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Abstract: Polycyclic aromatic hydrocarbons ( luorine ne, acenaphtene, acenaphtelene, luorine,
phenanthrene, anthracene, fluoranthene, pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, dibenzo[a,h]anthracene, benzo[g.h,i]perylene and indeno[1,2,3-
c,d]pyrene) have been analyzed in seawater sampled on five sites of the Lebanese coast (Tripoli,
Akkar, Batroun, Jbeil and Beirut) between February and June 2018. HPLC technique, with UV
detector, following liquid-liquid extraction, is the method chosen to detect, analyze and quantify these
compounds, because of its specificity and its sensitivity.
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Introduction

Scientists all around the world have shown interest in studying the pollution of polycyclic
aromatic hydrocarbons (PAHs) to assess the potential impact of anthropogenic activities on
aquatic environments because their occurrence in water is closely tied to urban activities.
Many PAHs possess mutagenic and carcinogenic properties'. PAHs are consequently listed
by the US Environmental Protection Agency (EPA) as priority pollutants®.

Polycyclic aromatic hydrocarbons (PAHs) constitute a large group of organic pollutants
which includes more than 200 chemical compounds. These compounds are in the form of
mixtures. PAHs are built from at least two aromatic rings without any substituents. They are
hardly soluble in water and have high affinity for sorption on the surface of solid
materials™,

PAHs are formed by incomplete combustion of organic matter such as fossil fuels,
forest fires, domestic sewages, animal droppings, wood burning, traffic engines and other
organic materials™®. As well, the derivatives from the digenesis of crude oil and organic matter
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under anoxic conditions are considered amongst the main PAHs sources”*. PAHs are widely
distributed in the atmosphere, water, soils and sediments”'®. Considerable efforts have been
devoted to the analysis of PAHs in a variety of environmental samples'"'%.

The presence of high concentrations of PAHs in the environment is also connected with
ecological and economical issues. Long-term contamination may lead to permanent changes
in local ecosystems, and may have influence on the reduction of the agricultural crops
productivity'>"".

The european water framework directive has specified that the sum of the
concentrations of all PAHs in water for human use must not exceed 0.1 pg.L™". Moreover,
the concentration of benzo[a]pyréne must be limited'® to 0.01 ug.L™".

The utilization of High performance liquid chromatography (HPLC), with ultraviolet
(UV) detection, has long been a common practice in the analysis of PAHs. This technique,
which involves liquid-liquid extraction and preconcentration of PAHs from seawater, has
proven ideally suitable for the nonvolatile and thermolabile PAHs'"?".

Lebanon, a small country with a dense population of about 4 million people, faces a
multitude of environmental stresses among which are deforestation, traffic congestion and
the deterioration of water quality by land.

In this paper, we report on the chromatographic identification and quantification of the
sixteen PAHs listed as US EPA priority pollutants compounds in five samples of seawater of
the Lebanese coast.

Experimental

To compare seawater contamination in different locations, samples were collected at
different stations as depicted in the map of Lebanon, Figure 1.

Figure 1. Map showing the sampling locations in Lebanon

Sampling procedure

Samples were collected, on weekly basis, from the five sites in the period that extended
between February and June 2018 using 1L amber glass bottles. To minimize contamination,
all glassware was cleaned with detergent solution, rinsed with distilled water, heated in an
oven at 500 °C for eight hours to combust traces of organic matter, and finally rinsed with
dichloromethane. Sample extraction was performed within 24 h.
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Materials and reagents

All chemicals were purchased from Sigma-Aldrich Chemical Company. Solvents were of the
highest grade of purity commercially available and were used without further purification. The
PAH mixture solution containing 16 USEPA priority PAHs standard [naphthalene (Nap),
acenaphthylene (Acy), acenaphthene (Ace), fluorine (Fle), phenanthrene (Phe), anthracene
(Anth), fluoranthene (Fla), pyrene (Pyr), benzo[a]anthracene (BaA), chrysene (Chr),
benzo[b]fluoranthene = (BbF), benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP),
indeno[1,2,3-cd]pyrene (Ind), dibenz[a,h]Janthracene (DBA) and benzo[g,h,i]perylene (BgP)],
each at 10 pgrmL" in acetonitrile, was purchased from Sigma-Aldrich. In order to exclude
impurities before use, analytical-grade anhydrous Na,SO,4 was used.

Extraction of PAHs

The general overall method used has been described in the literature™. The initial 1 L water
sample, to be analyzed, was equally divided into two 500 mL fractions. For each fraction,
two successive extractions were carried out. Each extraction involved the addition of
100 mL of dichloromethane while letting the mixture shack for one hour with a stirring bar
on a magnetic agitator. The mixture was then extracted using a separating funnel. All
extracts, combined to a total of 400 mL of dichloromethane, were dried with anhydrous
Na,SO, and concentrated by rotary evaporation to a 1 mL residue liquid for HPLC analysis.

