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Air pollution causes significant environmental and health problems around the world. The present study
assesses the emission of CO, SO2, and NOX from six sugarcane factories (SCFs) in Egypt, which are using
two dominant fuels, bagasse and natural gas. The detected CO emission and concentrations levels from
the stacks of SCFs that used bagasse were higher (1751–3030 mg/Nm3) than those using a mixture of
bagasse and natural gas (555 mg/Nm3), as well as natural gas only (169.2–246.5 mg/Nm3). The emission
of CO is higher than permissible levels, but SO2 (2.5–26.5 mg/Nm3) and NOX (25.5–149.75 mg/Nm3)
emissions in all kinds of fuels are within the permissible levels. Dispersion of CO in the ambient from stack
emission from Kom Ombo SCF is simulated using the Ministry of Economic, Trade, and Industry LowRise Industrial Source dispersion (METI-LIS) model. The results predicted the higher risk zone
([10 ppmv) extends *1 km around the KSCF and occupies the near middle part of the plume, but the
lower zone (\0.1 ppmv) occupies the outer zone and extends for several kilometers. Measurements in the
ambient air validated the predicted model, which revealed that people living in areas about 1 km south
and west downwind of the KSCF are exposed to higher levels of CO concentration. Usage of bagasse in
SCFs needs to be replaced by natural gas for the reduction in emission of pollutants. Moreover, pollutants
emitted from the SCFs should be monitored periodically to control the emission for healthy environment.
Keywords. Air pollution; bagasse fuel; co-emissions; sugarcane factories; Egypt.

1. Introduction
Industrial emission causes significant pollution by
releasing pollutants into the environment. In
developing countries, the production of sugar from
sugarcane causes water, air, and land pollution
(spillages and stillage), along with noise, dire odors
(stench as a result of by-products like molasses),

soil degradation, and biodiversity threats (Zimwara
et al. 2013). One thousand one hundred million
tons (per year) of sugar can be produced from
sugarcane, mostly from 80 developing countries
(UN Bioenergy Primer 2000). The production of
1 kg of sugar yields about 0.3 kg of molasses and
1.25 kg of Bbrous residual (bagasse), which is utilized to produce steam and electric power

91

Page 2 of 13

generation in sugar mills worldwide, particularly in
many developing countries (Botha and Blottnitz
2006).
Bagasse contains cellulose (27–54%), hemi-cellulose (22–39%), lignin (14–24%), and inorganic
matter (3–5%) (Aiman and Stonington 1993).
Recently, bagasse has become an important biomass fuel for energy in the sugarcane processing
industry in developing countries. Based on its
moisture content, bagasse provides different energy
values; for example, 0% and 48% moisture content
providing 19,250 and 9950 kJ/kg, respectively
(Nemerow 1995). Moreover, Cheesman (2004)
revealed that when the moisture content reached
25%, the produced value of energy is *12,500 kJ/
kg. In addition, moisture content [45% by weight
would aAect the eDciency of combustion system.
The amount of bagasse varies between 24% and
30% by weight of sugarcane (Bio Energy Consult
2014). It is widely utilized as a cheap source of
energy and for the manufacturing of Bber boards in
Egypt (e.g., Dishna and Qena cities), as well as in
pulp and paper manufactures (e.g., Qus and Idfu
cities). Bagasse has low energy values compared to
other fuels; one ton of bagasse (49% moisture) is
equal to 0.28, 0.18, 0.55, and 0.15 tons (or
0.209 m3) of bituminous coal, fuel oil, air-dried
wood, and natural gas, respectively. This revealed
how much bagasse should be used in sugar factories
to get equal amounts of energy (Hindy 1991).
Air pollution in SCFs depends on the kind of fuel
being used in boiling processes, as well as the performance of boilers and furnaces. Several studies
have reported the harmful impacts of using bagasse
fuel in SCFs (Hindy 1991; Janghathaikul and
Gheewala 2005, 2006). Such investigations focused
on the eAects of settled dust resulting from Bring
bagasse in the boilers of SCFs (Hindy 1991) and
the emission of gases such as NOX and SOX
(Janghathaikul and Gheewala 2005, 2006). The
common pollutants in SCFs are carbon monoxide
(CO), nitrogen oxides (NOX), sulphur oxides
(SOX), unburnt fuel and particulates of Cy ash
(Rainey et al. 2004), particularly when using
bagasse as a fuel in ovens for boilers. Fly ash
through stacks is very light and spreads over long
distances in the atmosphere. It can be harmful and
cause dizziness and irritation of the eyes, nose, and
throat (Solomon 2005). Utilization of bagasse in
the production process yields a considerable
amount of CO and total suspended particulates
(TSPs), which impacts the environment. CO causes difBculty in breathing, headache, nausea, chest
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pain, vomiting, seizures, blurred vision, confusion,
heart failure, dizziness and coma, depending upon
the speciBc levels and exposure time. Also, people
who have heart or lung diseases are more sensitive
to the toxic eAects of CO. Pregnant women who
breathe moderately high levels of CO can harm the
development of their children (Kannan et al. 2006;
Simkhovich et al. 2008; ATSDR 2012).
In Egypt, SCFs located in residential areas utilize bagasse as a fuel in the boilers to provide the
steam needed for electric generation of the mill and
heating during the sugar manufacturing processes
(El Edessy et al. 2012; Shalaby et al. 2017). Most of
these factories are aligned along the Nile, in areas
of intense overpopulation (Bgure 1). Because of the
dangerous impacts of gaseous emission for human
beings and the environment, the main aim of the
present study is to evaluate the environmental
impacts of SCFs in Egypt by: (1) Assessing the
gaseous emission levels discharged from the chimneys of SCFs compared to permissible levels and
(2) developing a simulation model characterizing
the gaseous dispersion downwind and delineating
the dispersion zones of pollutant concentrations.

