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Abstract The concentrations of polycyclic aromatic hydro-
carbons (PAHs) were determined in 25 surface sediment sam-
ples from five sites located at Oludeniz Lagoon of the Turkish
Mediterranean coast. The total concentration of the PAHs
(1.85±1.39 mg/kg) was lower than the sediments from highly
urbanized areas, while it was comparable with the sediments
from similar locations. Acenaphthene and chrysene were
dominant ones with the concentrations of 0.620 and
0.515 mg/kg, respectively. The isomeric ratios indicated that
combustion is the predominant source of PAHs in the sedi-
ments. Factor analysis solution supports the same finding with
three major factors accounting for 71.7 % of the variability in
the data. Factor 1 with 43.4 % of the total variance identified
as a pyrogenic source (coal combustion; 4 rings PAH and
traffic related pollution; 5–6 rings PAHs). Factor 2 (explains
39 % of the total variance) represents PAHs originating from
traffic, and factor 3 (explains 12 % of the total variance)
represents petrogenic source. Our results suggest that com-
bustion of fossil fuels affects most of the points, followed by
combustion of biomass and human activity.

Keywords PAHs . Sea sediment . Factor analyses . Isomeric
ratio . EastMediterranean

Introduction

Polycyclic aromatic hydrocarbons (PAHs) are one of the
major categories of pollutants mainly originating from anthro-
pogenic emissions like incomplete combustion and pyrolysis

of organic matters including wood, fossil fuels, asphalt and
industrial waste exposed to high temperature (WHO World
Health Organization 1998; Yang et al. 1991). The PAHs
originating from crude and refined petroleum are called as
petogenic, and the ones produced as a result of combustion are
also called as pyrogenic. Among all the contributing sources,
stationary sources contribute about 80 % of the total emis-
sions. As mobile sources, diesel- and gasoline-powered vehi-
cles can be considered (Mostafa et al. 2009). In some countries
like Turkey, biomass burning, forest fires and agricultural
activities are also contributing significantly to the total PAH
budget (Godoi et al. 2004).

Once produced, PAHs are transported either by atmospher-
ic transport or stream pathways like oil spills, industrial dis-
charges, municipal and urban runoff, and finally enter into the
marine environment and accumulating in the sediments. Since
PAHs are not very soluble in the water and hydrophobic, they
are in the form of colloids, dissolved organic matter or
suspended particles and eventually deposited in the sediment
(Guo et al. 2009). Their semi-volatile nature makes them very
mobile in the environment as a result of re-volatilization after
deposition in different compartments of the environment.
They are characterized by high toxicity, high stability in the
environment and high lipophilicity, resulting in their transport
through the trophic chain with final destination, the human
organism (IARC 1983; Okay et al. 2000). Their occurrence in
sediments is a major concern for human health, as several of
them are known to be potential human carcinogens including
benzo[a]anthracene, chrysene, benzo[b]fluoranthene,
benzo[a]pyrene and benzo[ghi]perylene. Their adverse health
effects on organisms are due to endocrine-disrupting activity
(Kanaki et al. 2007; Zaghden et al. 2007)

Marine sediments consist an important source of informa-
tion considering the human activities in the coastal area as
well as the fate of xenobiotics during long-term time intervals.
The scientific interest in the quality of marine sediments is
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quite recent and has increased especially during the last
10 years in relation to the application of the Water Framework
Directive 2000/60/EC (Water Framework Directive 2000;
Naddeo et al. 2005; Arsene et al. 2009; Demetriou 2004;
Mylopoulos et al. 2008).Therefore, they have been included
in the priority list of the Water Framework Directive 2000/60/
EC, and also, 16 of them have been regulated by the US EPA
as priority pollutants, and their distributions in the environ-
ment, sources and potential human health risks have become
the focus of much attention (Anyakora et al. 2005). Although
no relevant regulation has been established, the monitoring of
PAHs in sediments can provide information for the assessment
of the potential toxic effects and sources of these compounds
as well as for the support of decision-making from manage-
ment authorities.

