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Abstract 

In this study, the meteorological parameters were studied to assess their contributions to atmospheric 

scavenging in the different contrasting seasons of Mkpat Enin Local Government Area, Akwa Ibom 

State, Nigeria. Ambient concentrations of PM2.5, PM10, gaseous oxides (NO2, SO2, CO, CO2, NH3, 

H2S, CH2O, TVOCs) and meteorological parameters were estimated during both the dry (January-

March) and wet (May-July) seasons at six strategic monitoring sites (S1—6) using ZN-NT22 and 

Holdpeak-HP5800G mobile air sensors. Statistically significant (P < 0.05) seasonal changes were 

found. The pollutant concentrations during the dry season were significantly higher than the limits 

set by the World Health Organization (WHO), with mean concentrations of PM2.5, PM10, CO2, NO2, 

SO2 and CO being 109.84 µg/m3, 155.50 µg/m3, 863.33 ppm, 0.237ppm, 0.353ppm and 10.33ppm, 

respectively. The high values were due to the atmospheric stability and low relative humidity 

(53.83%). In contrast, the pollutant loads in the wet season were significantly reduced as expected 

likely due to rain washout and better dispersion, with PM2.5 and PM10 concentrations of 32.33 μg/m3 

and 55.42 μg/m3 respectively, as well as higher relative humidity (68.67%) and wind speed (1.15 

m/s). However, during the dry season, the relationship between co-emissions was very strong for 

CO with NO2 (r = 0.997) and SO2 with NO2 (r = 0.995), which signifies the main sources of heavy 

vehicular and industrial logistics. Main pollutants, on the other hand, had negative correlation with 

wind speed and temperature, indicating atmospheric dilution (r = -0.584 to -0.895). These findings 

reveal a set of acute public health risks during dry periods and the importance of integrating the 

seasonally-varying meteorological processes into local air quality management and regulatory 

frameworks.   
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1.0 Introduction 

Urban centers are continuously defined by 

intense industrial operations, rapid population 

growth, and heavy vehicular traffic, all of which 

substantially compromise local air quality 

(Okon et al., 2024; Ekpa et al., 2023). 
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Additionally, meteorological conditions play a 

pivotal role in governing air quality and 

dictating spatial pollutant dispersion. 

Elucidating the interactions between weather 

parameters and air quality is fundamental to 

evaluating and mitigating environmental and 

public health hazards (Ndoma et al., 2025). In 

Mkpat Enin, the interplay between growing 

anthropogenic emissions and seasonal monsoonal 

patterns leads to significant temporal variations in 

lower atmospheric air quality. (Ngele & Onwu 2015; 

Ogbemudia et al., 2025). Urban meteorological 

dynamics and atmospheric oxide concentrations are 

substantially modulated by natural ecosystems, 

which function as vital environmental buffers. 

These natural systems foster atmospheric 

stability via air quality enhancement, carbon 

sequestration, and microclimatic regulation. The 

study area forms a vital land and transit corridor 

for industrial and petroleum-related activities in 

the wider region which operates across Mkpat 

Enin and its neighboring coastal areas like 

Eastern Obolo and Ikot Abasi. Nevertheless, 

anthropogenic pressures such as fossil fuel 

combustion, deforestation, petroleum exploitation, 

industrial discharge, rapid urbanization, and 

mismanaged waste are deteriorating these areas (Ikpe 

et al., 2025). Consequently, their capacity to mitigate 

atmospheric pollutants and stabilize local 

meteorology across urban spaces, such as AKSU- 

Mkpat Enin setting, which is the transport 

corridor for these companies is increasingly 

compromised (Day et al., 2003; Ahmad et al., 

2024; Ogbemudia, et al., 2025;). Such ecological 

deterioration presents profound environmental 

and public health hazards within the region. 

Industrial transport activities involve regular 

heavy-duty logistics and haulage (trucks 

carrying equipment, materials, and machinery) 

passing through the primary arterial roads of 

Mkpat Enin (e.g., the Ikot Akpaden axis 

connecting to Eastern Obolo). 

Industrial and transportation activities discharge 

atmospheric pollutants, including like NO₂, SO₂, 

CO, and particulate matter; their accumulation 

in the lower atmosphere adversely impacts 

ecological integrity and human well-being 

(Ahmad, et. al. 2024; Ebri et al., 2025). The 

degradation of this ecosystem further 

compounds these issues by impairing natural 

filtration mechanisms, thereby elevating 

ambient pollutant concentrations and increasing 

exposure risks for adjacent populations (Zhang 

et al., 2024). By causing respiratory infections, 

heart disease, and chronic obstructive 

pulmonary disease, air pollution directly 

threatens human health locally and globally. 

Given that seasonal meteorological variations 

significantly govern the dispersion, 

concentration, and deposition of atmospheric 

pollutants, rigorous empirical studies are 

imperative to formulate effective mitigation 

strategies (Kurmi et al., 2020). Lacking a 

nuanced comprehension of the spatiotemporal 

variations in air pollution dynamics and their 

corresponding epidemiological impacts, public 

health interventions will inevitably remain 

reactive rather than preventive (Zhou et al., 

2020). This inadequacy perpetuates an 

escalation in respiratory morbidities, resulting in 

heightened healthcare expenditures, diminished 

economic output, and impaired quality of life, 

particularly among vulnerable demographics 

such as pediatric, geriatric, and chronically ill 

populations (Dias & Tchepel, 2018; Zhou et al., 

2020). Given these critical knowledge gaps, an 

integrated, empirical investigation is urgently 

required to evaluate how meteorology interacts 

with urbanization gradients to influence air 

quality dynamics. Such an investigation would 

address a critical research imperative while 

offering actionable insights to inform 

environmental health policy, urban spatial 

planning, and strategic resource allocation in 

this metropolis and comparable settings (Wu et 

al., 2025; Ekanem, 2022; Udosen & George, 

2018a). The imperative for the present study 

stems from the growing recognition of air 

pollution as a primary public health hazard 

rather than a strictly environmental concern, 
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particularly within developing contexts such as 

the main campus of AKSU and Mkpat Enin 

where empirical data on exposure dynamics and 

associated meteorological variables remain sparse 

or fragmented. Additionally, Mkpat Enin LGA 

is the primary geographic crossroads where 

heavy industrial logistics from oil companies 

and high-density educational traffic from AKSU 

Main Campus converge. These activities 

constitute major sources of particulate matter 

and gaseous pollutants, thereby necessitating 

systematic air quality assessment. Although 

previous studies have examined seasonal air 

pollution and meteorological variability in parts 

of Akwa Ibom State, quantitative information on 

the combined seasonal behavior of particulate 

matter, gaseous pollutants and meteorological 

conditions within the AKSU–Mkpat Enin 

urbanizing corridor remains undocumented. The 

present study therefore investigates the 

comparisons between a university environment 

and industrial/transport corridors.  In fact, this 

research is the first empirical study of the 

combined seasonal trend of PMs, gaseous 

pollutants and meteorological parameters for the 

special industrial and educational transport 

corridor of AKSU – Mkpat Enin. 