2. Study area
The study area is located in arid/hyper-arid
conditions (Abdelkareem and El-Baz 2015, 2017).
It covers three governorates: Qena (Nagaa
Hamadi, Dishna and Qus factories); Luxor (Armant factory); and Aswan (Idfu and Kom Ombo
factories) in southern Egypt, where there are ideal
conditions (hot climates) for cultivating sugarcane
(Bgure 1). The total amount of sugarcane cultivated in southern Egypt is about 16 million tons
per year. Egypt, therefore, is representing the
biggest producer of sugarcane in the Middle East
(ESCWA, 2009). The process of extracting sugar
from sugarcane extends from December to May
every year, while the mills operate 24 hrs/7 days
throughout the operation processes of the tested
factories (El Haggar et al. 2014).
Throughout the mill operation, large quantities
of residue are produced in the studied factories,
such as bagasse, which is the main Bbrous material
residual produced after chopping and milling the
sugarcane. The sugarcane juice and molasses are
co-products from sugar manufacturing after Bltering them from mud (table 1). According to personal communication with the operation managers
of the studied sugarcane factories in southern
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Figure 1. Location map of the studied sugarcane factories in southern Egypt within the residential zones along the Nile Valley.
Table 1. The quantities of bagasse produced from sugarcane factories in South Egypt (El Haggar et al.
2014).
Governorate
Qena

Luxor
Aswan

Factory
Nagaa Hamadi
Dishna
Qus
Armant
Idfu
Kom Ombo

Total

Egypt, the percentages of residue produced during
the sugar manufacture process are 30%, 4%, and
3.5% of bagasse, molasses, and Blter mud,

Cane processed in
the factory (tons)

Amount of
bagasse (tons)

