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Abstract 
 
Ensuring the environmental protection of the Lebanese coast requires a continues monitoring system. For 
this purpose, four heavy metals (Fe, Mn, Cu and Pb in the marine sediments along the Lebanese coast were 
selected for analysis Sampling was carried out from two sites: Beirut and Batroun. Thus, 1g of dried sample 
is used for digestion by wet mineralization in order to determine the concentration of the four heavy metals 
by atomic absorption spectrometry. The results showed that Beirut area is polluted, by Fe and Mn as well as 
the station Bat 2 of Batroun. For Cu and Pb, Batroun region is more polluted in the superficial layers. The 
analysis also showed significant difference between the sites except for Cu. A difference between depths and 
between particles size fractions are observed for all the parameters studied. There is no a significant differ-
ence in layer sequence except for the Pb, and neither between the repetitions of the same sample. Results 
showed that the values of the four metals studied do not exceed the maximum limits at both sites, but they 
showed increase in comparison with the analyses obtained before July 2006 conflict, which was caused by 
the release of large quantity of fuel-oil from Jiyeh Power Station. 
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1. Introduction 
 
The Lebanese coast has been threatened by a severe en-
vironmental disaster in its history due to the existed con-
flict in July 2006, which caused the release of 15,000 
tones of fuel-oil after the destruction of oil tanks of the 
Jiyeh Electrical Power Station (30km south Beirut) [1]. 

This resulted a serious marine pollution, including a 
large portion of the marine ecology. This, in turn added a 
new aspect of pollution to the existing industrial, agri-
cultural and urban ones, which cause complications on 
the aquatic environment that covers about 18,000 hec-
tares (or 16% of the Lebanese territory), at a length of 
about 220km along the coast [2]. 

Among the contaminants brought about by human ac-
tivities, heavy metals play a crucial role. Unlike most 
organic pollutants, heavy metals are natural constituents 
of the earth’s crust, which are naturally released as a re-
sult of rock and soil weathering and erosion. The rapid 
population growth, is accompanied with several human 
activities, notably the industrial exploitation of natural 
resources, as well as sewage and refuse dumping into the 
sea without any treatment. They are often convoyed to 
the marine environment along rivers and perennial 

stream. Heavy metals are at low concentrations in 
aquatic ecosystems where they tend to accumulate in 
marine sediments to reach toxic levels [3,4]. The diffi-
culties in collecting valid samples for heavy metals 
analysis in marine water, made several researches fo-
cuses primarily on marine sediments where heavy metals 
are located at higher concentrations. Sediment is a com-
partment integrator of contaminants and can keep heavy 
metals among their layers and give an entire chronology 
of deposition mechanism. 

Recent studies on marine sediments, conducted in 
Lebanon before the 2006 conflict, showed different 
heavy metal concentrations in different sites to the 
known concentration of heavy metals along the Mediter-
ranean coasts [5,6]. 

In order to determine heavy metal content along the 
Lebanese coast, two representative sites were selected; 
Beirut (along the middle Lebanese coast) and Batroun to 
the north coastline. They are major ports, and then they 
contain a number of industrial activities. This study aims 
to evaluate the contents of four metals: lead, copper, iron 
and manganese. These elements are among the main 
elements released by industries effluents and different 
factories along the Lebanese coast. 
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The study aims also to carry out a comparative analy-
sis of heavy metals at different sediments depth for each 
site, and even a comparison between the different depths 
in the same site that has not been addressed in the previ-
ous studies. The difference between repetitions made for 
the same sample (duplicate) was measured. 

On the other hand, the results will help evaluating, for 
the first time in Lebanon, the influence of the size frac-
tion to determine the most appropriate fraction contain-
ing the highest concentration of metals. 

According to the concentration of heavy metals found 
in sediments in each region, we would be able to com-
pare the degree of contamination before and after the 
2006 conflict and then identify which of the two regions 
was more influenced by pollution. 
 
