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Abstract  The analysis of climatic variables is a 

fundamental task in the detection of climatic changes all 

over the world and its resultant effect on global warming. 

The study was undertaken at Mfamosing to evaluate the pre 

and post-cement production activities' impact on the 

environment. Data on climatic variables were obtained 

from Nigeria meteorological stations (NIMET) at Margaret 

Ekpo International Airport from 1966 - 2020. Insitu data on 

temperature, rainfall and relative humidity were collected 

for the study. Questionnaires were further distributed to the 

inhabitants of the area to actually identify the major 

problems associated with cement production in the study 

area. Direct observations were also done to determine 

changes in the immediate environment. The research 

findings revealed that the pre-production era 2002, showed 

a mean rainfall amount of 2719.98mm and 2832mm for the 

1st and 2nd decade, which was lower than the post-

production era that is the 3rd, 4th and 5th decades with a 

rainfall amount of 2963.62mm, 2944.92mm and 

3300.21mm respectively. Also, the pre-production era 

mean temperature during the 1st and 2nd decades from 1966 

- 1985 were 26.7℃ and 26.84℃ respectively and were 

lower than the mean temperature during the post-

production era by the 3rd, 4th and 5th decades with 

temperature values of 26.98℃, 26.80℃, 27.23℃ 

respectively. Furthermore, the mean relative humidity for 

the 1st and 2nd decades were 85.55 percent and 85.77 

percent which were also lower than that of the post-

production era with values of 84.5 percent, 84.63 percent 

and 85.6 percent respectively. The researchers concluded 

that there is a difference in microclimatic conditions 

between the pre-cement and post-cement production area. 

We further recommended that the industry producing 

cement in the area should attach a chimney to its evacuation 

chamber to reduce the emission of greenhouse gases into 

the atmosphere. 

Keywords  Cement Production, Climatic Variables, 

Temperature, Relativity Humidity, Rainfall 

1. Introduction

The advent of industrial revolution in the seventeenth 

century presented itself with an unprecedented increase in 

the volume of pollutants in the atmosphere. Since then, 

their impacts have not only been felt in many urban centres 
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but also, in several regions of the world. The rapid surge of 

industrial development and urbanization in several 

countries have given rise to adverse environmental 

consequences such as air and water pollution, land 

degradation as well as change in climatic conditions within 

regions. As industrial activities remain on the increase, 

mankind continues to experience changes in the 

atmospheric environment such as increases in temperature 

and variabilities in the amount of precipitation. As a result 

of human activities, which have remained on an increase, 

man presently appears to be seriously and perpetually 

altering the climate of planet earth, which may be seriously 

aggravated within the next few generations, except there is 

a planned and preemptive drastic measure to halt the trend 

[1, 2] 

Cement production is an industrial process, which 

promotes and enhances economic growth and development. 

However, despite its good side, it has the capability of 

causing environmental changes which affect microclimate. 

In the case of the local atmospheric zone of Mfamosing, 

Akamkpa Local Government Area, Cross River State, the 

inhabitants perceived that the rise in temperature and 

airborne pollution in the form of dust and gases originated 

from the emitted particulate matter of the cement industry 

(Lafarge), located in the area. It is also their perception that 

cement operations have affected the climatic conditions of 

the area, and hence, altered the microclimate in a variety of 

ways. The increasing trend curve of global surface 

temperature plotted against time since the 19th century is 

the icon of the considerable influence humans have exerted 

on the climate since the era of industrialization commenced. 

The discourse with regards to the curve has spread from 

climate science to the public and political arenas in the 

1990s and may be characterized by terms such as “hockey 

stick” or “global warming hiatus” [3]. 

In addition, it is worthy to note that most countries in 

Africa have started experiencing threats of climate change, 

which a lot of researchers see as being associated with 

human activities. In West Africa for instance, the 2012 

perilous flood phenomenon in Nigeria, which was 

associated with climate change ravaged most communities 

of about 21 States including Cross River State and caused 

many deaths, displaced people and caused damages to 

valuable assets. Almost all the regions in Nigeria were 

affected by this dilemma as most of them had in one way 

or the other suffered from the effect of climate variability 

that was activated by human-related anthropogenic 

activities and could suffer even more in the future [4]. 

