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Abstract: Dardanelles strait has a crucial importance on marine transport, splitting Canakkale city. Combustion-
related anthropogenic sources emit volatile organic compounds (VOCs) into the air and they have public concern
due to adverse health effects. In this study, composition of ambient VOCs across Dardanelles strait was monitored
for 4 seasons over the year of 2018. A total of 12 sampling locations, including 5 locations on the European and 7
locations on the Asian seashores of Dardanelles strait were determined as sampling points. Standard methods were
followed during the sampling and analysis of VOCs. VOCs samples were collected on thermal desorber tubes,
containing sorbents of Tenax TA and Carbograph 1TD. Active VOC samples were collected by an air sampling
pump and passive VOCs samples were exposed to air for 2 weeks. VOCs samples were analyzed by Thermal
Desorber followed by Gas Chromatography — Flame lonization Detector. Target VOCs in this study were paraffins
and aromatic hydrocarbons. Limit of quantification was assessed as < 0.1 ug/m®. According to the results of the
study, VOCs concentrations varied both spatially and seasonally. The most abundant VOCs in the air were n-
pentane, n-hexane, toluene, benzene, and 1,2,4-trichlorobenzene throughout the study. Furthermore, the highest
VOCs levels mostly occurred at the locations that were close to the traffic sources and/or residential areas.

Keywords: Ambient air pollution; Canakkale; Dardanelles strait; gas chromatography; thermal desorption;
volatile organic compounds. © 2020 ACG Publications. All rights reserved.

1. Introduction

Ambient air pollution has been one of the most prominent global issues and the linkage between
poor air quality and cancer has been declared recently [1]. One of the most studied air pollutant groups |
volatile organic compounds (VOCs), originated mostly from human activities. Also, reactive VOCs can
trigger photochemical smog reactions in the atmosphere [2].

VOCs compose of compounds from very volatile to semi-volatile range and the most frequent
ones are alkanes, benzene derivatives, and alkenes [3]. The fact that plenty sources of VOCs are available,
type and quantity of the VOC specie in the air varied spatially and temporally. In several studies, higher
VOCs levels were observed in the winter than summer [4-6]. At ambient temperatures, VOCs easily
produce mostly odorous vapors (pungent or good smell). [7]. Many VOCs are also classified as “air toxics’
due to
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their adverse health effects and known or potential carcinogenecity Industrial processes and vehicle
emissions are the dominant sources of outdoor VOCs in the United States [8].

Both national and international marine transports have been contribution on transit passages
across the Dardanelles Strait. The fact that approximately 240 ships are crossing the Dardanelles strait on
a daily basis, ship emissions have a considerable contribution on the city air quality [9], which was pointed
out by Mentese and Akga [10]. In terms of pollutant generation per fuel consumed, ship emissions have
the highest emission factor [11]. Large ship crossings have a substantial contribution on air pollution
(VOCs, Carbon monoxide, Nitrogen oxides, Sulfur oxides, particulate matter, etc.) both inland and
transboundary areas [12-14].

Dardanelles strait divides Canakkale province into two parts, which lay on the Anatolian and
European sides. Dardanelles strait has a crucial importance on marine transport, not only on a national
basis, but also in terms of remarkable number of international transit passages [10]. Domestic heating and
both road and marine traffic have been shown as major sources of ambient air pollution of Canakkale
[10,15]. Also, relatively strong northern winds together with other meteorological parameters influence
the air quality by transportation of the air plumes over the city [16]. Contribution of ship emissions on
local air quality have been documented in several regions of Turkey [17-21].

The aims of this study were to find i) spatial and ii) seasonal variations of target VOCs throughout
Dardanelles strait. For this aim, composition of ambient VOCs across Dardanelles strait was monitored
for 4 seasons over the year of 2018. A total of 12 sampling locations, including 5 locations on the
European and 7 locations on the Asian seashores of Dardanelles strait were determined as sampling sites.
Standard test methods were followed during sampling and analysis of VOCs. Target VOCs in this study
were paraffins and aromatic hydrocarbons.

