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ABSTRACT: The increase in migration worldwide has necessitated frequent air travel, which has put more pressure on
the host communities of major airports. Many researchers have studied the environmental effects of aircraft. This study
thus postulates that gaseous emissions from aircraft will negatively impact the atmosphere around the airport and
neighbouring communities. To determine the concentration of atmospheric pollutants, total volatile organic compounds
(TVOC), and particulate matters (PM1, PM1.s and PMio), air samples were collected using handheld Aeroqual monitors at
nine different locations in and out of the airport and in dry and wet seasons to measure nitrogen dioxide (NO2), sulphur
dioxide (SO2), carbon monoxide (CO), particulate matter PMio, PMzs, Hydrogen sulphide (H2S), Methane (CH4), Ammonia
(NHs), Ozone (Os), Carbon IV oxide (CO3). The result obtained gave a mean value of the noxious gases as SOz (0.00+0.00
- 0.04+0.03 ppm), NO2(0.00+0.00 - 4.60£2.82 ppm), CO (0.00+0.00 - 1.48+1.48 ppm), H2S (0.00+0.00 - 2.40+0.82 ppm),
NHs (0.00+0.00 - 0.28+0.17 ppm), CO2 (0.04+0.01 - 0.18+0.08 ppm) and Oz (0.02+0.01 - 0.15+0.04). Nitrogen dioxide
(NO2) in the cargo area (4.60+2.82 ppm) had the highest concentration followed by H2S in cargo (2.40+0.82 ppm) and CO
in apron and Ipo 3 (1.48+1.48 ppm). There was a higher concentration of SOz inside, while a higher concentration of NOz,
CO, H2S, CO2, and O3 outside the airport. There was a higher concentration of all pollutants during the dry season except
Os, which was higher during the wet season. A One-way Analysis of variance (ANOVA) showed that there was a significant
difference (p<0.05) in the concentration of TVOC across the stations, between indoor and outdoor environments, and in
wet and dry seasons. The total mean volatile organic compound concentration is highest in the host community. Similarly,
PM 1 was highest in Car Park 2, while PM 25and PM 10 had the highest concentration in the host communities. The result
obtained implies that atmospheric pollutants may negatively affect members of the host communities and commuters near
the airport. Thus, the atmosphere around the airport should be monitored daily to forestall increases beyond the acceptable
limit. Similarly, vehicles that do not pass emission tests should be prevented from entering the vicinity of the airport.
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INTRODUCTION
Air pollution is well-known to be very noxious to humans environment, which is a key factor for humans' existence
and the ecosystem since it is toxic. Its impacts are seen on (Chukwu Okeah et al., 2021).

humans, plants, and animals and can potentially harm the Ambient air pollution is a global health challenge, with an
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estimated 3.1 million deaths yearly (Lelieveld et al., 2015;
Newby et al., 2015). Exposure to ambient contamination is
the major health risk in the environment and grades ninth
among modifiable infection risk factors (Newby et al.,
2015). Most of the mortalities attributable to air pollution
exposures are a result of acute ischemic cardiovascular
eventualities. In addition to excess mortality, air
contamination is connected to notable reductions in
healthy life existence and productivity (Graff Zivin et al.,
2023).

Air pollution comprises many gases and particulate

constituents, harming the cardiovascular and respiratory
systems. Its makeup differs significantly, subject to the
source, emission rate, and sunlight and wind conditions
(Kapoor et al., 2024). Components of air pollutants include
nitrogen dioxide (NO3), nitric oxide (NO), sulphur dioxide
(SO2), Ozone (0O3), and carbon monoxide (CO)
(Hamanaka and Mutiu, 2018).
Aviation is a major source of social and economic benefits
that also contribute to local air quality and affect people's
health and quality of life around the airport vicinity
(Zaporozhets and Synylo, 2019). An increase in demand
for air transport also leads to an increase in aviation
emissions. Air pollution in urban areas in both developing
and developed countries adversely affects human health,
urban ecosystems, building materials, and visibility
(Cichowicz and Bochenek, 2024; Feng et al. 2024). The
five most common air pollutants, are sulphur dioxide (SO2),
carbon monoxide (CO), nitrogen oxides (NOXx) (i.e., nitric
oxide (NO) and nitrogen dioxide (NOz)), Ozone (Os) and
particulate matter with an aerodynamic diameter of 10 um
or less (PMio) were investigated. The outlined pollutants
acting individually or in combination can cause health
challenges. For example, SO: is a respiratory irritant and
can cause constriction of the airways of the lungs,
particularly in people with asthma and chronic lung
disease. NO: acts as an irritant, causing inflammation of
the airways and increasing susceptibility to respiratory
infections. Fine particulate matter can penetrate the
airways, carrying surface-absorbed harmful compounds
into the lungs, increasing the risk of health effects,
including cancer. Ozone is an oxidising agent that acts as
an irritant, causing respiratory tract inflammation and
irritating the eyes, nose, and throat, causing coughing and
discomfort while breathing (Satpathy et al. 2024).