Other notable researchers predicted that this type of 

environmental disaster may be traced to the incessant 

emission of industrial, gaseous, particulate matter and large 

amounts of concrete dust from cement production present 

in its local atmosphere [5, 6]. 

Nigeria’s Southern region has severely suffered from 

climate variability that is caused by anthropogenic (human) 

activities. For instance, Mfamosing as a cement-producing 

city is already experiencing changes in cloud cover, 

increased temperature, decreased relative humidity, 

changing patterns of rainfall and related health challenges 

as well as other prevailing negative consequences. 

Nevertheless, in three different types of research, it was 

pointed out that one of the most important lessons the 

international community might have learnt from the 

tragedy of climate change was, perhaps the lack of 

preparedness in combating the effect of the changes in 

precipitation pattern per second [7-9]. The most disturbing 

and alarming rate of the increase in climate change has 

made the human preparedness mission ‘a mission 

impossible’, which can only be actualized and brought to 

fruition when drastic measures are considered and 

ultimately taken. 

According to Richards et al. [10] cement industry, being 

a mineral-based industry, requires extraction of large 

volumes of raw material generally known as limestone for 

its operation, which in the process of production emits and 

releases a variety of harmful substances and toxic gasses 

into the atmosphere, which ultimately and adversely affects 

the climatic conditions of the region, in which the 

operations are situated or carried out. Generally, no 

research has been able to ascertain whether these perceived 

microclimate changes are associated with the operations of 

the Cement Plant. It is against this background that this 

research evaluates the climatic variables of pre-production 

and post-production in Mfamosing, Akpamkpa Local 

Government Area, Cross River State, Nigeria. 

2. Methods of Data Collection 

The Purposive and Random Sampling Techniques were 

used to collect data for this study. Purposive sampling was 

used to select the research site since Lafarge Cement is the 

only operating Cement Company within the vicinity. 

The researcher utilized data of both primary and 

secondary origin for the research. The data on climatic 

variables were collated, analyzed, and presented in charts, 

graphs, mean and trends, as well as inferential statistics. 

Data on climatic variables were collected from Nigeria 

Meteorological Station (NIMET), Margaret Ekpo 

International Airport from 1966-2020. A field survey was 

undertaken for in situ data on rainfall and land surface 

temperature data in the study area. 

Random sampling technique was used to administer 

questionnaire to residents of the study area in order to 

generate responses on demographic data, as well as, critical 

socioeconomic problems caused by cement production in 

the area. Direct observations were also used by the 

researcher to observe some critical environmental changes 

and damages to buildings and other infrastructures around 

the area of study. 

3. Results and Discussion of Findings 

Variation in rainfall between pre-production and post-
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production era. 

Figures 1 and 2 depict the rainfall variability pattern of 

Mfamosing, from the period of 1966 to 2020. Between the 

period of 1966 to 1976, first decade, based on the climatic 

data, is presented in Table 1. Rainfall amounts ranged 

between 2662.34 mm to 2992.8mm, with a constant trend 

between the year of 1966 and 1967. In the first 10 years, 

the year 1976 recorded the highest rainfall period of 2992.8 

mm. During the first 10-year period of the data under study, 

the mean rainfall amount was 2719.98 mm. The second 

decade shows that between 1977 and 1987, rainfall 

amounts ranged from 2347.01 mm to 3298.3, with the 

highest rainfall recorded in 1978 and the lowest rainfall 

recorded in 1983. In the second decade, the mean rainfall 

amount was 2842.6mm. Furthermore, the 3rd decade 

between the period 1988 to 1998, rainfall ranged from 

2511.3mm to 3825.5 mm, culminating in a mean of 

2963.62 mm. Also, during the fourth decade (1999 to 2009), 

rainfall amounts ranged from 2371.8 mm to 3702.01 mm, 

with a mean rainfall amount of 2944.92 mm. Lastly, in the 

fifth decade, that is, from the period 2009 to 2020, rainfall 

amounts ranged from 2488.3 mm to 4002.8, with a mean 

rainfall amounts of 3300.21 mm. The lowest rainfall of 

2488.3mm was observed in 2009 while the highest rainfall 

amount (4002.8mm) was observed in 2011. Based on the 

mean rainfall amount presented in table 2, it is observed 

that pre-production era, 2002, during the 1st and 2nd decades, 

the mean rainfall amounts were 2719.98 mm and 

2842.6mm, which were lower than the mean rainfall 

amount during the post-production era that is the 3rd, 4th and 

5th period, which were 2963.62mm, 2944.92 mm and 

3300.21 mm respectively. 

