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Abstract 

In Lebanon, water quality is recognized by the mere aspect of the physio-chemical quality. This 

ecological study represents the first one that focusing on the evaluation of water quality of 

Ghouzaiel (main tributary on left bank of Litani River), a stream of an arid plain of the Eastern 

Mediterranean (Lebanon), that subjected to different types of disturbances. Depending on 

macrophyte communities using the IBMR (Biological Macrophytes Index for Rivers) and 

physical-chemical parameters using SEQ-Eau index, the water quality is measured by these two 

indices used in France and the different values obtained were discussed. The comparison of the 

indications provided by these two indices clarifies variations, which are important in fresh water 

quality analysis to determine the nutrient situation of the river. IBMR is presented as being more 

sensitive to pollution and eutrophication in space and time while the SEQ-EAU reflects the 

trophic state of various sectors in a better way. 
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INTRODUCTION 
In the field of water management,  physio-chemical quality of water is the sole aspect that 

determines the river's quality. This analysis has some limitations due to the timely information it 

provides in space and time. Accordingly, it does not fit to analyze some sudden or very short 

term pollution. In reality, the river, as any other ecosystem, is "a system of complex interactions 

between species and of these with the environment" (Frontier & Pichod-Viale, 1995). 

Functional knowledge of the ecosystem that incorporates interactions between species and 

environment enables - In case of modification in the environment- to perceive the effects of this 

modification (Cairns et al., 1993). It follows that any change of a compartment will influence 

the function of other compartments (Ismaïl et al. 2015) by acting, in particular, on the structures 

of biological communities (Bernez, 1999). Thus, the use of biological communities, to analyze 

the health status of aquatic ecosystems, has been gradually imposed since aquatic organisms 

amplify discrete pollution and integrate spatial and temporal variability by their prolonged or 

constant presence in the water. Among biological communities, macrophytes can indicate the 
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quality of river environments (Bernez 1999). They are often used for monitoring heavy metals 

and other pollutants found in water and submerged sediments (Siba et al. 2010). Considering 

certain macrophytes species presents a differentiated responses to the ecological factors. Many 

authors proposed their use (macrophytes) as indicators of water quality (Empain et al. 1980 and 

Haury et al. 1996). In this context, a group of French scientists set up Biological Macrophyte 

Index for River (IBMR) and it was standardized (AFNOR, 2003). This Index was used for the 

first time in Mediterranean ecosystem in 2004 (Abou-Hamdan 2004) and in Lebanon on upper 

Litani river in 2008 (Ismaïl, 2008). It showed then a good result that completed those which were 

provided by the physical and chemical analysis. This work develops the results obtained from 

the calculation of two indices, applied to two different compartments of the Ghouzaiel a 

plain stream at the Bekaa region (Lebanon, Eastern Mediterranean) subjected to natural and 

anthropogenic disturbances.  The Quality Evaluation System of water for rivers (SEQ-Eau) 

developed by a French water agency (MEDD & Water Agency, 2003) and the biological 

macrophytes index for river “IBMR” (AFNOR 2003) were simultaneously measured at three 

stations of the Ghouzaiel stream, surveyed over 12 campaigns, from April 2009 to May 2010 

inclusive, and their indicative values were compared. 

 

STUDY SITE 

River Ghouzaiel has its source at the bottom of western side of “Anti-Liban” at an altitude of 

884 m. After a course of 18 km, it flows into Litani River at an altitude of 862 m. In this river, 

the slope is gentle and the substratum is generally fine. From the source to the confluence with 

Litani river three stations have been studied (G1, G2 and G3) (Figure 1). 

G1 (Crenon) is located at Anjar source (primary source of Ghouzaiel River) at an altitude of 

884 and two km away from Anjar village. This station represents a basin of 30 m width and 20 

to 115 cm depth. Though water is completely clear and transparent, we detect the presence of 

some plastic bags, seemingly due to tourists' activities which occupy the area during summer in 
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Figure 1. Map of the studied area in Bekaa region (Lebanon) shows the location of Ghouzaiel 

river and study sites 
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particular. The riverside vegetation has reduced on this site what supports, along with the nature 

of substratum (fine) and the low velocity, the development of macrophyte.  

G2 (Rithron) is located at four km away from Anjar source, at an altitude of 875 m. The average 

width of the river bed at this point is 35 m and its depth varies from 30 to 100 cm. this site is 

enclosed, on both banks, by agricultural lands. The water is clear and transparent. We note the 

presence of several pipes which pump the water directly from the river. The riverside vegetation 

is absent. Macrophytes are well- developed in this sector. 