2. Experimental

VVOCs samples were collected from the ambient air of 12 different sampling points laid on both
European and Asian sides of Dardanelles strait, Canakkale, Turkey. VOCs samples were collected for
consecutive 4 seasons, starting from winter period.

2.1. Samplig Sites

Canakkale city is located on the western part of Turkey and has parts both on Asian (As) and
European (Eu) continents, split by Dardanelles strait. Currently, Canakkale Central town and Canakkale
city have populations of 175.032 and 540.662 people, respectively [22].
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Figure 1. Locations of the sampling sites (1-Yap11(iz;k, 2-Lapseki, 3-Hamzak0);,w42-llgardere, 5-Eceabat,

6-Kilitbahir, 7-Soganlidere, 8-Kordon, 9-Cimenlik citadel, 10-Kepez Harbor, 11-Dardanos, 12-
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This study was conducted over the seashore of Dardanelles strait both on the Asian and European
sides. The locations of the sampling points are given in Figure 1. VOCs samples were taken from a total
of 12 samplings sites laid on both sides of Dardanelles strait. Sampling sites of 3 — 7 laid on the European
side, while sampling sites of 1 - 2 and 8 - 12 laid on the Asian side of Dardanelles strait, which are 1-
Yapildak (As), 2-Lapseki (As), 3-Hamzakoy (Eu), 4-llgardere (Eu), 5-Eceabat (Eu), 6-Kilitbahir (Eu), 7-
Soganlidere (Eu), 8-Kordon (As), 9-Cimenlik citadel (As), 10-Kepez Harbor (As), 11-Dardanos (As), and
12-Giizelyali (As).

Selection of the study route was mainly considered according to traffic flows: i) due to road
traffic of local people who regularly commuted on the main roads of the city and ii) the traffic due to the
high number of commuters who loaded their vehicles into the ferries at any of the Canakkale harbors (i.e.
Canakkale, Kepez, Kilitbahir, Eceabat, Gelibolu, Lapseki, Cardak, Kabatepe, and Geyikli harbors).

2.2. Sampling and Analysis of VOCs Samples

Air samples were taken in 4 seasons of the year of 2018 from 12 sampling points across
Dardanelles strait. Sampling schedule was as follows: winter sampling was in February 2018; spring
sampling was in May 2018; summer sampling was in July 2018, and fall sampling was in November 2018.
A total of 2 active samples and 1 passive sample were collected from each sampling point in each season,
The first sample of the active sampling campaign was drawn in the beginning of the sampling month and
the second sample was drawn in the middle of the month. Passive samples were kept in the sampling sites
throughout the first second and active sampling periods (i.e. 14 days). Active VOCs samples were drawn
according to active sampling principle given in United States Environmental Protection Agency (US EPA)
TO17 Method [23]. Air samples were taken in stainless steel thermal desorber tubes, containing Tenax
TA (a porous polymer, 35/60 mesh) and Carbograph 1TD (a graphitized Carbon Black, 40/60 mesh), with
a total of approx. 350 mg mass of sorbents (Markes Inc., UK). The fact that both sorbents are hydrophobic,
water and moisture handling were achieved while taking samples at humid environments [24].

Thermal desorber tubes were conditioned for 2 hours at 320 °C followed by 30 min at 335 °C
desorption conditions using carrier gas of extra pure Nitrogen at a flow rate of 100 mL/min, as suggested
by the thermal desorber tube supplier. Cleaned tubes were capped with % inch brass storage caps fitted
with % inch combined PTFE ferrules. Conditioned tubes were stored in a clean refrigerator prior to
sampling and desorption. VOCs samples were collected by a low-flow air sampling pump (SKC Inc.,
pocket pump, model 210-1003MTX) with the total volume of approx. 5 L (volume of the air sampled =
air flow rate x sampling duration).

