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OZET

Bu c¢alismada, dioksin benzeri ve indikator PCB’lerin gaz/partikiil dagilimmin mevsimsel degisimi
aragtirtlmistir. Gaz ve partikiil faz o6rnekleri yiiksek hacimli hava ornekleyici ile Mayis 2011 ve Ekim 2013
tarihleri arasinda toplanmistir. DB-PCB’ler gaz fazinda bulunma egilimi (%77) gostermis olup yazin gaz fazi
oraninda artis gézlenmistir. Gaz fazi oranlar1 yaz mevsimi i¢in %87, kis mevsimi i¢in %70 olarak belirlenmistir.
Db-PCB’lere benzer sekilde, indikator PCB’lerde gaz fazinda (%90) bulunma egilimi gdstermistir. Db-
PCB’lerin aksine indikatdr PCB’lerin gaz/partikiil dagilimi mevsimsel olarak énemli bir degisim gdstermemistir.
Kis, yaz, sonbahar ve ilkbahar i¢in gaz fazinin toplam konsantrasyondaki orani sirastyla %88, %89, %87 ve %84
olarak belirlenmistir. Partikiil fazi oran1 ise yazin %12’si, kisin ise %16 olarak belirlenmistir. Db-PCB’ler i¢in
sicaklik, yagis ve riizgar hizi, SR ve UV arasinda negatif yonlii zayif korelasyon basing igin ise pozitif yonlii
zayif korelasyon belirlenmistir. indikatér PCB’ler icin yagis ile pozitif yonlii korelasyon, riizgar hizi ve basing
icin negatif yonlii zayif korelasyon belirlenmistir.

Anahtar Kelimeler: Poliklorlubifenil, gaz/partikiil dagilimi, atmosferik érnekleme
ABSTRACT

In this study, gas/particle partitioning of dioxin-like PCBs (DI-PCB) and indicator PCB was investigated at three
sampling areas of Istanbul. Gas and particle phase samples were collected via high volume air sampler on
monthly time intervals from May 2011 to October 2013. DI-PCB compounds showed a tendency of existing in
gas phase (77%) with increasing trend in the summer season. The percentages of gas phase were determined to
be 88% and 66% for summer and winter seasons, respectively. Indicator PCBs showed a tendency of existing in
gas phase (87%) similar to Db-PCB compounds. Unlike DI-PCBs, gas/particle partitioning of indicator PCBs did
not show significant seasonal variation. Gas phase ratios of indicator PCBs were detected to be 88%, 89%, 87%,
84% for winter, summer, autumn and spring seasons, respectively. Low negative correlations were found
between temperature, precipitation, wind rate, solar radiation (SR), ultra violet (UV) and DI-PCB concentrations.
Similarly, low negative correlations were found between wind rate, atmospheric pressure and indicator PCB
compounds.

Key Words: Polychlorinated biphenyl, gas/particle partitioning, atmospheric sampling

INTRODUCTION

Polychlorinated biphenyls (PCBs) are a group of organic chemicals which can be odorless or mildly aromatic
solids or oily liquids. The 12 PCBs behave through the aryl hydrocarbon receptor (AHR) to cause the full range
of toxic responses revealed by 2,3,7,8-tetrachlorodibenzo-p-dioxin. Hence, these PCB congeners are referred to
as the dioxin-like PCBs. The 197 PCB congeners which except for dioxin-like PCB are currently referred to
collectively as indicator congeners. Examples of primary PCB sources include landfills, hazardous waste sites,
incineration of PCB-containing wastes, leakage from old electrical equipment (capacitor, transformer etc.) and

improper disposal or spills (ATSDR, 2000). Leaks from capacitors have been identified as the most important
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source of PCBs in the UK (Dyke, 1997). Other PCB sources include the various combustion processes such as
steel production, coal combustion, sinter production, application of sewage sludge to land, waste incineration etc.
In addition to major source of PCB release to the environment involves the volatilization from surface waters,
soil and sediment into the atmosphere and subsequent removal from the atmosphere via wet/dry deposition and
then revolatilization. Therefore it has been reported that urban and industrial areas are the main sources of the
PCB compounds (Brunciak et al., 2001; Ozcan and Aydin, 2009). PCBs will primarily exist in the gas-phase
after released to the atmosphere; however tend to have a particle phase with increasing chlorination degrees.
Gas/particle partitioning of semi volatile organic compoundsaffects the atmospheric transportation, atmospheric
residence time and atmospheric removal processes of theirs (Matsumato et al., 2010). In addition to gas/particle
partitioning of PCB compounds is influenced by many factors such as ambient air temperature, vapor pressure of
organic compounds, total suspended solid concentration and properties of the particle matters (size distribution,

elemental or organic carbon content).

