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Abstract This study is the initial air quality modeling
application to investigate the atmospheric dispersion of
particulate matter (PM10) released from an industrial
plant in a mid-sized city in the northwestern region of
Turkey. The study aims to determine how an industrial
application might affect air pollution levels in the urban
area of that city. Different types of PM10 emission
sources at the plant were analyzed to determine their
contribution to the overall PM10 level. The main concern of the study was to define whether the PM10 emission from the plant produced any air quality effects on
the nearby hospital and downtown area. According to
the modeling result, the maximum daily PM10 concentration was observed mostly in the southern part of the
plant. The highest daily downwind PM10 was estimated
to be 286.3 μg m−3, while the annual mean of downwind PM 10 concentration was estimated to be
72.6 μg m−3. It was found that the highest PM10 was
emitted from the line source (282.2 μg m−3)—located at
the south and southwest of the plant—that has been
continuously used for hauling raw materials to the cement plant. In this study, the hauling roads (as a line
source) were the hot-spot at the plant and needed serious
maintenance for the reduction of PM10 emissions from
the plant. In the study area, a sensitive community state
facility was subject to be considered an environmental
concern since the central hospital complex was located
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nearby the PM10 source. For this purpose, the American
Meteorological Society/Environmental Protection
Agency Regulatory Model (AERMOD) was followed
to determine whether the plant caused any severe PM10
effect on the central hospital. The results indicate that
the maximum hourly PM10 concentrations were predicted as 20 μg m−3 for the central hospital area. Overall, the
modeled PM10 concentrations from the source at different time scales and locations did not exceed the national
air quality limits in the area.
Keywords AERMOD . AERMET . HYSPLIT .
OpenAir

Introduction
The World Health Organization (WHO) published a risk
assessment report in 2006, and the report emphasizes
that “fresh air is the most basic necessity for human
health and well-being” in the introduction citation
(WHO 2006). The report has once again demonstrated
the importance of clean air for living beings that form
the human and ecosystem. Globally, the main anthropogenic air polluters are concentrated in urban areas. For
instance, traffic and transportation activities, industrial
processes, and residential heating systems are considered the primary sources of urban air pollution. Meteorology, topographic structure, and urban settlements are
essential factors affecting the dispersion, storage, and
chemical conversion processes of air pollutants. Clinical
studies on humans have been reported to show an
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increase in respiratory tract diseases due to pollutants,
such as ozone (O3), sulfur dioxide (SO2), particulate
matter (PM), nitrogen oxides (NOx), and biogenic antigens, such as pollen (Alberini and Krupnick 1998;
Borge et al. 2014; Helander et al. 1997; Martonen and
Schroeter 2003; Monn et al. 1999; Moshammer and
Neuberger 2003; Tecer 2009). Similar studies have
shown that there is a relationship among air pollution
levels and increased symptoms of respiratory tract diseases, and increased incidence of death (Timonen et al.
2002; Wordley et al. 1997). The other studies indicate
that there is a relationship between air pollution levels
and adults/children as of increased respiratory tract complaints or hospital and in some cases, emergency admissions due to exacerbation of asthma (Brunekreef and
Holgate 2002; Gomzi 1999; Wong et al. 2000).
Airborne PM10 refers aerodynamic diameter of the
suspended particles up to 10 μm in the atmosphere. The
primary PM10 emissions might come from industrial
applications such as cement plants including raw material storage piles, crushers, conveyor belts, furnaces and
roads within the plant, iron and steel plants, coal and
mine, excavation areas, and also particles from vehicle
exhausts, and also dust from tires and roads (AbuAllaban and Abu-Qudais 2011; Lothongkum et al.
2008).
American Meteorological Society/Environmental Protection Agency Regulatory Model (AERMOD) is an
atmospheric dispersion modeling software for air pollutants. AERMOD contains three separate components:
AERMOD (AERMIC Dispersion Model), AERMAP
(AERMOD Terrain Preprocessor), and AERMET
(AERMOD Meteorological Preprocessor) (USEPA
2003). The USEPA first presented AERMOD as a new
dispersion model that has also included the Industrial
Source Complex Short-Term model version 3 (ISCST3)
model in April 2000. The new model has the fundamental
differences and innovations of the old model ISCST3
(Kakosimos et al. 2011a, b; Paine et al. 1999; Schulman
et al. 2000). Air quality dispersion programs such as
AERMOD are employed to predict ground level concentrations of the air pollutants that exist in the atmosphere
under different scenarios such as meteorological conditions, topographic properties, and time zones (Kesarkar
et al. 2007; Perry et al. 2005; Seangkiatiyuth et al. 2011;
Stein et al. 2007; USEPA 2004). Air quality dispersion
models are an alternative method when air pollutants
from industry and also livestock are not technically feasible to measure on-site or near the source
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(O’Shaughnessy and Altmaier 2011; USEPA 2009).
AERMOD is used to determine the dispersion and effects
of low- and high-level (chronic) contaminant concentrations and has also shown high performance in long-term
(monthly or yearly) epidemiological studies (Zou et al.
2010). The AERMOD process is also capable of modeling air pollutant dispersions on ground level sources
(point, area, or lines) up to 50 km grid zones
(Tartakovsky et al. 2016).
In this study, the dispersion of PM10 emissions from
an industrial operation (cement plant) in downtown
Balikesir was investigated by taking into account the
existing meteorological and surface topography characteristics. This study aimed to show whether the diurnal
and spatial variability of the PM10 emissions affecting
air quality levels, both nearby central hospitals and
downtown areas in the city.