Table 1.  Cement Production and Micro climatic data for the production era 

 Production rate 

ANNUAL 

RAINFALL 

AMOUNT 

MEAN ANNUAL 

TEMPERATURE 

AMOUNT (℃) 

MEAN ANNUAL 

RELATIVE 

HUMIDITY 

Cloud Cover 

2002 0.625 2797.7 27.25 83.33 61.0 

2003 1.1 2657.7 27.46 85.25 46.0 

2004 1.275 2371.8 27.19 84.75 43.0 

2005 1.35 3702.01 27.06 85.33 62.0 

2006 1.35 2893.8 26.87 85.33 30.0 

2007 1.35 3428.8 26.18 85.75 71.3 

2008 1.35 3060.8 26.48 86.83 64.0 

2009 1.875 2488.3 26.06 86.42 77.0 

2010 1.875 2881.4 27.47 86 86.0 

2011 1.875 4002.8 27.02 85.75 93.0 

2012 1.875 3826 27.15 85.25 64.0 

2013 1.875 3273.8 26.89 86.5 43.0 

2014 1.875 3510.3 26.65 85.92 25.0 

2015 1.875 3702.01 27.06 85.33 71.0 

2016 1.7 2800 28.43 85 95.0 

2017 3.75 2744 29.57 84 82.0 

2018 3.75 2599 28.07 83 50.0 

2019 3.75 2236.879 29.325 82.335 84.0 

2020 2.75 1958.818 29.742 81.536 90.0 

Source: [11] 
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Table 2.  Mean Climatic Data of Akampka (1966 to 2020) 

YEAR 
MEAN ANNUAL 

RAINFALL AMOUNT 

MEAN ANNUAL TEMPERATURE 

AMOUNT (℃) 

MEAN ANNUAL RELATIVE 

HUMIDITY 

1966 2767.6 26.72 85.4 

1967 2767.12 26.19 87.32 

1968 2669.3 27.32 85.66 

1969 2662.34 26.97 86.34 

1970 2817.6 26.65 85.83 

1971 2953.2 26.52 85.17 

1972 2957.01 26.7 86.17 

1973 2109.5 26.96 86 

1974 2555.9 26.52 84.58 

1975 2667.5 26.45 85.25 

1976 2992.8 26.24 87.75 

1977 2646.7 26.92 86.25 

1978 3298.3 26.62 86.75 

1979 2817.01 26.93 87.83 

1980 3553.6 27.01 86.75 

1981 2736.9 26.98 85 

1982 2809.01 26.66 85.58 

1983 2347.01 27.08 82.42 

1984 2495.4 27.02 83 

1985 2945.4 26.92 84.17 

1986 2609.7 26.75 84.17 

1987 3009.7 27.28 84.75 

1988 2723.4 26.55 84.08 

1989 2765.6 26.48 82.5 

1990 2729.1 27.19 84.75 

1991 2658.3 27.12 84.92 

1992 2896.4 26.65 84.17 

1993 2511.3 26.89 84.5 

1994 2904.6 26.59 84.58 

1995 3825.5 26.7 84.58 

1996 3321.8 26.49 85.92 

1997 3492.4 26.6 84.33 

1998 2771.5 27.22 83.33 

1999 2983.9 26.42 85.75 

2000 2807.4 27.21 83.83 

2001 3202 27.06 85.08 

2002 2797.7 27.25 83.33 

2003 2657.7 27.46 85.25 

2004 2371.8 27.19 84.75 
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Table 2 continued 

2005 3702.01 27.06 85.33 

2006 2893.8 26.87 85.33 

2007 3428.8 26.18 85.75 

2008 3060.8 26.48 86.83 

2009 2488.3 26.06 86.42 

2010 2881.4 27.47 86 

2011 4002.8 27.02 85.75 

2012 3826 27.15 85.25 

2013 3273.8 26.89 86.5 

2014 3510.3 26.65 85.92 

2015 3702.01 27.06 85.33 

2016 2800 28.43 85 

2017 2744 29.57 84 

2018 2599 28.07 83 

2019 2965 28.05 82 

2020 2856 27.05 83 

Source: [11] 