Although several physical activities (volcanoes and fires)
may release different environmental pollutants,
anthropogenic activities cause environmental air pollution.
Hazardous chemicals can escape into the environment by
accident. However, several air pollutants are released
from industrial facilities and other activities and may
adversely affect human health and the environment
(Omolaoye et al., 2024, Wei et al., 2024). An air pollutant
is any substance in the air that may harm humans,
animals, vegetation, or material (Saxena et al., 2019).

Air pollutant concentrations are not only influenced by

the sources of emission but also by meteorological
variables (Pearce et al, 2011; Habeebullah, 2013).
Meteorological variables play an essential role in the
dispersion, transport, photochemical reactions, and
secondary pollutants formation, including ozone, NO2, and
particulate (e.g., sulphate and nitrate ions); however,
despite the presence of a vast body of literature, many
aspects of the association between air pollutants and
meteorology are still not apparent (Pearce et al., 2011) due
to the interaction between various meteorological
variables, for example, the dependency of boundary layer
height on surface temperature, the link between surface
temperature and radiation, or the association between
relative humidity and temperature, which makes
separating the effects of individual parameters a highly
complex task. Meteorological variables can affect the
concentrations of air pollutants directly (e.g., photoche-
mical ozone formation or dispersing locally emitted
pollutants) or indirectly by affecting other meteorological
parameters affecting other pollutants (Yan et al., 2024).

Increasing greenhouse gas (GHG) concentration,
especially COg, is fundamental to climate change. Also,
the aviation industry plays a vital role in the upsurge in the
concentration of greenhouse gases. Statistics have shown
that the emissions from the aviation sector contribute
about 3.5% of total GHG emissions (Sreenath et al., 2022).
Increased rates of adverse health outcomes ranging from
hypertension, cardiovascular disorders, birth outcomes,
respiratory diseases, and learning deficits in children have
been observed near airports (Hudda et al., 2020).

The percentage of emissions by the aviation sector
increases two-fold because of the combustion activities of
aircraft, which emit greenhouse gases. Due to combustion
activities, aircraft emit greenhouse gases (Tsukanov and
Yepifanov, 2024). Continuous accumulation of emitted
carbons from local and international flights over a long
period contributes mainly to global warming and ozone
depletion, resulting in severe environmental impacts on
plants, animals, and humans at large (Murgan and
Mustapha, 2017). Aircraft exhausts are only one of several
emission sources at an airport (ICAO, 2013). Although
exhaust plumes from aircraft engines were conventionally
considered to account for most of the emissions, other
sources are present within modern airports and contribute
to air pollution at the local scale. Among these, tyre, brake,
asphalt wear, and the re-suspension of particles due to the
turbulence created by the aircraft movements can account
for significant fractions of total particulate matter mass
(Masiol and Harrison, 2014).

Globally, there is a continuous increase in the demand
for air transport and intensification of growing cities near
the airport vicinity, which also leads to an increase in the
release of NO2, CO2, CO, and many others to the
atmosphere and lithosphere (Boniface et al., 2021; Sinha,
2024). When hydrocarbon fuels, such as coal and natural
gas, are utilized, their carbon constituent is transformed



into carbon dioxide and other forms of carbon. This
emission adds to greenhouse gases and damages the
environment and human health (Zaporozhets and Synylo,
2019). Aviation affects the environment by emitting
pollutants from aircraft and supporting airport
infrastructure, impacting human health, well-being, and
climate (Rotger et al., 2023).

Also, an upsurge in the emission of toxic air pollutants
may be a prevailing influence on the meteorological
conditions of the airport. Most studies on air quality in
Nigeria and Niger Delta, in particular, focused on
pollutants emanating from the oil industry (Faronbi et al.,
2024; Udoetok et al., 2009). More information on the non-
oil sectors, such as aviation, waste dumpsites, food
processing outfits, abattoirs, and the correlation with
climatic and meteorological indicators is needed. In Port
Harcourt International Airport, much attention has been
given to assessing the noise level and microclimatic
conditions, but limited studies on the emission of toxic air
pollutants and their impact on the immediate environment
and the neighbouring communities. It is therefore
important for this study to be carried out to assess if the
concentration levels of these toxic air pollutants are within
WHO (2006) permissible limits.

This research aims to assess the emission of gases and
noise pollution level of Port Harcourt International Airport
and its environs in Rivers State. The objectives of the study
are to:

1. Evaluate the micro-climatic parameters (relative
humidity, wind speed, and air temperature) of the Port
Harcourt International Airport and environs.

