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Introduction
Air pollution has recently received much attention because of its 

threats to the health of humans and other living beings in the world. 
Air pollution is simply defined as some gases in the atmosphere that 
exist at higher concentrations than in normal limits thereby decreasing 
the quality of air in the environment, which could be harmful to the 
well-being of the people.1 The well-being of people can be affected 
by various industrial activities, traffic and vehicular discharge and 
emissions which are from different airborne heavy/toxic metals (lead, 
mercury and cadmium), volatile compounds and other air pollutants 
which pollute the atmosphere with resultant negative impacts on the 
air quality and the environment.1–5 Meteorology is the science of 
atmosphere, atmospheric phenomena, climate change and atmospheric 
effects on our weather and meteorologists use scientific principles 
and methods to explain, observe and even forecast our weather.6 The 
weather and atmospheric pollution can have negative effects on human 
beings.7 Particulate matter carries elements with various degrees of 
toxicity.2,8 When air pollutants are taken off in all directions by the 
wind, these atmospheric pollutants persist long enough to pose serious 
problems in distant areas and some cases causing further problems of 
trans-boundary pollution in the air quality of the environment.1,3,9,10 
The human exposure to air pollutants is mostly connected and 
associated with outdoor and indoor air pollution and also through 
emissions from homes.11 The high rate of indoor pollution which is a 
result of weak dilution of emissions from indoor sources is principally 
caused by poor ventilation and other uncountable sources of indoor 
air pollutants, including combustion of domestic fuels such as coal, 

wood, paraffin, tobacco smoke, asbestos products, pesticides used 
in the home, and household cleaning products contributing to poor 
ambient air quality.12–14 Air quality is defined as the condition of the air 
within our surroundings or environment and it can be affected in many 
ways by the pollution emitted from these sources15. The quality of air 
is said to be good when it is within the set standard by USEPA for good 
air quality being free from gaseous pollutants such as smoke, dust and 
smog including other gaseous impurities in the atmosphere.15,16

The United States Environmental Protection Agency17–21 has 
classified these pollutants into six principal categories and the 
classifications of these air pollutants for the air quality index 
(AQI) ratings. The air quality index (AQI) rating is a number used 
by government agencies to communicate to the public how the air 
currently is or how the air is forecasted to become polluted and as 
the air quality index increases due to an increase of air pollutants (for 
example, during working or rush hour’s traffic or when there is an 
upwind forest fire), an increasingly large percentage of the population 
is likely to experience rapidly severe adverse health effects.15 Air 
quality index (AQI) ratings are as follows; A (0-15, Very Good, Green 
colour), B (16-31, Good, Green colour), C (32-49, Moderate, Yellow 
colour), D (50-99, Poor, Yellow colour), E (100, Very Poor, Orange, 
red and purple colours) and F (>100, Hazardous, Maroon colour) as 
presented in Table 1 below.

The Air Quality Index (AQI) value ratings for PM2.5 and PM10and 
the indication of the air quality and its related health effects are 
presented in Table 2 and Table 3 below.13
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Abstract

The increasing concentrations of air pollutants are now a global challenge. This research 
aimed to assess the meteorological parameters and atmospheric pollution in urban and rural 
areas of River State in Nigeria using Air Quality Index (AQI) ratings. The atmospheric 
quality status of the survey areas was analysed during the rainy season from April to 
July, 2018. In this study, Nwaja, Trans Amadi Industrial Layout, Port Harcourt Local 
Government Area (urban) and Umuazu village, Igbo-Etche, Etche Local Government 
Area (rural) in Rivers State, Nigeria gave recorded mean values for particulate matter as 
follows; PM2.5 ranging from 107.30-113.00 µg/m3 and PM10 (145.30-153.00 µg/m3) in both 
areas. Other parameters analysed showed relative humidity (84.67-95.00 %), wind speed 
(0.97-2.97 m/s), elevation (40.33-108.30 m), cloud cover (98.33-99.33 %) and temperature 
(24.30-26.00 oC). Other results (ppm) were; CO2 (8600.00-17500.00), Cl2 (1.85-2.39), CO 
(29.67-44.30), SO2 (0.60-0.75) and NO2 (0.33-0.43) in both locations. From the obtained 
results, the study areas showed high concentrations of air pollutants which might be toxic 
to humans as well as plants and animals in the environment. The Air Quality Index (AQI) 
ratings of the obtained results showed that the area with high industrial activities (urban) 
was rated from Very Poor (E) to Hazardous (F) while in the area with less industrial 
activities (rural), it was rated from Moderate (C) to hazardous (F). Hence, there is a need 
for routine monitoring of the atmospheric pollutants in Rivers State and in South-South 
Nigeria as a whole to ensure safety.

Keywords: air quality, meteorological, climate change, air quality index, atmospheric 
pollution, particulate matter; gas emission
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Table 1 Classifications of the air pollutants for the air quality index (AQI) value ratings

S/N Classifications Indicator light Air Quality Index (AQI) category Air Quality Index (AQI) value

1 A Green Very Good 0-15

2 B Green Good 16-31

3 C Yellow Moderate 32-49

4 D Yellow Poor 50-99

5 E Red and Purple Very Poor 100

6 F Maroon Hazardous > 100

USEPA, 17-21

Table 2 Air Quality Index (AQI) ratings for PM2.5

Air Quality Index (AQI) category Air Quality Index (AQI) value 24 hrs Average PM2.5 concentrations (µg/m3)

Good 0-50 0-15.4

Moderate 51-100 15.5-40.4

Unhealthy for sensitive group 101-150 40.5-65.4

Unhealthy 151-200 65.5-150.4

Very unhealthy 201-300 150.5-250.4

Hazardous 301-500 250.5-500.4

USEPA, 21

Table 3 Air Quality Index (AQI) ratings for PM10

Air Quality Index (AQI) category Air Quality Index (AQI) value 24 hrs Average for PM10 concentrations (µg/m3)