 

Source: Authors’ field work 

Figure 1.  Variability in Rainfall (mm) at Pre-Production Era in Mfamosing from 1966-2001 
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Source: Authors’ field work 

Figure 2.  Variability in Rainfall (mm) at Post Production Era in Mfamosing from 1966-2001 

3.1. Variation in Temperature between Pre-Production 

and Post-Production Eras at LaFarge 

Figures 3 and 4 present the variation in temperature at 

Mfamosing, from the period 1966 to 2020. The first decade 

of the temperature data, between the period 1966 to 1975 

shows that temperature ranged from 26.19 ℃ to 27.32 ℃. 

The year 1968 had the highest temperature (27.32℃) while 

the year 1967 had the lowest temperature (26.19). The 

mean temperature in the first decade was 26.7 ℃. In the 

second decade, the climate data presented in Tables1 and 2, 

that is the period from 1976 to 1985, availed that 

temperature ranged from 26.24℃ and 27.08 ℃, with the 

highest temperature recorded in the year 1976 and the 

lowest temperature within the decade recorded in the year 

1983 and a mean temperature of 26.84 ℃. More so, the 

table shows that in the 3rd decade between the period 1986 

to 1995, temperature ranged from 26.48 ℃℃ to 27.28℃, 

with a mean temperature of 26.82℃. The lowest 

temperature was recorded in 1989 and the highest 

temperature was recorded in 1987. Also, the fourth decade 

(1996 to 2006) temperature ranged from 26.18℃ to 

27.46℃, with a mean rainfall amount of 26.98 ℃. Lastly, 

in the fifth decade, that is between the period from 2007 to 

2020, temperature ranged from 26.18℃ to 29.57℃, with a 

mean temperature of 27.25℃. It was further noted that the 

lowest temperature (26.18℃ was observed in 2007 while 

the highest temperature of 29.57℃℃ was observed in 2018. 

Based on the mean temperature, it was observed that pre-

production era at study site, that is, during the 1st and 2nd 

decades from 1966 – 1985, the mean temperature for the 

two decades were 26.7℃ and 26.84℃, which were lower 

than the mean temperature during post-production era at 

LaFarge as depicted by the 3rd, 4th and 5th periods, which 

had temperature values of 26.98 ℃, 26.82℃ and 27.25℃ 

respectively. 
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Source: Authors’ field work 

Figure 3.  Variability of temperature (℃) at Pre-Production Era in Mfamosing from 1966-2001 

 

Source: Authors’ field work 

Figure 4.  Variability of temperature (℃) at Post Production Era in Mfamosing from 2002-2020 

3.2. Variation in Relative Humidity between Pre-

Production and Post-Production Era 

Figures 5 and 6 show the variation of relative humidity 

at Mfamosing, from the period of 1966 to 2020. The first 

decade of the relative humidity data, between the period of 

1966 and 1975 shows that relative humidity ranged from 

85.17 percent to 87.32 percent. The year 1971 had the 

lowest relative humidity (85.17%) while the year 1967 had 

the highest relative humidity (87.32%). The mean relative 

humidity in the first decade was 85.8 percent. In the second 

decade in table 1 and 2, from the period of 1976 to 1985, 

the relative humidity ranged from 82.42 percent to 87.83 

percent, with the lowest relative humidity recorded in 1983 

and the highest relative humidity recorded in the year 1976 

and a mean relative humidity of 85.55 percent. Also, the 

table shows that in the third decade between the period of 

1986 to 1995 relative humidity ranged from 82.5 percent to 

84.58 percent, with a mean relative humidity of 84.3 

percent. The lowest relative humidity was recorded in 1989 
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and the highest relative humidity was recorded in 1994 and 

1995. In addition, in the fourth decade (1996 to 2006), the 

relative humidity ranged between 83.33 percent and 85.75 

percent, with a mean relative humidity of 84.63 percent. 

Lastly, in the fifth decade, that is between the period of 

2007 to 2020 relative humidity ranged from 83 percent to 

86.83 percent, with a mean relative humidity of 85.6 

percent. It was further noted that the lowest relative 

humidity was observed in 2018 while the highest relative 

humidity was recorded in 2008. Conclusively, the mean 

‘relative humidity shows that during the pre-production era, 

that is 2002, the 1st and 2nd decade, the mean relative 

humidity was 85.55 percent and 85.77 percent, which were 

more than the mean relative humidity during the post-

production era, that is the 3rd, 4th and 5th period, 84.3 

percent, 84.63 percent and 85.6 percent respectively. 

