewater networks in 

Tibnine and its neighboring areas 
in 

Bint Jbeil 

10 Kuait fund (Implementation and management entrusted to 
the door) 
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Construction of treatment plant 

and wastewater networks in 
Hasbaya and neighboring areas 

 

8 Italian protocol December 2011 December 2013 

Construction of treatment plant 
and wastewater networks in 

Arqub 

 
6.50 

 
AFESD 

 
March 2011 

 
January 2013 

Construction of treatment plant 
and wastewater networks in Jbaa 
and neighboring areas in Nbatieh 

 

7 Italian protocol November 2010 December 2012 

Construction of treatment plant 
and collector networks in Hermel 

and neighboring areas 
 

 
20 

Italian protocol 
 

December 2011 
 
 

 
June 2014 

Construction of treatment plant 
and wastewater networks in 

Labweh and neighboring areas 
 

4.50 Iranian protocol August 2010 August 2012 

Construction of treatment plant 
and wastewater networks in 

central and northern Bekaaa in the 
Litani basin 

 

 
10.50 

 
AFESD 

 
March 2011 

 
May 2013 

Construction of treatment plant 
and wastewater networks in 

Anjar, Majdal Anjar, Bar Elias, 
Mreijat, Marej, Chtoura and 

neighboring areas 
 

 
41 

 
Italian protocol 

 
December 2011 

 
September 2014 

Construction of treatment plant 
and wastewater networks in 

Rachayya and neighboring areas 

8 Kuait fund January 2012 December 2013 

KFW: Kreditanstalt fur Wiederaufbau; AFSED: Arab Fund for Economic and Social Development; EIB: European Investment Bank 

 
 For the short term baseline of the year 2005 it was expected that about 70% of the domestic and commercial 
wastewater generated in Lebanon would be collected and treated at a wastewater treatment plant (WWTP) 
before its final disposal. This value is likely to reach 90% by the year 2030. While the type and level of 
treatment will vary depending on the geography, the majority of these facilities involve aerobic processes which 
are typically associated with no methane emissions. Furthermore, anaerobic processes may be introduced at 
some WWTPs in a hybrid fashion with the aerobic processes. The methane emitted from the potential anaerobic 
processes will be either burned or re-used as renewable energy resource at the treatment facility itself. 
Moreover, most of these WWTPs will provide secondary treatment by using a combination of extended aeration 
and activated sludge treatment technologies, which results in water that could be suitable for restricted 
irrigation. 
 
Greywater: 
 
 Greywater (GW) systems range from simple low-cost devices that divert greywater to direct reuse, such as 
in toilets or outdoor landscaping, to complex treatment processes incorporating sedimentation tanks, bioreactors, 
filters, pumps, and disinfection. Some greywater systems are home-built, do-it-yourself piping and storage 
systems, but there are also a variety of commercial greywater systems available that filter water to remove hair, 
lint, and debris, and remove pollutants, bacteria, salts, pharmaceuticals, and even viruses from greywater (Allen 
et al., 2010). The International Development Research Centre (IDRC) supported projects in the MENA region 
and has developed the 4-barrel and confined trench (CT) types of treatment systems, which are simple to use 
and have a low cost. These systems are now considered dependable GW treatment units for decentralized use. 
Their performance complies with the 2006 World Health Organization (WHO) Guidelines for the Safe Use of 
Wastewater, Excreta and Greywater, which look at health-based targets and proper management of GW, rather 
than water quality standards (AFED, 2010). 
 Experiences in Lebanon are still very scattered, but the projects already implemented have motivated 
communities and donors (AFED, 2010). For example, in Tannoura, Lebanon, people suffer from severe water 
stress. The IDRC implemented a greywater reuse pilot project in the town. Its residents have never been 
connected to a municipal piped-water network and the only public water spring is heavily polluted from 
uncontrolled sewage disposal. Women often have to carry the filled water gallons back home, either on their 
shoulders or by using wheel-barrows or donkeys. Women ended up being the main participants in building and 
maintaining greywater reuse systems, which reduced the amount of water they needed to transport. The women 
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who participated in the greywater project perceived it as a way of both reducing their work load and increasing 
their involvement in community decision making (Allen et al., 2010).  
 Another project is being undertaken that will test a system for greywater treatment and use in home gardens 
in several towns in West Bekaa. Initially, it involves the implementation of greywater treatment systems using 
trickle filters in 30 homes. The results will then be extended throughout a five-community cluster of surrounding 
villages (EAWAG/SANDEC, 2005). 
 
