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ABSTRACT

Measurements of  the concentrations of  the particulate matter (PM) have been carried out within and outside the premises of  
oan iron-smelting plant (open-furnace type) located along a busy highway at the outskirts of  the city of  Ile-Ife, Nigeria (7.5 N, 

o4.5 E). This was carried out simultaneously with meteorological measurement at the same location between April 2011 and 
February 2012 in order to establish the influence of  atmospheric system on the concentration of  pollutants at the study area 
as well as in the vicinity of  the plant. Samples of  fine (PM ) and coarse (PM ) airborne particulate matter were collected on 2.5 2.5-10

®Nucleopore  polycarbonate filters using the low-volume Gent air sampler. The particulate mass loading was quantified by 
the mass concentration and about 110 samples were collected for each of  the particulate fractions over two major seasons 

3(dry and wet) in Nigeria. For the observation period, the mean concentrations of  the PM  and PM  were 298.56 µg/m  and 2.5 2.5-10
3 3 3418.50 µg/m  respectively, for the daytime, and 135.20 µg/m and 93.97 µg/m  at the nighttime. The elevated values of  the 

coarse PM concentrations in the daytime suggest the air was highly turbid due to the low speeds of  the surface wind (U < 1.5 
m/s) and unstable conditions, leading to deep convective mixing and low ventilation in the vicinity of  the plant. Active 
settling by the PM in the evening periods due to stable lapse rate is believed to be responsible for the larger concentrations of  
fine particulate matter. The concentrations of  PM and PM  during the rainy (April  October) and dry (November  March) 2.5 2.5-10

3 3 3 3seasons, which were 145.03 µg/m  and 201.84 µg/m , and 407.50 µg/m  and 153.04 µg/m , respectively, showed that 
coagulation and coalescence in the humid conditions were effective in raising concentrations of  the coarse PM.
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INTRODUCTION
Iron and steel scraps recycling has been of  
tremendous value to Nigeria in terms of  
contribution to secondary steel smelting, raw 
material source and as a solid waste management 
method by handling materials that would 
otherwise have constituted various forms of  
hazards to the environment. Despite these, 
emissions of  the wide range of  air pollutants 
associated with the processes of  production have 
remained a great concern in view of  the attendant 
effect of  these on human health, ecosystem and 
infrastructure (Rickun, 1993). There are extensive 
evidences of  atmospheric impact of  airborne 
particulates like global warming, irregular rainfall 
pattern, flooding and climate change and decrease 
in the amount of  solar radiation which had been 
studied widely (Begum, et al., 2006 and Bhaskar 
and Mehta, 2010). 
Variation of  the ambient Particulate Matter (PM) 
concentrations and its components are 
determined by various meteorological parameters, 
which also depends on the prevailing 

meteorological conditions as well as its residence 
time in the atmosphere (Wrobel, et al., 1999). The 
spreading and mixing both horizontally and 
vertically of  the particulates by turbulent diffusion 
and convection are observed by the impact of  the 
convectional meteorological parameters 
(temperature, pressure, relative humidity, rainfall, 
solar radiation, windspeed and direction). 
The wet season in Ile-Ife extends from April to 
October, while the dry season typically is between 
November and March. Its annual average rainfall 
is 150 - 200 mm. Depending on the prevailing 
upwind direction, the roughness elements at the 
site varied and the value of  roughness length, z , o

was determined to be between 0.05 and 0.2 m 
(Jegede (2004). Under clear skies in undisturbed 
weather conditions, large amounts of  incoming 
solar radiation and low wind speeds typical of  the 
tropical areas suggest that the value of  net 
radiation is high. Studies showed that in the 
month of  May the diurnal course reaches 

-2maximum of  about 700 Wm  for clear sunny days, 
-2while it could be as low as 250 Wm  for overcast 



days (Jegede, 1997). The wet condition at the 
surface is brought about by movement of  warm 
and moist southwesterlies (of  maritime origin) 
originating from the Gulf  of  Guinea and 
penetrating into  the inland areas of  West Africa as 

o o
far as the latitude 22   25 N during its peak in the 
month of  August. As such, the moist-laden air 
over the land is usually deep, up to about 850 hPa 
level. Usually in the early mornings, pockets of  
cumulus clouds begin to form and later on in the 
afternoons, if  there was sufficient vigorous 
convective activity, it may develop into 
precipitating cumulonimbus by early evenings. In 
the same observation period, the mean wind flow 

-1usually was southwesterly and weak (< 2 ms ), 
except for the brief  periods when the weather was 
stormy. The diurnal course of  air temperature 
reached maximum at about 1400 hrs (local time) 

owhere the hourly value ranged between 24 C and 
o35 C, depending on the daily weather pattern.