In this study, gas/particle partitioning and seasonal variations of dioxin-like PCB (dI-PCB) and indicator PCB
concentrations were investigated at three different areas in Istanbul. In addition, relationship between
atmospheric concentration levels and meteorological parameters (temperature, solar radiation, solar energy, UV,

precipitation) were also evaluated by using statistical analysis.
MATERIAL AND METHOD

SITE DESCRIPTION

Ambient air samples were collected at three different sampling stations in Istanbul which is located on the north-
western part of Turkey (see Fig. 1). The city has about 14 million population with various anthropogenic
activities in the sense of PCDD/F sources such as dense motor vehicle traffic and mixed groups of industrial
facilities. Therefore, three different sampling locations were chosen in this study. Davutpasa sampling region
(latitude: 41.02 N; longitude: 28.82 E) involves residential and industrial structures together with Turkey’s
biggest intercity bus terminal and foundry industrial zone which are located about 1.5 km NE and 9 km NW of
the sampling point, respectively. Yildiz sampling station (latitude: 41.30 N; longitude: 29.00 E) is located in the
city center which receives motor vehicle emissions due to dense public transportation and ship emissions from
the Bosphorus marine traffic. Fenertepe sampling station (latitude: 41.90 N; longitude: 28.47 E) is located out of
the city center and surrounded by large forest area. Although there is no industrial activity in the vicinity of this
location, there are medical and hazardous waste incineration plants which are located about 8 km NE and 12 km

SE of this sampling station, respectively.
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Fig. 1. Location of sampling stations.

SAMPLING AND ANALYSIS
Sampling and analysis were conducted in accordance with the reference method of EPA TO-9A. Gas and

particle phase samples were collected simultaneously at three sampling points during May 2011 to October 2013
using high volume sampler. High volume air samplers were operated at 0.225 m* min™ flow rate. They were
operated for a period of 5-7 d (120-168 h) at each sampling time. High volume samplers were placed at heights
of about 10 m, 3 m and 15 m above ground level for Davutpasa, Yildiz and Fenertepe sampling stations,
respectively. Quartz fiber (QF) filters (10 cm dia) and polyurethane foam (PUF) cylindrical filters (6.0 cm-dia)
were used for particle and gas phase samplings, respectively. Before sampling, QF filters were conditioned at
450°C for 5 h and PUF filters were pre-cleaned with acetone in soxhletextractor for 16 h. Extraction, clean up
and fractionation were applied for QF and PUF filters after sampling. PUF and QF filter were extracted
separately with toluene for 20 h using soxhlet extractor. After extraction, toluene extract is concentrated in rotary
vacuum evaporator, re-dissolved in hexane and pre-cleaned by shaking with 10 mL concentrated sulfuric acid at
laboratory temperature. Pre-cleaned hexane extract was transferred on top of multi-layer silica gel column and
eluted with hexane. Extract was concentrated with modified Kuderna—Danish concentrator up to 0.5-1 mL. For
fractionation was used 1g florisil column and combination of hexane and dichloromethane for elution of
PCDD/F and PCB fractions. First hexane fraction containing mono-ortho PCBs and non dioxin-like PCBs is
concentrated using Kuderna-Danish concentrator to volume about 0,5 ml. Final extractis concentrated up to
dryness under nitrogen stream and then 2-to-4 plL of samples were injected to high-resolution gas
chromatography/high-resolution mass spectrometry (HRGC-HRMS, Thermo Gas Chromatograph Trace GC
Ultra-HRMS) for the chromatographic analysis ofdl-PCB and indicator PCB compounds.**C;,-labeled sampling
andextractionstandards were used to determine the recovery efficiency of sampling and extraction processes.
Recovery values were determined in the rangesof 71-94% and 64-114% for sampling and extraction standards,

respectively.
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RESULTS AND DISCUSSIONS