2. Determine the correlation between micro-climatic
parameters and the air quality parameters of Port
Harcourt International Airport.

3. Determine the seasonal variation of air quality
parameters in Port Harcourt International Airport and
its environs.

4. Correlate between indoor and outdoor air quality of the
Port Harcourt International Airport.

MATERIALS AND METHODS
Study area

The study area is the Port Harcourt International Airport
(Figure 1), located in Omagwa, a suburb of Port Harcourt,
the capital city of Rivers State in Nigeria. Port Harcourt
Airport (PHA) hosts both domestic and international flights.
The airport has a single asphalt-surfaced runway length of
9,846 ft (3,001 m) and a width of 197 ft (60 m). The landing
and take-off distances of the runway are 9,846 ft (3,001 m)
and 10,246 ft (3,123 m), respectively. It is the third busiest
airport in Nigeria in terms of passenger traffic. The airport
recorded domestic and international passenger traffic of
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862,550 and 83,810, respectively; only Abuja and Lagos
recorded higher passenger traffic.

The geographical coordinates of Port Harcourt are 4.777
degrees latitude, 7.013 degrees longitude, and 52 ft
elevation. Mean maximum monthly temperatures range
from 28 to 33°C, while the mean minimum monthly
temperatures are in the range of 17 to 24°C. The mean
monthly temperature is in the range of 25 to 28°C. The
mean annual temperature for the State is 26°C. The
hottest months are February to May. Rain occurs, on
average, every month of the year but with varying duration.
The State is characterized by high rainfall, which
decreases from south to north. Total annual rainfall
decreases from about 4,700 mm on the coast to about
1,700 mm in the extreme north of the State.

Sample and sampling techniques

Monthly and seasonal sampling was carried out for eight
months at nine (9) different locations within the Port
Harcourt International Airport and nearby residences. The
sampling was done in the mornings and evenings when
most flights depart and arrive at the international airport.
Coordinates for the various sampling locations were
obtained using a Geographic Positioning System (GPS) —
Garmin GPS map 76CSX (Table 1).

Method of data collection

The study's data were derived from primary and secondary
sources. Secondary data were obtained from literature
relating to the current study. These include related
research reports in the field of study from journals,
textbooks, and magazines. The primary data were
obtained via field measurement of carbon emissions and
prevailing micro-climatic parameters at different points
within  Port Harcourt International Airport and host
communities.

Air quality

Sampling and measurements of the chemical constituents
of atmospheric pollutants were measured in situ with
handheld air quality monitors as follows: Ambient air
quality measurements were carried out on site using the
Aeroqual gas monitor series 500 and Met One Instrument
Aerosol Mass Monitor, which had up-to-date calibration.
The Aeroqual handheld monitors are specifically designed
to give accurate ambient gas measurement, with a
dedicated sensor per parameter. The parameters
measured include nitrogen dioxide (NO2), sulphur dioxide
(SO2), carbon monoxide (CO), particulate matter PMio,
PMgzs, Hydrogen sulphide (H2S), Methane (CH4), Ammonia
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Figure 1. Map of study.areea showing the locations around the Port Harcourt, International Airport. Omagwa, Rivers
State, Nigeria.

Table 1. Sampling point and coordinates.

Station Name Coordinate
1 AR Halll 6.949617E, 5.006796N
2 AR Hall 2 6.949608E, 5.006888N
3 Departure Hall 6.950265E, 5.007697N
4 Car Park 1 6.950257E; 5.006556N
5 Car Park 2 6.950257E; 5.006556N
6 Apron 6.948950E, 5.006923N
7 Cargo 6.951959E; 5.008350N
8 Ipo 3 6.963888E; 5.043635N
9 Ipo 4 6.964213E; 5.045074N
(NH3), Ozone (Os), Carbon IV oxide (COz), and total monitor and allowing the required warming time before
volatile organic compounds (TVOCs). Met One Instrument actual measurement.

Aerosol Mass Monitor was used for measuring the PMas

and PMao. The concentrations of particulate matter (PMu.,

PMzs and PMio) and gaseous pollutants (NO2z, SOz, HzS, Nitrogen Dioxide (NOz)

CO, COgz, Os, NHs, and TVOCs) were determined by

interchangeably inserting sensor heads on the base An Aeroqual 500 Multi-Gas Analyzer, with up-to-date



calibration, was used to detect NO. Its detection range is
between 0 and 20 ppm, with a resolution of 0.01 ppm. The
alarm set point (low/high) was set at 2 and 10 ppm,
respectively. Measurements were carried out by holding
the sensor to a height of about 1.5 meters in the direction
of the prevailing wind, and readings were recorded at
stability.

