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ABSTRACT 
 

This study covers Ibrahim and El Kalb Rivers, located in Mount Lebanon, at central Lebanon. These two 
rivers are emerging as part of our national heritage. They represent a very important key in our socio-economic 
and socio-geographic confrontations. Thus, due to the climate change and the stress that Lebanon embrace with 
the demographic and pollution extension, this present work emphasizes the importance of elaborating an 
inventory of water quality of these two rivers. The assessment was conducted from 2007 to 2008, covering 
almost all seasons, and located in the lower part of these two rivers. Physico-chemical and microbiological 
characteristics were considered. First, spatial and temporal variations showed that the study of each parameter 
separately is not interesting enough regarding the comprehension of the whole aquatic ecosystem. However, a 
multivariate analysis using the Principal Component Analysis (PCA) shows a great interest in exploring and 
monitoring water quality of these two rivers. The results show that El-Kalb River stations represent to a certain 
extent the worst water quality with high levels of anthropogenic and mineral characteristics, station K3 
showcased as the worst station water quality of both rivers. Luckily, Jeita Grotto, one of the most beautiful sites 
of the world, is relatively preserved from fecal contamination in contrast to what had been reported lately. 
Despite many concerns about the water quality in the coming years, due to the inability of the authorities survey 
and water scarcity, our study shows that our lotic systems are able for self-depuration processes, helping in 
sustaining its hydrological equilibrium. The introduction of chemical pollutants involves several interactions 
that help restoring the water balance. However, the microbial organisms are influenced by the environmental 
conditions, and subsequently persist in the environment by colonizing eventually the benthic surfaces, which 
represent a great risk for public health. In addition, we note that the PCA discriminates between two different 
rivers, which demonstrate the importance of using the PCA as a tool for assessing the quality of surface waters. 
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Introduction 
 

Lebanon, situated in the eastern coast of the Mediterranean Sea, is known as relatively rich in water 
resources (SOER, 2001; Jurdi, 2001; Assaf and Saadeh, 2008). Lebanon receives relatively higher levels of 
rainfall (8600 Mm3 annually) in comparison with neighboring countries in the region (Syria, Jordan, the 
occupied territories, Palestine, Egypt, Cyprus and Turkey). The precipitation gives rise to 40 major streams and 
rivers (including 17 perennial rivers) and more than 2000 springs).Eight percent of water balance in Lebanon is 
lost because the surface water flows to neighboring countries (SOER, 2001), playing a key role in the 
geopolitical steadiness of the region. For that reason, water is the most significant and compulsory limitation for 
any future development in this area (Mizyed and Haddad, 1996).  

However, Lebanon, like other countries in the Middle East, is facing a major problem of water scarcity due 
to the global warming phenomenon that the world endures (Giannakopoulos et al., 2009), and increasing in 
water pollution (Fan et al., 2010). Actually, the exponential demographic growth in the last two decades and the 
excess in water demand led to a major problem concerning water quality and thus, water availability. On the 
other hand, this problem is aggravated by a lack of waste treatment facilities, forcing the local authorities to 
discharge wastewater directly into rivers without any prior treatment (SOER, 2001). As a consequence, the 
quality of its surface water is relatively hassled by sewage from urban waste, but also from agricultural and 
industrial wastes (Fadel et al., 2000; Jurdi et al., 2001; SOER, 2001). In addition, pollution may result also from 
land use leaching which represents the non-point source of pollution, hard to encounter (Characklis et al., 2005). 
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As a consequence, some contaminants are sometimes persistent in nature, so they can have harmful impacts 
on the aquatic ecosystems. In fact, the use of agrochemicals like pesticides and fertilizers in agriculture 
represents a great source of contamination for the Lebanese surface and groundwater. On the other hand, urban 
pollution constitutes the major source of contamination in Lebanon. Actually, the presence of sewers and 
uncontrolled septic tanks and the existence of untreated household waste result in a relatively high water 
pollution (Massoud et al., 2005).The industrial pollution, however is not as important as that in the developing 
countries (SOER, 2001) because this sector is limited to small enterprises including furniture manufacturing, 
marble factories, car repair shops, etc.  