At the preliminary test stage, single tube, dual tube, and triple tube options were tested for the
samples collected for different air sampling duration and air sampling flow options while performing the
breakthrough tests. Final air sampling flow rate was set as 75 mL/min, calibrated with a digital flow
controller (DryCal Defender 510) and sampling duration was around 1 hour. Air samples were drawn
under the atmospheric pressure condition. Details regarding the repeatability, reproducibility, and stability
of the air flow calibration studies are explained in Supporting Information. Collected VOC samples were
kept in a clean carry bag, including conditioned activated charcoal and silica gel against cross-
contamination during the shipping.

Collected VOCs samples were then analyzed by Gas Chromatography Flame lonization Detector
(GC-FID, Agilent Inc., 7890A, USA) followed by Thermal Desorber (Unity 2 & Ultral00, Markes Inc.,
UK). Sorbent tubes were fitted with DiffLock caps for thermal desorption analysis. Thermal desorption
technique has currently been the primary method recommended by 1SO, EN, US EPA, NIOSH, ASTM,
Chinese EPA, and UK Environment Agency, etc. [23,25-34]. Used analytical technique in this study has
several advantages: Thermal desorption technique, based on adsorption principle where volatile
compounds in the air are adsorbed on the selected sorbents, whereas in chemical extraction technique
volatile samples are adsorbed mostly on activated charcoal and extracted in Carbon disulfide (CSz), which
was also confirmed as a quantitative analysis technique for semi- and other volatile organic compound by
NIOSH, Method-2549 [25]. Also, potential risk from CS; use by laboratory workers is of concern due to
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its potential adverse health effects [35]. Thermal desorption technique eliminates contaminations
stemming from the technician and the extract solution, since target volatiles are directly transferred to GC
inlet in gaseous phase by transfer line connected between the outlet of thermal desorber and inlet of GC.
Details regarding the thermal desorption technique can be found in Woolfenden & Poole [36]. Overall,
thermal desorption methods had better repeatability, recovery, and detection and gquantification limit than
those of the solvent extraction methods [37-38]. Thermal desorber used in this study cools the sample
temperature down to -15 °C electronically, therefore no need to use liquid nitrogen for cooling purpose.
It was suggested by the thermal desorber tube supplier that the maximum desorption temperature must be
around 300 - 320 °C to reduce the artefacts and extend sorbent lifetime. Therefore, desorption
temperatures of 250 to 300 °C and desorption times from 3 min to 15 min were tested for estimation of
the best desorption efficiency. Finally, desorption at 300 °C for 10 min was found as optimum desorption
condition.

High purity Hydrogen, Nitrogen, and dry air were used as GC gases. A GC capillary column of
DB-VRX (75 m x 0.45 mm x 2.55 pum) was used to separate target VOCs. Details regarding the GC
temperature program is as follows: initial 40 °C for 5 min, ramp to 220 °C at 5 °C/min, hold 10 min for a
total run time of 51 min. The heaviest target compound of the study was n-hexadecane with a boiling
point of 286.9 °C.

VOC standard solutions (VOC + Unsaturated Organic Compounds Mix 1, Dr. Ehrenstorfer &
Piano-Paraffins, Supelco) were used to qualify and quantify the individual VOC species by 7 - points
calibration curve (r? > 0.99). Calibration standard solutions were loaded by using calibration loading ring
(Markes Inc., CSLR, UK) with approximately 50 mL/min of extra pure Nitrogen as a carrier gas. 1 pl of
calibration standard solution was injected into the conditioned thermal desorber tubes with a gas tight
micro-syringe (Agilent Inc., Golden syringe). Signal to noise ratio of the runs was over 3 for the
chromatograms of standard solutions which had the lowest mass amount [39].

Details regarding the repeatability, reproducibility, and linearity of the calibration studies are
explained in Supporting Information. Method detection limit (MDL) of the individual VOC species was
computed as less than 0.1 pg/m? according to the US EPA method [40]. For every 10 samples, 1 laboratory
and 1 field blanks were analyzed and no significant (cross) - contamination was found in the blank
samples. VOC samples were put in a clean container, including conditioned activated charcoal and silica
gel and stored in the fridge till the analysis. Analysis of the VOC samples were conducted no later than 3
days after the sampling. In terms of Quality Assurance/Quality Control (QA/QC) procedures, relevant
standards were used for the sampling, analyzing, and quantification of the VOCs [23,41-42].

