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Abstract
Background: Modeling the dispersion of pollutants from factory stacks addresses the problem of matching
emissions of a cement plant with the capacity of the environment to avoid affecting the environment
and society. The main objective of this study was to simulate the dispersion of carbon monoxide (CO)
from the main stack of a cement plant in Doroud, Iran using SCREEN3 software developed by the US
Environmental Protection Agency (US EPA).
Methods: Four samplings were conducted to measure the concentration of CO in the three-stack flow
of a cement factory. The input parameters were those affecting gas dispersion and included CO rate,
meteorological parameters, factors associated with the stack, and various factors related to the receptor.
All factors were incorporated in the model, and dispersion was modeled by SCREEN3.
Results: Southwesterly winds have been dominant in the past 5 years. According to the results of this
study, the highest and the lowest CO levels were estimated by the model in spring and autumn as having
maximum amounts of 842.06 and 88.31 µg/m3, respectively, within distances of 526 and 960 m from the
cement plant, respectively, at a downwind southwesterly direction from the plant.
Conclusion: Although the maximum predicted CO levels in each of the four seasons were lower than the
NAAQS criteria, the simulation results can be used as a base for reducing CO emissions to prevent the
potentially significant health and environmental impacts imposed by long-term contact to such emissions.
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Introduction
Air pollution attributable to the growth of industries is
known as one of the environmental problems in the world,
especially in Iran, a country that faces Middle Eastern
Dust (MED) storms (1-5). Development in urban areas,
increasing consumption of energy, and population growth
are some of the most important factors that threaten
health and environment (6-10). Combined cycle processes
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are the major sources of air pollutants in terms of quality
and quantity of fuel combustion (11). When the fuels are
burned, they emit toxins and global warming emissions,
the most important of which are oxides of monoxide,
oxides of sulfur, and dioxide, that are being discharged
into the atmosphere (12-18).
The city of Doroud in Loresan province of western Iran
is enclosed on three sides by the Zagros Mountains. Air
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pollutants, especially those from the Doroud Cement
the vicinity of residential areas (26). Several atmospheric
Plant and other industries associated with ruck extraction
contaminants (such as CO) emitted from this factory can
activities, have affected this city. The Doroud Cement
be harmful to the health of people living downwind of the
Plant is located near the city center. Carbon monoxide
cement factory.
(CO) emissions from the defective combustion of fuelburning process of this plant have caused inhabitants of
Measurement
the city to encounter large amounts of CO. The kiln fuel of
Conducted in 2014, this study performed sampling in
this factory is natural gas through the first six months of
four periods (May, August, November, and February) to
the year; during autumn and winter, mazut is used.
measure the amount of CO emitted from the flow of three
Global concerns about CO emissions prompted the US
stacks. The CO samples were taken from the gas flow
Environmental Protection Agency (EPA) to establish
based on ASTMD5522-EPACTM-030 standard using
primary and secondary standards for the concentration of
Testo (XL350), which is a portable emissions analyzer
CO in the air.
designed for short-term industrial stack gas monitoring.
To diminish these concerns, it is important to identify
This analyzer was calibrated by Behrooz measurement
how an air pollutant is dispersed in the troposphere
tools. It has an internal calibration with measurement
(13,19,20). Various parameters affect gas dispersion,
accuracy of ± 2 mg and response time of about one
including wind speed and direction, ground conditions,
minute. To assess CO dispersion, the SCREEN3 model
and atmospheric stability (19,21-23). Software tools