Good 0-50 0-54

Moderate 51-100 55-154

Unhealthy for sensitive group 101-150 155-254

Unhealthy 151-200 255-354

Very unhealthy 201-300 355-424

Hazardous 301-500 425-604

USEPA, 21

According to USEPA21 which states that, when the daily mean 
concentration of PM2.5 is between 0-15.4 µg/m3, it is classified as good 
air quality and when it is between 15.5-40.4 µg/m3, it is classified as 
moderate air quality and when it is between 40.5-65.4 µg/m3 ,the air 
quality is classified as being unhealthy for sensitive groups (elderly 
persons, infants and others people with illnesses like bronchitis, 
emphysema, pneumonia and asthma) and the air quality concentrations 
between 65.5-150.4 µg/m3 is classified to be very unhealthy and the 
hazardous air quality is classified to be between 250.5-500.4 µg/m3 as 
shown in Table 2 above.

USEPA also stated that, in PM10, when the daily mean concentration 
is between 0-54 µg/m3, it is classified as good air quality and when the 
mean value is between 55-154 µg/m3, it is classified as moderate air 
quality21 and when the concentrations are between 155-254 µg/m3, it 
is classified as unhealthy for the sensitive groups and when the mean 
values are between 255-354 µg/m3, it is classified as being unhealthy 
for everyone and when the mean concentrations are between 355-424 
µg/m3, the air quality is said to be very unhealthy and when the mean 
concentrations are between 425-604 µg/m3, it is said to be hazardous 
air quality as shown in Table 3 above by USPA.21 Earlier findings from 
some researchers in the climate change monitoring agencies have 
justifications that, the earth is presently facing enormous challenges 
due to rapid global warming, which is caused by rising levels of 
greenhouse gases in the atmosphere. Nicholas and Ukoha stated 
in their earlier findings that the increment in population has led to 
increased economic activities which have resulted in more extensive 

urbanization, automobile exhaust emission and indiscriminate refuse 
disposal which turned out to have negative impacts on humans and 
the environment.1,3 Many researchers have investigated, as well as 
monitored the atmospheric pollution within the Niger Delta region 
and have reported that the toxic substances found in the environment/
atmosphere in higher concentrations are a result of natural occurrences 
and anthropogenic activities.1,3,8,22–27

This research work was carried out in Nwaja, Trans Amadi Industrial 
Layout, Port Harcourt Local Government Area (urban) and Umuazu 
village, Igbo-Etche, Etche Local Government Area (rural) in Rivers 
State, Nigeria. It was aimed at assessing the atmospheric pollution 
in the study areas and comparing the record of the meteorology 
monitoring with Air Quality Index (AQI) ratings by USEPA. This is 
because of the increase in global interest in air pollutants and their 
associated health risks and effects on the environment. There is need 
for continuous evaluation of atmospheric pollution for ascertaining 
the air quality in the environment and to ensure that, it is within 
acceptable limits for ambient air.17–21,28–30

Methodology
Study area

The study areas were Nwaja Roundabout, Trans Amadi Industrial 
Layout, Port Harcourt Local Government Area (urban) and Umuazu 
village, Igbo-Etche, Etche Local Government Area (rural) in Rivers 
State, Nigeria as shown in Figure 1 below.
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Figure 1 Map of the study area showing sample locations with their coordinates.

Table 4 Names of instruments and their manufacturers

Instrument Manufacturer

Handheld GasMan

SO2 gas monitor Model: 19648H, Range; 0-10 ppm, Alarm levels; 2.0 ppm

NO2 gas monitor Model: 19831N, Range; 0-10 ppm, Alarm levels; 3.0 ppm

CO gas monitor Model: 19252H, Range; 0-500 ppm, Alarm levels; 50 ppm

Cl2 gas monitor Model: 19812H, Range; 0-5 ppm, Alarm levels; 0.5 ppm

CO2 Land Duo Multi Model: PDR1200, Range; 0-50,000 ppm

Model: HD1000, Haz-Dust Tm, Air Quality Monitor for 

Air Ae Steward PM 2.5 and PM 10 

Max-min thermometer Handheld HYGROMETER MODEL: KTJTA318

Digital Anemometer Handheld MASTECH MS6252A

Sun Road Digital Compass (Altimeter) Handheld Altimeter Model: CR2032

Economic and industrial activities of the study areas

Rivers State is one of the major oil-producing states in the South-
South region of Nigeria. This state was selected because of its well-
known industrial activities in Nigeria. In this study, two locations 
(sampled areas) in Rivers State were used for this research work 
which were as follows; Nwaja Roundabout, Taxis loading bay, Trans 
Amadi Industrial Layout in Port Harcourt local government area 
(urban) and Umuazu village, T- junction, Igbo-Etche, Etche local 
government area (rural). Trans Amadi Industrial Layout is a thousand-
hectare industrial area and is considered to be a major industrial zone 
in Port Harcourt. Its coordinates are 4o48′53′′N and 7o2′14′′E. Major 
companies or industries in Trans Amadi Industrial Layouts are; Japaul 
Limited, Heir Oil and Gas Nigeria Limited, Michelin Tyres Africa 
and other industries producing materials such as glass bottles, tyres, 
aluminium and paper have their production/manufacturing plants.31 
Boundaries of the Trans Amadi industrial layout lie within the north 
and are bordered by D/line in the southwest, Woji Township to the 
east and Rumuola to the North- West. The main abattoir of the city 
is located along Trans Amadi industrial layout area.31,32 Etche people 
occupy two local government areas in the Rivers State, namely; 
Etche and Omuma Local Government Area. Etche people are mostly 
engaged in agriculture and their main cultivated crops are cassava and 
yam which are very important in Africa as a whole. Most of the Etche 
people make use of tractors for farming their crops for commercial 
purposes. Another important economic product of the Etche people is 
palm oil production.32,33