2. Methodology 
 
2.1. Sampling 
 
The samples were selected from sediments cored from 
the two sites (Figure 1): 

Site 1: Beirut (Ramlet el Bayda) 
Site 2: Batroun (Selaata region) 
In order to assess the detailed concentration of pollu-

tion, three stations were selected in each site. They di-
verse by the depth of sediment (Table 1). 

Samples were taken by carrots, made of plastic mate-
rial to avoid contamination, with 40cm length and 10cm 
diameter, these carrots were previously washed with 
HCL and HNO3. 

From each station, a spacing of 2 levies distant from 
each other by 30cm was done. The quantity of sediment 
samples was different from one place to another because 
of the granulometric so we had different amounts of 
sediment in the carrot (Figures 2 and 3). 

 

 

Figure 1. Localization of the selected samples. 

Table 1. Location and depths of each station. 

Stations Coordinates of the station Depth 

Beirut B 0m N=33°52.550’ 
E=035°28.820’ 

0m 

Beirut B 5m N=33°52.662’ 
E=035°28.657’ 

5m 

Beirut B 10m N=33°52.688’ 
E=035°28.458’ 

10m 

Batroun BAT 1 N=34°15.092’ 
E=035°39.211’ 

10m 

Batroun BAT 2 N=34°16.169’ 
E=035°39.226’ 

10m 

Batroun BAT 3 N=34°16.709’ 
E=035°39.115’ 

5m 
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Figure 2. Schematic presentation of the sampling charac-
teristics in Beirut. 

 
Batroun 

10 m  10 m (South) 5 m (North) 

Rep 1 
25 cm: 
0-1 
2-3 
4-5 
6-7 
8-9 
10-20 

Rep 2 
21 cm: 
0-1 
2-3 
4-5 
6-7 
8-9 
10-20 

Rep 1 
17 cm: 
0-1 
2-3

Rep 2 
19 cm: 
0-1 
2-3 
4-5 
6-7 
8-9 
10-19 

Rep 1 
26 cm: 
0-1 
2-3 
4-5 
6-7 
8-9 
10-20 

Rep 2 
23 cm: 
0-1 
2-3 
4-5 
6-7 
8-9 
10-20 

212 μm 

125 μm 

212 μm 

125 μm 

212 μm 

125 μm 
 

Site 
 

 
Depth 

 
 

Carrots, 
repetition 

and 
layers 

 
 
 

Sifting 

Figure 3. Schematic presentation of the sampling charac-
teristics in Batroun. 

 
2.2. Laboratory Analysis 
 
1) Sampling equipments used in the field or the labora-
tory were maintained in safe condition and clean and had 
no trace of corrosion. They were handled and stored with 
the necessary precautions to avoid any aspect of con-
tamination. All glassware used were previously soaked 
in 5% HCl, then 5% HNO3 for 24 hours each, and then 
rinsed with double deionized water. All bottles used for 
transport and storage of samples were of polyethylene 
and cap perfectly sealed. 
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2) For the drying samples, we had cut carrots each 1 
cm, and each 1cm of sediment was transferred and pre-
served separately in a plastic bag placed at room tem-
perature for 8 days until we had a constant mass. This 
step, drying samples, is essential in order to improve the 
efficiency of mineralization acid, because the homog-
enization of dry samples is required other than wet sam-
ples. Once dried, the sediment is transferred separately in 
containers polypropylene previously labeled. 

3) Grinding of sediments was carried out to increase 
the homogenization of samples. 

4) Sifting was also applied to study the influence of 
particle size on the concentration of heavy metals. Sedi-
ments were sifted through sieves whose pores were re-
spectively 212 μm, 125 μm and 38 μm [7]. 

5) Determining the size of the sample of sediments 
was the aim of this step to reduce the mass of an object 
without altering its other properties, and also to reduce 
the error to the least. The composition of the laboratory 
sample should be identical as possible to that of the ini-
tial sample [8]. For that, we had chosen randomly six 
samples from the three regions. For each sample, we 
crushed a small part of the sample, and then weighed 
four different mass: 0.25g, 0.5g, 1g and 2.5g. Then there 
will be 24 solutions which to mineralize, similar to the 
same way to determinate their concentrations by Atomic 
Absorption Spectrometry (AAS). 

