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Abstract: The present study models the dispersion
of air pollutants from Kirkuk Oil Refinery to Kirkuk
City. The study considers the impact of pollution
type, wind speed, and wind direction on the
dispersion patterns. The simulated pollutants
concentrations were in ug/ms3 to provide valuable
knowledge of the pollution levels. The Gaussian
plume model was used to simulate various
pollutants’ air pollution concentrations produced by
the refinery. The results showed a wide
concentration range, i.e., from 1.19x10-28 ug/ms to
11.26 pg/ms3. The mean concentration was 0.46
ug/ms3. Different wind directions caused a minimum
concentration of 0 ug/ms, i.e., negligible or low
pollution levels away from the emission source. The
mean concentration slightly varied with the wind
direction, i.e., from 8.37x103 to 8.56 x10-3 ug/ms.
In other words, the mean pollution levels remained
adequately low regardless of the wind direction. On
the other hand, the wind direction impacted the
maximum concentration. At 235°, the highest
maximum concentration was 23.807 ug/ms, and at
174°, the lowest maximum concentration was
9.28569 ug/m3. Also, the results regarding the
pollutant revealed that Co2 showed the highest
mean concentration, i.e., 5.321 ug/ms, and the
highest maximum concentration, i.e., 6734.623
ug/ma3. Gases, e.g., Co, No2, and So2, showed higher
concentrations than PM1, PM2.5, PM5, and PM1o0,
implying that atmospheric behavior and emission
sources differ. These results expand understanding
of the air pollution dispersion patterns and provide
a clear vision for policymakers and environmental
managers. Future works should focus on refining
modeling approaches and utilizing real-time data to
obtain accurate pollutant dispersion pattern
predictions.
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1. INTRODUCTION

Air quality is a vital environmental issue.
Urban, industrial, and transportation
emissions worsen this issue. Major cities in Iraq
suffer from high pollution levels due to
outdated infrastructure, rapid urban growth,
and conflicts. Air pollution is a vital issue in
Kirkuk City-Iraq because it contains many
refineries emitting massive pollutants into the
air, including nitrogen oxides, sulfur dioxide,
and volatile organic compounds. Such
pollutants cause many health issues, e.g.,
respiratory disorders, heart disease, and
cancer. Surrounding areas of Kirkuk City are
also impacted by pollutants, causing human
and environmental issues [1]. Studying air
pollution dispersion from its source is
significant in evaluating health risks,
developing air quality regulations, and
designing effective mitigation strategies.
Understanding how pollutants disperse from
their sources helps estimate the potential risks
impacting human health and the environment.
The pollutant type, the height of the emission
source, wind speed, and terrain impact the
pollution dispersion. Understanding these
parameters enables highly trusted decisions to
reduce risks and enhance air quality. The
Gaussian plume model predicts the dispersion
of air pollution from its source. The model
assumes that pollutants follow the Gaussian
profile while the wind speed and direction are
constant, which limits this model despite being
cost-effective and simple. However, it is useful
for air pollution planning, control device
design, and predicting accidental releases. The
accuracy depends on pollutant type, emission
source height, wind characteristics, and terrain
[2]. Khan and Hassan [3] reviewed air quality