2.0 Study Area 

Field sampling was carried out within the main 

campus of Akwa Ibom State University (AKSU) 

and selected sectors in Mkpat Enin Local 

Government Area (Figure 1). Topographically, 

the study locations featured elevations spanning 

15 m to 24 m above sea level, geographically 

bounded by coordinates 4.558185° N to 4.664° 

N latitude and 7.748° E to 7.7488185° E 

longitude.  

Geologically, the investigation area is situated 

within the Tertiary-aged Coastal Plain Sands of 

the Benin Formation, characterized by 

unconsolidated sand, silt, and clay deposits 

(Obianwu et al., 2011; Uwa et al., 2019; George 

et al., 2022a, 2020; Udosen & George 2018b). 

The high porosity and permeability inherent to 

these lithologies promote subterranean fluid 

transport and gas migration dynamics (George et 

al., 2025). Consequently, this hydrogeological 

configuration exerts an indirect control on 

atmospheric quality through soil-air gas exchange 

mechanisms and wetland emissions (George 2021a, 

b). The study area is characterized by a humid tropical 

climate characterized by two contrasting seasons: a 

wet season spanning April through October and 

a dry season extending from November to 

March (Ekanem et al., 2021). Mean annual 

precipitation exceeds 2,500 mm, accompanied 

by high relative humidity (70%–95%) and 

ambient temperatures fluctuating between 24°C 

and 32°C. High relative humidity and ambient 

temperatures significantly influence atmospheric 

chemical transformations and pollutant dynamics 

(Udosen et al., 2024 a, b, c). Peak dry-season 

temperatures reach up to 35°C; however, global 

climate change has introduced slight variations in the 

boundary thresholds of these meteorological 

parameters (George et al., 2022a, b, c; Udosen et al., 

2023, 2024d; Ekanem et al., 2024, Thomas et al., 

2020). 

Anthropogenic activities in the study area are 

extensive and include oil and gas exploration, gas 

flaring, artisanal refining, Agricultural, transportation, 

and domestic biomass combustion.  Mkpat Enin - 

Akpaden –Iko road    serves as a transitional zone with 

increasing urbanization and vehicular emissions.  

3.0 Materials and Methods  

3.1 Methodology 

This study adopted a field-based observational 

and cross-sectional research design aimed at 

assessing ambient air quality at the selected 

location within the study area. The design 

integrated real-time data acquisition using ZN-

NT22 and Holdpeak-HP5800G mobile air 

sensors with temporal analysis technique to 

evaluate pollutant distribution patterns as well as 

Statistical evaluation of relationships among 

measured parameters. This method was apt for 

environmental monitoring studies where the 

objective was to characterize ambient conditions 

rather than establish causality.  
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A multi-parameter monitoring strategy was 

employed, allowing simultaneous measurement 

of particulate and gaseous pollutants alongside 

meteorological variables. This integrated 

approach provided a more comprehensive 

understanding of air quality dynamics compared 

to single-parameter studies. The mobile sensors 

operated based on a combination of detection 

technologies such as optical scattering method 

for particulate matter (PM₂.₅ and PM₁₀), 

electrochemical sensors for carbon monoxide 

(CO), Non-dispersive infrared sensors for 

carbon dioxide (CO₂), thermistors and 

capacitive sensors for temperature and relative 

humidity and ultrasonic anemometer for 

measuring wind speed.

 

Figure 1:  Schematic map showing (a) Nigeria highlighting Akwa Ibom State, (b) Akwa Ibom State showing 

Mkpat Enin Local Government Area (LGA), and (c) Mkpat Enin LGA detailing the specific study sites. 

Sampling for gaseous pollutants was carried out 

during dry season (January - March 2026) and 

wet season (May – July, 2026). For the purpose 

of this study, six sampling sites were chosen 

within Mkpat Enin local government area. These 

gaseous pollutants were determined using their 

respective gas detectors which worked by 

electrochemical principles of detection, 

allowing gases diffuse through a porous 

membrane to an electrode where it is either 

chemically oxidized or reduced. The amount of 

current produced was determined by how much 

of the gas was either oxidized or reduced at the 

electrode, indicating the concentration of the 

gas.  

Simultaneous measurements of the gases were 

taken with the Holdpeak HP-5800G (0-100 ppm, 

±5% of full scale, 0.1 ppm resolution) which was 

zero calibrated in synthetic air and multi-point 

calibrated with reference gases. At the same 

time, the ZN-NT22 particulate air sensor was 

calibrated in a hermetically-sealed dynamic 

chamber after a 30-minute stabilization in dry air 

and stepped exposure to the target gas by mass 

flow controllers. Signal responses and recovery 

cycles continually recorded using digital data 

acquisition system, where measurement drift 

and empirical limits of error quantified. 

3.2 Statistical analyses 

Descriptive statistics were used to evaluate the 

meteorological and air quality data, with the 

results summarized in tables 1 and 2. Using 

Pearson correlation matrix statistical Package, 

multivariate correlation technique was employed to 

identify highly significant p - values (P< 0.05) 

associations between pollutant concentration and 
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meteorological data from Python software version 

3.11 according to the methods employed by Mbong et 

al. (2014) and Edem et al. (2023). 

4.0 Results and Discussion 

4.1 Variation in Air Quality parameters 

across the study Area 

During the dry season, air quality parameters 

showed significant variation across the different 

sampling locations. Table 1 gives the summary 

of mean ambient air pollutant concentrations and 

meteorological variables at Sites 1 - 6 during the dry 

season. Nitrogen dioxide (NO₂) concentrations were 

highest at S1 (0.500 ± 0.025 ppm) and lowest at S2 

and S3 (0.100 ± 0.005 ppm). Sulfur dioxide (SO₂) 

peaked at S1 (0.600 ± 0.030 ppm), with the lowest 

detectable concentration at S2 (0.200 ± 0.010 ppm). 

