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ABSTRACT

Due to the versatile activities caused by the services provided at the harbor, a large amount 
of particulate matter is emanated. The health of living things is seriously threatened by the 
spread of these substances in the air due to the effect of many environmental factors. The 
size of this threat may reach much higher levels, especially at ports located close to city 
centers. In this study, at the Trabzon Port area, PM10 and PM (deposited dust) measurements 
from the harbor activities were carried out at 9 different points between February 2019 
and April 2019 and the dispersion of these particulate matter into the environment is 
analyzed utilizing the ISCST3 (Industrial Source Complex - Short Term) model program. 
It is detected that the highest amount of measured PM10 (suspended particulate matter) is 
at the dock 3 with 1.84 mg/Nm3 and the highest amount of PM (deposited dust) is in the 
dock loading area with 203 mg/m2-day. In the modelling study, it is determined that the 
particulate matter disperse around an area of 25 km2 in the south direction of the port, and 
it is concluded that port air quality management will focus on precautions for docks where 
intensive loading-unloading activities take place. 
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1. Introduction
The globalization of the world economy, 

the liberalization of trade and the formation 
of the international transportation market 
have contributed greatly to the development 
of logistics and thus ports have become the 
key point of world trade [1]. In our world, 
where global trade is rapidly developing 
and 90% of its trade is carried out via 

sea transportation, the demand for port 
services has also increased significantly 
[2]. It is possible to divide port services 
into two main groups as rendered services 
to cargos and ships [3]. Services under the 
two main groups in question can be stated 
as unloading, loading, pilotage, towage, 
storage, temporary storage, sheltering, 
loading-unloading in container, weighing, 
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water-electricity, waste and passenger 
services [4]. Ports, generally established 
at close regions of urban areas, have a 
significant impact on the air pollution of 
their regions [5]. Particularly, loading, 
unloading, transport and storage of loads 
such as cement, coal, minerals, soybean and 
flour cause significant increases in airborne 
particulate concentrations [6].

Given the fact that more than 50% 
of the world's population live in coastal 
cities [7], emissions from port activities 
may have a strong impact on the health of 
coastal communities and the environment 
[8]. For this reason, in the recent years, 
many studies have been conducted on the 
assessment of the impact of port emissions 
on air quality at a local scale and climate at 
a regional scale [9][10][11][12][13].

In the case when granule size of the 
substances (particulates) which is in a 
solid-state in the atmosphere is less than 
300 microns in size, they are called as dust. 
50 microns is the limit of vision with the 
naked eye while the particulates that can 
reach our lungs are those with a size of 10 
microns or less (PM10) [14]. Some studies 
in the literature [15][16][17] indicate that 
atmospheric particulate matter (PM) in 
urban areas is linked to the number of daily 
mortality and hospitalizations as a result of 
lung and heart diseases.

In 2000, it was calculated that the human 
lifespan in Europe has been shortened 
approximately 8.6 months due to PM 
exposure. Resulting from this particulate 
exposure, acute upper respiratory tract 
infections such as sore throat and coughing 
could be experienced, furthermore it 
has been concluded that diseases like 
bronchitis, chronic obstructive pulmonary 
disease (COPD) and asthma are closely 
related to high levels of PM10 [18][19].

It has also been reported that the 
increase in seeking medical advice with 
cardiovascular system diseases such 
as vascular occlusion is linked with PM 

concentration level. Additionally, this 
exposure to PM is reported as causing 
cardiac arrhythmia [20].

The results of a cohort study conducted 
in USA revealed that the 10 μg/m3    increase 
in PM concentration is associated with a 
rise in mortality rates by 13%. Another 
cohort study by American Heart Association 
has also demonstrated that 6% increase 
in mortality rates depending on 10 μg/m3    
increase in PM concentration [21].

Many diseases caught in Trabzon are due 
to particulate matter-based air pollution 
and some of them even resulted in death. 
About 200 people died in the province due 
to diseases caused by air pollution between 
2005-2007, while approximately 9000 
people received inpatient treatment at 
hospital [22].