modeling, focusing on dispersion modeling.
They discussed developing simple Gaussian
plume models and more advanced models that
consider the atmosphere properties, including
Gaussian, Eulerian, Lagrangian, and advanced
dispersion models. These models were
compared based on their characteristic
features. Moharreri et al. [4] assessed the
exposure levels of PM,, and carbon monoxide
(CO) from four power plants in Mashhad, Iran,
using an air pollution dispersion model. The
results indicated that pollutants from the power
plants can be transported over long distances
and significantly impact the residents’ health.
More recently, Saleh and Hassoon [5] studied
the relationship between CO emissions from
different fuels in a refinery and atmospheric
stability. The study quantitatively analyzed the
concentrations of CO pollutants at various
distances from the emission source. It was
found that during January and July,
concentrations in stability classes B and F were
significantly higher, reaching 120% to 170%
compared to other classes (C, D, and G) that
decreased by 81% to 59% with distance (1000
m-10000 m). Classes A and E differed between
the two months. Furthermore, Atamaleki et al.
[6] examined the effects of three phases of the
Bonjourd cement factory's development on CO,
SO., NOy, and PM;, emissions. Box models are
the simplest computational models that can be
used to estimate the dispersion of air pollution
in the atmosphere [7]. The AUSTAL 2000
model was used to analyze emission data
collected over 19 years. The results showed that
the second period of development had the
greatest emission rate per unit area for PM,,
and SO,; however, a bag filter in the third
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period significantly reduced their
concentrations to the levels of the first period.
However, NO and CO emissions increased the
second and third times. In another paper,
researchers focused on quantifying the
emissions of methane from landfills using the
Tracer Dispersion Method (TDM) and a
Gaussian dispersion model (AERMOD) [8].
The findings revealed that when full mixing
conditions were satisfied at ground level,
variations in mixing higher up introduced an
error of less than 10%. In Sheffield, United
Kingdom, the Airviro air quality dispersion
modeling tool was employed to monitor and
model the air pollutants nitrogen oxides (NOx)
and particulate matter (PM,,) [9]. The results
suggested three NOyx hotspots, including
Sheffield City Centre, Darnall, and Tinsley
Roundabout, while high PM,, concentrations
were observed between Sheffield Forgemasters
International and Meadow Hall Shopping
Centre. Road traffic mainly contributed to NOy,
whereas point sources influenced PM,, levels.

Moreover, a study validated and enhanced the
Gaussian plume model to predict the dispersion
of ammonia and particulate matter (PM)
emissions from ventilation duct fans in poultry
houses [10]. The modified model incorporated
a virtual source point of emissions behind the
exhaust duct fan. Validation wusing field
measurements showed significantly improved
prediction accuracy, with a higher percentage of
correct predictions within a factor of two (FAC,)
for both ammonia and PM than the original
model. Another research focused on
quantifying nitrogen dioxide (NO,) emissions
from the Durra refinery and its impact on the
surrounding area [11]. A Gaussian model
implemented through the MATLAB program
considered wind direction, stability, and stack
height. The results indicated that the most
affected areas, Al-Jadriyah and Al-Karada,
located 3-5 km from the refinery, experience
NO. concentrations exceeding national air
quality standards. The study analyzed 38
relevant studies that applied machine learning
techniques from the past six years [12]. The
research aimed to  understand the
fundamentals of machine learning and its
function in enhancing forecast performance for
atmospheric pollutant concentrations. The
study examined the impact of input predictors,
the geographical distribution of the studies,
techniques used for estimation or forecasting,
and the choice of algorithms (Neural Network,
Linear Regression, Ensemble learning, or
Support Vector Machine). According to the
findings, machine-learning techniques were
predominantly used in America and Europe.
Additionally, the analysis showed that pollution
estimation often relied on linear regression
approaches and ensemble learning while
forecasting tasks commonly employed support