In addition to active samplings carried out for 4 seasons, passive (diffusive) VOC samples were
collected for 4 seasons. The same sampling tubes were used and a diffusive cap (Markes Inc.) placed on
top of the one side of the tube was exposed to air for 2 weeks at each sampling point. For this aim, ISO
16017-2 [27] was followed as a standard method to quantify the target VOC species in the sampled air.
BTEX levels were calculated based on the equation derived from Fick’s First Law of diffusion (See Suppl.
Information). Also, concentration of total volatile organic compounds (TVOC) from n-hexane to n-
hexadecane was calculated equivalent to toluene response [16,43]. VOC concentrations found in the
passive samples were given in Supporting information file, Table S2.

2.3. Meteorological Parameters

Atmospheric temperature (°C) and relative humidity (RH, %) values were measured with a real-
time thermal hygrometer (Testo 174H, Germany) throughout the sampling. Also, atmospheric Carbon
dioxide (CO2) level (ppm) was measured by a real-time instrument (Testo 435-2, Germany) with
resolution of 1 ppm, based on infrared radiation (IR). CO, measurement was carried out merely in the
winter and spring sampling periods, while data was unavailable for the summer and fall periods due to an
instrumentational error.

2.4. Data Evaluation

Descriptive statistics shown in the figures and tables are computed based on the average value of
two active air samples collected in each sampling season from all sampling points. Box-Whisker plots
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were used to visualize the temporal and spatial distribution of the data set. ANOVA test was utilized for
searching the differences among group means in a sample. For all applied tests, values with p <0.05 were
considered statistically significant. Spearman rank correlation test was used to estimate the correlations
among the measured VOCs. No outlier was observed in the VOCs concentration dataset.

3. Results and Discussion

3.1. Meteorological Parameters Over the Study Period

Atmospheric temperature, RH, and CO; levels over the sampling period are given in Table 1.
Accordingly, seasonal average values of air temperature, RH, and CO, were over 9.7 °C, 38%, and 447
ppm, respectively.

Table 1. Meteorological parameters throughout the sampling period”

Season Temperature (°C) RH (%) CO; concentration (ppm)
Fall 12.7+ 1.4 (10.3-14.5) 63.6 £ 7.9 (54 — 83) NA

Winter 9.7+£22(8.1-12.3) 51.1+11.5(31.0-71.0) 514.1 +112.1 (364 —919)
Spring 28.9 + 3.6 (23.9 - 36.4) 46.6 £ 7.0 (34.0 59.0) 447 + 70 (366 — 629)
Summer 35.3+3.1(31.6-42.3) 38.3£6.1 (30 —53) NA

“Data is given as average + standard deviation (min — max) was given in parenthesis ; NA: Not available.
3.2. Yearly Average Levels of VOCs at all Sampling Sites

Observation frequency (%) and concentrations (ug/m?®) of aromatic compounds, halogenated
organic compounds, and paraffins measured at all sampling points throughout the year are given in Tables
2 — 4, respectively. Also, variation of concentrations of target compounds according to the sampling
season and site found by ANOVA tests are given in the tables.

Table 2. Observation frequency (%) and concentrations of aromatic compounds (ug/m?) measured at
all sampling points throughout the year and concentration variations of the compounds
according to the sampling season and site

. . 3 Significance
Aromatic compounds Frequency (%) Concentration (ug/m?) season Site
benzene 100 1.7+09 **
toluene 100 32+19 *x
ethylbenzene 93.8 04+0.2 *
m,p-xylene 97.9 1.2+£08
o-xylene 91.7 05+04 *
styrene 100 0404 *
isopropylbenzene 85.4 06+1.1
n-propylbenzene 93.8 0.8+04
1,3,5-trimethylbenzene 72.9 1.1+£11
tertiary-butylbenzene 58.3 09+16
1,2,4-trimethylbenzene 85.4 09+0.8 *
4-isopropyltoluene 375 04+0.6
n-butylbenzene 25.0 05+04 *
naphthalene 93.8 05+04