Wastewater reuse: 
 
 After treatment, wastewater is either reused or discharged into the environment. Through decision 8/1 
(1/3/2001), the MOE has set the National Standards for Environmental Quality (NSEQ) that covered air liquid 
emissions for all sectors. Moreover, a proposal for guidelines for the reuse of treated wastewater and sewage 
sludge for agricultural purposes has been released by FAO in 2010 and needs to be reviewed and adopted by the 
ministry of Environment, as raw sewage is still used as a fertilizer, notably in Bekaa, without any government 
oversight. Hence, highly treated wastewater effluent from wastewater treatment plants can be reused as a 
reliable source of water for agricultural irrigation, landscape irrigation, industrial recycling, reuse, and ground 
water recharge. If not reused, treated wastewater is commonly discharged into water body and diluted when 
rivers are perennial. The value of reused water would come up to about US$62.3 million, provided the WWTPs 
are running at full capacity. 
 
Sludge load and treatment: 
 
 The Sludge Management Master Plan study commissioned by CDR in 2003 estimated the quantity of 
sludge from the proposed treatment plants to reach an over-projected 334 tons of dry material per day in 2010. 
This amount, however, seemed to be inflated and was adjusted by using the estimated population equivalent for 
2010 and 2030, which produced lower loads reaching 260 tons of dry material per day in 2010 should all the 
wastewater treatment plants be in operation, and 306 tons of dry material per day in 2030 (World Bank, 2011). 
 Generally, sludge was disposed in sanitary landfills, but recent technical improvements allow adding value 
to treated sludge or digested sludge as these may be used as fertilizer or as soil amendment and conditioner, 
sludge may be treated chemically for use as landfill cover, or in landscaping or land reclamation projects. 
Thermal reduction, especially incineration, is also considered as a sludge treatment process, which consists of 
transforming the dried sludge into ash in order to minimize its volume by about 75% and its weights by tenfold 
as the process ensures the complete destruction of organic matter including bacteria, pathogens, and viruses.  
 The largest production of sludge results from large sized WWTPs which are mainly located in areas along 
the coast with limited agricultural activities; hence production of sludge along the coast, its transformation into 
fertilizers and transport to inland currently appear to be economically not feasible due to high transportation 
costs and available limited storage space. Therefore, the preferred technical option for sludge management in 
coastal areas appears to be anaerobic digestion where power can be generated to sustain the WWTP needs for 
energy. Anaerobic digestion is one of the most important biological methods used for stabilization of liquid 
organic sludge from sewage works, highly concentrated effluents from biochemical and food processes. The 
main objectives of anaerobic treatment are minimization of waste pollution potential and the provision of 
renewable energy. It is a natural process which takes place in the absence of oxygen and that results in the final 
created stabilized sludge/slurry and the biogas. The biogas is an energy source and its composition depends on 
the type of digested substrate i.e. livestock wastes normally produce biogas which contains 55-75% of methane 
(Svobada, 2003). 
 In inland WWTPs, sludge should be treated for agricultural use, as land conditioner or fertilizer on 
agricultural land. The use of an incinerator is recommended only in special situations such as when dealing with 
hospital and industrial wastes. 
 
Environmental regulatory framework: 
 
 The environmental framework of Lebanon is managed and supervised by the Ministry of Environment 
(MoE) that was created by law 216 of 2 April 1993. It was meant to be the government institution responsible 
for the development of a national strategy for sustainable development. The MoE is undergoing several review 
procedures to update the country's environmental policies and regulations including the preparation of an 
Environmental Impact Assessment (EIA) decree, as well as norms and standards for environmental protection. 
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Existing environmental legislations: 
 
 Existing laws and regulations for environmental protection in Lebanon date back to 1925. Ground and 
surface water resources have been protected since the introduction of Order No. 144 dated June 1925, which 
covered the major springs that supply the country's potable and irrigation needs. Protection against pollution was 
first addressed by Decree No. 8735 of October 1974 that prohibited the digging of wells for the disposal of raw 
sewage, and the use of sewage for the irrigation of vegetables and some fruit trees. Decision No. 52/1 of July 
1996 introduced measures to deal with the pollution of the air, water and soil, including national standards for 
drinking water, bathing water and wastewater quality. Recently, Decision No. 8/1 dated March 2001 reviewed 
the previously issued wastewater standards to cover the discharge of wastewater to the sea, to surface water and 
to sewerage systems. However, standards for the re-use of treated effluents have not been addressed. Moreover, 
for both drinking water and treated wastewater the Government did not develop any requirements with respect 
to sampling methodologies and analyses. 
 
