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Abstract

Water is one of Lebanon’s most precious resources. Unfortunately, while
significant investments are made to tap water resources, very little is done to
preserve it. Human activities exert strong pressures on both the quantity and
quality of water resources. In addition, many activities affect the water cycle
(deforestation, dams, irrigation, drainage canals) thereby altering the conditions
for water replenishment. Continued soil erosion and loss of plant cover will lead
to scarcer water resources and poorer water quality. Water quality will not
improve until the practice of disposing untreated wastewaters on land and into
streams and rivers stops.

Lebanon is in a relatively fortunate hydrological position. It is estimated
from isohyetal maps that the yearly precipitation results in an average yearly flow
of 8,600 million cubic meter, giving rise to 40 major streams and rivers and more
than 2,000 springs.

Despite this seemingly abundant resource, Lebanon is poised to
experience a water deficit within 10-15 years, unless sound and radical water
management policies are developed and implemented. Water stress in
neighboring countries is a harsh reminder that Lebanon must rethink its water
strategy in the shortest delay possible, protect water resources and use them
more judiciously.

This study provides an indicative assessment of the water situation in
Lebanon. It describes potential fresh water resources in the country and current
uses and functions of water, it provides a coarse assessment of water quality,
including surface water, groundwater and coastal water and based on available
data.

Keywords: Lebanon, Water Resources, Water Quality, Water Pollution, Water
Policy.



Introduction

Lebanon is in a relatively fortunate hydrological position. It is estimated
from isohyetal maps that the yearly precipitation results in an average yearly flow
of 8,600 million cubic meter (Mm?®), giving rise to 40 major streams and rivers
(including 17 perennial rivers) and more than 2,000 springs.

Despite this seemingly abundant resource, Lebanon is poised to
experience a water deficit within 10-15 years, unless sound and radical water
management policies are developed and implemented. Water stress in
neighboring countries is a harsh reminder that Lebanon must rethink its water
strategy in the shortest delay possible, protect water resources and use them
more judiciously.

1. Water resources in Lebanon

1.1 Water balance in Lebanon

Several studies have estimated the annual water balance in Lebanon.
Although they contain certain inconsistencies, it is generally accepted that
approximately 50 percent of the average yearly precipitation (8,600 Mm?®) is lost
through evapotranspiration, while additional losses include surface water flows to
neighboring countries (8 %) and groundwater seepage (12 %). This leaves 2,600
Mm? of surface and groundwater that is potentially available, of which 2,000 Mm?
is deemed exploitable. Table 1 summarizes the annual water balance.

Table 1: Approximate Annual Water Balance

Description Yearly average flows ( Mm°)
Precipitation 8,600
Evapotranspiration (4,300)
Surface water flows to neighboring countries (670)
- Flow to Syria:
El Assi river 415
El Kebir river 95
- Flow to the occupied territories Hasbani river 160
Groundwater seepage (1,030)
Net potential surface and groundwater available 2,600
Net exploitable surface and groundwater 2,000

The net potential surface and groundwater available includes water
resources for which the cost of diversion/abstraction is prohibitive. The net
exploitable surface and groundwater represent the total quantity of water that
Lebanon can realistically recover during average rainfall years. It includes water
that may be too polluted to use for domestic consumption (high treatment costs).

Since the 1970s, no improvement has been made in quantifying water
resources (surface and ground water). Today’s surface water data are based on
old measurements (1960s and 1970s) and do not take into consideration the



impact of changes in land use and deforestation on aquifer recharge and surface
runoff. Nor do those data account for the reduction in spring and river baseflows
and in boreholes yields due to irrigation and other water uses.

1.2 Precipitation regime

The Meteorological Service of Lebanon is located at the Beirut
International Airport. It monitors meteorological parameters including
temperature, humidity, rainfall, wind speed and direction, sunshine hours and
barometric pressure. Prior to the war, Lebanon had more than eighty stations
spread across the country. Many were subsequently damaged during the war
and meteorological records were hence interrupted for several years. Several
stations were rehabilitated in the 1990s (some with continuous and automatic
data logging systems) and operations have resumed. In addition, several
research centers and universities operate auxiliary weather stations including the
American University of Beirut and the Saint Joseph University. The statistical
monthly bulletins published by the Central Administration of Statistics provide
meteorological records for Beirut, Tripoli and Zahle.