The assessment of the meteorological and air quality 
in the study areas

This study was carried out in Nwaja Roundabout, Taxis loading 
bay, Trans Amadi Industrial Layout, Port Harcourt Local Government 
Area (urban) and in Umuazu village, T-Junction, Igbo-Etche, Etche 
Local Government Area (rural-this serve as a control) in Rivers 
State, Nigeria during the rainy season from April to July, 2018. 
The meteorological and air quality parameters were assessed using 
the following instrument; Handheld Gasman Air Monitoring Meter 
(Models: 1200-19831) and Haz-Dust Tm; Air Ae Steward Meter; 
(Model: HD1000) as shown in Table 4 below. The air quality 
assessment of the study area was carried out on an hourly basis for 
3 h per sampling station in triplicate; the periods of measuring data 
from the selected sites were as follows for the four working days 
(morning; peak hours, afternoon; off-peak period and Evening; peak 
hours) in both locations. After calibrating the instrument according to 
the manufacturer’s specification and guidelines, at each designated 
position, the instrument for the air pollutant assessment was held at 
arm’s length in an open space in each of these areas according to the 
periods of measuring data. The knob on the instrument was adjusted 
to the TEST/GAS position and then allowed to stand for some minutes 
and thereafter, readings were taken when the display on the LCD lens 
of the instrument was stable for recording. The results obtained in this 
study area were recorded in triplicate for mean values.
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Statistical analysis

Statistical analysis was done using Statistical Package for Social 
Sciences (SPSS) version 20. Data generated in this study were 
analysed for mean and standard deviation (SD) and were reported in 
two significant figures.

Results 
Meteorology record, air quality in the urban and rural 
areas of Rivers State, Nigeria

The range of values of carbon monoxide, chlorine gas, NO2, 
SO2, CO2, particulate matter (PM2.5 and PM10), temperature, 
relative humidity, pressure, wind speed, elevation and cloud cover 
determination in both locations of Rivers State, Nigeria as shown in 
Table 5, Table 6 and Figures 2–4 below.

Table 5 Meteorology record, air quality in taxi loading bay Nwaja, Trans Amadi Industrial Layout, Port Harcourt local government area (urban) in Rivers State, 
Nigeria

S/N Parameters Concentrations Air Quality Index (AQI) ratings
1 PM 2.5 (μg/m3) 113.00±4.58 Very Poor (E), Unhealthy
2 PM 10 (μg/m3) 153.00±6.56 Very Poor (E), Unhealthy
3 CO (ppm) 44.80±10.01 Poor (D)
4 CO2 (ppm) 17,500.00±1228.80 Hazardous (F)
5 NO2 (ppm) 0.43±0.15 Poor (D)
6 SO2 (ppm) 0.60±0.10 Poor (D)
7 Cl2 (ppm) 1.85±0.21 Poor (D)
8 Temperature (ºC) 26.00±3.00 Good (B)
9 RH (%) 84.67±13.50

10 WS (m/s) 0.97±0.40
11 Elevation (m) 40.33±9.61
12 Pressure (hpa) 1,012.00±1732.00
13 Cloud cover (%) 99.33±1.15  

PM, particulate matter; RH, relative humidity; WS, wind speed

Table 6 Meteorology record, air quality in T- Junction Umuazu village, Igbo-Etche, Etche local government area (rural) in Rivers State, Nigeria

S/N Parameters Concentrations Air Quality Index (AQI) Ratings
1 NO2 (ppm) 0.33±0.15 Poor (D)
2 SO2 (ppm) 0.75±0.15 Poor (D)
3 CO (ppm) 29.67±1.53 Moderate (C)
4 CO2 (ppm) 8,600.00±556.78 Hazardous (F)
5 Cl2 (ppm) 2.39±0.48 Very Poor (E), Unhealthy
6 PM 2.5 (μg/m3) 107.30±6.03 Very Poor (E), Unhealthy
7 PM 10 (μg/m3) 145.30±8.02 Very Poor (E)
8 Temperature ( ºC) 24.30±1.52 Good (B)
9 Pressure (hpa) 1,012.00±1732.00
10 Cloud cover (%) 98.33±2.87
11 RH (%) 95.00±1.00
12 WS (m/s) 2.97±1.00
13 Elevation (m) 108.30±3.51  

PM, particulate matter; RH, relative humidity; WS, wind speed

Figure 2 Field Meteorology and Air Quality record in Rivers State (urban/
rural) areas.

Figure 3 Field Meteorology and Air Quality record in Rivers State (urban/
rural) areas.

https://doi.org/10.15406/mojes.2024.09.00306


Evaluation of the meteorological, air quality in the urban and rural areas of rivers state, South-South, 
Nigeria

50
Copyright:

©2024 Nicholas et al.

Citation: Nicholas, Eno-obong S, Okudo, et al. Evaluation of the meteorological, air quality in the urban and rural areas of rivers state, South-South, Nigeria. 
MOJ Eco Environ Sci. 2024;9(2):46‒53. DOI: 10.15406/mojes.2024.09.00306

Figure 4 Field Meteorology and Air Quality record in Rivers State (urban/
rural) areas.

Discussion
In this study, the field meteorology and air quality record of Taxis 

loading bay Nwaja roundabout, Trans Amadi Industrial Layout Port 
Harcourt local government area and T-Junction Umuazu village, 
Igbo-Etche, Etche local government area in Rivers State gave mean 
values for particulate matter; PM2.5 ranging from 107.30-113.00 µg/m3 
and PM10 (145.30-153.00 µg/m3), relative humidity (84.67-95.00 %), 
wind speed (0.97-2.97 m/s), elevation (40.33-108.30 m), cloud cover 
(98.33-99.33 %), chlorine gas (1.85-2.39 ppm), temperature (24.30-
26.00 oC), pressure (1012.00-1012.00 hpa) and Other results (ppm) 
were; CO2 (8,600.00-17,500.00), Cl2 (1.85-2.39), CO (29.67-44.30), 
SO2 (0.60-0.75) and NO2 (0.33-0.43) as shown in Table 5 and Table 
6 above.