The identification of precursors of PAHs that occur in the
environment is a difficult process as the sources and the
dynamics of these substances in the environment are very
diverse (Venturini and Tommasi 2004). In spite of this diffi-
culty, some PAHs show comparable thermodynamic stability
and kinetics in the environment. Therefore, the ratio of the
concentrations of some isomers has been used as an efficient
method to assign the possible sources of PAHs observed in the
sea sediments (Yunker et al. 1994; Budzinski et al.
1997; Dickhut et al. 2000; Yunker et al. 2002; Cortazar
et al. 2008; Guo et al. 2009; Mostafa et al. 2009). In
addition to isomeric ratios, statistical analysis method
like principal component analysis (PCA) can be used
for source identification.

Relatively, little study is conducted in the sea sedi-
ments of the Turkish costs. Their sources and composi-
tion in the sea sediments are almost unknown. There-
fore, it is important to evaluate the PAH levels in
sediment samples obtained from the Oludeniz Lagoon
of Turkish Mediterranean coast where a huge number of
tourists visit every year. This study will provide better
understanding of the levels and origin of the PAH
pollution observed in the Oludeniz Lagoon, a fragile
region of the coast towards pollutions. Considering all
the aspects stated above, the aims of this study were to
determine the concentrations of PAHs in sediments of
the Oludeniz Lagoon of Turkish Mediterranean coast as
well as to assess their possible sources using isomeric
ratios and the statistical analysis method like factor
analysis (FA) which is a multivariate analyses that is
used to reduce a large number of variables (measured
PAH contents in sediment samples) into fewer numbers
of factors. This technique extracts maximum common
variance from all variables and puts them into a com-
mon score which means to simplify a complex data set
by representing the set of variables in terms of a smaller
number of underlying variables, known as factors
(Hopke et al. 1967).

Experimental

Study area and sampling

Ölüdeniz is one of the unique lagoons in the world, located in
the intersection of the South Aegean and West Mediterranean
coast of the Turkey (Fig. 1), and its depth ranges from 0.5 to
14 m. This site is vulnerable to several pollution sources due
to huge number of tourists visiting the area, unplanned popu-
lation and beach houses. Because of the above reasons, the
Turkish Government has chosen this area as the natural heri-
tage area. However, up to the time of this study, there was no
scientific research dedicated to identify the serious sources of
pollution from tourism and community activities. For this
goal, sediment samples were collected at different locations
of the studied site in February 2008. Sediment samples were
measured at a total of five sampling points inside the lagoon.
At each sampling points, five sediment samples were taken
using grab sampler.

The top 0–1-cm surface layer was collected by using grab
sediment sampler. Samples (100–250 g) were stored in a
refrigerator at −20 °C in colored nylon bags in order to prevent
any damage caused by the sunlight.

Materials and methods

All chemicals used during the study were of analytical reagent
grade. The PAH-mix 68 (100 mg/L in cyclohexane) and
internal standard-mix 25 (500 mg/L of acenaphtene-D10,
perylene-D12, chrysene-D12, phenantherene-D10 in acetone)
from Dr. Ehrenstorfer were used for the analysis of PAHs.
Standards for the calibration curve were prepared by diluting
them with dichloromethane (DCM, Merck, HPLC-grade).
Standard reference materials, which were SRM 1941b (ma-
rine sediment) and 1597a (complex mixture of PAHs from
coal tar prepared in DCM), were bought from National Insti-
tute of Standards and Technology. The surrogate solution
(Surrogate Standard Base/Neutrals Mix 19) including three
surrogates, nitrobenzene D5, p-terphenyl D14, 2-
fluorobiphenyl, was bought from Dr. Ehrenstorfer. The con-
centration of surrogate was 1,000 μg/mL in DCM solution.
The GC-MS surrogate solution mix which includes
acenaphtene-D10 (Ace-D10), phenanthrene-D10 (Phe-D10),
chrysene-D12 (Chr-D12) and perylene-D12 (Per-D12)
(1,000 mg/L, in Acetone) was bought also from Dr.
Ehrenstorfer. High purity nitrogen (99.999), helium
(99.999), hydrogen (99.999) and dry air (99.999) were used
for the analyses. The sodium sulphate (Na2SO4, Merck,
Darmstadt, Germany) was used for the removal of the water
from extracted samples. High purity glass wool was used
during the extraction of sediment samples. Cellulose extrac-
tion thimbles (Schleicher & Schuell Microscience 603, 33×
80 mm, ref. no. 10350240) were used for soxhlet apparatus.
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Sodium sulphate (anhydrous extra pure, Merck) and glass-
wool were pre-cleaned by transferring them to a large glass
column (1-L capacity or larger) and washing sequentially with
hexane and DCM before use. Sodium sulphate was activated
in an oven at 400 °C for 4 h. Glass-wool was conditioned
overnight at 225 °C in an oven. Cellulose extraction thimbles
were cleaned with proper solvents prior to the use with soxhlet
extraction system. Alconox detergent powder (Supelco Cat.
No. 1104) was used for the cleaning of all glassware used in
laboratory. All glasswares were cleaned with detergent in
hotwater and rinsed with deionized water. After rinsing with
DCM/acetone, they were dried in an oven overnight.