Microbial contamination of the aquatic ecosystems comprises serious consequences on human health (Kim 
et al., 2005). It has been associated with various water-borne diseases and periodic outbreaks in Lebanon (El-
Fadel et al., 2003; Harakeh et al., 2006). The adsorption of bacteria on particles suspended in water and their 
sedimentation forming the biofilm are factors that may contribute to the apparent disappearance of pathogenic 
microorganisms from the water column (Huq et al., 2008) and thus, their persistence in the aquatic ecosystem. 
The stable environment offered by biofilm may provide protection against environmental conditions and 
predatory attacks. Therefore, the microbial pattern is crucial for the surveillance, prevention and control of many 
diseases (Harakeh et al., 2006), especially into the epilithic biofilm (Ras and Lefebvre, 2011). 

Many studies and recommendations from the Lebanese Authorities underline the importance of establishing 
a database on surface water quality. This process may be possible by implementing a monitoring system of the 
Lebanese rivers and streams, due to deficiencies in water management in Lebanon. In this framework, our study 
aims to assess water quality of two main coastal rivers at central Lebanon. These two surface waters, Ibrahim 
and El-Kalb Rivers, are known for their historical overview, and today they are considered as a great tourist’s 
attraction in Lebanon. This study is intended to provide information about the state of the water quality for these 
coastal basins, and to suggest ways for a proper evaluation of the surface water quality in general. 

 
Material And Methods 

 
Description of the study area 

 
Ibrahim River: 

 
Ibrahim River, in arabic Nahr Ibrahim, is one of the largest perennial streams in Lebanon, situated in west-

central Lebanon, flowing westward and emptying into the Mediterranean Sea, north of Beirut. Two main sources 
of the river maintain the flow of water throughout the year: the source of Afqa (1200 m altitude) and the source 
of Rouaïs (1300 m) (Fitzpatrick et al., 2001). It runs for 30 km toward the sea. This research is concerned with 
the lower 10 km and comprised seven sites numbered sequentially I1 to I7 (Figure 1, Table 1).  

 

 
 
Fig. 1: Map of Ibrahim River showing the monitoring sites: stations I1 to I7, toward the Mediterranean Sea. 

 
El-Kalb River: 

 
El-Kalb River, in arabic Nahr Al Kalb, which means in English Dog River, is situated in west-central 

Lebanon, flowing westward and emptying into the Mediterranean Sea, north of Beirut. Apart from a small 
section near the coast, the river is seasonal; in summer, its only source is a spring at the Jeita Cave. The river is 

http://www.britannica.com/EBchecked/topic/372694/Mediterranean-Sea�
http://www.britannica.com/EBchecked/topic/372694/Mediterranean-Sea�


2779 
J. Appl. Sci. Res., 9(4): 2777-2787, 2013 
 
about 27 km in length. This research is concerned with the lower 10 Km downstream the Jeita Cave, and 
comprised six sites numbered sequentially K’1 to K’6 (Figure 2, Table 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Map of El-Kalb River showing the monitoring sites: stations K’1 to K’6, toward the Mediterranean Sea. 
 

Human activities and water use: 
 
At present, urban agglomerations of these two river basins do not have wastewater treatment plants and 

there are no sewerage networks in most of the urban districts. Unfortunately, wastewater is discharged either 
into individual septic tanks or directly into the river without any prior treatment. Approximately, 850 
inhabitants/km2 live in the catchments area of El-Kalb River, almost the double live in the catchments area of 
Ibrahim River. The impact of human activities is consequently more pronounced on Ibrahim River than El-Kalb 
River. The industrial activities are summarized by small industries (marble factories, food establishments, repair 
workshops, woodcrafts, various factories, etc.). Agriculture is by far the largest consumer of water in this area. 
Agricultural land use is dominated by fruit bearing trees at high altitude, citrus and banana plantation at lower 
altitude. The use of fertilizers rich in nitrogen and pesticides is large in these areas. In addition to the bad water 
management, solid waste dumping sites are spread throughout the area, especially at river edges in unreachable 
regions, with little or no consideration given to environmental impacts. 