Precipitation in Lebanon is unevenly distributed. Up to 90 percent of total
precipitation falls between November and April. Several parts of the country
experience zero rainfall during the remaining six months, which implies the need
for water storage to supply water during dry months. River runoffs peak during
the wettest months with only small baseflows at all other times, when water is
usually most needed.

Snowmelt occurs at high altitudes and is quite abundant during high
rainfall years. For example, during the exceptionally harsh winter of 1991-2,
drivers in the area of Bsharre reported snow walls on each side of snow-cleared
road more than 15 meters high on certain segments of the road!

Annual precipitation can reach up to 2,000 mm in some areas (Bsharre
and Faraya in the western mountain range) and barely makes the 200 mm mark
in others (Aarsal in the eastern mountain range). Coastal areas experience 600-
1000 mm annual rainfall; neighboring mountain areas between 1000-1400 mm,;
and inland areas between 200-600 mm in the North and Central regions and
600-1000 mm in the South. Inter-annual variability of precipitation is also high
throughout the country (see Map 1).

Observational records for the drier inland regions show annual values
ranging from less than 30 percent to more than 200 percent of the mean value.
Such variability is more moderate in the coastal regions (+ 60-80 percent of
mean value). Figure 1 presents average rainfall in Beirut for two time periods,
1933-63 and 1961-90, and Table 2 shows recorded rainfall in Beirut, Tripoli and
Zahle for the past five years.
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Figure 1: Average Rainfall Measured at BIA During Two Time Periods

Table 2: Recorded Rainfall for Years 1996 to 2000

Station Year Average Balance
1996 | 1997 1998 | 1999 | 2000 | 1996-2000 | 1961-1990 (%)
Beirut 827 733 658 487 834 708 825 86
Zahle 798 686 533 311 614 588 NA NA
Tripoli 844 639 694 378 872 685 NA NA
@ Combating Desertification in Lebanon @

Nty of Agcains - LEBANON

Map no. 2.2 e

Carte plavismetrigie du Lian

 CoDelL

ann T2 Moy sl Ao

Gt el Goparen

e ' Annual Precipitation
- Distribution in Lebanon

0 10 0 ke

[T

ey 2

Map 1: Annual Precipitation distribution in Lebanon




1.3 Surface water resources

Lebanon has 17 perennial streams (see Map 2) and about 23 seasonal
ones. Their combined length is approximately 730 km and their total annual flow
averages 3,900 Mm?®. The 17 perennial streams are characterized in Table 3.

Table 4 presents the maximum and minimum monthly flow rates recorded
for each river. While most rivers flows peak during March and April, some may
reach maximum flow later during the year, such as the Aassi River which peaks
in July. Minimum flows are typically recorded in the months of September and
October. A perennial index was calculated to show the degree of flow variance
between maximum and minimum flow periods. The higher the index, the smaller
the variance. The Aassi River exhibits the highest flow index.
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Map 2: Major River Basins of Lebanon



Table 3: Characteristics of Lebanon’s 17 Perennial Rivers

River Description

13 Rivers Flow west from their source in the Mount Lebanon range: Ostuene, Aaraqga, El
Bared, Abou Ali, El Jaouz, Ibrahim, El Kalb, Beirut, Damour, Awali, Saitani, El
Zahrani, Abou Assouad

Kebir River Also flows west and traces the northern border of Lebanon with Syria

Litani River Drains the southern Bekaa plain, crosses the southern periphery of the Mount
Lebanon range and discharges into the sea north of Tyre

El Aassi River | Flows north into Syria draining the northern Bekaa plain

Hasbani River | Crosses the southern border and forms one of the tributaries of the River
Jordan