Adsorption of PAHs on activated carbon

Seawater treatment was carried out by adsorption on powdered activated carbon to test its
effectiveness in removing PAHs that exist there. However, after filtering the sample, we
added 3 g of powder activated carbon. The mixture was stirred for 2 hours at room
temperature. We then carried out two consecutive filtrations of the mixture to get rid of the
activated carbon. This was followed by extraction with dichloromethane then by
concentration on a rotary evaporator according to the same procedure already described. The
resulting solution was later admitted for HPLC analysis.

Instrumentation

Chromatographic studies were performed on a Schimadzu HPLC system (UFLC) equipped
with a thermostated-column device, a degasser and a variable-wavelength UV detector. The
column used for analytical HPLC was C-18 (150 mm x 4.6 mm). The mobile phase was a
mixture of acetonitrile/water (60/40%) with a flow rate of 1 mL/min. The wavelength of UV
detector was set at 254 nm and the column was operated at room temperature. The injection
volume was 20 pL.

Dosage of PAHs detected

The second part of the study consisted of determining the concentration of each PAH
identified in the samples obtained from the five locations. For this purpose, a series of
dilutions of the standard stock solution (2, 4, 6 and 8 pg/mL) was prepared. The
corresponding chromatograms recorded clearly showed the variation of the surface of each
peak as a function of the concentration prepared.

Results and Discussion

Due to the wide variety of PAHs and the cost of dosages, only 16 have been detected. These
are mentioned as priority pollutants by the US Environmental Protection Agency in the
80s'®. HPLC reverse polarity has proven to be one of the most efficient identification and
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separation techniques and has been, accordingly, commonly used in chemical analysis
laboratories. It allows the identification, separation and dosing of PAHs in different samples
analyzed. Its high precision, high separation speed, high reliability and the lowering of the
detection threshold, made it possible to search for traces. UV detection has been, as well,
commonly used to identify PAHs based on their previously defined retention time using
standard solutions at the same conditions.

The column chosen was the C-18. The mobile phase used was a water/acetonitrile
mixture, 40/60%. It must have sufficient eluent strength to elute the most hydrophobic
PAHs. In our experiments, a total duration of 40 min was needed for the analysis. The first
step consisted in passing the 16 USEPA priority PAHs standards in HPLC. The goal of this
step was to obtain the chromatogram and, accordingly, the characteristics (retention time) of
each of the various PAHs existing in the standard; as references for further analysis.

The second step was to pass the samples of seawater, obtained from the five locations,
under the same conditions. The presence of several PAHs in these samples, from the various
locations, was confirmed by reflecting on the standard, simply by comparing their
corresponding chromatograms. Figure 2 represents the chromatograms obtained by HPLC of
PAHs detected in seawater of Tripoli and Jbeil. The retention time and area of the peak for

each of the detected PAHs for each location are presented in Table 1.
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Figure 2. Chromatograms obtained by HPLC of PAHs detected in seawater of a) Tripoli and
b) Jbeil. Chromatographic conditions: Schimadzu HPLC system, C-18 (150 mmx4.6 mm)
column, mobile phase: 40/60% water-acetonitril, flow rate: 1 mL/min, wavelength: 254 nm
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Table 1. Characteristics of the PAHs detected in the five seawater samples

Site Compound Retention Time/min Area
Naphtalene 5.5 3478
Acenaphtylene 6.0 10257
Akkar Acenaphtene 7.8 45766
Anthracene 12.7 18421
Naphtalene 5.6 10375
Acenaphtene 8.0 44875
Fluorene 9.5 1678
Fluorenthene 14.4 12112
Tripoli Pyrene 15.7 4517
Benzo(a)anthracene 19.7 4458
Chrysene 215 20442
Benzo(b)fluoranthéne 25.4 1669
Naphtalene 54 14011
Acenaphtylene 6.5 9843
Batroun Fluorenthene 14.3 21038
Naphtalene 5.6 15894
Acenaphtylene 6.2 32426
Jbeil Phenanthrene 11 4924
Chrysene 21.8 11617
Naphtalene 54 27734
Acenaphtylene 6.2 65388
Beirut Acenaphtene 8.0 8643
Pyrene 15.5 2212142
Phenanthrene 11.1 350786
Anthracene 12.9 8677

In the third step of the study, the concentration of each PAH, as detected in the different
locations, was calculated. The method used is based on the graphical representation of
curves, obtained by means of the experimental measurements using Origin 6.0 professional
program, Figure 3. The results are summarized in Table 2.
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Figure 3. Calibration curve for the dosage of Naphtalene
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Table 2. Concentration of PAHs detected in the five seawater samples in ug.L"' before
treatment by activated carbon

