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Abstract 

This study investigated the concentration level of thoracic and inhalable sizes particulate 

matter (PM2.5 and PM10) present in the air released from a cement company located at 

Obajana, Kogi State, Nigeria. The collection of ambient air particulates within and outside 

the cement factory was carried out using the SKC deployable ambient air sampler. The 

duration considered during sampling was between 8 and 12 hr per day (1 month 2 weeks) 

and the equipment was operated at 7 and 10 L/min using filter sizes of 2.5 µm and 10 µm. 

Findings reveal a maximum mean value of PM10 recorded as 364.82±80.19 µg/Nm3 at the 

cement mill section, followed by 292.77 µg/Nm3 at the raw mill area with, the flow rate of 

7 L/min for 12 hr and 10 L/min for 12 hr. The highest value of PM2.5 recorded was 744.44±2.5 

µg/Nm3 at the cement mill and 809.9±68.95 µg/Nm3 at the raw mill section with a flow rate 

of 7 L/min for 12 hr respectively. It is suggestive that people living within the Obajana 

community are not safe based on the comparison with standards such as the World Health 

Organization, and the Nigerian Federal Ministry of Environment (FMEnv). 
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Introduction 

Globally, reports have it that thermal-
based plants and the transport sector are 
major contributors to air pollution and 
ambient air around industrialized areas 
and urban cities is quite above standard 
level (Agrawal, 2005). Thus, it can cause 
diseases, allergies, and even death to 
humans, injurious to other living 
organisms such as animals and food crops, 

and may damage the natural environment 
(Manisalidis et al., 2020). Industrial 
workers are often confronted with health 
issues resulting from air pollution hazards, 
which take a toll on their productivity 
(Parveen et al., 2021). Cement 
manufacturing contributes considerably to 
ambient air pollution, about 5% of global 
carbon emissions are caused by cement 
manufacturing (Rampuri, 2017). It is 
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estimated that the production of only one 
tone of cement clinker can produce 46.7g 
of dust, 1.80kg f Nox as No2, 0.504kg of 
sulfur dioxide (SO2), 52.4g of VOC as 
c,9.8g, and 9 (HCL), 0.7g of Hydrofluoric 
Acid (WBCSD, 2012). 

Obajana Cement factory located in 
Kogi State, Nigeria, is the biggest cement 
factory in sub-Saharan Africa and is 
considered one of the biggest cement 
plants in the world (Reuter, 2012). The 
capacity of the plant is 13.25 metric tonnes 
across four lines per day, and it relies on 
gas, coal, and low pour fuel oil (LPFO) for 
power generation and consumption. The 
raw materials (limestone and additives) 
are sourced from the mines located in 
reasonable proximity to the factory, it has 
been reported by BBC that the limestone 
reserve is to the tune of 647 million tonnes 
and the expected throughput is about 100 
years (BBC, 2012). Particulate matter 
(PM2.5 and PM10) is reported to be the 
major factor of air pollution which is 
termed as carcinogenic (Anenberg et al., 
2014; Zhanget al., 2020). Previous studies 
revealed an increasing case of lung cancer 
due to pollutants such as PM2.5 and PM10 

(Fossati et al., 2014; Tao et al., 2014), and 
relatively, the world health organization 
reported that 2.4 million people die 
annually from causes directly attributable 
to air pollution (Meo et al., 2013). Human 
activity (anthropogenic) such as the 
burning of fossil fuels, coal combustion, 
power plants and various industrial 
processes (including cement plants) 
largely contributes to the suspended 
particulates in the environment while 
volcanic eruptions, dust storms, forest and 
grasslands fires are well known natural 
sources of particulate matter 
(Omidvarborna et al., 2015). 

The main environmental issues 
associated with cement production are 
emissions to air and energy use which 
could lead to pollution, thus monitoring 
environmental conditions in the 
workplace or outdoor environment is an 
important tool in assessing potential 
hazards or exposures to various chemical 
compounds, biological agents, and 
physical parameters (Gu and Yim, 2016; 
Liu et al., 2017). The evaluation of the 
particulate matter in the ambient air 
around the target site shall help to evaluate 
the impact of cement production on the air 
quality of the factory environment, hence 
the focus of this study.  
 

