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Abstract 
Water quality of Litani River was deteriorated due to rapid population growth 
and industrial and agricultural activity. Multivariate analysis of spatio-temporal 
variation of water quality is useful to improve the projects of water quality 
management and treatment of the river. In this work, analysis of samples from 
different locations at different seasons was investigated. The spatio-temporal 
variation of physico-chemical parameters of the water was determined. A to-
tal of 11 water quality parameters were monitored over 12 months during 
2018 at 3 sites located in different areas of the river. Multivariate statistical 
techniques were used to study the spatio-temporal evolution of the studied 
parameters and the correlation between the different factors. Principal Com-
ponent Analysis (PCA) was applied to the responsible factors for water quali-
ty variations during wet and dry periods. The multivariate analysis of va-
riance (MANOVA) was also applied to the same factors and gives the best 
results for both spatial and temporal analysis. A black point of agricultural, 
industrial and sewage water pollution was identified in Jeb-Jennine station 
from the high concentrations of ammonia, sulfate and phosphate. This dif-
ference was proved by the major changes in the values of the parameters from 
one station to the other. Jeb-Jennine represents a main pollution area in the 
river. The high ammonia, sulfate and phosphate concentrations result from 
the important agricultural, industrial and sewage water pollution in the area. 
A high bacterial activity was highlighted in Jeb-Jennine and Quaroun stations 
because of the presence of the high nitrite concentrations in the two locations. 
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All parameters are highly affected by climate factors, especially temperature 
and precipitation. TDS, salinity, electrical conductivity and the concentra-
tions of all pollutants increase during wet season affected by the runoff. Other 
factors can affect the water quality of the river for example geographical fea-
tures of the region and seasonal human activity like tourism. The correlation 
between different parameters was evaluated using PCA statistical method. 
This correlation is not stable, and evolves between wet and dry season. 
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1. Introduction 

River water continues to be able to sustain all human beings and other organ-
isms for centuries. [1] Water quality is an important factor in determining envi-
ronmental change, closely associated with social and economic development. [2] 
[3] [4] Currently, surface water pollution has received an attention around the 
world. The main causes of degradation of surface water quality are natural and 
anthropogenic activities, such as hydrological features, climate change, precipi-
tation, agricultural activities and wastewater discharges from industries. [5] [6] 
[7] [8] Water quality of many large rivers in many countries has deteriorated 
considerably as a result of these anthropogenic activities in recent decades. [9] 
[10] Several studies on the identification of the nature and sources of contami-
nation of many rivers have been conducted over the last decades. [11] [12] [13] 
[14] [15] In this context, different systems based on physical, chemical and bio-
logical methods have been studied and applied for the treatment of river surface 
water contamination such as coagulation and membrane filtration (micro and 
ultrafiltration), adsorption, advanced oxidation, photocatalysis and other me-
thods. [16] [17] [18] [19] [20] The selection of the method used in the treatment 
system is based on the nature and the concentration of the identified contamina-
tions. However, in surface water quality management, the treatment cost may be 
as important as the achievement of water quality goals. Therefore, efficient man-
agement of water resources requires information about the variability of the riv-
er and surface water quality. [21] [22] [23] [24] Spatial analysis of the quality of 
river water is important to identify the black points of pollution, where the con-
tamination sources are concentrated, and therefore achieve the cost optimization 
of the water treatment. However, seasonal variations, such as temperature and 
precipitation, affect the water quality of the river and lead to different attributes 
between seasons. [15] Thus, analysis of samples from different locations (spatial 
studies) at different seasons provides an overview of the seasonal evolution of 
the ecosystem and therefore improves the management of the river and surface 
water treatment. However, seasonal variations, such as temperature and precipi-
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tation, affect the water quality of the river and lead to different attributes be-
tween seasons (Hayek et al. 2018). Thus, analysis of samples from different loca-
tions (spatial studies) at different seasons provides an overview of the seasonal 
evolution of the ecosystem and therefore improves the management of the river 
and surface water treatment. 