Table 4: Flow Data for the Perennial Rivers of Lebanon

River name Length Flow in Mm® Perennial
(km) Index
Annual Average Max Min

El Kabir 58 190 6.02 13.9 1.8 0.13
Ostuene 44 65 2.07 4.01 0.8 0.20
Aarqa 27 59 2.06 6.27 0.8 0.13
El Bared 24 282 8.94 15.2 2.7 0.18
Abou Ali 45 262 15.17 37.3 1.6 0.04
El Jaouz 38 76 2.40 6.18 0.4 0.06
Ibrahim 30 508 16.1 27.6 1.9 0.07
El Kalb 38 254 8.04 18.1 2.4 0.13
Beirut 42 101 2.59 10 0.1 0.01
Damour 38 307 13.8 32.7 0.6 0.02
El Awali 48 299 9.71 26.2 3.9 0.15
Saitani 22 14 0.73 1.3 0 0.00
El Zahrani 25 38 1.59 3.4 0.3 0.09
Abou Assouad | 15 11 0.35 NA NA NA
Litani 170 793 125 30.8 4.3 0.14
El Aassi 46 480 16.4 20.9 11.5 0.55
Hasbani 21 151 4.8 11.3 1.6 0.14

1.4 Groundwater

The estimates for the groundwater quantity available for exploitation range
from 400 to 1,000 Mm?®/year. Snow cover is a principal source contributing to
groundwater recharge. The country’s limestone formations have many fissures
and fractures, which enhance snowmelt as well as rainwater to percolate and
infiltrate deep into the ground and feed these aquifers. Ultimately, the water in
these layers either 1) remains stored in aquicludes, some may be exploited
through wells while others remain in deep layers untapped; 2) reappears as
surface waters, at lower elevations, in the form of springs that feed into rivers; 3)
forms submarine springs discharging near the coastline or the sea; or 4) is lost to
deep layers and may reappear in the groundwater of neighboring countries.

Characterization of groundwater resources in Lebanon is imperative to
determine the extent, hydrologic associations, storage capacity, quality, and
retention time in each aquifer. In this context, a number of studies have been
conducted the most comprehensive of which dates back to the 1970s.




The general repartition of groundwater along the Lebanese territory is a
direct outcome of the lithology and structure characterizing the country. Hence,
the country has been divided into two major and distinct hydrogeological
provinces: the Interior Province comprising the eastern flanks of the Lebanon
range, the Bekaa valley, and the western flanks of Anti-Lebanon; and the
Mediterranean Province comprising the western flanks of the Lebanon range
down to the sea. The line of divide between these two basins has been
delineated as a fictitious line passing through the mountain tops of Mount
Lebanon, Jabal Barouk, Jabal Niha, and the Lebanese Galilee.

In both provinces several basins were identified and are classified
according to the outcropping aquiferous lithologic formation: Kesrouan Limestone
Formation aquifer (Jurassic age), Sannine-Maameltein Limestone Formation
aquifer (two formations forming a single aquifer of Cenomanian and Turonian
age respectively), the Eocene limestone aquifer (Eocene), the Neogene and
Quaternary deposits of the Bekaa reserves, in addition to the following
formations that are of importance only in the Mediterranean Province which are
the Jebel Terbol Limestone Formation aquifer (Miocene age), the Abeih and
Mdeirej (Aptian and Albian age) groundwater reserves, the Chouf Sandstone
groundwater reserves, and the recent deposits groundwater reserves.

While the physical characteristics of these aquifers/basins are expected to
remain the same since the initial studies were conducted, much of the
hydraulic/hydrologic properties have changed due to uncontrolled groundwater
tapping.

The drastic change in topography in just a few kilometers from the coast
till the Bekaa valley and from the Bekaa valley till the summits of the Eastern
Mountain Range directly affects water table levels. The geology of the country
and mainly its structure (faults, etc.) have further complicated the issue whereby
faults may act as either barriers or preferential flow paths for water thus
segregating the same groundwater basin into sub-basins with different
groundwater table levels. Furthermore, in karst terrains, which are widespread in
the country, the hydrology is different from other types of terrains where diffuse
flow of water dominates. In karst, water tends to concentrate along specific paths
flowing in underground rivers and conduits until and through the phreatic zone, a
phenomenon whereby the traditional concept of water table does not clearly
apply resulting in the difficult task of delineating a general groundwater surface
map difficult for the country not to mention the problem of data unavailability.

2. Uses and functions

Agriculture is by far the largest consumer of water in Lebanon (as
elsewhere in the region), followed by domestic and industrial uses. Auxiliary uses
and functions of water include the generation of hydroelectricity (hydroelectric
power plants), recreation (water parks and sports), and aquaculture.



