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Abstract: This study was carried out in the central district of Kirklareli province in
Turkey. It presents the chemical composition of the three deposition types namely
wet, bulk, and dry. In this study, 150 deposition samples (wet + bulk + dry) were
collected for a year in the urban and suburban areas in the central district of
Kirklareli. The concentrations of the main cations (Ca?*, K*, Na*, Mg?, NH,*) and
main anions (SO4%, CI-, NOs") were determined in the collected deposition samples.
The seasonal variations of major ion concentrations in the three deposition types
were studied. The wet and dry deposition fluxes of major ions were calculated.
Among the major ions, the ion with the highest annual mean flux values in the wet
deposition is Ca?* ion in the urban area, while it is CI- ion in the suburban area. In
the wet deposition, the annual mean flux values of Ca?" ion in the urban area and
CIion in the suburban area are 65.40 and 38.09 mg m? h?, respectively. The
relationship between ion concentrations and acid deposition was also investigated
and the sources of ions were determined. The arithmetic mean pH values of the
samples in the urban and suburban areas were 6.39 and 6.14 in wet deposition, 6.75
and 6.41 in bulk deposition, and 7.36 and 6.56 in dry deposition, respectively. The
backward trajectories arriving to the region during the study period were divided
into two groups. In the first cyclone group, SO> ion was of anthropogenic in origin
by 97 % both in the urban and suburban areas.

Keywords: ion concentration; deposition flux; trajectory analysis; enrichment
factor.

INTRODUCTION
Air pollution has become a global problem due to the emissions of
anthropogenic pollutants into the atmosphere.? Air pollution is often thought of

as a distinguishing characteristic of industrial and urban centers. There are certain
processes that affect the life of the particles in the atmosphere. The residence time
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of the particles in the lower atmosphere can range from a few days to a week. The
main mechanism for particle removal, which is very close to the ground, is
effective and settled on the surfaces, although rainout and washout are superior
removal mechanisms at altitudes above approximately one hundred meters.
Natural processes such as the scavenging of materials by cloud and fog drops,
snow, rain, and transport to the earth are known as wet deposition (WD)3. Dry
deposition (DD), which involves the direct collection of airborne particles and
gases through the solid, liquid surfaces of the earth and vegetation, is a much
slower and continuous process than wet deposition.* Bulk deposition (BD) is the
sum of wet deposition and dry deposition. Contamination of soil and water is the
result of not only wet deposition but also dry deposition.® In fact, bulk deposition
studies may be more meaningful in determining the chemistry of natural
deposition, as the natural process does not distinguish between wet and dry
deposition.® Variations between the concentrations of chemical components in wet,
bulk, and dry deposition and their effects on acid deposition and changes according
to atmospheric conditions are the subjects of many studies.