The obtained results for the atmospheric pollutants assessment 
gave mean concentrations (ppm) ranging from 0.33±0.15-0.43±0.15 
for NO2, SO2 (0.60±0.10-0.75±0.15), CO2 (8,600.00±556.78-
17,500.00±1228.80) and Cl2 (1.85±0.21-2.39±0.48) in the urban 
and rural areas as shown in Table 4, Table 5 and Figure 2 above. 
The obtained values for NO2, SO2, CO2 and Cl2 were above the set 
standards of 0.04-0.06 ppm for NO2, SO2 (0.04-0.06 ppm), CO2 (500 
ppm) and Cl2 (0.01 ppm) by USEPA19,20 and WHO.28,30,34 Comparing 
the values obtained with the set standard Air Quality Index (AQI) 
value ratings; NO2, Cl2 and SO2 were rated very poor (E) while CO2 
was rated hazardous (F) in the urban and rural areas indicating that 
hazardous pollution which could have risen from burning fossil 
fuels, smelting of metals, vehicular emission and industrial activities 
like flaring of gases from the oil and gas sector, and other stationary 
industrial sources accounting for more than 60 % of global greenhouse 
gas emissions.5

Different monitoring points for all the atmospheric pollution 
in these sampled areas gave higher concentrations than the 
recommended set standards by USEPA and WHO. These obtained 
results were in agreement with the earlier findings by Nicholas 
and Ukoha who reported higher values (ppm) of SO2 (0.63±0.15-
0.70±0.20), NO2 (0.27±0.15-0.37±0.15) and CO2 (6,500.00±984.89-
10,166.27±450.93) in their study carried out in Douglas road, Owerri 
municipal Council and Ezihe village (village square area), Uzii, 
Ideato North local government area in Imo State, Nigeria1 and also 
in line with another findings of Nicholas and Ukoha who reported 
higher values (ppm) of SO2 (0.63±0.25-0.73±0.15), NO2 (0.40±0.10-
0.76±0.15) and CO2 (16,800.00±1760.34-28,900.00±3207.80) in their 
study carried out in Warri and Okpanam, Delta State, Nigeria.3 The 
values obtained in this study were also in line with the findings of 
Umunnakwe and Aharanwa who reported high concentrations of SO2 
(0.146 ppm) and NO2 (0.108 ppm) in Owerri municipal road, Imo 

State, Nigeria4 and that of Okunola et al.14 carried out in Kano State, 
Nigeria14 which were of high values as well but not in accordance with 
the research work carried out by Antai et al. which gave lower values 
of SO2 (<0.01-0.30 ppm) in Uyo, Akwa Ibom State, Nigeria.8

The obtained values of the air quality assessment for particulate 
matter (PM) showed mean concentration of 107.30±6.03-113.00±4.58 
µg/m3 for PM2.5 and 145.30±8.02-153.00±6.56 µg/m3 for PM10 in 
Trans Amadi Industrial Layout, Port Harcourt local government area 
(Taxis loading bay Nwaja roundabout) and in Umuazu village, Igbo-
Etche, Etche local government area (T-Junction). The obtained results 
when compared with WHO limits, it was observed to be above the 
average annual set standards of 25.00 µg/m3 and 50.00 µg/m3 for PM2.5 
and PM10 respectively28–30 in both areas as presented in Table 5, Table 
6 and Figure 2 above which was due to increase industrial/commercial 
activities in these areas. The results were also compared with the 
USEPA limits and it was observed that PM10 was found to be above 
the permissible limits of 150.00 µg/m3for ambient air quality17–21 in 
the urban area while it was seen to be within the permissible limits in 
the rural area. 

The high levels of PM2.5 and PM10 are a result of industrial activity, 
construction, forest fires and other numerous anthropogenic activities. 
Comparing the obtained values with the Air Quality Index (AQI) 
ratings,17–21 it was indicated that PM2.5 and PM10 were rated poor (D) 
in the urban and rural areas which was unhealthy for the sensitive 
groups/everyone. The effect of particulate matter (PM) and particles 
of variable in human health is that, though in very small diameter, it 
penetrates the respiratory system through the means of inhalation and 
it causes respiratory and cardiovascular diseases, cancer, and central 
nervous/respiratory system dysfunctions. 

Earlier findings by Nicholas and Ukoha reported high 
concentrations of particulate matter ranging from 99.30 -124.70 µg/
m3 for PM2.5 and PM10 (138.70 -168.00 µg/m3) in their study carried 
out in Douglas Road, Owerri municipal Council and Ezihe village 
(village square area), Uzii, Ideato North local government area in Imo 
State, Nigeria1 were in supports with results obtained in this study. 

Other findings by Okudo et al. also reported values of particulate 
matter; 23.06±1.53-153.23±28.73 μg/m3 for PM2.5 and PM10 
(37.49±3.75-336.49±47.05 μg/m3) in their research work in Enugu 
Urban, Enugu State, Nigeria which were within and above the 
set standards by WHO and USEPA for good air quality.4 Nicholas 
and Ukoha also reported higher values of particulate matter, PM2.5 
(113.00±7.00-133.00±36.07 μg/m3) and PM10 (153.30±9.07-
179.67±48.01 μg/m3) in their previous findings on air quality 
assessment carried out in Warri and Okpanam in Delta State, Nigeria3 
and the results were also in line with the obtained values in this study. 