International conventions and protocols: 
 
 In 1975, Lebanon along with 15 Mediterranean countries and the European Community adopted the 
Mediterranean Action Plan (MAP), the first-ever Regional Seas Program under UNEP's umbrella. In 1976 these 
Parties adopted the Convention for the Protection of the Mediterranean Sea against Pollution (Barcelona 
Convention). In 1995, the Action Plan for the Protection of the Marine Environment and the Sustainable 
Development of the Coastal Areas of the Mediterranean (MAP Phase II) was adopted by the Contracting Parties 
to replace the Mediterranean Action Plan of 1975. At the same time, the Contracting Parties adopted 
an amended version of the Barcelona Convention of 1976, renamed Convention for the Protection of the Marine 
Environment and the Coastal Region of the Mediterranean. 
 
Effluent discharge standards: 
 
 Wastewater is typically characterized in terms of several parameters such as: biochemical oxygen demand 
(BOD), chemical oxygen demand (COD), suspended solids (SS), and total dissolved solids (TDS). Determining 
the concentration of other parameters, such as nutrients (phosphorus, nitrate) and toxic metals also prove to be 
helpful in evaluating the methods of treatment, effluent disposal, and sludge management. Details of available 
standards of wastewater discharges into Lebanese surface water are given in Table 5. 
 Comparing the standards of environmental limit values (ELV) for wastewater discharges into surface water 
used by the Government of Lebanon with the ones mentioned in the Pollution Prevention and Abatement 
Handbook some important differences could be noted (World bank, 1999). For instance, around 40 different 
parameters are included in the Lebanese standards including almost all heavy metals. For new facilities, the 
maximum limit values required by the Government of Lebanon for some parameters such as the BOD (25 
mgO2/L) and the chemical oxygen demand: COD (125 mgO2/L) are more stringent than the ones (50 and 250 
mgO2/L for BOD and COD, respectively) specified in the Pollution Prevention and Abatement Handbook. The 
same does not apply to coliform counts where the Lebanese standards are 2,000 MPN/mL compared with less 
than 400 MPN/mL in the Pollution Prevention and Abatement Handbook. This reflects the need for a better 
assessment of the proposed Lebanese standards. 
 In coastal area, the ultimate disposal of treated wastewater is primarily to the sea. Pretreatment of 
wastewater effluents before discharge into the marine environment through sea outfalls could be performed with 
different degrees of complexity (preliminary, primary, secondary, or tertiary). Aquifer recharge is a possibility, 
which can be considered to alleviate the problem of seawater intrusion into coastal aquifers resulting from 
indiscriminate water extraction from these aquifers. In fact, seawater intrusion is often associated with over 
pumping in coastal regions, resulting in overdraft conditions and creating an inland gradient of seawater (El 
Moujabber et al., 2006). The extent of infiltration of sea water in private wells of Ras-Beirut sector of Beirut 
city and the resultant deterioration of the fresh water aquifer has been previously reported (Korfali and Jurdi, 
2010). Though WHO (2006b) does not indicate the health hazards resulting from a considerable excess in the 
ion concentration of Cl, Mg and Ca, still these ions affect the household infrastructure and impact of corrosion 
of domestic pipes. The MoE has proposed standards related to the disposal of wastewater in the Mediterranean 
Sea (Table 6). These standards dictated the treatment level required and the treatment alternatives to be 
implemented. 
 