6) Mineralization: is an essential step for the solution 
before analysis. To mineralize samples, the wet method 
was used, according to the following procedure, which 
was added to the test weighing, 20ml of HNO3 (65%), on 
a hotplate, with magnetic agitation without boiling and 
evaporation. After six to seven hours, 5 ml of HCl (37%) 
were added every 30 minutes to three times until the total 
digestion. The acid then evaporated and the dry residue 
was recovered with 50ml of HNO3, then we followed 
centrifuge and filtered in order to analyze them [9–11]. 

7) Analysis by Atomic Absorption Spectrometry al-
lowed determining the levels of heavy metals by using a 
high temperature, the atomization, according to the case 
with a flame (for major elements like Fe and Mn) or an 
oven (for minor elements Cu and Pb). Consequently, all 
samples were measured with an Atomic Absorption 
Spectrometer (ZEEnit - 700) equipped with a system of 
correction Zeeman. A mixture of air-acetylene was used 
for (AAS) flame and argon for (AAS) oven. The curve of 
standard range with several known concentrations was 
primarily prepared. To analyze samples by (AAS), we 
need 1/7 dilution by HNO3 (0.5N). Each sample was 
passed by a beam of light wavelength and intensity de-
fined (λFe=248.5 nm, λMn=279.5 nm, λCu=324.8 nm, 
λPb=283.3nm) to measure their absorbance, then the 
concentration of each sample was identified, according 
to the curve of range standard of the metal [9,10,12]. 

8) After determining the size of sediment sample; 

however, all samples were mineralized, which were 
sifted. The mineralization was made for samples with the 
two fraction sizes 38-125 μm and 125-212 μm (since 
fraction <38μm is negligible). When the mineralization 
of theses samples has been done, the concentration was 
determined of every sample for each metal separately 
(for the two fraction sizes) by (AAS) with the same pro-
cedure followed in the determination of the size of sedi-
ment sample. 
 
3. Results 
 
Five major findings were identified in this study, and 
then they were assessed to evaluate the degree of heavy 
metal contamination in the marine environment of 
Lebanon, as follows: 
 
3.1. Percentage of Different Fraction Size in the 

Sediments Samples 
 
Similar size fractions of different samples in each carrot 
were mixed to determine the percentages of each size 
fractions studied in each carrot of the two sites (Table 2). 
Results were plotted graphically (Figures 4 and 5). 
 

Table 2. Percentage of size fraction. 

Percentage of size fraction (%)  
Stations <38μm 38-125 μm 125-212 μm 

B 0 m I 
B 0m II 

0,045 
0,03 

10,08 
8,46 

89,87 
91,507 

B 5m I 
B 5 II 

0,49 
0,79 

20,43 
24,48 

79,07 
74,72 

B 10m I 
B 10m II 

8,86 
9,322 

42,4 
40,13 

48,738 
50,54 

Bat 1I 
Bat 1 II 

0,176 
0,082 

4,44 
3,39 

95,35 
96,48 

Bat 2I 
Bat 2 II 

23,04 
21,06 

51,984 
55,06 

24,97 
23,87 

Bat 3 I 
Bat 3 II 

1,68 
2,67 

28,45 
35,14 

69,86 
62,18 
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Figure 4. Distribution of the three fractions size in each 
carrot in Beirut site. 
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Sifting of samples sediments in Batroun 
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Figure 5. Distribution of the three fractions size in each 
carrot in Batroun site. 
 
We note, similarly, that with increasing depth in Beirut 
site, the size fraction 125-212 μm was declined and the 
proportions of fractions <38 μm and 38-125 μm gradu-
ally increased. For the sample of Batroun site, the nature 
of rocks differs widely between depths, samples with the 
same depth Bat 1 and Bat 2 have a different composition. 
Comparing to the classification of sedimentary rocks in 
geology, the size fraction <38 μm is composed of silt and 
clay. The size fraction 38-125 μm was composed by fine 
sand and less silt, and the size fraction 125-212 μm was 
composed by fine sand and some sand. 
 