 
Sampling and Analysis: 
 
 Sampling methods: 

 
Water samples were collected on each sampling station for both rivers. The sampling and transporting 

procedures were conducted as recommended by the French standards AFNOR (Association Française de la 
Normalisation, NF T90-100). 

A total of seven stations were selected throughout Ibrahim River and six stations on El-Kalb River (Table 
1). They are located in locations with great interest from tributaries that could have important impacts on water 
quality determination.  

Our sampling campaigns took place from December 2007 to July 2008. A total of 10 sampling campaigns 
were conducted with an average of one sampling every three weeks. 

At each site, 1000 mL of water were collected directly into polyethylene bottles for the determination of 
physico-chemical parameters and 500 mL of water were collected into sterile amber glass bottles for 
microbiological tests. The samples were then stored at 4°C and transported directly to the laboratory.  

In parallel, sediments were sampled form 0 to 10 cm depth by using sterile polyethylene containers with 
100 mL capacity. The samples were stored at 4°C and transported directly to the laboratory. 
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Table 1: Description of the studied sites: Stations K’1 to K’6 for El-Kalb River, stations I1 to I7 for Ibrahim River. 

Station River  Coordinate Characteristics 
K’1 El-Kalb 33o56'36''N - 35o38'40''E Jeita Grotto exit 
K’2 El-Kalb 33o56'36''N - 35o38'40''E A water station next to the grotto 
K’3 El-Kalb 33o56'54''N - 35o37'19''E 200 meters near a zoo 
K’4 El-Kalb 33o56'57''N - 35o36'51''E Near Janat El Naher restaurant 
K’5 El-Kalb 33o57'05''N - 35o36'40''E Near a training courtyard for dogs 
K’6 El-Kalb 33o57'28''N - 35o35'59''E 200 meters from the Mediterranean sea 
I1 Ibrahim 34⁰04’30,2’’N - 35⁰43’49,7’’E Next to a water station 
I2 Ibrahim 34⁰04’05,1’’N - 35⁰39’28,3’’E Next to a marble industry 
I3 Ibrahim 34⁰03’36,1’’N - 35⁰38’54,7’’E In the center of habitations 
I4 Ibrahim 34⁰03’55,8’’N - 35⁰38’38,1’’E Near a botanical garden 
I5 Ibrahim 34⁰03’55,5’’N - 35⁰38’38,0’’E Close to a tourist area (swimming / 

camping) 
I6 Ibrahim 34⁰03’55,8’’N - 35⁰38’38,1’’E Under a bridge 
I7 Ibrahim 34⁰03’55,12’’N - 35⁰38’38,5’’E 200 meters from the Mediterranean sea 

 
Water analysis: 

 
The list of physico-chemical and microbiological analysis are realized on those samples according to the 

French standards AFNOR (AFNOR, 1994). In situ, several indicators were measured, such as the pH, 
temperature (Temp) (°C), conductivity (Cond) (µS/cm), and turbidity (Turb) (NTU). Samples were also 
analyzed in the laboratory to determine the total alkalinity (TAC) (mg/L), suspended solids (SS) (mg/L) and 
calcium (Ca) (mg/L). The concentrations of several ions were also measured such as nitrate nitrogen (NO3--N), 
ammonia nitrogen (NH3--N), ortho-phosphates (O-PO3

-), sulfates (SO4
2-), chloride (Cl-), silicates (SiO2) at mg 

per liter, noting that dissolved organic materials were analyzed by the absorbance 254 (Abs254) due to the lotic 
nature of Lebanese streams and nearly absence of this parameter. 

The microbiological water analysis was conducted to investigate the presence of total germs (TGw) 
(FCU/1mL), total coliform (TCw) (FCU/100mL), fecal coliform (FCw) (FCU/100mL) and fecal streptococci 
(FSw) (FCU/100mL). 
 