Materials and methods
Study area
In this study, one of the major industrial sites that are
located nearby the downtown of Balikesir city has been
selected for the PM10 dispersion modeling case. The
cement plant complex, as shown in Fig. 1, was located
in the southern part of the city and located approximately 5 km south of the downtown. Airborne particle emissions, in this case, PM10, from the cement plant, may be
defined as the significant PM10 source than the other
local sources such as transportation, heating, and agricultural activities.
The study area was located in the south of the
Marmara region and placed in the 1st grade of the
earthquake zone. The city has three different climatic
zones. The Mediterranean climate can be seen along the
coast of the Aegean Sea; the northern part of the city has
a moderate climate while the central (inner) part of the
city has a more continental climate during a year.
The report of Environmental Impact Assessment
(EIA) has been approved for increased total cement
and clinker production capacity of approximately 2
million tons per year to 4.5 million tons per year in
2014. Cement production includes certain operations
from accepting raw material into the plant, the production of semi-finished clinker by removing it from the
furnaces, and the packaging process of the final product.
The most critical environmental adverse effect at these
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Fig. 1 Aerial view of the industrial source

process stages is the emission of PM that may occur
during the regular cement productions. In the cement
plant, electrostatic precipitators (ESPs) and bag filter
houses, the most commonly used methods for controlling furnace dust and other PM formed in the process,
have already been installed for PM controls and also
regaining raw materials back looped to the furnaces. The
control of the PM resulting from the transport and also
storage of the materials is not easy and maybe the
primary concern in terms of environmental aspects of
the plant. Stacks, open storage piles of raw materials,
enclosed storage area for the final products, and inner or
outer factory roads have a more negative impact on the
local air quality (EIA Report 2014).
The primary source of PM10 in cement plants may
include as follows: the stacks of specific processes of
mills as point sources, hauling of accepted raw materials
as line sources, storage areas of raw materials, and
shipping/ handling of final products as area sources in
the facility. The main cement production steps and
related primary PM10 sources are illustrated in Fig. 2.
As illustrated in Fig. 2, the main source of PM
emissions might be pointed from stockpiles of raw
materials, mills, and packaging/shipping units in the
cement plant. The PM10 releases to ambient may be
specifically emitted from crusher (crankcase unit) for
raw materials, raw material stocking unit, raw material