vector machines and neural networks. Air
pollution was evaluated in the East Baghdad oil
field using the ICP-MS technique [13]. The
analysis revealed that the Total Suspended
Particles (TSP) air load exceeded the Iraqi and
the World Health Organization allowable limits
standards. The average CO, CO,, and SO,
concentrations were within national and
international standards; however, NO,
exceeded the limits. The air quality in the area
was deemed good for CO, CO,, and NO, with no
health effects, except hazardous for TSP, posing
a significant risk to individuals with respiratory
conditions. The concentrations of Cd, Cr, Cu,
and Co were also higher than the prescribed
limits, attributed to the oil field's operational
processes and crude oil combustion, while Ni
concentration remained within the limits.
Another study reviewed integrating green
infrastructure (GI) in dispersion models to
assess its influence on health risk assessment
and air pollutant concentrations [14]. The
analysis examined the deposition velocities and
dataset  parameterization required for
deposition schemes on different spatial scales.
The study found that a detailed representation
of GI impacts in dispersion models was
complex and resource-intensive. However, the
i-Tree tool and the BenMap model were
combined to assess the health effects of air
pollution reduction through green
infrastructure canopies. The study highlighted
the need for further research on short-term
exposure changes, pollutant concentration
redistribution, and enhanced atmospheric
pollutant dilution due to GI. On the other hand,
a study reviewed air pollution in various Iraqi
regions [15]. It reviewed previous studies
conducted in Iraq and identified various
gaseous pollutants, including CO, CO,, NOy,
SOy, 0O;, suspended particles, polycyclic
aromatic hydrocarbons, and heavy metals. Ref.
[15] reported that the key pollution sources are
industry, energy production, fossil fuel,
heating, transportation, oil, cement and brick
industries, dust storms, agriculture fires, and
domestic and public generators. The results
showed that the pollution levels in several sites
exceeded the national and international
standards. Air pollution concentrations in four
Iraqi cities were recorded and analyzed in Ref.
[2]. Also, the impact of these concentrations on
public health and air quality was evaluated. It
was found that the CO and NO2 levels were less
than the World Health Organization (WHO) air
quality standards in the studied cities. The main
air quality index influencers were PM2.5 and
PM10o concentrations. The highest pollution
concentration levels were in Baghdad and Al-
Muthanna. Ref. [16] assessed the heavy
elements, i.e., Hg, Cd, Zn, As, Cu, Ni, and Co,
concentrations in the Shwan Refinery, Kirkuk
Governorate, and surrounding areas’ surface
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soil. The heavy elements were analyzed using
20 soil samples in various soil fractions. The
results revealed high concentrations in the clay
fraction; Hg was an exception where it
concentrated in the coarse sandy fraction. The
geo-accumulation index (Igeo) revealed high Ni
and Co pollution levels and low Hg, Cd, Cu, and
Zn pollution levels. These pollution levels were
impacted by wind and petroleum products
transportation routes. The present
investigation studies air pollution dispersion
from its source employing the Gaussian plume
model. The present study focuses on
understanding how pollutants spread in the
surrounding areas and assessing their impact.
The research considers factors such as pollutant
type, wind speed, and wind direction to analyze
their influence on dispersion patterns.
2.STUDY AREA

Kirkuk City is an ancient city whose origins date
back to 1,600 years B.C. Originally built as a
castle on a circular hill, it is situated amidst the
Zagros Mountain, the minor Zab and Tigris
rivers, and the Hamren Mountain series. The
city is renowned for its shrines, mosques, and
historical ruins, some dating back to the early
third millennium B.C. Kirkuk's strategic
location has also contributed to its significance
as a commercial hub. Administratively, it serves
as the center of Kirkuk Governorate.
Astronomically, Kirkuk lies between (35° 31'
20" N) and (35° 20' 20" S) and the two
longitudinal circles of (44° 26' 10" E) and (44°
16' 30" W) [17]. The area of the city is
approximately 5023 kmz2. The city is located

A4"150°E 44722"30"E 44°30°0"E

2. e rs
%3 S TR =

Fig. 1 (A) A Map of Iraq that Marked the Location of Kirkuk Governorate in Yellow, (B) A Map of
Districts of Kirkuk Governorate, and (C) An Image of the City of Kirkuk with the Red Border and the
Study Area of the North Oil Company by the Green Border with the Samples Taken in Yellow. [20].

350 m above sea level [18]. The weather is
characterized as hot, semi-arid, very hot, and
dry in summer and cold in winter [19].
3.METHODOLOGY

3.1.Study Area Description and Point
Sources Selection

The present study focuses on the model of air
pollution dispersion from point sources using
the Gaussian plume model. The case study area
selected for this investigation is Kirkuk, a city in
Iraq (Fig. 1). Kirkuk is a significant industrial
center surrounded by various areas, i.e.,
industrial, residential, and wurban. The
population in Kirkuk is around one million
[17,21]. The city is home to the Kirkuk oil
refinery, a key industrial facility that
contributes significantly to producing and
processing petroleum products. The refinery
complex includes several units and facilities:
catalytic cracking units, crude oil distillation
units, and storage facilities. The Kirkuk oil
refinery is one of the region’s main point
sources of air pollution. The complex emits
different pollutants, such as sulfur dioxide,
nitrogen oxides, particulate matter, and volatile
organic compounds. Kirkuk City and its
refinery were selected as a case study because of
their high population and industrial activities,
presenting an excellent dispersion model to
analyze. The present investigation aims to
enhance the understanding of air pollution
dispersion from its point sources and develop
effective mitigation strategies to enhance
industrialized urban sites’ air quality.