G3 (Potamon) is located at 16 Km remote from Anjar source, at an altitude of 870 m. In this 

sector, the river is dammed. The average width of the river bed at this point is 8 m whereas the 

depth varies from 20 to 250 cm. This sector is surrounded by an agricultural land on the side of 

its left bank and by a small farm on the side of its right bank. The riverside vegetation is absent. 

Macrophytes are well- developed in this sector. 

MATERIALS AND METHODS 

The following physical parameters were determined in situ in each station: depth (with a ruler), 

temperature, dissolved oxygen, pH, conductivity, Total Dissolved Solids (WTW analyzer), the 

current velocity (FLO- MATE,   portable   Model   2000) and the granulometry of the substrate 

(fine = lime, silt, sands; coarse = gravels, pebbles and boulders)  .   In   addition,   seven   

abiotic parameters of water were analyzed at the laboratory such  as  NO2,  NO3,  NH4,  PO4,  

BOD5,  Mineral Suspension Matter (MES mn) and Organic Suspension Matter  (MES org),  

using  the  SEQ-Eau  protocol recommended by the French Water Agency (SEQ-Eau 2003). 

Indications for IBMR (AFNOR, 2003) were observed during the study to assess the water 

quality of these different streams: a standard sampling unit within an area of 100 m
2
 was used to 

study the macrophytic communities (Abou Hamdan et al. 2005, AFNOR 2003). To evaluate the 

percentage rate of macrophytes coverage, each station was divided into plots of 4 m
2
. A detailed 

inventory of the flora was drawn in each plot and the percentage rate of coverage for each 

macrophyte type was estimated visually. For this purpose, each plot was divided into 16 

subplots (2500 cm
2
 in size). A value of 2% was applied to all the species having a cover less than 

5%. To make sure that no floristic information is lost, surveys were carried out over a distance of 

100 m (Abou-Hamdan et al., 2014). Following, 12 sampling campaigns were carried out at each 

station from April 2009 to May2010: at monthly intervals from April to October, and every two 

months from the end of November to February. 

 

THE RESULTS 

1. Physical chemistry of water and the SEQ-EAU index  

The average and extreme values of the physio-chemical descriptors analyzed at stations G1, G2, 

and G3 are shown in Table 1. In all stations, water is slightly basic; this is directly related to the 

water-rock interaction in the river bed (rocks are primarily limestone and dolomite). The 

temperature increased from G1 to G3 showing the highest value at G3. The depth is greater in G3 

because of the sharp slope of river bed and the channelization work carried out in this region. The 

total suspense matter concentration is very high in G3 whereas its concentrations are low in the 

other two stations. 

Moderate values of conductivity and TDS for all studied stations show that the water is slightly 

mineralized. In addition, the concentration of TDS and conductivity evolve in the same way 

showing an increase from G1 to G3. Nitrate concentrations are below the permissible limit in 

drinking water (Nisbet & Vernaux, 1970 – EU requirements) with a higher value in G3 (20.3 

mg/l). The other measured anions including phosphate, sulphate and nitrite increased from G1 to  
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G3. The BOD increased from G1 to G3 while oxygen concentration decreases showing the 

lowest value at G3. The direct discharge of farm wastes and the proximity of the main road 

contribute to anthropogenic inputs elevating the measured physical and chemical parameters in 

G3.  

The substrate granulometry is finer at G3 (fine = 96;, coarse = 4%) than G2 (fine = 84 %; coarse 

= 16 %) and G1 (fine = 75 %; coarse = 25%). These substratum characteristics, together with the 

high level of physical and chemical variables, are suitable for the proliferation of plants, such as 

macroalgae and phanerogams. 

The SEQ Water Index (SEQ-Eau) is calculated from the values of 12 physical and chemical 

components, obtained by field and laboratory analysis (according to the standards recommended 

by this method of analysis). The index grades range from 0 to 100. The water quality is 

described with 5 quality  classes:  80  < very  good   ≤100;   60  <good   ≤  80;  40 

<acceptable ≤ 60;  20  < bad  ≤ 40;  0 ≤ very  bad  ≤ 20.  Results obtained after index 

calculations are presented in Table 2. 

The water quality is always good (grades of index vary from 62 to 76). Crenon (G1) has good 

quality water throughout the year (grades of index vary from 70 to76). Rithron (G2) has water 

of good quality (grades of index vary from 62 to 76) with an increase in water quality, 

occurring specially in 2010, with a highest grade at January. Potamon (G3) conserves a good 

water quality grade with a small degradation in this quality by comparison with G1 and G2. 