2.1 Sectoral water consumption

There have been many attempts to estimate current and future water
consumption in Lebanon. It is very difficult to determine the actual breakdown of
water consumption as a large share of water in public distribution systems are
lost through system leakages and most private wells are unlicensed and
therefore not monitored. Nevertheless, there is a general consensus that
agriculture represents between 60 and 70 percent of total water consumption.
This share is likely to decrease over coming years as more water is diverted for
domestic and industrial consumption (see Table 5).

It is also widely reported that current annual water consumption lies
around 1,400 Mm?®. However, demand forecasts are conflicting, ranging from
1,897 Mm® to 3,300 Mm? for the year 2010. Whatever the rate of increase, water
consumption remains inferior to actual water demand. In other words, if more
water was available, more water would be consumed. All forecasts however do
point to the imminence of a water deficit in Lebanon within the next 10-15 years.

Table 5: Total Water Demand by Sector

Type of Use 1990 1994 2015

Mm°/Y | Percent | Mm’Y | Percent | Mm®Y | Percent
Agriculture/lrrigation 875 72 950 74 1,700 60
Domestic 271 22 205 16 900 32
Industry 65 6 130 10 240 8
Total 1,211 100 1,285 100 2,840 100

2.2 Water supply for domestic consumption

Almost 79 % of buildings in Lebanon were connected to water supply
networks. The highest rates of connection were recorded in Beirut and Kesrouan
(93 and 94 %, respectively), while the lowest were in Hermel and Akkar (41 and
49 %, respectively). Some improvements have undoubtedly been made since,
but there is no more up-to-date information.

Water supplied to households originates from surface or ground water
resources.

Most of the country’s 15 potable water treatment plants existed before the
war and were rehabilitated and/or expanded. Between 1995 and 2001, average
water treatment capacity increased by more than 50 % (see Table 6).



Table 6: Distribution and Flow Capacity of Water Treatment Plants in Lebanon

Region Water Board Plant Capacity (m°/d)
Location/Name 1995 2001
Greater Beirut Beirut Dbaiye 230,000 430,000
Ain El Delbe Dachonieh 50,000 50,000
Hazmieh 50,000 50,000
North Tripoli Haab 40,000 40,000
Nabaa el ghar Kousba 5,000 16,000
Batroun Nabaa Delleh 3,500 12,000
Mount Lebanon | Metn El Marj lake 3,500 3,500
Jeita 16,000 17,000
Jbeil Nahr Ibrahim 4,000 16,000
South Saida Nabaa Kfarwa 8,500 8,500
Nabaa el-Tasse | Nabaa Azzibeh 4,000 4,000
Sour El Bass 6,000 12,000
Ras el Ain 13,500 15,000
Jabal Amel Taybeh 8,000 8,000
Bekaa Zahle Berdawni 10,000 10,000
Total 12 authorities 15 plants 452,000 692,000

It is difficult to estimate current levels of domestic water supply. Several
sources indicate that the target capacity is 160 liters per day per person. Actual
delivery is presumably much lower, perhaps as low as 64 liters per day in some
areas, due to high system and distribution losses. Therefore, in addition to
investing in production and treatment measures, the Government is increasingly
focusing on reducing system losses (which can reach 50 % of total supply) and
improving distribution.

2.3 Other uses of water

Not all water uses entail contamination of the water resource. For
example, water gradients generate electricity in hydropower plants and water is
also used for recreation in water parks. While these and other types of water
uses do not directly pollute water resources, they do however entail other
impacts such as reduced water flow in riverbeds and ground water mining.

a- Hydropower plants: Several rivers have been dammed to generate
electricity as early as the 1960s. In recent years however the Government has
invested significant resources to capture snow water at high altitudes to sustain
agricultural production during the dry summer period.

b- Recreational use: Water is increasingly used for recreational activities
such as swimming pools and water parks. While beachfront swimming pools
usually pump and treat seawater, inland swimming pools (villas, hotels and
country clubs) presumably tap underground water resources at liberty. Water
parks are therefore heavy water consumers and should be monitored. Waves is
one of several water parks in Lebanon built in the past few years. It is located in
Mar Roukoz/Mansourieh, on a pine forested hill. The park covers 60,000 m?, the



size of 160 basketball courts. It has three pools (wave pool, kid’s pool and island
pool), a 300-meter long, 6-meters wide river, and 2 km of slides that lead to a
common landing pool area. Water is provided by deep wells on-site.