'Tikrit Journal of Engineering Sciences | Volume 32 | No. 1! 2025

rose AL



https://tj-es.com/

Ahmed Saeed Salih, Nihad Davut Hassan, Nada Subhi Abdulmajeed / Tikrit Journal of Engineering Sciences 2025; 32(1): 1306.

3.2.Collecting Data and Acquisition
3.2.1.Meteorological data

The wind directions in Kirkuk City-Iraq for the
period (2014-2021) are listed in Table 1. The
dominant wind directions are Northwest (NW)
and Southwest (SE), frequently accruing
monthly and annually. The southeast (SE) and
northwest (NW) winds dominate at the year’s
beginning, end, and middle. East (E), North
(N), and Northeast (NE) occur occasionally in
certain months or years. These wind patterns
highlight the significance of considering the
wind direction to assess the air quality in the
studied area. The monthly wind speeds in the
studied area for (2014-2021) are shown in Fig.
2. The wind speeds ranged from (0-2.5) m/s,
i.e., relatively slow because most speeds range
from 1.0 to 2.0 m/s. Although the wind speed
fluctuated throughout different periods,
insignificant trends and inconsistent patterns
appeared. The Kirkuk City’s air temperatures

for (2014-2021) are presented in Fig. 3. The
measured temperatures were between 9 °C and
39 °C. During the year, Kirkuk City is exposed
to a temperature range, i.e., the highest in July
and August. The peak temperatures were 37 °C
and 39 °C. The lowest temperatures can be
observed in December, January, and February,
ranging from 9 °C to 14 °C. In other words,
Kirkuk City witnesses a temperature variation
through different months. However, Kirkuk
City faces a typical continental climate, i.e., hot
summer and relatively mild winter. Kirkuk
City’s relative humidity is from 20% to 82%, as
presented in Fig. 4. Throughout a year, Kirkuk
City witnesses variable levels of relative
humidity, i.e., the highest (55% to 82%) in
December, January, and February and the
lowest (19% to 30%) in June, July, and August.
The meteorological data in Table 1 and Figs. 2
to 4 were obtained from [Iraqi Meteorological
Organization 2023; Unpublished Data].

Table 1 Wind Directions (°) in Kirkuk City, Iraq (2014-2021) Iraqi Meteorological Organization.

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
2014 N N N N N N N N N N N N
2015 N N N N N N N N N N N N
2016 N N N N N N N N LN — —
2017 /2 -/ - — — N N N N N N
2018 l iV N N N N N N N l l
2019 - l N N N N 2
2020 \ ! \ 7 1 1 N 1 7 7 N
2021 N Ve Ve N T N N N N N Ve Ve
NT, S{, E=, NE7, NWX, SEx
m Jan. Feb. Mar. = Apr. May wmJun. mJul. mAug. mSep. mOct. mNov. mDec.
13 18
14 s 7 1e g1 1S
18 18 14 6 15 14 16
o 11 B 15 15
=] 17 -' i s N u
2.1
2.5 1.8 14 Ex . 7 7
- 1.5 1.3 1.8 1.9
1.8 .
- 14 7 1.8 18 18 15
1.7 Lot 1.4
- 1.6 1.7 23 2.2 1.8 21
1.6 - 1.7
13 1.7 2 1.3 1.7 1.8 1.6 1.8
13 15 16  ja 18 18 19 16
2014 2015 2016 2017 2018 2019 2020 2021

Fig. 2 Wind Speeds (m/s) in Kirkuk City, Iraq (2014-2021) Iraqi Meteorological Organization.
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m Jan. = Feb. Mar. = Apr. = May w»lJun.

mJjul. mAug. mSep. mOct. mNov. mDec.

229 21.6 224 213 22.2 17.8 21.9 ——
_ e it & B ap 20O XE 8
2014 2015 2016 2017 2018 2019 2020 2021

Fig. 3 Air Temperatures (°C) in Kirkuk City-Iraq (2014-2021) Iraqi Meteorological Organization.

W Jan. Feb. Mar. = Apr. = May mJun.

h ¢ 3 & NREEE] 5

wJjul. mAug. wmSep. mOct. mNov. mDec.