1,435,137
811,497
1,496,836
1,320,602
1,199,351
1,821,253
9,024,394

444,892
251,564
464,019
409,387
371,799
564,588
2,797,562

respectively. Therefore, the annual production of
sugar leaves behind about 3 million tons of bagasse,
370 thousand tons of molasses, and 316 thousand
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tons of Bltered mud. In southern Egypt, most SCFs
use bagasse as a fuel for sugar boiling, such as
Nagaa Hamadi, Armant, and Kom Ombo, while
Dishna and Qus utilize natural gas as a fuel for
sugar boiling, other than Idfu, which uses a mix of
bagasse and natural gas fuels for sugar boiling.
3. Materials and methods
The emission and concentration levels of CO,
NOX, and SO2 emitted from stacks boilers of six
SCFs (e.g., Nagaa Hamadi, Dishna, Qus, Armant,
Idfu and Kom Ombo) were measured during
operation seasons (December–May). Measurements were performed using portable stack gas
analyzers (Shimadzu) division Kyoto, Japan: (1)
Shimadzu NOX analyzer, model NOA-7000;
(2) Shimadzu SOX analyzer, model SOA-7000; and
(3) Shimadzu CO analyzer, model CGT-7000. Measurements were performed during January–April
2017. Several samples were measured from SCF
stacks during the seasons, then the average concentrations for this period were computed (table 2).
The principle of Shimadzu SOX and CO analyzer
measurements is to irradiate with infrared light gas
molecules SO2, CO, CO2, CH4, and others. This
process leads to shifts in vibrational and rotational
kinetic energy levels for each gas (speciBc wavelength of IR), following the Beer–Lambert law:
I2 ¼ I1 eeðkÞ Cl
where I2 is the intensity of transmitted light, I1 is
the intensity of incident light, e(k) is a coefBcient
determined by factors such as wavelength and type
of gas, C is the gas concentration, and l is the
length of the measurement cell.
In addition, the principle measurement of Shimadzu NOX analyzer is a chemiluminescent technique involving NO and ozone (O3). Exhaust gas
from combustion equipment contains nitrogen
oxide (NO) and nitrogen dioxide (NO2), which
together are referred to as NOX. NO is the predominate component of NOX, while the NO2 content is only a few percent. In the NOA-7000, NO2 is
converted to NO, measured, then expressed as
nitrogen oxides.
The instruments have been calibrated by using a
multi-gas dilution system (serial no.: 3809)
according to EPA methods and traceable to SI
units (EPA-454/B-13-003). The calibration procedures were performed using the standard gases,
zero gas (N2 cylinder), and span gas (standard gas).
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The concentration levels used for the calibration
of analyzers of CO, NO and SO2 cylinders are 3953,
2952, and 1800 ppm, respectively. While the linearity of SO2 analyzer is ± 1.0%, it is ± 2% for CO
and NOX analyzers. Moreover, the measurement
range of CO, NOX and SO2 analyzers are 0–5000,
0–4000, and 0–3000 ppm, respectively.
The data were processed and statistically
visualized in diagrams. In addition, the dispersion
simulation was carried out using the Ministry of
Economic, Trade, and Industry Low-Rise Industrial
Source dispersion model (METI-LIS), software version 2.03, to delineate potential areas of pollutants
emitted from the SCF stacks. The simulation of CO
dispersions was modeled using the METI-LIS program (Kouchi et al. 2004). The METI-LIS is a software program developed originally by the Japan
Ministry of Economy, Trade, and Industry Low Rise
Industrial Source dispersion model (METI 2006).
The METI-LIS model software is an advanced
Gaussian dispersion model that calculates concentrations in steps of one hour or less to simulate how
air pollutants disperse in the ambient atmosphere
from different sources (e.g., point and line), as well as
the eAects of terrain and building downwash. The
model takes into account dry and wet depositions and
includes mechanisms for determining the eAects of
terrain and buildings on plume dispersion. The estimation method selected in this study was for point
source, the dispersion models require the following
input data: objective substance (name and molecular
weight of chemical substance); operation pattern
data (short-term 24 hrs full operation or long-term);
meteorological data (wind speed, wind direction,
temperature, solar radiation and atmosphere stability class required); height and location of point source
discharge (m); and volume Cow rate. The process of
the METI-LIS model can be conducted using a dispersion equation (equation 1) to calculate the
transport and concentration of pollutants from a
point source (plants) (Sutton 1932, 1947), as follows:
"
 2 #
QV
y
 exp 0:5
ð1Þ
C ðx; y; zÞ ¼
2pus ry rz
ry
where C is the concentration in x, y, and z directions (g/m3: ppb, ppm, or other units); x is the
downwind distance from the emission source (m);
y is the crosswind distance from the emission plume
centerline (m); z is the distance above the ground
level (m); Q is the pollutant emission rate (g/s);
V represents the atmospheric distribution of
the Gaussian plume in the vertical direction
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Table 2. Gaseous emissions from combustion of bagasse and natural gas in boilers of sugarcane factories in southern Egypt.
Kom
Ombo