Litani River is the largest and the most important river in Lebanon. Litani ba-
sin forms an equivalent of 20% of Lebanon’s area. [25] Litani River forms a life-
line for the industrial and agricultural sectors in Bekaa and Southern Lebanon 
areas. In addition, the river provides the portable water and the energy produc-
tion in these regions. Several studies on the water quality of Litani River have 
been conducted. The studies demonstrate that the quality of the water in the riv-
er have been deteriorated due to industrial, agricultural and sewage water pollu-
tion. [25] [26] [27] other studies have been performed at a long duration (11 
years) and have evaluated the evolution of the water quality of the river. These 
studies are concentrated at the lake Quaroun. [15] The quantity of water dis-
charged from the basin is equivalent to 24% of the net rainfall received by the 
entire Lebanese territory; this quantity represents more than 40% of the total 
amount of running water in the internal rivers. [25] This characteristic of the 
Litani River in addition to the previous works has demonstrated the impact of 
the environmental factors on the water quality. Therefore, there was not much 
work that relates the spatial and the temporal seasonal variation of physico-
chemical parameters in the Litani River and especially on several sites. The pur-
pose of this article was to evaluate the level of different physicochemical para-
meters in terms of space and season in the Litani River. The application of dif-
ferent multivariate methods such as cluster analysis (CA), principal component 
analysis (PCA), multivariate analysis of variance (MANOVA) has been used ex-
tensively in recent years to analyze environmental data. [28] [29] [30]. The use 
of MANOVA presents an important advantage in spatiotemporal modeling be-
cause with such models and dimensionality, we will obtain an estimation of the 
realistic propagators. Spatiotemporal analyses were proved to have additional 
benefits over purely spatial or time-series analyses. They may allow us to simul-
taneously study the persistence of models over time and illuminate any unusual 
models. When included, the space-time interaction terms may also detect data 
clustering that may be characteristic of emerging environmental hazards or per-
sistent errors in the data recording processes. In this article, the results of analy-
sis of selected samples are to examine the quality of the water and evaluate the 
pollution status of the Litani River between various sites. The relationship be-
tween sampling sites and the identification of water quality variables responsible 
for spatial and temporal variations in water quality were studied. 

2. Materials and Methods 
2.1. Site Selection 

Three sites have been selected in Litani basin for the sampling to achieve the 
spatial study, Jeb-Jenine station, Lac Quaroun and Quasmieh. The Selection of 

https://doi.org/10.4236/ajac.2021.1211023


A. Hayek et al. 
 

 

DOI: 10.4236/ajac.2021.1211023 376 American Journal of Analytical Chemistry 
 

these sites is due to two main concepts; the first one is the stationed distribution 
of zones, at the upper (Jeb-Jenine station), the middle (Lac Quaroun) and the 
bottom (Quasmieh) of the river (See map of sampling sites in the Litani River 
Bassin). The second concept is due to the importance of the three zones, while 
Jeb-Janine station is located in the zone complex industries and huge popula-
tion, the second is the Lac of Quaroun, the only lac in Lebanon and divided it 
into two parts, and the last one is the Quasmieh Station located near the sea, and 
it is a zone of restaurants and agricultural activities. 
 

 
Map of sampling sites in the Litani River Bassin 

2.2. Site Description 

 Jeb-Jenine (Upper Litani River), with the coordinate: N33˚38'331'' E35˚46'79'', 
with elevation above the sea level equal to 920 m. Jeb-Jenine is the largest and 
most populated town in its district. 

 Quaroun Lac (Middle of Litani River), with the coordinate: N 33˚32'918'' E 
35˚41'765'', with elevation above the sea level equal to 864 m. Quaroun is the 
biggest lac in Lebanon with the total capacity of 220 Million cube meter. 

 Quasmieh (Lower Litani River), with the coordinate:  
N 33˚19'773'' E 35˚15'613'', with elevation above the sea level equal to 4 m. 

2.3. Sampling Test 

All samplings were taken from the same points in the three stations. The same 
sampling method was used for all samples, 2 m from the side, 20 cm deep from 
the free surface of the water. Each sample consists of 5 trials, while each mea-
surement was performed 5 times and the average is recorded. These samples 
were taken at the beginning of each month. 
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2.4. Measurement Method 

The parameters, the location of the measurement, the analytical method used, 
the period, the date and the numbers of samples are summarized in Table 1. The 
samples were monitored and measured from the first of January 2018 until the 
first of December 2018 every month. 

2.5. Data Analysis 

The obtained results of all studied parameters were analyzed using statistical  
 

Table 1. Description method of sampling of parameters. 

Parameter Description Testing situation Instrument Sampling Period 
Number 

of Samples 

T (˚C) Temperature In-Situ Thermometer 
One Sample (5 Trials) 

Every Month 
12 

PH 
Potentiel 

hydrogène 
In-Situ + In Lab PH meter, La Motte 

One Sample 
Every Month 

12 

EC (µS/cm) 
Electrical 

Conductivity 
In-Situ Conductivity Meter, La Motte 

One Sample 
Every Month 

12 

TDS (mg/l) 
Total 

Dissolved Solids 
In-Situ TDS Meter, La Motte 

One Sample 
Every Month 

12 

DO (mg/l) 
Dissolved 
Oxygene 

In-Situ DO Gauge, La Motte 
One Sample 
Every Month 

12 

2
4SO −  (mg/l) Sulfate In Lab 

Spectrophotometry. Method 
H3450-QNT. Powder pillows 

Hach8051 Cat number 2106769 

One Sample 
Every Month 

12 

2NO−  (mg/l) Nitrite In Lab 

Spectrophotometry. Method 
H2610. FXD Nitrite, low range, 
Diazotisation method, powder 
pillows. Hach 8507. NitriVer 3. 

