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ABSTRACT 

 
        The aim of this search was to investigate the concentrations of pollutants that emitted to air of the Al-Basrah city through the 

production process of electrical power by electrical power stations and household electricity generators. Electrical power plant in Al-Basrah 

city consumed a large amount of fuel for producing the electricity because of large number of people living in this city (Basra's population 
is about three and a quarter million people). A study state box model used to explain the distribution of concentrations of pollutants and the 

rates of emissions of pollutants from the city. The pollutants that included in this study were sulfur dioxide, carbon monoxide, and nitrogen 
oxides, hydrocarbons, and particulates. The results show a high accuracy between the measured concentrations of pollutants by using 

portable measuring device and the calculated concentrations (theoretically) by the study state box model for all pollutants. The average 

accuracy up to 92%, 91%, 94%, and 94% for carbon monoxide, sulfur dioxide, nitrogen oxides, and particulates respectively. The results 
show that when the average velocities increase the pollutants concentrations decrease. The results show that the major source of 

hydrocarbon was the power plant for ministry of electricity by about 70% from the total pollutants that used different types of fuel, 

followed by pilot emergency generator, and then followed household electricity generators. 
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INTRODUCTION 
 

 Air pollution occurs when the air contains gases, 

dust, fumes or odor in harmful amounts. That is, 

amounts which could be harmful to the health or 

comfort of humans and animals or which could cause 

damage to plants and materials. The substances that 

cause air pollution are called pollutants. Pollutants 

that are pumped into our atmosphere and directly 

pollute the air are called primary pollutants. Primary 

pollutant examples include carbon monoxide from car 

exhausts and sulfur dioxide from the combustion of 

coal.  Further pollution can arise if primary pollutants 

in the atmosphere undergo chemical reactions. The 

resulting compounds are called secondary pollutants. 

Photochemical smog is an example of this [1,2]. 

Fossil fuel power stations have rotating machinery to 

convert the heat energy of combustion mechanical 

energy which then operates electrical generators. The 

prime mover may be a steam turbine a gas turbine or, 

in small plants, a reciprocating internal combustion 

engine. All plants use the energy extracted from 

expanding gas - steam or combustion gases [3,4].  

 Human activity, however, are major source of 

pollutants. It includes emissions from automobiles, 

burning of fossil fuels, power plants, burning of wood 

and fireplaces, chemicals, fume from paint and 

aerosol, military uses and waste deposits [5]. Thermal 

power plants are major sources of particulates, SO2 

and NOx. Depending upon the type of fuel used 

emission of one or more of these pollutants may be of 

environmental significance. A large amount of 

particulates as fly ash is emitted from coal fired 

plants, particularly if the ash content of coal is high 

and a fly ash removal unit,  such as, an electrostatic 

precipitation (ESP) is not used[5,6]. 

 Air pollution are estimated to be responsible for 

3.1 million premature deaths world-wide every year 

and 3.2% of the global burden of disease. More than 

half of the health burden from air pollution is borne 

by people in developing countries. Air pollution links 

to asthma, bronchitis, emphysema, lung and heart 

diseases, and respiratory allergies due to mainly 
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indoor air pollution (The World Health Organization 

estimates that 4.6 million people die each year from 

causes directly attributable to air pollution)[7,8].  

 Air pollution models are classified according to 

type, downwind distance, and mathematical approach. 

The mathematical approach divided into many types 

which are statistical models, direct numerical 

solution. The objective of the present work is to 

simulate the air pollution caused by (CO, NOx, SO2, 

HC, and particulates) using the study state  box model 

which assume that pollutant concentrations are 

uniform throughout a prescribed region(its suitable if 

the source of pollutants was area source like in Al-

Basrah city were the power plant generators and 

emergency generators distributed over the whole area 

of city[9,10]. 