3.2. Determination of the Size of Sediment Sample 
The majority of concentrations on the three tests taken: 
0.25g, 0.5g and 1g, treated in the same way, were pro-
portional to the increase in weight of these three tests 
taken. However, this proportionality would no longer be 
applicable for most concentrations on the test 2.5g. The 
test sample of 2.5g requires a long period of mineraliza-
tion and a high quantity of acid. In this study we used 1g 
as the size of sediment sample [13]. 
 
3.3. Concentrations of Heavy Metals 
 
It was deduced that concentrations analyzed of Fe, Mn, 
Cu and Pb found in sediments of the two Lebanese sites 
(Table 3) were below the standards [14,15], and there-
fore they were acceptable, with the exception for some 
concentrations concerning the heavy metal Fe of the lev-
ies B 0m1 and the station Bat 2, which contain several 
values that transcend the limit and are polluted. 

It is clear that in the two sites, samples from two levies 
of the same depth have the same proportions for each 
size fractions. The repeatability of samples was acceptable. 
 
3.3.1. Analyses of Variance (SPSS) 
The analyses of variance (SPSS) made for each site and 
for each heavy metal (Tables 4 and 5) showed a significant 
difference between the results for each studied setting. 

Table 3. Concentrations of Fe, Mn, Cu and Pb to six ran-
domly sample for 4 different sizes of sediment sample. 

B 5 m I, 212μm [Fe] mg/l [Mn] mg/l [Cu] μg/l [Pb] μg/l

0.25 51.89 1.645 38.199 16.086 

0.5 100.7 2.445 55.104 33.208 

1 223.7 3.755 101.85 58.903 

2.5 541.4 4.133 207.9 89.46 

     

B 5m II, 212μm     

0.25 48.17 1.669 19.533 22.568 

0.5 92.04 2.353 34.125 28.37 

1 183.5 3.305 73.01 49.595 

2.5 518.4 4.2 93.03 97.37 

     

B 5m I, 125μm     

0.25 159 2.041 78.23 9.201 

0.5 338.6 2.971 120.61 16.814 

1 654.4 4.93 251.88 32.207 

2.5 1442 8.631 453.95 144.2 

     

Bat 1 I, 212μm     

0.25 18.04 1.696 177.31 46.52 

0.5 36.37 2.096 242.07 52.311 

1 73.17 3.074 424.4 98.42 

2.5 166.3 3.733 559.35 250.2 

     

Bat 1 II, 212μm     

0.25 16.15 1.229 44.98 18.865 

0.5 33.5 2.139 168.38 33.572 

1 65.86 3.408 283.29 72.05 

2.5 140.2 3.998 374.55 103.81 

 
Table 4. The effects of different settings for the Fe, Mn, Cu and Pb. 

Effect Site Depth Layer Fraction Repetition

Fe Beirut + - - + - 

Fe Batroun + + - + - 

Mn Beirut + + - + - 

Mn Batroun + + - + - 

Cu Beirut - + - + - 

Cu Batroun - - - + - 

Pb Beirut + + - + - 

Pb Batroun + + + + - 

(+: Significant difference; -: no significant difference) 
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3.3.2. Concentration of Fe 
Compared with the concentration of Fe samples (with a 
diameter <200 µm) taken from the pit of Beirut in 2004 
(41.87mg/l) [13], it was found that concentrations of Fe 
are largely higher due the impact from the conflict of July 
2006. 