One Sample 
Every Month 

12 

3NO−  (mg/l) Nitrate In Lab 

Spectrophotometry. Method 
H2520. QNT Nitrate, Mid range, 

Cadmium reduction method, 
powder pillows. Hach 

method 8171 Nitra Ver 5. 

One Sample 
Every Month 

12 

3
4PO −  (mg/l) Phosphate In Lab 

Spectrophotometry. Method 
H3035-QNT, Phosphorous, 
reactive, PhosVer 3, Test N, 
tube procedure. Hach 8048 

Cat number 2106069 

One Sample 
Every Month 

12 

NH3 (mg/l) Ammonia In Lab 
Ammonia Ionic strength adjuster, 

powder pillows. Cat 2980699. 
Ion selective electrode 

One Sample 
Every Month 

12 

Salinity (mg/l) Salinity In Lab Sal Portable meter, La Motte 
One Sample 
Every Month 

12 
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methods. All statistical analyses were performed using the statistical software El-
liStat, R (4.0.2). However, in this article, several dependent variables were meas-
ured for each sampling unit instead of a variable thus the multivariate analysis of 
variance (MANOVA) determine if the average vectors of several groups (sites) 
were identical or not i.e. in statistical terms, test whether the variables or the 
physicochemical parameters differed significantly from one group to another. 
The Principal Component Method (PCA) is used to extract different factors that 
reduce the contribution of the least significant variables [31].  

In addition we use the factorial analysis (FA) whose main objective is to trans-
form the original variables into new uncorrelated variables, called factors, which 
represent linear combinations of the original variables. So FA is a data reduction 
technique that suggests the importance of varieties to explain the observed va-
riances in the data. This method provides the important factors that generally 
represent about the same amount of information as the set of initial observa-
tions. FA can be written by relation 1: 

1 1 2 2i j j k kjF Y Y Yβ β β= + + +                      (1) 

where Fi is the factor i (factor number), ( )1, , kβ β β=   is the loading vector, 
Y, is the measured matrix value of the variables, j is the sample number and k is 
the total number of the observed variables. Then after define Fi we can write the 
factor score in the equation 2: 

1 1 2 2ij j j k kj ijM S S S eβ β β= + + + +                  (2) 

where M noted by measured variable, beta is the loading factor, S: factor score, e: 
residual terms or error of the model. 

In order to apply the discriminant analysis (DA), we must first classify sta-
tions by groups (clusters) using the Cluster Analysis (CA). In this article, we use 
(DA) to determine the water quality parameters that significantly contribute to 
group separation. The technique of this method is based on the construction of a 
discriminant function (DF) for each group forward stepwise, and backward step-
wise [32]. This function is a linear combination of variables and is calculated 
using the following function: 

( )
n

i i ij ij
j i

f G a b p
=

= +∑  

where i is the number of groups (G), ai is the constant inherent to each group, n 
is the number of parameters, wj is the weight coefficient, assigned by DA to a 
given selected parameter (pj) [33].  

Also, we evaluate in this study the water quality of the Litani river by using the 
National Sanitation Foundation-Water Quality Index (NSFWQI) in three selected 
sampling sites.  

The NSFWQI formula is as follows: [2] 

NSFWQI i iiW Q= ∑                       (4) 

NFSWQI: water quality index (0 - 100); 

https://doi.org/10.4236/ajac.2021.1211023


A. Hayek et al. 
 

 

DOI: 10.4236/ajac.2021.1211023 379 American Journal of Analytical Chemistry 
 

Wi: weight of intended factor (0 - 1); 
Qi: sub-index resulted from quality index curves (0 - 100) (Table 2).  

3. Results and Discussions 
3.1. Spatial and Seasonal Analysis 
3.1.1. MANOVA and PERMANOVA Statistical Method 
In this section, the parameters were analyzed in more detail in different stations 
by using the MANOVA and PERMANOVA multivariate statistical techniques to 
explore temporal and spatial variations. The non-parametric “Kruskal-Wallis 
H” tests showed that the water quality parameters were significantly different 
among the sampling months (p < 0.05). Kruskal-Wallis test (Table 3) were per-
formed to compare the water quality parameters among the different sampling 
stations and revealed that except for temperature, all other parameters were sig-
nificantly different (p < 0.05). Also we used the non-parametric “Mann-Whitney 
U” test (Table 4) showed that among the 11 water quality parameters, one 
(temperature) is significantly different between the 2 seasons (p < 0.01), whereas 
the other parameters were not significantly different with regard to seasons (p > 
0.05). 
 
