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ABSTRACT 

 

Particulate dispersions from industrial stacks are 

referred to as pollutants - chemical components that 

portend threats to life forms. Based on research work 

around a known cement factory, the model described in 

this paper is a holistic analysis of dispersion and 

deposition of radionuclide and non-radionuclide 

particulates. A virtual mathematical experimentation 

laboratory was used to simulate different possibilities in 

this indigenous model. The 3D model showed a good 

level of accuracy by determining  field values of air-

deposited pollutants. The highest chemical transform-

ation and air transport path was seen in the mild 

diffusion region. The radionuclide dispersion from the 

cement factory could be controlled by building very 

high wind breakers 50m to 500m along the horizontal 

location of the factory. 

 

Keywords: radionuclide, mild diffussion, dispersion, 

modelling, deposition, plume shift 

 

 

1. INTRODUCTION 

 

Predictions of the volume of  harmful substances in the 

atmosphere, especially from industrial sites are 

precautionary in the long run. Average estimates of the 

channel of waste (air) disposal from industries are 

mainly from low or high stacks that are placed either 

horizontally at certain heights or vertically within a 

specified height. Predicting the holistic impact of 
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pollution from all industrial anthropogenic sources is 

more than an up-hill task. For detailed discussion, we 

narrow-down the industrial anthropogenic sources to the 

cement factory. However, from the basic knowledge of 

pollution dispersion, pollution from stacks positioned 

horizontally are localized in its immediate environment 

but stacks positioned at a specified height have dual 

impact on both its immediate and distant environs 

depending on the height of the stack and the rate of 

pollutants released into the atmosphere. A cement 

factory is a typical example of industrial anthropogenic 

sources that adopts the vertically-positioned stack.  

Due to the present awareness on the dangers of 

pollution to life forms, many cement factories have 

employed various preventive measures, e.g. construct-

ing a very high stack among other precautionary 

measures. In effect, the rate of air pollution has greatly 

been reduced though more can be done.  

Dispersion of air pollution in and around any 

cement factory depends on various factors, including the 

height of the stack, weather conditions, topography, and 

air upthrust. Theoretically, the concentration of 

contaminants in the environment is determined basically 

by four processes, namely advection, diffusion, ground 

deposition and chemical transformation [1-4]. These 

processes are the working principles behind different 

pollution models, e.g. the dispersion model, the photo-

chemical model, the particle model, the odor model and 

the remote sensing dispersion model.   

From the research of Olukorede et al. [5] and 

Gbadebo et al. [6], some of the particulates from the 

stack of a cement factory contain gaseous radionuclides, 

which can be inferred from minute deposition of 

radionuclides within its environs. According to Jibiri et 

al. [7], the concentration of 
238

U around a cement fac-

tory was estimated at 1.76 MeV, 
232

Th was estimated at 

2.615 MeV and gamma energies were set at 1.465 MeV.  

Past research has captured different models of 

radionuclide deposition [8,9]. 

In this paper, wind field dynamics was introduced 

to determine the direction of both the dispersion and 

deposition of particulates at a given time. A mild 

diffusion region was also incorporated into the model, 

which is different from the turbulent diffusion 

introduced by Roberts [10] to account for other 

chemical transformations and transport. Accidental 

radioactive discharge of material have been proven to 

produce dispersion plumes [11]. 

 

 

 

 



 

 

 

Emetere ME, Annals of Environmental Science / 2013, Vol 7, 71-77 

www.aes.northeastern.edu, ISSN 1939-2621 72

2. LITERATURE REVIEW 

 

Our work is based on a theoretical model that has been 

applied to existing experimental data from the most 

famous cement factory in Nigeria (Portland Cement in 

Ewekoro). The experimental work carried in the study 

area includes a) investigating the health and 

environmental effects of the Ewekoro cement industry 

on the surrounding settlement of Ewekoro, in Ogun 

State [12]; b) examining the effect of cement dust on the 

photosynthetic apparatus of few cash crops e.g 

Chromolaena odorata and Manihot esculenta [13]; c) 

analyzing the chemical and physico-chemical 

parameters of ground water samples from wells around 

the Ewekoro cement factory [14]; d) estimating the con-

centrations of radionuclides around the environs of the 

cement factory by extracting soil samples [6,15]; and e) 

investigating particulate deposition of cement dust 

within and around the Ewekoro environs [16]. Other 

research work carried out within the cement factory can 

be placed under each category mentioned above. 

 

 

3. MATERIAL AND METHODS 

 

The Ewekoro cement factory is located five km north of 

Ewekoro town (6º55′N3º12′E/6.93
o
N3.21

o
E). It is 

within the tropical rainforest belt of Ogun State in 

southwest Nigeria. The topography of Ewekoro is 

classified as southern upland [6]. It has an area of 594 

km
2
 and a population of 55,156 according to the 2006 

census. The developmental pressure from metropolitan 

Lagos has resulted in mass migration of people to 

neighboring communities like Ewekoro.  