Carbon monoxide (CO) levels were highest at S5 

(17.00 ± 0.90 ppm) and least at S2 (5.00 ± 0.25 ppm). 

Particulate matter (PM₂.₅) was significantly higher at 

S4 (180 ± 9.00 µg/m³) than anywhere else in the 

study, while PM₁₀ was highest at S4 (275.05 ± 13.75 

µg/m³). Relative humidity (RH) varied, with S2 

recording the highest value (63.00 ± 2.00 %), and S3 

had the highest average temperature (36.0 ± 2.0°C). 

CH20, S5 recorded the highest value (0.195 + 0.004) 

with S3 being the least (0.05 + 0.03). The wind speed 

(w/s) was strongest at S3 (2.15m/s) and slowest at S4 

(0.75m/s).  

During the wet season, air quality parameters 

demonstrated marked spatial variations across the 

designated monitoring stations. The summary of 

mean ambient air pollutant concentrations and 

meteorological variables across all 6 sites during the 

rainy season is shown in Table 2. NO₂ concentration 

reached its maximum at sites S3 and S4 (0.2 ± 0.44 

ppm), while the lowest value (0.1 ± 0.00 ppm) was 

recorded simultaneously at S1, S2, and S5. SO₂ was 

most concentrated at S4 (0.3 ± 0.37 ppm) and least at 

S2 (0.1± 0.27 ppm). CO levels were highest at S4 

(5.00 ± 3.72 ppm) and lowest at S1 and S2 (2.00 ± 

0.04ppm). PM₂.₅ had the largest reading at S5 (41.0 

µg/m³) and the least at S3 (14.0 µg/m³).  PM₁₀ peaked 

at three stations, 4, 5, and 6 (65.00 ± 76.40 

µg/m³), and was lowest at S3 (24.26 ± 0.02 

µg/m³). Also, CO2 recorded 787 ppm at S3 being 

the highest, while S1 (10.5ppm) was the least. A 

reading of 2.288 ppm at S1 was most elevated 

for TVOC, and lowest at S5 (0.569 ppm). Two 

sites (S1& 5) reported 0.4 ppm being topmost for 

H2S, and S2& 4 with 0.2 ppm as the lowest 

values. NH3 was highest at S4 but lowest at S1, 

with readings of 4.5 ppm and 0.5 ppm, 

respectively. Relative humidity (RH) was 

highest at S1 (83.42 ± 0.21%), while the 

temperature was highest at S3 (29.90 ± 0.45°C). 

Wind speed measured at S1 was the fastest (2.2 

m/s) while 0.4 m/s being the least was obtained 

at S3. 

4.2 Correlation between Meteorological Indices 

and Air Pollutants (Dry Season and Wet seasons)  

The Pearson correlation coefficient (r) matrix 

and its heatmap for the dry season are shown in 

Figures 2 and 3 respectively. In the dry season, 

NO₂ revealed a strong positive correlation with 

SO2 (r = 0.995), CO (r = 0.997) and PM₂.₅ (r = 

0.864), suggesting that they have similar 

emission sources and that both are influenced by 

the same meteorological factors. Furthermore, 

NO₂ was also positively correlated with PM₁₀ (r 

= 0.893), suggesting that coarse particulates may be 

influenced by common meteorological conditions, 

such as atmospheric stability. However, NO₂ 

presented a very weak correlation with RH (r = 

0.038), presenting that its injection into the local air 

mass happened really fast like immediate plume 

transport or raw emission rates for slow, humidity-

driven atmospheric chemical reactions to exert any 

statistically visible control. Similarly, SO₂ displayed a 

strong positive correlation with NO₂ (r = 0.995) and 

CO (r = 0.995), implying that industrial emissions 

contributed to both gaseous pollutants. However, SO₂ 

had a negative correlation with w/s (r = -0.861), 

reinforcing the idea that higher wind speed enhances 

the dispersal of sulfur-based pollutants from the 

atmosphere. Relative humidity also showed a weak 

correlation with SO2. Carbon monoxide (CO) showed 

a strong positive correlation with PM₂.₅ (r = 0.861), 

indicating that incomplete combustion processes 

contributed significantly to fine particulate pollution. 
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Table 1: Summary of Mean Ambient Air Pollutant Concentrations and Meteorological Variables at Monitoring Sites during the Dry Season 

Site 
PM2.5 

(µg/m³) 
PM10 (µg/m³) 

CH₂O 

(ppm) 
CO2 (ppm) NO2 (ppm) 

TVOC 

(ppm) 
SO2 (ppm) CO (ppm) 

NH3 

(ppm) 
H2S (ppm) 

Temperature 

(°C) 

Relative 

Humidity 

(%) 

Wind 

Speed 

(m/s) 

S1 93.05±4.65 120.00 ± 6.00 0.084± 0.004 622.00± 31.00 0.500± 0.025 0.549 ±0.2 0.600±0.030  15.00± 0.70 8.50±0.40 0.400±0.020 35.00± 2.0 63.00± 2.0 0.898± 0.04 

S2 172.00 ±8.60 209.00±10.45 0.056±0.003 722.00±36.0 0.100±0.005 0.321 ±0.5 0.200±0.010 5.00±0.65 3.00±0.150 0.200±0.010 29.00±2.2 60.00±2.0 1.220± 0.05 

S3 16.00± 0.70 19.00± 0.95 0.031± 0.002 528.00±26.0 0.100±0.005  0.245± 0.3 0.300.0150± 4.00 ±0.83       0.50 ±0.025 0.100±0.005 36.00±2.0 50.00± 2.0 0.750±0.04 

S4 180.00±0.00 275.00± 13.75 0.038± 0.002 1872.00± 94.0 0.300±0.015 0.373 ± 1.8   0.4025 ±0.125   10.00± 0.54 2.00±0.100 0.100± 0.005 35.00± 2.0 46.00± 2.0 0.750±0.04 

S5 93.00±0.00 159.00±7.90 0.089±0.004 440.00±22.0 0.200±0.010 0.443± 1.6 0.300±0.015   17.00± 0.55 7.00±0.350 0.300±0.015 32.00± 2.0 52.00±2.0 0.860± 0.04 