Antai et al.8 also reported higher values of particulate matter, 
PM2.5 (20.50-51.50 μg/m3) and PM10 (56.00-279.70 μg/m3) in their 
study carried out in Uyo, Akwa Ibom State, Nigeria8 and the study 
of Umunnakwe and Aharanwa whose work showed PM10 (0.140 
mg/mm3) in Owerri municipal road, Imo State, Nigeria4 and that of 
Okunola et al.14 in Kano State, Nigeria.14 This study was also in accord 
with the previous research work carried out by Augustine5 in Port 
Harcourt which states that the following factors such as heavy traffic 
congestion, industrial activity, gas flaring from oil and gas sector, 
densely population, road intersection and generator power plants 
could be attributed to the sources of air pollution in Rivers State which 
could be harmful to human health and its environment. 

The carbon monoxide (CO) values gave mean concentrations 
ranging from 29.67±1.53- 44.80±10.01 ppm for these locations area 
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as shown in Table 5, Table 6 and Figure 1 above. The obtained results 
were found to be above the permissible limit of (10) ppm by USEPA19,20 
for ambient air quality. The high concentrations of carbon monoxide 
observed in the sampled areas were a result of incomplete combustion 
of fuels which was due to generating sets and heavy motorized traffic. 
When carbon monoxide is breathed into the human system at high 
concentrations, it could be harmful to the human body because it 
is poisonous at such levels. Comparing the values obtained in this 
work with the set standards for the Air Quality Index (AQI) value 
ratings, it was observed that, carbon monoxide concentrations was 
rated moderate (C) in the rural area and poor (D) in the urban area as 
shown in Table 5 and Table 6 above. The obtained results in this study 
were in agreement with the earlier findings by Nicholas and Ukoha 
who reported lower values (ppm) of CO (33.00±3.61-38.67±7.02) in 
their study carried out in Douglas Road, Owerri municipal Council 
and Ezihe village (village square area), Uzii, Ideato North local 
government area in Imo State, Nigeria.1 

Results obtained in this study were of low values and were not 
in total support with that of Adelagun et al.,35 which reported low 
and high concentrations of CO (30-70 ppm) in their findings carried 
out at Oko-Baba (Ebute-Meta, Lagos), Nigeria35 and not also in line 
with that of Antai et al.,8 who reported lower concentrations of CO 
(0.30-0.76 ppm) in Uyo metropolis, Akwa Ibom State, Nigeria.7 The 
obtained values were not in line with the research work carried out 
by Nicholas and Ukoha who reported higher concentrations of CO 
(147.30±31.56-266.50±7.10 ppm) in Warri and Okpanam, Delta 
State, Nigeria3 and that of Augustine in Rivers State, Nigeria5 and was 
also in support with the research work carried out by Okunola et al. 
which gave higher concentrations of carbon monoxide in Kano State, 
Nigeria.14

The results of the chlorine gas gave mean concentrations ranging 
from 1.85±0.21-2.39±0.48 as shown in Table 5, Table 6 and Figure 
4 above. Comparing the obtained values with the air quality index 
(AQI) rating, chlorine gas values were rated Poor (D) in the urban 
area and Very Poor (E) in the rural areas which was a result of the 
industrial activities of both areas of the state. The results obtained 
for chlorine gas in this study in the urban and rural areas were in 
agreement with the earlier findings by Nicholas and Ukoha who gave 
higher values of chlorine gas (1.00±0.09-2.68±0.63) in Douglas Road, 
Market area (Taxis loading Bay), Owerri Municipal Council (urban) 
and in Ezihe village (village square area), Uzii, Ideato North Local 
Government Area (rural), Imo State, Nigeria.1

The temperature values gave mean concentrations ranging from 
24.30±1.52-26.00±3.00 oC as shown in Table 5, Table 6 and Figure 
3 above. The results were found to be within and above the ambient 
temperature of 25 oC by USEPA19 and WHO30 for good air quality. 
Comparing the obtained values with the air quality index (AQI) rating, 
temperature values were rated good (B) in both locations. However, 
the temperature levels were seen to be varying with time of the 
assessment and the changes in the temperature have a lot to do with 
the atmosphere and surroundings as well as the industrial activity of 
an area/location. The results obtained for temperature in this study in 
the urban area were in agreement with the earlier findings by Nicholas 
and Ukoha who gave higher values of temperature (26.89±1.17-
29.33±2.52 oC) in Warri and Okpanam, Delta State, Nigeria3 and 
that of Antai et al.8 reported from Uyo metropolis, Akwa Ibom State, 
Nigeria8 and were also in accord with the earlier findings of Augustine 
in Rivers State, Nigeria.5

The values obtained for cloud cover (%) gave mean concentrations 
ranging from 98.33±1.15-98.33±2.87 % as shown in Table 5, Table 6 

and Figure 4 above. The results obtained for cloud cover in this study 
in both areas of the state were in agreement with the earlier findings 
by Nicholas and Ukoha who gave cloud cover values of 85.33±10.50-
87.33±15.04 % in Warri and Okpanam, Delta State, Nigeria.3

The elevation (m) values gave mean concentrations ranging from 
40.33±9.61-108.30±3.51 m as shown in Table 5, Table 6 and Figure 
4 above. The results obtained for elevation in this study in the urban 
and rural areas of the Rivers state were in agreement with the earlier 
findings by Nicholas and Ukoha who gave elevation (m) values of 
23.00±7.00-67.33±10.41and 18.70±7.02-82.67±5.03 in Warri and 
Okpanam, Delta State3 and in Douglas Road, Owerri Municipal 
Council and in Ezihe village, Uzii, Ideato North, Imo State, both in 
Nigeria1 respectively.