Materials and Methods 

Study Area 
This study was carried out in Dangote 

Cement Plc, and it covered the Obajana 
town, clinic, cement mill, kiln, raw mill, 
and coal mill of the Cement Plant located 
in Kogi State, Nigeria. The distance of the 
different locations that were sampled 
referenced to the Obajana community 
(0m) was: Clinic (500m), Cement mill 
(800m), kiln section (950m), mill (980m) 
and coal mill (1000m). Obajana town is on 
latitude 7.9167° N and longitude 6.4333° 
E (GPS), it is located at an elevation of 
240 meters above sea level. The climate in 
the area is humid tropical which is 
characterized by wet and dry seasons. The 
annual rainfalls as documented by the 
Department of Quality Control, Obajana 
Cement Plc from 2012 to 2017 are as 
follows: 2679.2, 1498.4,  2765.2, 1742.1, 
2337 and 1575.7mm respectively. 
Obajana temperature during raining 
season is between 24ºC to 33ºC and dry 
season between 26 ºC to 38ºC. 
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Collection of Ambient Air Particulates 
The collection of the ambient air 

particulates within and outside Obajana 
cement Company was done from May to 
June 2018 with the use of SKC deployable 
ambient air sampler following the device 
manual. 
Data Analysis 

In this study, the data obtained are 
presented in figures and tables, the 
analysis of variance (ANOVA) and 
Pearson correlation was utilized and 
represented in Table 3 and 4 respectively. 
 

Result and Discussion 

The meteorological concentrations of 
particulate matter obtained in most of the 
sections are below the World Health 
Standard of 250 µg/Nm3 and some were 
above the Nigerian Federal Ministry of 
Environmental (FMEnv) Standard of an 
annual average value of  500 µg/Nm3 and 
the recent review of the World Health 
Standard of 10µg/m3, 20µg/m3 (annual 
mean) and 25 µg/m3, 50 µg/m3 (24 hr 
mean) for PM2.5 and PM10 respectively 
(Adeniran et al., 2019; WHO, 2021). The 
few low sampling points were still higher 
than the recent world health standard, in 
which four days out of the forty days of 
sampling where the mean maximum value 
of particulate matter (PM10) recorded for 
that period was, 364.82±80.19 µg/Nm3 at 
the cement mill section, followed by 
292.77 µg/Nm3 at the raw mill area with, 
the flow rate of 7 L/min for 12 hr and 10 
L/min for 12 hr. Considering Table 2 
shows that we have the highest value of 
particulate matter (PM2.5) recorded at 
744.44±2.5 µg/Nm3 at the cement mill and 
809.9±68.95 µg/Nm3 at the raw mill 
section with a flow rate of 7 L/min for 12 
hr respectively. In a nutshell, this 
indicated that particulate matter (PM2.5) 

which is injurious to human health was 
predominant. This suggests that workers 
and residents living close to the industrial 
plant are at high risk in consideration of 
Tobler’s First Law of geography (Parveen 
et al., 2021).  

Table 1 shows the particulate matter 
PM10 (µg/m3) with their mean standard 
deviation collected at the various section 
of the factory and the community by 
varying time (hrs) and flow rate (L/min). 
It could be seen that the lowest values: 
50.42±0.42, 52.64±0.42, 48.52±1.52, and 
55.72±2.03 (µg/m3) were recorded in the 
community, this could be attributed to the 
distance from the factory, it correlates 
that, the further away a “target site” is 
from the factory, lower values of 
particulate matter will be obtained due to 
high performance of the mitigating 
devices (Parveen et al., 2021). The cement 
mill has the highest volume of particulate 
matter: 299.86±1.25, 364.82±80.19, 
266.39±0.28, 327.5±0.56 (µg/m3) due to 
the beehive of activities in the mill area. In 
comparison with the WHO standard, it 
was observed that the PM value obtained 
for the cement mill (299.86, 364.39, 
327.5) and the raw mill section (292.78) 
did not conform to the acceptable 
regulatory ambient limit of 250µg/m3, and 
recently reviewed annual values of 
10µg/m3, 20µg/m3 and 25µg/m3, 50µg/m3 
(24hrs mean) for PM2.5 and PM10 
respectively (WHO, 2021). The above can 
be attributed to high dust emissions 
resulting from the bag house and high dust 
turbulence due to truck movement 
(Dominick et al., 2012). Relatively, 
Waqas et al. (2013) reported a PM10 with 
a value of 165 µg/m3 and 11.0µg/m3 as the 
maximum and minimum values for the 
kiln section respectively, while the cement 
mill has 908µg/m3 and 250µg/m3 as 
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maximum and minimum. The Raw mill 
section was attributed with 137µg/m3 and 

86µg/m3 as maximum and minimum 
values respectively.