S6 105.00± 0.00 151.00± 7.50 0.068±0.003 1032.00±52.0 0.220± 0.011 0.398± 1,5 0.320±0.016 11.00±0.74 4.90±0.245 0.270± 0.135 34.002.0± 2.1 52.00± 2.0 0.880± 0.04 

 

Table 2: Summary of Mean Ambient Air Pollutant Concentrations and Meteorological Variables at Monitoring Sites during the Rainy Season 

Site 
PM₂.₅ 

(µg/m³) 

PM₁₀ 

(µg/m³) 

CH₂O 

(ppm) 
CO₂ (ppm) NO₂ (ppm) 

TVOC 

(ppm) 
SO₂ (ppm) CO (ppm) 

NH₃ 

(ppm) 
H₂S (ppm) 

Temperature 

(°C) 

Relative 

Humidity 

(%) 

Wind 

Speed 

(m/s) 

S1 31.00±12.10 56.00±17.10 0.108±0.003 10.50±15  0.100±0.010 2.288±0.3 0.100±0.025 2.00±0.500 0.50±0.342 0.40±0.02 29.00±2.0 83.00±2.0 2.20±0.03 

S2 35.00±7.00 57.50±9.10 0.204±0.002 410.00±12.0 0.100±0.010 1.329±0.6 0.100±0.025 2.00±0.500 3.00±0.015 0.20± 28.88±2. 68.00±3.0 0.90±0.04 

S3 14.00±1.40 24.00±2.40 0.130±0.004 787.00±23.3 0.200±0.020 0.973±1.0 0.200±0.015 3.00±0.831 4.00±0.025 0.30±0.015 29.90±2.0 66.00±2.0 0.40±0.03 

S4 38.00±5.80 65.00±12.00 0.114±0.003 755.00±43.30 0.200±0.020 0.544±0.7 0.300±0.010 5.00±0.644 4.50±0.030 0.20±0.10 28.80±2.7 58.00±1.0 0.50±0.25 

S5 41.00±6.10 65.00±12.00 0.078±0.002 613.00±0.002 0.100±0.010 0.569±1.2 0.200±0.010 4.00±0.353 4.00±0.025 0.40± 0.02 29.05±3.5 62.00±1.5 1.10±0.05 

S6 35.00±9.50 65.00±12.05 0.110±0.001 450.00±0.001 0.130±0.013 1.800.0±0.4 0.150±0.012 2.50±0.267 2.00±0.350 0.300±0.02 28.80±4.6 75.00±2.5 1.80±0.25 
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Parameter PM2.5 PM10 NO2 SO2 CO CO2 NH3 H2S CH2O TVOC TEMP RH W/S 

PM2.5 1 
            

PM10 0.978 1 
           

NO2 0.864 0.893 1 
          

SO2 0.849 0.888 0.995 1 
         

CO 0.861 0.899 0.997 0.995 1 
        

CO2 0.828 0.887 0.916 0.938 0.931 1 
       

NH3 -0.106 -0.052 0.024 -0.035 -0.007 -0.211 1 
      

H2S 0.83 0.876 0.985 0.988 0.983 0.957 -0.119 1 
     

CH2O 0.804 0.852 0.974 0.983 0.969 0.963 -0.177 0.996 1 
    

TVOC 0.821 0.862 0.976 0.979 0.974 0.942 -0.138 0.991 0.985 1 
   

TEMP -0.584 -0.638 -0.73 -0.713 -0.741 -0.793 0.001 -0.743 -0.743 -0.681 1 
  

RH 0.172 0.056 0.038 -0.003 0.01 -0.046 0.704 -0.002 -0.056 -0.048 -0.246 1 
 

W/S -0.892 -0.895 -0.875 -0.861 -0.887 -0.88 -0.245 -0.872 -0.835 -0.857 0.54 -0.32 1 

Figure 2: Karl Pearson correlation matrix for Dry season 

 

Figure 3: Pearson Correlation Heatmap for dry season 
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CO also exhibited a strong positive correlation with 

PM₁₀ (r = 0.899), suggesting that re-suspended dust 

and emissions from biomass burning may increase 

both CO and larger particulate matter 

concentrations. CO had a weak correlation with RH 

(r = 0.01), highlighting the impact of dry conditions 

in increasing pollutant retention in the lower 

atmosphere. Particulate matter (PM₂.₅) had a strong 

positive correlation with PM₁₀ (r = 0.978), further 

proving a common origin for both fine and coarse 

particulates. However, PM₂.₅ showed a weak 

correlation with RH (r= 0.172), emphasizing the 

efficiency of precipitation in removing fine 

particulate pollutants from the air. PM₁₀ was poorly 

correlated with RH (r = 0.058), suggesting that 

lower humidity in the dry season enhances dust re-

suspension and particulate accumulation. 

Temperature, however, had negative correlation 

with NO₂ (r = -0.73), and also with CO (r = -0. 741). 

Overall, the weak   relationships between RH and 

pollutants in both seasons indicated that humidity 

plays a major role in regulating air quality, while 

positive correlations between pollutants suggested 

common emission sources, primarily from 

vehicular and industrial activities. 

The rainy season revealed strong positive 

correlation between SO2 and CO (r= 0.961, p= 

0.0022) indicating co-emission from common 

combustion/industrial activities. Furthermore, CO2 

and NH3 (r= 0.947) were, highly correlated 

suggesting common biogenic or organic 

decomposition origin. PM2.5 and PM10 exhibited a 

strong correlation (r = 0.975) confirming that both 

fine and coarse particulate matter shared common 

primary sources. RH and Wind Speed (r=0.879) 

presented strong positive meteorological 

relationship. 

Strong negative correlations were obtained for NH3 

and Relative Humidity (r = -0.981) buttressing the 

role of high moisture levels in dissolution of 

ammonia gas. The correlation of temperature with 

both PM10 and PM2.5(r = -0.957 and -0.900) 

respectively signaled a strong inverse thermal 

association (George et al., 2010). The trend was also 

obtained for NH3 and Wind Speed (r = -0.928) 

showing strong dispersion effect with increasing 

wind speed. Higher humidity and wind dispersion 

significantly reduce ground-level CO2 

accumulation as presented in Figure 4. 