All the PAH analysis was performed with Hewlett-Packard
(HP) 6890 GC system equipped with a 5973 mass selective
detector. Heidolph rotary evaporator (laborota 4000 efficient)
and mini-vap evaporator with six ports (Catalog No. 22970,
Cat. No. 22971) were used for the evaporation of solvents.
Bransonic ultrasonic bath (Model B-2200 E4, 205 W, 220 V)
was used for the sample extractions. Deionized water (ultra

filtered type 1 water) was supplied by Barnstead nanopure
ultrapure water system.

Analytical procedures

The following PAHs were analyzed: acenaphthene(Ace), ace-
naphthylene (Acy), anthracene (Ant), benzo[a]anthracene
(BaA), chrysene (Chry) , benzo[a]pyrene (BaP),
benzo[b/k]fluoranthenes (Bb/kF), benzo[g,h,i]perylene (Bghi),
dibenzo[a,h]anthracene(DahA), fluoranthene (Fluo), fluorene
(Flu), indene[1,2,3-cd] pyrene (IP), naphthalene (Nap), phen-
anthrene (Phe) and pyrene (Pyr). All the PAH concentrations
are reported on a dry weight (dw) sediment basis.

Ultrasonic bath extraction was optimized using chemo met-
rics, and optimized conditions were used for the extraction of
44 sediment samples collected from Ölüdeniz lagoon. For
ultrasonic bath extraction, themost important three factors were
the following: extraction time, solvent volume and amount of
sediment. They were investigated at two levels which are low
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Fig. 1 Sampling site and sampling points in Oludeniz Lagoon
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and high. Magnitude of the low and high values was deter-
mined by considering EPA procedures and literature studies
(EPA METHODs 3540 C, 1996 and SW-846 3550C, 2007).

Surrogates were added to each sample before an extraction
in order to observe extraction efficiency. Totally, four surro-
gates were used, and each surrogate was assigned to the
different sets of PAHs according to number of rings. For
example, acenaphtene-D10 (Ace-D10) and phenanthrene-
D10 (Phe-D10) were used for the recovery calculations of
three ring PAHs, chrysene-D12 (Chr-D12) for four rings
PAHs and perylene-D12 (Per-D12) for the five to six ring
PAHs. Calculated average recoveries (n=26) of surrogates in
sediment samples were 41, 60, 85 and 86 % for Ace D10, Phe
D10, Chr D12 and Per D12 correspondingly

A strict procedure for quality control was maintained dur-
ing the experiments. Surrogate standards were used through-
out to compensate for losses from sample extraction and
work-up. For all preparation methods, blank solutions were
run parallel to the samples, and their results were taken into
consideration. Sediment samples, spiked with surrogates,
were analyzed with good precision ranging from 1 to 5 %. A
strict QC/QA procedure was applied during the analyses.
Used extraction and analyses methods were verified using
NIST SRM 1597 as a reference for GC-MS. Table 1 shows
the certified and found concentrations (as mg/L and with
standard deviations) of PAHs in SRM 1597a, determined by
using GC-MS. As can be seen from Table 1, percent recover-
ies of the PAHs are lying between 53.1 and 150. Details of
analytical procedures are detailed in another publication by
our group (Tuncel and Topal 2011, American Journal of
Analytical Chemistry).