Sulphur Dioxide (SOz2)

An Aeroqual 500 Multi-Gas Analyzer, with up-to-date
calibration, was used to detect SO.. It has a detection
range between 0-20 ppm and a resolution of 0.01 ppm.
The alarm set points (low/high) will be set at 2 and 10 ppm,
respectively. Measurements were taken by holding the
sensor to a height of about 1.5 meters in the direction of
the prevailing wind, and readings were recorded at
stability.

Atmospheric pollutants (i.e., Carbon Monoxide (CO),
carbon dioxide (CO,), ozone (Os), hydrogen sulphide
(H2S) and ammonia (NHs)

An Aeroqual 500 Multi-Gas Analyzer, with up-to-date
calibration, was used to detect CO, CO2 and Os. The
equipment detects CO via an electrochemical sensor that
generates a signal linearly proportional to the gas
concentration. The detection range is 0-500 ppm, and the
detection limit is 1 ppm. Measurements were taken by
holding the sensor to a height of about 1.5 meters in the
direction of the prevailing wind, and readings were
recorded at stability.

Suspended Particulate Matter (SPM) PMi1o, PM2s and
TVOC

The measurement of Suspended Particulate Matter (SPM)
was done using a Met One Instrument, Inc. aerosol Mass
Monitor. The Ambient particulate Monitor with recorder
collects and records "real-time" information on airborne
particulate concentration and provides continuous particle
monitoring. Measurements were taken by holding the
equipment to a height of about 1.5 meters in the direction
of the prevailing wind, and readings were recorded at
stability.

Micro climatic parameters

Wind speed (m/s)

A Digital Sky master mini Weather Station AZ 8910 was
used to measure the wind speed in meters per second
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(m/s). This portable equipment measures the wind speed
once switched on and held in position.

Air temperature (°C)

The air temperature in degrees Celsius (°C) was
measured with a Sky master mini Weather Station AZ
8910. The meter was carefully exposed to the air for a few
minutes in the respective sampling positions. The
temperatures were then read off and recorded.

Relative humidity (%)

A logger (Testo 450) was used to determine the relative
humidity. The logger is equipped with an atmospheric
pressure probe (Barometer) and a relative humidity probe
(Hygrometer). The logger measures and gives the value in
percentage (%).

All these methods are in line with the recommendations of
the Federal Ministry of Environment.

Statistical analysis

All data from this study are presented as means, standard
deviations, and standard error of the mean. Quantitative
techniques in data presentation and analysis were
employed in the study. SPSS version 22 was used for the
statistical analysis. A one-way ANOVA was used to
determine the significant difference in gaseous emissions.
Microsoft EXCEL was used to illustrate graphs for the air
quality parameters. Statistical significance of the values
was considered at p<0.05 (Logan, 2010).

RESULTS
Concentration levels of emissions pollutants

In all, nine stations were identified and geo-referenced
(Table 1). The results of the noxious gases across the
study area are presented in Table 2 and Figures 2 to 5.

NO>

The mean concentration of Nitrogen IV Oxide across the
various stations ranged between 0.00+0.00 to 4.60 + 2.82
ppm pg/m® with the lowest concentration observed at
Arrival Hall 1, Car Parks 1 and 2. In contrast, the highest
concentration (4.60+2.82) was observed in the cargo
section. The ANOVA result showed a significant difference
across the various stations (p<0.05).
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Table 2. Mean concentration of noxious gases at different locations around the Port Harcourt International Airport, Rivers State,
Nigeria (x SE).

Locations Gases(ppm)

SOz NO> CO H2S NH3 CO2 Os
Apron 0.00£0.00 0.09+0.02 1.48+1.48 0.08+0.003 0.28+0.17 0.18+0.08 *0.08+0.03
Arrival H1 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.04+0.02 0.02+0.01
Arrival H2 0.00£0.00 0.004+0.002 0.00£0.00 0.00+0.00 0.00+0.00 0.04+0.01 0.1+0.04
Cargo 0.04+0.03 4.60+2.82 0.00+0.00 2.40+0.82 0.00+0.00 0.04+0.01 0.09+0.05
Car Park 1 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.16+0.03 0.23+0.06
Car Park 2 0.00+0.00 0.00+0.00 0.00+0.00 0.01+0.002 0.00+0.00 0.10+0.04 0.15+0.04
Departure 0.00£0.00 0.008+0.01 0.00£0.00 0.13+0.05 0.00+0.00 0.06+0.02 0.02+0.004
Ipo 3 0.00£0.00 0.05+0.03 1.26+1.26 0.004+0.004 0.00+0.00 0.07+0.02 0.07+0.06
Ipo 4 0.00£0.00 0.05+0.03 1.48+1.48 0.01+0.01 0.12+0.07 0.08+0.03 0.05+0.04
WHO Limit 0.02 0.20 >10.00 0.60 0.075

*higher than the WHO (20038) standard at the Port Harcourt International Airport.
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Figure 2. Indoor and Outdoor Temperature concentrations. Where AP = apron, CAR =
cargo area, CP1 = car park 1, CP2 = car park 2, IPO 3 = ipo3 = host community to the
airport, and IPO4 = host community to the airport.