mill (farine) unit, farine stock and homogenization unit,
calcined preheater-rotary kiln and clinker cooling unit,
coal grinding unit, cement grinding and drying units,
material storage and loading, and vehicle traffic.
Data collection and analysis
In this modeling study, the data including measured
PM10 emissions and the physical properties of the plant
were obtained from the Provincial Environmental Agency within the scope of the “Balikesir Clean Air Action
Plan” study that has currently been conducted by the
Balikesir Governorship. The major sources that were
used as the primary individual sources in the modeling
process, including emitted PM10 emission rates for the
cement plant, are presented in Table 1.
During the modeling study, PM10 emission rates
from the three continually monitored stacks were
4.41 kg h−1 from the farina mill, 0.48 kg h−1 from the
coal mill, and 3.29 kg h−1 from the vertical cement mill.
As presented in Table 1, Stack 4 represents all of the
remaining stacks in the plant, excluding the significant
stacks that were named Stack 1, Stack 2, and Stack 3.
Also, approximately 2.21 kg h−1 of PM10 were emitted
from the other group of a smaller size of stacks in the
facility. The primary PM10 sources used in the modeling
case are illustrated in Fig. 3.
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Fig. 2 Major PM10 sources at the
cement plant
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Table 1 The primary sources of the plant for the modeling
process
Main PM10
sources

Type of Type of sources
process

Stack 1

Point

Farine mill

4.41

Stack 2

Point

Coal mill

0.48

Stack 3

Point

Vertical cement mill

3.29

Stack 4

Point

Representative stack

2.21

Transportation Line
line

Hauling for raw
materials into the
plant
Storage for accepted
raw materials
Storage for cement
packaging and
shipping

1.75

Unloading area Area
Storage area

Area

PM10
emission rates
(kg h−1)

0.56
0.30

PM Emission

Within the scope of the Clean Air Action Plan, all the
necessary meteorological data, such as hourly wind
speed/direction/frequency, temperature, precipitation,
pressure, and cloudiness, that were required for air quality modeling were officially obtained from Provincial
Agency of Meteorology. The meteorology station
(WMO IDWMO ID#17150) is located approximately
4.5 km northeast of the source and is placed near the
airbase in the city (see Fig. 6).
For modeling purposes, it was essential to obtain
the representative meteorological and terrain data.
The term “representative year” had to be defined
for the modeling process. The wind data set obtained for the five consecutive years were used for
these purposes. Examination of the 5-year data
resulted in 2016 being “representative year” in
terms of wind direction and frequency. For this
reason, meteorological values, such as hourly wind,
temperature, pressure, precipitation, cloudiness, and
mixture height in the year of 2016, were considered
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Fig. 3 Primary PM10 sources used for dispersion modeling study

in this study. Accordingly, the following 5-year
wind data and prevailing wind direction are presented in Fig. 4.
The modeling needed two separate meteorological
databases, including Surface and Upper meteorological
data. The AERMET processor transformed the data into
*.sfc and *.pfl files and sent them for compiling purposes to the AERMOD processor (Lakes Environmental
Consultant Inc 2016). The AERMOD algorithm is the
most recommended model and is frequently used worldwide for air quality studies including PM10 dispersion
modeling (Abu-Allaban and Abu-Qudais 2011;
Seangkiatiyuth et al. 2011; Kassomenos et al. 2011;
Tartakovsky et al. 2013; Kassomenos et al. 2014;
Chalvatzaki et al. 2015; Noorpoor and Rahman 2015;
Yazdi et al. 2016; Leone et al. 2016; Adeniran et al.
2018; dos Santos Cerqueira et al. 2019). The modeling
steps are illustrated in Fig. 5.
The AERMAP processor generated a modeling domain that included receptor and source locations and
also terrain data for the study area in order to reflect
surface properties, including base elevations of both
receptors and sources, discrete grids for all receptors,
sensitive points on the grids that might be affected by a
dispersed pollutant, and surface roughness for the study