The wet, bulk, and dry deposition sampling were carried out between
September 2010 and September 2011 in the urban and suburban areas in the central
district of Kirklareli (Turkey). The enrichment factor (EF) and non-sea salt (NSS)
estimations were performed to identify the ion sources in the three deposition
types. The pH values of the three deposition types were compared and the factors
affecting acidity were discussed. The difference between wet and dry deposition
rates was calculated. For the three deposition types, the difference between the
urban and suburban areas was revealed, and the effect of long-range cyclones on
wet deposition was investigated. In the study carried out by Orug’ in Kirklareli, it
was stated that all of the dry deposition samples collected from two stations
(Central District and Kaynarca Town) were alkaline. In both sampling stations, it
was stated that the dominant cation was Ca** and the dominant anion was SO4?. It
was stated that the mean concentration values of Ca?* ions in Central District and
Kaynarca Town were 4.37 and 4.81 mg L%, respectively, and the mean
concentration values of SO4* ions were 6.33 and 6.12 mg L™, respectively.” In the
study conducted by Oruc et al.®2 wet deposition sampling was carried out in the
cross-border region between Bulgaria and Turkey. It was stated that the percentage
distribution of the SO+%, CI,, NOs", Ca?*, NH.", K*, Na*, Mg?* ion concentrations
in the wet deposition samples collected in the Turkish sites (Kirklareli and
Kaynarca) were 45.68, 13.99, 3.21, 12.06, 11.00, 8.00, 4.64 and 1.07 %, respect-
tively. In addition, it was stated that the percentage distributions of the
concentrations of these ions in the wet deposition samples collected in the Bul-
garian sites (Burgas and Ahtopol) were 19.46, 39.01, 14.14, 11.92, 1.39, 3.27, 2.64
and 8.17 %, respectively. As a whole, samples of the wet deposition in the study
region and period have been reported to be characterized by high ClI- and SO.%, as
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well as Ca?* concentration and alkaline pH values.® In another study conducted in
Kirklareli, it was stated that the mean concentration values of Ca?*, K*, Mg?",
NH,*, Na*, SO4%, CI-, NOs ions were found to be higher in bulk deposition samples
than wet deposition samples. The relative contribution of dry deposition to bulk
deposition for Ca?*, K*, Mg?*, NH4*, Na*, SO4%, CI;, NOs™ ions were reported to be
23.27 %, 15.75 %, 14.90 %, 13.68 %, 10.52 %, 10.20 %, 6.69 %, 4.99 %,
respectively.® The novelty of this study, which was conducted in Kirklareli
(Turkey), is that it covers the chemical evaluation of three atmospheric sampling
types collected — wet, bulk, and dry deposition. The data obtained and the sampling
period provide an opportunity to understand the air pollution dynamics.

EXPERIMENTAL
Sampling areas

Kirklareli is located in the Thrace part of the Marmara Region to the Northwest of Turkey.
It is located between 41° 13" and 42° 05' north latitudes, 26° 54' and 28° 06' east longitudes.
Kirklareli is surrounded by Bulgaria to the North, Black Sea to the East, Tekirdag to the South and
Southeast, and Edirne to the West. Kirklareli has 180 kilometers of land border with Bulgaria and
60 kilometers of the seacoast to the Black Sea. Continental climate is dominant in the city center
and the temperature difference is high between the summer and winter seasons. The population of
Kirklareli city center is approximately 80,000 people.’® The urban area (41° 44' 03" N and 27° 13'
15" E) and the suburban area (3 kilometers southwest of the city center) (41° 43' 13" N and 27°
11' 36" E) were selected for wet, bulk, and dry deposition sampling (Fig. 1).
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Deposition sampling and analysis

During the sampling period, a total of 150 deposition samples were collected including 54
wet depositions (27 urban and 27 suburban areas), 48 bulk depositions (24 urban and 24
suburban areas), and 48 dry depositions (24 urban and 24 suburban areas). The concentrations
of major ions (Ca?*, K*, Na*, Mg?*, NH,*, SO4%, CI', NO3") and the pH values in the wet, bulk,
and dry deposition samples were studied. Hybrid Single-Particle Lagrangian Integrated
Trajectory (HYSPLIT) Model was run to determine the backward trajectories of the air
masses,**1? and Sat24 satellite images were examined to observe the movements of air masses.*®
For the temperature values, the data obtained from Kirklareli Atatlirk Soil, Water and
Agricultural Meteorology Research Institute Directorate were used. Only the wet and dry
deposition sampling in the summer season were performed with Automatic Wet/Dry Deposition
Device. During the sampling period, all other samplings were done manually. For this purpose,
polyethylene funnels having 23 cm diameter and containers were used in the samples.
Containers and funnels were mounted 180 cm above the ground. This height is necessary to
avoid mixing dust on the ground. In wet deposition sampling, clean sampling containers were
placed at sampling stations in the urban and suburban areas just before precipitation and the
samples were transferred to bottles and stored for analysis at the end of precipitation. pH
measurements of the samples were carried out immediately at the sampling sites. In the bulk
deposition sampling, after precipitation, the clean funnel and container were kept open to the
atmosphere until the next precipitation event. At the end of the precipitation, the samples were
transferred to bottles. Dry deposition sampling was carried out in 15-day periods. The containers
and funnels were placed in the arbor made of polyethylene with a high roof, without walls. In
this way, contamination of the sampler is minimized. The sampling bowl was washed with 1
liter of deionized water at the end of 15 days. The wash-water was transferred to bottles for
analysis. The same storage and analysis procedure applied in wet deposition was applied to bulk
and dry deposition samples. Funnels and sampling containers were rinsed with deionized water
before starting the sampling, then soaked with nitric acid (5 %) and then rinsed with deionized
water and dried. The samples were stored in pre-cleaned polyethylene bottles in a refrigerator
at 4 °C before the chemical analysis.® 2418 Orion Aplus Portable pH and ISE Meters device was
used for pH measurement. The pH meter was calibrated using standard pH 4.00 and 7.00 buffer
solutions before each measurement. Shimadzu UV-1601 spectrophotometer for NH,*, SO4%,
and NO; analysis and Jenway Flame Photometer (Clinical PFP7) device for Na* and K* analysis
was used. Ca?*, Mg?*, and ClI- analysis were carried out by titration.®