Figure 6(a), (b) and (c) were studying the change in 
the concentration of Fe, each one concerned a specific 
layer, between the different sampling made in the two 
sites and for the two size fractions selected before. In 
these three layers, for both studied size fractions, the 
station Bat 2 site was the most concentrated in Fe. The 
three stations of Beirut had close concentrations of Fe, 
lower than Bat 2, but higher than those Bat 1 and Bat 3, 
which had very low concentration of Fe. In the site of 
Beirut and for the size fraction 125-212 µm, the concen-
tration of Fe in station B 10m is slightly higher than in B 
5m which was in turn slightly higher than B 0m. For the 
size fraction 38-125 µm, the concentrations of Fe in the 
three depths were very close to each other. 

Figure 7 shows the change in the concentration of Fe 
according to the different layers of a levy. The various  
points 0, 1, 2, 3, 4 and 5 of the y-axis represent; respec-
tively the first, third, fifth, seventh, ninth and eleventh 
layers. 

The charts in Figure 7 show that there was no signifi-
cant difference between layers of the same depth, except 
for Bat 2, which shows some variation between layers 
because of the heavy concentration of Fe. 

Almost all charts show that repetition did not make a 
significant difference for the concentration of Fe with the 
exception of Bat 2 for the same reason cited above. It 
was also observable that the samples with the finer size 
fraction (38-125 μm) are those who generally greater 
concentrations of Fe compared to the other fractions, this 
effect was also observable to the samples of Beirut. 
 
3.3.3. Concentration of Mn 
Figure 8(a), (b) and (c) shows the change in the concen-
tration of Mn, each one concerned a specific layer, be-
tween the different sampling made in the two sites and 
for the two size fractions selected before. The results 
show the difference between the two sites. The station 
Bat 3 is the least concentrated among all others and for 
both size fractions. The two stations B 10m and Bat 2 are 
most concentrated for the two size fractions. In Beirut, 
B10m had the most concentrated in Mn, then B 5m and 
then B 0m. 

The results for Mn show that samples of Beirut and 
Batroun did not differ significantly according to the layers. 

It is obvious from Figures 8 and 9 that there was no 
significant difference for the repetition of the samples. 
Moreover, the results show that in the site of Beirut the 
size finer fractions contain a high concentration of Mn. 
While samples of Batroun did not show a difference be-

tween the two size fractions, with the exception of Bat 2, 
which contained a high concentration of Mn. 
 
3.3.4. Concentration of Cu 
Compared with the concentration of Cu samples (sam-
ples with a diameter < 200 µm) taken from the pit of 
Beirut in 2004 (33.67 µg/l) (13), hence, the concentration 
of Cu far exceeded the previous values after the conflict 
of July 2006. Figure 10-a, 10-b and 10-c reveals change 
in the concentration of Mn, each one concerned a spe-
cific layer, between the different sampling made in the 
two sites and for the two size fractions selected before. 
For the size fraction 125-212 µm, results show that both 
sites were highly concentrated and had almost the same 
concentrations. While, Bat 2 and B10m presented sligh- 
tly higher concentrations than the other stations. 
 

 
(a) 

 
(b) 

 
(c) 

Figure 6. Change in the concentration of Fe for the both 
size fractions of the first layer (a), the seventh layer (b) and 
the eleventh layer (c), in the d fferent levies of the two sites. i    
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(a)                                                               (b) 

        
(c)                                                                 (d) 

        
(e)                                                                (f) 

Figure 7. Change in the concentration of Fe (mg/kg) according to the layers for both size fractions in the two sites Beirut and 
atroun in B 0m (a), B 5m (b), B 10m (c), Bat 1 (d), Bat 2 (e), et Bat 3 (f). B 
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(a) 

 
(b) 

 
(c) 

Figure 8. Change in the concentration of Mn for the both 
size fractions of the first layer (a), the seventh layer (b) and 
the eleventh layer (c), in the different levies of the two sites. 

 

For the size fraction 38-125 µm, Figure 10 shows that 
the site of Batroun was most concentrated; this was the 
current state of contamination of the study area. In Fig-
ure 10-b and 10-c, both sites were polluted, but pollution 
in Beirut is merely higher than in Batroun. These two 
figures represent the state of contamination and temporal 
evolution of the sites. Bat 3, B 0m and B 10m were most 
polluted in Cu than the other station. 