 

 

Figure 1 Map of the cement factory location (Diagram 

sourced from Encarta) 

 

This effect might have changed the population count to 

about 400,000. Ewekoro is well-known for large 

deposits of limestone and shale which made it the host 

of the two cement factory. The location of the cement 

factory is indicated by the red dot on the map shown in 

Figure 1. 

 

4. THEORETICAL DERIVATION 

 

Based on the already completed experimental work in 

the factory study area [13,16], it is scientifically valid to 

agree that the wind speed ranges from 1ms
-1

 and 

0.72ms
-1

 at 10m above the ground during the dry and 

wet seasons respectively[16].  All the assumptions of 

the plume model were observed in the following 

derivation. The additional assumptions made include: 

 

1. Inclusion of the mild diffusion at the downwind 

plane as shown in Figure 3. Therefore, the 

measurement of the eddy diffusivity is between 2 -3 

m
2
/s , though it varies from place to place [17]. 

2. The angle of deviation (α & β) depends on the wind 

convection and it does not exceed these angles. 

Therefore, the cement dust noticed around the stack 

is a result of the cement dust splash from the lower 

turbulent diffusion as shown in Figures 2 and 3. 

3. The presence of air upthrust and air viscosity was 

made negligible because of the influence of the 

ground heat flux [18,19]. 

4. The width of the plume depends on both the wind 

direction and the coefficient of eddy diffusivity. 

5. The duration of radionuclide deposition was 

assumed to be between 10.00 am to 6.00 pm. 

6. The sites where the samples were collected by Jibiri 

et al. [7] were along a straight line. 

7. The radionuclide particulate is uniformly 

distributed along the sampling site. 

 

Recent work had been carried out by the authors 

[20] on the general particulate depositions of pollutants 

around a cement factory. The radionuclide particulate 

deposition was therefore altered to incorporate the doses 

released to the atmosphere. First, the possible plume 

shift of the radionuclide particulate is given as 

 ��� � �����	
���� � �����	���                                                         [1] 

 

where 
 and  are the angular plume shifts due to wind 

and gradient pressure influence on the radionuclide 

particulate. Shift 
 shows the plume apparent movement 

towards the north-west/south-east and  shows the 
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plume apparent movement towards the north-east/south 

west. In a typical plume case, its spread can be 

simultaneously along 
 and , therefore 

 �� � ���cos �
 � ���                                                [2] 

 

Remodeling the Gaussian plume model [21] is the main 

objective of this paper. The pictorial view of particulate 

dispersion in Figures 2 and 3) served as the control 

guide for this model. 

 

 

 
 

Figure 2 Pictorial view of the movement of the 

pollutants from the stack at Ewekoro 

 

Figure 3 expresses the different perspectives upon 

which the advection diffusion equations adopted for this 

model were derived. The mathematical expressions for 

the different positions are mathematically represented 

below.   

 

 
 

Figure 3 Contaminant dispersion pattern in the Ewekoro 

cement factory 

 

Region A-E is the general particulate dispersion analysis 

 � � ���� ; � � � ����; � � �� ����; � � �� ����; �� � �� �� ��    [3] 

 

where  �! � ��! � ��! � ��!  

 

Region F-K is the general particulate diffusion analysis 

 " � ��� #$� ����%;  & � ��� #$� ����% � 0;  ( � ��� #$� ����%;  ) � ��� #$�! ����%;  * � ��� #$�! ����% � 0;  $ � ��� #$�! ����% 

[4] 

 

Region L-O is the general particulate deposition 

analysis 

 , - !./01 .23.4 ; 5 - !.401 .23.4 ; - !.101 .23.4 ; �6 - !.701 .23.4 �            [5] 

 

where �! � �8�! � ��!  and L, M, N, O represent 

different points of cement dust deposition along its 

transmission. � is the wind velocity (m/s), P is the air 

upthrust, C(x,y,z) is the mean concentration of diffusing 

pollutants of diffusing substance at a point (x,y,z) 

[kg/m
3
], Ky, Kx are the eddy diffusivities in the direction 

of the y- and z- axes [m
2
/s] and S is the source/sink term 

[kg/m
3
-s]. 

The assumption is that the rate of emission of 

contaminant from the stack and the wind impact act in 

the same direction. Therefore, the governing equations 

are  ���� � �� ���� 9 �� ���� 9 �� ���� � ��� #$� ����% � ��� #$� ����% ���� #$�! ����% � ��� #$�! ����% 9 : � ;                              [6] 9�� ���� � 9 ��� #$� ����% � ��� #$� ����%                            [7] 
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�� ���� � ��� #$�! ����% 9 ��� #$�! ����%                               [8] 

 

Equation [8] was solved using separation of variables 

i.e. C = X(x)Y(y) in which the initial boundary 

conditions are x = 1, X = 1; y = 1, Y = 1; z = 1, Z =1. 