Note: Concentration values are shown as average + standard deviation; statistically significant differences at
*p < 0.05 and **p < 0.001 significance levels were estimated between the locations or seasons, n = 48.
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As can be seen from Table 2, benzene, toluene, and styrene occurred in all samples (100% of
observation frequency). Other target aromatic hydrocarbons had 25.0% (n-butylbenzene) to 97.9% (m,p-
xylene) observation frequency of 100%. In terms of abundance in the ambient air, toluene (annual avg. of
3.2 pg/m®) and benzene (annual avg. of 1.7 ug/m?®) had the highest concentrations throughout the year.
Levels of benzene, toluene, ethylbenzene, 1,2,4-trimethylbenzene, and n-butylbenzene showed seasonal
variations over the year (p<0.05). Also, o-xylene and styrene levels were found to be different at the
sampling sites (p<0.05).

BTEX compounds are associated with the photochemical age of the ambient air and/or the exhaust
emissions from the traffic [44,45]. BTEX levels were found to be lower in another study conducted around
Canakkale and Kilitbahir harbors [10].

According to Table 3, bromobenzene and 1,2,4-trichlorobenzene were seen in all samples
(observation frequency of 100%). Other target halogenated organic compounds had 8.3% (hexa-chloro-
1,3,-butadiene) to 95.8% (1,2,3-trichlorobenzene) observation frequencies. In terms of abundance in the
ambient air, 1,2,4-trichlorobenzene (annual avg. of 3.7 pg/m®) and 4-chlorotoluene (annual avg. of 2.1
ug/m®) had the highest concentrations throughout the vyear. Levels of 4-chlorotoluene, 1,4-
dichlorobenzene, and 1,2,4-trichlorobenzene showed seasonal variations over the year (p<0.05). Also
levels of bromobenzene showed statistically significant variations among the sampling sites (p<0.05).

According to Table 4, n-pentane, n-octane, and n-undecane occurred in all samples (observation
frequency of 100%). Other target alkanes had 41.7% (n-dodecane) to 97.9% (n-hexane and n-hexadecane)
observation frequencies. In terms of abundance in the ambient air, n-pentane (annual avg. of 8.2 ug/m?®)
and n-hexane (annual avg. of 3.5 pg/m?®) had the highest concentrations throughout the year. Levels of n-
pentane, n-hexane, and n-tetradecane showed seasonal variations over the year (p<0.05). Also levels of
n-nonane showed statistically significant variations among the sampling sites (p<0.05).

Table 3. Observation frequency (%) and concentrations of halogenated organic compounds (pg/m?3)
measured at all sampling points throughout the year and concentration variations of the compounds
according to the sampling season and site

Concentration Significance
Halogenated Compounds Frequency (%) (ug/m?) season ite
sec-butylbenzene®+1,3-dichlorobenzene 58.3 10+£1.1
bromobenzene 100 1.0+ 0.6 *
2-chlorotoluene 70.8 19+1.3
4-chlorotoluene 83.3 21+1.4 *
1,4-dichlorobenzene 31.3 0.8+0.9 *
1,2-dichlorobenzene 33.3 05+0.6
1,2,4-trichlorobenzene 100 3.7+44 *
hexa-chloro-1,3-butadiene 8.3 04+01
1,2,3-trichlorobenzene 95.8 1.3+0.6

Note: Concentration values are shown as average + standard deviation; statistically significant differences at
*p < 0.05 and **p < 0.001 significance levels were estimated between the locations or seasons, n = 48;
2 showed as total concentration of sec-butylbenzene and 1,3-dichlorobenzene here.