3. Water quality

Water quality is adversely affected by industrial, agricultural and domestic
wastewaters. Leaching of pesticides and fertilizers from agriculture causes
ground and surface water pollution. Industrial activity releases a wide range of
chemical effluents into water courses, especially surface and coastal waters (see
Table 7). It is difficult to accurately estimate the pollution loads into water bodies
from various economic sectors.

Table 7: Potential Environmental Stresses on Water Resources

Economic Activity | Source of Impact Evidence of Stress
Agriculture Excessive use of surface and | Seasonal water shortages
groundwater for irrigation
Excessive application of | Possible contamination of
agrochemicals groundwater from pesticides and
nitrates
Industry Discharge of liquid waste Contamination of rivers and coastal
waters
Uncontrolled disposal of solid | Possible contamination of rivers and
waste groundwater from leachate seepage
Transport Use of leaded gasoline Lead in rivers and coastal waters
especially after storms
Disposal of waste oils Waste oil dispersal in rivers, wells
and coastal waters
Disposal of ballast water Qil slick and tar balls on shores
Energy Hydropower Intermittent drying of river beds
during summer
Thermal power plants Discharge of cooling water leads to
thermal pollution of coastal waters in
the vicinity of thermal plants,
disturbing marine ecology
Human Uncontrolled sewage disposal | Bacterial contamination of ground
Settlement and no monitoring of septic tanks | and surface water
Excessive use of ground water | Seawater intrusion in coastal areas
resources for domestic supply

Not only are data on effluent generation from industries scant and poorly
monitored, there is also insufficient data on effluent disposal routes (i.e., direct
discharge on land or into nearby water courses and the Mediterranean Sea,
indirect discharge into sewer networks, with or without pre-treatment).



3.1 Wastewater discharges

Water bodies receive or are affected by liquid effluents and solid waste
from about four million people and 22,000 industrial establishments. Domestic
effluent was estimated at 249 Mm® per year while previous reports estimated
industrial effluents at about 22.3 Mm? per year.

3.2 Quality of surface water

Surface water quality data are available from sporadic sampling activities
conducted by various institutions. Such data highlight spatial variations but do not
account for temporal variations. Temporal variations in river quality would require
continuous sampling and monitoring events— something Lebanon does not have.

In November 1999, a study conducted by the AUB/WRC assessed the
impact of waste disposal on water quality in nine major rivers in Lebanon. The
results of water and sediment samples from 65 separate sampling sites showed
generally high concentrations of BODs (up to 154 mg/l at certain sites) as well as
fecal and total coliforms. Figure 2 presents mean recorded values for BOD5 and
Nitrate levels (NOs) in these rivers. High BODs levels and coliform counts
indicate that untreated domestic sewage is directly discharged into water bodies.
High nitrate levels reflect the additional presence of diffuse sources of pollution,
such as fertilizers from riverbank agriculture. For example, along the El Kebir
River, major greenhouse systems are located immediately on the riverbank.
Concentrations of total dissolved solids (TDS), chlorides, orthophosphates and
sulfates varied from 17-464 mg/l, 8-85 mg/l, <0.1-1.72 mg/l, and 0.23-86 mgl/I,
respectively.
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Figure 2: BODsand NOs Levels in Nine Rivers (Nov, 1999)

Open dumping also impacts surface water quality. Unlike controlled
landfills, which are equipped with basal lining systems to intercept leachate, open
dumps release leachate directly into the environment. Leachate will seep into
groundwater or runoff into nearby watercourse. For example, the Litani River is



affected by leachate released from five open dumps (Baalbeck, Sifri, Barr Elias,
Zahle and Joub Janine).