  
Table 1: Results of the mean particulate PM10 (µg/m3) collected from various locations in 

the factory and community 

S/N Date Location Time (hours) F/Rate 
(L/Minute) 

Particulate Matter 
(µg/M3) 

1 1/5/18 Kiln 8 10 71.25±0.14 
2 2/5/18 Cement Mill 8 10 299.86±1.25 
3 3/5/18 Coal Mill 8 10 186.36±0.78 
4 4/5/18 Raw Mill 8 10 242.55±0.35 
5 5/5/18 Community 8 10 50.42±0.42 
6 6/5/18 Kiln 12 7 58.89±0.55 
7 7/5/18 Cement Mill 12 7 364.82±80.19 
8 8/5/18 Coal Mill 12 7 122.85±0.42 
9 9/5/18 Raw Mill 12 7 220.46±0.58 
10 10/5/18 Community 12 7 52.64±0.42 
11 11/5/18 Kiln 8 7 42.31±4.49 
12 12/5/18 Cement Mill 8 7 266.39±0.28 
13 13/5/18 Coal Mill 8 7 92.27±0.66 
14 14/5/18 Raw Mill 8 7 167.73±0.65 
15 15/5/18 Community 8 7 48.52±1.52 
16 16/5/18 Kiln 12 10 95.82±0.56 
17 17/5/18 Cement Mill 12 10 327.5±0.56 
18 18/5/18 Coal Mill 12 10 217.38±0.40 
19 19/5/18 Raw Mill 12 10 292.78±7.41 
20 18/5/18 Community 12 10 55.72±2.03 

Standard deviations are approximated to two decimal places. Values are Mean ±S. D (n=3) 
RAPL= Regulatory Ambient Particulate Limit (250 µg/m3 for WHO and 500 µg/m3 for  
FMEV). Recently reviewed standard,10µg/m3,20µg/m3(annual mean) and 25 µg/m3, 50 µg/m3  (24 
hour mean) for PM2.5 and PM10 respectively (WHO, 2021).  
 

Table 2 shows the particulate matter 
PM2.5 (µg/m3) with their mean standard 
deviation computed at the various section 
of the factory by varying time (hours) and 
flow rate (L/min.).  The cement mill 
section in the factory recorded the highest 
values of 744.44±2.5, 421.57±0.55, 
361.71±1.67 and 875.97±215, while the 
lowest values were equally recorded in the 
community: 57.78±2.22, 38.34±0.56, 
70.42±2.79 and 48.06±0.28. The table 
also shows that the samples collected 
between 22/5/2018 and 08/6/2018 were 
not in compliance with the regulatory 

limit, due to lack of water sprinkling in the 
cement mill section and improper 
functioning of the following mitigating 
equipment such as cyclone, gas 
conditioning tower, electrostatic 
precipitator, improper covering of the 
conveyor belt, high speed of vehicular 
movement along the mill's road in the 
factory. This has been previously 
supported by (Otaru et al., 2013). 
Relatively, a report has it that a PM2.5 
maximum and minimum values of 
80µg/m3 and 21.0µg/m3 respectively were 
obtained for kiln section, cement mill 
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(max.: 1030µg/m3, min.:705µg/m3), and 
raw mill section maximum and minimum 
values were 336µg/m3 and 289µg/m3 

respectively (Waqas et al., 2013). In 

consideration of the data obtained, 
understanding that the non-conformity of 
PM2.5 and PM10 to regulatory standards 
portrays an environmental hazard. 