CONCENTRATION LEVELS OF DB-PCBs AND NON- DB-PCBs IN THE AMBIENT

AIR

Average concentrations of dI-PCB compounds were detected to be 4.81 (3.1-8.3) pg m™ according to the results
of measurements conducted between May 2011 and October 2013. When the change of concentration was
evaluated according to the sampling stations, the average concentrations of these compounds were found to be
6.13 (3.35-9.8) pg m*, 5.06 (2.5-8.02) pg m~and 3.24 (0.34-7.3) pg m™ for Davutpasa, Yildiz and Fenertepe
sampling stations, respectively. Average I-TEQ concentrations were calculated to be 10.7 fg m*, 7 fg m™ and
3.75 fg m® for Davutpasa, Yildiz and Fenertepe sampling stations, respectively.The concentration values of
indicator PCBs ranged from 19 pg m™ to 170 pg m™ that the average concentration was detected to be 42 pg m™
according to the results of all samplings. Average concentrations were detected to be 60 pg m™ (24-407 pg m*),
38 pg m* (12-85 pg m™) and 30 pg m® (15-81 pg m*®) at Davutpasa, Yildiz and Fenertepe sampling stations,
respectively. Indicator PCB, concentration was increased at Davutpasa sampling station at April 2012 sampling
period. The average concentration was found to be 406 pg m™ at this period. However, significant increase was
not observed for dI-PCB, concentration. The concentration was detected to be 75 pg m~and 29 pg m* at Yildiz
and Fenertepe sampling stations during the April 2012 sampling period, respectively. The observed fire in the
textile factory where is the located close to Davutpasa sampling station was considered to be the cause of the
high concentration level during this sampling period. As it is known, PCBs are formed by the various processes
including industrial production processes, incineration of the PCB-containing materials and other thermal

processes at high temperature (Aries et al., 2004; Choi et al., 2008).

GAS/PARTICLE PARTITIONING OF DB-PCBs AND NON DB-PCBs COMPOUNDS

DI-PCBs compounds showed a tendency to be existed in gas phase at high percentage (77%). Gas and particle
phase concentrations for dI-PCB compounds were measured to be 5130 fg m™ and 1521 fg m™®, respectively.
PCB-118 (%41), PCB-105 (15%) were detected to be the most abundant congeners in a gas phase while PCB-
118 (29%), PCB-189 (15%), PCB-105 (13%) were detected commonly in particle phase. The ratio of gas phase
concentrations to total average concentrations were calculated to be 69%, 80%, 82%, whereas the particle phase
ratios were calculated to be 31%, 20%, 18% for Davutpasa, Y1ldiz and Fenertepe sampling stations, respectively.
Gas/particle partitioning of PCDD/F compounds were investigated in the same sudy that they were found in a
particle phase (92%) unlike DI-PCBs compounds. This situation can be explained by the differences in a their
formation mechanisms, formation temperature and physicochemical properties such as vapor pressure, octanol

water coefficient and octanol air coefficient etc.

Similar to the dI-PCBs, indicator PCBs showed a tendency to be existed in gas phase (90%). Average
concentrations of indicator PCBs were calculated to be 90 pg m™ for gas phase and 10 pg m™ for particle phase
according to the all sampling results. The average percentages of gas phase concentrations were found to be
92%, 88% and 90% for Davutpasa, Yildiz and Fenertepe sampling stations, respectively. The same congeners
(PCB 28, PCB 52, PCB 101) were found to be dominant for both gas phase and particle phase. Highest gas phase
ratios were detected for PCB-28 (43%), PCB-52 (21%), PCB-101 (11%) congeners whereas the highest particle
phase ratios were detected for PCB-28 (26%), PCB-52 (13%), PCB-101 (12%) congeners.
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EFFECTS OF THE SEASONAL VARIATION ON GAS/PARTICLE PARTITIONING