 

Source: [11] 

Figure 5.  Variability in Relative Humidity at Pre-Production Era in Mfamosing from 1966-2001 

 
Source: [11] 

Figure 6.  Variability in Relative Humidity at Post Production Era in Mfamosing from 2002-2020 
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4. Testing of Hypothesis 

There is no significant micro-climatic difference in 

Mfamosing between the pre-cement and post-cement 

production era. 

The data earlier presented in table 2 indicate differences 

in mean microclimate in the study area. The mean of 

rainfall varies considerably across the years with higher 

means in 1995 (=3825.50); 2011 (=4002.80); and 2012 

(=3826.00). However, lower means were obtained from 

2016 to 2020. Moreover, for temperature the mean is rather 

higher from 2015 to 2020. Also, the mean of relative 

humidity rather increases and decreases at the same time 

showing a fluctuation. 

Moreover, the analysis of variance shows a significant 

F-ratio at 0.05 significant level set for this study for all the 

variables as presented in Tables 3, 4 and 5. For rainfall, a 

significant F-ratio was obtained (F=66.390; p<0.05). This 

shows significant variation in rainfall with lower means 

from 2016 to 2020. A high and significant F-ratio was also 

obtained in temperature that shows variation across the 

different years (F=240.340; p<0.05). The relative humidity 

also depicts a significant variation (F=60.970; p<0.05). 

This shows that microclimate differs across the different 

years. 

Tables 6, 7 and 8 presented the test between subjects’ 

effect of the analysis of variance. The mean plots also 

depict variations in microclimate as shown in Figures 7, 8 

and 9. 

The research findings revealed that the pre-production 

era 2002, showed a mean rainfall amount of 2719.98mm 

and 2832mm for the 1st and 2nd decade, which was lower 

than the post-production era that is the 3rd, 4th and 5th 

decades with a rainfall amount of 2963.62mm, 2944.92mm 

and 3300.21mm respectively. Also, the pre-production era 

means temperature during the 1st and 2nd decades from 

1966 – 1985 were 26.7℃ and 26.84℃, there were lower 

than the mean temperature during the post-production era 

by the 3rd, 4th and 5th decades with temperature values of 

26.98℃, 26.80℃, 27.23℃ respectively. Furthermore, the 

mean relative humidity for the 1st and 2nd decades was 

85.55 percent and 85.77 percent which were also lower 

than that of the post-production era with values of 84.5 

percent, 84.63 percent and 85.6 percent respectively. 

Table 3.  ANOVA 

 Sum of Squares Df Mean Square F Sig. 

Rainfall 

Between Groups 698151336.112 54 12928728.447 66.390 .000 

Within Groups 117816666.667 605 194738.292   

Total 815968002.779 659    

Mean_Temperature 

Between Groups 536.296 54 9.931 240.340 .000 

Within Groups 25.000 605 .041   

Total 561.296 659    

Mean_Relative_Humidity 

Between Groups 9450.884 54 175.016 60.970 .000 

Within Groups 1736.667 605 2.871   

Total 11187.551 659    

Source: Author's Data Analysis, 2020 

Table 4.  Grand Mean 

Dependent Variable Mean Std. Error 
95% Confidence Interval 

Lower Bound Upper Bound 

Rainfall 3320.342 17.179 3286.604 3354.081 

Mean_Temperature 27.101 .008 27.086 27.117 

Mean_Relative_Humidity 84.170 .066 84.040 84.299 

Source: Author's Data Analysis, 2020 
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Table 5.  Tests of Between-Subjects Effects 

Source Dependent Variable 
Type III Sum of 

Squares 
df Mean Square F Sig. 