lon sources

The enrichment factor (EF), one of the methods used to classify as the natural or
anthropogenic sources of the pollutants was calculated using equation (1). 8182023

X/lc)
_ ( )prempl(atlon (1)

(X/c) .
reference material

While calculating the enrichment factors of ions in the deposition samples according to
the sea, Na* was chosen as the reference element and the concentration values of ions in
seawater were used.? (X/C)precipitation IS the ratio of the concentration of interested ion to Na*
concentration in the deposition samples and (X/C)reference material 1S the ratio of the concentration of
interested ion to Na* concentration in seawater. While enrichment factor values close to 1
indicate predominantly marine source, enrichment factor values higher than 1 indicate an
enrichment compared to the seawater.?

EF
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Non-sea salt (NSS) ion concentrations were found using the equation (2). 818
CNss = Total Xp - Cp(Xn/Cr) (2)

In the equation, X and c represent the concentration of the respective ion and the reference
ion respectively, p and r represent ions in precipitation and ions in the reference material,
respectively. The ratio of non-sea salt concentration to total concentration is the non-sea salt
fraction (NSSF).%18
The wet deposition flux (Fw/ mg m2 h) of any chemical component in a rain event is

expressed as in equation 3:%°

FW = Ci Pi (3)
where, ¢, is the concentration of the said chemical component in precipitation (mg L?), and P;
is the rain intensity (mm h?).
Dry deposition flux (Fs/ mg m? h) is acquired by using the equation 4.%

CAV
: 4
AAT )

where, ¢ / mg L is concentration (rinsing water included), AV / L is volume (rinsing water
included), A/ m? is the surface area, and Az / day is the sampling period.

RESULTS AND DISCUSSION
Seasonal variations of deposition samples

In the wet deposition, it was found that Ca?* has the highest seasonal volume-
weighted mean (VWM) concentration values among ions in autumn, both in the
urban and suburban areas. The VWM concentrations of Ca?* in autumn were 7.87
and 5.11 mg L in the urban and suburban areas, respectively. Among all ions in
wet deposition, it was observed that SO.> had the highest seasonal VWM
concentration (8.62 mg L) in winter in the urban area. The VWM concentration
of SO4% in this season was 3.74 mg L™ in the suburban area. The seasonal VWM
concentration values of Na* in wet deposition in all four seasons were found to be
higher in the urban area than in the suburban area. In the bulk deposition, the VWM
concentration values of CI" in autumn in the urban and suburban areas were 7.57
and 5.12 mg L™, respectively. The seasonal VWM concentration values of Ca?*
and Mg?* ions in the bulk deposition were higher in the urban area than in the
suburban area in all four seasons. The VWM concentrations of K* ion were 1.23
and 1.19 mg L in autumn in the urban and suburban areas, respectively. In the
bulk deposition, anions other than ClI- were found to have higher seasonal VWM
concentration values in the urban area than in the suburban area in all four seasons.
In the dry deposition, it was observed that Cl- had the highest seasonal VWM
concentration value among ions in summer both in the urban and suburban areas.
It was observed that seasonal VWM concentration values of Ca?* in the urban and
suburban areas were higher than seasonal VWM concentration values in these
areas of other cations in all four seasons (Fig. 2). It has been stated that calcium is