Table 2. Water quality index values of rivers.  

Status Value 

Very good 90 - 100 

Good 70 - 90 

Average 50 - 70 

Bad 25 - 50 

Very bad 0 - 25 

 
Table 3. Kruskal-Wallis test. Grouping variable: Station. 

Test Statistics Parameters 

 Temperature PH DO Conductivity TDS Salinity ammonia Nitrite Nitrate SO4 PO4 

Chi-Square 0.374 4.222 22.566 23.027 22.366 21.129 23.438 9.856 12.700 13.322 18.340 

df 2 2 2 2 2 2 2 2 2 2 2 

Asymp. Sig. 0.829 0.121 0.000 0.000 0.000 0.000 0.000 0.007 0.002 0.001 0.000 

 
Table 4. Mann-Whitney test. Grouping variable: Season. 

Test Statistics Parameters 

 Temperature PH DO Conductivity TDS Salinity ammonia Nitrite Nitrate SO4 PO4 

Mann-Whitney 70.50 118.0 126.5 154.5 136.5 136.5 141 149 137.5 119 141 

Asymp. Sig. 0.005 0.138 0.486 0.923 0.500 0.500 0.566 0.735 0.518 0.216 0.579 
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Also, the statistical difference between the three different stations (Quaroun, 
Jeb-Jenine, Quasmieh) were tested by using a statistical method Permutational 
Multivariate Analysis of Variance, “PERMANOVA”, which based on “Bray-Curtis” 
resemblance matrix of square-root transformed data (Anderson, 2001). [34] We 
interest in this article, to test the differences of the quality water between the 
three stations in Litani River, for that we analyzed the density data by using the 
one-way PERMANOVA which based on the Euclidean distance matrix of un-
transformed data (Figure 1). For all the PERMANOVAs, p-values were obtained 
from 9999 permutations. The Monte Carlo tests were also considered in case of 
low numbers of unique permutations. Also, the PERMANOVA results were vi-
sualized by non-metric multidimensional scaling (nMDS) ordinations performed 
on the Bray-Curtis similarity matrix applied to square root transformed data. 
The statistical analyses (univariate PERMANOVA and pair-wise t tests) showing 
significant differences among stations.  

In Figure 2, the multivariate PERMANOVA showed a significant “par x Site” 
effect (p < 0.001) and pair-wise comparisons showed highly significant differ-
ences between. In agreement with PERMANOVA results, the points are sepa-
rated in the nMDS representation, confirming that composition and structure of 
the parameters of the stations strongly differed among the three sites.  

3.1.2. Spatial Statistical Analysis 
The average of each parameter, the standard deviation and the range calculated 
from the values obtained from the different stations of Litani River are summa-
rized in Table 5. The results were performed using MANOVA analysis discussed 
above. The obtained values are compared to the WHO limits. 

A description of the geological feature of Litani River is necessary to under-
stand the difference between the values of the studied parameters. Litani River 
flows from north to south in Bekaa valley, therefore from Jeb-Jenine and inflow  
 

 

Figure 1. Schematic diagram of geometric partitioning of the water quality parameters in 
the three stations (g = 3) for one-way PERMANOVA in two dimentional (bivariate, p = 
2) Euclidean space. 

https://doi.org/10.4236/ajac.2021.1211023


A. Hayek et al. 
 

 

DOI: 10.4236/ajac.2021.1211023 381 American Journal of Analytical Chemistry 
 

Table 5. Descriptive statistics for the parameters in the three different stations. 

Station Jeb-Jenine Quaroun Quasmieh 
WHO 

standards 

Parameters XX σ  (Range) XX σ  (Range) XX σ  (Range)  

Temperature T (˚C) 20.17 0.505  (23 - 18) 19.5 0.52  (24 - 16) 19.98 0.76  (26 - 17.8) … 

PH 7.73 ± 0.1 (8.7 - 7.3) 8.54 ± 0.32 (10.4 - 7.3) 7.82 ± 0.097 (8.27 - 7.1) 6 - 9 

Dissolved Oxygen 
DO (mg/l) 

2.83 ± 0.24 (5 - 2) 5.18 ± 0.51 (10 - 4) 8.64 ± 0.47 (10.3 - 5) >4 

Electrical Conductivity 
EC (µS/cm) 

795.42 ± 31.28 (1100 - 683) 451.33 ± 27.62 (608 - 335) 445.33 ± 30.46 (675 - 284) <770 

Total Dissolved Solids 
TDS (mg/l) 