Figure 11 shows the change in the concentration of Cu 
according to the different layers of a levy. The different 
figures show that there was no a large difference according 
to different layers. It is clear from Figure 10 and 11 that 
there was no significant difference for the repetition of 
the majorities of the samples. Samples with the size frac-
tion finer (38-125 µm) had higher concentrations com-
pared to the other portion size of 125-212 µm. 
 
3.3.5. Concentration of Pb 
Compared with the concentration of Pb in samples taken 
from Jiyeh (17 μg/l) [5,6], from Zouk and Selaata (2μg/l), 
it was resulted that the concentration of lead has in-
creased. 

Figures 12(a), (b) and (c) reveal the change in the con- 
centration of Mn, each one concerned a specific layer, 
between the different sampling made in the two sites and 
for the two size fractions selected before. Different fig 
ures show that Batroun site was more concentrated in Pb 
than Beirut site. This difference was more appreciable in 
the first layer, which was represented the state of a cur-
rent and recent contamination. Bat 3 and B 10 and B0m 
were more concentrated in Pb than the other one. 

Figure 13 shows the change in the concentration of Cu 
according to the different layers of a levy. Figures 12 and 
13 show that for the site of Beirut, there was no signifi-
cant difference between layers for the same depth, while 
for the site of Batroun, there was some difference be-
tween layers of the same depth. 

        
(a)                                                            (b) 
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(c)                                                          (d) 

        
(e)                                                                  (f) 

Figure 9. Change in the concentration of Fe (mg/kg) according to the layers for both size fractions in the two 
sites Beirut and Batroun in B 0m (a), B 5m (b), B 10m (c), Bat 1 (d), Bat 2 (e), et Bat 3 (f). 
 

            
(a)                                                          (b) 

 
(c) 

Figure 10. Change in the concentration of Cu for the both size fractions of the first layer (a), the seventh 
layer (b) and the eleventh layer (c), in the different levies of the two sites. 
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(a)                                                             (b) 

        
(c)                                                          (d) 

        
(e)                                                       (f) 

Figure 11. Change in the concentration of Fe (mg/kg) according to the layers for both size fractions in the two sites Beirut and 
atroun in B 0m (a), B 5m (b), B 10m (c), Bat 1 (d), Bat 2 (e), et Bat 3 (f). B  
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(a) 

 
(b) 

 
(c) 

Figure 12. Change in the concentration of Cu for the both 
size fractions of the first layer (a), the seventh layer (b) and 
the eleventh layer (c), in the different levies of the two sites. 
 

The difference between the layers in the site of Ba-
troun can be attributed to the lack of disruption during 
the accumulation of pollutants over time, allowing mix-
ing contaminants. 

Almost all charts in Figure 13 show that repetition did 
not make a significant difference. The analyses also 
show that samples with finer size fraction show slightly 
higher concentration of Pb over the other portion size. 
 
3.3.6. Analysis of Principal Component (A C P) 
All parameters in this study show that the axis F1 (which 
represent 45% of the variance) was mainly influenced by 
Fe and Mn, and the axis F2 (which represents 37% of the 
variance) was primarily influenced by Cu and Pb (Figure 
14). This analysis also shows that Fe and Mn are per-

fectly correlated with each other positively and nega-
tively with Cu and Pb, allows dividing the two heavy 
metal Cu and Pb one the one hand and the two other 
metal Fe and Mn on the other hand to evaluate the sites. 
  This is widely visible in the table of Person correlation 
(Table 5). This correlation indicates the presence of a 
linear relationship between Fe and Mn, and another linear 
relationship between Cu and Pb, because Fe and Mn 
were considered as “Siderophile” element, but Cu and Pb 
were considered as “Chalcophile” element. For a long- 
term monitoring, the study can focus on a single pa-
rameter instead of two. 

A C P made on both parameters (Pb and Cu) in  
Figures 14 and 15 shows that the correlation between Cu 
and Pb is significant and there was a significant differ- 
ence between the two selected sites. 
 