Associations among the individual VOCs measured in this study were examined with Spearman rank
correlation. Merely, compounds with high observation frequency and high abundance were considered in
the analysis. As can be seen from Table 5, strong to weak correlations were found for the selected
compounds (p<0.05). Correlated compound pairs based on the highest correlation coefficients (r) with
statistical confidence at p<0.001 ranked as follows: toluene — n-hexane (r = 0.76), m,p-xylene — 4-
chlorotoluene (r = 0.61), benzene — toluene (r = 0.59), benzene — m,p-xylene (r = 0.59), benzene — n-
hexane (r = 0.56), and n-pentane — 4-chlorotoluene (r = 0.54). Also, moderate to weak correlations were
found for other compound pairs (r<0.50 and p<0.05). Similarly, strong correlations between BTEX
compounds were found in other studies, indicating same source contributor(s) such as traffic [10,44-50].
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Table 4. Observation frequency (%) and concentrations of paraffins (ug/m®) measured at all
sampling points throughout the year and concentration variations of the compounds
according to the sampling season and site

. Concentration Significance
Paraffins Frequency (%) (Lg/m?) Season Site
n-pentane 100 82+05 e
n-hexane 97.9 35+20 falad
n-heptane 95.8 0.7+04
n-octane 100 1.0+£0.7
n-nonane 95.8 0.6+0.6 *
n-decane 81.3 1.0+£23
n-undecane 100 0.9+0.9
n-dodecane 41.7 0.3+04
n-tridecane 52.1 0.3+0.2
n-tetradecane 72.9 0.4+0.3 *x
n-pentadecane 93.8 05+05
n-hexadecane 97.9 0.8+05

Note: Concentration values are shown as average + standard deviation; statistically significant
differences at *p < 0.05 and **p < 0.001 significance levels were estimated between the locations or
seasons, n = 48.

Table 5. Associations among the most frequent compounds with high abundances: Spearman rank
correlation

Compound benzene  toluene m,p-X Cs Cs 2-Cl-toluene  4-Cl-toluene  1,2,4-tri-Cl-benzene
benzene 1

toluene 0.59** 1

m,p-X 0.59** 0.30* 1

Cs 0.01 0.01 0.37* 1

Ce 0.56** 0.76** 0.21 -0.26 1

2-Cl-toluene 0.23 -0.12 0.24 0.34 -0.19 1

4-Cl-toluene 0.29 -0.04 0.61** 0.54** -0.14 0.40* 1

1,2,4-tri-Cl-benzene 0.09 -0.03 0.13 0.01 -0.09 0.31 0.39* 1

Note: X: xylene, Cl: chloro, Cs: n-pentane, Cs: n-hexane; correlated pairs at * p<0.05 and ** p<0.001 significance; correlation
coefficient of r > 0.50 are shown bold; n = 48.

3.3. Seasonal Variations of VOCs

Seasonal variations of measured VOCs were assessed for priority pollutants with statistically
significant seasonal variations (see Table 1). Figure 2 shows the seasonal variations of sum of benzene,
toluene, ethylbenzene, and xylenes (BTEX), benzene, toluene, and m,p-xylene levels measured at all
sampling points over the year. In terms of levels of sum of BTEX, benzene, and toluene (p<0.05), the
highest concentrations were observed in fall season, while the lowest concentrations were observed in the
spring. Unlikely, m,p-xylene levels were found to be higher and varied in broad ranges both in the spring
and the winter and the lowest levels were seen in the summer. However, seasonal variation of m,p-xylene
was insignificant (p>0.05). VOCs levels showed seasonal variations in another study conducted in Ankara
[51].
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3.4. Spatial Variations of VOCs over the Dardanelles Strait

Concentrations of VOCs at the sampling points were investigated. Figure 3 shows the spatial
variations of sum of BTEX, benzene, toluene, and m,p-xylene levels among the sampling points measured
for 4 seasons. The highest concentrations concerning those compounds were found at Cimenlik citadel,
located at the downtown of Canakkale city center. Therefore, both marine and road traffic as well as
human activities might have influenced the abundance of VOCs around Cimenlik citadel. The lowest
median levels were observed at llgardere and Eceabat for sum of BTEX; at Soganlidere for benzene; and
at llgardere, Soganlidere, and Yapildak for m,p-Xylene. The common characteristics of llgardere,
Yapildak, and Soganlidere can be listed as follows: i) far from the potential anthropogenic air pollution
sources such as on road traffic and traffic due to the laden of the vehicles into the ferryboats and ii)
relatively less air pollutant emissions due to domestic heating, as limited number of residential settings
are available around those regions. Toluene levels were found to be close to each other at the sampling
points, except for Cimenlik citadel. In another study conducted in Canakkale city, average values for total
BTEX compounds were 15.4 ug/m® in Kilitbahir and 29 pg/m?® in Canakkale and BTEX levels showed
statistically significant differences between the two sites [10].