d
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abundant in the soil in the form of CaCO; and can be mixed into the troposphere
as a result of wind erosion.®827 Okay et al.?” stated that generally continental air
masses and storms can increase the deposition rates of calcium, ammonium, and
potassium cations in the autumn and winter seasons.
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Fig. 2. Seasonal distribution of VWM concentrations of major cations in (a) wet, (b) bulk, and
(c) dry deposition and major anions in (d) wet, (e) bulk, and (f) dry deposition.

Although no signicant change was observed in the mean concentration of NOz°
ion at air temperatures up to 20 °C, however, a decrease was observed in the mean
concentration of this ion at 20 °C and higher air temperatures. Although the NO3™ ion
originated from the combustion of low-efficiency fossil fuels and biomass burning,
another important source of this ion was motor land vehicles. It was clearly seen that
as the air temperature increases, the mean concentration of SO, ions decreases (Fig.
3). The relationship of sulfate to temperature originates indirectly from emissions
that were higher during the colder seasons. The ratio of the mean concentration of
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SO, ion in precipitations that took place on days above 20 °C of air temperature to
the mean concentration of SO4> ion in precipitations on days with air temperatures
lower than 10 °C is 5.89 and 19.65 %, respectively, in the urban and suburban areas.
It was understood that the main reason for the high sulphate ratio on cold days was
SO, emission resulting from the industry as well as domestic heating. No direct
relation of other ions with air temperature was observed.
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Fig. 3. Distribution of arithmetic mean concentrations of (a) major cations and (b) major
anions in the wet deposition by temperature ranges.

It was observed that the mean concentration of SO% ions measured in the
suburban area at air temperatures above 20 °C is higher than that in the urban area.
Assuming that there was no domestic origin of SO, in this temperature range, it can
be concluded that the industrial sourced SO, emission is higher in the suburban area
compared to the urban area. Anatolaki and Tsitouridou,? in their study showed that
the gas and particle phase sulfur species have the highest concentration among all
ions, and they found high SO, concentration in cold months.

Wet and dry deposition fluxes

In wet deposition, the annual mean flux values of K*, Na*, Ca?*, Mg%, NH.",
CI, NOs', SO4* ions were calculated as 8.80, 15.87, 65.40, 20.29, 9.04, 60.86, 40.87
and 31.88 mg m2 h? in the urban area, and as 12.05, 8.52, 35.57, 13.05, 8.44, 38.09,
26.30 and 18.33 mg m2 h in the suburban area, respectively. In dry deposition, the
annual mean flux values of these ions were calculated 0.06, 0.07, 0.77, 0.15, 0.07,
0.90, 0.38 and 0.40 mg m h? in the urban area, and as 0.07, 0.08, 0.71, 0.14, 0.08,
0.92, 0.41 and 0.35 mg m? h' in the suburban area, respectively (Fig. 4).
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Fig. 4. Annual arithmetic means of the (a) wet and (b) dry deposition fluxes of major ions.
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In general, the least difference between ion fluxes in the urban and suburban
areas in wet and bulk deposition was observed for ions in the dry deposition.
Especially for Ca?* contained in coarse particles, the difference in wet deposition
was higher than for other ions. Coarse particles containing large amounts of Ca?*,
K*, and Mg?* have a higher dry deposition rate than fine particles.’® In the wet
deposition, it was observed that all ions except K* ion had a higher deposition rate
in the urban area than in the suburban area. However, it has been calculated that
the difference in the rate of deposition decreases in the dry deposition in the urban
and suburban areas and that K*, Na*, CI, NH4", and NOs" ions have a higher
deposition rate in the suburban area.