E = E =g =
m B F m = = B
3@ 0 pe 28 3
124 21 27 22 30
- 2 EH o w0 = oo
B @ 2 2= @ ®
a2 H - —
55 62 69 64 38
49 a8
64 65 68 68 73 66 s
2014 2015 2016 2017 2018 2019 2020 2021

Fig. 4 Relative Humidity (%) in Kirkuk City, Iraq (2014-2021) Iraqi Meteorological Organization.

3.2.2.Source Emissions Data (Pollutant
Type, Emission Rates)

This research focuses on modeling air pollution
dispersion from the Kirkuk oil refinery in
Kirkuk, Iraq, including CO, SO,, NO,, Og, CO,,
H.S, PM,, PM.,;, PM;, and PM,,. Due to their
impact on air quality, subsequently, human
health, and the environment, such pollutants
were selected. The emission data specific to the
Kirkuk oil refinery were provided by the
refinery operators. This data includes the
emission rates of each pollutant type
mentioned above. The emission rates are
addressed in various units, such as (g/second)
or (tpd), and are typically referred to as either
average emission rates or as second/daily
emissions  during specific  operational
conditions (Table 2).

Table 2 Emission rates of various gases and
pollutants from the Kirkuk oil refinery.
Pollutant Emission rate (tons/day)/ (grams/

second)
COo* 100/ 1157.41
SO.* 50/ 578.70
NO.* 25/ 289.35
O5** 10/ 115.74
CO.* 1,000/ 11574.07
Ha2S* 1/ 11.57

PMi1** 2/ 23.15

PM2.5%* 1/ 11.57

PM5** 0.5/ 5.79

PMi10o** 0.25/ 2.89

* Kirkuk Oil Company

** World Health Organization

3.3.The Gaussian Plume
Equations and Assumptions
In atmospheric dispersion modeling, the
Gaussian plume model is broadly utilized to
approximate the pollutants concentration, i.e.,

Model:
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emitting from a point source. It assumes many
assumptions and employs certain equations to
determine the concentrations of the pollutant at
various heights and distances away from the
point source. The pollutants concentration (Cp)
can be calculated from Eq. (1) [22].

__Q _ _ (@-m?
Cp ~ 2mDu exp( 203) (exp( 202 ) +

exp (— %)) = zﬁm exp (— %) cosh (g) ()

where C, represents the pollutants
concentration at distance d from the point
source (ug/ms3), Q represents the pollutants
emission rate (ug/ms3), D represents the
dispersion coefficient (m), u represents the
wind speed (m/s), z represents the
measurement point height (m), H represents
the plume height (m), and oy and o, represent
the Gaussian distribution standard deviation in
the y- and z-directions (m). Two terms form Eq.
(1): (i) the exponential concentration decay
with respect to distance, and (ii) the plume
vertical distribution. The pollutant vertical
dispersion is captured by the hyperbolic cosine
function [22].

3.4.Pollutant Type Impact in the
Gaussian Plume Model Analysis
Studying the influence of pollutant type in the
Gaussian plume model is significant in
identifying the patterns of concentration and
dispersion of different atmospheric pollutants.

C(x,y,z), i.e., the concentration of the pollutants
at a certain time and location, is determined

from Eq. (2).
_ Q _ (x—x9)? _
C(x' Y.z t) - 2M0x0y0 U exp ( Za,zc
O-y0)® _ (z-20)?
- A7) fe) @)

where o,; X, Yo, and z,; and f(e) are the
Gaussian distribution standard deviation in the
x-direction (m), the pollutant point source
coordinates (m), and a function describing the
relation between pollutant concentration and
its type, respectively. It is worth pointing out
that f(e) differs according to the pollutant type
and depends on the physical properties of the
pollutant. As for the pollutant concentration at
d distance away from a point source, it can be
expressed as,

kd)2
C, = ﬁ exp [— (T) ] 3)

where k is the decay coefficient (time).

The present work also studied various
pollutants, such as CO, SO2, NO2, 03, CO2,
H2S, and various sizes of particulate matter,
i.e., PM1, PM2.5, and PM5. According to WHO,
each pollutant has a symbol, description, unit,
and standard limit, as listed in Table 3. Each
pollutant has decay and dispersion coefficients
to indicate the pollutant concentration
reduction rate and the dispersion extent, as
tabulated in Table 4 [23].

Table 3 Description and WHO Standard Limits for Various Pollutants [WHO].