Data management and Analysis: 

 
As there is enough data for these two rivers, the objective of the analysis is the establishment of water 

quality database. The results of our study are treated using the following statistical approach: first, the data 
analysis relying on space and time evolution of each parameter will be studied using histograms and box plots 
that will allow a preliminary comprehension about our data state. Second, a multidimensional analysis is 
performed using the Principal Component Analysis (PCA) with SPSS 16.0 software (Parinet et al., 2004; Lhote, 
2004; Daou, 2006). PCA seeks to establish combinations of variables capable of describing the principal 
tendencies observed while studying a given matrix. In mathematical terms, PCA relies upon an eigenvector 
decomposition of the covariance or correlation matrix. Generally, while dealing with environmental data, the 
distribution among components is relatively well spread-out. The problem is thus to discard, or not, some of the 
components based on the fact that they are artificially formed by very few items, which moreover already stood 
out in one or more of the first components. In this study, only factors exhibiting an eigenvalue of over 1 was 
retained. The correlation matrix was used since the units or the variables are greatly different. Also, a varimax 
rotation is performed to address the problem of variables loading moderately (or equally) on one or more of the 
axes. A secure increased Principal Components (PCs) chemical/environmental significance is the consequence 
of this rotation on the interpretation of the results. After verifying that the data exhibit linear relationships to the 
dependent variable, different PCA were run using the same data but in differently built databases, in relation 
with the goal addressed (Bengraine and Marhaba, 2003; Fan et al., 2010, Olsen et al., 2012). 

 
Results And Discussion 

 
Space-time study of some physico-chemical parameters: 
 

Some of the main results obtained from analytical measurements are discussed primarily on their space-
time variations of the Ibrahim and El-Kalb Rivers, taking into consideration the following criterions: i) both 
river basins are neighboring, situated in the coastal zone of Lebanon, at central Lebanon, ii) both have almost 
the same profile; the source is at high levels and the river crosses the coastal mountains in narrow valleys with 
steep profiles. These variable geomorphologies create similar microclimate in each level of the rivers and thus, 
influence surface water quality.  

 



2781 
J. Appl. Sci. Res., 9(4): 2777-2787, 2013 
 

 
 

  

 
 

  
 

Fig. 3: Means and standard deviations of temperature, pH, conductivity and nitrate for stations K’1 to K’6 of El-
Kalb river (left) and stations I1 to I7 for Ibrahim river (right). 

 
In order to evaluate the water quality of these two rivers, some of the parameters measured are studied 

separately (figure 3). The first parameter directly influenced by these variations is the water temperature which 
plays an important role in determining the aquatic life. Its fluctuation is based on seasonal climate variation, 
altitude and sun exposure. In fact, the last station shifts about 2°C comparing to the first station with a maximum 
average of 17.6°C. This is true for the two rivers, except the station 2 of El-Kalb River situated in Jeita Grotto 
where the temperature is relatively constant all over the year. pH is influenced by the geological nature of the 
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soil and by different physico-chemical and biological reactions occurring in water. In addition, the 
anthropogenic wastes can play an important role in the variation of pH values. The pH of Ibrahim and El-Kalb 
Rivers is generally alkaline with an average around 8. The water loads gradually as it passes through the soil, 
especially from mineral substances of endogenous origin. The presence of a marble factory at station 2 of 
Ibrahim River explains the rise of pH to 8.5 compared to other stations. The conductivity is also influenced by 
the soil nature and leaching as well as by the anthropogenic inputs. The profiles of both rivers are not ascendant 
due to the geomorphology of the rivers transformed to a lentic system at sea level. However, station K’2 
represents the lowest level of conductivity due its location in the Jeita Grotto. Nitrogen in water can have an 
organic character from the nitrogenous waste sewage or animal waste decomposition. Nitrogen can also have a 
mineral character (ammonia, nitrite and nitrate) resulting from the mineralization and oxidation of industrial and 
agricultural nitrogen sources. Concerning these two rivers, stations 1 show relatively high rates of nitrate. But 
the values are still acceptable according to the international standards and French Water Quality Evaluation 
System (SEQ-Eaux: Système d'Evaluation de la Qualité des Eaux, français). 