Acid deposition

The arithmetic mean pH values of the samples in wet, bulk, and dry deposition
were 6.39, 6.75, and 7.36 in the urban area, and 6.14, 6.41, and 6.56 in the suburban
area, respectively. Minimum and maximum pH values of the samples were 5.35 and
7.16 in wet deposition, 5.87 and 7.41 in bulk deposition, 5.60 and 8.56 in dry
deposition, in the urban area; and 5.25 and 7.25 in wet deposition, 5.93 and 7.52 in
bulk deposition, 5.73 and 7.88 in dry deposition, in the suburban area, respectively.
The precipitations with the highest frequency value (37.03 %) in wet deposition in
the urban area were alkaline and the pH values were between 6.5 and 7.0. The
precipitations with the highest frequency value (55.56 %) in wet deposition in the
suburban area were alkaline and the pH values varied between 6.0 and 6.5. (Fig. 5).
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Fig. 5. Frequency distribution of pH values in the urban and suburban areas in (a) wet,
(b) bulk, and (c) dry deposition

It can be said that as a result of the conversion of SO, originating from fossil
fuels used for heating in cold months to SO.* in the rain, relatively more acidic
precipitation occurs in these months. Praveen et al. (2007) reported that the rainwater
samples were acidic in the winter monsoon and alkaline in the summer monsoon.?®
Anatolaki and Tsitouridou® stated that 67 % of rain acidity was caused by sulfuric
acid and 33 % by nitric acid. It was determined that the pH values of bulk deposition
samples with the highest frequency value vary between 6.5 and 7.0 in the urban area
and 6.0 and 6.5 in the suburban area. The pH values of dry deposition samples with
the highest frequency value were higher than 7.0 in the urban area, while they had
values varying between 6.0 and 6.5, and 6.5 and 7.0 in the suburban area. It can be
said that the reason why the bulk and dry deposition samples are relatively alkaline
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compared to the wet deposition samples is due to the more soil-borne particles
collected in the sampler as a result of the bulk and dry deposition. These particles
contain alkalinity-causing compounds such as Ca?*, K*, and Mg?* compared to
sulfate-containing fine particles formed as a result of gas-to-particle transformation
and settle faster as compared to acidic fine particles.'®

Determination of ion sources

In the wet and bulk deposition, the annual NSS-VWM concentrations of K*,
Ca?", Mg?*, CI, and SO+ ions in the urban area were found to have higher values
than the annual NSS-VWM concentrations of these ions in the suburban area. The
annual NSS-VWM concentration values in the urban area of ions other than K*
and CI" in the dry deposition were higher than the annual NSS-VWM concentration
values in the suburban area. In the wet and bulk deposition, it has been observed
that Ca?* was the highest annual NSS-VWM concentration values in the urban and
suburban areas. In the dry deposition, CI- was found to have the highest annual
NSS-VWM concentrations in both the urban and suburban areas (Fig. 6).
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Fig. 6. Annual mean NSS concentrations of ions in (a) wet, (b) bulk, and (c) dry deposition.