SO, way Analysis of variance (ANOVA) showed that there was
no significant difference in the concentration of SOz across
The mean concentration of SOz was 0.00 ppm across all the various stations (p>0.05). SO: concentration was

stations except the cargo area (0.04+0.03 ppm). A One- higher in the indoor area than in the outdoor (Table 3).
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Figure 3. Seasonal concentration of Temperature in the study area. Where
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Figure 4. Indoor and outdoor Relative Humidity (%) across the study area.
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Figure 5. Seasonal variation of Relative Humidity (%) across the study area. Where
AP=apron, AR 1=arrival 1, AR 2=arriving 2, CAR=cargo area, CPl=car park 1,
CP2=car park 2, DEP=departure, IPO 3=ipo3=host community to airport, IPO4=host

community to airport.

Co

The concentration of carbon monoxide ranged between
0.00£0.00t0 1.48+1.48 ppm. All the indoor areas recorded
a concentration of 0.00 ppm, indicating that the outdoor
area had the highest concentration of CO. In terms of
seasons, the dry season recorded the highest carbon
monoxide 1.17+0.64 ppm while the wet season recorded
0.00 ppm.

NH3

The mean concentration of Ammonia in the study area
ranged between 0.00 and 0.28+0.17 ppm. Ammonia was
absent in all the indoor areas of the airport and only
recorded in the Apron and Ipo 4 which are in the outdoor
areas. Seasonal variation in the concentration of Ammonia
(NHs) showed that NHs was not present in the wet season
but recorded in the dry season (0.11+0.06 ppm).

CO2

The mean concentration of Carbon IV Oxide in the study

area ranged between 0.04+0.01 and 0.18+0.08 ppm. The
highest mean concentration was observed at the Apron,
while the lowest concentration was recorded at the Arrival
Halls. Seasonal variation in the concentration of CO:2
showed that Carbon IV Oxide was present in both
seasons, with a higher concentration in the dry season
(0.10+0.03 ppm). Also, the outdoor area of the airport
recorded a higher concentration than the indoor area
(Table 3).

H2S

The mean concentration of Hydrogen sulphide in the study
area ranged between 0.00+0.00 and 2.40+0.82 ppm. The
highest mean concentration was observed in the Cargo
area, while the lowest concentration was recorded in the
Arrival Halls. Seasonal variation in the concentration of
H2S showed that the concentration of Hydrogen sulphide
was higher in the dry season (0.70+0.67 ppm). Also, the
outdoor area of the airport recorded a higher concentration
than the indoor area (Table 3). Comparatively, the
hydrogen sulphide concentration across the study area
was below the WHO permissible limit of 10 ppm.
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Area Gases(ppm)

SO2 NO2 CO H2S NH3 CO2 O3
Inside 4.47+4.47 0.00410.002 0.00+0.00 0.04+0.02 0.00+0.00 0.05+0.01 0.05+0.02
Outside 0.006+0.01 0.80+0.53 0.70+0.40 0.41+0.40 0.07+0.03 0.11+0.02 0.11+0.02

Table 4. Mean concentration of noxious gases between seasons at the Port Harcourt International Airport, Rivers State, Nigeria.

Area Gases(ug/m’) *p-value
SO NO:2 CO H.S NH3 CO2 O3
Dry 3.73+3.72 1.32+0.87 1.17+0.64 0.70+0.67 0.11+0.06 0.10+0.03 0.05+0.02 <0.05
Wet 0.00£0.00 0.01+0.01 0.00£0.00 0.01+0.01 0.00+0.00 0.08+0.01 0.12+0.02
*Significant.
O3 Cargo area and Os in Arrival 2 and Car Park 2 were above

The mean concentration of Ozone (O3) in the study area
ranged between 0.02+0.01 to 0.23+£0.06ppm. The highest
mean concentration was observed at the Car Park 1 area,
while the lowest was recorded at the Arrival Halls.
Seasonal variation in the concentration of ozone showed
that the concentration was higher in the wet season
(0.12+0.02 ppm) than in the dry season (0.05+£0.02 ppm).
This is in contrast with higher concentrations observed
during the dry season by Okon et al. (2024). Also, the
outdoor area of the airport recorded a higher concentration
than the indoor area (Table 3). Comparatively, the
concentration of Ozone was higher than the WHO
permissible limit of 0.075ppm at the Apron, Arrival Hall,
and Car parks.