The ammonia nitrogen of surface water can originate from natural plants and animals waste 
decomposition. Ammonia is converted to nitrate and nitrite oxidation and its concentration in surface water is 
normally low (less than 0.4 mg/L for both rivers, data not shown here). Phosphate source may be natural 
(calcium phosphate) or from fecal, industrial or agricultural contamination. It plays an important role in 
eutrophication. Fluctuating values of phosphate across the Ibrahim river are slightly low (from 0 to 0.05 mg/L) 
comparing to values obtained in El-Kalb river (from 1.37 to 6.07 mg/L) (data not shown). The latter one is 
influenced by tourism, including restaurants nearby. Regarding this parameter for El-Kalb River, SEQ-Eaux 
classifies this water as a water of a very good quality.  

 
Space-time study of microbiological parameters: 

 
It is well known that bacteria play an important role in maintaining the balance of the hydrodynamic 

environment regarding the capacity of self-depuration of a river, unless some anthropogenic microorganisms are 
released in the environment and thus disturb this water balance. These microorganisms can cause disease and be 
harmful to public health by colonizing the epilithic biofilms. Since the detection of these pathogens is difficult, 
indicators of fecal contamination were selected to assess water quality, like fecal coliforms and Escherichia coli 
(ISO / LIBNOR). The bacterial profile increases continuously in the number of bacteria from station 1 to the last 
stations for both rivers. However, this increase is remarkable in the box plots which rise considerably from 
upstream to downstream (Figure 4). These variations on all stations do not only reflect seasonal impact but also 
highlight the anthropogenic inputs noting also minor deviations related to the analytical methods. In general, 
bacterial detection is more important in summer than in spring and winter for both rivers. This could be related 
to the dilution effect due to the melting snow and to more rain in spring and to the concentration effect in 
summer because of dryness and high temperature (30⁰C).The first station seems the less charged compared to 
other stations for Ibrahim River. However, El-Kalb River seems to undergo more fluctuations due to severe 
shortage of the river in summer and autumn.  

Microbial partitioning depends on suspended solids load in water column, which is more important in El-
Kalb River than Ibrahim River. In fact, microbes in water column may associate with particles or remain in the 
‘‘free’’ phase, with the free phase including organisms that exist individually or as agglomerated groups 
(aggregates) (Characklis et al., 2005).We note here that the total and fecal coliforms classify the two rivers in 
the area of poor to a very poor water quality, excluding their use for drinking water production. 

 
Statistical approach: 

 
The above results show the complexity of understanding surface water quality based on the interactions 

between all parameters at once. Therefore, multivariate statistics could be very useful. This is the aim of 
facilitating data interpretation and in particular the interaction between bacterial life and physico-chemical water 
behavior. To examine the suitability of the data for principal component analysis, Kaiser-Meyer-Olkin (KMO) 
test is performed. KMO is a measure of sampling adequacy that indicates the proportion of variance which 
might be caused by underlying factors (Shrestha and Kazama, 2007). High value (close to 1) generally indicates 
that principal component analysis may be useful, which is the case in this study: KMO ≈ 0.7. The significance 
level which is 0 in this study (<<0.05) indicates that there are significant relationships among 
variables.Therefore, results are presented using the Principal Component Analysis (PCA). Rotation of axis 
defined by PCA produces a new set of Principal Components (PCs), minimizing the contribution of less 
significant variables (Bouza-Deano et al., 2008; Razmkhah et al., 2010).  
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             (a) 

(b)  
 

Fig. 4: Box plots of fecal coliforms (a) and suspended solids (b) of Ibrahim and El-Kalb at all stations 
throughout the study period. 

 
If one considers all the data at once for both rivers, the rotated component matrix (Table 2) shows that the 

first component is defined by anthropogenic characteristics like ammonia, fecal streptococci, total germs, Abs 
254 nm, while the second component has mineral characteristics like alkalinity, silicate, conductivity and 
calcium. 

 
Table 2: Loading of 18 variables on 6 principal components for river water samples from Ibrahim and El Kalb Rivers considered jointly. 