 
PM2.5 PM10 NO2 SO2 CO CO2 NH3 H2S CH2O TVOC TEMP RH W/S 

PM2.5 1 
            

PM10 0.918 1 
           

NO2 -0.674 -0.578 1 
          

SO2 -0.55 -0.233 0.765 1 
         

CO -0.442 -0.081 0.562 0.961 1 
        

CO2 -0.892 -0.677 0.735 0.797 0.713 1 
       

NH3 -0.856 -0.622 0.59 0.783 0.769 0.947 1 
      

H2S 0.333 0.384 -0.455 -0.295 -0.186 -0.423 -0.442 1 
     

CH2O -0.125 -0.411 -0.078 -0.414 -0.48 -0.077 -0.003 -0.692 1 
    

TVOC 0.804 0.551 -0.366 -0.663 -0.713 -0.86 -0.951 0.204 0.109 1 
   

TEMP -0.846 -0.579 0.573 0.808 0.814 0.91 0.964 -0.208 -0.209 -0.962 1 
  

RH 0.745 0.483 -0.513 -0.8 -0.823 -0.886 -0.981 0.468 0.013 0.936 -0.937 1 
 

W/S 0.922 0.816 -0.683 -0.652 -0.574 -0.886 -0.928 0.592 -0.272 0.823 -0.862 0.879 1 

Figure 4: Karl Pearson Correlation matrix for Wet season 
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5.0 Discussion 

The findings highlighted distinct seasonal and 

spatial differences in air pollution across Mkpat 

Enin, demonstrating how strongly local weather 

conditions influence air quality. Remarkably, 

pollutant concentrations (particularly NO₂, SO₂, 

CO, PM₂.₅, and PM₁₀) were really elevated 

during the dry season compared to the rainy 

season. For the dry season, PM2.5 and PM10 

averaged at 109.84 µg/m³, and 155.50 µg/m³ 

respectively, while CO2, NO₂, SO₂, CO, NH3 

and H2S concentrations recorded mean values of 

at 863.333 ppm, 0.237 ppm, 0.353 ppm, 10.333, 

4.317 ppm and 0.228 ppm respectively.  

However, in the rainy season, these values 

reduced to 32.33 µg/m³, 55.417 µg/m³, for both 

PM2.5 and PM10 respectively and 504.250 ppm, 

0.138 ppm, 0.175 ppm, 3.083 ppm, 3.000 ppm 

and 0.300 ppm for the atmospheric pollutants in 

the order previously listed. These values from 

both seasons were above WHO permissible 

limits for these pollutants. Based on the results, 

the research locations were severely polluted, 

using the WHO 2021 Air Quality Index 

benchmarks of 15 μg/m3 for PM2.5 and 45 μg/m3 

for PM10 as the international standards as shown 

in Figure 5. The same for NO2, SO2 and CO with 

the safety threshold been 0.013ppm (25 μg/m3), 

0.015ppm (40 μg/m3), and 3.5ppm (4mg/m3). 

The recent local studies also revealed similar 

seasonality’s and higher levels of atmospheric 

oxides, indicating public health threats of poor 

air quality (Ekpa et al., 2025; Dominic et al., 

2025). 

 
Figure 5: WHO Air Quality Guidelines level (WHO, 2021) 

These persistence high values can be ascribed to 

reduced relative humidity (RH), limited 

precipitation, and increased atmospheric 

stability that inhibit pollutant dispersion and 

promote accumulation. This phenomenon is 

similarly reported by Chamseddine et al. (2019), 

Sahin et al. (2021) and Onyegbule et al. (2025). 

For the meteorological parameter, temperature 

was higher in the dry season than in rainy 

season, unlike relative humidity and wind speed 

which were higher in the wet than dry season 

giving an average of 68.667 and 1.150 m/s (wet) 

against (53.833% and 0.895 m/s) in dry 

respectively. This enhanced wind speed may be 

due to maritime air mass creating sustained, 

higher average surface wind speeds at coastal 

and near-coastal sites compared to the stagnant, 

light-and-variable winds common during dry 

season continental high-pressure periods. This 

trend was observed across all monitoring 

stations, where ambient levels recorded during 

the dry season significantly exceeded those of 

the wet season. During the wet season, pollutant 

levels declined significantly. For example, NO₂ 
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concentrations which were highest at S1 

dropped to 0.100 ppm and SO₂ was also lower. 

The higher RH (peaking 83% at S1) and frequent 

rainfall during this period likely enhanced 

pollutant washout through wet deposition, 

especially for water-soluble gases like SO₂ and 

NO₂, in line with findings by Landim et al. 

(2020) and Dhital et al. (2022). The inverse 

relationship between wind speed and pollutant 

concentrations was statistically validated 

through Pearson correlation analysis, which 

demonstrated a strong negative association 

between wind speed and (r = -0.861), NO₂ (r = -

0.875), and PM₂.₅ (r = -0.892) in the dry season. 

Carbon monoxide (CO) displayed unique 

seasonal pattern. Although dry season 

concentrations were notably high around S5, the 

highest wet season value was unexpectedly 

associated with S4 area, suggesting localized 

emission sources, possibly due to ongoing industrial 

activities. However, its atmospheric persistence was 

still modulated by meteorological factors, with 

temperature and RH exerting significant control. CO 

was negatively correlated with temperature (r =- 

0.7141) and weakly with RH (r = 0.01) during the dry 

season, affirming that higher temperatures promote 

CO accumulation due to decreased vertical mixing 

and chemical transformation to CO₂, a trend 

supported by Signori et al. (2023). Particulate Matter 

(PM2.5 and PM10) had a very strong positive 

correlation, implying that their concentrations 

move tightly together across all six monitoring sites (r 

= 0.978).  Temperature exhibited deep negative 

correlations with organic compounds like TVOCs (-

0.681) while relative humidity shared a very 

strong positive correlation with TVOCs 

implying higher moisture loading in the air 

being tightly connected with elevated total 

volatile organic concentrations during this 

specific sampling interval. Wind speed showed 

a powerful, uniform negative correlation 

(ranging from r = -0.835 to r = -0.895) with 

almost all major pollutants, indicative of the 

local dispersion dynamics. Higher wind speeds 

act as a potent dilution mechanism, sweeping the 

pollutants away from the monitoring point, 

while calm conditions or low wind speeds lead 

to rapid pollutant accumulation near the source. 