It was observed that Ca?* has the highest values in the seasonal mean EF values
among ions in all four seasons in both the urban and suburban areas in the three
deposition types (Fig. 7). In the three deposition types, SO4> was found to have lower
NSSF values in the suburban area compared to the urban area. The main source of
Ca?" was soil by 100 and 99 %, respectively in the bulk deposition both in the urban
and suburban areas. The main source of K*, as in the wet deposition, was soil. It was
determined that the lowest anthropogenic contribution to SO4? concentration in bulk
deposition occurred in the summer period. In the dry deposition in both areas, the K*
was soil-borne as in wet and bulk deposition. Mg?* originated from non-sea at the
proportion of 93 and 92 % in the dry deposition in the urban and suburban areas,
respectively. In dry deposition both the urban and suburban areas, 79 % and 80 % of
CI- originated from non-sea, respectively. Wang and Han® stated that SO4%*, NOs,
NH,*, and Ca?* are mostly of anthropogenic origin and K*, Mg?", and partially Ca?*
are mostly of mineral origin. Teixeira et al.*? explained that CI-, Na*, and Mg?" ions
in wet deposition are of marine origin, and SO.*, NOs, NH.*, and F are
anthropogenic origin. According to the results of EF analysis in the study by Feng
et al.*®, half of Mg?* was the crustal origin and half was ocean origin, most of Cl-and
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K* was ocean origin, and most of Ca2* was the crustal origin. They explained that
human activities contribute most of the SO* and NOs'.
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Fig. 7. Seasonal arithmetic means of enrichment factors of ions in the urban area in (a) wet,
(b) bulk, and (c) dry deposition, and the suburban area in (d) wet, (e) bulk, and (f) dry
deposition.

To evaluate the ion sources, Pearson's correlation coefficients between the
analyzed species in the three deposition types in both the urban and suburban areas
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were also examined. In wet deposition in the urban area, correlation coefficients
were found between K* and Na*, Na* and CI, Mg?* and CI- as 0.459, 0.416, 0.510
respectively. The correlation coefficients between Na* and CI-, Mg?* and CI-, and
K* and Mg?* in wet deposition in the suburban area were found to be 0.513, 0.698,
and 0.517, respectively. The correlation coefficients between K™ and Na*, Na* and
Cl, K* and Ca?*, Na*" and Ca?", and Ca?* and CI- in bulk deposition in the urban
area were found to be 0.453, 0.447, 0,444, 0,569, and 0.575, respectively. The
correlation coefficients between Na* and CI-, and Mg?* and CI- were found to be
0.516 and 0.520, respectively, in the bulk deposition in the suburban area. The
highest value of correlation coefficient in three deposition types was determined
for 0.742 between Na* and CI- in the dry deposition in the urban area. In the dry
deposition, the correlation coefficients between K* and Na*, Mg?* and CI-, and Na*
and Ca?* were found to be 0.445, 0.677, and 0.460, respectively, in the urban area,
and 0.420, 0.544, and 0.671, respectively, in the suburban area. In addition, the
correlation coefficients between Na* and Cl-, K* and Ca?", and K* and CI- in the
dry deposition in the suburban area were found to be 0.693, 0.444, and 0.640,
respectively. The low correlation coefficients were determined between other ions
in the three deposition types in both the urban and suburban areas. Na* and CI-
indicate the sea-salt source.'®2” The good correlation was observed between these
two ions in all three deposition types in both the urban and suburban areas. Mg?*
is partly of marine origin®?” and the highest correlation coefficient was observed
between Mg?* and CI- after the correlation coefficient between Na* and ClI- in the
three deposition types in both the areas. The main source of K* and Ca?* is soil.
Concentrations of these ions in sea salt are lower than Na*, Mg?*, and Cl- ions.18%’
Moderate correlation of K* and Ca?* with ions indicates that the common source
of these ions may be soil. The correlations of these ions with Cl- and Na* ions
indicate that these ions may also be partially of marine origin.