Sampling period

Nagaa
Hamadi

Armant

Bagasse (mg /Nm3)

Fuel type
CO
January 2017
February 2017
March 2017
April 2017
Average
Permissible limits as per Egyptian
environmental law
SO2
January 2017
February 2017
March 2017
April 2017
Average
Permissible limits as per Egyptian
environmental law
NOX
January 2017
February 2017
March 2017
April 2017
Average
Permissible limits as per Egyptian
environmental law

2518
2424
2200
4981
3030

1
7.2
0
2
2.5
100 mg/Nm3

15
21
30
36
25.5

2390
1207
1973
4156
2431.5

1383
1839
2283
1500
1751.2
250 mg/Nm3

Idfu
Bagasse + gas
(mg /Nm3)

Dishna

Qus

Natural gas
(mg /Nm3)

1025
670
240
285
555

220
303
90
373
246.5
100 mg/Nm3

64
220
303
90
169.2

10
5
1
5
5.2
150 mg/Nm3

5
1
5
1
3

60
78
57
121
79.2

78
60
121
57
79

35
56
5
15
26.5

21
33
2.8
1
14.4

5
6
2
4
4.2

100
18
43
15
44

36
65
9
44
38.5

59
270
234
36
149.7
500 mg/Nm3

(equation 2); us is the wind speed at release height
(m/s); and ry and rz are dispersion parameters in
the lateral and vertical directions (m).
The dispersion parameters ry and rz are used
in equation (1), which can be estimated from
Pasquilll–Gifford curves (equations 2, 4, and 5).
The values for dispersion coefBcients (a, b, c, and d)
are available in the technical manual of the METILIS model (Turner 1967, 1994).
ry ¼ 465:11628ðXÞ tanðTH Þ

ð2Þ

where X is the downwind distance (m)

4. Results and discussion

TH ¼ 0:017453293½c  dðlnðxÞÞ

ð3Þ

rz ¼ ax

ð4Þ

b

where zr is the elevation of calculation point (m);
and he is the eAective plume-rise height (m).
USEPA methods 1, 2, 3, and 4 were used to
determine the dry volumetric emission rate from
the stacks of sugarcane factories.
The meteorological data that input to the
METI-LIS model were collected from the Aswan
meteorological station located in Aswan Airport.
The average temperatures of February and March
were 16 and 18°C, respectively.

where a, b, c, and d are the dispersion coefBcients.
"