[PAH]/ [PAH]/ [PAHY/ [PAH])/ [PAHY

-1
PAH Detected/(ugl.") Akkar Tripoli ~ Batroun Jbeil Beyrouth
Naphtalene 1500 2800 3000 3200 4300
Acenaphtylene 2800 - 2400 5200 9700
Acenaphtene 3150 3500 - - 1500
Fluorene - nd - - -
Fluoranthene - nd 6500 - -
Pyrene - nd - - 4300
Anthracene 1500 - - - 1200
Phenanthrene - - - 2400 4300
Chrysene - 1700 - nd -
Benzo(a)anthracene - 1400 - - -
Benzo(b)fluoranthene - 1000 - - -
> 8950 10400 11900 10800 25300

nd: not determined

As shown in Table 1 and Table 2, the results obtained revealed the presence of 4 PAHs in
Akkar seawater (naphthalene, acenaphthylene, acenaphthene and anthracene) of X = 8950 ug.L",
8 PAHs in the seawater of Tripoli (naphthalene, acenaphthene, fluorene, fluoranthene,
pyrene, benzo (a) anthracene, chrysene and benzo (b) fluoranthene) of £ = 10400 ug.L', 3
PAHs in Batroun seawater (naphthalene, acenaphthylene and fluoranthene) of £ = 11900 ug.L",
4 PAHs in Jbeil seawater (naphthalene, acenaphthylene, phenanthrene and chrysene) of X =
10800 pg.L" and 6 PAHs in seawater of Beirut at high concentrations of £ = 25300 pg.L"
(naphthalene, acenaphthylene, acenaphthene, phenanthrene, anthracene and pyrene). These
results show seawater contamination with PAH concentrations far exceeding environmental
standards and specifications.

The treatment of the samples by activated carbon showed an almost negligible effect in
the samples where the levels of PAHs was low (Tripoli, Akkar, Batroun and Jbeil).
However, in the case of high PAHs concentrations, as found for samples taken from Beirut,
a surprising positive effect (up to 70% reduction) has been detected; an indication that
activated carbon has significantly eliminated PAHs. The relative contribution of each
individual PAH to the total PAHs concentration has been determined for the five sampling
sites and are presented in Figure 4.
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Figure 4. Contribution of each individual PAH to the total PAHs in seawater analyzed at a)
Akkar, b) Tripoli, c) Batroun, d) Jbeil and e) Beirut

Water samples from the five areas exhibit similar PAH patterns, with a predominance of
two- three-ring PAH compounds. The results obtained show high PAHs contaminations in
the seawater of all samples. This, therefore, calls for effective water treatment and efficient
purification in order to get rid of any present contamination.

Reproducibility

The reproducibility of the methods has been determined by replicate analysis of three separate
samples. The results have proven satisfactory with standard deviations not exceeding 2% and
the correlation coefficients were greater than 0.999 for all the analyzed compounds.

Conclusion

The work presented in this paper focused on the study and the analysis of the quality of
seawater on the Lebanese coast that extends from Beirut going north till the boarders with Syria.

For this purpose, five seawater samples (Tripoli, Akkar, Batroun, Jbeil and Beirut) were
processed. The procedure applied consists of carrying out the following steps: a liquid-liquid
extraction with dichloromethane of each sample and an analysis on reverse phase HPLC.
The chromatograms thus recorded reveal the presence of several peaks each corresponding
to a given PAH. The comparison of the results obtained with those provided by the marketed
standard made it possible to identify each PAH present and to quantify it.
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This study showed that the analyzed seawater samples were contaminated by PAHs.
This contamination varied in terms of the detected PAHs and the concentration of each
contaminant between the studied regions. It is almost impossible to relate the detected
contaminant to its source in each of the sampling regions. In other words, it is not possible to
relate a contaminant to the site of detection. In addition to the contamination, of all types,
caused by the immediate location from which sampling took place, the uncontrolled
dumping of untreated waste, agricultural or industrial waters into rivers can carry with it the
detected contaminants from far distances to the same spot where sampling was done. In
addition, the many sea currents and the change of direction of such currents with time play
an important role in this respect.

As well, this study aimed at investigating the effectiveness of activated carbon (AC) in
removing PAHs contaminants from the sampled seawater. The results obtained showed a
negligible effect in the samples of Tripoli, Akkar, Batroun and Jbeil and a positive effect for
samples taken from Beirut. This indicates that activated carbon has significantly eliminated
PAHs.

The results of this work constitute the bases of a work to be pursued for a more in-depth
study which aims at finding more effective adsorbent agents than the activated carbon to
eliminate as much as possible the PAHs presents whatever their concentrations.
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