ANOVA results

The ANOVA result for the noxious gases reveals no
significant difference in noxious gas concentration inside
and outside the airport (F1, 313 = 0.52, P=0.47, Table 3).
However, the concentration of all the gases was higher
outside the airport, apart from SOz, which was higher
inside the airport (Table 3). Sulphur oxide has the highest
concentration of toxic gases. The ANOVA result reveals a
significant difference in noxious gas concentration
between seasons (Fi1, 313 = 4.76, P=0.03, Table 4). This
means that seasons influence the concentration of noxious
gases in the atmosphere. Sulphur dioxide has the highest
concentration in the dry season (3.73+3.72 ppm), while O3
has the highest concentration in the wet season
(0.12+0.02 pg/m3). Overall, SOz has the highest
concentration of noxious gas, followed by NO2and CO.
The result reveals that NO: has the highest
concentration, followed by CO and H:S, whereas SOz has
little or no concentration. The concentration of NO2in the

the WHO limit. There was no significant difference in the
concentration of pollutants between indoor and outdoor
areas (p>0.05), while in contrast, there was a significant
difference between seasons (p< 0.05).

Interaction effect

The one-way ANOVA result showed a significant
difference in the concentration of noxious gas between
seasons. Similarly, the interaction effect shows a
significant difference when all factors are considered
(Table 5).

Total volatile organic compounds and particulate
matters

The mean concentration of Total Volatile Organic
Compounds (TVOC) in the study area ranged between
0.00+0.00 and 588.83+588.54 ug/m3. The highest
concentration was recorded at Ipo 3 and 4 (residence) and
Apron (airport zone), while the lowest was recorded in all
the indoor facilities. A One-way Analysis of variance
(ANOVA) showed a significant difference in the
concentration of TVOC across the stations, indoors and
outdoors, and across seasons.

Particulate Matter (PM1) was present across the various
locations, with mean concentrations ranging between
4.84+0.59 to 27.32+8.52 pg/m2. The lowest concentration
was recorded at Arrival Hall 2, while the highest
concentration was recorded at the car park. PMzs had a
mean concentration ranging between 6.60+1.03 -
24.24+12.70 pg/ms3, with the highest mean concentration
observed at Ipo 3 and the least at the Arrival Halls 2. The
mean concentration of PMio across the locations ranged
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Table 5. Interaction effect of noxious gases.

Sje)Y DF SS MS F p-value
Gases 6 69.6 11.59 0.916 0.485
Location 8 115.6 14.46 1.142 0.337
Season 1 74.7 74.73 5.905 0.016*
Gases x location 48 820.8 17.10 1.351 0.0812
Gases x season 6 114.2 19.04 1.504 0.179
Location x season 8 177.9 22.24 1.757 0.0879
Gases x location x season 48 1227.4 25.57 2.020 0.0005***
Residuals 189 2392.1 12.66

Table 6. Total mean volatile organic compounds and particulate matter in the study location (+SE).

Gases (ug/m?)

Locations TVOC PM; PMzs PMio p-value
Apron 5.91+5.77* 26.62+10.73 6.59+4.89 16.51+10.62
Arrival 1 0.00£0.00 11.22+3.89 8.90£1.55 8.00+3.52
Arrival 2 0.00+0.00 4.84+0.59 6.60+1.03 8.36+2.49
Cargo 0.06+0.06 10.44+3.54 23.00+13.62 16.00+3.38
Car Park 1 0.00£0.00 18.62+6.40 11.80+1.99 5.80+0.20 > 0.05.
Car Park 2 0.00+0.00 27.32+8.52 13.60+2.71 8.60+0.40
Departure 0.00£0.00 15.44+6.05 7.80£1.72 11.28+2.56
Ipo 3 588.83+588.54* 21.84+8.46 24.24+12.70 42.27+24.03
Ipo 4 40.43+40.14* 18.12+6.68 17.53+8.71 31.09+16.72

Table 7. Seasonal concentration of TVOC and particulate matters.

Gases (ug/m3)

season TVOC PM; PMzs PMo p-value

Dry 176.39+£163.12 0.05 11.16+4.20 5.98+1.71 0.05

Wet 0.04+0.02 15.00+2.93 14.79+2.83 23.40+5.61

Table 8. Site effect of total organic compounds and particulate matters.

Area Gases (ug/m?) p-value

TVOC PM1 PMz.s PM1o
Indoor 0.00+0.00 10.50+2.44 7.77+0.82 9.21+1.60 0.05
Outdoor  105.87+98.06 20.49+3.06 6.12+3.44 20.04+5.31 '

between 5.80+0.20 pg/m? in Car Park 1 to 42.27+24.03
pg/m?3 at Ipo 3, as presented in Table 6.

Across the sites, TVOCS and PM1o had the highest
concentration during the dry season, while PM2.s and PM1o
had the highest concentration during the wet season
(Table 7). The outdoor area has the highest concentration
of particulate matter and TVOC (Table 8). Also, TVOC has
the highest overall concentration.