#
Zr  h e 2
V ¼ exp 0:5
rz
"

#
Zr  he 2
þ exp 0:5
ð5Þ
rz

The studied sugarcane factories are located in the
inhabited regions along the narrow cultivated Nile
Valley of Egypt (see Bgure 1). Average stack concentrations of CO, SO2, and NOX for different
kinds of fuel utilized by SCFs during the study
periodare listed in table 2. In addition to gas
emission, the discharge of dust and Cy ash was
clearly observed in the studied SCFs, such as Kom
Ombo, Armant, and Idfu (Bgure 3). Kom Ombo
and Armant factories that use bagasse discharge a
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high amount of ash Cy rather than Idfu, which uses
bagasse and natural gas.
4.1 CO emissions
The measured CO emission values for the studied
SCFs are higher than the permissible limits of
Egyptian environmental law. Comparing the CO
emissions and kind of used combustion fuels in
SCFs revealed that the highest value (3030 mg/
Nm3) of CO recorded in the Kom Ombo sugar
factory used bagasse (Bgure 2a, c). However, the
lowest value (169.2 mg/Nm3) detected in the Qus
sugar factory used natural gas (Bgure 3). Noteworthy, the higher levels of emission were recorded
in factories that burn bagasse as fuel for sugarcane
boilers. However, adding natural gas fuel to
bagasse reduces the CO emission gas during the
burning process, such as the Idfu factory, which
used natural gas mixed with bagasse as fuel. Factories such as Dishna and Qus recorded the lowest
levels of exhaust from sugarcane factories, as they
are using natural gas. Noteworthily, the fuel
types and kinds of boiler Bring practices used lead
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to imperfect burning and represent the most
important causes of high CO levels (Purohit and
Michaelowa 2007; Zimwara et al. 2013). High levels
of CO emissions in sugarcane factories are mostly
due to the imperfect burning of bagasse, which has
a high humidity content between 45 and 55% by
mass, and dense feeding of bagasse, which hinders
the burning (Agarwal and Sharma 2006; Janghathaikul and Gheewala 2006). The reason behind
the high levels of CO when using bagasse as a fuel
is its higher water content. Another reason is that
sugarcane factories use old boilers (horseshoe and
fuel cell boilers). Moreover, these boilers are
worked by a manual combustion system, which
causes the uncontrolled quantity of bagasse fuel
and air entering the boilers. This leads to the
decreased eAectiveness of combustion, and thus an
increase of CO emission gas (Shalaby et al. 2017;
US Environmental Protection Agency 1982).
During the combustion of bagasse, it is difBcult to
spread sufBcient air through the fuel bed that causes
incomplete combustion. This leads to a decrease in the
burning eDciency and results in more than 30% of
bagasse not burning, needing to be disposed (Jenkins

Figure 2. Field photographs displaying the plume that emitted from sugarcane factories stacks; In: Southern Egypt during
operating months of 2017; (a, c) Kom Ombo factory, Armant factory; (d) Idfu factory.
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Figure 3. Stack concentration of CO for various SCFs using different kinds of fuel.
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Figure 4. Stack concentration of SO2 for various SCFs using different kinds of fuel.

1966; El Haggar et al. 2014). Sugarcane factories in
southern Egypt, such as the Idfu factory, combine
natural gas and bagasse, which results in lower emissions of CO. This is because fossil fuels (natural gas)
normally have less humidity content and eDciency can
be higher during the combustion process (Janghathaikul and Gheewala 2005, 2006) and minimizes
CO emissions and discharged ash Cy particulates.
Stringent regulations need to be implemented to
control the emissions of CO as well as other pollutants.
When it enters the environment, it stays in the
atmosphere for about 2 months (Seinfeld and Pandis
2006). Air pollution by CO exacerbates the symptoms
of asthma and allergic rhinitis in students 6–7 years in
Spain (Arnedo-Pena et al. 2009). Increased levels of
CO in the ambient air cause harmful impacts for
pregnancy, because being subject to high levels of CO

promotes hypo-oxygenation, which then may increase
the risk of cord and fetal abnormalities (Ziaei et al.
2005).

4.2 SO2 emissions
The higher value of 26.5 mg/Nm3 of SO2 was detected
in Nagaa Hamadi, while the lower value of 2.5 mg/
Nm3 was recorded in Kom Ombo. The obtained SO2
values are within permissible limits of Egyptian
environmental law (table 2). The SO2 emissions correlated with the kind of fuel combustion in sugarcane
factories (Bgure 4). In this case, the bagasse is normally combined with heavy oil during the start-up
Bring to improve the burning eAectiveness. Such a
process releases high levels of SO2 into the air.
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Figure 5. Stack concentration of NOx for various SCFs using different kinds of fuel.

Figure 6. Aster bands 3, 2, 1 in R, G, and B showing that Kom Ombo Scf is located in a residential area marked by bluish grey
colour the red colour belongs to vegetated areas, and the black colour is consistent with water bodies.