The values obtained for wind speed (m/s) gave mean concentrations 
ranging from 0.97±0.40-2.97±1.00 m/s as shown in Table 5, Table 
6 and Figure 4 above. The results obtained for wind speed in both 
areas of the state were in agreement with the earlier findings by 
Nicholas and Ukoha who gave wind speed (m/s) values of 1.07±0.72-
1.13±0.97 and 1.57±0.90-1.29±0.71 in Warri and Okpanam, Delta 
State, Nigeria3 and in Douglas Road, Owerri Municipal Council and 
in Ezihe village, Uzii, Ideato North local government area, Imo State 
in Nigeria1 respectively.

Conclusion
Generally, air pollution is caused by numerous factors which 

are discharged into the atmosphere by natural occurrences and 
anthropogenic activities. Based on the results obtained in this study 
as shown by the air quality indexes, the mean concentrations of 
PM2.5, PM10, CO, SO2, NO2 and CO2 were of higher concentrations, 
which were above the set standard by USEPA and WHO. Comparing 
the obtained values with the Air Quality Index (AQI) ratings, it 
was observed that, the location with less industrial activities (rural) 
gave concentrations which were rated from moderate to hazardous 
air quality whereas the location with enormous industrial activities 
(urban) were rated from very poor to hazardous air quality. However, 
the effect of air pollutants on the public and individual health is quite 
alarming due to the increased rate of morbidity and mortality being 
observed globally, resulting from the rapid increase rate in global 
warming from greenhouse gases facing the world today at large. 
Therefore, pollutants from the sources such as particulate matter, 
vehicular emissions, gas flaring and numerous other anthropogenic 
activities affects the atmosphere causing air pollution in these study 
locations and its resultant effect on human health could be dangerous. 

Recommendations

a) Environmental monitoring/measures should be properly adopted 
in Nwaja, Trans Amadi Industrial Layout, Port Harcourt local 
government area which the sampled location was and in Umuazu 
village, Igbo-Etche, Etche local government area (T-Junction 
area) to control the atmospheric pollution and anthropogenic 
emissions in these areas for the well-being of the people

b) Human health, ecosystems, food security and the entire climate 
within the region experienced emissions impact which was 
increasing at a very dangerous proportion and the government 
should urgently establish and equip air pollution monitoring 
centres and network the agencies especially in the oil and gas 
industrialization areas.

c) Relevant government agencies should create awareness of the 
safety level of the environment since there is a global interest in 
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the sudden increase/rising concentrations of air pollution, mainly 
from traffic/vehicular discharge and emissions, oil and gas flaring 
from companies, domestic use of wood and its compliance with 
the ambient set standards 17-21, 28-30, 34.

d) The federal, state and local governments should organize and 
launch an enlightenment campaign on the importance of routine 
air quality assessment in our environment.

Acknowledgments
Authors would like to thank the staff of the Department of Pure 

and Industrial Chemistry, Faculty of Physical Sciences, University 
of Nigeria, Nsukka, Enugu State, Nigeria who gave us some of the 
needed supports during the course of this research work.

Credit authorship contribution statement

Nicholas, Eno-obong Sunday participated in field work assessment, 
manuscript drafting and in the analysis of results. Okudo, Calistus 
Chidebelu participated in manuscript editing and drafting and in the 
analysis of results.Ukoha, Pius Onyeoziri participated in field work 
assessment, manuscript editing and in the analysis of results.

Ethical approval: All ethical guidelines have been adhered to.

Availability of data and materials: All data and materials are 
included in the manuscript.

Funding 
This research work did not receive any specific grant from funding 

agencies in the public, commercial, or not-for-profit sectors.

Conflicts of interest 

The authors declare that there is no conflict of interest as regards 
this study.

References
1. Nicholas ES, Ukoha PO. An assessment of atmospheric pollutants 

(PM2.5, PM10, CO2, SO2, NO2 and CO) concentrations on air quality using 
air quality index in Eastern Nigeria. Journal of Chemical Society of 
Nigeria. 2023;48(4):704–714.

2. Okudo CC, Ekere NR, Okoye COB. Evaluation of particulate matter 
(PM2.5 and PM10) concentrations in the dry and wet seasons as indices of 
air quality in Enugu Urban, Enugu State, Nigeria. Journal of Chemical 
Society of Nigeria. 2022;47(5):998–1015. 

3. Nicholas ES, Ukoha PO. Investigative study of climate change on 
air quality, environment and human health in Southeast, Nigeria. 
International Journal of Scientific Development and Research (IJSDR). 
2022;7(6):339–341.

4. Umunnakwe JE, Aharanwa BC. Preliminary studies on mean levels of 
vehicular emissions at sections of Owerri, Road, Nigeria. International 
Journal of Trend in Scientific Research and Development (IJTSRD). 
2018;2(5):456–464.

5. Augustine C. Impact of air pollution on the environment in Port 
Harcourt, Nigeria. Journal Environmental Science. Water Resources. 
2012;1(3):46–51.

6. International Agency for Research on Cancer (IARC). Outdoor air 
pollution a leading environment cause of deaths. 2013.

7. World Meteorological Organisation: World weather information science. 
2023.

8. Antai RE, Osuji LC, Beka FT. The impact of air and noise pollution; a 
case study of Uyo Metropolis, Akwa Ibom State, Nigeria. International 
Journal of Science Inventions Today (IJSIT). 2016;5(5):402–414.

9. Filonchyk M, Yan H, Yang S, et al. A study of PM 2.5 and PM10 
concentration in the atmospheric of large cities of Gansu Province, 
China, in summer period. Jour Earth Syst Sci. 2016;125(6):1175–1187.

10. Hunter D, Sulzman J, Zaelke D. International environmental law and 
policy. New York: Foundation Press; 2002.

11. Smith RK. Indoor air pollution in developing countries: 
Recommendations for research. Indoor Air. 2002;12(3):198–207.

12. Okonkwo SI, Okpala, KO, Opara MF. Assessment of automobile induced 
pollution in an urban area (A Case Study of Port Harcourt City, River 
State, Nigeria). International Conference on Environmental, Biomedical 
and Biotechnology. IPCBEE 41. Press Singapore. 2012.