578.08 ± 23.69 (800 - 481) 321.92 ± 22.51 (459 - 227) 362.583 ± 26.95 (511 - 238) <500 

Salinity (mg/l) 401.17 ± 19.36 (600 - 349) 232.75 ± 13.34 (305 - 167) 332.5 ± 28.17 (498 - 213) <600 

Ammonia NH3 (mg/l) 9.28 ± 1.39 (17 - 2) 0.54 ± 0.14 (1.55 - 0.03) 0.26 ± 0.07 (0.87 - 0.07) <0.2 

Nitrite NO2− (mg/l) 0.72 ± 0.12 (1 - 0) 1.040 ± 0.58 (7.4 - 0.27) 0.07 ± 0.009 (0.14 - 0.03) <0.01 

Nitrate NO3− (mg/l) 8.5 ± 3.85 (46 - 0) 5.44 ± 1.86 (20 - 0) 17.5 ± 1.87 (28 - 6) <0.1 

Sulfate 2
4SO −  (mg/l) 60.33 ± 16.06 (230 - 23) 35.52 ± 2.36 (50 - 23) 17.008 ± 2.84 (31 - 3.1) <250 

Phosphate 3
4PO −  (mg/l) 2.73 ± 0.30 (5 - 1) 0.55 ± 0.15 (1.5 - 0) 0.805 ± 0.15 (1.8 - 0.11) <0.2 

 

 

Figure 2. Stations variations likely physicochemical parameters 
 
in Lac Quaroun. The dam stores the water in the lac and the flow stops in the 
wet season (the upper basin of Litani River). The river feeds from other tributa-
ries, the most important is Ein El-Zarka, and continue to Quasmieh (the lower 
basin of Litani River). 

The observed deviation around the mean, for the parameters represented in 
Table 3, is substantially high and random; this could be due to seasonal changes 
and different human activities surrounding the stations. In addition, we remark 
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in the table, the average temperature of the water ranged from 19.5˚C (Quaroun) 
to 20.17˚C (Jeb-Jenine) with a maximum of 26˚C (Quasmieh) and a minimum 
of 16˚C (Quaroun). We know that the temperature variation is usually influ-
enced by precipitation. Based on the results the temperature slightly increased 
during the dry season. So we can deduce that the temperature on all stations 
sampled is relatively homogeneous. 

High average concentrations of ammonia, Sulfate and Phosphate, 9.28, 60.33 
and 2.73 mg∙L−1 respectively, were observed in Jeb-Jenine station. These values 
indicate a high agricultural, industrial and sewage water pollution in the area. 
Jeb-Jenine is located in the middle Bekaa valley. This area is characterized by 
high agricultural and industrial activities. The three values overshoot the WHO 
limits for river water quality. The high standard deviation value represented by 
the table for the three parameters is due to the fact that these values are highly 
affected by the seasonal parameters. The average concentrations of the three 
components decrease in Quaroun Lac. This decrease is due to two reasons, the 
first is the very low agricultural and industrial activities in Quaroun region and 
the second is the other tributaries that feed the river located between Jeb-Jenine 
and Quaroun especially in the wet season. The values of the average concentra-
tions of ammonia, sulfate and phosphate are very low at Quasmieh point. This is 
due to the fact that the two basins are separated for a long period each year in 
addition to the low agricultural and industrial activity in south Lebanon region. 
The concentration of ammonia is very close to the WHO limit (<0.2), whereas 
that of sulfate is under the WHO limit. 

The pH results show no remarkable variations with mean pH values ranging 
from 7.73 (Jeb-Jennine) to 8.54 (Quaroun). The maximum pH value is 10.4 at 
the Quaroun station during the dry season is above the limit of WHO of river 
guidelines (6 - 9), and with a minimum value of pH equal to 7.1 in Quaroun and 
Jeb-Jenine stations during the rainy season. 

Dissolved oxygen (DO) is the most fundamental parameter in the study of 
water quality that has an important role for water quality analysis which is a vital 
indicator of physical activity, chemical and biological process of water bodies. A 
low DO rates were observed in Jeb-Jenine and Quaroun lac for values of 2.83 
and 5.18 mg∙L−1 respectively. Otherwise, high average nitrite concentrations 
were observed in these two stations for maximum of 1.0 mg∙L−1 in Jeb-Jennine 
and 7.4 mg∙L−1 in Quaroun station compared to a low concentration in Quas-
mieh station for a maximum value of 0.14 mg∙L−1. The low DO and the high ni-
trite concentrations indicate high bacterial and biological activities in the two 
stations, Jeb-Jenine and Quaroun, and a low activity in Quasmieh.  