The first solutions of C by equations 7 and 8 are 

 ��<, >� � 

?! @AB�4C /2D2EC�

F
GH@IJKLMJK4N7DK4DK O� 9 @IJKNMJK4N7DK4DK O�

P
QR  [9] 

 ��S, <, >� �  TM �1�1U2UK.04 exp �S��� � )Y BMU2�  E � )Y ZMUK�  [         

[10] 

 

Equation [9] was also solved using separation of 

variables with varying initial boundary conditions. The 

following expressions emerged 

\ � ].0; ^.2 � _.K; ] � @# 0DKLDK4%/4
; ^ � @B 2D2LD24E/4

 

 

This eventually gave the solutions 

 

��S, <, >� � .0.2.K @# 70DKLDK4%/4@B 72D2LD24E/4                        [11] 

 

��S, <, >� � .`ab �cde�.2.K @# 70DKLDK4%/4@B 72D2LD24E/4
            [12] 

 

��S, <, >� � .`ab�c�.2.K @# 70DKLDK4%/4@B 72D2LD24E/4
                [13] 

 

Hanna et al. [22] defined the following formalism: W
 
is 

the worst case cloud width [m] (usually we assume W = 

0.1x, where x is distance from the source). The value of 

W was substituted in the modeling for either x and y in 

the solutions. From equations [2] and [5], the equation 

relating the two-dimensional height-range movement of 

the particulate radionuclide from the stack of the cement 

factory is given as 

 ( � 3�! f#.2.0.4 % 	gYh�
 � �i                                     [14] 

 

Different deposition points ranging from 0 to 25,000m 

were documented by Jubril et al. [7]. The eddy 

diffusivities were assumed to be Kz = 200m
2
/s, Kz2 

=100m
2
/s, Ky =120m

2
/s and Ky2 = 150m

2
/s. 

 

 

5. RESULTS AND DISCUSSION 

 

The validity of equation 11-13 is confirmed in Table 1. 

The mean particulate concentration at deposition sites 

were in concurrence with the experimental air pollutants 

deposition data reported by Olaleye et al. [16]. The 

large percentage error apparent in the theoretical 

reading may be as a result of the inclusion of domestic 

air pollutants e.g. dust around the sampling points [23].  

 

Table 1 Total Deposited air particles (source: ref [16]) 

 

 Experimental 

Air deposition 

Theoretical 

Air deposition 

% error 

Alaguntan 23.5 23.3 (β = 30) 1.20 

Itori 27.9 25.3 (β = 60) 9.20 

Staff Qtrs 10.4 10.3 (β = 40) 0.97 

Olapeleke 15.8 12.8 (β = 5) 19.5 

Wasinmi 5.3 5.9 (β = 0) 10.2 

 

Based on the validity of the model (as seen in Table 

1), radionuclide particulate deposition analysis was 

investigated as shown in Figure 4. The range of the 

radionuclide particulate deposition was proportional to 

the variation of the angular plume shift, which was 

analyzed within 
 = 0
o 

to 60
o 

and  = 0
o 

to 45
o
. It was 

also observed that the prolonged operation period 

(Figure 4b) of the cement factory creates a pathway 

introduced as a mild diffusion region (Figure 3) flow in 

which lighter particulates drift to a higher altitude (free 

troposphere) to deposit at farther distances. For the 

radionuclide particulates to be able to travel as far as 

25000m as reported by Jibiri et al. [7], it must have 

attained a maximum height of 3.6Gm (see Figure 5). 

The possibility of particulates within the mild diffusion 

region traversing the tropopause was validated. 

The Vx and Vy components of the wind speed 

shown in Figure 5 confirmed the final directional 

movement of the air pollutants which agrees with the 

principles of deposition [3,4,24,25]. The deposition is 

therefore two-dimensional (that is, the plume of the 

radionuclide particulate moves both forward (y-axis) 

and sideways (x-axis) along the horizontal plane. Due to 

the radioactive decay of the radioactive-elements years 

before the experiments were carried out (7), it is 

difficult to predict the radionuclide deposition beyond 

50m from the cement factory. Furthermore, in the mild 

diffusion region the magnitude of the height shows that 
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the particulates experience their highest chemical 

transformation because air particles at this point are 

lighter by mass and energetic enough to interact with 

atmospheric currents [26,27].  

 

 

 
 
Figure 4 Range of radionuclide particulate within one 

and ten hours, respectively 

 

6. CONCLUSIONS 

 

The accuracy of the model (Table 1) is validated upon 

comparison with experimental data. The angular plume 

shift over this region shows that the latter is directly 

dependent on the wind pattern. The mild diffusion 

region was proven to be the region of highest chemical 

transformation and an air pathway for the flow of 

radionuclide particulate beyond the tropopause [28].  

The solution proffered towards controlling radionuclide 

dispersion from a cement factory is to build very high 

wind breakers 50m to 200m beyond the factory. To 

control general particulate dispersion from the cement 

factory, the wind field dynamic is calculated using the 

mathematical inverse of equations 6 and 13. 

 

 
 

Figure 5 Two-dimensional analysis of radionuclide 

particulates within ten hours 
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