Environmental impact assessment: 
 
 The EIA decree that was prepared by the MoE will require that an EIA be initiated during the planning 
process of both public and private development projects in Lebanon. As part of the EIA decree, two categories 
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of projects have been prepared: The Projects for the construction of dams, reservoirs and general water supply 
system are classified as Category (A) whereas others related to wastewater treatment and reuse are classified as 
Category (B). The projects of both categories would require a full environmental assessment study. Although 
the EIA decree has not been passed by the Lebanese Government, EIA studies are being undertaken for most 
projects especially those that are being funded by International Organizations. EIA are being prepared based on 
the procedures developed in the draft EIA decree, which comply with the World Bank requirements. EIA’s 
contribute to the overall coastal zone management plans by safeguarding resources and ensuring a sustainable 
approach. 
 
Table 5: Standards of Environmental Limit Values (ELV) for wastewater discharges into surface water (MoE, 2001). 

Parameter Unit ELV for existing facilities EVL for new facilities 
pH  5-9 6-9 

Temperature (C) 30 30 
BOD5 (mgO2/L) 100 25 
COD (mgO2/L) 250 125 

Total phosphorus (mg P/L) 16 10 
Total Nitrogen (mg N/L)* 40 30 

Suspended Solids (md/L) 200 60 
Detergents (mg/L) 3 3 

Coliform Bacteria (37 0C in 100 ml)  2,000 2,000 
Salmonellae  Absence Absence 

Hydrocarbons (mg/L) 20 20 
Phenol index (mg/L) 0.3 0.3 

Oil and Grease (mg/L) 30 30 
Total Organic Carbon (TOC) (mg/L) 75 75 

Ammonia (NH4
+) (mg/L) 10 10 

Silver (Ag) (mg/L) 0.1 0.1 
Aluminium (Al) (mg/L) 10 10 

Arsenic (As) (mg/L) 0.1 0.1 
Barium (Ba) (mg/L) 2 2 

Cadmium (Cd) (mg/L) 0.2 0.2 
Cobalt (Co) (mg/L) 0.5 0.5 

Chromium total (Cr) (mg/L) 2 2 
Hexavalent Chromium (mg/L) 0.5 0.2 

Copper total (Cu) (mg/L) 2 2 
Iron total (Fe) (mg/L) 5 5 

Mercury total (Hg) (mg/L) 0.05 0.05 
Manganese (Mn) (mg/L) 1 1 
Nickel total (Ni) (mg/L) 2 0.5 
Lead total (Pb) (mg/L) 0.5 0.5 
Antimony (Sb) (mg/L) 0.3 0.3 
Tin total (Sn) (mg/L) 2 2 
Zinc total (Zn) (mg/L) 5 5 

Active Cl2 (mg/L) 1 1 
Cyanides (CN) (mg/L) 0.1 0.1 
Fluoride (F-) (mg/L) 25 25 
Nitrate (NO3) (mg/L) 90 90 

Phosphate (PO4
3-) (mg/L) 5 5 

Sulfate (SO4
2-) (mg/L) 1,000 1,000 

Sulphide (S2-) (mg/L) 1 1 
*Sum of kjeldahl-N (organic N+N-NH3), NO3-N, NO2-N 
 
Table 6: Environmental limit values (ELV) for wastewater discharged into the sea (MoE, 2001). 

Parameter ELV* Parameter ELV* Parameter ELV* 
BOD5  (mgO2/L) 25 Aluminum 10 Zinc 10 
COD   (mgO2/L) 125 Ammonium 10 Silver 0.1 

TDS 60 Mercury 0.05 Barium 2 
TSS 60 Lead 0.5 Cobalt 0.5 

Sulphate 1,000 Cadmium 0.2 Detergents 3 
Grease 30 Arsenic 0.1 Cyanide 0.1 

Hydrocarbons 20 Chromium 2 Temperature 35°C 
Phosphate 5 Copper 1.5 pH, unit 6-9 

Nitrate 90 Nickel 0.5 Coliform bacteria in 100ml 2,000 
Phenols 0.3 Iron 5 Total Organic Carbon (TOC) 75 

Fluorides 25 Manganese 1   
* All units in mg/L unless specified 
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Public awareness and participation for best practices of wastewater: 
 
 Awareness and appreciation of the potential value of treated wastewater and its re-use could be achieved 
through responsible agencies to reduce health risks to the public and detrimental effects on the environment. 
Public health education is still the most realistic, (pragmatic and cost effective method to reduce risks associated 
with wastewater recycling and re-use in agriculture. In addition, the socio-cultural barriers to wastewater reuse 
for agriculture, in particular, have to be overcome with active public involvement starting with the planning 
phase to the full implementation process. In this respect public consultations from the onset will have the 
beneficial effect of involving the target populations and thus ensure their support. 
 Based on that, stakeholders and decision makers should be taking the following into consideration: (a) 
Using wastewater in agriculture is a reality that has to be accepted, based on the need for environmental 
protection; (b) Crop selection, irrigation techniques, technical assistance and hygiene conditions, proper washing 
and cooking of vegetables must be taken into account seriously; (c) Local authorities, NGO’s, and media should 
have a vital role to promote suitable water recycling and re-use in agriculture. 
 
