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Abstract

The intense activities in port areas are the main reasons for water pollution by different pollutants. In this study are
shown data of priority substances, due to their persistence and potential toxicity to aquatic organisms and human
health. Concentration of organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs), polycyclic aromatic
hydrocarbons (PAH) and BTEX (benzene, toluene, ethyl benzene and o-, m- p-xylenes) were determined in water
samples of two main ports of Albania, Durres and Vlore ports. To assess the pollution status of these areas, water
samples from inside/outside port areas of Durres and Vlore ports were collected in June 2022. Analyses of the
organochlorine compounds and polycyclic aromatic hydrocarbons were performed using a gas chromatograph
(Varian 450 GC) equipped with ECD and FID detectors. BTEX was analyzed using the HS/SPME technique,
followed by the GC/FID technique for their qualification/quantification. Organochlorine pesticides and their
degradation products were detected almost in all analyzed water samples. Their presence could be related to their
previous use. PCBs, PAHSs, and BTEX were found in more than 80% of analyzed samples. Higher levels were found
at stations inside the port areas. Their presence was due to anthropogenic factors (intense activity and ship transport)
in these areas. The reported levels of these priority substances in water samples from Durres and Vlore’s ports were
higher/comparable with those reported levels of them from Adriatic Sea (Albania coast). Water currents and new
arrivals from the Albanian rivers can be considered as an important factor for the levels and profiles of analyzed
pollutants. Although the production and use of OCPs and PCBs have been banned for decades, their presence
continues to be reported because of their high persistence in the environment. This study should encourage the
responsible institutions for the continuous analysis of these substances in port areas.
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Introduction

Many of port operations/means/mechanicals can have environmental impacts on the water and port areas.
These operations can have a significant impact primary on water quality and as consequence at the marine life
[1, 2]. Liquid/solid wastes from ships and other port activities can result in the pollution inside/outside port
areas and harm marine life. In many studies, the marine environment has been established as a primary site for
the accumulation of pesticides and other organic compounds [2, 3, 4]. Water and sediment are likely the main
means of assessing the degree of marine pollution. The main types of pollutants entering the aquatic
environment and their origins are organic compounds represented mainly by polycyclic aromatic
hydrocarbons, pesticides, drugs, dioxins, phthalates, or inorganic compounds, which can be represented by
metal compounds, nitrogenous materials, and phosphorus. Monitoring of marine pollutants is of great
importance [1 — 6]. Organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs) and polycyclic
aromatic compounds (PAHSs) are among the most important persistent organic pollutants (POPs) suggested to
be monitored in aquatic environments. These pollutants are well-known for their toxicity, persistence, and easy
bioaccumulation affinity [5 — 10]. Persistent organic pollutants have various industrial, anthropogenic, and
agricultural applications. For more than 50 years (after the Second World War to 90’) organochlorine
pesticides have been used widely in Albania for agricultural purposes. The main agricultural areas are located
in the western part of the country near the Adriatic Sea. The use of pesticides in Albania decreased rapidly
after 1990 due to population migration/emigration [3, 4, 9, 19, 20]. PCBs were not used in Albania until 90’.
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They can be found only in some electrical transformers that were used in the early 1990s. Note that, they have
been reported in many water ecosystems in Albania because of their atmospheric depositions [3, 19, 20]. PAHs
and BTEX are pollutants generated by automobile transport, extracting/processing in the oil industry, coal
mines, and many other industries. These hydrocarbons can be found in marine water because of ship transport
or accidental spills of hydrocarbons. Forest burning and their natural backgrounds make them very common
in the environment [1, 3, 6].