When the pollutant amounts from 
port activities in European harbors were 
examined, it has been determined that 
the amount of particulate matter obtained 
constitutes 40% of all pollutant amounts 
[10]. In the literature review conducted in 
line with this information, many studies 
have been found on PM10 (particulate matter 
suspended in the air) emissions resulting 
from port activities [23][24][25][26][27]
[28][29][30], however, it is observed that 
there has not been any modelling carried 
out related to the dispersion of emissions 
to the environment. In addition, when 
going through the studies examining the 
emissions of PM10 and PM (deposited 
dust; including particulates larger than 10 
microns) together, although studies have 
been conducted on PM10 and PM (deposited 
dust) measurements in the facilities such 
as cement plant [31][32], thermal power 
plant [33], mines [34]. Additionally, many 
studies measuring and modelling PM10 and 
PM (deposited dust) emissions together 
from port activities [35][36] could be found 
in the literature, however the number of 
studies which integrate modelling, real-
time measurement and dispersion is 
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scarce. Therefore, in this study, PM10 and 
PM (deposited dust) measurements were 
carried out at Trabzon Port by selecting 
the city of Trabzon, which is located in 
the centre rather than having the port 
area close to the city centre, and its effect 
on the environment is investigated by 
modelling study. Thanks to this study, it 
is tried to be find out which region of the 
port the emissions from port the emissions 
originating from port activities were more 
intense. In addition, thanks to the modelling 
study, revealing the dispersion and impact 
areas of these emissions is aimed. It is 
estimated that the study will be effective 
both in terms of helping port authorities in 
determining emission sources and guiding 
the studies to be carried out at other ports.

2. Methodology
2.1. Measurement Site and Instruments 
Used

PM10 and PM (deposited dust) 
measurement area is the port of Trabzon 
(shown in Figure 1), which is the most 

active harbour of the Eastern Black Sea, 
(between 40 57' 30" North - 41 06' 36" 
North latitude and 40 02' 30" East - 39 25' 
00" East longitudes) in the north east of 
Turkey. At the port, three separate daily (24 
hours) measurements were made for PM10 
(suspended particulate matter) and two 
separate daily measurements were made for 
PM (deposited dust) for per month. Three 
different measurements were made for per 
month at the port at 5 different points for 
PM10 and two separate measurements at 4 
different points for PM (deposited dust). 
The first period measurements took place 
between February 3rd 2019 – March 4th 
2019, and the second period measurements 
took place between March 4th 2019 – April 
4th 2019.

Consisting of 9 docks, the port has an 
annual capacity of 10 million tons of cargo 
handling and 2500 ships reception per 
year. In 2019, a total of 1,869,725 tons of 
unloading operations were performed 
and 568,950 tons of cargos were loaded. 
There are annually 5 million tons of cargo 

Figure 1. Demonstration of the City Where the Port Chosen as the Study Area on the World Map and 
Satellite View of the Trabzon Port

Köse / JEMS, 2020;8(4): 286-301
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storage area and 250 tons of bilge storage 
area at the indoor and outdoor storage 
areas within the port. In addition, 24-hour 
pilotage and towage services are provided at 
the port, which has 350,000 TEU container 
handling and 300,000 TEU container storage 
area annually. Apart from these, there is 
a passenger terminal in the port where 
approximately 50,000 passengers enter and 
exit annually. In addition to these indicated 
areas, the free zone of Trabzon province is also 
located within the port boundaries. In this 
region there are two covered storage space 
with a capacity of 11,000 m2 and an open area 

Code Name of  Emission Source
Parameters

PM10 PM (deposited dust)

1 Stock Area (warehouse area) x -

2 Dock 3 (loading-unloading) x -

3 Dock 4 (loading-unloading) x -

4 Beside Weighbridge x -

5 Truck Crossing Road (small port) x -

6 Beside Guest Parking Area - x

7 Front of Dock 3 - x

8 Next to Loading Area 4-5 - x

9 Bilge Area - x

with a storage capacity of 20,000 m2.
The names of the codes of all 

emission sources detected, measured and 
evaluated in this study as a result of on-
site inspections within the port and the 
parameters measured in these sources are 
given in Table 1. Moreover, the locations 
where PM10 measurement areas located in 
the port's general settlement are shown in 
Figure 2 with satellite photographs, and the 
locations where the PM (deposited dust) 
measurement sites were located in the 
general location of the port are shown in 
Figure 3 with satellite photographs.