 Sulfur dioxide (SO2) is one of a group of highly 

reactive gasses known as “oxides of sulfur.”  The 

largest sources of SO2 emissions are from fossil fuel 

combustion at power plants (73%) and other 

industrial facilities (20%).  Smaller sources of SO2 

emissions include industrial processes such as 

extracting metal from ore, and the burning of high 

sulfur containing fuels by locomotives, large ships, 

and non-road equipment.  SO2 is linked with a 

number of adverse effects on the respiratory system.
 

[11,12]. 

 Nitrogen oxides (NOx) consist of nitric oxide 

(NO), nitrogen dioxide (NO2) and nitrous oxide (N2O) 

and are formed when nitrogen (N2) combines with 

oxygen (O2). Their life spans in the atmosphere range 

from one to seven days for nitric oxide and nitrogen 

dioxide, to 170 years for nitrous oxide. Nitric oxide 

has no color, odor, or taste and is non-toxic. In the air 

it is rapidly oxidized to nitrogen dioxide. Nitrogen 

oxides occur naturally and also are produced by man's 

activities. In nature, they are a result of bacterial 

processes, biological growth and decay, lightning, and 

forest and grassland fires. The primary source of man-

made nitrogen oxides is from the burning of fossil 

fuels[12,13]. 

 Carbon monoxide (CO) is a colorless, odorless, 

and tasteless gas that is slightly less dense than air. It 

is toxic to humans and animals when encountered in 

higher concentrations, the largest source of CO today 

is motor vehicles and power stations although; it is 

also produced in normal animal metabolism in low 

quantities, it is spatially variable and short lived, 

having a role in the formation of ground-level 

ozone[14].  

 

2. Modeling and Area of Study: 

 The box model in this research considers the area 

that pollutants emitted from them take the shape of 

rectangular city as shown in figure (1). To compute 

the air pollutant concentration a material balance was 

made according to equation (1) in this city on each 

pollutant. 

 

         (1) 

 

 
Fig. 1: Rectangular city, showing meaning of symbols used in Box model. 

 

Assumptions  of  steady state fixed model  were as 

follow; 

1.  The Al-Basrah city was rectangle in dimensions 

and one of its sides is parallel to the wind direction. 

2. The wind blows in the x-direction with a velocity 

u, which is constant and independent of time, 

location, and elevation. 

3. Atmospheric turbulence produced complete mixing 

of pollutants up to a height and no mixing above this 

height.  
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4. The pollutant concentration is uniform in the whole 

volume of air over the city (concentrations at the 

upwind and downwind edges of the city are the 

same). 

5. The goal is to compute the air pollutant 

concentration in this city using the general material 

balance equation. 

6.  The air pollutant emission rate of the city is Q 

(g/s).  The emission rate per unit area is shown in 

equation (2).  A is the area of the city (W x L).  This 

emission rate is assumed constant. 

q = Q/A (g/s.m
2
)              (2) 

7.  There are no pollutant leaves or enters through the 

top of the box, or through the sides that are parallel to 

the wind direction.  

   

 
 

Fig. 2: The steady state Box model was fixed on a map of Al Basrah city (Google earth). 

 

8.  The accumulation rate equal zero (no change  with 

time), and no destruction rate. Let  CB equal  the  

concentration  of  pollutant in the Al-Basrah city  

The rate of pollutant in = uHWb            (3)  

The rate of pollutant out = uHWCB            (4) 

By substituted eq. (2), eq. (3), and eq. (4) in eq. (1) 

and using the assumptions above we get 

By re-arranging eq.(5) ,we get eq. (6) 

              (5) 

Equation (6) was used for each chemical pollutant as 

showing in equations listing from eq. (7) to eq. (11). 

C SO2 = b SO2 + ((q SO2 L)/ (uH))               (6) 

C particulates = b particulates + ((q particulates *L)/ (u*H))     (7)     

C NOX = b NOX + ((q NOX L)/ (uH))                (8) 

C CO = b CO + ((q CO L)/ (uH))                (9) 

 In figure (2), the steady state Box model were 

fixed on a map of  Al Basrah city (Google earth). 