The aims of this study were to determine the concentrations of OCPs, PCBs, PAHs and BTEX in seawater
collected from two main ports of Albania and to identify potential sources of these contaminants in water.
Durres and Vlore ports are located along the Albanian coastline of the Adriatic Sea. Durres is the largest port
in Albania. It is an artificial basin formed between two moles and is located in the middle of the Adriatic Sea,
to the South of the Durres City. In this port are proceeded around 77% of imports and 89% of Albanian exports.
The main activities in this port are general cargo, grains, minerals, containers, and ferry boats. Port of Durres
has a fishing harbor located at the northern end of the East Mole. From 2014, the port was ranked as the largest
passenger port in Albania and one of the largest passenger ports in the Adriatic Sea. The hydrocarbon ports of
Porto-Romano is located near this port (5 km distance). In the near future, the port area will be re-
conceptualized and expanded as one of the largest ports of the Mediterranean Sea [3, 4]. The port of Vlore is
the second largest port in Albania. It is located in Vlore Bay, near the city of Vlore, southern Albania. The port
is considered part of the Lungomare Master Plan of Vlore. Part of this project is the construction of a yacht
port and new roads to make the port area the most accessible. Until now, Vlore’s port has been mainly a
function of passengers and commercial shipping. Except, Vlore port in the Vlore Bay are located some other
ports such as petroleum ports (Petrolifera near Zverneci), Marina port for Delta Force (near Radhima), Military
Base of Orikumi, and a fishing harbor (near Zverneci). In the Vlore Bay are active some touristic ships and
many small boats (motorized ones) which serve for tourist transportation [9].

Materials and Methods

Water sampling in Albanian ports

The water sampling was realized at the end of July, 2022. In Durres Port, 12 water samples (eight samples
inside the port area and four samples around it) were collected, and 12 water samples (six samples inside the
port area and six samples around it) were collected in Vlore port. This sampling period was chosen because of
the intense activities in Albanian ports (from two to three times higher than the normal period). In each
sampling point, 2.5 L of sea water were collected in Teflon bottles, based on ISO 5667-3: 201. The water
samples were stored at +4°C and transported to the laboratory for further analysis using. The sampling stations
for Durres and Vlore ports are shown in Figure 1.



International Journal of Natural and Engineering Sciences 186

Dubr ovml/u-\\/i Mon ‘ Kosova
o ~
Kotop qtneﬂ%wua \
2) Bldva ‘/\Prizren
y bynsa Mpuaper’ Ve
Tetove
| R ‘/‘TeT(gBo,
§ 2 2]
Z North
Tirané : 9 ‘
Port of Durres purrés © Macedonia
A - - Adriatic Sea Oxpra =y

7 Shqipéria
A l j
‘A ol Albania 3

A Brindizi
S X }
A A )
0 A 5 Viore - @
A Lege i : \/W
A A Italy ¢
= K A & Otranto
Y Gallipoli 5 \
i 2ff
A 9 Santa Maria Sarandé
di Leuca o Greece
. Ksamile ’Janlna
Port of Vlore X wavviva

‘e Or

Figure 1. The sampling sites in Durres and Vlore ports, June 2022

Treatment of water samples for pesticides, PCBs and PAHs

Liquid-liquid extraction was used for the determination of OCPs and PCBs in the water samples. One liter of
water was extracted using n-Hexane (2 x 40 ml) in a separator funnel. After extraction, the organic phase was
dried by using Na2SO4 anhydrous (5 g) to remove water. A Florisil column was used for sample cleanup. 20
ml n-Hexane/Dichloromethane (4/1) was used for elution. After concentrating to 1 ml hexane, the samples
were injected into the GC/ECD [12, 14, 17, 18 — 21].

Two-step liquid-liquid extraction (LLE) was used to extract PAHs from water samples. One liter of water with
40 ml Dichloromethane (first-step LLE) and 40 ml hexane (second-step LLE) as the extracting solvent was
added to a separator funnel. After extraction, the organic phase was dried with 5 g) to Na2SO4 anhydrous for
water removing. Extracts were concentrated to 1 ml hexane using Kuderna-Danish and then injected into the
GC/FID for qualification/quantification of PAHSs [4, 16 — 18, 21].

Gas chromatography analyze of organochlorine pollutants

Organochlorine pesticides and PCBs were analyzed simultaneously using capillary column type Rtx-5 (30 m
long x 0.25 mm meter x 0.25 um film thickness gas chromatograph (Varian 450 GC) with electron capture
detector (ECD detector). Helium was used as the carrier gas (1 ml/min), and nitrogen was used as the make-
up gas (24 ml/min). Manual injection was performed in splitless mode at 280°C. The organochlorine pesticides
detected were: DDT-related chemicals (p,p-DDE, p,p-DDD, p,p-DDT), HCHs (a-, b-, y- and d-isomers),
Heptachlor’s (Heptachlor and Heptachlor epoxide); Aldrin’s (Aldrin, Dieldrin and Endrin) and Endosulfanes
(Endosulfan alpha, Endosulfan beta and Endosulfan sulfate). PCB analysis was based on the determination of
seven markers (IUPAC number PCB 28, 101, 118, 138, 153, and 1,80). The quantification of OCPs and PCBs
was based on an external standard method [3, 14, 15, 20].
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Gas chromatography analysis of PAHs in water samples