Microclimatic parameters
Temperature (°C)

The mean results of temperature in this study ranged
between 23.08+1.03°C in the Arrival Hall 2 to 28.88 *
3.33°C in the Apron. Indoor areas have lower tempera-
tures than outdoors. Similarly, the mean emperature



twas higher in the dry and wet seasons except for the
controlled indoor areas, as presented in Figures 2 and 3.

Relative humidity (%)

The average relative humidity in the study area ranged
from 70.8 £ 1.0% to 82.0 + 2.25%. Across the seasons, the
mean relative humidity was higher in the wet season than
in the dry season; however, the results were similar in the
indoor and outdoor areas, as presented in Figures 4 and
5.

DISCUSSION

The concentration of Sulphur (IV) Oxide in terms of
locations across the study area was all within the WHO
(2006) permissible limit except for the Arrival Hall 1 and
the Cargo area. However, there were variations in the
concentration of SOz between indoors (4.47+4.47 ppm)
and outdoors (0.006£0.01 ppm) indicating a higher
concentration in the indoors than outdoors. Higher
concentrations of SO: in the indoor environment are due
to space confinement which results in the slow distribution
of indoor pollutants. In the same vein pollutants from
vehicular activities flow indoors and stay longer compared
to the outdoor pollutants that are dispersed by wind.
Similarly, SOz concentrations were higher in the dry
season (3.73+x3.72 ppm) than in the wet season
(0.00+0.00 ppm). Higher SO2in the dry season is caused
by increased burning activities during the dry season such
as bush burning and home fires due to the dry condition of
the weather caused by the harmattan season. Adaku and
Charles (2015), who reported a similar seasonal trend,
ascribed it to the effect of rain diluting the atmosphere. The
higher concentration of SO2 in the dry season obtained
from this study can be attributed to emissions from Aircraft
and vehicle with less dilutions of the atmosphere from rain.
The SO:2 concentration of the indoor area in this study is
however higher than the WHO (2006) permissible limit
(0.02 ppm), indicative of possible health challenges as a
result of SOz inhalation. The sulphuric emissions are
associated with fuel consumption and the sulphur content,
which show a discrepancy by geographical location and
changes with time (Hileman et al., 2010).

The mean range of NO:2 concentration (0.00 to
4.60+2.82 ppm) in the indoor airport is within the WHO
permissible limit for NO:2 (0.2 ppm). However, the
concentration of NOz in the outdoor areas (Cargo, Apron,
Ipo 3, and Ipo 4) of the Port Harcourt International Airport
was higher than the WHO permissible limit of 0.2 ppm.
There was a higher concentration of NO2 in the outdoor
area than indoors because many cars waited outside the
airport to carry travellers to their homes. Similarly, the
concentration of NO2 was higher in the dry season than in
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the wet season because of increased burning activities
and metal-laden dust from the harmattan breeze.
Furthermore, the higher concentration in the Cargo area
can result from various substances such as chemicals that
arrived at the cargo. Unal et al. (2005) ascribed NOx to
contribute about 0.19% of airport pollution. A short-term
exposure to NO2 by asthmatic patients can lead to death
(Dominski et al., 2021).

Carbon monoxide results from the incomplete
combustion of carbon fuel which is usually from vehicular
exhaust and industrial processes. Carbon monoxide, when
attached to haemoglobin, decreases the oxygen level in
the body. Medium exposure of CO to people can spur
cardiac disorders such as the brain and heart (Yousuf et
al.,, 2013). Carbon monoxide also plays a part in the
production of ground-level Ozone. The mean range of CO
concentration across the various stations and seasons of
0.00 to 1.48+1.48ppm was higher than the WHO
permissible value of 9-10.00ug/mé. Asuoha and Osu
(2015) reported a higher range in Akwa Ibom, Nigeria. The
results of CO obtained in this study are similar to the
0.00ppm in Isaac Boro Park as reported by Augustine
(2013) but lower than the results reported by Augustine
(2013) in Harbour Road, Diobu, Airforce, and Link Road all
in Port Harcourt Rivers State. The concentration of carbon
monoxide outdoors in the airport results from emissions
and vehicular activities around the airport.

Hydrogen sulphide concentration ranged between 0.00
- 2.40 ppm and is higher than the WHO permissible limit of
0.05 ppm. This, however, is similar to the results obtained
by Weli and Adekunle (2014) at the Rumuolumeni in Port
Harcourt but higher than the 0.15 - 0.40 ppm reported by
Asuocha and Osu (2015) in Akwa Ibom. The high
concentration of hydrogen sulphide in the Cargo area calls
for major concern as H2S can result in disorders such as
irritation of the eyes, neurological, cardiac, cancer-
causing, asthma, and respirational health effects. Other
effects include coughs, breathing challenges, headaches,
unconsciousness, nausea, and possibly death.