This degradation is manifested throughout the study (grades of index vary from 62 to 66). 

 

Table 2. Spatio- temporal variation of water quality in the three surveyed stations according to the 

index SEQ-EAU 2003. (S.D = Standard deviation) 

  

2009 2010   

Apr. May June July Aug. Sep. Oct. Dec Jan. Mar. Apr. May Mean S.D. 

G1 72 72 74 74 74 72 70 76 76 70 74 76 73.3 2.1 

G2 66 66 64 64 64 66 64 72 76 72 70 68 67.6 3.9 

G3 66 62 62 62 62 64 62 66 64 64 64 62 63.3 1.5 

Table 1: Mean values for 12 campaigns from April 2009 to May 2010) at G1, G2 and G3. 

(S.D. = Standard deviation) 
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3. Macrophytes and IBMR 
The IBMR (AFNOR, 2003) is measured using the cover percentage of species of macrophytes 

(see materials and methods). This index was measured for macrophytes communities in all 

stations from April 2009 until May 2010. Index results ranges from 0 to 20 and water quality is 

depicted using the following criteria: very good trophic quality >14; 12 < good trophic 

quality ≤ 14; 10 < acceptable trophic quality ≤12; 8< poor trophic quality ≤10; bad trophic 

quality ≤ 8.   

Forty-two taxa such as hydrophytes, helophytes and terrestrial species were observed at the three 

stations, including 5 algae, 6 bryophyte and 31 phanerogams species. The diversity differed 

among the stations: 26 taxa at G1, 25 taxa at G2 and 13 taxa at G3. The percentage cover of 35 

taxa (including only hydrophyte and helophyte taxa) was accepted to use it in the calculation of 

the IBMR. The results obtained by indices measurements are presented in Table3. 

Crenon (G1) shows a too low temporal variation. This station has generally an acceptable 

trophic water quality with a maximum grade of 13 in August and October 2009 (period 

corresponding for the maximum growth of macrophytes) and a minimum grade of 11 in April 

and December 2009 (period corresponding for minimum growth of macrophyte).  

In the Rithron (G2), water trophic quality varies from good to very good in June 2009 

(maximum grade of 15). However, G2 can be characterized by great stability during different 

periods of the year.  

In Potamon (G3), the trophic water quality varies from poor to acceptable. Unlike G1 and G2, 

water quality varies greatly over time at G3. It shows degradation depending on months and 

seasons with a minimum of 9.4 in August 2009 and a maximum of 12 in January 2010.  
 

Table 3. Spatio-temporal evolution of the water trophic quality of the 3 surveyed stations 
(according to the index IBMR – AFNOR, 2003). (S.D. = Standard deviation) 

  A09 M09 J09 J09 A09 S09 O09 D09 J10 M10 A10 M10 Mean S.D. 

G1 11 12 11 12 13 12 13 11 12 12 11.2 11.8 11.7 0.6 

G2 14 14 15 14 14 14 13 13 12 13 13.7 14 13.6 0.7 

G3 11 10 10 9.7 9.4 11 9.8 10 12 11 10.8 11 10.4 0.7 

 

4. Comparison of the two indices results 
The comparison of the two indices results (SEQ-Water and IBMR) showing changes in the 

water quality of the three studied stations is represented in figure 2. Analysis of these graphs 

shows that the index SEQ-Water reveals a small degradation according to upstream–

downstream gradient and masks at the same time of temporal variations, especially in 2009; 

contrary to biological index (IBMR) that shows both spatial and temporal variations according to 

seasons and months, summer in particular. We noticed differences, which result in an over 

evaluation of SEQ-Eau grades when compared to the IBMR ones. In addition, the temporal 

variations are much more visible by IBMR, specifically with the level of Crenon and Potamon, a 

zone subjected to anthropic perturbation more than Rithron. Furthermore, the results of IBMR, 

which shows a same trophic quality of water for different sector in January 2010, remains 

without explanation whereas the notes of SEQ-Eau for the same period seem to be more logical 

and show a certain variation depending on the upstream-downstream gradient. 
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Figure 2. Comparative Graphs of the 2 indexes grades (SEQ- Water, IBMR) showing the 

evolution of the water quality of the 3 studied stations at Ghouzaiel. 