Comparison of precipitation in the urban and suburban areas by cyclone groups

The backward trajectories were determined using the HYSPLIT model,'t*?
and Sat24 satellite images have been studied to observe the movements of air
masses.’® In the HYSPLIT model, the backward trajectories were run by going
back 72 hours. Sat24 satellite images were obtained in 6-hour periods by going
back 24 hours. The backward trajectories were classified into two groups. The first
group included trajectories arriving from the upper parts of the 42" north latitude,
while the second group includes the trajectories arriving from the lower parts of
the 42" north latitude. This grouping was carried out according to the results of
some studies conducted to determine the dominant cyclone groups.3* During the
one-year sampling period, 48 % of the total precipitation originated from the first
cyclone group and 52 % from the second cyclone group. Okay et al.?” showed in
their trajectory analysis that high sulphate and nitrate concentrations generally
originate from northwest, central, and Eastern Europe. lon concentrations in
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precipitations were evaluated by comparing the outputs of the HYSPLIT model
and Sat24 satellite images. In this evaluation, 27 HYSPLIT model outputs and 135
Sat24 satellite images were studied. In Fig. 8, two HYSPLIT Model outputs are
given to represent the groupings carried out according to the cyclone groups of
09. 10. 2010 (originated from the first cyclone group) and 03. 01. 2011 (originated
from the second cyclone group).

NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
a) Backward trajectories ending at 1700 UTC 09 Oct 10 b) Backward trajectories ending at 0000 UTC 03 Jan 11
GDAS Meteorological Data GDAS Meteorological Data

at 41.44N 27.13E

Source » at 41.44N 27.13E
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Fig. 8. HYSPLIT Model backward trajectories on (a) 09. 10. 2010 and (b) 03. 01. 2011

Meters AGL
Meters AGL

All the precipitation in summer was in the first cyclone group. The mean pH
values of wet deposition in the first cyclone group in the urban and suburban areas
were 6.25 and 6.16, respectively. In the second cyclone group, it was 6.51 and 6.12
in the urban and suburban areas, respectively. In the wet deposition, the ratio of
mean ion concentration and NSS concentration of SO, in the first cyclone group
to the mean ion concentration and NSS concentration of SO.* in the second
cyclone group was approximately 46 and 49 % higher, respectively, in the
suburban area. In the wet deposition, the ratio of mean ion concentration and NSS
concentration of Mg?" in the first cyclone group to the mean ion concentration and
NSS concentration of Mg?* in the second cyclone group was approximately 53 %
and 63 % higher, respectively, in the urban area. In the wet deposition, the ratio of
mean ion concentration of Na* in the second cyclone group to the mean ion
concentration of Na* in the first cyclone group was approximately 26 % higher in
the urban area and approximately 24 % higher in the suburban area. In the wet
deposition, the mean ion concentration and NSS concentration of K* in the first
cyclone group in the urban area was approximately 13 % and approximately 15 %
higher, respectively, than the mean ion concentration and NSS concentration of K*
in the second cyclone group. In the wet deposition in the urban and suburban areas,
the mean EF values of K*, Ca?*, Mg?*, CI, and SO.% ions in the first cyclone group
were higher than the EF values of K*, Ca?", Mg?*, Cl, and SO4* ions in the second
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cyclone group. Ca?* originated from non-sea at the same proportion (100 %) in the
first cyclone group and the same proportion (99 %) in the second cyclone group in
both the urban and suburban areas. SO4* was anthropogenic origin at the same
ratio in both areas (97 %) in the first cyclone group, and 96 and 95 % in the urban
and suburban areas in the second cyclone group, respectively.