The mean CO:2 concentration across the study areas
(0.04+0.01 - 0.18+0.08 ppm) was higher in the Apron and
Car park areas, which could be a result of the emission
from the exhaust of vehicles at the car park and emissions
from the aeroplanes flying in and out of the airport. Gene-
rally, the CO2 concentrations were higher in the outdoor
area than indoors. These results are, however, within the
WHO permissible limit indicative of a low spread of CO..

Ammonia (NHs) concentration in the study area, which
ranged between 0.00 - 0.28+0.17 ppm indicated that the
primary source of ammonia across the study area is from
aircraft exhaust as all locations recorded 0.00 ppm except
the Apron and Ipo, where there is the presence of aircraft
engines being active on land and air. These concentra-
tions are fair and are below the WHO permissible limit (i.e.,
0.6 mg/kg). The results obtained in this study are lower
than 0.01-2.7 ppm reported by Gobo et al. (2012) in the
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Okrika axis of Rivers State but in contrast with 0.00 ppm
reported by Weli and Adekunle (2014) in the indoor areas
of Rumuolumeni in Port Harcourt. The concentration of
Ozone (O3) across the various sites where higher than the
WHO permissible limit (0.075 ppm) except for the Ipo 3,
Ipo 4, Departure and the Arrival Hall 1. These results are
similar to the 0.00 to 0.04 ppm reported by Augustine
(2012) across various sections of Port Harcourt.

The concentration of PM 1.0 was slightly above the WHO
limit (Table 6). These results are higher than the values
reported by Gobo et al. (2012) at Okirika. Similarly, the
concentration of PMzs is within the WHO limit of 25 ygm-.
These results are similar to the result of Gobo et al. (2012)
at Okirika but lower than the range reported by Kumar and
Dash (2018) in India.

The concentration of PMio is below the WHO limit as
compared to previous studies that were above the WHO
limit (Yousuf et al., 2013). Akinfolarin et al. (2017) also
reported a higher concentration of PM2.s and PMao in the
wet season and dry in Port Harcourt. It is also observed
that the concentration of TVOC and PM1o was higher at the
airport's host community (i.e., Ipo 3 and Ipo 4). The lower
concentration of TVOC and Particulate matter in Arrival
Hall 2 may be a result of fewer activities taking place there.
This area of the airport is rarely used except when there is
a high volume of passenger arrivals. Previous research
has revealed that over 50% of fine particles (PM1.o and
PMz;s) are produced from vehicles. Furthermore, higher
particulate matter concentrations of less than 2.5 ym are
mainly from anthropogenic and urban activities and dis-
charges from heavy-duty vehicles (D'Angiola et al., 2010).

Respiratory discomfort is caused by particulate matter,
which is higher in the residential area. A similar observa-
tion was made by Riley et al. (2021), who revealed that
ultra-fine particles come from aircraft engines and these
fine particles are associated with lung inflammation among
asthmatic patients. Additionally, He et al. (2018) reported
that the composition of particles, size dispersal and the
amount of internalized particles results in the promotion of
mercurial organic compounds in the lung. An assessment
of the global health impact of aircraft emissions by Yim et
al. (2015) indicates that PM 2.5 concentration increases the
rate of premature death annually.

Findings from this study revealed that noxious gases
and suspended particles showed seasonal fluctuations
due to the dry and wet seasons experienced in the region.
Heavy rainfalls cleanse the atmosphere of anthropogeni-
cally emitted pollutants (Gobo et al., 2012). However, the
concentration of the pollutants is not only affected by
seasons but also by microclimatic conditions such as
temperature, wind speed, and relative humidity.

Conclusion

The results of this study revealed a higher concentration of
particulate matter and noxious gases in the outdoor part of

the airport than in the indoor part, except for SO2, which
was higher in the indoor area. Generally, the wet season
showed better air quality than the dry season concerning
the pollutants except for Os, which exhibited higher
concentration in the wet season. The high concentration of
TVOCs, Particulate matter (PM1zo, PM2s and PMzio), and
the presence of NO2z, CO, NHz, COz2, and Os could result
in respiratory defects.

Recommendations

Based on the results obtained from this study, the following
are therefore recommended:

1. People with respiratory diseases, such as asthma,
may be infected with continuous exposure to noxious
gases and particulate matter at emerging industrial
sites.

2. There should be regular air quality monitoring,
especially in the residential area.

3. Enlightenment campaigns should be carried out at
least yearly on the potential outcomes of consistent
exposure to emissions in and around the airport.

4. The airport authority and the government should
provide amenities to the local residents to cushion the
impact of the exposure.

5. Further medical research should be carried out to
assess other intricate medical concerns of the locals
exposed to these aviation emissions.
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