DISCUSSION 

Based on SEQ-Water index, the physio-chemical quality of the studied area and their aptitude to 

natural functions of aquatic environments vary little over time, with a trend toward   

improvement in winter 2010 while the spatial variations are more remarkable in 2009 according 

to the studied sectors. This confirms the results indicated by Ismail H. (2008) and Ismaïl et al. 

(2015) with a slight decrease in the observed grades. Furthermore, contrary to what was shown 

on Southeast rivers in France (Cazaubon et al., 2005; Abou-Hamdan, 2004), these variations 

confirm the results observed at Berdawni river in Lebanon (Ismaïl et al. 2015) and describe in 

general an upstream-downstream gradient. As seen in Ismaïl et al. (2015) and based  on  the 

assessments and the water quality of river ecosystems established by Nisbet & Vernaux (1970), 

aptitudes obtained by the SEQ-Water for different sectors seem to over-estimate water quality of 

the most disturbed sectors (Crenon and Potamon). This can be explained by the fact why 

SEQ-Water translates values instantaneous and could not integrate spatial and temporal 
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variability in the river. Therefore, in terms of biological potential and usage, based on the notes 

of the SEQ-Water, and with reference to the significance of suitability classes of this index 

(SEQ-Water  Report, 2003), Crenal and Rithral water is suitable for irrigation but to be 

drinkable, it requires a simple treatment.  

According to macrophytes index (IBMR) based on the ecology of macrophytes, the evaluation 

of the quality of Ghouzaiel goes in the same direction of results obtained by Cazaubon et al. 

(2005) and Abou-Hamdan (2004) on Southeast rivers in France. For this index and in terms of 

trophic quality of water, the results obtained confirm our abiotic and biotic results and the 

evaluation of the water quality of the lotic ecosystems established by Nisbet & Vernaux (1970); 

the IBMR seems to be a good index to translate the trophic quality of Ghouzaiel and described 

an upstream-downstream gradient. In accordance with certain bibliographical data (Cazaubon 

and al., 2005; Abou-Hamdan, 2004), this quality varies little as time and space change. However, 

a trend with improvement concerning spring and summer period is observed more than in winter. 

This can be put down to the auto-evaporation capacity of macrophytes (Sculthorpe 1967, Barbe 

1984) which proliferate during summer while benefitting from the physical conditions of the 

medium (Dutarte 1993, Dutarte et al. 1989) effect on the deficiencies of nutrients in water 

especially the phosphorus (Vander Broght et al. 1982). Water quality evaluated by the IBMR is 

given mainly by two nutrients orthophosphate and ammonium (Haury et al. 2006). Thus, the 

proliferation of the macrophytes during the summer will involve a reduction in the contents of 

phosphate that will lead in turn to the improvement of the trophic water quality during both 

summer and spring seasons. 

Consequently, as it was shown in Scorff and Nive-of the Adults rivers (Haury et al. 2006) and 

Litani River (Ismaïl 2008), the IBMR does not translate only the trophic quality of water but also 

makes it possible to decide whether a river is subjected to an eutrophication and/or strong 

organic pollution. 

 

CONCLUSION 
The comparison of information provided by these two different indices highlights variations, 

sometimes significant, in the analysis of water quality. It shows some contradiction between the 

grades of the chemical index (SEQ-Eau) and the biological one (IBMR); not only through 

obtained grades, but also at the level of the temporal variations. 

The SEQ-EAU does not seem to be very sensitive to pollution and eutrophication. The variations 

in the notes of this index are very weak; water quality in all stations is always good. We do not 

observe variations with time and very little according to the longitudinal gradient. In addition, 

SEQ-Water seems to used over-estimate water quality, mainly on the level of disturbed sectors. 

On the other hand, IBMR is detected as being more sensitive to pollution and eutrophication. 

Hence, it reflects best the trophic state of the various sectors with temporal and space variations 

according to upstream-downstream gradient. It shows a certain zonation of water quality. 

This can be explained by the fact that SEQ-Eau translates instantaneous values of water quality 

contrary to the Biological Macrophytes Index for Rivers, which reveals the integrated power of 

organisms and the physical and chemical characteristics of the environment over a long period of 

time. 

Besides, the differences in grades on the same stream,  the results of this work, which show 

deterioration in the water quality of Crenon, raise questions about river water management and 

the measures that must be taken to protect it.  

Without drawing final conclusions about it, these results raise the question regarding the 
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reliability of these indices, precisely, their use to investigate small Mediterranean rivers. This 

work highlights the need to employ, for this type of streams, each of these indices wisely, and 

not to just analyze a single ecosystem compartment for water quality assessment, otherwise 

misinterpretation will occur. 
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