Seasonal variations of dI-PCB; and indicator PCBs were shown in Fig 2. Significant seasonal variation was not
observed for dI-PCB compounds. Highest average concentrations were observed in winter and autumn seasons.
There was no significant difference between the concentrataion levels of indicator PCB, for autumn, summer and
winter seasons while the concentration value for spring season was higher than the other seasons (Fig.2). The
reason of this situation may be related to the textile factory fire during the April 2012 sampling period as
described in the previous section. As a result, dI-PCB, and indicator PCB; concentrations did not show
significant seasonal variations. In particular, the fluctuations in concentrations of dioxin-like PCB, were much
smaller than those of indicator PCBs. It was reported that the concentration of PCBs compounds in summer is
higher than winter (Fiedler, 1999; Castro-Jimenez, 2009) unlike this study.
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Fig.2 Sesonal variation of PCB compounds

Seasonal variation of gas/particle partitioning of dI-PCB,was shown in Fig.3. Average gas phase concentrations
of dI-PCBs were detected to be 3872 fg m® and 3577 fg m™ whereas particle phase concentrations were detected
to be 1566 fg m™ and 557 fg m™ for winter and summer seasons, respectively. In addition to the gas phase ratio
of dI-PCB compounds increased in summer season. Gas phase ratios were detected to be 87%, 70%, 79%, 84%
for summer, winter, autumn and spring seasons, respectively. Particle phase ratio of dI-PCB compounds was
detected higher in winter season (30%) than summer season (13%) unlike gas phase ratio. Kim et al. (2011)
reported that gas phase ratio of dI-PCB compounds was found to be 97-99% and 23-62% for summer and winter
seasons.The observed increase in summer season can be explained by the desorption of PCB compounds from
the reservoir sources such as soil, water, vegetation (Halsall et al., 1995; Manchester-Neesving and Andren,
1989; Hillery et al., 1997; Simcik et al., 1997, 1999; Cousins and Jones, 1998; Wania et al., 1998). PCB
compounds would be desorbed more easily from the soil in summer season and they can easily be transported
over long distances at high temperatures on a global scale (Tasdemir et al., 1997). Additionally, these
compounds can be removed from the atmosphere by snowfall and rainfall during especially in winter season
(Daly and Wania, 2004). Particle phase concentration of dI-PCBs increased in winter season. This situation can
be explained by (1) adsorption of the gas phase dI-PCBs on to the particle surface due to the low ambient air
temperature in winter season (2) low mixing height in winter season. PCBs in the particle phase are removed by
particle washout mechanism. The dissolution of gaseous PCBs into rain and cloud droplets depend on the
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Henry’s Law constant and air/water partition coefficient calculated from the ratio of vapour pressure to water
solubility (Bidleman, 1988).
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Fig.3 Seasonal variation of gas/particle partitioning of DI-PCBs

PCB 118 (60%), PCB 105 (21%), PCB 77 (9%) and PCB 156 (5%) were detected to be the most abundant
congeners for gas phase during the summer season (Fig.4). The similar congeners were determined to be
dominant also for particle phase. The ratios of PCB 118, PCB 105, PCB 77 and PCB 156 congeners were found
to be 55%, 24%, 11% and 6% for particle phase in summer season. Similar to the summer season, PCB 118
(38%), PCB 105 (21%), PCB 156 (10%), PCB 77 (9%) were detected as primary congeners in winter. PCB 118
was reported as predominant congener by several researchers (Gatehouse, 2004; Kim and Masunaga, 2004).
PCB 118 is a dominant congener in Kanechlor products, which were first produced in 1954 by Kaneka
Corporation in Japan as commercial PCB products (Ikenaka et al., 2003).
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Fig.4 Gas/particle distribution of dI-PCBscongeners

Gas/particle partitioning of the indicator PCBs was shown in Fig.5. Average gas phase concentrations were

measured to be 28 pg m™ and 36 pg m™ while particle phase concentrations were measured to be 3.3 pg m™ and
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5 pg m™ for summer and winter seasons, respectively. Several previous publications was reported that the gas
phase concentration of PCBs congeners are higher than particle phase concentration (Mandalakis et al., 2002;
Tagdemir et al., 2004; Cindoruk et al., 2007). The ratio of gas phase concentration to total gas phase
concentration were found to be 88%, 89%, 87% and 84% in winter, summer, autumn and spring seasons,
respectively. Gas phase ratios of PCB 28, PCB 52, PCB 101 congeners were higher than the other congeners in
summer and winter seasons (Fig.6). In addition to, similar congeners (PCB 28, PCB 52, PCB 101) were found to
be primary congeners for particle phase.
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Fig.6 Gas/particle distribution of indicator PCB, congeners