Results and discussion

PAHs in sediments

The mean and total concentrations for all the samples and for
each individual sampling points for the 16 PAHs in sediment
samples are presented in Fig. 2 and Table 2. There are five
sampling stations with five samples each means a total of 25
samples. Each point is the average of five samples. Sampling
point 4 had the highest concentration which was close to the
mouth of the lagoon. Sampling points 1 and 3 were inside
lagoon, and sediment samples had similar PAH concentra-
tions. These sampling stations were nearest to the one only
hotel around the lagoon. The sampling stations 2 and 5 were
located just outside of the lagoon. The average total PAH
(∑PAH) concentration in Ölüdeniz sediment samples was
found as 1.85±1.39 mg/kg (n=25) as given in Table 2. Total
PAH concentrations in sampling stations 2 and 4 are above the
average value (showed as a line at x-axis, 1.85) and the rest are
below the average value. Acenaphtene, chrysene, fluoran-
thene, phenanthrene and indeno(1,2,3–c,d) pyrene have the
highest concentrations among the 16 PAHs analyzed.

Produced data were compared with literature and given in
Table 3. As can be seen from Table 3, the total PAH concen-
tration in Oludeniz lagoon is comparable with the values cited
for sea sediments under urban influence like Palermo area in
Italy, 60–1427 ng/g ( Gianguzza et al. 2006), Casco Bay in
USA, 2,900 ng/g, (Kennicutt et al. 1994) and San Diego Bay
again in USA 3,000 ng/g; (Anderson et al. 1996). But,
Oludeniz sea sediments have lower concentrations as com-
pared to the samples collected from harbors’, and higher

Table 1 Certified concentrations
(mg/L) and % recoveries of PAHs
in SRM 1597a (complex mixture
of PAHs from coal tar prepared in
DCM) for GC-MS (n=4)

SRM 1597a Certified conc. (mg/L) Found conc. (mg/L) (n=4) Error (%) Recovery (%)

Nap 896±87.0 479±10.7 −46.6 53.4

Acy 229±6.00 184±6.85 −19.5 80.5

Ace 6.63±0.230 7.90±0.258 19.2 119

Fle 126±3.00 104±5.65 −17.8 82.2

Phe 395±6.00 325±7.54 −17.8 82.2

Ant 93.0±2.60 76.9±2.88 −17.4 82.6

Fla 284±6.00 257±10.1 −9.67 90.3

Pyr 209±6.00 197±3.16 −5.74 94.3

BaA 85.3±2.00 105±41.6 23.5 124

Chr 57.6±4.60 76.5±31.3 32.7 133

BbF 57.5±3.80 54.8±3.35 −4.70 95.3

BbK 35.8±0.400 53.6±2.86 49.7 150

BeP 43.8±0.900 33.1±1.75 −24.5 75.5

BaP 81.3±1.20 43.2±2.86 −46.9 53.1

BgP 43.9±0.500 33.5±3.24 −23.7 76.3

IcP 48.3±0.700 41.8±5.69 −13.5 86.5

DaA 6.03±0.350 5.80±0.909 −3.81 96.2
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concentration from open sea sediments. For example,
Simpson et al. (1996) and Hong et al. (1995) reported
66,700 and 5,277 ng/g for Kitimat Harbor, Canada and Vic-
toria Harbor, Hong Kong, China. In spite of these very high
concentrations observed for harbors’, Zhou et al. (2000 and
Maldonado et al. (1999) reported 367 and 137 ng/g for West-
ern Baltic Sea and North western Black sea, respectively.

Based on the data in the literature for sediments, some
researchers (Kim et al. 1999; Jiang et al. 2009; Hong et al.

1995) suggested classification criteria as an area is considered
‘highly contaminated’ when concentrations of total PAHs are
higher than 500 ng/g, ‘moderately contaminated’ when con-
centrations range from 250 to 500 ng/g and ‘slightly contam-
inated’ when concentrations are lower than 250 ng/g. Based
on this classification, station no. 4 is moderately, and others
are slightly contaminated. Sampling station 4 with the highest
total concentration was located to the mouth of the lagoon.
Sampling stations 1 and 3 were inside lagoon and exhibited
similar concentrations. They were near to the hotel around the
lagoon. Therefore, hotel cannot be the source of contamina-
tion in the lagoon. However, motor boats which are close to
mouth of the lagoon can be the source as can be understood
from the sample 4 concentration. Sampling points of 2 and 5
were close to each other, and they were located just from the
opening of the lagoon to the sea.