The impact of open dumping at the Zahle open dump (along the Berdawni
River) was assessed. The results showed that heavy metal concentrations,
including zinc, copper and nickel, were significantly higher downstream of the
open dump. The study also found that the dump releases significant amounts of
hydrocarbons and chlorinated organic substances including alkyl naphthalene
and non-polar carbons. These pollutants indicate the presence of pesticide
residues in the dump, presumably caused by the disposal of agro-chemical
wastes. Figures 3 shows the extent of heavy metals released from the Zahle
dump into the Berdawni River.
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Figure 3: Heavy Metals Concentrations in the Berdawni River (ppb in substrate)

Lebanon does not have ambient standards for surface water quality.
Decision 52/1 (1996) does however provide minimum water quality standards for
aquatic life, including several heavy metals such as Zinc and Copper. The
corresponding limit value for both Zinc and Copper is 1 mg/l.

Swedish MVM Consult AB prepared for the MoE and the Litani River
Authority a management plan for the Litani River and lake Qaroun watershed.
Between November 1998 and May 2000, MVM assessed river quality by
conducting intermittent monitoring of the river and tributaries from 16 sampling
points. Currently, up to seven sewer networks of varying sizes discharge their
effluents into the river. Baalbek, Houch el Rafga, Qaa er Rim, Zahle, Chtoura,
Qabb Elias, Bar Elias, Joub Jannine and Qaraoun discharge untreated sewage
into the Litani or its tributaries. The river also receives industrial effluents from
sugar-beet factories, paper factories, lead recovery plants, limestone crushers,
agro-industries and poultry farms, tanneries and slaughterhouses.

3.3 Quality of groundwater

The prevalence of fissured limestone formations in Lebanon facilitates the
seepage of liquid wastes into groundwater. Point sources of pollution include the
discharge of domestic and industrial solid and liquid wastes, as well as routine or
accidental spills (e.g., leaking underground storage tanks). Diffuse sources of



pollution include mainly agrochemicals (pesticide residues and fertilizers) and
seawater intrusion (water salinization).

a- Pollution from agro-chemicals

In 1999, the AUB/WRC conducted a preliminary assessment of
groundwater quality in Lebanon. A total of 31 groundwater samples from 13
different regions were analyzed for the presence of 16 pesticide compounds,
including transformation products. The results showed that nitrate concentrations
were moderately high in the sampled wells, especially along the coast, ranging
from 0.3 mg/l in Niha to 51.9 mg/l in Choueifat (see Figure 4, numbers in
parentheses indicate number of samples).
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Figure 4: Nitrate Concentrations in 31 Wells in 13 Regions (mg/l)

The WHO and Lebanese standards for permissible NOj3 levels in drinking
water are 50 and 45 mgl/l, respectively. Generally, nitrate levels above 20 mg/I
indicate human-based pollution. Phosphate levels were within acceptable
ranges.

Pesticide residues were detected in trace concentrations: aldrin (30 % of
the sampled wells), dieldrin (12 %), heptachlor (12 %) and heptachlor epoxide (9
%). In general, however, levels were lower than the health advisory limits set by
the USEPA. In 1999, Lebanon imported 1,530 tonnes of pesticides and almost
32,000 tonnes of fertilizers.

b- Seawater intrusion

Over-pumping leads to higher chloride concentrations in groundwater.
Over pumping implies that the rate of water abstraction is higher than the rate of
recharge, leading to groundwater mining. In 1997, almost 42,000 buildings (nine
percent of all buildings in Lebanon) were equipped with private wells. Moreover,
farmers across the country (particularly in Akkar plain) are suspected of having
drilled countless more wells. A high sodium and chloride concentration in coastal



groundwater is attributed to seawater intrusion. High chloride levels in mountain
regions and the Bekaa are potentially attributed to fertilizer applications.

The 1999 groundwater screening campaign conducted in 1999 by the
AUB/WRC supports earlier assertions of seawater intrusion. Chloride
concentrations were generally above the WHO and Lebanese permissible limit of
250 and 200 mgl/l, respectively. Sodium concentrations were well above the 200
mg/l WHO standard and 150mg/ml Lebanese standards for drinking water:
sodium levels exceeded 5,000 mg/l in some wells!

Increased chloride concentrations of groundwater was also demonstrated
in the Bekaa, where the demand for irrigation water is increasing rapidly.
Farmers are digging wells at liberty, defying the most basic well standards such
as permissible depth and minimum distance between wells. Figure 5 presents
the chloride concentrations of 31 sampled wells in the Bekaa and coastal areas.