Theoretical Background 
Turbidity of  the atmosphere implies the reduction 
of  the transmittance of  the clean and dry 
atmosphere often called, Rayleigh Atmosphere 
(Kasten, 1980). This can be estimated from 
irradiance measurements. The attenuation of  
solar irradiation caused by absorption by water 
vapour and scattering by aerosol can be 
determined by the Linke's turbidity factor, TL 

(Linke, 1922). T is given by:L 

...… (1)

o Where  g is taken as 90  for overhead sun at noon.
     -   Solar elevation angle
I  - Extraterrestrialo

            
2  I  = 1367 W/m (Danny and Joseph, 2002)and  o

I =90 = Irradiance at local noon.g

Pollutant generally by human activities near the 
surface may cause attenuation of  solar radiation, 
moreover, if  their spectrum of  absorption covers 
the same intervals of  wave length (Dogniaux, 
1994) the pollutant is located at the spectral range 
of  solar radiation measured at the ground, hence 
the need to consider meteorological influence on 
the pollutants is quite necessary. Net radiation 
available is responsible for most physical 
processes done within the earth-atmospheric 

 solar irradiance at normal 
incidence

system. This is the combination of  the net long 
wave and shortwave radiation. Therefore, It is 
often convenient to split the net radiation term 
into four components; thus

.......(2)

Where                 is the net shortwave radiation 
and                   is the net longwave radiation. The 
net shortwave is the combination of  direct and 
diffuse beam of  solar radiation (downwelling 
shortwave radiation) as well as the reflected 
insolation which is incidence on the earth's 
surface (upwelling). More so, the net longwave 
comprises of  the emitted infra red radiation by the 
cloud, aerosol, gases and the energy which is re-
radiated by the earth's surface. Hence, the 
upwelling shortwave radiation can be expressed 
as:
       .................................................(3)
Where, a, is the surface albedo which determines 
the amount of  shortwave that is being reflected. 
Equally, the downward longwave radiation     is 
much more difficult to calculate because one must 
vertically integrate the radiative flux divergence 
equations. Thus, upwelling longwave radiation is 
given by  

.................................................(4)     
                                                   

Where s is the Stefan-Boltzmann constant and 
has a constant value of                               ,        is 
the infra red emissivity. Hence, the combination 
of  the net short and longwave radiation yields the 
approximated value for net radiation flux at the 
surface:
          During daytime)... (5)                  

Where S is the solar irradiance and it is negative.

            (During night time)  ........................ (6) 
The theory on net radiation as explained in 
equations 2 - 6 itemized the contribution of  each 
radiative component (long wave upwelling, 
downwelling and shortwave upwelling, 
downwelling) to the dynamics of  particulate 
matter within the observational weather periods 
of  measurement. 
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EXPERIMENTAL
Sampling Location and Meteorological 
Parameters
There are four major production sections in the 
factory. These include; Electric-Arc Furnace 
(EAF) 1 & 2, EAF 3 & 4, Continuous casting and 
Scrap yards, all very close to each other. Two 
sampling sites for monitoring of  PM were 
considered and these are 10 m away from the 
furnace. After four months of  sampling at each 
point, the two samplers were moved to 150 m 
away in the West and North directions of  the 
factory respectively with the help of  wind vane for 
additional seven months in order to capture the 
direction of  the emitted PM. Plate 1 shows a 
section of  the iron smelting plant.
Samples of  fine (PM ) and coarse (PM ) 2.5 2.5-10

airborne particulate matter were collected on 
Nucleopore polycarbonate filters using the low-
volume Gent stacked filter unit (SFU) sampler 
(Schlumberger, Model: M250) with the average 
flow rate of  15 - 16 l/min. The filter holder was 
placed at the height of  about 1.6 m above the 
ground surface. The particulate mass loading was 

quantified by the mass concentration. One 
hundred and ten (110) filter samples were 
collected for each of  the particulate fractions over 
two major seasons (dry and wet).  A 
micrometeorological station was located at the 
sampling site by Nigeria Micrometeorological 
Experiment (NIMEX), an Atmospheric Physics 
unit of  the Department Physics, Obafemi 
Awolowo University, Ile-Ife as shown in plate 2. 
Sensors for basic atmospheric variables 
(parameters) including solar radiation, 
atmospheric pressure, wind speed, wind direction, 
rainfall and air temperature at a height of  1.5 to 2.5 
m from the ground surface were installed in the 
meteorological station. They are sensors that 
measure  a tmospher ic  parameters  and 
communicate the responses directly to the data 
logger through communication cables. The iron-
smelting plant where the study was carried out is 
along a busy highway in South-western Nigeria. It 
occupies a total area of  15 hectares and is about 5 
km away from the core of  the Obafemi Awolowo 
University, Ile-Ife campus in the northeast 
direction. 