EFFECT OF TPM CONCENTRATION ON GAS/PARTICLE DISTRIBUTION

287



VII. Atmospheric Science Symposium, 28,30 April 2015 Istanbul, www.atmosfer.itu.edu.tr

TPM concentration and physico-chemical properties of particles and congeners are important factors that are
affecting the gas/particle distribution of semi volatile organic compounds. Average TPM concentrations for
Davutpasa, Yildiz and Fenertepe sampling stations were detected to be 79, 78 and 44 pg m™, respectively. The
values for Davutpasa and Yildiz are higher than the 24 h limit value (50 pg m™) reported by WHO (2005). The
correlation coeffcient was detected to be R=0.46 between the total particle matter and particle phase dI-PCB,
considering all sampling results. High correlation was found for winter (R=0.47, R?=0.22) and summer seasons
(R=0.46, R?=0.21). This could be explained by the increased adsorption of the dI-PCBs on the particle matter
due to the low ambient air temperature in winter season. TPM and dI-PCB; may be emitted together and
simultaneously from the source or sources during the summer season. For example, high correlation coefficient
(R=0.8, R?=0.65) was determined for Fenertepe sampling station during the summer season. As TPM
concentration increases, the surface area for adsorption of the compounds are also increases. Thus, particle phase
of the compounds can be rised. Therefore it has been estimated that TPM and dI-PCB; were emitted together and
simultaneously from the source or sources at Fenertepe sampling station. Medical waste incineration plant and
gasification plant which are located at respective distances of 8 km NE and 12 km SE from Fenertepe sampling
station. Low correlation (R=0.22) was found between the total particle matter (TPM) and non dioxin like PCB;
in the particle phase. Although high positive correlation was found (R=0.74, R?=0.55) in summer season, there
was no correlation in winter season. As a result different correlation coefficient were found between the total
particle matter (TPM) and particle phase PCB, conentrations. Different correlation coefficients can be explained
by various factors including total particle matter concentration, properties of particle matter (carbon content and
chlorination level) and vapor pressure of organic compounds. High positive correlations were found between UV
(R=0.1), solar radiation (R=0.1), temperature (R=0.15), and dI-PCB concentrations while low negative
correlations were found for precipitation (R=-0.1), wind rate (R=-0.13) and atmospheric pressure (R=-0.1).
Similar to the dI-PCB;, positive low correlations were found between the UV (R=0.1), SR (R=0.2) and indicator
PCB concentrations while low negative correlations were found for wind rate (R=-0.24) and atmospheric
pressure (R=-0.3). Determining low negative correlation for wind rate can be explained by the removal of
particle phase PCB compounds via dry depositon mechanism. Bidleman (1988) reported that the highly
chlorinated congeners can be deposited via dry and wet deposition mechanisms. Determination of low negative
correlation for atmospheric pressure can be explained by desorption of PCBs from reservoir areas due to the high
atmospheric temperature and low atmospheric pressure. However low regression coefficients (R°<0.1) showed
that the correlation between the meteorological parameters and PCB concentration are affected by several factors

such as properties of the organic compounds and particle matter, seasonal variation etc.
CONCLUSION

In this study, gas/particle partitioning of the dI-PCB and indicator PCB compounds was investigated at three
different areas in the metropolitan city of Istanbul. DI-PCBs and non dI-PCB; showed a tendency to be existed in
gas phase at higher percentages (77% for dI-PCB and 90% for non dI-PCB). Average gas phase ratio of dI-PCB
compounds increased significantly during summer season. Indicator PCB compounds did not show significant
seasonal variation unlike dI-PCB compounds. The positive low correlations were found between the
concentrations and temperature and SR, while negative low correlations were found for wind rate and

atmospheric pressure.
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