Corrected Model 

Rainfall 698151336.112a 54 12928728.447 66.390 .000 

Mean_Temperature 536.296b 54 9.931 240.340 .000 

Mean_Relative_Humidity 9450.884c 54 175.016 60.970 .000 

Intercept 

Rainfall 7274434096.197 1 7274434096.197 37354.924 .000 

Mean_Temperature 484630.724 1 484630.724 11728063.513 .000 

Mean_Relative_Humidity 4674619.759 1 4674619.759 1628490.377 .000 

Year 

Rainfall 698151336.112 54 12928728.447 66.390 .000 

Mean_Temperature 536.296 54 9.931 240.340 .000 

Mean_Relative_Humidity 9450.884 54 175.016 60.970 .000 

Error 

Rainfall 117816666.667 605 194738.292   

Mean_Temperature 25.000 605 .041   

Mean_Relative_Humidity 1736.667 605 2.871   

Total 

Rainfall 8092255110.813 660    

Mean_Temperature 485343.985 660    

Mean_Relative_Humidity 4686672.818 660    

Corrected Total 

Rainfall 815968002.779 659    

Mean_Temperature 561.296 659    

Mean_Relative_Humidity 11187.551 659    

a. R Squared = .856 (Adjusted R Squared = .843) 

b. R Squared = .955 (Adjusted R Squared = .951) 

c. R Squared = .845 (Adjusted R Squared = .831) 

Source: Author's Data Analysis, 2020 

Table 6.  Multivariate Testsa 

Effect Value F Hypothesis df Error df Sig. 

Intercept 

Pillai's Trace 1.000 6447931.450b 3.000 603.000 .000 

Wilks' Lambda .000 6447931.450b 3.000 603.000 .000 

Hotelling's Trace 32079.261 6447931.450b 3.000 603.000 .000 

Roy's Largest Root 32079.261 6447931.450b 3.000 603.000 .000 

Year 

Pillai's Trace 2.587 70.176 162.000 1815.000 .000 

Wilks' Lambda .001 92.310 162.000 1808.561 .000 

Hotelling's Trace 32.584 121.015 162.000 1805.000 .000 

Roy's Largest Root 21.715 243.291c 54.000 605.000 .000 

a. Design: Intercept + Year 

b. Exact statistic 

c. The statistic is an upper bound on F that yields a lower bound on the significance level. 

Source: Author's Data Analysis, 2020 
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Source: Author's Data Analysis, 2020 

Figure 7.  Mean plot of Rainfall 

 

Source: Author's Data Analysis, 2020 

Figure 8.  Mean Plot of Temperature 
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Source: Author's Data Analysis, 2020 

Figure 9.  Mean plot of relative humidity 

Since all the data on the mean of rainfall, relative 

humidity and temperature varies considerably across the 

years and a significant F-ratio was obtained therefore the 

null hypothesis was rejected while the alternate is upheld. 

Therefore, there is a significant micro-climatic difference 

in Mfamosing between pre and post-cement production 

eras. 

5. Climatic Variables of Pre and Post-
Cement Production Era 

The analysis of long-term variability with regards to 

climatic variables is a sine-qua-non and fundamental task 

in studies on climate change detection. Several notable 

researchers examined and studied the theme variability and 

trends in temperature and precipitation across the world 

[12-21, 22]. Turkes et al. [23] also studied the spatial and 

temporal patterns of trends in maximum and minimum 

temperatures and diurnal temperature ranges for the period 

1929–1999. The maximum temperature has been shown to 

exhibit weak warming and cooling in comparison with 

significant warming of minimum temperature in many 

regions of Turkey and in most seasons. In addition, diurnal 

temperature range has significantly decreased in most of 

urbanized and fast-urbanizing regions throughout the 

seasons except in winter. In addition, Smadi [24] examined 

changes in annual and seasonal mean minimum and 

maximum temperatures in Jordan during the 20th century. 

His research showed a significant warming trend after the 

years 1957 and 1967 for minimum and maximum 

temperatures, respectively. Hamdi et al. [25] analyzed 

climatic variables at six weather stations in Jordan and 

found an increasing trend in annual minimum temperature 

and a decreasing trend in diurnal temperature range. 

However, no visible trends were found in annual 

precipitation and maximum temperature. 

In Iran, a study was made on the temporal trends in 

annual rainfall in the central and east of Iran during 1965–

2000. The results of the enquiry showed that there is no 

evidence of climate change [26, 27]. Although many 

stations showed negative trends indicating the decrease in 

precipitation, this trend was not statistically significant at 

the 95 percent confidence level. In addition, they indicated 

that the southeast corner of Iran has experienced climate 

change in the form of a negative precipitation trend. 