Pollutant Symbol Description Unit WHO Standard Limit & Exposure Time
Carbon CO A colorless, odorless gas produced by ppm 8 hours: 10 ppm; 1 hour: 40 ppm
monoxide (CO) incomplete combustion of fuels.

Sulfur dioxide  SO.

Nitrogen NO.
dioxide (NO-)
Ozone (03) 03

fossil fuels that contain nitrogen.

atmosphere.
Carbon dioxide CO. A colorless, odorless gas that is a natural
(CO2) greenhouse gas.
Hydrogen H.S
sulfide (H=S) egg odor.
Particulate PM,
matter (PM,) diameter.
Particulate PM. 5
matter (PM:;) in diameter.
Particulate PM;
matter (PMs) diameter.

A colorless, pungent gas produced by
(SO2) burning fossil fuels containing sulfur.
A reddish-brown gas produced by burning  ppb 24 hours: 40 ppb; 1 hour: 100 ppb

A colorless, odorless gas is formed when
sunlight reacts with pollutants in the

ppm 24 hours: 10 ppm; 1 hour: 35 ppm

ppm 8 hours: 0.065 ppm

ppm 400 ppm

A colorless, flammable gas that has a rotten ppm 8 hours: 0.01 ppm; 1 hour: 0.1 ppm
Particles that are less than 1 micrometerin ~ pg/m3 24 hours: 25 pg/ms; 1 year: 15 pg/ms3
Particles that are less than 2.5 micrometers  ug/m3 24 hours: 10 ug/ms3; 1 year: 5 ug/ms

Particles that are less than 5 micrometers in pug/m3 24 hours: 25 pug/ms; 1 year: 15 pg/ms3

Table 4 Decay and Dispersion Rates of Various Pollutants [Kirkuk Oil Company].

Pollutant Symbol Decay (per hour) Dispersion (per kilometer)
Carbon monoxide CcO 0.0125 0.05
Sulfur dioxide SO. 0.005 0.025
Nitrogen dioxide NO- 0.0025 0.0125
Ozone [02% 0.001 0.006
Carbon dioxide CO- 0.0005 0.003
Hydrogen sulfide H.S 0.00025 0.00125
Particulate matter , PM, 0.0001 0.0006
Particulate matter o5 PM.s 0.00005 0.0003
Particulate matter 5 PM; 0.000025 0.000125
Particulate matter 1o PM,o 0.00001 0.00006
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3.5.Wind Speed and Direction Impact on
Air Pollution Dispersion Assessment

Wind speed and direction impact on air
pollution dispersion assessment is vital to
understanding and managing air quality. The
wind effect characterizes the wind impact on
pollutant dispersion, as described in Eq. (4).

wind effect = w )

where O represents the angle difference
between the wind and travel directions (°). The
exponential function represents the non-linear
relationship between pollutant dispersion and
wind. On the other hand, the sine function
represents the wind effect directional
component. Combining wind speed and wind
direction, the wind effect provides a significant
assessment tool for assessing the pollutants’
dispersion and predicting their potential effect
on air quality in a studied area.

4.RESULTS AND ANALYSIS

4.1.Air Pollution Dispersion Patterns
Simulated From Point Sources

The air pollution dispersion patterns simulated
from point sources were studied employing the
Gaussian dispersion model. The simulation
commenced by generating a distance field using
a grid resolution of 100 m, as shown in Fig. 5.
The source point, at (439087.79, 3932262.0),
represented the origin. Various parameters
were studied to simulate the pollution
dispersion. The wind speed and direction were
2 m/s and 174°, respectively, and the emission
rate was 25 (g/s). The maximum distance was
20 km from the source point to cover the whole
grid, allowing extensive dispersion patterns and
their spatial distribution assessment. The
modeled  pollutant  concentration  was
determined in (ug/m3). The results revealed a
minimum concentration of 1.19x10728 ug/m3, a
maximum concentration of 11.26 ug/ms3, and a
mean concentration of 0.46 g/ms3, as shown in
Fig. 6. These results revealed significant new
information on the air spreading manner from
the point source. The obtained concentration
data presented a full impression of the gained
pollution levels through the studied area. The
minimum concentration implies less polluted
areas. Meanwhile, the maximum concentration
implies significantly polluted areas. The mean
concentration implies averaged polluted areas.
4.2.Evaluation of the Influence of Wind
Speed and Wind Direction on air
Pollution Dispersion