Sediment quality determinations for Ölüdeniz sediments

In order to determine the quality of the sediments col-
lected from Oludeniz lagoon, the recommended sedi-
ment quality values for 18 PAHs were used (Table 4).
There are four levels for the PAH pollution in Table 4.
Both individual and the total PAH concentrations were
considered in order to decide the level of pollution in
sediment samples.

The consensus-based sediment quality guidelines
(CBSQGs 2003) define three classes for the toxicity levels.
These three levels are threshold effect concentration (TEC),
lower concentration at which toxicity is unlikely; the probable
effect concentration (PEC), upper concentration at which tox-
icity is probable; and finally the midpoint effect concentration

Fig. 2 PAH cross plots for the
ratios of Ant/(Ant+Phe) versus
Fla/(Fla+Pyr)

Table 2 The corrected average concentration (mg/kg) and Stdev. of
PAHs in Ölüdeniz Sediments

Name Mean

Naphthalene (Nap) ND

Acenaphtylene (Ace), ND

Acenaphtene (Ace) 0.620±0.346

Fluorene (Flu), 0.012±0.008

Phenanthrene (Phe 0.278±0.347

Anthracene (Ant), 0.036±0.048

Fluoranthene (Fluo) 0.299±0.213

Pyrene (Pyr) 0.191±0.178

Benzo(a)anthracene (BaA) 0.123±0.193

Chrysene (Chry), 0.515±0.493

Benzo(b,k)fluoranthene (Bb/kF), 0.019±0.011

Benzo(a)pyrene (BaP) 0.121±0.080

Indeno(1,2,3-cd)pyrene (IP), 0.270±0.207

Dibenzo(a,h)anthracene (DahA), 0.063±0.056

Benzo(g,h,i )perylene (Bghi) 0.078±0.065

∑PAH (n=25) 1.85±1.39

ND not detected
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(MEC) which is a concentration midway between the TEC
and PEC concentrations (TEC+PEC/2=MEC). There are four
levels which are level 1 (≤TEC), level 2 (TEC<level 2≤
MEC), level 3 (MEC<level 3≤PEC) and level 4 (>PEC).

To compare the study site concentrations with the table
concentrations on a common basis, study site concentrations

should be divided by the study site % total organic carbon
(TOC) concentrations to yield a dry wt. normalized value.
Using our TOC results, all PAH concentrations in Ölüdeniz
sediment samples are classified as level 1, except Ace (level
4), Phe (level 2), BaA (level 2), Chr (level 2), IcP (level 2) and
DaA (level 2).

Table 3 Summary of total parent PAH concentrations (ng/g dry wt.) in sediments from various marine sites in the world

Location Date of sampling Coastal line (km) Area (km2) Range (ng/g) Mean±S.D. (ng/g) Ref.

Casco Bay, USA August 1991 483 400 16–20748 2900 Kennicutt et al. (1994)

Kitimat Harbour,
Canada

310–528000 66700±140000 Simpson et al. (1996)

Kyenoggi Bay, Korea December 1995 9.1–1400 120 Kim et al. (1999)

Masan Bay,Korea May 1998 41.5–1100 353±252 Khim et al. (1999)

Penobscot Bay, USA 290–8800 2600 Johnson et al. (1985)

San Diego Bay, USA 18 80–20000 3000 Anderson et al. (1996)

San Francisco Bay,
USA

1993 2653–27680 7457±6908 Pereira et al. (1999)

Victoria Harbour,
Hong Kong, China

August 1992 30 700–26100 5277±7904 Hong et al. (1995)

W. Xiamen Sea, China Nowember 1993 30 50 70–33000 5753±10293 Zhou et al. (2000)

W. Xiamen Sea, China July 1998 30 50 247–480 367±87 11

Western Baltic Sea March 1995 to
August 1996

3–30100 4882±6293 Baumard et al. (1999)

Northwestern Black Sea 52.6–269 137 Maldonado et al. (1999)

Humber Plume,
North Sea

July–August 1990 700–2700 Klamer and Fomsgaard (1993)

Palermo, Italy 2006 135–1650 Gianguzza et al. (2006)

This study March 2003 1.5* 0.85 510–4040 1985±1307 Tuncel and Topal (2014)

Table 4 Sediment quality guide-
lines (SQGs) for PAHs PAH (mg/kg) TEC-MEC-PEC Level 1