Table 1. Measured Emission Sources

Figure 2. PM10 Measuring Points Figure 3. PM (deposited dust) Measuring Points
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Official permissions for performing 
necessary measurements were granted 
from port authority prior to the study and 
the researcher also contacted with port 
management company and guaranteed 
their support for the study.

2.1.1. PM10 Sampling Method
EPA 40 CFR PART 50, one of the 

gravimetric measurement methods, is a 
widely used method for the measurement 
of particulates called PM10, which exist in 
outdoor air as suspended in solid state. 
The sampling process was carried out by 
determining the most suitable distances for 
the emission sources specified in Figure 4 
(1)-(2)-(3)-(4)-(5).

The PM10 absorption nozzle of the 
Zambelli Iso Plus 6000 dust sampling device 
was located at a certain height and the 
device was operated. The air sample taken 

at constant flow rate at appropriate points 
around ambient dust sources was passed 
through the appropriately conditioned 
filter. It held on to the suspended PM10 filter 
in the environment. After the measurement 
was concluded, the measurement data was 
taken from the device and recorded on the 
measurement form. The filter used in the 
measurement was carefully removed, placed 
in a petri dish and brought to the laboratory 
by labelling. The filters used in the sampling 
were weighed by waiting 24 hours under 
weighing room conditions (20 °C ± 1 °C 
temperature and 50% ± 5% humidity). Dust 
concentration was calculated as mg/Nm3 
by proportioning weighing results in to the 
volume of air drawn. PM10 measurement 
results were obtained by performing this 
process between February and April 2019 
3 times for each measurement point and 15 
times in total.

Figure 4. PM10 Measuring Points, (1) Stock Area, (2) Dock 3, (3) Dock 4, (4) beside Weighbridge, (5) 
Truck Crossing Road

Köse / JEMS, 2020;8(4): 286-301
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2.1.2. PM (Deposited dust) Sampling 
Method

TS 2341 standard, which is a gravimetric 
measurement method, has been taken as basis 
in collecting PM (deposited dust) samples. 
This standard comprises methods for the 
construction, installation and operation of 
the sediment collection device, which is used 
to collect and measure deposited dust in the 
atmosphere, that collapse with their own 
weight or rain, and so on.

The deposited dust unit used in sampling, 
which is placed at points in Figure 5 (6)-(7)-
(8)-(9), generally consists of: stand, sump case, 
collecting bottle and connecting pipes. The 
stand was approximately 1350 mm tall and 
the protective cage against birds was selected 
with an aperture size of approximately 0.7 mm. 
The stand was fixed with a suitable fastener 
to prevent the collection bottles from falling 
off the shelves where they were located. The 
sump case was selected from a suitable plastic 
material that was resistant to chemicals and 
not charged with static electricity.

Each sump case was marked with a serial 
number, with getting a conversion factor (F) 
for each container, and the calculations were 
made over this F factor. The conversion factor 
was calculated from the average effective 
diameter of the sump case. The average of 
these 24 measurements was taken at 12 
points around the container by measuring 
the inner and outer diameters. Thus, the D 
diameter required for the conversion factor 
was obtained. The dimensions were rounded 
up to the nearest millimetre and factor (F) was 
calculated as 1/m2 with the following formula. 
When the weight (milligrams) of the collected 
sediment was multiplied by this factor, the 
result was milligrams per square meter 
(mg/m2).

