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atmospheric pollutant concentrations [3]. Plants are used to
identify local and global pollution sources and pollution trends
[4]. Tree needles/leaves provide reliable results to assess the
effects of airborne pollutants such as PAHs on ecosystems and
human health [5].
Olive leaves were collected in Bursa (Turkey) between
January-December 2016 for analyzing PAHs. The aim of this
study; i) to show the temporal changes of PAH concentrations
and ii) to identify the sources of PAHs at the olive leaves.

Abstract— In this study, it was aimed to determine the seasonal
distribution and possible sources of polycyclic aromatic
hydrocarbon (PAH) concentrations in olive tree leaves. In this
context, the sampling was conducted between January and
December 2016 at the Bursa Uludag University Gemlik Campus.
Total PAH (∑12PAH) concentration levels were found to be 729,
431, 219 and 387 ng/g dry weight (dw) for winter (February),
spring (May), summer (July) and autumn (December) seasons,
respectively. The Pearson correlation coefficient (PCC) method
was employed to determine temporal differences among the
seasonal PAH concentrations. The coefficient of divergence
(COD), diagnostic ratio (DR) and principal component analysis
(PCA) methods were used to determine possible sources.
According to the PCC method, PAH concentrations between
winter and summer changed depending on time. The reason for
temporal differences in these seasons would be the possible sources
including fuels used for heating purposes and meteorological
factors. According to the DR and PCA results, the most important
sources of PAHs in winter, spring and autumn seasons were the
combustions of biomass, domestic heating and oil production while
vehicle emissions were the most important sources for PAHs in the
summer.
Keywords— PAH, olive leave,
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II. MATERIAL AND METHODS
A. Sampling Area and Sample Preparation
Olive leaf samples were collected from the Bursa Uludag
University Gemlik Campus. The sampling period was 30 days
and olive tree leaf samples were taken from the sampling points
for four months in order to represent the temporal fluctuations.
Homogeneous samples were taken from different points of the
tree for representing the whole tree. The olive leaf samples were
packaged with aluminum foil and transported to the laboratory
in locked bags to avoid any contamination during transport,
without contact with air and kept in the freezer at -4 ° C until
analysis.

seasonal

B. Sampling Analysis and Instrumental Analysis
Approximately 5 g of olive leaf samples were weighed and
cut into small pieces and taken into amber bottles. Then, 1 mL
of the surrogate standard was added to determine recovery
efficiencies. Fifty mL of petroleum ether:dichloromethane
(PE:DCM, v:v, 1:1) was added to the sample and placed in a
shaker for 24 hours [6]. The amber flasks containing the sample
solutions were placed into the ultrasonic extraction (Elmasonic
S 80H Model, Germany) after shaker. The flasks were then
placed in an ultrasonic bath and firstly held for 15 minutes. At
the end of the period, the solvent was transferred into a separate
flask. Forty mL of acetone:hexane (ACE:HEX, v:v, 1:1) was
added to the flask containing the leaf sample and again it was
extracted in the ultrasonic bath for 30 minutes. A rotary
evaporator (Laborota 4001 Model, Heidolph, Germany) was
used to reduce the volume of solution containing sample.
Volume of the samples were reduced to 1 mL and vialed and
stored in the freezer at -20 °C until analysis. Agilent 7890A gas
chromatograph (GC) and a mass spectrophotometer (MS) with
Agilent 5975C inert XL triaxial mass detector were used to

I. INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are organic
pollutants containing two or more benzene rings, many of which
are carcinogenic, teratogenic, mutagenic, and toxic. Although
there are some natural sources (forest fires), human activities
and industries are the largest sources of PAHs emissions. Some
PAH compounds are known to cause cancer in humans. The US
EPA listed 16 PAH compounds as primary pollutants because
of their high carcinogenic and toxic effects [1].
It is crucial to implement atmospheric monitoring plans to
assess pollutant properties, fate and behavior. Monitoring using
plants is the best tool for estimating atmospheric contamination
levels [2]. Plant species have been used to monitor pollutants
since the 1960s. Various plants are considered to measure
atmospheric pollutant concentrations. Plant usage is more
economical since no special equipment is required to determine
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quantify PAHs. In the GC-MS, a capillary column (HP-5MS,
30m×0.25mm×0.25μm) was used. The injector, ion source and
quadrupole temperatures were 295, 300 and 180 oC,
respectively. Oven temperature program; initial oven
temperature was 1 minute at 50 oC, increase to 200 oC with an
increase of 25 oC/min, increase from 200 oC to 300 oC with an
increase of 8 oC/min and wait for 5.5 min at 300 oC. High purity
helium gas was used as the carrier gas at a constant flow rate of
1.4 mL/min. The mass spectrophotometer was operated in an
ion monitoring mode selected for high sensitivity.
Determination of PAH species was performed based on
retention times and targeted ion peaks. Total 12 PAHs were
targeted and they were: Phenanthrene (PHE), Anthracene
(ANT), Fluoranthene (FL), Pyrene (PY), benz(a)anthracene
(BaA), Chrysene (CHR), Benzo(b)flouranthene (BbF),
Benzo(k)fluoranthene
(BkF),
Benzo(a)pyrene
(BaP),
Indeno(1,2,3-cd)pyren (IcdP), Dibenz[a,h]anthracene (DahA),
Benzo(g,h,i)perylene (BghiP)’dir..

Fig. 1. Seasonal Distribution of the Total PAH Concentrations in Olive Leaf
Samples

The mean value of total 12 PAHs (∑12PAHs) concentrations
obtained from leaf samples were 729, 431, 219 and 387 ng/g dry
weight (dw) for winter, spring, summer and autumn seasons,
respectively. Different factors including changes in the source
types and densities, and meteorological factors (i.e., wind
speed, mixing height, solar flux levels, air temperature, etc.)
caused the atmospheric PAH fluctuations in winter, spring and
autumn seasons [7]. Seasonal variations of PAHs were strongly
affected by residential heating in cold months. On the other
hand, in summer, in addition to reductions in residential heating,
prevailing atmospheric conditions can positively affect PAH
distribution and segregation, leading to relatively low PAH
levels [8]. Baldantoni et al. (2014) investigated the
accumulation of PAH concentrations in olive tree leaves,
indicating that PAHs accumulate mostly on leaf surfaces by
atmospheric transport and that plant roots do not contribute to
PAH concentrations in leaves [9]. Plant organs including roots,
leaves, branches and fruits cause the differences in PAH
concentrations in plants [10].

C. Quality Assurance/Quality Control (QA/QC)
The GC-MS instrument was calibrated before the PAH mass
values of the samples were determined. The six-level calibration
standard (40, 400, 1000, 4000, 6000, 10000 ng/mL) was used to
calibrate the instrument. The r2 values for all calibration levels
were calculated as >0.99. In addition, after approximately 100
samples, the medium (1000 or 4000 ng/mL) calibration
standard was read and GC-MS was calibrated if necessary.
Samples with recovery efficiencies between 40% and 120%
were taken into account in the calculations. To determine the
analytical yields of the samples, surrogate standard consisting of
naphthalene-D8,
acenaphthene-D10,
phenanthrene-D10,
chrysene-D12 and perylene-D12 were added to the samples at a
concentration of 4000 ng/mL before shaking. In order to
minimize the effects of possible contamination in the
concentration values, the witness values were subtracted from
the sample values and witness correction was applied.

B. Sources Identification of PAHs
The identification of pollutant sources is an important
strategy to understand the contribution levels of the pollutants
measured in the atmosphere [11]. The coefficients of
divergence (COD) and Pearson correlation coefficient (PCC)
are frequently used approach method for the evaluation of
pollutants in time with similarities and differences between
pollutant sources between two sampling sites and/or two
measurement periods [12]. The PCC and COD were calculated
as follows;