Seawater contamination of groundwater near the coast has been reported
in Lebanon as early as the 1960s. This problem has reached a new scale of
severity over the last two decades due to the expansion of coastal
agglomerations. Rural-urban migration and population growth have increased
demand for water all along the coast, and most particularly in and around the
capital. Many new urban developments (e.g., housing and recreational resorts in
mountain areas) rely in part or in full on underground water supplies. In the
absence of strict enforcement of borehole specifications and permissible
abstraction rates, the salt/freshwater interface shifts inland.
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Figure 5: Chloride and Sodium Concentrations in 31 Wells




3.4 Quality of coastal waters

Marine waters receive contaminated surface water from river outlets, raw
or partially treated domestic and industrial wastewater from the coastal zone,
agricultural runoff from coastal agriculture, leachate and drifting waste from
seafront dumps, hydrocarbons from accidental or routine oil spills, and ballast
water dumped illegally. Currently, there are about 53 wastewater outfalls along
the coast. Coastal waters are also affected by countless beachfront resorts,
numerous reclamation and sea embankment.

a- Pollution from industries and thermal power plants

A field study conducted by the AUB Water Resources Center in 2000
presented a preliminary characterization of Lebanese coastal waters. Thirty
samples were collected in September 2000 from 30 separate locations along the
coast, from Tyre to Akkar. In addition to trace levels of several pesticides, the
study found high concentrations of nickel, copper, chromium, lead and arsenic at
several locations. Seven samples were collected at or near industrial hotspots.
Table 8 presents the results of these samples as well as a background sample
taken two km off the coast at the level of Chekka. Chromium levels were highest
near the Dora industrial complex, which hosts half a dozen tanneries.
Furthermore, thermal pollution was detected near the Zouk power plant where
temperature was 1.5°C higher than the background level.

Table 8: Heavy Metal Concentrations in Marine Coastal Waters near Industrial Facilities

Industrial Hotspot Heavy metal concentration (ug/l) Temp
Arsenic Lead Zinc Chromium | (°C)
Background 5.1 2 3.8 2 28.8
Al Ghazieh 14 2 32 35 29.7
Jiyeh power plant 7.7 17 19 24 31.3
Dora industrial complex 51 2 24 100 29.1
Zouk power plant 47 2 17 81 30.3
Selaata chemical plant 10 2 9.6 36 28.7
Chekka cement plant 13 2 26 23 29.5
Akkar Future Pipes Industries 13 3 23 33 29

b- Pollution from sewage

Some 2.3 million people live in the coastal zone. They release
approximately 950,000 m* of wastewater a day, most of it ending up in the sea.
Of the 10 coastal areas monitored by the National Center for Marine Sciences,
only one station (Batroun) was deemed fit for swimming based on the
concentration of fecal coliforms. All other nine areas exceeded the WHO fecal
coliform standard for recreation waters.

Figure 6 presents BOD, total suspended solids (TSS) and volatile
suspended solids (VSS) levels in marine waters at nine different locations near
sewage outfalls. While VSS and TSS near sewage outfalls do not depart
significantly from background levels, BOD levels increase significantly (1.3 mg/l
background level compared to 30.3 mg/l near Grand Café in Beirut).
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Figure 6: VSS, TSS and BOD Levels Near Sewage Outfalls (mg/l)

C- Pollution from seafront dumps

Solid waste disposal in beachfront dumps continues in Tripoli and Saida,
but has stopped in Normandy and Borj Hammoud. Disposal of solid waste in
uncontrolled landfills and waterfront dumps exacerbate the current pattern of
seawater contamination. In the absence of clay or plastic liners, leachate seeps
into groundwater and seawater resulting in both organic and inorganic
contamination. Table 9 presents the estimated pollution loads from three major
seafront solid waste dumps. No information is available on potential pollution
loads from the Saida coastal dump.