CONCLUSION

In this study, it was determined that Ca?* has the highest seasonal VWM
concentration values among cations in all three deposition types. Among anions, it
was found that SO.% in wet deposition, NO3™ in bulk deposition, and CI- in dry
deposition had the highest seasonal VWM concentration values. In the wet depo-
sition, 3.7 % of the total precipitation was acidic in the urban area, while 11.1 % in
the suburban area was acidic. In the wet deposition, all the acidic precipitation in the
urban and suburban areas occurred during colder months. In the wet deposition, it
was determined that the highest anthropogenic contribution to SO4* concentration
occurred in winter in the urban and suburban areas. In this period, NSSF values of
SO4* ion in the urban and suburban areas was 98 and 99 %, respecttively. In the
urban and suburban areas, all the samples in bulk and dry deposition were alkaline.
The annual VWM concentration values in the bulk deposition of all the ions except
for SO,% in the urban area and Mg?* and NH," in the suburban area were higher than
the annual VWM concentration values in wet deposition. The annual VWM
concentration values of K*, Na*, Ca?*, Mg?, CI, NH4*, NOs ions in the bulk
deposition in the urban area were found to be higher than wet deposition at values
varying between 2-42 %. The annual VWM concentration values of K*, Na*, Ca*,
CI-, NOg, SO4* ions in the bulk deposition in the suburban area were found to be
higher at values varying between 26-49 % in wet deposition.
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U3BO/JI
M3BOPH U CE30HCKE BAPUJALIMJE XEMHUJCKHUX KOMITOHEHTH Y Y30PLIUMA
TAJIOKEA Y OKPYTY KUPKJIAPEJIU, TYPCKA
ILKER ORUC, BULENT OKTAY AKKOYUNLU! 1 ILHAN ERDOGAN?
Vocational College of Technical Sciences, Kirklareli University, Kirklareli, Turkey; 'Faculty of Arts and Sciences,
Marmara University, Goztepe, Istanbul, Turkey u 2Faculty of Sciences, Trakya University, Edirne, Turkey

OsBa crymuja je CpoBefeHa y LEHTPaJHOM OKpyry mposuHIMje Kupkmapenu y Typckoj.
OpHOCH Ce Ha XEMMjCKH CacTaB TP THIA TAJIOXKEWa, MOKPO, YKYIIHO U CyBO. Y 0BOj CTynoujH, 150
y30paka TaJloXemwa (MOKPH + YKYITHU + CyBH) TPUKYIUBEHO Y TIEpHUOIY Off TOJUHY JaHa Y ypOaHUM
W TpUTpaAcKkUM TogpydjuMa Kupkmapenwja. Y TNpUKYIUBEHUM Y30pLMMa ognpeheHe cy
KOHIIEHTpAlHje IaBHKX KaTjoHa (Ca’*, K+, Nat, Mg?*, NH**) u rnaBuux anjona (SO4%, Cl;, NO*
). [IpoyuyaBaHe Ccy ce30HCKe BapHjalllje KOHLeHTpallja joHa y TP THIa Tajloxemwa. 3pauyHati
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Cy TOKOBH BJI&KHOT M CyBOT TaJIOXKEa [IaBHUX joHa. Mel)y riaBHMM jOHMMa, jOH Ca HajBUIIUM
TONMINBUM CPENHUM BPENHOCTHMA (IyKca y BIAXKHOM Taloxewy je jon Ca*t y ypbaHom
noxpyyjy, nok je Cl"joH y mpurpanckom mopapyyjy. Koz BiIaKHOT TajoXKerwa, CPeNbe TOOULIbe
BpenHocTd (iykca Ca?* jona y ypbaHom noapydjy u Cl™ joHa y mpurpagckom nompydjy cy 65,40
u 38,09 mg m? h!, pecnexktusHo. Takohe je UCTUTAaH OOHOC M3Mely KOHLIEHTpauuja joHa u
KHUCEJIOT TaJIoKewa U YTBpheHH cy u3BopH joHa. Cpenwe apurmernuxe pH BpemHOCTH y30paka y
TpajicCKUM U TNPUTpafCckUM HacesbhMa Ouite cy 6,39 v 6,14 y MokpoMm Tanoxewy, 6,75 u 6,41 y
YKYITHOM TaJIOKewy U 7,36 U 6,56 y CyBOM Tajoxemwy, pecreKTUBHO. [loBpaTHe myTame Koje cy
CTH3aJle y PErvoH TOKOM IEepHofia MCTpakhBawa MNOJie/beHe Cy y IBe rpyme. Y NpBOj Ipynu
UUKIIOHA, joH S04 je 1o 97 % aHTPOMOreHOT IOPEKIIA, KAKO Y TPAIICKUM TaKO U Y IPUTPALNCKAM
nofpydjuma.

(ITpumiseHo 3. neuemdpa 2021; pesupupano 9. Mapra 2022; npuxsaheHo 11. mapra 2022.)
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