(1)

Figure 5. PM (deposited dust) Measuring Points, (6) beside Guest Parking Area, (7) front of Dock 3, (8) 
next to Loading Area 4-5, (9) Bilge Area

The measurement period was 2 (two) 
measurements per month at the points 
specified in Figure 5 and at specified periods, 
and a total of 2 (two) months. The average 
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2.2. Air Quality Modelling
The air quality modelling process is 

prepared using the ISCST3 (Industrial 
Source Complex– Short Term) model 
program approved by the U.S. Environmental 
Protection Agency. The ISCST3 model is 
an internationally recognised modelling 
program used worldwide by many 
researchers, supervisory and authority 
bodies to predict pollutant concentrations. 
Gaussian Distribution [37] forms the basis of 
the model. With this model, many emission 
sources can be modelled simultaneously or 
separately. ISCST3 calculates the distribution 
of emissions from sources around these group 
of resources, long-term concentrations at 
ground level or at desired height, and ground-
level precipitation.

In order to use the modelling program, 
source, emission data and meteorological and 
topographical data were inputted into the 
program. The meteorological data were hourly 
wind blowing directions and frequencies, 
hourly wind speeds, average hourly 
temperatures, daily average mixture height 
and stability class values. The evaluation of 
stability classes is made according to the 
stability categories of Pasquill [38]. In addition, 
in accordance with meteorological data, wind 

rose was created based on the direction of wind 
and the number of blows. For topographical 
data entered in the model, topographic map 
of the region was used. Cartesian and polar 
coordinate systems were inputted into the 
modelling program. The examined region was 
divided into 500 m. intervals (x-y axes) in the 
range of 0-2 km and the average concentration 
values were determined at the designated 
receiving points. In order to see the effect of 
the buildings around the port to dispersion, 
the heights of the buildings around the port 
as well as topography were also typed into the 
model.

The concentration areas were calculated 
for each source and thrown into a common 
polar and Cartesian coordinate system. Finally, 
emissions from all sources were collected. 
The model also could take emissions from 
volume and surface area into account. As a 
result of operating the model, monthly and 
annual average PM concentrations amounts 
were obtained at the port and the annual 
distribution of these PM concentrations was 
determined.

3. Results and Discussion
3.1. Particulate Matter Measurement 
Results

The first, second and third measurement 
results obtained from 5 sources, and the mean 
and limit value of these values are shown in Table 
2 for the emission of PM10 within two months.

Code Name of the Source
Measurements (mg / Nm3) Average 

Value
(mg / Nm3)

Limit 
Value (mg 

/ Nm3)
1st 

measurement
2nd 

measurement
3rd 

measurement

1 Stock Area 
(warehouse area) 1.50 1.36 1.44 1.43 3.0

2 Dock No 3 (loading-
unloading) 1.56 1.84 1.70 1.70 3.0

3 Dock No 4 (loading-
unloading) 1.84 1.36 1.50 1.57 3.0

4 Beside Weighbridge 1.78 1.48 1.58 1.61 3.0

5 Truck Crossing Road 
(small port) 0.90 1.08 0.78 0.92 3.0

Table 2. PM10 Measurements Results

amount of dust settled in one day was 
calculated by dividing the monthly values by 
the number of days.

Köse / JEMS, 2020;8(4): 286-301
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In the examination, it is detected that 
the highest value for the first measurement 
was at dock no. 4 with 1.84 mg/Nm3. It is 
seen that the lowest PM10 concentration 
was on the truck crossing road with 0.90 
mg/Nm3. When checking the other two 
measurement results, it is determined that 
the lowest values obtained were in the same 
direction with the first measurements, but 
the highest values were due to the dock 3. 
When examining the lengths and depths of 
docks 3 and 4; it is determined that the dock 
number 3 was 580 meters long and 10 m 
deep and the dock no. 4 was 290 m. long and 
12 m. deep. Whereas the dock was capable 
of accepting more ships than the dock 4 at 
once, the ships with more draft could berth 
to the dock 4. These two conditions are 
factors that affect the increase of handling 
activities and accordingly increase of PM10 
emissions. As it can be seen from these 
results while the first measurement was 
carried out, more ships were loaded and 
unloaded at dock 4; dock 3, which had the 
capacity to accept more ships was working 
more actively during the period of the 
other two measurements. As a result of the 
results obtained, we can clearly say that 
the dock length and dock depth directly 
affected the PM10 concentration formed in 
the port. When the average values are taken 
into consideration, it is understood that the 
length of the dock is more effective than the 
depth of the dock in terms of the effect on 
the emission amount.