Ghahraman [28] analyzed the long-term trend of mean 

annual temperature at 34 synoptic stations in Iran. This 

finding is in conformity with the present research 

undertaken at Mfamosing cement production. 
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Table 7.  Pollutants Emission Concentration (Mg/Nm3) 

Pollutant Source classification Location Ambient Concentration 

CO Point source Raw mill and kiln stack exist 148.7 (250) 

SO2 Point source Raw mill and kiln stack exist 2891 (6500) 

NOx Point source Raw mill and kiln stack exist 987.6 (1800) 

PM10 Point source Clinker cooler and cement stack exist 0.592 (1.50) 

PM25 Volume source Outlets through dust control devices 0.964 (1.50) 

TSP Point source Clinker cooler and cement mill stack exist 1.255 (1.50) 

Source: Authors fieldwork, 2020 

 

Figure 10.  Pollutants Emission Concentration 

Cement manufacturing generate enormous dust during 

milling, storage, packing and transportation which affects 

the atmospheric parameters, including air pressure of the 

immediate environs. Table 7 presents various classes and 

level of pollutants generated as a result of the activities 

connected to cement production in the area under 

investigation, which has been clearly depicted in figure 10. 

Table 8.  Concentration of heavy metals in the sampled particulate 
deposited (Ng/g) 

Elements  Concentration (Ng/g) 

Fe  836.2 

Cd  15.5 

Mn  45.75 

Zn  277.5 

Cu  25.8 

Pb  18.5 

Co  22.7 

Ni  23.13 

Cr  27.28 

Source: Authors fieldwork, 2020 

From table 8, the concentration of heavy metals in the 

closest location in the pollution source shows elevated 

concentrations of Fe, Mn, Zn, and Pb in the particulate 

deposited. These may be attributed to metal from 

mechanical parts (moving machine parts) and burnt fossil 

fuel. Zn elevation may be linked with remobilization of 

dust by the wind from exhaust emission and power 

generation. These pollutants have a significant effect on 

atmospheric chemistry and physics. 

Undoubtedly, cement production has a huge effect on 

atmospheric parameters, being a major source of 

atmospheric particulate matter, which can affect climate, 

visibility, air quality and temperature surge. The particulate 

matter released into the atmosphere undergoes chemical 

reactions such as oxidation and neutralization, which can 

affect the atmospheric composition. The particles can 

interact with light, causing scattering and absorption, 

which leads to reduced visibility and increased 

temperatures and also affects remote sensing techniques of 

data collection. The particles can interact with ozone, 

leading to the formation of new compounds, which 

influence the radiation balance, causes acid rain and change 

in the precipitation patterns. 

By and large, burning or incineration of fossil fuels used 

as a power source for cement production facilities 

generates enormous heat which is ultimately transferred to 

the surrounding air through convection and radiation 

mechanisms. This scenario also increases atmospheric 

pressure due to the release of gases such as methane, oxides 

of nitrogen, sulphur and carbon into the atmospheric 

ambience. To add to this, these compounds interact with 
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other atmospheric constituents leading to the formation of 

smog and other air pollutants, which resultantly leads to the 

emission of benzene and other volatile organic compounds. 

With regards to health, these compounds can cause a 

variety of health-related problems such as eye and lung 

irritation, increased risk of cancer and a diseased 

respiratory function. Finally, for an expanded and 

appreciated understanding of how human-related activities 

affect the atmosphere, examining the cause-and-effect 

relationship scenario painted by [29] is essential for 

improving air quality, reducing its negative impacts on 

human health and the immediate environment [30-33]. 

6. Conclusions 

The study which aimed at assessing the impact of cement 

production on the microclimate of Mfamosing used the 

data collected from NIMET to achieve the specific 

objective. 

The study also indicated that annual rainfall amounts 

during the pre-production era were less than the rainfall 

amounts post-production era. Similarly, the temperature 

amounts were noted to increase during the post-production 

era more than in the pre-production era. However, the 

relative humidity decreased during the post-production era 

than the pre-production era. These results show that there 

were variations in the climatic condition in the area. The 

temperature value decreases as the distance increase, 

following [34], which states that everything is related to 

everything else but closer things are more related. 

In view of the findings, the researchers concluded that 

there is a difference in micro-climatic conditions in the pre-

cement and post-cement production eras. 
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