Plate. 1:  Iron and Steel Smelting Station where the Study was Carried Out.

Plate.2: Complementary Meteorological Station for Monitoring Weather Situation in the Study
Area and Researchers.            
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The location is within tropical forest and the 
climate can be classified as the tropical wet and dry 

o
(Arya, 2001). For Ile-Ife, Nigeria (on latitude 7 N), 
the diurnal course of  the net radiation in the 
month of  May has a maximum value of  about 650 

-2Wm  for the clear sunny days (Jegede, 2003). At 
the same location, for the bare soil surface, the 
maximum of  the ground heat flux (at about 1500 

-2hrs local time) could be high as 150 Wm . Thus, it 
is common that the available energy (i.e..R  - H ) at n G

the land surface during the daytime, which 
primarily is the driver for the surface atmosphere 

-2 energy exchange, could increase to 500 Wm
(Jegede, 2002).

RESULTS AND DISCUSSION
The wind at the measurement site was averagely 
not too strong and consistent but influenced the 
rate of  flow of  the plume or smelting of  the iron 
in the factory as observed during the study. The 
wind direction as shown in the Figure 1(a & b) is 
an indicator of  the path taken by the plume at a 
particular time of  the day. The intensity of  flow 
was higher in the night and this averagely affected 
the percentage humidity as indicated in Tables 1 
and 2. 

Figure 1. (a):  Variations of  Atmospheric Parameters near the Surface during a measurement at                         
Iron-Smelting Plant, along Ile-Ife, Nigeria.
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Figure 1 (b):  Variation of  Atmospheric Parameters near the Surface during a measurement at an                     
Iron-Smelting plant, Ile-Ife, Nigeria.
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Table 1: Variation of  Particulate loadings, Linke turbidity and Relative humidity for Sept.  Dec., 2011 
(Rainy season).

This in essence might have contributed to the 
increase in the concentration of  particulate 

For the observation period, the mean mass 
concentrations of  the PM  and PM  were 298.6 2.5 2.5-10

3 3
µg/m  and 418.5 µg/m  respectively, for the 

3 3
daytime, and 135.2 µg/m and 94.0 µg/m  at the 
nighttime. The mass concentration of  PM  and 2.5

3PM  varied between 3.4 - 815.6 µg/m  and 5.8  2.5-10
3

1924.5 µg/m  respectively as shown in figures 2 
and 3.  The elevated values of  the coarse PM 
concentrations in the daytime suggest the air was 
highly turbid due to the low speeds of  the surface 
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SAMPLING T Fine (PM ) Coarse (PM ) Pm Rel. L 2.5 2.5-10 10
3 3 3DATE        (µg/m ) (µg/m )  (µg/m ) Humidity

03/09/2011 10.44 46.60 41.20   87.80 84.46
04/09/2011 16.81   3.40 12.20   15.60 83.15
10/09/2011 15.43        120.30 54.80 175.10 81.98
11/09/2011   9.48 74.40 25.20   99.60 85.83
17/09/2011 12.50        175.80 33.90 209.70 91.56
18/09/2011   9.71 59.00 78.70 137.70 88.05
24/09/2011   8.34       211.30 16.20 227.50 82.00
25/09/2011   4.39 69.70 68.00 137.70 85.85
01/10/2011 11.66        121.00 32.00 153.00 90.07
02/10/2011   8.78 37.20 45.50   82.70 83.71
08/10/2011   6.72 86.90 15.10 102.00         111.03
09/10/2011   8.39 60.50 41.80 102.30 58.40
03/12/2011   6.11       120.20 47.00 167.20 23.79
04/12/2011   7.52       128.10 61.70 189.80 24.14
10/12/2011   9.25 77.30 27.10 104.40   1.66
11/12/2011   8.39       178.50 58.60 237.10   0.73
17/12/2011   8.58       193.70 86.20 279.90   1.45
18/12/2011 11.71         27.40             208.40 235.80   5.41