 

3. Experimental Work and Calculation: 

 Table (1) shows the average amount fuel 

consumed to generate electrical power for Al-Basrah 

city by the units m
3
/day, these informations were 

taken from the ministry of electricity and the ministry 

of oil in Iraq, besides other inforamtion concerning 

fuel  density. The map of Al-Basrah is gotten from a 

google earth program, the length (L) and width (W) 

of the study area were 849000 m and 1320000 m 

respectively, so the area of the study area is equal to 

1120680000000m
2
. 

 The measurments of pollutants concentrations 

shown in table (2), were made using an air pollutant 

metering device called Lacom (portable flue gas 

monitoring device). From table (1), one can estimate  

the annual weight amount of fuel consumption for 

each type by mathematics, for example, fuel type one 

(in row one) is calculated by multiplying density of 

the fuel by the daily consumption then multiplying 

the result by 360 day, and deviding by 1000 to 

convert from kg to ton. 
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Table 1: The amount of consumed fuel for production of electrical power in Al-Basrah city. 

Amount of fuel (m3/day) Type of power plant Fuel No. 

1450 Electrical power Plant for ministry of electricity Heavy oil1 1 

7342 Electrical power Plant for ministry of electricity Heavy oil2 2 

350 Electrical power Plant for ministry of electricity Light oil1 3 

683 Electrical power Plant for ministry of electricity Light oil2 4 

720 household electricity generators Light oil3 5 

510 Mini-emergency generator  6 

 

Results and Discussion 

 

 The average pollutants concentartions at the 

upwind stream of Al-Basrah city (according to the 

prevailing main air direction) were measured. The 

device measuring the concentrations of air pollutants 

is called Lacom. Table (2) shows the concentration of 

carbon monoxide CO, nitrogen oxides, NOx, sulfur 

dioxide SO2, and particulate matter at different times 

of the year.  

 Figure (3), shows that the high percentage of 

particulate matter emitting in Al-Basrah city was from 

two major  types of fuel, the first is the heavy oil (fuel 

oil) and its contribution percentage reaches about 

69% from the total amount of particulates emitting in 

this city, while the Gasoline oil percentage reaches 

about 21% of the total amount of particulates, this is 

because fuel oil was made of long hydrocarbon 

chains, particularly alkanes and aromatics. From these 

results and the other data related with Al-Basrah city 

in the steady state box model, we could estimate the 

total amounts of pollutants emitted in Al-Basrah city. 

 

 
 

Fig. 3: The effect of the type of fuel on the amount of particulate emitting from Al-Basrah city. 

 

 The major source of emitting pollutants was the 

electrical power stations belong to the ministry of 

electricity that used the heavy fuel oil, followed by 

the household electricity generators that used 

Gasoline, then followed by the Diesel fuel used for 

producing electric power (which was used in 

electrical plants of the ministry and in generators of 

state of government, and household electricity 

generators). 

 The small amounts of emitting particulates was 

from Light oil (Dry gas), because of this reason dry 

gas can be called the clean fuel, and this amounts just 

to about 40 ton/year.       

 Figure (4, and 5)  show  that,  the  major  source  

of  sulfur  dioxide  and  hydrocarbons  was the 

electrical power plant of the ministry of electricity 

that used different types of fuel, followed by 

generators of the state of government and emergency 

generators.  The results indicate that the fuel type dry 

gas (light oil) gives the smallest amounts of Sulfur 

dioxide by about less than 2 percent of the total 

amounts of the pollutant (SO2) that emitting to the air, 

and less than 2.5 percent for the total amounts of 

pollutant HC, that emitting to the air.  

 Figure (6), shows that the high percentage of 

carbon mono oxide  emitting from Al-Basrah city was 

from the heavy oil (fuel oil) and this percentage 

reaches about 60 % from the total amount of carbon 

monoxide emitting from this city this is because Fuel 

oil contain a large amounts of carbon. 