≤TEC
Level 2

>TEC-≤MEC

Level 3

>MEC-≤PEC
Level 4

>PEC

Nap 0.1760–0.3690–0.5610 1.130

Acy 0.0059–0.0670–0.1280 0.3290

Ace 0.0067–0.0480–0.0890 0.3960

Fle 0.0774–0.3070–0.5360 0.5550

Phe 0.2040–0.6870–1.170 1.100

Ant 0.0572–0.4510–0.8450 1.050

Fla 0.4230–1.327–2.230 0.5600

Pyr 0.1950–0.8580–1.520 0.4190

BaA 0.1080–0.5790–1.050 0.2860

Chr 0.1660–0.7280–1.290 0.5040

BbF 0.2400–6.820–13.40 0.4800

BkF 0.2400–6.820–13.40 0.4700

BaP 0.1500–0.8000–1.450 0.4700

BeP 0.1500–0.8000–1.450 1.030

IcP 0.2000–1.700–3.200 0.6610

DaA 0.0330–0.0840–0.1350 0.2920

BgP 0.1700–1.685–3.200 0.9080
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Contributing sources

Studies conducted in different countries like UK (Stevens
et al. 2003), Portugal (Perez et al. 2001) and France
(Blanchard et al. 2004) indicted that the hydrolyses of organic
matter originating frommunicipal sewage in wastewater treat-
ment plants contribute to the desorption of the content of
simpler structure PAHs with five and six aromatic rings are
preferably adsorbed onto the particles forming the sludge.
Among these simple PAHs, Phe, Fluo, Pyr and Nap can be
counted. In total concentration from five sampling points,
concentrations were about 42 % of the total. But, PAHs with
five and six rings were in higher percent in the station no. 4.
According to Yunker et al. (2002), high concentrations of

these compounds are strongly linked to human activities.
Predominant source of these PAHs with molar mass 276 and
278 is the oil products. Result of this study is consistent with
this possibility as the station no. 4 is located at the mouth of
the lagoon and exposed to the effluent from boating activities.

Considering the origin of the observed PAHs, the ones with
MM252 ( BbkF and BaP) are the most important in emissions
produced by burning wood, coal fossil fuels (especially diesel)
and vegetation. But, once released to the atmosphere, their
concentrations decline rapidly due to depredation induced by
sunlight (Yunker et al. 2002). Those of the PAHs from pyro-
lytic sources BaP are the major health concern because of its
carcinogenic potential (WHO World Health Organization
1998). In our case, BaP is observed at moderate concentration
ranging from 295 to 85 ng/g. This observation is also an
indication of contribution of the combustion sources.

For identification of contributing sources, the ratio between
the concentrations of the isomers has been used as an efficient
method (Budzinski et al. 1997; Yunker et al. 2002). When
human activities or combustion are the main sources of PAHs,
the parent compound with low thermodynaic stability de-
grades faster compared to others with the same molecular
mass. This causes a decrease of the ratio between a less stable
parent PAHs and its more stable isomer, depending on the
source. This ratio can be expressed as R178=[Ant]/[178],
R202=[Flu]/[202] and R228=[BaA] /[228], where [178],
[202] and [228] are the sum of the concentrations of isomers
Ant and Phe (MM 178); Flu and Pyr (MM 202); and BaA and
Chry (MM 228), respectively. Using these ratios, one can

Fig. 3 Diagnostic ratio analysis for PAHs in sediments

Table 5 Results of principal
component analyses No. PAH Fator 1 Factor 2 Factor 3 Communalities