Salinity, conductivity and TDS values are related to the concentration of ions 
in the water. As a result, high average values of the three parameters were ob-
served in Jeb-Jenine station where the very high concentrations of sulfate, phos-
phate, and nitrite were observed. The averages of the three parameters surpass 
the WHO standards especially for the electrical conductivity. Otherwise, low av-
erages were observed for salinity, electrical conductivity and TDS in Quaroun lac 
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and Quasmieh station. The obtained values for the three parameters are lower 
than WHO standards. 

3.1.3. Seasonal Statistical Analysis 
Physico-chemical property of water is affected by environmental factors espe-
cially temperature and pressure. To study the seasonal evolution of physi-
co-chemical parameters, the samples were divided into two groups according to 
the temperature and the precipitation of the month. Six samples were taken in 
dry months characterized by high temperatures and low precipitation, whereas, 
the other six samples were taken in wet months characterized by low tempera-
ture and high precipitation. The results are summarized in Figure 3. An increase 
in the total dissolved oxygen was observed in all stations during wet season be-
cause of the fresh water reaches the river with runoff. The same observation was 
detected for TDS, electrical conductivity and salinity in the three stations during 
the same period. This observation is related to the fact that runoff increase the 
erosion rate and therefore carries high amount of ions to the riverbed, especially, 
magnesium, sodium, potassium, carbonate, bicarbonate and chloride, which in-
crease water turbidity. The more important evolution of the three parameters 
was observed in Quaroun Lack for a change ranges between 25% and 30%. The 
high evolution is due to the geographical feature of the region located between 
Jeb-Jenine and Quaroun that is formed of a series of highlands and hills more 
close to the river stream and contain several tributaries flow in the wet season. 

The concentration of ammonia does not show an important evolution in Qu-
aroun and Quasmieh stations. Otherwise, a very important evolution between 
the wet and the dry season was observed in Jeb-Jenine stations. Jeb-Jenine is a 
very important agricultural region. Therefore, in addition to the high concentra-
tion of ammonia, present in fertilizers, that is detected in Jeb-Jenine station, the 
average concentration increases between dry and wet season from 7.57 to 10.98 
mg∙L−1. The high concentration of nitrite in Jeb-Jenine and Quaroun stations in-
dicates a high bacterial activity in these two regions. The bacterial activity in-
creases in the dry season in Jeb-Jenine. The average concentration of sulfate in-
creases in the three stations in the wet season. The most important increase from 
wet to dry season is observed in Jeb-Jenine station for a rise of 50%, from 40.32 
mg∙L−1 to 80.33 mg∙L−1. This increase of sulfate concentration is related to a de-
velopment in the industrial activity around the river basin during the dry season 
(especially in summer). Phosphate concentration increases in wet season in 
Jeb-Jenine station due to the runoff. Otherwise, an increase of the concentration 
of phosphate was observed in the dry season in Quaroun and Quasmieh that is 
due to the tourist activity in restaurants located on the river boundaries.  

3.2. Physico-Chemical Parameters: Correlations 
3.2.1. Principal Component Analysis (PCA), Statistical Method 
We interest in this section on the Principal component analysis (PCA) methods 
to extract key factors. As show in the section 1, we know that the component  
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Figure 3. Seasonal evolution of the different physico-chemical parameters. 
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loadings are the linear combinations for each principal component, and they ex-
press the correlation between the original variables and the newly formed com-
ponents. In general, the component loadings are used to determine the relative 
importance of a variable compared to other variables in a principal component. 
There exist a various approaches to choose the number of component loading, 
such as the eigenvalues greater than 1 were used as a cut-off value to determine 
the number of factors. Firstly for the wet season, the first four principal compo-
nents had eigenvalues greater than 1 and explained approximately 90% (Table 
6) of the cumulative variances in the original dataset.  

Secondly for the dry season, also the first four principal components had ei-
genvalues greater than 1 and explained 91% of the total variances in the original 
dataset. We notice that the first axis or factor (F1) explained 53% of the total va-
riance, so it’s remarkable that this factor present a strong positive loading for 
conductivity, TDS, salinity and ammonia but a weak negative loading for PH, 
DO and Nitrate (Table 7). Factor 2 (F2) explained 15% of the total variance and  
 
Table 6. Wet season PCA: Total variance explained. 

Total Variance Explained (wet) 

Component 
Initial Eigenvalues Extraction Sums of Squared Loadings 

Total 
% of 

Variance 
Cumulative 

% 
Total 

% of 
Variance 

Cumulative 
% 

1 4.782 43.476 43.476 4.782 43.476 43.476 

2 2.574 23.396 66.872 2.574 23.396 66.872 

3 1.519 13.807 80.679 1.519 13.807 80.679 

4 1.066 9.691 90.370 1.066 9.691 90.370 

 
Table 7. Dry season. Extraction method: Principal component analysis. 