Recommendations: 
 
 Selection of the appropriate technology for treatment and disposal of wastewater requires an in-depth 
assessment of the expected objectives. Technical and financial constraints are to be considered in the evaluation 
of alternative methods.  
A medium and long-term remedial action has to take the following into consideration: 
(a)  Given that in Lebanon sectors operate independently, it is important to develop an integrated coastal zone 
management.  
(b)  Quality and quantity of fresh water sources need to be managed sustainably. In this perspective domestic 
water sources (aquifers, springs, wells, or surface-water) will be protected against contamination by wastewater, 
and conditions for water-based recreation (swimming, boating, and fishing) will be enhanced by improvements 
in water quality and control of marine disposal.  
(c)  Development of interim national guidelines and standards of treated wastewater and sludge re-use policies 
in agriculture. This will be conducted in coordination with the designated ministries (MoE, MoWE, MoA, 
MoPH) and interested stakeholders.   
(d) Water conservation by reuse, aquifer recharge, or industrial reuse of treated effluent should be practiced 
where it is cost-effective and water resources are otherwise inadequate. Irrigation of agricultural lands by 
wastewater should be promoted provided water quality is monitored and health standards are maintained. 
(e)   Compliance with the Mediterranean Pollution Commitments (Barcelona Convention). 
(f)  The MoEW should be able to get together under one roof all stakeholders for periodic consultation and 
complementarity. This will require a public/private partnership including NGOs and involvement of the media 
 Wastewater treatment main advantage is the opportunity to reuse for effluent and sludge in agriculture and 
silviculture. Furthermore, negative impacts resulting from the plant operations are reduced by keeping the plant 
far away from urban agglomerations. The disadvantages include odor nuisance and visual impact. Mitigation 
measures include tree planting along the conveyance structures.  
 The reuse of treated liquid effluents for  irrigation purpose would provide a valuable irrigation water 
resource provided stringent effluent quality control and monitoring conditions are met in line with FAO or 
WHO standards (Marecos do Monte et al., 1996) for effluent reuse. Strict standards for unrestricted irrigation 
reuse should be adopted and respected considering the agricultural practices in the concerned areas 
(FAO/RNEA, 1992a, FAO/RNEA, 1992b; FAO/RNEA, 1992c). 
 Sludge disposal by incineration and land filling is very costly. Application of sludge in agriculture as a 
fertilizer and amendment is the preferred method due to the sludge agronomic value and the economic savings 
in disposal. The potential for effluent and sludge reuse in agriculture revealed that nitrogen content is 
considerable. Therefore, considering that the cost of applying commercial fertilizers is more economical and has 
more agronomic value, it is recommended that the sludge be provided to the farmers at no cost initially.  
 
List of Acronyms: 
BOD: Biological Oxygen Demand 
CDR: Council for Development and Reconstruction 
COD: Chemical Oxygen Demand 
CPCP: Coastal Pollution Control Program 
CT: Confined Trench 
EIA: Environmental Impact Assessment  
GW: Grey Water 
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IDRC: International Development Research Centre 
MAP: Mediterranean Action Plan 
MENA: Middle East North Africa 
MoE: Ministry of Environment 
MoEW: Ministry of Energy and Water 
NERP: National Emergency Reconstruction Program 
NGO: Non Governmental Organization  
NSEQ: National Standard for Environmental Quality 
SS: Suspended Solids 
TDS: Total Dissolved Solids 
UNDP: United Nations Development Program 
UNEP: United Nations Environment Program 
WDM: Water Demand Management  
WHO: World Health Organization 
WRPP: Water Resources Protection Program 
WWTP: Waste Water Treatment Plant 
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