area (USEPA 2018). The domain of the study area had
mainly flat terrain, and there were no high buildings in
the surrounding area except for the nearby central hospital. As the main outputs of the modeling study, the
AERMOD generated the air quality dispersion maps
using both characteristic terrain data that were generated
by the AERMAP for the study area and PM10 emissions
of the evaluated source.
The National Oceanic and Atmospheric Administration’s (NOAA) Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model that was developed
by Stein et al. (2015) and Rolph et al. (2017) is a useful
algorithm for observing atmospheric transport, dispersion, and deposition of air pollutants and also hazardous
materials over local to global scales. The HYSPLIT
model has been employed to determine whether there
were any PM10 contributions other than those from the
cement plant. The HYSPLIT model was run for the
specific dates in this study.
Another approach might be possible in order to understand whether there were any significant PM10 contributions other than those from the cement plant on the
target day. A pollution calendar was prepared in the R
algorithm for the study year. Temporal variations of
ambient PM10 data that were gathered from the local
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Fig. 4 Graphs of wind data and prevailing wind direction of the consecutive 5 years in the study. a represents wind rose diagram for 2012,
also b, c, d, and e for the years of 2013, 2014, 2015, and 2016, respectively. f illustrates for the representative year

environmental agency in the city were evaluated and
ambient PM10 levels on a daily basis are illustrated by
using the OpenAir tools that were developed in R environment (Carslaw and Ropkins 2012; Carslaw 2019).

Results and discussion
Dispersion modeling results
As a result of the analysis, air quality dispersion maps
were created for the maximum average levels of two
different periods as in 24 h (daily) and period (annually).
The model provides several reporting options using a
POSTFILE section in the output. For instance, it uses
hourly basis meteorological data when it calculates

daily. In these data, the mean of the 24 h is taken for a
given day. Then, the daily maximum 1-h concentrations
by year are reported, and also a similar algorithm is used
for the annual output, which assumes full years and also
means taking an average of the annual average. Presented in Table 2 are the preliminary modeling outputs as
results of AERMOD estimates, including the overall
results for the plant and for each PM10 source.
As a starting point of the modeling process, the
maximum daily PM10 concentrations emitted from each
contributor as active PM10 source were analyzed, and
the results are illustrated in Fig. 6. The predicted PM10
concentrations downwind continuously varied within
the short periods as the wind speed and direction
changed. The main output of AERMOD daily PM10
dispersion is illustrated in Fig. 6.
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Fig. 5 The steps of AERMOD process

According to the modeling result presented in Fig. 6,
the maximum daily downwind PM10 concentration was
observed on the south-central side of the plant, and the
predicted maximum daily 1-h downwind PM10 concentration for the cement plant was 286.3 μg m−3 at midnight of 29 February 2016. The predicted daily mean
PM10 level during the whole year was 23.2 μg m−3 (CI:
27.9–18.5 at the 95% significance level). It is noticeable
that the wind direction was observed from the northnortheast for the specific day and time when the maximum daily PM10 concentration was predicted. Therefore, the wind direction was observed from the east for
that specific day and time during the modeling period.
The maximum daily peaks, according to an hourly basis
of modeled PM10 concentrations from the overall and
also each source, are illustrated in Fig. 7. Only the daily
maximums of PM10 concentrations from the hauling
line exceeded the official limits. However, in the light
of the modeling result, it was understood that the estimated daily means did exceed 17 times the PM10 daily
limit specified in the National Air Quality Assessment
and Management Regulation, Appendix-II (80 μg m−3
for 2016) while according to the official limits set, the
number of occurrences could not exceed 35 times these
limits in a 1-year period.
According to the modeling results shown in Table 2,
the sources were modeled separately on the day when
the maximum 24-h (daily) PM10 levels were predicted.
It was, therefore, concluded that the highest PM10
emission was released from the “hauling line”
(282.2 μg m−3) located in the south and southwest of