Rotated Component Matrixa 

Summer 
Component 

1 2 3 4 

Temperature C 0.047 0.005 0.219 0.936 

PH 0.249 0.026 0.418 0.699 

DO mg∙L−1 0.544 0.177 0.619 0.203 

Conductivity microS∙cm−1 0.937 0.240 0.145 0.058 

TDS mg∙L−1 0.948 0.221 0.153 0.067 

Salinity mg∙L−1 0.915 0.216 0.002 0.111 

Ammonia mg∙L−1 0.785 0.501 0.238 0.002 

Nitrite mg∙L−1 0.293 0.931 0.133 0.067 

Nitrate mg∙L−1 0.159 0.206 0.943 0.109 

Sulfate mg∙L−1 0.144 0.958 0.170 0.087 

Phosphate mg∙L−1 0.406 0.898 0.069 0.056 
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had a strong positive loading for Nitrite, sulfate and phosphate. Factor 3 (F3) 
explained 13% of the total variance and had a strong positive loading for Nitrate. 
Factor 4 (F4) explained 11% of the total variance and had a strong positive load-
ing for Temperature and pH. 

In the wet season (Table 8), Factor 1 (F1) explained 43% of the total variance 
and had a strong positive loading for Conductivity, TDS and Salinity. Factor 2 
(F2) explained 23% of the total variance and had a strong positive loading for 
Nitrite and sulfate. Factor 3 (F3) explained 14% of the total variance and had a 
moderate positive loading for Ammonia, and a strong positive loading for phos-
phate. Finally, Factor 4 (F4) explained 10% of the total variances and had a strong 
positive loading for temperature and moderate for Nitrate.  

3.2.2. Correlation between the Different Parameters, Statistical Analysis 
Table 9 and Table 10 provide the correlation matrix between the water quality 
parameters for both wet and dry seasons, respectively. The tables were made us-
ing PCA method. According to Pejman et al. (2009) [35], when the coefficient of 
correlation is greater than 0.75, the water quality parameters were considered to 
be significant parameters for water quality monitoring. The significant water 
quality parameters that should be used to measure the seasonal variation in wa-
ter quality of the Litani River are showed in the next section by using MANOVA 
method. The correlation coefficients of pH with Ammonia and PO4 were −0.551, 
−0.626 and −0.315 during the wet season, respectively. However, during the dry 
season, no correlation coefficients between pH and other parameters were 
shown. DO is correlated with Conductivity, TDS and Ammonia during the wet  
 
Table 8. Wet season. Extraction method: Principal component analysis. 

Rotated Component Matrixa 

Winter 
Component 

1 2 3 4 

Temperature C 0.091 0.151 0.034 0.969 

PH 0.011 0.296 0.923 0.003 

DO mg∙L−1 0.434 0.665 0.387 0.064 

Conductivity microS∙cm−1 0.850 0.390 0.290 0.040 

TDS mg∙L−1 0.897 0.305 0.125 0.057 

Salinity mg∙L−1 0.879 0.158 0.007 0.028 

Ammonia mg∙L−1 0.583 0.020 0.681 0.399 

Nitrite mg∙L−1 0.186 0.875 0.153 0.092 

Nitrate mg∙L−1 0.022 0.572 0.437 0.663 

Sulfate mg∙L−1 0.322 0.881 0.060 0.162 

Phosphate mg∙L−1 0.592 0.167 0.703 0.186 
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Table 9. Correlation matrix of the water quality parameters in wet season. 

Wet Season Temperature pH DO Conductivity TDS Salinity Ammonia Nitrite Nitrate Sulfate Phosphate 

Temperature 1           

PH 0.031 1          

DO 0.194 0.489 1         

Conductivity 0.169 0.374 0.779** 1        

TDS 0.174 0.320 0.620* 0.919** 1       

Salinity 0.075 0.200 0.164 0.631* 0.732** 1      

ammonia 0.425 0.551* 0.576* 0.717** 0.618* 0.492 1     

Nitrite 0.089 0.496 0.420 0.097 0.209 0.367 0.172 1    

Nitrate 0.551* 0.109 0.180 0.111 0.124 0.054 0.520* 0.024 1   

Sulfate 0.286 0.127 0.665** 0.588* 0.504 0.116 0.193 0.189 0.409 1  

Phosphate 0.192 0.626* 0.358 0.633* 0.578* 0.608* 0.895** 0.346 0.415 0.069 1 

 
Table 10. Correlation matrix of the water quality parameters in dry season. 