Table 9: Potential Pollution Loads into Mediterranean Sea from Seafront Solid Waste Dumps

Parameter Normandy Borj-Hammoud | Tripoli dump Total
dump a/ dump

Dump surface Area (ha) 10 15 3 28

Leachate discharge (Mt/year) 80,000 120,000 24,000 224,000
Pollutants (concentration in leachate)

BOD(300 mg/l) 24 Mtlyr 36 Mt/yr 7.2 Mtlyr 67.2 Mtlyr

Total N (3 g/l) 240 Mt/yr 360 Mt/yr 72 Mtlyr 672 Mtlyr

Heavy metals (3 mg/l) 240 Mtlyr 360 Mt/yr 72 Mtlyr 672 Mtlyr

a/ Before rehabilitation works began (1998)

In addition to the release of leachate, coastal open dumps are also the
source of drifting debris and floating waste, which may sink to the bottom and
cover the sea floor. The Professional Divers’ Association (PDA) frequently
reports that waste covers the sea floor at many locations off the coast, reducing
photosynthesis and suffocating marine flora and fauna. Frequently observed
waste include cans, tires, plastic materials, etc. Fishers report the gradual decline
of the coralline reefs.



3.5 Quality of drinking water

Regional water authorities are responsible for procuring, treating and
distributing potable water to households. Water is either chlorinated directly at
the source (bore holes and springs) or treated at a centralized water treatment
plant However, potable water quality may then deteriorate during distribution
(cross contamination by wastewater network, rusting water conduits, etc.)
Therefore, when end-users receive potable water, in some cases it may not be
safe for consumption, potentially leading to incidences of gastro-intestinal
diseases (e.g., diarrhea, dysentery) and other infectious diseases (e.g., typhoid,
hepatitis).

Epidemiological data on infectious diseases (including water-borne
diseases) are slowly becoming available and provide some basis to assess
trends. A compilation of the number of cases of infectious diseases, published by
the Directorate of Preventive Medicine at the MOPH between 1995 and 2000,
reveals that the annual number of cases of dysentery, hepatitis A and typhoid
(leading types of water-borne diseases in Lebanon) has declined between 1995
and 2000. Regionally, however, the trend may differ. For example, while the
number of reported cases has markedly declined in the South and Nabatiyeh, the
Bekaa and North Mohafazas have experienced a sharp increase in the incidence
of all three water-borne diseases (see Table 10).

Table 10: Cases of Reported Water-Borne Diseases by Mohafaza (1995-2000)

Reported Mohafaza
diseases Beirut Mount North South & | Bekaa Unspecified Total
Lebanon Nabatiyeh
Year 2000
Dysentery | 5 17 69 5 245 13 354
Hepatitis A | 20 12 135 19 36 17 239
Typhoid 32 110 371 45 140 31 729
Average for Years 1995-2000

Dysentery | 9 47 24 314 68 18 471
Hepatitis A | 35 39 84 86 22 20 286
Typhoid 47 86 294 230 99 42 795

Actual cases are likely to be much higher than the reported cases for two
main reasons: (1) all hospitals do not report diligently all cases of infectious
diseases to the MOPH and (2) a large number of patient-cases do not go to
hospitals for treatment: these patients either consult private physicians/clinics or
stay at home and are therefore not accounted for.

Conclusion
Lebanon’s performance in water management and conservation remains

rather dismal. A large proportion of buildings (nine percent), manufacturing
industries, and farmers continue to pump groundwater at liberty and free of



charge. The environmental implications are enormous (i.e., groundwater mining,
mineral dissolution, sea water intrusion, salinity buildup in the soil). There is an
urgent need to implement existing regulations on borehole drilling and to monitor
groundwater pumping. Introducing meters and tariffs on groundwater pumping
needs to be explored seriously.

Continuous water quality monitoring is necessary to assess environmental
trends and develop targeted policies for the control or prevention of water
pollution. To date, many research centers and public institutions continue to
generate sporadic and intermittent water quality data. Such data are usually
localized in time and space and therefore do not allow for a meaningful analysis
of trends and definition of priorities. Although valuable state-of-the-art water
sampling and analysis equipment is gradually becoming available in Lebanon, no
single agency or institution has the resources necessary to monitor water quality
nationwide. Therefore, concerned public agencies, research centers, and
academic institutions need to work together to develop and implement a national
strategy for water quality monitoring that would help them meet their overall
needs and mandates and could be achieved by pooling their respective
resources.
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