the plant that was used for hauling raw materials to the
unloading area. The cement plant operated a closed
cycle. Production, disintegration, and transportation
of dusty substances were carried out in closed environments. Only the raw material was hauled from
quarries to the plant by open-top vehicles. This process
causes high dust emissions, especially in the vicinity
of the plant during the transportation of raw materials.
Similar results were also reported by Westbrook and
Sullivan (2007), and they stated that about 80% of
estimated PM10 emissions using AERMOD were from
hauling lines, either by paved or unpaved roads, in
their study. This was also noted by Chalvatzaki et al.
(2015) which provided similar results from their study
in Greece that the highest PM10 level at the landfill site
was determined near the unpaved roads. Similar finding was also stated by Phetrawech and Thepanondh
(2017) concluded that road dust from mobile sources
including number of heavy duty vehicles and traveling
periods were the important contributors to higher
PM10 levels in cement plants. Yazdi et al. (2016)
reported that the highest PM10 emissions were observed 80 μg m−3 at the distance of 200 m from the
cement plant. Kakosimos et al. (2011a, b) indicated
that handling of large amount of raw materials for
industrial activities may increase high level of PM10
in Thessaloniki, Greece.
Additionally, the following sources were also
modeled in order to figure out individual releases:
“unloading area” (18.5 μg m −3 ), “storage area”
(15.4 μg m−3), “Stack 1” (3 μg m−3), “Stack 2”
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Table 2 Primarily results of the AERMOD
Rank Modeled PM10 levels
(μg m−3)

Modeled total PM10 deposition Peak receptors
(μg m−3)
x [m]
y [m]

Peak dates
[date/hour]

Sources

Averaging
periods

Cement
plant

24 h

1st

Annual

Mean

Stack 1

24 h

1st

2.98

0.007

573,458.0 4,384,578.0 02.29.2016/24

Annual

Mean

0.20

0.15

575,327.8 4,383,839.0 -

24 h

1st

5.56

0.002

574,708.0 4,384,578.0 02.29.2016/24

Annual

Mean

0.25

0.05

575,800.0 4,383,638.0 -

Stack 3

24 h

1st

0.01

574,458.0 4,384,578.0 02.29.2016/24

Annual

Mean

Stack 4

24 h

1st

Stack 2

286.3
72.6

15.6

0.14
15.2

575,266.4 4,384,417.3 02.29.2016/24
575,223.0 4,384,492.4 -

0.6

0.43

575,287.0 4,384,108.0 -

13.0

0.02

574,708.0 4,384,578.0 02.29.2016/24

0.3

1.16

575,458.0 4,384,828.0 -

282.2

0.14

575,266.5 4,384,417.0 02.29.2016/24

Annual

Mean

Hauling
line

24 h

1st

Annual

Mean

70.2

Unloading
area

24 h

1st

67.4

0.02

575,674.5 4,384,453.0 11.11.2016/24

Annual

Mean

10.8

0.53

575,674.5 4,384,453.0 -

Storage
area

24 h

1st

15.37

0.008

574,965.6 4,384,665.0 02.29.2016/24

Annual

Mean

1.68

1.27

575,297.3 4,384,770.0 -

13.9

(5.6 μg m−3), “Stack 3” (15.6 μg m−3), and “Stack 4”
(13.02 μg m−3) in the facility.
A comparable modeling result has been found in the
cement plant’s EIA official report, and the overall daily
maximum downwind PM10 concentration was predicted
as 5.12 μg m−3 in the permit report (EIA Report 2014).
Another study related to the application of AERMOD
by Afzali et al. (2017) reported that maximum 24-h
downwind PM10 concentrations were significantly low
at 5 km away from the sources. Also, the authors indicated that the maximum 24-h downwind concentrations
did not exceed their national air quality standards. Another study by Noorpoor and Rahman (2015) concluded
that PM concentration was predicted using AERMOD
as to be 43.68 μg m−3 at the distance of 1500 m and
2100 m from a cement complex in Iran. Another study
related to PM10 from cement plants was released by
Lothongkum et al. (2008). They reported daily PM10
concentrations (only from the stacks) that were predicted as 11.4 μg m−3 in Bangkok, Thailand. Comparable
national and international PM10 standards are presented
in Table 3. At the time of the present study, the national
limits were in the process of a gradual decrease in
Turkey. Also, the national compulsory PM10 standards,
50 μg m−3 for 24 h and 40 μg m−3 for annual, would be
officially valid by 2019.