Similarly, temperature, displayed moderate-to-

strong negative correlations (r = -0.584 to r = -0.793) 

with the primary pollutants. This relationship is 

typically driven by boundary layer dynamics. Higher 

temperatures warm the ground, increasing convective 

mixing and raising the planetary boundary layer 

height. This expands the volume of air available for 

mixing, which dilutes ground-level pollutant 

concentrations. A strong positive correlation 

specifically between NH3 and RH (r = 0.704), was 

observed while displaying negligible or slightly 

negative correlations with all other combustion-

related pollutants. This suggested that NH3 

likely originated from a completely different 

physical source such as agricultural activity, 

biogenic emissions, or waste decomposition 

than the combustion gases. High humidity often 

facilitates the volatilization or stabilization of 

agricultural ammonia, cementing this unique 

relationship. 

 PM2.5 and PM10 climaxed at S5 (41µg/m³ and 

65 µg/m³ respectively). These values far 

exceeded both WHO thresholds, signaling 

substantial air quality deterioration in the 

campus. The likely sources include vehicular 

emissions and dust from largely damaged 

portions of tarred road in front of the school gate 

especially under the dry season’s stagnant 

atmospheric conditions. Wet deposition caused   

particulate matter levels to drop significantly 

across all the six sites, affirming the role of 

precipitation in atmospheric cleansing. Strong 

positive correlations between PM₂.₅ and CO (r = 

0.861) and a near perfect correlation between 

PM₂.₅ and PM₁₀ (r = 0.918) supported the 

hypothesis that they share combustion-related 

origins (Losacco and Perillo, 2018; Liu et al., 

2020). Correlation data from both seasons 

further emphasize the synergistic roles of 

pollutants and meteorological drivers. For 

instance, in the dry season, NO₂ had strong 

positive correlations with PM₂.₅ (r = 0.864) and 
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PM₁₀ (r = 0.893), suggesting atmospheric stability 

promoted the coexistence of these pollutants. 

Meteorological factors such as temperature and wind 

speed were again negatively correlated with most 

pollutants, particularly CO2 (r = - 0.793), and PM10 (-

0895), highlighting the season’s vulnerability to 

pollution accumulation. These results confirmed that 

Mkpat Enin’s tropospheric air is significantly affected 

by seasonal climatic shifts. Industrial emissions and 

vehicular activities remain constant, but their impact 

is modulated by meteorological parameters. Dry 

season pollution poses serious environmental and 

public health risks, especially at sites S2 and S4 (Ikot 

Akpaden and Ikot Akata respectively). In line with 

this, Song et al. (2023) and Hu et al. (2024) opined that 

elevated pollutant concentrations, particularly gaseous 

species (PM₂.₅, NO₂, and CO) have been strongly 

linked to higher rates of respiratory and cardiovascular 

diseases, increased hospital admissions, and 

premature mortality. Moreover, high SO₂ and NO₂ 

levels surged the potentials for acid rain, damaging 

ecosystems and reduced agricultural productivity 

(Kawichai et al., 2023). These results underscore the 

necessity of embedding seasonal and spatial 

meteorological dynamics into air quality surveillance 

frameworks to inform evidence-based public health 

interventions and environmental policy formulation in 

tropical urban centers.   

For rainy season, wind speed had a very strong 

positive correlation with PM2.5 (r = 0.922) and 

PM10 (r = 0.816) as depicted in Figure 6. This is 

an indication that wind-driven re-suspension 

like dust or soil particles were being lifted by 

stronger winds or probably that the sensor was 

downwind of a major source where higher winds 

carried the plume directly to the monitoring site. 

This is an indication that wind-driven re-

suspension like dust or soil particles were being 

lifted by stronger winds or probably that the 

sensor was downwind of a major source where 

higher winds carried the plume directly to the 

monitoring site. 

 

 
Figure 6: Pearson Heatmap for rainy season 
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Similarly, TVOC had a very strong negative 

correlation with temperature (r = -0.962). This 

suggested that TVOC levels peak during cooler, 

high-humidity conditions like early morning or 

nighttime inversions when the atmospheric 

boundary layer was shallow and trapped organic 

gases close to the surface. Particulates matter 

exhibited negative correlations with the 

combustion gases like NO2, SO2, and CO. This 

pointed to the fact that strong winds physically 

lifted and re-suspend crustal dust, soil, and 

coarse road particles into the air, causing 

particulate concentrations spike. At the same 

time, these strong winds rapidly diluted and 

dispersed localized combustion gases NO2, SO2, 

CO away from the monitoring site. 

6.0 Conclusion  

Local meteorology decisively drives air quality 

in Mkpat Enin, with dry-season atmospheric 

stability, reduced dispersion, and lower 

humidity fueling higher pollution levels. Strong 

positive correlations among NO₂, SO₂, CO, and 

PM₂.₅ suggest that these pollutants may have 

shared or co-varying sources and/or common 

meteorological controls, while strong negative 

correlations with RH depicted that humidity 

plays a critical role in pollutant removal. These 

findings highlighted the need for targeted air 

quality management strategies to curb pollution, 

especially during the dry season. Consequently, 

comprehensive emission control frameworks 

must be enforced, encompassing stringent 

vehicular standards, continuous industrial 

emissions monitoring, and the strategic 

transition toward cleaner energy alternatives. 

Public health campaigns must educate 

communities on air pollution risks and 

encourage protective behaviors, while real-time 

monitoring systems are critical for early threat 

detection and response. The study is based on 

short-duration seasonal monitoring and does not 

directly establish long-term population exposure 

or health outcomes. 

Funding 

The project was funded by the authors.  

Declaration of Competing Interest 

The authors declare that they have no known 

competing financial interests or personal 

relationships that could have appeared to 

influence the work reported in this paper.  

Acknowledgements 

The authors are thankful to their colleagues in 

Space Physics Research Group (SPRG) of Akwa 

Ibom State University for their assistance during 

the field data acquisition and editing of the 

manuscript. 

Data availability 

Data will be made available on request.t 

References 

Ahmad, M., Ahmad, W., Ahmad, S., Jamal, S., 

& Saqib, M. (2024). Tracing the roots of 

wetland degradation in India: a 

systematic review of anthropogenic 

drivers, ecological consequences and 

conservation strategies. Geo Journal, 89, 

1-20. https://doi.org/10.1007/s1070802-

4-10997-9 

Chamseddine, A., Alameddine, I., Hatzopoulou, 

M., & El Fadel, M. (2019): Seasonal 

variation of air quality in hospitals with 

indoor–outdoor correlations. Building 

and Environment. https://doi.org/10.1-

016/J.BUILDENV.2018.11.034.  