13. Otti VI, Nwajuaku AI, Ejikeme RI. The effects of environmental air 
pollution in Nigeria. VSRD. International Journal of Mechanical, 
Automobile and Production Engineering. 2011;1(1):36–42.

14. Okunola OJ, Uzairu A, Gimba CE, et al. Assessment of gaseous 
pollutants along high traffic roads in Kano, Nigeria. International 
Journal of Environment and Sustainability. 2012;1(1):7–11.

15. Air Pollution. Impacts of air pollution and acid rain on wildlife. Air 
Pollution. 2011.

16. Air quality communication workshop (San Salvador, El Salvador). 2012.

17. United States Environmental Protection Agency (USEPA). National 
air quality and emissions trends report United States Environmental 
Protection Agency, Washington, DC, USA. 1994:2–6.

18. United States Environmental Protection Agency (USEPA). Clean air 
technology centre, air emission from scrap tyre combustion. 1997.

19. United States Environmental Protection Agency (USEPA). Guideline for 
reporting daily air quality. Air Quality Index (AQI), EPA454/k–03–002, 
Office of Air Quality Planning and Standards: Research Triangle Park, 
NC. 2003.

20. United States Environmental Protection Agency (USEPA). Data from 
air quality system. 2007.

21. United States Environmental Protection Agency (USEPA). Particulate 
Matter (PM) Basics–EPA. 2017.

22. Ukpong EC. Environmental impact of aggregate mining by Crush rock 
industries in Akamkpa local government area of Cross River State. 
Nigerian Journal of Technology. 2012;31(2):128–138.

23. Efe SI. Effects of gas flaring on temperature and adjacent vegetation 
in the Niger Delta environment. International Journal of Environment. 
2003;11(1):91–101.

24. Efe SI. Particulate pollution and its health implications in Warri 
Metropolis, Delta State Nigeria. Environmental. Analysis. 2006;11:1339–
1351.

25. Tawari CC, Abowei JFN. Air pollution in the Niger Delta of Nigeria. 
International Journal of Fish Aquatic Science. 2012;1:94–114.

26. Ebong GA. Monitoring of atmospheric trace metal pollution in an oil 
producing area of Akwa Ibom State, Nigeria Using FunariaHygrometrica 
Moss. International Journal of Scientific Research in Environmental 
Sciences. 2015;11(1):91–101.

27. Ebong GA, Mkpenie VN. Air quality monitoring in Uyo metropolis, 
Akwa Ibom State, Niger Delta Region of Nigeria. International Journal 
of Scientific Research in Environmental Sciences. 2016;4(2):0055–0062.

28. World Health Organization (WHO). Ambient (outdoor) air quality and 
health. 2018.

29. World Health Organization (WHO). Addressing the Links between 
Indoor Air Pollution, Household Energy and Human Health. Based on 
the WHO–USAID Global consultation on the health impact of indoor 
air pollution and household energy in developing countries (Meeting 
Report). 2000.