3.5. Seasonal Variations of VOCs over the Dardanelles Strait

Seasonal variations of VOCs were estimated at the statistical significance level (p) of 0.05, as
given in Tables 1 - 3. Among the compounds that showed significant seasonal variations, seasonal
variations of the most frequent and abundant ones, including benzene, toluene, n-pentane, n-hexane, and
1,2 4-trichlorobenzene at 12 sampling points are shown in Figure 4. Within the context of the target
compounds of this study, benzene was classified as a carcinogenic to human beings [52]. Therefore, the
maximum acceptable limit value at the ambient air has been set by many countries and international
organizations such as World Health Organization (WHQ) and European Union (EU). Similar to other
countries, national limit value for benzene was set as 5 pg/m? as annual average by Turkish Air Pollution
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Figure 3. Spatial variations of levels of a) sum of BTEX (p<0.05), b) benzene (p>0.05), c) toluene
(p>0.05), and d) m,p-xylene (p>0.05) levels among the sampling sites measured over the year

Control and Evaluation Regulation [53]. As can be seen from Figure 4a, benzene levels did not exceed
the annual average limit value of 5 pg/m3. However, winter-time benzene levels were as high as 6 pg/m?
at Kordon and Cimenlik citadel, considered as downtown of the city center, indicating the contribution of
anthropogenic activities to occurred benzene levels. Similarly, the highest levels of toluene, n-pentane, n-
hexane, and 1,2,4-trichlorobenzene were observed at Kordon and Cimenlik citadel. In terms of the
seasonal change of the most abundant VOCs: benzene occurred in the winter and fall; toluene occurred
in the fall and summer; n-pentane occurred in the spring; n-hexane occurred in the fall, except for the peak
n-hexane level observed at Kordon in the winter; and no clear seasonal trend was observed for 1,2,4-
trichlorobenzene, while the peak level of 1,2,4-trichlorobenzene was observed at Cimenlik citadel in the
winter.
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In this study, high VOCs levels were observed either the locations close to the traffic sources or
dense residential settings. A previous study conducted in Canakkale also pointed out the major sources of
VOCs as traffic [10]. Traffic sources had major contributions on ambient VOCs levels [44-56]. In addition
to typical on-road traffic, traffic related to maritime transportation had contribution on the air pollutant
levels of Canakkale. Due to its geopolitical position, the Dardanelles Strait is one of the major transit
waterway in the world for both national and international marine transportation [10]. Earlier researches
showed that large ship crossings caused significant air pollution issues and marine transport emissions
released variety of air pollutants globally, such as sulfur oxides (SOXx), nitrogen oxides (NOX), particulate
matter, including diesel particles, heavy metals, and VOCs [14,56-60]. However, majority of the studies
that estimated VVOCs exposure of the people around the harbors are not based on the measurement results.

4. Conclusions

In this study, composition of ambient VOCs across Dardanelles strait was monitored at 12
sampling locations for 4 seasons over the year. Standard test methods were followed during sampling and
analysis of VOCs. According to the results of the study, VOCs concentrations varied both spatially and
seasonally. The most abundant VOCs in the air were toluene, benzene, n-pentane, n-hexane, and 1,2,4-
trichlorobenzene over the study. Briefly, the highest levels of benzene occurred in the winter; toluene
occurred in the fall and summer, xylenes occurred in the summer, and ethylbenzene occurred in the spring
and summer. Overall, the highest VOCs levels were mostly found at the locations that were close to the
traffic sources and/or residential areas.
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