The gas chromatographic analyses of PAHSs in the water samples were performed using a Varian 450 GC
instrument equipped with a flame ionization detector and PTV injector. VF-1 ms capillary column (30 m x
0.33 mm x 0.25 um) was used for qualification and quantification of 13 PAHs according EPA 525 Method.
Helium was used as carrier gas with 1 ml/min. FID temperature was maintained at 280°C. Nitrogen was used
as the make-up gas (25 ml/min). Flame detector gases, hydrogen and air were at 30 and 300 ml/min,
respectively. EPA 525 Standard Mixture was used for qualitative and quantitative analysis of PAHS.
Acenaphthylene, Fluorene, Phenanthrene, Anthracene, Pyrene, Benzo [a] anthracene, Chrysene, Perilene,
Benzo [b] fluoranthene, Benzo [k] fluoranthene, Indeo [1,2,3-cd] pyrene, Dibenzo [a, b] anthracene and Benzo
[g, h, i] perylene were determined in seawater samples. PAH quantification was based on the external standard
method [4, 16, 17, 21].

HS-SPME technique for determination of BTEX in water samples

The determination of BTEX in the water samples was performed using solid-phase microextraction in static
head space mode (HS/SPME), followed by the GC/FID technique. 5 ml of the water sample was taked in a 10
ml head space vial. A PDMS fiber (100 pm) was used to extract BTEX from the water samples. The adsorption
process was performed at 50°C (in a water bath) for 45 min while desorption process (30 seconds at 260°C)
was performed using a PTV injector (HS mode was selected) of a Varian 450 GC instrument. VF-1 ms
capillary column (30 m x 0.33 mm x 0.25 um) was used for separation of Benzene, Toluene, Ethyl benzene
and Xylene isomers. Helium was used as carrier gas with 1 ml/min. FID temperature was maintained at 260°C.
Nitrogen was used as the make-up gas (25 ml/min). BTEX Mixture was used for qualitative and quantitative
analyses, based on the external standard method (Nuro et al., 2014). Organochlorine pesticides, their
degradation products, and PCB markers were analyzed using GC/ECD techniques. Polycyclic aromatic and
volatile hydrocarbons were analyzed using GC/FID techniques [4, 19].