Auxiliary fuels (heavy oil or natural gas) can be used
through turning on the boiler or when bagasse has a
high content of humidity to improve burning eDciency. If oil fuel is used during these periods, the

emissions of SO2 will increase (El Haggar et al. 2014;
US Environmental Protection Agency 1982). Since
bagasse has lower sulfur content, lower SO2 emission
is seen in the case of Kom Ombo SCF (Janghathaikul
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and Gheewala 2005; Ren et al. 2017). In the case of
using natural gas, the recorded SO2 emissions came in
low concentrations (Bgure 4).

Figure 7. The wind direction and prevailing speed at Kom
Ombo City, based on aswan Meteorological Station (2017).

4.3 NOX emissions
The recorded NOX emissions from the SCFs are
within permissible limits of Egyptian environmental law. The high value of 149.7 mg/Nm3 of
NOX was recorded in Idfu SCF, while the lower
value of 25.5 mg/Nm3 was detected in Kom
Ombo SCF. NOX emissions are clearly connected
to the kinds of fuels indicated in Bgure 5. This
Bgure indicates high levels of NOX emissions
detected as a result of the co-burning of bagasse
and natural gas as fuels for sugarcane boilers.
Furthermore, in the reactions of Bring air and
nitrogen content of natural gas, less NOX is
formed (US Environmental Protection Agency
1987). In factories that use bagasse only, the NOX
emissions are lower than that formed from conventional fossil fuels (Janghathaikul and Gheewala 2006; Kazanc et al. 2011), because of the low
nitrogen content of bagasse and lower burning
temperature.

Figure 8. Distribution of the average concentration of Co in 24-hr for Kom Ombo sugarcane plant in February 2017, when the
wind direction was northerly. The symbol of orange circle represents the point source, and the blue square is the building; the star
symbol refers to the measurement location in the ambient air at about 9 ppmv.
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Figure 9. Model simulated distribution of the average concentration of CO in 24-hr for Kom Ombo sugarcane plant in March
2017, when the wind direction was north-easterly. The orange colour circle represents the point source, and the blue square is the
building.

4.4 Dispersion model for Kom Ombo SCF
Kom Ombo SCF is situated in Kom Ombo city,
Aswan governorate as seen in Advanced
Spaceborne Thermal Emission and ReCection
(ASTER) data. In this image, the residential
area appears in bluish-gray colour, and water
bodies in black. However, the agricultural areas
appear in red (Bgure 6). The people in the
residential area near Kom Ombo SCF can be
aAected by higher concentrations of CO. Thus,
the METI-LIS model has been utilized to predict areas prone to high CO concentration and
its impact on local air quality. This is to deBne
the area where higher CO concentrations would
occur under the inCuence of stack emissions.
The selected area for the METI-LIS dispersion
simulation of CO in Kom Ombo city is about
1 km 9 1 km for a short-term (24-hr), which
involves the point source of emission (chimney).
According to a daily report of early warning
management in Egyptian Environmental Affairs