was used. Table 1 shows the results of measured data and
based on Gaussian distribution are commonly used to
CO concentrations.
estimate
the
concentrations
of
various
pollutants
(24).
The
To diminish these concerns, it is important to identify how an air pollutant is dispersed in the
application
of atmospheric
models
information
SCREEN3
troposphere (13,19,20).
Various parameters
affect provides
gas dispersion,
including wind speed and
useful
atmospheric
control(19,21-23).
programs.
(Likes Environmental Software, Waterloo,
direction, to
ground
conditions, andpollution
atmospheric stability
SoftwareThe
tools based SCREEN3
on
Gaussian
model
combines
factors
and
Ontario, Canada), developed by the US EPA, is software
Gaussian distribution
are commonly
used tosource
estimate thelinked
concentrations
of various
pollutants (24).
meteorological
parameters
from information
a sourceuseful
to toassess
a pollution
that predicts pollutant concentrations away from the
The application of atmospheric
models provides
atmospheric
pollutant
concentration.
Thecombines
model
assumes
thatandthe
source. In this study, SCREEN3 was used to simulate CO
control programs.
The Gaussian model
source
linked factors
meteorological
pollutant
does
notto undergo
anyconcentration.
chemicalThereaction
andthatisthe pollutant
dispersion from the stack of a cement plant. This EPAparameters from
a source
assess a pollutant
model assumes
not
other
such
as dry
or wet such as approved
air dispersion model is a screening version of
does eliminated
not undergo any through
chemical reaction
andprocesses
is not eliminated
through
other processes
dry
or wet deposition.
deposition.
the Industrial Source Complex Dispersion Models (ISC3)
The basic
equationequation
for determiningfor
grounddetermining
level concentrations ground
using the Gaussian
is is used to analyze single-source release scenarios over
The
basic
levelmodel (25)and
presented in Eq. (1) and
(2). the Gaussian model (25) is presented
concentrations
using
simple or complex terrain. To estimate concentration,
in Eq. (1) and (2).
SCREEN3 incorporates different factors related to the
source of the emission and meteorological parameters
2
2
Q
zr − he
zr + he
X=
{exp [−0.5 (
) ] + exp [−0.5 (
) ] + A} (1)
based on the Gaussian model (15,27). SCREEN3 can be
2
2
2πuS δy δz
δz
δz
used for dispersion modeling at distances less than 100 km
K
2
2
from the source (28). The data required to run the software
−0.5(zr − he − 2Nzi )
−0.5(zr + he − 2Nzi )
A = ∑ [exp (
) + exp (
)
includes source type, emission rate (g/s), source stack
δz
δz
N=1
height (m), stack inner diameter (m), stack exit velocity
2
−0.5(zr − he + 2Nzi )
+ exp (
)
(m/s), temperature of exit gas (˚K), air temperature (˚K),
δz
height of receptor from ground level (m), wind direction,
2
−0.5(zr + he + 2Nzi )
and urban or rural option. CO samples obtained from
+ exp (
) ]
(2)
δz
three stacks of the cement plant, including Electro filters
3
where
downwind
concentration
(µg/mrate
), Q
is emission
1 and 2 and Kiln (unit 3), and their averages were applied
where XX
is is
downwind
concentration
(µg/m3), Q is emission
(g/s),
us is wind speed at stack
height(g/s),
(m/s), δu
δwind
deviations
of lateral
and vertical
dispersion
(m),
respectively,
y and
z are standard
rate
is
speed
at
stack
height
(m/s),
δ
and
δ
for the explication of the model during four seasons. Table
s
y
z
zr andstandard
zi are the receptors
height above
and vertical
mixing highdispersion
(m), respectively, and he is
are
deviations
of ground
laterallevel
and
centralrespectively,
plume height (m). z and z are the receptors height above
(m),
r
i
The
main
of this
study washigh
to model
COrespectively,
emissions from the
mainhstack
ground objective
level and
mixing
(m),
and
is of Doroud
e
Cement
Plant
using
SCREEN3
software.
central plume height (m).
The main objective of this study was to model CO
emissions from the main stack of Doroud Cement Plant
3
using SCREEN3 software.
Methods
Study area
Doroud Cement Plant (33˚29ʹMN, 49˚4ʹME) is one of
the productive industries in the city of Doroud, Lorestan
province, located in southwestern Iran (Figure 1). This
factory started up in 1959 with a manufacturing capacity
of 300 tons per day. Doroud Cement Plant is located in
164