Coal combustion Traffic Petrogenic

1 Nap −0.94 −0.08 0.20 0.92

2 Acy −0.95 −0.15 0.16 0.96

3 Ace 0.74 0.66 0.12 0.99

4 Fle −0.18 0.84 −0.32 0.84

5 Phe −0.21 0.92 0.32 0.99

6 Ant 0.53 0.84 0.14 1.00

7 Fla 0.85 0.27 0.29 0.88

8 Pyr 0.43 0.82 0.31 0.95

9 BaA 0.42 0.89 0.15 0.98

10 Chr 0.36 0.08 −0.87 0.88

11 Bbf 0.78 0.60 0.18 1.00

12 BkF 0.46 0.34 0.78 0.94

13 BaP 0.16 0.94 −0.13 0.94

14 IP −0.92 0.34 −0.11 0.97

15 DaA 0.72 0.68 0.10 0.99

16 BgP −0.96 −0.27 0.09 1.00

Fraction of variance explained (%) 43.94 39.12 12.15

Cumulative variance (%) 46.97 83.06 95.21
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differentiate pyrogenic and anthropogenic sources of PAHs
due to the high stability of these isomers related to other parent
PAHs and also due to their great abundance in the environ-
ment (Yunker et al. 1994). When the ratio R178 is less than
0.10, it generally indicates that these compounds are from
petrogenic sources. Diesel and lubricants are among the oil
products that have this profile. If the ratio is greater than 0.10,
it points to the dominance of combustion sources (Budzinski
et al. 1997) mainly from coal and shale (Yunker et al. 2002).
The pair of isomers Flu and Pyr shows the transition between
the pyrogenic and petrogenic sources at 0.50 for R202 and the
combustion of kerosene, vegetation, coal and wood tend to
have R202 higher than 0.50. Emissions of gasoline, diesel and
fuel oils by combustion and emissions from cars and diesel
trucks usually have values lower than 0.50. The results of this
research show (Fig. 3) PAHs in sediments with the R178 ratio
of anthracene to anthracene plus phenanthrene, Ant/(Ant+
Phe)>0.1, were typical of combustion sources (pyrogenic
source). In addition, PAHs in sediments with the R202 ratio
of fluoranthene to fluoranthene plus pyrene, Fla/(Fla+Pyr)>
0.5, indicate that PAHs are mainly from combustion of grass,
wood and coal. The value of 0.4<Fla/(Fla+Pyr) [R202]<
0.5 indicates the transition between oil and the products
of combustion. Values lower than 0.40 indicate that the
isomers BaA and Chry in the sediments are predomi-
nantly from combustion sources, except at station no. 2,
presented an R202 value of 0.08 representing the inter-
face between combustion and mixed sources (the origin
of parent PAHs can be oil as pyrogenic sources)
(Mannino and Orecchio 2007). With this findings at
hand, ratios at station no. 3 indicate mixed sources.

To make further analyses about contributing sources, factor
analysis (FA) was performed using SPSS 17.0 program pack-
age. All factors with eigenvalues over 1 were extracted ac-
cording to Bartlett’s test of sphericity and were rotated using
the Varimaxmethod. The variables in the same factor assumed
to be originating from the same common source.

Having 25 samples is the limiting issue in our case,
but still, we applied the analyses for further quantifica-
tion of contributing sources. In spite of the limited
number of samples, FA solution provided three factors
which explain 95 % of total variance (Table 5). Result
of three factors which we consider three different
sources was in accordance with ratio analyses. The first
factor explains that 43.94 % total variance was named
as a pyrogenic source (coal combustion) as it contains
mostly four ring PAHs. Among those were Fla, Pyr,
BaA, Chr, Bbf and BkF. The second factor was named
as traffic with 39 % of total variance as this factor
contains 5,6 ring PAHs like Ace Fle Phe Ant Pyr
BaA. The last one explains the lowest % total variance
(12 %). We named this factor as petrogenic. It contains
BkF with high loading.

Conclusions

Extraction and analysis methods validated by our group were
used in this paper. Moderate level of concentrations of PAHs
in sediments was obtained in Oludeniz sediment samples.
Acenaphtene and chrysene were dominant ones among the
sixteen PAHs analyzed. The predominance of Phe, Fluo and
Pyr suggests the possibility of combustion and human activ-
ities as major contributing sources. Benzo[g,h,i]perylene,
dibenzo[a,h]anthracene and indeno[1,2,3-cd]pyrene were pre-
dominant in sampling site nearby to hotel

Isomeric ratios indicated that combustion is the predomi-
nant source of PAHs. Further investigating the the pyrogenic
sources, FA was performed to the data matrix which resulted
with three factors as a pyrogenic source (coal combustion;
four ring PAHs, a traffic related pollution; five to six ring
PAHs) and a petrogenic source. Our results suggest that com-
bustion of fossil fuels affects most of the points, followed by
combustion of biomass and human activity.

This work provided important information about the oc-
currence, distribution and origin of PAHs in sediment from
Oludeniz Lagoon, demonstrating that some water bodies of
the Turkish Mediterranean coast already have moderate con-
tamination by PAHs. This is a warning sign because of the
touristic importance of the region.
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