The air pollution dispersion influence
evaluation of the wind speed and wind direction
was conducted utilizing the Gaussian model.
The present study evaluated various wind
directions (174°, 88, 235°, and 305°) impact air
pollution dispersion patterns. Consistent

parameter values were utilized throughout the
study to perform the simulations. All pollutant
masses’ emission rate was grams/second. The
plume height and diameter were 47 m and 8 m,
respectively. The studied wind speed was 2 m/s.
Figure 7 presents the simulation results
evaluating the influence of wind speed and
direction on air pollution dispersion employing
the Gaussian model. Table 5 provides the
minimum, mean, and maximum
concentrations of pollutants in pug/m3 for each
wind direction. The concentration values were
rounded to five decimal places for enhanced
precision. Across all wind directions, the
minimum concentration of pollutants was
consistently observed as 0.00000 pg/ms3,
which indicates that in large parts of the study
area, especially regions that are far away from
the source point, the concentration of
pollutants was extremely low or negligible. The
mean concentration of pollutants varied
slightly with different wind directions. The
mean values ranged from 0.00837 pg/m3 to
0.00856 ug/ms3. These results suggested that
the average pollution levels far from the source
point remained relatively low regardless of the
wind direction. The maximum concentration of
pollutants showed variation based on wind
direction. The highest maximum concentration
recorded was 23.80796 ug/m3 for a wind
direction of 235°. In comparison, the lowest
maximum concentration was 9.28569 ug/m3
for a wind direction of 174°, indicating that
specific wind directions increased the
pollutants concentrations in certain areas
downwind from the point source.The results
revealed that the wind direction significantly
impacted the air pollution dispersion patterns.
The differences in the observed maximum
concentrations in different wind directions
ensure that wind patterns were considered as
air pollution dispersion was assessed. Different
wind directions caused different pollutant
distribution  patterns, impacting  the
concentration levels in different regions. The
concentration level variation for various wind
directions assured the significance of
considering such factors in air pollution
mitigation strategies and management.

Table 5 Air Pollution Dispersion Results for

Different Wind Directions.
Minimum Mean

Maximum

\I/)\{md . Concentra Concentra Concentra
irecti 5 5 5
on tion tion tion
(pg/m3) (ng/m?3) (png/ms3)
174° o} 0.0084 9.28569
88° o) 0.0084 12.4377
115° o} 0.0084 18.0083
235° o} 0.0086 23.808
305° o) 0.0084 12.1441
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Fig. 5 Distance and Direction Fields Calculated Based on the Designed Grid and the Pollution Source

Point (439087.79, 3932262.0).
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Fig. 6 Simulated Pollutant Dispersion at Ground Level (2 m) from the Source Point According to the

Gaussian Dispersion Model at 2 m/s.
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Fig. 7 Modeled Pollutant Dispersion at Ground Level (2 m) from the Source, According to the
Gaussian Dispersion Model at Various Wind Directions.

4.3.Pollutant Type Impact on

Dispersion Patterns Analysis

The pollutant type impacts dispersion patterns
analysis by employing simulated air pollution
maps generated from a point source. The
studied factors were wind direction (174°), wind
speed (2 m/s), plume height (47 m), and plume
diameter (8 m). The data showed that each
pollutant’s  dispersion  characteristic  is
expressed by its decay and dispersion
coefficients. CO, SO,, NO,, O3, CO,, H.S, and
various particulate matter fractions, i.e., PM;,
PM.,;, PM;, and PM,,, were considered in the
present analysis. Such coefficients highlighted
the pollutants’ behavior in the atmosphere and
their inclination to scatter through space. Each
pollutant emission rate was considered to
evaluate the dispersion patterns. The modeled
air pollution dispersion maps offered a visual
representation of the pollutants’ spatial spread
from the source point, as shown in Fig. 8.
Analyzing these maps enables observation of
the dispersion patterns and understanding of
the pollutant type impact on the pollutant
spatial distribution. The dispersion patterns are
impacted by many factors, such as wind
direction and speed, emission rates, and the
pollutants’ physical properties. The analysis
results showed the pollutant dispersion
complex nature. Various pollutant types
showed different dispersion patterns because of
their physical properties and emission rate
variations. For instance, gases, such as CO and
SO,, inclined to rapidly disperse because of
their relatively high dispersion and decay
coefficients. Whereas particulate matter
particles inclined to show more localized