 
Table 2: Results of Mean Particulate PM2.5 (µg/m3) collected from Various Locations in 

the Factory and Community  
S/N Date Location Time(Hours) F/Rate(L/Minute) Pm3(µg/M3) 

21 21/5/18 Kiln 12 7 181.85±1.53 
22 22/5/18 Cement Mill 12 7 744.44±2.5 
23 23/5/18 Coal Mill 12 7 382.22±1.11 
24 24/5/18 Raw Mill 12 7 809.9±68.95 
25 25/5/18 Community 12 7 57.78±2.22 
26 26/5/18 Kiln 8 10 153.06±0.55 
27 27/5/18 Cement Mill 8 10 421.6±0.55 
28 28/5/18 Coal Mill 8 10 237.91±0.69 
29 29/5/18 Raw Mill 8 10 305.42±0.42 
30 30/5/18 Community 8 10 38.34±0.56 
31 31/5/18 Kiln 12 10 216.39±0.28 
32 01/6/18 Cement Mill 12 10 361.7±1.67 
33 02/6/18 Coal Mill 12 10 316.1±38.69 
34 03/6/18 Raw Mill 12 10 480.37±0.32 
35 04/6/18 Community 12 10 70.42±2.79 
36 05/06/18 Kiln 8 7 159.86±0.70 
37 06/06/18 Cement Mill 8 7 876±215.4 
38 07/06/18 Coal Mill 8 7 328.61±1.39 
39 08/06/18 Raw Mill 8 7 590.6±0.3 
40 09/06/18 Community 8 7 48.1±0.28 

Standard Deviations Are Approximated to Two Decimal Places. Values Are Mean ±S.D (N=3) 
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Table 3: ANOVA Analysis of Particulate Matter: (PM2.5 and PM10) collected from various locations in the factory and the 
community 

Sample locations Sample A Sample B Sample C Sample D Sample E Sample F Sample G Sample H 

Kiln   71.50c±0.14 59.44b±0.55 42.31a±4.49 95.82d±0.56 181.81g±1.53 153.06e±0.55 216.39h±0.28 159.86f±0.69 
Cement 299.86ab±1.25 364.81ab±80.18 266.39a±0.28 327.5ab±0.56 744.44c±2.5 421.57ab±1.37 361.71ab±1.67 875.97bc±215.14 
Coal 186.37c±0.78 122.85b±0.415 92.27a±0.656 217.38d±0.402 382.22f±1.11 237.97d±0.67 316.067e±38.69 328.61e±1.39 
Raw mill 242.55b±0.352 220.46b±0.58 167.73a±0.645 292.78c±7.41 809.9f±68.95 305.42c±0.42 480.37d±0.32 590.55e±0.28 
Community 50.42bc±0.415 52.64cd±0.42 48.52b±1.53 55.72de±2.03 57.78e±2.22 38.34a±0.56 70.42f±2.79 48.06b±0.28 

Standard deviations are approximated to two decimal places. 
Key: Sample A-variables of the flow rate of 10 L/min, Filter size of 10µ, Time 8hr 
Sample B-Variables of the flow rate of 7 L/min, Filter size of 10µ, Time 12 hr 
Sample C-Variables of the flow rate of 7 L/min, Filter size of 10µ, Time 8 hr 
Sample D-Variables of the flow rate of 10 L/min, Filter size of 10µ, Time 12 hr 
Sample E-Variables of the flow rate of 7 L/min, Filter size of 3µ, Time 12 hr 
Sample F-Variables of the flow rate of 10 L/min, Filter size of 3µ, Time 8 hr 
Sample G-Variables of the flow rate of 10 L/min, Filter size of 3µ, Time 12 hr 
Sample H-Variables of the flow rate of 7 L/min, Filter size of 3µ, Time 8 hr 
Values are Mean ±S. D (n=3) 
Superscript with the different letters across the row show significant variation, while those with the same letter does not at p<0.05 
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Table 3 shows that there were 
significant differences among some 
samples collected at the point of focus in 
the factory when the statistical package for 
social sciences (SPSS) version 16 was 
used to study their mean differences. 
Interpreting the values in table 3 reveals 
that in the cement mill, there was a 
suggestive gap among some particulate 
matter collected: sample G has a 
significant difference when compared 
with sample H and the rest samples in the 
row. The mean values of sample A 
recorded is 299.86ab±1.25, sample B is 
364.81ab±80.18, and sample G was 
361.71ab±1.67. The lower flow rate of 7 
L/min with 12 hrs recorded a high amount 
of particulate matter, the concentration of 
suspended particulate matter in the 
vicinity of the cement company decreased 
significantly (P < 0.5) with distance from 
the production plant. A substantial 
increase in the concentration of particulate 
matter was observed at the production 
plant while the least concentration was 
observed in the Obajana community. 
However, no significant (P <0.5) gap in 
the particulate matter between the Clinic 
area and the community, the cement unit 
in the Production plant had a higher 
concentration of particulate matter with an 
aerodynamic diameter size of 2.5 (i.e. 
PM2.5) compared to other locations, and 
the Obajana community had the lowest 
concentration. Different seasons of the 
year virtually had a significant (P< .05) 
effect on the concentration of particulate 
matter observed at various locations 
within the vicinity of the cement company 
(Table 4). According to Bada et al., 2013), 
the concentration of particulate matter 
ranged from 209.92 – 501.53µg/m3 in the 