575,223.1 4,384,492.0 -

Since this study was initially intended to determine
the primary PM10 sources within the cement plant, such
sources remained limited only with the plant for the
mid-sized city mentioned at the outset of this paper.
The other significant source contributions were, for
instance, desert intrusions. The National Oceanic and
Atmospheric Administration’s (NOAA) Hybrid Single
Particle Lagrangian Integrated Trajectory (HYSPLIT)
model was explicitly run for the day (29 February
2016) to determine whether there were any PM10 contributions other than those from the cement plant. Figure 8 illustrates air-mass movement for a certain period,
including 1 day before and after the target date of 29
February 2016.
As presented in Fig. 8, the HYSPLT back trajectory
model was used for the study area (Balikesir) and was
indicated by a black star. For the specific dates, there
were two air movements that occurred on 29 February
2016. The first movement (indicated by the green line)
occurred a couple of days before the target day. It
represents a possible desert intrusion from North Africa,
and the second movement (indicated by the red and blue
lines) started a few days after 29 February 2016, and it
illustrates possible desert particulate intrusion from the
North African Desert. The desert particulates were active at 500 m above the city.
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Fig. 6 Maximum daily means of PM10 dispersion from the plant

A pollution calendar was prepared in the R algorithm using the OpenAir tools for the study year.
The ambient PM10 data were gathered from the local
environmental agency in the city, and the PM10
calendar was generated by using the OpenAir algorithm of Carslaw and Ropkins (2012). The PM10
calendar is presented in Fig. 9.
Fig. 7 Maximum daily modeled
PM10 concentrations

As illustrated in Fig. 9, the daily ambient PM10 levels
from the Air Quality Monitoring Station (AQMS) were
plotted for 2016. From the modeling results, the PM10
level was not extremely high on that target day (29
February 2016), but the highest PM10 levels occurred
in a few episodes in January and May and also in several
in December.
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Table 3 The official PM10 standards in different regions
Regions

PM10 concentrations,
μg m−3

Averaging
period

National,
Turkeya

80*

24 h

52*

Annual

b

Continental, EU
Global, WHOc
a

50

24 h

40

Annual

50

24 h

20

Annual

(NAQI 2018) http://www.havaizleme.gov.tr/hava.html

b

(EU 2008) http://ec.europa.eu/environment/air/quality/standards.
htm

c
(WHO 2006) http://www.who.int/en/news-room/factsheets/detail/ambient-(outdoor)-air-quality-and-health

*Gradually decreased limits for 2016. Target limits 50 μg m−3 for
24 h and 40 μg m−3 annual in 2019

Fig. 8 HYSPLT back trajectory
model for the study area on
February 29, 2016

It has been concluded that there are always other
source contributions that may be possible in the study
area. However, for the specific day for which the maximum PM 10 contribution was estimated by the
AERMOD, the local PM10 level on February 29th
showed an average level. This point could mean that
the other source contributions such as traffic activities,
residential heating demands, and long-range air pollutant transportation on the target day might not have had a
serious impact in the study area.
The maximum annual mean of PM10 concentration,
as illustrated in Fig. 10, was estimated to be 72.6 μg m−3
as a result of modeling. It was found that the estimated
maximum annual mean did exceed the long-term limits
(LTL-Annual) that was specified in the National Air
Quality Assessment and Management Regulation,
Appendix-II (52 μg m−3 for 2016) only twice during
the modeling period.
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Fig. 9 Calendar plot for daily
PM10 levels in the study area