  Component 
  1 2 3 4 5 6 
NH4 0.90 0.05 0.13 0.02 0.30 0.06 
SFw 0.88 0.11 0.15 0.04 0.29 0.09 
TGw 0.79 0.05 0.11 0.06 0.55 0.09 
Abs254 0.62 0.26 0.06 0.05 0.11 0.25 
Cond 0.62 0.50 0.32 0.20 0.04 -0.22 
pH 0.61 0.34 0.44 0.05 0.03 0.03 
Alkalinity 0.11 0.92 0.03 0.12 0.09 -0.03 
SiO2 0.02 0.83 0.35 0.00 0.19 -0.06 
Ca 0.04 0.65 0.41 0.37 0.12 -0.28 
SS 0.06 0.13 0.94 0.02 0.06 -0.06 
Turb 0.27 0.09 0.91 0.03 0.03 -0.09 
PO4 0.09 0.15 0.05 0.85 0.01 -0.01 
NO3 0.02 0.16 0.01 0.80 0.09 0.05 
Cl 0.30 0.19 0.15 0.74 0.07 0.24 
TCw 0.17 0.11 0.05 0.03 0.76 0.05 
FCw 0.15 0.14 0.00 0.07 0.75 0.08 
Temp 0.07 0.04 0.11 0.05 0.09 0.90 
SO4 0.39 0.51 0.03 0.06 0.18 0.61 
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Figure 5 displays a plot of Ibrahim and El-Kalb stations together on the bidimensional plane defined by the 
first two components. This representation shows an obvious discrimination between the two rivers water quality, 
creating two independent clusters. From this figure, it can be concluded that El-Kalb River stations explain 
somewhat the two components loads and shows to a certain extent the worst water quality with high levels of 
anthropogenic and mineral characteristics, station K’3 showcased as the worst station water quality of both 
rivers. 

 

 
Fig. 5: Representation of River water quality stations of Ibrahim River and El-Kalb River defined by the first  
            two components. 

 
In order to determine the trophic status of each station, a PCA was conducted for each river separately. The 

first two PCs explain about 35% and 40% of the rotated total variance explained for Ibrahim and El-Kalb Rivers 
respectively. The results of rotated component matrix are given in table 3. 

The first component in this matrix of Ibrahim River (Table 3a) describes physical and mineral character 
(Cond, Alkalinity, Ca and Temp), while the second one is exclusively bacteriological (TGw, FCw, FSw, TCw).  

Concerning El-Kalb River (Table 3b), the first component determines more slightly the anthropogenic 
characteristics (NH4, FSw, TGw, SO4, Abs 254 nm, Cond, SiO2). The second component is described by total 
alkalinity, Calcium, Temp with SiO2 which are features of autochthonous characteristics.  

 
Table 3: Loading of 18 variables on 6 principal components for river water samples from Ibrahim and El Kalb Rivers. 