dry season and 95.00 – 271.54µg/m3 in the 
rainy season respectively. 

Table 4 shows the result of the 
correlation matrix of particulate matter 
concentration among all the six sites: raw 
mill, cement mill, coal mill, kiln, clinic, 
and community from where particulates 
were collected. It was observed that 
positive and negative correlations were 
obtained among the particulate matter in 
the table.  The (1) present in the table 
means there was an absolute correlation 
between elements present in the selected 
unit and the remaining units. The 
correlation could be positive or negative, 
when it is positive, it means the more the 
concentration of particulate matter in the 
selected mill, the more concentration of 
particulate matter in another unit as well. 
When it is negative, it means the more the 
increment in the concentration of 
particulate matter in the selected mill, the 
lower the concentration of particulates in 
the other unit respectively. In the case of 
this table, there are positive correlations 
among the six sites. The twenty-four (24) 
noted in the table, means the total number 
of twenty-four particulate matter present 
in the three samples collected from six 
sites that were collected and calculated, in 
other words, three particulate matter in 
each of the three samples, altogether made 
a total of twenty-four (24) particulates, 
both in the sample collected from all six 
units. For instance, raw mill (0.77811) and 
coal mill (0.90611) were highly correlated 
with the kiln unit. While cement mill 
(0.4841) and community (0.4201) were 
less correlated with kiln units. The clinic 
(-0.324) shows a negative correlation with 
the kiln unit which might be due to the 
distance from the plant (Mkoma and 
Mjemah, 2011). 
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Table 4: Pearson Correlation Among units, where (PM2.5 and PM10) were Collected in yhe 
Factory and the Community 

 Kiln Cement Coal Raw mill Community Clinic 

Kiln       
Person Correlation 1 0.484 0.906” 0.778” 0.420’ -0.324 
Sig(2-Tailed)  0.017 0.000 0.000 0.041 0.123 
N 24 24 24 24 24 24 
Cement       
Person Correlation 0.484’ 1 0.633” 0.728” 0.050 -0.234 
Sig(2-Tailed) 0.17  0.001 0.000 0.816 0.272 
N 24 24 24 24 24 24 
Coal       
Person Correlation 0.906” 0.633” 1 0.925” 0.366 -0.193 
Sig(2-Tailed) 0.000 0.001  0.00 0.079 0.367 
N 24 24 24 24 24 24 
Raw mill       
Person Correlation 0.778” 0.728” 0.925” 1 0.351 -0.266 
Sig(2-Tailed) 0.000 0.00 0.000  0.093 0.209 
N 24 24 24 24 24 24 
Person Correlation 0.420’ 0.050 0.366 0.351 1 -0.095 
Sig(2-Tailed) 0.041 0.816 0.079 0.093  0.658 
N 24 24 24 24 24 24 
Clinic       
Person Correlation -0.324 -0.234 -0.193 -0.266 -0.095 1 
Sig(2-Tailed) 0.123 0.272 0.367 0.209 0.658  
N 24 24 24 24 24 24 

*Correlation is significant at the 0.05 level (2-tailed) 
** Correlation is significant at the 0.01 level (2-tailed) 