SAMPLING T Fine Coarse Pm10 Rel. L
3 3 3DATE        (µg/m ) (µg/m )  (µg/m ) Humidity

07/01/2012 7.64 405.00               111.00 516.00 54.90
08/01/2012 7.30 221.20  77.30 298.50 60.91
14/01/2012 7.61 291.30 145.00 436.30 39.44
15/01/2012 9.76   84.10 126.10 210.20 42.75
21/01/2012 6.59 575.00 435.00             1010.00 74.40
22/01/2012 7.29 957.70 175.00             1132.70 63.30
28/01/2012 9.68 611.20                 48.90 660.10 75.81
29/01/2012 9.91 325.00   89.30 414.30 71.86
04/02/2012 9.36 705.50 555.00             1260.50 77.08
05/02/2012 9.27 184.90     94.20               279.10 77.43
11/02/2012 7.70 741.40   35.50               776.90 75.20
12/02/2012 9.40   17.20 394.50               411.70 74.01
18/02/2012 6.62 336.40   19.70               356.10 78.82
19/02/2012 7.36   46.10   48.90  95.00 71.40
25/02/2012 6.74 110.50 108.10              218.60 69.23
26/02/2012 8.25 108.30   29.30              137.60 70.31
03/03/2012 8.65 128.80 125.80              254.60 75.45
04/03/2012 7.64 125.10   24.70              149.80 74.56
10/03/2012 8.70   44.50   31.10 75.60 73.50
11/03/2012 7.07   53.50 112.10              165.60 72.81

Table 2: Variation of  Particulate loadings, Linke turbidity and Relative humidity for Jan.  Mar., 2012 (Dry Season).

matters because the wind speed is low in the night-
time alongside the convective mixing.    



wind (U < 1.5 m/s) and unstable conditions, 
leading to deep convective mixing and low 
ventilation in the vicinity of  the plant, all-wave 
radiation occurred at 12:30 hrs LT. These values 

3are multiples of folds, the limits (50 mg/m  for  

3PM  and 25 mg/m  for PM ) set by various 10 2.5

environmental protection agencies (FEPA, 
USEPA and WHO). Linke turbidity factor (T ) as L

shown in Figures 4 (a & b) varies for the different 
seasons (Dry and Rainy) and also the temporal

Figure 2: Variation of  PM loadings during day-time.

Figure 3: Variation of  PM loadings during the night-time.
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trend of  variation shows a strong correlation with 
the variation of  mass concentration of  PM .  The 10

values of  T  for the rainy, harmattan and dry L

seasons are 10.2, 8.59 and 6.59 respectively. The 
implication of  this is most of  the available energy 
at the surface were used up as latent heat for the 
humid tropical conditions and reduced surface 
temperature. Active settling by the PM in the 
evening periods due to stable lapse rate is believed 
to be responsible for the larger concentrations of  
fine particulate matter. The concentrations of  
PM and PM  during the rainy period (April  2.5 2.5-10

Novermber)  of  the months and that of  the dry 
3

(December March) months were 145.03 µg/m  
3 3and 201.84 µg/m , and 407.50 µg/m  and 153.04 

3µg/m , respectively. This showed that coagulation 
and coalescence in the humid conditions were 
effective in raising concentrations of  the coarse 
PM. Tables 2 and 3 shows the variation of  T , L

mass concentration of  PM  and relative humidity 10

for the  months of  September through 
November, 2011 and December, 2011 through 
March, 2012 in Tables 2 and 3 respectively. 

Figure 4a: Graphical description of  T  for Rainy Season.L

Fig. 4b: Graphical description of  T  for Dry Season.L
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CONCLUSION.
There were elevated values of  the coarse PM 
concentrations in the day-time suggesting that the 
air was highly turbid due to the low speeds of  the 

surface wind (U< 1.5 m/s) and unstable 
conditions, leading to deep convective mixing and 
low ventilation in the vicinity of  the plant all wave 
radiation accurred at 12.30 hrs. The mean 
concentrations of  PM  and PM  during rainy 2.5 2.5-10

3 3(April-October) are 99.5 µg/m  and 53.0 µg/m  
3 respectively while they are 303.6 µg/m and 139.3 

3µg/m  respectively during the dry (November-
March) seasons. The study concluded that 
meteorological parameters play a major role in 
day-to-day variations of  concentration of  PM2.5 

and PM . The visibility dropped sharply during 2.5-10

production processes which is as a result of  high 
T  due to high PM loading.L
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