4. Conclusions 
 
The comparison of the concentrations of Fe, Mn, Cu and  
Pb, obtained in this study, according to standards [3,15, 
16] indicated that they did not exceed the maximum limit 
with the exception of a few values of Fe. 

However, the values are far greater than those existed 
before the conflict of 2006, due to the release of fuel oil 
into the sea. The comparison with the studies done be-
fore the conflict is limited since no studies have ad-
dressed different layers of sediment. This is because the 
values given in these studies return to sediment sample 
with diameters of less than 63 or 80 μm [6,18]. 

It was noticeable that there is no correlation between 
Fe and Mn and between the Cu and Pb, thus the parame-
ters are divided in two groups: a-Cu and Pb, b- Fe and Mn. 

For Fe and Mn, sediments of Beirut site (B 10 m sta-
tion is the most concentrated), are more concentrated 
than in Batroun site with the exception of Bat 2, which 
contained a high concentration of Fe and Mn. For Cu and 
Pb, Batroun site had higher concentration than Beirut site 
in the surface layers. These results are opposed to those 
found before the conflict of 2006. The high concentration 
in Beirut site is probably due to human activities and the 
conflict of 2006 (oil spill in the sea). 

The high concentration in Batroun site was attributed 
to the impact of wind carried pollutants from different 

Table 5. Correlation of pearson between the heavy metals 
studied 

 Cu Pb Fe Mn 

Cu 1 0.474 0.091 0.028 

Pb 0.474 1 -0.099 -0.145 

Fe 0.091 -0.099 1 0.753 
Mn 0.028 -0.145 0.753 1 

The significant values are represented in bold with α=0. 05           
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(a)                                                           (b) 

         
(c)                                                          (d) 

        
(e)                                                          (f) 

Figure 13. Change in the concentration of Fe (mg/kg) according to the layers for both size fractions in the two sites Beirut 
and Batroun in B 0m (a), B 5m (b), B 10m (c), Bat 1 (d), Bat 2 (e), et Bat 3 (f).            
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Figure 14. Analysis of principal component (ACP) to all 
parameters studied (in Beirut and Batroun): correlations 
between concentrations of different heavy elements traces 
in all samples studied. 
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Figure 15. Analysis of principal component (ACP) to all 
parameters studied (in Beirut and Batroun) : correlations 
between concentrations of Cu and Pb in all samples studied. 
 

regions, and the correlation between heavy metals and 
hydrocarbons, was attributed to the industry of chemical 
products at Selaata factory near Batroun, as well as due 
to the conflict of 2006. 

For the investigated parameters, the effect of size frac-
tion is significant, because the samples with the finer size 
fraction 38-125 μm had higher concentration than the 
other fraction 125 – 212 μm. The mineralogical compo-
sition was also involved in significant proportions. 

Thus, the silty clay minerals were more richer in met-
als that silica sand. This is the case with stations B 10m, 
Bat 2 and Bat 3 which contained quantities exceeding of 
fine fractions, because results showed higher concentra-
tions of metals (especially Fe and Mn) compared to other 
stations [18–20]. 
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Figure 16. Analysis of principal component (ACP) con-
cerning the concentration of Cu and Pb to all parameters 
studied (in Beirut and Batroun). 
 

For all studied parameters the effect of depth wassig-
nificant, and it shows that pollution is growing more; 
especially with depth at a distance from the coast, but 
also at the coast which was close to industries, traffic and 
various sources of pollution. 

Similarly, the effect of repetition (2 levies distant from 
one another by 30 cm) was not significant for different 
studied metals; proving that for the same sample taken 
on the same depth, there was no difference, which also 
shows that the variance linked to the analysis, is void. 

For the investigated parameters, there was no effect 
between layers except for Pb. This is in accordance with 
the results of the variance analysis, while in the future we 
can study a single layer for daily analysis in the same 
region. 

It sought to continue this research on much more sites 
and on time series in order to confirm the effect of layers 
in other regions along the Lebanese coast. 
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