Agency (EEAA), the weather factors during
February and March (2017) in Kom Ombo city
helped to concentrate pollutants, especially during
the night, due to poor ventilation. Therefore,
METI-LIS dispersion simulation of CO emissions is
being done throughout this period. The essential
data used by the METI-LIS model in the present
study are wind-direction and speed, height of the
chimney, and rate of emission. The detected wind
direction in February and March 2017 is north and
north–northeast, and the wind-speed for N and NE
are 3.1 and 2.6 m/s, respectively (Bgure 7). The
measured stack height of Kom Ombo sugarcane
factory (point source) is about 45 m. Moreover,
the present study revealed that the measured
volumetric Cow rate of stack in Kom Ombo factory
is about 38106 m3/min, but the emission rate for
CO pollutants from bagasse fuel in Kom Ombo
factory calculates as follows; emission rate =
38106 m3/min 9 2424 mg/Nm3 9 60 min/hr/106 =
5542 kg/hr.
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Figures 8 and 9 explain the dispersion of average
CO concentration within 24-hr (February–March)
around Kom Ombo sugarcane factory, as calculated by METI-LIS model. The symbol of orange
circle (24°280 56.3800 N; 32°560 3300 E) represents the
source point of gaseous emission from Kom Ombo
SCF.
Average CO concentration during the 24-hr
around the area of SCF of Kom Ombo in February
and March (2017) range from 0.05 to [ 10 ppmv.
The expected average maximum concentration of
CO in February is 13.5 ppmv, at a distance of
390 m downwind from the source point inside the
zone of red colour. However, the average minimum
concentration is 0.05 ppmv at a distance of 73 m
from the source inside the zone of blue colour
(Bgure 8). In March, the average maximum concentration of CO is 13.3 ppmv at a distance of
650 m downwind from the point source inside the
red zone, as well as an average minimum concentration of 0.05 ppmv near the source point
(Bgure 9). Noteworthily, the average maximum
concentration of CO is high in February, due to
weather factors and poor ventilation. Based on the
results described above, the average maximum
concentration of CO * 13 ppmv relatively exceeded permissible limits of Egyptian environmental
law (10 mg/m3 averaged over 8 hrs). The daily
dispersion plume of CO emission calculated by
METI-LIS model proved that people living in areas
close to the Kom Ombo SCF, especially the areas
located south and west (red colour zone) of the
plant in downwind, are exposed to high concentrations of CO compared to the rest of the citizens.
According to personal communications of Chest
Hospital in Kom Ombo city, many people living in
the vicinity of the Kom Ombo SCF suffer from respiratory diseases, as people exposed to CO concentrations of 13.5 ppmv in ambient air lead to
cognitive eAects (altered time discrimination,
learning, attention level, and driving performance),
brain electrical activity, and neuro-behavioral/
cognitive changes (WHO 1999) and EPA
(2000, 2009). El Edessy et al. (2012) evaluated the
eAects of ambient air pollution by CO and PM10 in
the Kom Ombo region of Aswan governorate. Six
hundred pregnant women were categorized into two
groups. The Brst group (patient group) consisted of
300 women residing in the zone of high risk area, and
the second group (control group) contained 300
women settled in the non-polluted area. The results
showed that people belonging to the Brst group were
in danger of developing anemia, chest diseases,

urinary tract infections, premature rupture of
membranes, pregnancy-induced hypertension, and
pre-term labor compared to the second group.

5. Conclusions
In this article, six sugarcane factories (SCFs) were
studied in southern Egypt to assess air pollution
caused by gaseous emissions (CO, SO2 and NOX),
along with the release of soot and dust, and Cy ash
from the boiler stacks into the atmosphere during
steam generation. Several samples of CO, SO2, and
NOX were measured from SCF stacks during the
operation season (January–April). The studied factories used various kinds of fuel, including bagasse,
natural gas, and a mixture of them. The results
showed the utilization of bagasse fuel in sugarcane
factories emitted higher levels of CO emissions (e.g.,
Kom Ombo SCF; 3030 mg/Nm3) than those using
baggase + gas (Idfu; 555 mg/Nm3) and natural gas
only (Qus; 169.2 mg/Nm3). The use of old technologic components of boilers in the studied sugarcane
factories led to the imperfect burning of bagasse fuel.
Although bagasse has low sulfur and nitrogen content, adding heavy oil or natural gas has improved
the burning eDciency and minimized CO emissions,
but relatively elevated NOX (e.g., Idfu factory
(149.7 mg/Nm3)). In addition to estimating gaseous
emissions, the distribution of the CO in the ambient
air in residential areas was predicted using the
METI-LIS model. The simulated mode showed the
average maximum ambient concentrations of CO
during the 24-hr at a distance of 390 m and 650 m
from Kom Ombo SCF plant in residential areas
during February and March (2017) are higher
([ 13 ppmv) than permissible limits of Egyptian
environmental law. Based on the results of the
model, we suggest many ways to reduce the emissions of CO such as (a) moving the residential areas
about 1 km from Kom Ombo SCF, particularly to
the south and west; (b) utilizing natural gas instead
of bagasse; (c) operating automatic networks for
continuous monitoring CO emission in the ambient
air of the residential areas; (d) Egyptian Environmental Affairs should ensure that the SCFs meet the
regulations of Egyptian Environmental law.
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