Considering the wind direction in 

the port, it is determined that these 
concentrations did not exceed the Turkish 
air quality limit value of 3.0 mg/Nm3 
as a result of the measurement values 
obtained at 5 points 3 meters away 
from the dust source (PM10) (suspended 
particulate matter). It is also observed that 
the European PM10 concentration limit 
value, which was 50 μg / m3, had not been 
exceeded. Although the limit values had 
not been exceeded, if we evaluated the air 
quality of the region in terms of the location 
of the port, the fact that a port located in the 
centre of the city polluted the air that much 
might cause problems to be concerned with 
human health.

The mean and limit values are shown 
in Table 3 with the results of 2 periods of 
PM (deposited dust) in 4 different points 
at the port. When the first and second 
period measurements are examined, it is 
determined that the amount of deposited 
dust beside the dock 3 and the loading area 
4 – 5 which were the active areas of the port, 
was much more than the bilge area and the 
harbour’s guest car park which were in 
the scope of harbour. It is clearly seen that 
the highest PM (deposited dust) value was 
in the 8-coded region in the 2nd period 
measurements with 203 mg/m2-day and 
the lowest value was in the 6-coded region 
with the 80 mg/m2-day. As it can be clearly 
understood from these results, although 
the amount of PM (deposited dust) caused 
by the port operations had affected the 
port's impact area, it is determined that the 

Code Name of the 
Source

1st 
Measurements 
(mg/m2-day)

2nd 
Measurements 
(mg/m2-day)

Average Value 
(mg/m2-day)

Limit Value 
(mg/m2-day)

6 Beside Guest 
Parking Area 80 82 81 450

7 Front of Dock 3 191 185 188 450

8 Next to Loading 
Area 4-5 185 203 199 450

9 Bilge Area 86 84 85 450

Table 3. PM (deposited dust) Measurement Results
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significant amount of it accumulated in the 
active areas of the port.

It is determined that the limit value of 
450 mg/m2-day was not exceeded, when the 
results of the deposited dust measurements 
carried out in the port are evaluated in 
accordance with the Turkish Air Pollution 
Regulation.

Loading, unloading and storing 
operations that might cause dust emission 
are carried out at the port. Emission factors 
are calculated based on the mass flow rate 
of the measurements made, based on the 
hourly production amount of 2,248 tons/
hour. Emission factors are determined as 
0.005 kg/ton for loading and unloading 
and 2.9 kg dust/ha per day for storage. In 
accordance with the specified processes, 
mass flow is found to be 11.24 kg/hour 
for loading and unloading, and 0.15 kg/
hour for 1.3-hectare (ha) storage. The total 
amount of emissions discharged to the 
atmosphere from the places other than 
the chimney is determined as 22.63 kg/
hour. This is approximately 23 times over 
the limit value determined by the Turkish 
Air Pollution Regulation as 1.0 kg/hour. As 
a consequence of this result, it is clearly 
seen that the dust emissions caused by 
the operation in the ports reached very 
dangerous levels.

3.2. Air Quality Model Results
As a result of the researches, climate 

and different factors related to climate 
and occupy an important portion of 
the amount of air pollution, along with 
some other geographical factors such as 
geographical location and topography. It 
is possible to sort these climate-related 
factors affecting air pollution in the form 
of wind, atmospheric stability and thermal 
inversions, topography [39]. In this respect, 
the port region wind rose created by using 
the data obtained from the meteorology 
station is shown in Figure 6.

As a result of the model study, when we 

examine the wind speed and directions that 
were effective in emission distributions; 
according to the specified measuring 
station data; the average wind speed was of 
1.8 m/s per year. Wind speeds ranged from 
1.5 m/s to 1.9 m/s in different months. The 
first-degree prevailing wind direction in 
the region was the south-southwest (SSW) 
direction with a breeze number of 3477.