Results and Discussion

The levels of OCPs, PCBs, PAHSs, and BTEX were investigated in the main Albanian ports because of their
high toxicity and persistence. These pollutants are classify as priority substances based on Water Framework
Directive 2000/60/EC (EC 2000). Organochlorine pesticides were detected in all the water samples analyzed
from the ports of Durres and Vlore (Table 1, Figure 2). The total concentration of OCPs in water samples
collected in port of Durres ranged from 1.63 ug/1 (station D1) to 6.59 pg/l (station D10) with a mean value of
3.61 pg/l. Their levels in water samples from port of Vlore were 0.19 pg/l (station V8) to 31.78 pg/l (station
V6) with a mean value of 8.16 pg/l. Locations near the main drain in the port showed higher levels of OCPs
than those around it. The concentration of OCPs in the port of Vlore was higher than that in the port of Durres.
This fact can be related to their previous uses in agricultural areas near Vlore Bay (as well as Vlore port),
discharges by Vjosa and Semani rivers (new arrival because of soil rinsing from other areas of Albania),
geographical position of Vlore Bay, water currents inside and outside Vlore Bay, and punctual sources near
the port. In addition, the same factors can affect the levels of OCPs at the port of Durres, although these levels
are lower than those in Vlore Bay because of the port's location (it is not inside a bay; therefore, it is more
exposed) and stronger water currents outside and inside the port. The profiles of OCPs in water samples in
Durres was: HCHs > Heptachlores > Aldrins > DDTs > Chlordanes > Endosulfanes. Higher concentrations
were found for 6-HCH, Lindane, a-HCH, DDD and Heptachlor. -HCH and B-HCH isomers are more stable
against environmental condition than a-HCH and y-HCH [15, 19, 20]. The residues of 3-HCH and 3-HCH can
be used as indicators of the historical usage of HCH in agricultural practices. The ratio of a-HCH to y-HCH
was calculated to identify the source of environmental HCHs [15]. Generally, HCHs with a high a-HCH/y-
HCH ratio (between 5 and 7) originate from technical HCHSs, and those with a low ratio (near 0) are primarily
sourced from Lindane [3, 15, 19, 20]. In this study, the ratio was 0.79 in Durres samples to Vlore samples was
13.56. Based on these results, the composition of HCHs in water samples was a mixture of technical HCHs
and Lindane. ZDDT concentrations in the water samples ranged from n.d. to 2.149, with a mean value of 0.41
ug/l. Among all the OCP compounds, p,p’ -DDT had the highest concentration, with an annual average of
0.076 ug/1, followed by p,p’ -DDE (0.055 ug/1), and p,p’ -DDD (0.050 pg/1). DDT is degraded into DDE under
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aerobic conditions and into DDD under anaerobic conditions [3, 15, 20]. Therefore, a ratio of p,p’ - DDT/(p.p’
-DDE + p,p’ -DDD) greater than 1 indicates fresh input, in addition to historical usage (Jiang et al., 2009). In
the present study, this ratio was 0.13-4.76 (Mean = 1.47) and 0.08-5.51 (Mean = 1.46) in Durres, respectively;
this suggests recent inputs of DDTSs into the sea. The Presence of HCHSs in higher concentrations could be
mainly because of impact of Ex-Lindane plant industry, in Porto-Romano (5 km in North of Durres’s port),
which for many years discharges its wastes directly to the Adriatic Sea. The presence of DDD and Heptachlor
could be a combination of terrestrial (these pesticides have been stored in the port warehouses for a long time)
and water currents (new arrivals from the Shkumbini, Erzeni, and Ishmi rivers). The profile of OCPs in the
Vlore samples was as follows: Endosulfanes > Heptachlores > Chlordanes > Aldrines > HCHs > DDTs. This
profile was different from Durres samples because of their origin is different for both ports. Cyclopentadiene
pesticides were detected in higher concentrations. Higher levels of Endosulfane I, Heptachlor, g-Chlordane,
and Dieldrin were found. This difference may be due to new arrivals from the Vjosa and Semani Rivers and
the individual physicochemical properties of the pesticides (water solubility, persistence, degradation rate,
ability to bind with suspended matter, etc.). The recent use of these pesticides and the point sources of these
contaminants have not been excluded. OCP concentrations in Durres and Vlore water samples were in the
same range as those reported in previous studies of the Adriatic Sea [9, 12, 13]. levels of individual pesticides
were below the acceptable levels according to the Albanian and EU standards [11].

PCB markers were detected in all analyzed samples from the ports of Durres and Vlore (Table 1, Figure 4).
The total concentration of PCBs in Durres port ranged from 0.145 pg/1 (station D1) to 13.59 ug/1 (station D11)
with a mean value of 1.73 pg/l, whereas in Vlore samples, PCB markers, ranged from 0.19 (station V8) to
27.47 ug/l (station V7) with a mean value of 5.40 ug/l. PCBs were detected at high concentrations in samples
from Vlore stations. Their presence in seawater samples from both ports may be related to shipping, industrial
activity in the cities of Durres and Vlore, and atmospheric deposition. Oil discharges from machinery
operations and activities (in and out of the port) are likely terrestrial sources of PCBs and hydrocarbons in
seawater samples from Durres and Vlore. During this period, several large fires were recorded in several cities
(Porto Romano landfill near Durres, Selenica and Narta landfills near Vlore), and forest areas (Karabruni,
Llogara and Selenica near Vlore) and may represent a further source of contamination in both studies area.
Profile of PCB markers in Durres samples was: PCB 118 > PCB 32 > PCB 28 (Figure 5). The PCB profile for
the ports of Vlore was PCB 118 > PCB 52 > PCB 101 > PCB 138. High concentrations of PCB 118 were
detected in all the water samples. Its origin may be partly terrestrial or partly atmospheric. PCB 52, a volatile
congener, was detected in both areas due to atmospheric deposition. PCB levels and profiles were associated
with individual concentrations of several congeners. The presence of heavy PCB congeners at some stations
was due to punctual sources of these contaminants in both port areas (all of these stations were within port
areas). Ship and car transportation could affect the PCB content of the analyzed samples. PCB levels were
comparable to those reported in previous studies [3, 9, 19, 20]. Levels of PCB markers were lower than the
permitted levels by the Albanian and EU standards [11].