Day, J., Arancibia, A., Mitsch, W., Lara-

Domínguez, A., Day, J., Ko, J., Lane, R., 

Lindsey, J., & Lomeli, D. (2003). Using 

ecotechnology to address water quality 

and wetland habitat loss problems in the 

Mississippi basin: a hierarchical 

approach. Biotechnology advances, 22 

(1-2), 135-159. https://doi.org/10.1016/-

J.BIOTECHADV.2003.08.012 

Dhital, N., Bhattarai, D., Sapkota, R., Rijal, K., 

Byanju, R., & Yang, H. (2022): 

Comparing the Change in Air Quality 

during the COVID-19 Lockdown 

between Dry and Wet Seasons in Nepal. 

https://doi.org/10.1007/s1070802-4-10997-9
https://doi.org/10.1007/s1070802-4-10997-9
https://doi.org/10.1-016/J.BUILDENV.2018.11.034
https://doi.org/10.1-016/J.BUILDENV.2018.11.034
https://doi.org/10.1016/-J.BIOTECHADV.2003.08.012
https://doi.org/10.1016/-J.BIOTECHADV.2003.08.012


108                                              Edet E. Joseph, Ekong U. Nathaniel, Jewel E. Thomas, Imoh D. Ekpa 

 
@ REJOST 2026 

Aerosol and Air Quality Research. 

https://doi.org/10.4209/aaqr.220201 

Dias, D., & Tchepel, O. (2020): Spatial and 

Temporal Dynamics in Air Pollution 

Exposure Assessment. International 

Journal of Environmental Research and 

Public Health, 15. https://doi.org/10.3-

390/ijerph15030558.  

Dominic, P. A., Ekpa, I. D., Aka, M. U., Edet, 

J.E., Udoeno, E.A, & Effiong, C I. 

(2025). Quantifying Particulate Pollution 

from Road Constructions in Port Harcourt 

Nigeria: Implications for Urban Air 

Quality Management. Journal of 

Research in Environmental and Earth 

Sciences (11)7 18-32 https://doi.org-

/10.35629/253211071832 

Ebri, E., Bassey, N. E., George, N. J., & Harry, 

T. A. (2025). Geochemical analysis of 

groundwater in Central Cross River 

State: implications for water quality and 

public health. Researchers Journal of 

Science and Technology, 5(2), 16-38 

Edem, E. N., Mbong, E. O. & Olaniyan, U. O. 

(2023). Environmental and Human 

behavioral Factors associated with 

Vulvovaginal Candidiasis among Single 

and Married Women in Eket. Global 

Journal of Infectious Disease and 

Clinical Research. 7(1): 037 – 042.   

Ekanem, A. M. (2022). AVI and GOD-Based 

vulnerability assessment of aquifer units; 

a case study of parts of Akwa Ibom State, 

Southern Niger Delta, Nigeria. 

Sustainable Water Resour. Manag. 

8(29). https://doi.org/10.1007/s40899-

022-00628-x 

Ekanem, A. M., George, N. J. & Thomas, J. E. (2024): 

Investigation of aquifer storage properties and 

groundwater contamination risk potential 

using an electrical resistivity technique: a 

sedimentary environment case study, Water 

Practice and Technology, 19 (8): 3350–

3372, https://doi.org/10.2166/wpt.2024.203 

Ekanem, A. M., Akpan, A. E., George, N. J. & 

Thomas, J. E. (2021). Appraisal of 

protectivity and corrosivity of surficial 

hydrogeological units via geo-sounding 

measurements. Environ Monit Assess 

193, 718. https://doi.org/10.1007/-

s10661-021-09518-9 

Ekpa, I. D., Udoeno, A., Awasthi, A., & Efiong, 

I. (2025). Effect of Quarry Operations on 

Air Quality and Public Health in 

Southern Nigeria. Physics and 

Chemistry of the Earth, https://doi.org-

/10.1016/j.pce.2025.104156 

Ekpa, I. D., Laniyan, G. D., Agbor, C. N., Okon, 

J. E. (2023). Effect of Particulate Matter 

from Quarry Activities on Crops and 

Plants Biodiversity in South-Eastern 

Nigeria. Environmental Monitoring and 

Assessment, https://doi.org/10.1007/s10-

661-023-11445-w 

George, N. J., Bassey, N. E., Ekanem, A. M., 

Thomas, J. E. (2020). Effects of 

anisotropic changes on the conductivity 

of sedimentary aquifers, southeastern 

Niger Delta, Nigeria. Acta Geophys. 68, 

1833–1843. https://doi.org/10.1007/s11-

600-020-00502-4 

George, N. J. (2021a). Geo-electrically and 

hydrogeologically derived vulnerability 

assessments of aquifer resources in the 

hinterland of parts of Akwa Ibom State, 

Nigeria. Solid earth sciences, 6(2), 70-

79. 10.1016/j.sesci.2021.04.002. 

George, N. J., Ekanem, K. R., Ekanem, A. M., 

Udosen, N. I. & Thomas, J. E. (2022a). 

Generic comparison of ISM and LSIT 

interpretation of geo - resistivity 

technology data, using constraints of 

ground truths: a tool for efficient 

explorability of groundwater and related 

resources. Acta Geophysica, 70(3), 

https://doi.org/10.4209/aaqr.220201
https://doi.org/10.3-390/ijerph15030558
https://doi.org/10.3-390/ijerph15030558
https://doi.org-/10.35629/253211071832
https://doi.org-/10.35629/253211071832
https://doi.org/10.1007/s40899-022-00628-x
https://doi.org/10.1007/s40899-022-00628-x
https://doi.org/10.2166/wpt.2024.203
https://doi.org/10.1007/-s10661-021-09518-9
https://doi.org/10.1007/-s10661-021-09518-9
https://doi.org-/10.1016/j.pce.2025.104156
https://doi.org-/10.1016/j.pce.2025.104156
https://doi.org/10.1007/s10-661-023-11445-w
https://doi.org/10.1007/s10-661-023-11445-w


109                                    Researchers Journal of Science and Technology (2026) 6(8): 97 - 112 

 
 

pp.1223-1239. https://doi.org/10.1007-

/s11600-022-00794-8 

George, N.J., Ekanem, A.M., Thomas, J.E. & 

Harry, T.A. (2022b): Modelling the 

effect of geo-matrix conduction on the 

bulk and pore water resistivity in 

hydrogeological sedimentary beddings. 