The comparable result of PM10 modeling has also
been estimated to be 1.93 μg m−3 in the EIA report of
the facility (EIA Report 2014). Other similar results
were reported by Abu-Allaban and Abu-Qudais
(2011), and the annual PM10 concentration was estimated to be 2.9 μg m−3 from a similar type of cement
factory complexes.
As the outputs illustrate in Fig. 10, the cement plant
used in the modeling was located in the southwest of the
downtown area. Considering the source effect, it was
understood that the nearby central hospital and the
downtown province were in the background of the
cement plant based on the direction of the prevailing
wind.
According to modeling results, the individual effects
of the PM10 sources used in the modeling study were
also evaluated for annual dispersion levels in order to
define source apportionment. Results similar to those of
the daily modeling period were found. The highest
individual PM10 ground level area was also the line
source that was used for carrying raw materials into
the unloading area. Subsequently, the other sources,
such as the storage area and the stacks in the plant, were
also taken into account.
Similar results were indicated by Orloff et al. (2006)
that the modeling estimates for cyanide concentrations
were very low at AQMSs that were located in the
upwind location. Another study reported that the
AERMOD had some limitations for predicting pollutant

concentration when the distance between a source and a
receptor was greater than 5 km (Seangkiatiyuth et al.
2011).
The total PM10 depositions of the sources were also
estimated during the modeling period. The modeled
total PM10 deposition of the cement plant was estimated
at 0.14 μg m−3 (daily) and 15.2 μg m−3 (annual). Also,
the highest annual PM10 deposition that was predicted
from a single source (the hauling line) was 13.9 μg m−3.
The effect of the cement plant on the nearby hospital
In the study area, the other case—as a possible environmental concern—was the location of the central hospital
complex in the city. As illustrated in Fig. 11, the hospital
was located about 1 km east of the industrial site, and
this, being the location of the source, may, therefore,
present a situation of serious environmental concern in
the neighborhood of the source.
Therefore, it was necessary to investigate whether the
source of the PM10 release posed a possible risk for the
central hospital. For this purpose, in the AERMOD,
special (or sensitive) places as receptors that may be
under the influence of the pollutant releases from the
source can be determined. Moreover, the coordinates of
such places can be modeled so that the downwind
concentrations of the sensitive point under the influence
of the source could be specifically predicted. The
AERMOD was performed in order to determine
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Fig. 10 Maximum annual means of PM10 dispersion from the source

whether there was any source impact from downwind
PM10 levels above the hospital. The modeled 24-h period PM10 levels that were emitted by the central hospital (the receptor) are displayed in Fig. 12.
The modeling outputs indicate that the estimated
highest 24-h PM10 concentration that was emitted from
the source was 20 μg m−3 for the central hospital area
(the receptor) at midnight on 17 September 2016. The
highest PM10 emission that was predicted by the
AERMOD indicates that the daily PM10 levels emitted
did not exceed the national standards (80 μg m−3 for
2016). The estimated annual PM10 levels were lower
than 5 μg m−3 for the central hospital area.
The low PM10 levels for the central hospital area
might have occurred for the following reason: the
total deposition effect between the cement plant and
the hospital complex. The AERMOD was also
followed, including “total deposition modeling”
for the source. The modeling output, including

dispersion of total deposition of PM10 levels, is
illustrated in Fig. 13.
In the light of the dispersion of total PM10 deposition
for both the source and the receptor, it was found that the
final PM10 deposition level in the receptor was 25 times
lower than the total deposited PM10 level in the source.
Another reason that may be considered for the analyzed
meteorological data based on those acquired from the
nearest monitoring station is that there was a critical
point where the wind speeds varied from 0.5 to
1.5 m s−1 in resulting of more stable atmospheric conditions. As Paine et al. (2015) stated in their evaluation
of low wind study, the low wind speed may cause minor
effect for the flat terrains on the AERMOD predictions.
For this study, the surface of terrain between the source
and hospital may be characterized as flat surface.
Therefore, it can be concluded that the meteorological
conditions have minor effect rather than the source
emissions effect for the PM 10 predictions in the
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Fig. 11 Location of the source and the hospital

hospital area. In the light of these probable reasons, it
was thought that the PM10 concentration that was
emitted from the source was below the legal limit by
the NAQI (2018) for the hospital area and therefore did
not pose any health risk for anyone at the hospital during
the clinic admissions at the time of the modeling.