The PAHSs were detected almost in all water samples analyzed from Durres and Vlore ports. (Table 1, Figure
6). The average value for 13 PAHSs according EPA 525 standard for the port of Durres was 4.57 pg/l and for
Vlore’s port was 5.48 pg/l. The PAHs levels for Durres samples was from 1.97 ug/l (D12) to 8.61 pg/l (D3)
and for Vlore samples was from 0.78 ug/l (V10) to 11.49 pg/1 (V4). PAHs were found at higher concentrations
in the Vlore samples. The main reason could be the effect of water currents in Vlore Bay, which favors the
concentrations of pollutants in it. The presence of PAHs in both ports could be due to ship transport,
automobilist transport and any possible hydrocarbon accident (in or near the port areas). Mechanical activities
near the ports of Durres and Vlore as well as some massive fires near these areas could be important sources
of hydrocarbons in marine water. Note that the presence of some individual PAHs was higher in both studied
areas. Benzo[k]fluoranthene, Benzo[b]fluoranthene Pyrene, Acenaphthylene, Fluorene, Chrysene was found
in higher level for Durres samples while Anthracene and Chrysene were most abundant in Vlore stations
(Figure 7). Their profiles in both areas were a combination of their origin by non-pyrogenic hydrocarbons
(transport emission, spillage of hydrocarbons, mechanical activities, etc.) and pyrogenic ones (forest and urban
waste burning, transport emission, industrial activities, etc.). The differences between Durres and Vlore ports
could be connected mainly by geographical position, water currents, and the characteristics of
industrial/mechanical activity near respective areas. The momentum values of PAHSs for the analyzed samples
were not excluded. PAH levels in seawater samples from main Albanian ports were in the same range or higher



International Journal of Natural and Engineering Sciences 189
than the reported levels for other stations in the Adriatic Sea, Albanian coastline [3, 16 — 20]. The presence of
PAH individuals (Anthracene) at some stations was higher than the permitted level according to the Albanian
and EU norms [11].

Table 1. Data of priority substances concentrations from ports of Durres and Vlore, July 2022

Port of Durres Port of Vlore

c S g 5 > e c S £ g > e
s 3 £ 5 B 3/ 8 £ § &8 38
= s g © © = 5 5 ©2 °

Compounds
HCHs (pg/l) 137 054 0.09 565 167 12 094 032 014 326 112 12
DDTs (ug/l) 047 023 N.D. 215 0.8 12 090 020 ND. 662 190 12
Aldrin's (ug/l) 061 043 005 210 0.56 12 134 044 ND. 650 187 12

Heptachlors (ng/l) 049 028 ND. 172 056 12 168 042 ND. 1226 345 12
Chlordane’s (ug/l) 038 017 ND. 136 044 12 | 144 012 ND. 1429 409 12
Endosulfanes (ug/) 027 012 ND. 125 035 12 186 019 N.D. 1685 481 12

Pesticides (ng/l) 361 35 163 659 151 12 816 465 019 31.78 940 12
PCBs (ng/l) 173 066 015 1379 3.82 12 540 140 019 2747 7.95 12
PAHs (pg/l) 457 486 197 861 222 12 548 485 078 1149 3.08 12
BTEX (pg/D) 273 214 024 1111 296 12 251 229 102 489 136 12