 
Figure 1 shows the results of PM3 

collected at the cement mill under the 
variation of the flow rate of 7 L/hr and 10 
L/hr. The results indicated that the lower 
flow rate of  7 L/hr recorded more 
particulates than  10 L/hr, this is can be 
attributed to the fact that particulate matter 
(PM2.5) was predominant around the 
cement mill during the observation of  7 
L/hr than when 10 L/hr was observed, also 
filter paper sizes of PM2.5 was another 
great factor, as PM2.5 has fewer pores and 
tends to retain more particulate matter 
than PM10, while the sizes of PM2.5 can 
easily pass through PM10, the latter passing 
through the former isn’t feasible. 
Likewise, when comparing both (PM2.5 
and PM10) results sampled in the same 
target site (cement mill) with a constant 

flow rate: PM10 results outlined as 7 L/hr: 
364.81µg/m3 for 12 hr, and 266.39µg/m3 
for 8 hr. For 10 L/hr flow rate, we obtained 
the values 327.5µg/m3 for 12 hr and 
299.86µg/m3 for 8 hr. Considering the 
PM2.5 results with a flow rate of 7 L/hr, we 
obtained the values of 744.44µg/m3 for 12 
hr and 875.97µg/m3 for 8 hr, the flow rate 
of 10 L/hr came up with 361.71µg/m3 for 
12 hr and 421.57µg/m3 for 8 hr. All the 
particulate matter results of PM2.5 and 
PM10 under the same variation of flow rate 
were seen to be nonconforming to the 
regulatory ambient air limit (250µg/m3 for 
WHO) and the recently reviewed 
standard, 10µg/m3, 20µg/m3 (annual 
mean) and 25µg/m3, 50µg/m3 (24 hr 
mean) for PM2.5 and PM10 respectively 
(WHO, 2021).
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Fig. 1: Effect of variation of flow rate on the mean amount of particulate matter (PM2.5) 
collected at the cement section of the factor. Flow rate of 7 L/hr:  744.44µg/m3 for 12 hr 
and 875.97µg/ m3 for 8 hr. Flow rate of 10 L/hr: 361.71µg/m3 for 12 hr, and 421.57µg/m3 
for 8 hr). 
 

Figure 2 shows that both PM2.5 
recorded at 8 and 12 hr of sampling in the 
cement mill unit were not in compliance 
with the regulatory standard. This upsurge 
in the amount of particulate in this unit 
could be due to the type of filter paper 
sizes, the incessant activities at the cement 
mill, or the inefficiency of mitigating 
devices. The variation in the two results at 
8 hr when the flow rate was 7 L/min, the 
PM2.5 recorded was 875.97µg/m3 while 
that of 10 L/hr gave a PM2.5 value of 
421.57µg/m3. This could be due to the 
plant operation that was not steady, which 
resulted in a low record of particulate 
matter than when 10 L/hr was observed 

around the mill area during sampling, or 
probably plant stoppage at the time of 
sampling when the flow rate was 10 L/min 
is responsible for the lower amount of 
PM2.5 recorded 421.57µg/m3. The type of 
mitigating devices or collectors used in the 
reduction of particulate matter should be 
based on factors such as particle size, dust 
loading, flow rate, moisture content, and 
gas temperature. The best disposal method 
for collecting dust is to send it through the 
kiln creating the clinker, however, if the 
alkali content of the raw materials is too 
high, the dust must be discarded or must 
be pre-treated before introduction into the 
kiln. 
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Fig. 2: Variation of time of exposure on the mean accumulation of particulate matter 
(PM2.5) collected at the cement mill section of the factory (8 hr: 421.57µg/m3 = 10 L/min, 
875.97µg/m3 = 7 L/min 12 hr: 361.71µg/m3 = 10 L/min, 744.44µg/m3 = 7 L/min) 
 
Conclusion 

Air pollutants (PM10, and PM2.5) were 
present in the particulates matter sample 
obtained from the vicinity of the cement 
Company. The findings connote that 
people living within the Obajana 
community are not safe based on the 
comparison with the recently reviewed 
standard of 10 µg/m3, 20 µg/m3 (annual 
mean) and 25 µg/m3, 50 µg/m3 (24 hours 
mean) for PM2.5 and PM10 respectively. As 
per recommendation; the National 
Environmental Standards and Regulation 
Agency (NESREA) should embrace the 
world health standard and ensure that the 
cement factories are adequately monitored 
to ensure that the particulate matter is not 
high above the standards in the ambient 
air. To facilitate the above, periodic 
evaluation and monitoring of ambient 
levels of pollutants within the plant and 
environment is strongly recommended. 
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