III. RESULT AND DISCUSSIONS
A. Temporal Variation of PAH Concentration in Olive
Leaves
In this study, in order to represent winter, spring, summer and
autumn seasons, samples were collected from olive tree leaves
on February 01, 2016-March 01, 2016, May 01, 2016-June 01,
2016, July 01, 2016-August 01, 2016 ve November 01,
2016-December 01, 2016, respectively. The temporal variation
of the total 12 PAH (∑12PAH) concentrations obtained from
the study is shown in Figure 1.
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where ij and ik refer to the average concentration of ith PAH
congeners at a different season, ā is the average PAH
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concentration at seasons, p is the number of individual PAH
congeners [12]. In general, the COD value is greater than 0.2,
the pollutant sources between two seasons are different.
Moreover, the PCC value greater than 0.7 indicates that PAH
concentrations are similar in time [12]. In this study, the COD
and PCC results obtained for olive leaves are shown in Figure 2.

considerations would be the increasing amounts of coal, wood,
natural gas and fuel consumed for domestic warming during the
winter season [13]. The COD and PCC methods are only used
to determine whether the sources are similar and whether they
change over time. However, they do not provide information
about source identification. Therefore, methods such as the
diagnostic ratios (DRs) and principal component analysis
(PCA) are used for source identification.
The DRs are a widely used method for identifying the sources
of PAHs. The ratio of some types of PAHs to each other and/or
total values provides information about possible sources of
PAHs [14]. One of the major advantages of this method is that
molecular diagnosis rates can be applied to many different
sampling materials such as air, water and soil and the
calculations are very simple [15]. In many studies in the
literature, the DRs have been used to determine the sources of
PAHs including mobile, industrial, fuel, agricultural and
domestic sources [16]. Generally, the Ant/(Ant+Phe) ratio is
used to differentiate between oil and combustion sources;
Fl/(Fl+Py) ratio is used to differentiate the pollution caused by
the combustion of biomass; IcdP/(IcdP+BghiP) ratio is used to
determine the pollution caused by combustion of fuels [17]. The
seasonal DRs obtained in this study are shown in Figure 3.

Fig. 2. The coefficients of the Divergence (COD) vs. the Pearson Correlation
Coefficient (PCC)

The calculated COD and PCC values showed that the COD
values were bigger than 0.2 and the PCC values were higher
than 0.7 except for the winter-summer season (Fig. 2). This
result demonstrated that the pollutant sources were different
among PAH sources in seasons yet PAH concentrations were
similar in time except for the winter-summer season. Possible
reason for the temporal differences in the winter-summer

Fig. 3. The Diagnostic Ratios Between Ant/(Ant+Phe)-Fl/(Fl+Py) and IcdP/(IcdP+BghiP)-Fl/(Fl+Py)

biomass. In a study (Koçak et al., 2017), it was mentioned that
higher PAH emissions were observed by vehicles due to the
decrease in heating-related emissions in summer [13]. The PCA
analysis is a statistical analysis method that converts a data set
into several important explanatory factors or principal
components (PCs) that meet most of the variance and emphasize
the most important information of the original data set.
According to this analysis method, the emission sources of
PAHs can be interpreted according to CBs. In general, PCA
allows to find the maximum variances in the high dimensional
data and project it on a subspace that is equal or less than the
original one. However, the lack of fully differentiated emission
sources has been shown to be a disadvantage of PCA [20]. The
PCA results calculated in this study are shown in Figure 4.

Ant and Phe are highly affected by photo-reactions. As a
result of this effect, Ant/(Ant+Phe) ratio is very close to 0 value
[18]. The presence of high BghiP concentrations means that
vehicle emissions prevail in that environment [19]. Similarly, Fl
and Py characterize the emissions of oil production, diesel and
biodiesel in the environment [18]. The Ant/(Ant+Phe) ratio was
smaller than 0.1 in all seasons and it implies that the samples
were affected by petrogenic pollution and photo-reactions. In
addition, when Fl/(Fl+Py) and IcdP/(IcdP+BghiP) ratios were
examined, they had values of greater than 0.5 in all seasons
except for the summer season. The low Fl/(Fl+Py) and
IcdP/(IcdP+BghiP) ratios observed in the summer season
demonstrated the vehicle-induced pollution rather than burning
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