N.D. — Not detected or lowers than Limit of Detection (LOD)
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Benzene, Toluene, Ethyl benzene, orto-, meta- and para-Xylenes (BTEX) were found almost in all water
samples of Durres and Vlore ports. Average of BTEX for Durres port (2.73 ug/l) was almost the same with
Vlore samples (2.51 ug/l). The total was slightly higher in Durres because of the abundant level of Toluene at
D3 station (Table 1, Figure 8). Total of BTEX ranged between 0.24 ug/l (D9) to 11.11 ug/l (D11) at Durres
samples and from 1.02 ug/l (V10) up to 4.89 ug/l (V4) at samples taken in port of Vlore. Profile of BTEX in
Durres stations was: Toluene > m-Xylene > 0-Xylene > Benzene > p-Xylene > Ethylbenzene and their profile
for Vlore samples was: Benzene > Toluene > m-Xylene > 0-Xylene > p-Xylene > Ethylbenzene (Figure 9).
Benzene and Toluene were the most frequently volatile hydrocarbons found in analyzed samples but the
presence of Xylene isomers was found in higher concentrations in some stations (D1, D6, D12, V1, V2, V3,
V4, V11 and V12). Presence of BTEX in seawater samples could be because of elevated ship transport,
automobilist transport and any possible accident of hydrocarbons near the areas of Durres and Vlore ports.
Also, the momentum values of the BTEX for both ports were not excluded. Benzene concentrations were
found to be higher/comparable to the reported levels for other stations in the Adriatic Sea, Albanian region
[20]. Benzene level was lower than permitted level according to Albanian and EU norms [11] exclude its level
for some stations of Durres (three stations) and Vlore (one station).

Data on priority substances in the ports of Durres and Vlore were processed using multivariate cluster analysis.
From the processing of the data for the main groups of priority substances, three main groups were identified
(Figure 10). The greatest similarity in the first group was between HCHs, DDTs and Aldrin’s. Their similarity
exceeded 70%, followed by heptachlors, which had lower similarity. In the second group, Chlordanes and
Endosulfans showed high similarity, with a similarity of over 80%. This group was similar to Group 1, with a
confidence level of more than 40%. In Group 3, the greatest similarity was observed between PAHs and BTEX,
with greater than 50% similarity. The similarity between Group 3 and the other groups was approximately
30%. The data for endosulfans (15%), total pesticides (2%), and PCBs showed the least similarity to the other
groups. The similarity of these groups can be attributed to the nature of the substances (organochlorine
compounds show similarity, hydrocarbons show similarity), the timing of their use, and their respective
physicochemical properties (solubility, degradation rate, etc.).
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A cluster analysis of the contamination levels at each station (Fig. 11) revealed seven groups sharing a
similarity greater than 90%. Five groups showed similarities above 80% and two major groups showed
similarities above 40%. The main groups consisted of sampling stations inside and outside the port. There
were no visible differences between Durres and Vlore stations. They are interspersed among themselves
according to their pollution levels. This is related to the same origin of pollution in the marine waters of the
Durres and Vlore ports. Individual levels of some pollutants also led to differences between the stations. These
facts can also be seen from the treatment of the data with multivariate principal component analysis (PCA),
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where most of the stations are grouped together with a high level of similarity (Figure 12). Eigen values for
these stations ranged from 0.98-1.25. Only four stations (D11, V2, V6, and V9) showed notable differences
from the other stations. The changes observed for these stations were related to the high levels of some
individuals (PCB 118, Methoxychlor, Endosulfane | and Heptachlor).

Conclusions

Priority substances were detected almost in all water samples from Durres and Vlore ports. Owing to the
geographical location of Vlore Bay favors high levels of organochlorine pesticides, PCBs, and PAHs in water
samples from Vlore Port. Pesticides were found due to past use in agricultural areas near both ports, new
arrivals from rivers, water currents, and punctual sources near the ports. Pesticide degradation products were
found at higher concentrations than the active products. This was related to the previous use of pesticides in
Albania and their degradation processes. The presence of PCBs, PAHs and BTEX in seawater samples in both
ports may be related to shipping/automobilist transport, mechanical/industrial activity in the cities of Durres
and Vlore, and atmospheric deposition. Mechanical activity may be a terrestrial source of PCBs and
hydrocarbons in the seawater samples from Durres and Vlore. Several large fires were recorded near these
areas during this study period, could affect in the contamination levels for both ports. The levels of individual
organochlorine pesticides, PCB markers, PAHs and Benzene in water samples from both ports were lower
than the permitted levels for surface waters according to EU Directive 2013/39 and Albanian norms. An
exception was for some individuals (at some stations), which had relatively higher concentrations than others.
The monitoring of organic pollutants in the waters of Durres and Vlore ports is ongoing, as these areas can be
affected by many sources of pollution. This study should encourage the responsible institutions for the
continuous analysis of these substances in port areas.
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