Figure 6. Trabzon Port Region Wind Rose

Monthly emission values and the 
annual average emission value obtained as 
a result of the air quality modelling study 
conducted to determine the concentrations 
of dust emissions emitted from the port 
around the port are given in Table 4. Higher 
values were obtained in many points due to 
the increase in PM10 concentrations in the 
air and dust emissions from the ground, 
especially in the summer with the decrease 
of precipitation in the region. However, it is 
thought that the high values in the winter 
months such as December and January, 
which are determined from time to time, 
might be due to household heating aroused 
from the sampling point in the settlement 
area and also due to the increase in the 
number of ships arriving at the port during 
these periods.

In addition, when the monthly PM 
concentrations values obtained as a result 

Köse / JEMS, 2020;8(4): 286-301
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of the air quality modelling study given in 
Table 4 are examined, it is clearly seen that 
the lowest value is the value in April, which 
is one of the most precipitation months of 
the province with 9,2180 mg/m2-day. As a 
result of these values, it can be predicted 
that seasonal changes as well as the 
number of ships affect the amount of dust 
emission at the port. Although developed 

Months Particulate Matter 
(mg/m2-day)

January 22,60

February 17,07

March 18,64

April 9,21

May 13,79

June 15,69

July 17,34

August 28,64

September 22,71

October 24,85

November 21,67

December 25,69

Annual Average 21,33

Table 4. Amounts of PM Deposition Obtained by 
Air Quality Modelling

Figure 7. Monthly and Annual Average Amount of PM Graph

countries have recently noticed the global 
damages of fossil fuels, the widespread 
use of these fuels still continues. Coal firing 
causes the release of dust pollutants such 
as particulate matter (PM) into the air [40]. 
In Turkey, which is poor in terms of oil and 
gas resources, the situation is progressing 
with the use of low-quality lignite in energy 
production. China imports the world's 
largest stone coal, and Turkey is the 7th 
largest importer. Turkey is the country 
planning the most lignite and stone coal-
fired thermal power plants in the European 
Region in terms of number and capacity 
[40]. Therefore, it is understood that the 
emission value, which had an average 
annual value of 21,3335 mg/m2-day, is very 
close to the values in September, November, 
December and January, and emissions 
from household heating in the region had a 
significant impact on port emission values.

When the obtained results were 
compared with the measurement results 
made in a coal-fired thermal power plant, 
it was determined that the measurement 
results obtained at the port were almost 
half lower than the measurement results 
at the thermal power plant (the mean PM 
measurement results between 2013 – 2017 
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for 4 points were 69.41; 30.32; 30.97; and 
26.44 mg m2 day respectively [33]).

The distribution graph obtained as a 
result of the air quality modelling study 
conducted to determine the distribution 
of dust concentrations emitted from the 
port around the port is given in Figure 8. 
The wind rose prepared for annual blow 
numbers and directions where the wind 
came from and the distribution graph 
prepared for annual average concentrations 
shows that the model consequences gave 
results consistent with the wind rose.

Figure 8. The Particulate Matter Concentration 
Map

In the examination made on the 
particulate matter concentration map, it is 
determined that dust emissions affected 
an area of approximately 25 km2. As it can 
be seen in Figure 9, the port subject to the 
study is one of the rare ports in the centre 
of the city where it is located and so close 
to the city centre. The 25 km2 impact area 
mentioned above threatens the region 
where people live intensely and have the 
highest average population during the day.

There is an international main road with 
an average of 50 thousand vehicles passing 
annually, just 100 meters from the south 
direction of the port area subject to the 
study. PM10, PM (deposited dust) and VOC 
(Volatile Organic Compounds) emanating 

Figure 9. The Satellite Image of the Closeness of 
the Port to the City Centre

from vehicles are important sources of 
pollution in the urban air. According to 
TUIK (Turkish Statistical Institute) 2019 
data, the exhaust emissions of vehicles 
which are in traffic create a significant 
amount of air pollution in our country 
where there are approximately 7.5 million 
vehicles over the age of 16 [41]. According 
to this information, when we think about 
how the emissions originating from the 
traffic are distributed in the same direction 
by combining with the emissions flowing 
out from the port, it is clear how much the 
port area poses a human health risk.