a) Ibrahim River Component 
  1 2 3 4 5 6 
Cond 0.88 -0.05 0.04 0.15 0.04 0.09 
Alkalinity 0.82 -0.10 0.08 -0.02 -0.08 0.00 
Ca 0.69 0.04 -0.30 -0.01 0.09 0.13 
Temp -0.62 0.29 0.21 0.31 0.26 0.37 
TGw -0.05 0.89 0.13 -0.04 -0.03 0.10 
FCw 0.13 0.85 -0.04 -0.10 0.09 -0.08 
FSw -0.36 0.71 0.20 0.27 -0.09 0.13 
TCw -0.50 0.57 0.19 0.09 0.29 -0.07 
SS 0.05 -0.07 -0.74 0.16 -0.03 -0.15 
Turb 0.01 -0.11 -0.71 -0.36 -0.13 -0.05 
SiO2 -0.20 0.20 0.64 0.09 -0.15 -0.25 
Cl 0.30 -0.23 0.43 0.14 -0.07 0.31 
NO3 -0.11 -0.01 0.05 0.74 0.06 -0.15 
pH -0.48 -0.03 -0.07 -0.64 0.12 -0.04 
NH4 0.08 0.04 -0.06 -0.04 0.86 -0.10 
SO4 -0.46 0.01 0.14 0.14 0.62 0.35 
PO4 0.07 0.14 0.11 -0.30 0.05 0.76 
Abs254 -0.10 0.12 0.39 -0.20 0.30 -0.47 
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b) El-Kalb River Component 
  1 2 3 4 5 6 
NH4 0.91 -0.04 0.178 -0.01 0.12 0.277 
FSw 0.87 -0.06 0.207 -0.09 0.118 0.29 
TGw 0.766 0.02 0.183 -0.11 0.471 0.308 
SO4 0.737 0.196 -0.37 -0.18 0.168 -0.07 
Abs254 0.677 0.18 0.094 -0.07 -0.15 -0.1 
Cond 0.642 0.467 -0.21 0.236 0.13 -0.22 
Alkalinity -0.13 0.875 -0.14 -0.21 0.071 -0.07 
Ca 0.268 0.729 -0.19 0.021 -0.1 0.386 
Temp 0.234 0.649 -0.14 -0.31 0.338 0.077 
SiO2 0.589 0.6 -0.01 0.091 0.044 0.033 
SS -0.1 -0.18 0.93 -0.05 -0.02 -0.05 
Turb 0.155 -0.25 0.904 -0.06 -0.01 0.046 
pH -0.5 -0.16 -0.66 0.177 -0.11 0.098 
NO3 -0.06 0.14 -0.02 0.901 -0.02 -0.1 
PO4 0.115 -0.19 -0.21 0.823 -0 -0.05 
Cl 0.31 0.333 -0.04 -0.8 0.127 0.02 
TCw 0.138 0.124 0.005 -0.06 0.926 0.146 
FCw 0.144 0.109 -0.06 -0.14 0.189 0.873 

 
Figure 6 displays two plots of both River water quality stations, represented by components 1 and 2. The 

figure 6a shows that we can distinguish three independent clusters of Ibrahim River stations. The stations I7 and 
I1 are well differentiated. The other stations from I2 to I6 occupy an area of the plane positive for mineral 
component and negative for bacteriological component, indicating that their water features were almost similar; 
although they can be differentiated during an approach which does not take into account the stations I1 and 
I7.The station I7 is marked by mineral and bacteriological characteristics related mainly to high anthropogenic 
inputs of the Metropolitan City downstream the river.  

The mineral characteristics are not only due to soil erosion, but a significant part is related to discharges of 
marble factories located at the River edge. Station 1 has bacteriological characteristics mainly and negative 
score to the mineral component, due its location upper stream, away from the impact of these plants. 

Concerning El-Kalb River, four independent clusters are distinguished in figure 6b. As expected, station 
K’1 which comes from the famous Jeita Grotto shows high level of minerals, due to the dissolution of stalactites 
and stalagmites, away from anthropogenic input. Station K’2 located in the negative score of both components 
shows the best water quality among El-Kalb River stations, while station K’3 represents the worst water quality 
because of its location defined by anthropogenic aspect. Stations K’4, K’5 and K’6 are poorly located on the 
plot, which suggest that they are not defined by the parameters measured in this study. 

 
Conclusion: 

 
In conclusion, the development of a surface water monitoring network is a critical element in the 

assessment, restoration, and protection of stream water quality. This study applied principal component analysis 
(PCA) techniques and evaluates the effectiveness of the surface water quality-monitoring network in a river 
where the evaluated variables are monitoring stations. The advantage of PCA is that it takes into account all 
correlations between different parameters and helps to explicitly define the trophic status of each station 
considered separately. These results show that PCA has discriminated between the two rivers, and allowed to 
discriminate between samples in each river. The downstream part of Ibrahim River is obviously contaminated 
by minerals due to human activities nearby, while the El-Kalb River is more affected by the anthropogenic 
input. The Jeita Grotto, which is one of the most beautiful sites of the world, is relatively preserved from fecal 
contamination in contrast what it has been reported lately. Finally, performing PCA is of great interest to help 
identifying water status in each river basin. This study has shown that PCA techniques are useful tools for the 
identification of important surface water quality monitoring stations and parameters. 
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(a)  
 

(b)  
Fig. 6: Representation of River water quality stations of a) Ibrahim River and b) El-Kalb River on the  
            bidimensional plane defined by the first two components. 
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