dispersion patterns because of their large
particle sizes and low dispersion coefficients.
Table 6 presents concentration values of
various pollutants, including CO, SO,, NO,, O,
CO,, H.S, PM,, PM.,, PM,, and PM,.. The
concentrations were tabulated with five-digit
precision. Detailed information regarding the
minimum, mean, and maximum data is
reported. Table 6 shows that the minimum
concentration found for the studied pollutants
was 0.00000, indicating unpolluted areas due
to dispersion, dilution, or the absence of
emission sources. The mean concentration data
highlights each pollutant’s average pollution
levels. Remarkably, the highest mean
concentration was for CO2 (5.32149 ug/m3)
and then CO (0.51779 ug/m3), suggesting that
these two pollutants had higher mean levels
than others. Examining the maximum
concentration data reveals that CO2 had the
highest concentration compared to others
(6734.62380 ug/m3), which is significantly
higher than the maximum values for other
pollutants. It indicates that CO, concentrations
can reach alarming levels in certain areas or
under specific emission conditions. The
variation in concentration levels among the
different pollutants reflects their sources,
chemical properties, and dispersion
characteristics. For example, gases like CO,
SO., and NO. showed relatively higher
concentrations than particulate matter (PM)
pollutants, such as PM,, PM., 5, PM;, and PM,,,
which can be attributed to the different
emission sources and behavior of gases and
particulate matter in the atmosphere.
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Fig. 8 Pollutant Dispersion from the Source Point According to the Gaussian Dispersion Model with
Various Pollutant Types.

Table 6 Summary of Minimum, Mean, and Maximum Concentration Values for Different Pollutants.
The Concentrations Were Simulated at the Ground Level at 2 Meters Height.

Pollutant Min Mean Max

CcO o 0.5178 579.2081
SO. o 0.2594 202.6097
NO-: (o} 0.1301 149.313
03 o 0.0525 62.33226
CO- 0 5.3215 6734.624
H.S (o} 0.0055 8.13557
PM, (o} 0.0119 21.49274
PM. 5 (o} 0.0067 15.75357
PM; [} 0.0044 15.50106
PM.o o 0.0032 14.80893
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The results were compared with an air pollution
monitoring study conducted in 2005 at the
North Oil Company for some elements [24]. It
was found that the wind speed and direction
significantly impacted the pollutant transfer.
The gases (H2S, CO2, CO, 0O3) that were
compared are considered the most important
and most harmful to humans, as they were all
close to the study in this paper and did not
exceed the internationally permissible limit.
5.CONCLUSION

This research investigated the influence of
pollutant type, wind speed, and wind direction
on air pollution dispersion patterns utilizing the
Gaussian plume model. The present study’s
main results showed dispersion patterns and
concentration levels for various pollutant types.
The highest calculated mean and maximum
concentrations were for CO, indicating its
inclination to scatter over long distances. The
particulate matter fractions experienced
various concentration levels. PM1 had higher
mean and maximum concentration levels than
other particulate matter fractions. Wind speed
and direction significantly influence dispersion
patterns. Various wind directions caused
various concentration distributions. In light of
the present results, many future works and
model improvements can be suggested. First,
pollutant emissions’ spatial and temporal
variations can be further investigated to
accurately capture the pollution sources’
heterogeneity, which will refine emission rate
input data for the dispersion models and
improve their capabilities to predict. Also,
utilizing more meteorological data, such as
atmospheric stability and turbulence, may
increase the precision of the dispersion
forecast. In addition, studying additional
pollutant sources and geographic regions could
expand understanding of the air pollution
dispersion dynamics. Regarding enhancing the
present model, the Gaussian plume model
limitations and uncertainties should be
addressed. Also, considering non-steady-state
conditions and utilizing real-time
meteorological data may improve the model’s
pertinence to dynamic atmospheric conditions.
Finally, the interaction between various
pollutants and their chemical transformations
can be considered in the model to provide a
more comprehensive and realistic air pollution
dispersion evaluation.
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