Conclusions
This study was the first air quality modeling approach to
strive for analysis of the dispersion of PM10 emissions

that were released into the atmosphere from a cement
plant in a mid-sized city. The following are the findings
of this study, which are expected to contribute to the
new Clean Air Action Plan for the South Marmara
region.
According to the means of five consecutive years
of hourly wind data, the prevailing wind direction
for Balikesir province was determined as northerly
(mainly N, NE) winds. The source, including all
active stacks, hauling raw material into the plant,
raw material unloading area, and finished product
storage area, used in the modeling, was
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Fig. 12 The immitted 24-h PM10 levels by the central hospital

approximately located south-southwest of the downtown area. By considering the source effect, it was
noticeably determined that the downtown area was

in the background (upwind) of the source. Therefore, even though there were variations on maximum daily or annual dispersion of PM10 levels over

Fig. 13 Dispersion of the 24-h total PM10 deposition levels by the central hospital
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a 5-km perimeter of the source, the maximum 24 h
(daily) of PM10 dispersion levels were predicted as
lower than 10 μg m−3 (Fig. 6) and the maximum
annual PM10 levels were also estimated as lower
than 5 μg m−3 (Fig. 10) for the downtown area.
However, the highest daily PM10 concentration that
was modeled from the source was 286.3 μg m−3 at
midnight on 29 February 2016 (see Table 2). It was
found that the highest PM10 was emitted from the
line source (282.2 μg m−3) located at the south and
southwest end of the plant, which was continuously
used for hauling raw materials to the cement plant.
Thus, hauling roads, as a line source in this study,
was the hot-spot that needed to be seriously taken
care of at the plant in order to reduce high PM10
emissions from there. On the other hand, the study
shows that the emitted PM10 levels from the stacks
were relatively lower than those of the other sources.
A possible explanation of this situation is that the
plant had already installed bag filter housings and
also electrostatic precipitator (ESP) for dust control
and also for regaining the raw materials that escape
through the stacks.
The study also reveals that the modeled maximum
daily means of PM10 levels did exceed the STL 24 h
specified in the national standards (80 μg m−3 for 2016).
The STL has exceeded a total of 17 times (or days)
during the modeling period while the official limits
established that the number of occurrences that could
not be exceeded was 35 times in 1 year. The highest
annual PM10 concentration from the source that was
modeled was 72.6 μg m−3, and the modeled annual
means did also exceed only twice the LTL-Annual:
52 μg m−3 for 2016 during the modeling period. The
modeling results were also compared with the cement
plan’s EIA report that was approved by the officials.
This plan was considered to be an insignificant risk for
the residents of the city.
In the study, another remarkable concern was the
location of the central hospital complex, that is, nearby
the source. With respect to this issue, clarification was
needed as to whether the source might be a serious
environmental concern for the hospital environment.
For this purpose, the AERMOD was followed. The
results show that the maximum daily PM10 levels from
the source were predicted as lower than 20 μg m−3 for
the hospital area. According to the results, the low PM10
levels for the hospital area might be due to comparably
lower total PM10 deposition in the hospital area. Thus,

lower wind speed occurrences were a critical point in the
study. It can be concluded that the source emissions had
more effect rather than the meteorological conditions for
the PM10 predictions in the hospital area.
The purpose of this study is to determine how an
industrial application might affect air pollution levels in
a mid-sized urban area. All possible sources as point,
area, and line sources were analyzed for this modeling
study in order to define whether the cement plant under
study had possible air quality effects on a nearby central
hospital area and also on the downtown area. The longterm and also different types of sources, even if in the
same plant (that is, open area crushers, stockpiles, silos,
and mills), need to be considered in subsequent air
quality studies in the future.
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