Dry Season Temperature pH DO Conductivity TDS Salinity Ammonia Nitrite Nitrate Sulfate Phosphate 

Temperature 1           

PH 0.415 1          

DO 0.177 0.030 1         

Conductivity 0.059 0.188 0.601** 1        

TDS 0.079 0.166 0.584** 0.980** 1       

Salinity 0.115 0.186 0.398 0.899** 0.952** 1      

ammonia 0.014 0.102 0.646** 0.877** 0.870** 0.810** 1     

Nitrite 0.079 0.079 0.399 0.526* 0.512* 0.483* 0.710** 1    

Nitrate 0.276 0.255 0.662** 0.336 0.348 0.208 0.452* 0.364 1   

(SO4) 0.049 0.075 0.376 0.390 0.379 0.334 0.614** 0.944** 0.364 1  

(PO4) 0.032 0.146 0.405 0.603** 0.592** 0.567** 0.800** 0.957** 0.333 0.912** 1 

 
season to a significant degree (p < 0.01) and (p < 0.05), whereas in the dry sea-
son, Nitrate is more correlated with DO (r = 0.662) to a significant degree (p < 
0.01). Salinity correlated with PO4 (r = 0.608) in the wet season but the Salinity 
correlated with Ammonia, Nitrite and PO4 in the dry season. TDS values rec-
orded during the dry season correlated with nitrate (r = 0.512), PO4 (r = 0.592), 
Ammonia (r = 0.87), and Salinity (r = 0.952) to a significant degree (p < 0.01). In 
contrast, wet season TDS values were positively correlated (p < 0.05) with PO4 (r 
= 0.578) and Ammonia (r = 0.658) and Salinity (r = 0.732).  

Very high correlation between salinity, electrical conductivity and TDS is ex-
pected. The three values are affected by the concentration of ions in the water. 
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This relation explain the high values of these three parameters in Jeb-Jenine sta-
tion where the concentration of phosphate, sulfate, nitrate and ammonia are 
very high compared to the low values in the two other stations. Another strong 
negative correlation between the concentration of phosphate and ammonia with 
the dissolved oxygen (DO) has been demonstrated by Hayek et al. [15] Eutro-
phication, is a phenomena where an excessive growth of plants and algae occurs 
in the water because of the availability of nutrients especially phosphate and ni-
trogenous products. As a result, a high decrease of the concentration of dissolved 
oxygen is observed in water. Consequently, very low concentration of DO was 
detected in Jeb-Jenine station where the concentration of ammonia and phos-
phate are very high. The high correlation, discussed above, between ammonia, 
TDS, conductivity and DO, observed in wet season, is related to the fact that the 
values of these parameters increase due to the runoff. 

Nitrite is the most toxic components in the nitrogen cycle. It is the interme-
diate between ammonia and nitrate. The transformation of ammonia into nitrite 
is due to a bacterial activity. The availability of ammonia increases the bacterial 
activity in water and therefore the concentration of nitrite, and then a positive 
correlation was observed between these two components. The low dissolved oxy-
gen inhibits the oxidation of nitrite into nitrate. Therefore, referring to the re-
sults in Table 3, a high bacterial activity is approved in Jeb-Jenine station and in 
Quaroun lac by the high concentration of nitrite for 1.024 and 1.040 mg∙L−1 re-
spectively (100 times greater than that of WHO standard). The low concentra-
tion of nitrate observed in the two stations is due to the low DO amount. Other-
wise, high concentration of nitrate and low concentration of nitrite were ob-
served in Quasmieh station. 

4. Conclusion 

Samples from three locations at Litani River at dry and wet seasons were ana-
lyzed. The physico-chemical properties of the water processed were determined 
by different analytical methods. Multivariate analysis of the different parameters 
was performed. The statistical methods were helpful to analyze special and sea-
sonal evolution of the water quality. MANOVA and PERMANOVA statistical 
methods show an important difference of water quality between the three sta-
tions. This difference is demonstrated by the major changes in the values of the 
parameters from one station to the other. Jeb-Jennine represents a main pollu-
tion area in the river. The high ammonia, sulfate and phosphate concentrations 
are evidence of important agricultural, industrial and sewage water pollution in 
the area. High bacterial activity was investigated in Jeb-Jennine and Quaroun 
stations from the high nitrite concentrations in the two locations. All parameters 
are highly affected by climate factors, especially temperature and precipitation. 
TDS, salinity, electrical conductivity and the concentrations of all pollutants in-
crease during wet season affected by the runoff. The bacterial activity increases 
during dry season where the temperature is convenient. Other factors can affect 
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the water quality of the river for example geographical features of the region and 
seasonal human activity like tourism. More details and values from these factors, 
introduced in the statistical techniques, will be helpful to improve the evolution 
of the water quality. The correlation between different parameters was evaluated 
using PCA statistical method. This correlation is not stable, and evolves between 
wet and dry season.  
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