Figure 1. Doroud Cement Plant, the study area.

Environmental Health Engineering and Management Journal 2017, 4(3), 163–168

Goudarzi et al
Table 1. Data related to the cement factory stacks

Number of stack

Unit 1

Unit 2

Unit 3

Q (m3/s)

97.2

144.4

222.2

Velocity of gas (m/s)

7.8 ±1.3

10.9 ± 2

12.7 ±1.6

Temperature of gas (°C)

160.22 ± 22

112 ± 25

71 ± 12

CO (PPM)

271±13.2

252±12.08

2378±76

Velocity of gas (m/s)

182 ± 8

18.8 ± 3.6

11.6 ± 0.5

Temperature of gas (°C)

33.22 ± 5.4

135 ± 3.5

80.3 ± 9

CO (PPM)

58±5.3

220±7

260±36

Velocity of gas (m/s)

176 ± 13

14.6 ± 6.7

14.6 ± 6.7

Temperature of gas (°C)

36.1 ± 2.1

142 ± 10

142 ± 10

CO (PPM)

85±12

141±16.9

221±25.8

Velocity of gas (m/s)

8.5 ± 0.6

14.8 (2.6)

9.1 ± 5

Temperature of gas (°C)

166 ± 26

134 ±11

89 ± 4.9

CO (PPM)

719±26.9

426±16.9

630±53.04

Spring

Summer

Autumn

Winter

2 illustrates the physical factors related to units 1, 2, and 3
of the cement factory.
Meteorological data
The meteorological data required for this modeling effort
was obtained from surface weather observatory stations
located near the cement factory. Surface wind speeds and
wind directions at 10 m above ground level were used in
the meteorological analysis to evaluate the environmental
impact (HIA) of CO emissions. The 5-year results of
wind speeds and direction were obtained from the
meteorological stations and then used to draw the wind
rose plot using WRPLOT View software. For short time
periods, a constant representative atmospheric stability
was assumed.
Results
Figure 2 shows a five-year wind rose plot of wind speeds
and directions based on the data recorded daily by the
meteorological station in Doroud. Southwesterly winds
dominated during these 5 years. The maximum percentage
of time that wind blew from the dominant direction was
40%.
The percentage of calm winds was zero. Wind speed
ranged 17-21 knots per second.
The plots of different concentrations of CO predicted by
the SCREEN3 at X downwind direction are illustrated
in Figures 3 to 6. As can be seen in these figures, the
maximum predicted concentrations of CO in the warm
seasons of spring and summer were 842.06 and 119.19 µg/
m3, respectively. Figures 4 and 5 also show the plots of CO
Table 2. Physical factors related to cement factory stacks

Parameters associated with stack
Stack height (m)
Stack diameter (m)

Unit 1
54
2.8

Unit 2
70
2.85

Unit 3
90
4

Figure 2. Five-year wind rose of wind speed and direction.