https://doi.org/10.15406/mojes.2024.09.00306
https://journals.chemsociety.org.ng/index.php/jcsn/article/view/908
https://journals.chemsociety.org.ng/index.php/jcsn/article/view/908
https://journals.chemsociety.org.ng/index.php/jcsn/article/view/908
https://journals.chemsociety.org.ng/index.php/jcsn/article/view/908
https://journals.chemsociety.org.ng/index.php/jcsn/article/view/807
https://journals.chemsociety.org.ng/index.php/jcsn/article/view/807
https://journals.chemsociety.org.ng/index.php/jcsn/article/view/807
https://journals.chemsociety.org.ng/index.php/jcsn/article/view/807
https://www.ijsdr.org/viewpaperforall.php?paper=IJSDR2206055
https://www.ijsdr.org/viewpaperforall.php?paper=IJSDR2206055
https://www.ijsdr.org/viewpaperforall.php?paper=IJSDR2206055
https://www.ijsdr.org/viewpaperforall.php?paper=IJSDR2206055
https://www.scribd.com/document/389833079/Preliminary-Studies-on-Mean-Levels-of-Vehicular-Emissions-at-Sections-of-Owerri-Road-Nigeria
https://www.scribd.com/document/389833079/Preliminary-Studies-on-Mean-Levels-of-Vehicular-Emissions-at-Sections-of-Owerri-Road-Nigeria
https://www.scribd.com/document/389833079/Preliminary-Studies-on-Mean-Levels-of-Vehicular-Emissions-at-Sections-of-Owerri-Road-Nigeria
https://www.scribd.com/document/389833079/Preliminary-Studies-on-Mean-Levels-of-Vehicular-Emissions-at-Sections-of-Owerri-Road-Nigeria
https://scirp.org/reference/referencespapers?referenceid=1644704
https://scirp.org/reference/referencespapers?referenceid=1644704
https://scirp.org/reference/referencespapers?referenceid=1644704
http://www.iarc.fr/en/medi–centre/iarcnews/pdf/pr221_E.pdf.Accessed
http://www.iarc.fr/en/medi–centre/iarcnews/pdf/pr221_E.pdf.Accessed
file:///F:/1.Dp/DurgaPrasad/dp_2024/03.March/22-03-2024/MOJES-09-00306/MOJES-24-RA-560_W/v
file:///F:/1.Dp/DurgaPrasad/dp_2024/03.March/22-03-2024/MOJES-09-00306/MOJES-24-RA-560_W/v
file:///F:/1.Dp/DurgaPrasad/dp_2024/03.March/22-03-2024/MOJES-09-00306/MOJES-24-RA-560_W/v
https://link.springer.com/article/10.1007/s12040-016-0722-x
https://link.springer.com/article/10.1007/s12040-016-0722-x
https://link.springer.com/article/10.1007/s12040-016-0722-x
https://search.worldcat.org/title/696132587
https://search.worldcat.org/title/696132587
https://pubmed.ncbi.nlm.nih.gov/12244750/
https://pubmed.ncbi.nlm.nih.gov/12244750/
https://www.longdom.org/proceedings/assessment-of-automobile-induced-pollution-in-an-urban-area-a-case-study-of-owerri-city-southeast-nigeria-38065.html
https://www.longdom.org/proceedings/assessment-of-automobile-induced-pollution-in-an-urban-area-a-case-study-of-owerri-city-southeast-nigeria-38065.html
https://www.longdom.org/proceedings/assessment-of-automobile-induced-pollution-in-an-urban-area-a-case-study-of-owerri-city-southeast-nigeria-38065.html
https://www.longdom.org/proceedings/assessment-of-automobile-induced-pollution-in-an-urban-area-a-case-study-of-owerri-city-southeast-nigeria-38065.html
https://www.scirp.org/reference/referencespapers?referenceid=1610233
https://www.scirp.org/reference/referencespapers?referenceid=1610233
https://www.scirp.org/reference/referencespapers?referenceid=1610233
http://www.air–quality.org.uk/17.php
http://www.air–quality.org.uk/17.php
http://www.epa.gov/sites/productivity/files/2014–05/documents/zell–aqi.pdf.
https://nepis.epa.gov/Exe/ZyNET.exe/P1006KOQ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000015%5CP1006KOQ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1006KOQ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000015%5CP1006KOQ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1006KOQ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000015%5CP1006KOQ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P1006KOQ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000015%5CP1006KOQ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://www.epa.gov/stationary-sources-air-pollution
https://www.epa.gov/stationary-sources-air-pollution
http://www.epa.gov.gov/pm–pollution/particulate–matter–pm–basics
http://www.epa.gov.gov/pm–pollution/particulate–matter–pm–basics
https://www.ajol.info/index.php/njt/article/view/123568
https://www.ajol.info/index.php/njt/article/view/123568
https://www.ajol.info/index.php/njt/article/view/123568
file:///C:\Users\HP\Downloads\ajol-file-journals_483_articles_123568_submission_proof_123568-5701-338048-1-10-20151009.pdf
file:///C:\Users\HP\Downloads\ajol-file-journals_483_articles_123568_submission_proof_123568-5701-338048-1-10-20151009.pdf
file:///C:\Users\HP\Downloads\ajol-file-journals_483_articles_123568_submission_proof_123568-5701-338048-1-10-20151009.pdf
https://jesj.journals.ekb.eg/article_290748_2f1950298613e3b7d5d08ea6a47fcbe7.pdf
https://jesj.journals.ekb.eg/article_290748_2f1950298613e3b7d5d08ea6a47fcbe7.pdf
vhttp://www.who.int%3enews%3efactsheets%3edetail
vhttp://www.who.int%3enews%3efactsheets%3edetail


Evaluation of the meteorological, air quality in the urban and rural areas of rivers state, South-South, 
Nigeria

53
Copyright:

©2024 Nicholas et al.

Citation: Nicholas, Eno-obong S, Okudo, et al. Evaluation of the meteorological, air quality in the urban and rural areas of rivers state, South-South, Nigeria. 
MOJ Eco Environ Sci. 2024;9(2):46‒53. DOI: 10.15406/mojes.2024.09.00306

30. World Health Organization (WHO). Air quality guidelines for particulate 
matter, ozone, nitrogen dioxide and sulphur dioxide. Global update, 
2005.

31. Trans Amadi Industrial Layout (Port Harcourt). Wikimapia. 2014.

32. Port Harcourt (Nigeria). Encyclopaedia Britannica. 2014. Port Harcourt 
Trans–Amadi Estate Completes 248 Houses, 2003. AllAfrica.com. All 
africa Global Media 2003–06–20.

33. Spatio–temporal distribution, abundance and species composition of 
Zooplankton of Woji–Okpoka Creek, Port Harcourt, Nigeria. 2014.

34. World Health Organization (WHO). Health aspect of air pollution with 
particulate matter, ozone and nitrogen dioxide. 2003.

35. Adelagun ROA, Berezi EP, Akintunde OA. Air pollution in a sawmill 
industry: The Okobaba (Ebute–Meta, Lagos) experience. Journal 
Sustainable Development and Environmental Protection. 2012;2(2):29–
36.

https://doi.org/10.15406/mojes.2024.09.00306
http://www.apps.who.int/iris/bitsream/handle.../who_sde_phe_oeh_0.6.0.2.eng.pdf
http://www.apps.who.int/iris/bitsream/handle.../who_sde_phe_oeh_0.6.0.2.eng.pdf
http://www.apps.who.int/iris/bitsream/handle.../who_sde_phe_oeh_0.6.0.2.eng.pdf
https://www.airitilibrary.com/Article/Detail/20407467-200908-201009060079-201009060079-14-34
https://www.airitilibrary.com/Article/Detail/20407467-200908-201009060079-201009060079-14-34
http://www.greenfacts.org/en/particulate–matter–pm/
http://www.greenfacts.org/en/particulate–matter–pm/

	Title
	Abstract
	Keywords
	Introduction
	Methodology
	Study area 
	Economic and industrial activities of the study areas 
	The assessment of the meteorological and air quality in the study areas 
	Statistical analysis 

	Results
	Meteorology record, air quality in the urban and rural areas of Rivers State, Nigeria 

	Discussion
	Conclusion
	Recommendations

	Acknowledgments
	Credit authorship contribution statement 

	Funding
	Conflicts of interest  
	References
	Table 1 
	Table 2 
	Table 3 
	Table 4
	Table 5 
	Table 6
	Figure 1 
	Figure 2
	Figure 3
	Figure 4