Moreover, when the data obtained from 
the Trabzon-Meydan (Square) measurement 
station, which also includes the Port region, it 
is determined that in 323-day measurements 
from 2019, PM10 values are found to exceed the 
EU limit value in 94 days [42]. When the values 
measured in the specified station are analysed, 
it is determined that approximately 32% of 
these values are emissions originating from 
the port. In our world where approximately 
7 million deaths are caused by both outdoor 
and indoor air pollution each year [43], the 
contribution of ports to this pollution is at a 
considerable level.

Köse / JEMS, 2020;8(4): 286-301
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4. Conclusions
As a result of operations such as loading, 

unloading and storage in Trabzon Port 
and other port activities that take place 
outside of these, a significant amount of 
particulate matter (PM) is emitted to the 
atmosphere. The loading and unloading 
activities carried out at the dock had the 
most profound effect on the PM10 values 
obtained at the port area. In addition, 
storage and transportation activities in the 
port caused PM10 to occur almost as much 
as loading and unloading activities. These 
activities that we mentioned also affected 
PM (deposited dust) emissions, another 
type of dust. It is determined that PM 
(deposited dust), which occurred as a result 
of the activities taking place at the quay, 
mostly accumulated in the close regions of 
the quays. It is seen that this effect reduces 
by almost 50% in the car park and bilge 
area, which are the impact area of the port.

With the air quality distribution 
modelling, which is the result of combining 
the port region with meteorological and 
topographic data, it is determined that the 
data obtained from the sources mentioned 
in the port is affected by dust emitted into 
the atmosphere as a result of port activities 
of a region of 25 km2 including the port. 
While approximately 2 km2 of this area 
constituted the port area, the remaining 
part is located in the central region of 
the city. Dust emissions, which can reach 
approximately 3 km in the east and west 
directions, can also reach 5 km in the south 
direction according to the model results. 
The region, which is stated as the city centre 
and a high population zone, is located 
at a distance of 300 meters in the south 
direction of the harbour, showing that these 
emissions are highly threatening the living 
life. Based on the result that the dispersion 
distances obtained at the selected port 
will increase or decrease depending on the 
change of load amounts and wind speeds at 
ports in other regions, when choosing a port 

establishment, we can make an apparent 
deduction that the distance of the port from 
the city centre is one of the most important 
factors to be considered.

As a result of the study, it is made out 
that the wind is the most influential in the 
dispersion of the dust, which is caused by 
port activities. At all ports and especially 
at ports like Trabzon Port, where loading-
unloading, storage and transportation of 
cargos such as coal, cement and grain are 
the most frequent by ships, these activities 
may result in generating high levels of dust. 
In order to reduce dust emission, measures 
such as placing wind cutting boards at the 
port area, covering the materials stored out 
in the open, keeping the upper layers of the 
materials humid, ensuring regular watering 
and cleaning of the port roads are required.

Using cyclone separators in port 
buildings with coal fired central heating 
systems or making use of alternative energy 
sources such as electricity or natural gas for 
heating would decrease the amount of PM 
emissions.  Achieving thermal insulation is 
also essential for reducing PM emissions. 
In this way, fuel consumption could be 
decreased and less air pollutants would be 
released into the atmosphere. Along with 
these, green wave can be applied on the road 
near the port for a continuous traffic flow in 
order to reduce these emissions caused by 
vehicles, which are occurred generally on 
acceleration and braking.

In line with this study, estimation of 
future emissions can be carried out by using 
the number of ships arriving the port and the 
data from cargo handling with regression 
analysis method. Accordingly, necessary 
preventions could be taken for potentially 
more serious air pollution threats.
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