levels at different distances away from the plant during
the autumn and winter seasons. As seen, the maximum
estimated CO concentrations were 88.31 and 429.88 µg/
m3, respectively.
The figures also show that, for distances close to the
source, the pollutant concentration was lower. At distances
up to 526, 584, 960, and 2647 m from the source, CO
levels rapidly increased at ground level, and after drifting
downward to a distance of 4000 m, they were found to be
89.91, 11.04, 32.94, and 425.52 μg/m3, respectively. Thus,
the pollutants in the study area do not exceed the NAAQS
standard. The worst atmospheric condition was noted in
spring.
Discussion
In recent decades, air pollution has been considered a
serious threat for the environment, the quality of human
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Figure 3. The concentration distribution of CO during spring.
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Figure 4. Concentration distribution of CO during summer.
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Figure 5. Concentration distribution of CO during autumn.
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Figure 6. Concentration distribution of CO during winter.
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life, and human health around the world. The current study
assessed the distribution of CO from the stacks of a cement
plant in Doroud, Lorestan, Iran the SCREEN3 model.
Southeasterly winds were dominant during this 5-year
analysis of wind speeds and directions. Seangkiatiyuth et
al showed that winds were below the instrument detection
limit 6.9%, 17.7%, and 47.8% of the one year (19). Abril
et al reported stronger winds coming from a southerly
direction, and these winds were more frequent than the
others (29). These findings are consistent with the results
of the current study. Maximum CO concentrations for the
four seasons were estimated to be 842.06, 119.19, 88.31,
and 429.88 µg/m3 in spring, summer, autumn, and winter,
respectively. The worst condition occurred in spring in an
unstable condition in which the maximum concentration
of pollutant measured near the cement plant was at a
higher level than in the other seasons. Doroud is well
known for the extraction and manufacture of rock
materials as well as the existence of a large cement plant
located in the vicinity of the city center which affects the
quality of the air in nearby communities.
Major sources of CO that increase the risks from
anthropogenic sources of air pollution are road traffic,
defective combustion, and industrial processes. This can
be seen in studies conducted in other industries with
a wide range of basic conditions, such as population,
climate, economic and social conditions, and pollutant
concentrations. Few studies have investigated modeling
CO exited from cement plant stacks. Sari et al showed the
modeling of pollutants from the stacks of a palm oil mill
using SCREEN3 software. The highest concentration of
CO on the west and east was found to be 49.6 µg/m3 at
an X downwind distance of 1403 m from the source (15).
Maximum CO levels in spring, summer, autumn, and
winter occurred within distances of 526, 584, 960, and
2647 m from the cement plant, respectively.
Abdulkareem et al illustrated that the simulated results are
in good agreement with the dispersion pattern and that
continuous gas flaring irrespective of the quantity will, in
the long run, lead to changes in the quality of the physical
atmosphere (30). Visscher showed that SCREEN3 is
a good model for forecasting the distribution of air
pollutants (31).
Abu-Allaban and Abu-Qudais predicted the concentration
of CO gas emitted from a cement plant in Jordan using the
AERMOD model. In their study, the maximum 1-hour
predicted concentration of CO was estimated at 0.086
ppm at a distance of 2000 m from the source in a westeast direction (32); this is lower than the findings of the
current study. Kahforoshan et al demonstrated that the
maximum CO level in a stack in Nigeria was 14640 µg/m3
at a distance of 20 m from the stack at ground level (33).
Maximum CO concentrations were lower than the US
National Ambient Air Quality Standard (NAAQS) with
an average value of 40 000 µg/m3. This condition had no
significant impact on the health of nearby communities
settled in an X downwind from the south and east
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direction.
Otaru et al reported that, due to fugitive emissions from
cement plants, a simulated distance of 7000 meter from
the source is recommended for safe human settlement and
activities (34). Schuhmacher et al indicated that exited
pollutants from a cement plant stack are not considered
causal predictors of mortality, but they increase by about
0.2% the risk of asthma visits (35).
Momeni et al modeled the spread of air pollution using
SCREEN3 and meteorological information. Their
measurements indicated that CO levels were lower than
the standard (36), and this finding is consistent with the
results of the present study.
Conclusion
The results of this study showed that the SCREEN3
software is one of the most effective models for estimating
air pollutant distribution. The dominant direction of
CO dispersion was from the southwest. The highest
and lowest concentrations were predicted in spring and
autumn, respectively. Maximum CO concentrations
in different seasons were not higher than the NAAQS
recommendations. Thus, it can be concluded that
CO emissions from the cement plant have no impact
on health in nearby communities. It is important to
emphasize the fact that applying atmospheric dispersion
models can be useful when they are applied together and
with measured data in order to permit more robust and
improved predictive atmospheric studies. In addition, to
decrease emissions from fuel combustion, fuel type must
be selected with attention to reducing CO concentrations.
Although the maximum CO concentrations in four
seasons predicted by SCREEN3 were lower than the
NAAQS recommendations, the simulation results can be
used as a base for reducing CO emission rates, because
the long-term exposure to emissions of a cement plant
imposes potentially significant health and environmental
impacts.
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