 In table (3) one can see the average 

concentrations values of gases that were measured, 

and the values calculated using the model, this  model 

gives a high accuracy (low error) of convergence 

between the measured concentrations values by 

portable measuring device, and the calculated 

http://en.wikipedia.org/wiki/Hydrocarbon
http://en.wikipedia.org/wiki/Alkane
http://en.wikipedia.org/wiki/Aromatic
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concentrations by the model for all pollutants. The 

average accuracy is up to 92%, 91%, 94%, and 94% 

for carbon monoxide, sulfur dioxide, nitrogen oxides, 

and, sulfur dioxide, nitrogen oxides, and particulates 

respectively. The results show that when the 

velocities increase the pollutant concentrations 

decrease, this is occurring because the dilution of 

pollutants increases with increase velocity. 

 

 
Fig. 4: The effect of the type of fuel on the amount of Sulpher dioxide emitting from Al-Basrah city. 

 

 
Fig. 5: The effect of the type of fuel on the amount of HC. emitting from Al-Basrah city. 

 
Fig. 6: The effect of the type of fuel on the amount of Carbon monoxide emitting from Al-Basrah city. 
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Table 2: The measured concentrations of gases (before entering Al-Basrah city). 

Pollutants concentrations (µg/m3) Average 

Velocity 

(m/s) 
Date of  Tests CO2 SO2 NOx Parti- 

culates 

January-2012 0.41 0.17 0.03 5.2 3.3 

February 0.37 0.16 0.04 5.4 3.1 

March 0.55 0.19 0.03 5.5 3.2 

April 0.47 0.19 0.04 5.7 4.2 

May 0.59 0.17 0.04 5.1 3.5 

June 0.54 0.18 0.03 5.7 3.7 

July 0.59 0.19 0.03 5.5 4.1 

August 0.49 0.19 0.03 5.5 5.1 

September 0.51 0.17 0.04 5.4 2.9 

October 0.52 0.17 0.03 5.4 2.9 

November 0.57 0.18 0.03 6.4 2.5 

December 0.51 0.16 0.04 6.1 2.4 

 

 The results in table (3) that the amount of 

pollutants emission from Al-Basrah city were not 

changes with the times of year of year. 

 

5. Symbols: 

A:  area of Al-Basrah City (m
2
) 

b:  concentration of the pollutant in the air entering 

the city (µg/m
3
). 

CB:  concentration of the pollutant in the Al-Basrah 

city (µg/m
3
). 

H:  height of the space over Al-Basrah city where the 

concentrations of the pollutants are uniform (m). 

L:  length parallel to the main wind direction of Al-

Basrah city (m). 

Q:  emission rate (g/s). 

q:  emission rate of pollutant per unit area (g/s.m
2
). 

W:  cross length of Al-Basrah city which is across to 

the main wind direction (m). 

u:    velocity of air (m/s). 

 
Table 3: The average concentrations of gases measured and calculated by Box Model (Al-Basrah city). 

Pollutants concenration (µg/m3) 

Data of test CO2 
Mea. 

CO2 
Cal. 

SO2 
Mea. 

SO2 
Cal. 

NOx 
Mea. 

NOx 
Cal. 

Particulates 
Mea. 

Particulates 
Cal. 

Average 
velociy 

(m/s) 

January-2012 3.2 3.1 20 19.2 42 45.2 11 12.1 3.3 

Febraury 2.9 2.8 19 18.1 40 43.5 10.6 11.1 3.1 

March 2.8 2.9 13 14.1 39 38.6 10.1 11.6 3.2 

April 2.7 2.8 15 16 35 38.8 9.3 9.8 4.2 

May 3 2.9 20 20.9 32 34.6 9.7 9.8 3.5 

June 2.1 2.6 14 13.5 33 31.4 8.8 9.1 3.7 

July 2.6 2.6 12 13 27 29.0 9 9.5 4.1 

August 2.5 2.7 15 14.5 32 34.0 9.6 9.5 5.1 

September 1.8 2 14 16.1 30 39.5 7.6 7.9 2.9 

October 2 2.2 18 17.9 43 44.2 8.3 8.3 2.9 

November 2.1 2.3 16 17.9 40 44.2 8.1 9.3 2.5 

December 2.3 2.2 18 18.7 47 46.2 8.2 9.4 2.4 
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