Modeling Earth Systems and 

Environment 8 (1), 1335-1349. 

George, N. J., Umoh, J. A., Ekanem, A. M., 

Agbasi, O. E., Jamal, A. & Thomas, J. E. 

(2022c).  Geophysical-laboratory data 

integration for estimation of 

groundwater volumetric reserve of a 

coastal hinterland through optimized 

interpolation of interconnected geo-pore 

architecture. J Coast Conserv., 26, 56. 

https://doi.org/10.1007/s11852-022-

00902-2 

George, N. J. & Thomas, J. E. (2024). 

Typification of coastal depositional 

lithofacies with isophysical and iso-

chemical hydro-sand beds via 

stratigraphic modified Lorenz plots 

(SMLP): geohydrodynamical implica-

tions and valorization of hydro-

geological units. Acta Geophys. 72, 

1275–1291. https://doi.org/10.1007/s11-

600-023-01160-y 

George, N. J. (2021b). Integrating 

hydrogeological and second-order geo-

electric indices in groundwater 

vulnerability mapping: A case study of 

alluvial environments. Appl Water Sci 

11, 123. https://doi.org/10.1007/s13201-

021-01437-x 

George, N. J., Agbasi, O. E., Umoh, A. J., 

Ekanem, A.M., Udosen, N. I., Thomas, 

J. E., Aba, M. U. & Ejepu, J.S. (2025): 

Enhanced contamination risk assessment 

for aquifer management using the geo-

resistivity and DRASTIC model in 

alluvial settings, Cleaner Water 3, 

100060. https://doi.org/10.1016/j.clwat.-

2024.100060 

George, N. J., Ekanem, A. M., Thomas, J. E., 

Thomas, J. E. & Ekong, S. A. (2021) 

Mapping depths of groundwater-level 

architecture: implications on modest 

groundwater-level declines and failures 

of boreholes in sedimentary environs. 

Acta Geophys. 69, 1919–1932. 

https://doi.org/10.1007/s11600-021-

00663-w. 

George, N. J., Obionwu, V. I., Akpabion, G. T 

& Obot, I. B. (2010). Comparison of 

thermal insulation efficiency of some 

select materials used as ceiling in 

building design. Archives of Applied 

Science Research, 2(3), 253-259. 

Hu, M., Lu, X., Chen, Y., Chen, W., Guo, C., 

Xian, C., and Fung, J. (2024): High 

spatiotemporal resolution estimation and 

analysis of global surface CO 

concentrations using a deep learning 

model... Journal of environmental 

management, 371, 123096. https://-

doi.org/10.1016/j.jenvman.2024.123096 

Ikpe, E. O., Ekanem, A. M., George, N. J. 

Thomas, J. E. & Udosen, N, I. (2025) 

GOD-and DRASTIC-based valuation of 

groundwater vulnerability to contamination 

of hinterland aquifers of northern part of 

Akwa Ibom State, Nigeria. Results in 

Earth Sciences, 3, 100104, 

10.1016/j.rines.2025.100104.  

 Kawichai, S., Sillapapiromsuk, S., & Bootdee, 

S. (2023): Health Risk Assessment of 

Gaseous Pollutants in the Ambient 

Environment of Rayong City, Thailand: 

The Initiative of the EEC Area. Applied 

Science and Engineering Progress. 

https://doi.org/10.14416/j.asep.2023.02.

009.  

Kurmi, O., Lam, K., & Ayres, J. (2020): Air 

pollution and health. Occupational and 

https://doi.org/10.1007-/s11600-022-00794-8
https://doi.org/10.1007-/s11600-022-00794-8
https://doi.org/10.1007/s11852-022-00902-2
https://doi.org/10.1007/s11852-022-00902-2
https://doi.org/10.1007/s11-600-023-01160-y
https://doi.org/10.1007/s11-600-023-01160-y
https://doi.org/10.1007/s13201-021-01437-x
https://doi.org/10.1007/s13201-021-01437-x
https://doi.org/10.1016/j.clwat.-2024.100060
https://doi.org/10.1016/j.clwat.-2024.100060
https://doi.org/10.1007/s11600-021-00663-w
https://doi.org/10.1007/s11600-021-00663-w
https://-doi.org/10.1016/j.jenvman.2024.123096
https://-doi.org/10.1016/j.jenvman.2024.123096
https://doi.org/10.1016/j.rines.2025.100104
https://doi.org/10.14416/j.asep.2023.02.009
https://doi.org/10.14416/j.asep.2023.02.009


110                                              Edet E. Joseph, Ekong U. Nathaniel, Jewel E. Thomas, Imoh D. Ekpa 

 
@ REJOST 2026 

environmental medicine, 57 6, 431. 

https://doi.org/10.1016/b978-0-12-352-

335-8.x5074-1. 

Landim, A., Teixeira, E., Agudelo-Castañeda, 

D., Schneider, I., Silva, L., Wiegand, F., 

& Kumar, P. (2020). Spatio temporal 

variations of sulfur dioxide 

concentrations in industrial and urban 

area via a new statistical approach. Air 

Quality, https://doi.org/10.1007/s11869-

018-0584-2. 

 Liu, P., Ye, C., Xue, C., Zhang, C., Mu, Y., & 

Sun, X. (2020): Formation mechanisms 

of atmospheric nitrate and sulfate during 

the winter haze pollution periods in 

Beijing: gas-phase, heterogeneous and 

aqueous-phase chemistry. Atmospheric 

Chemistry and Physics, 20, 4153-4165. 

https://doi.org/10.5194/ACP-20-4153-

2020.  

 Losacco, C., & Perillo, A. (2018): Particulate 

matter air pollution and respiratory 

impact on humans and animals. 

Environmental Science and Pollution 

Research, 25, 33901-33910. https://-

doi.org/10.1007/s11356-018-3344-9 

  Mbong, E. O., Akpan, E. E. & Osu, S. R. 

(2014). Soil-Plant Heavy Metals 

Relations and Transfer Factor Index of 

Habitats Densely Distributed with Citrus 

reticulata (tangerine). Journal of 

Research in Environmental Science and 

Toxiciology, 3(4): 61- 65.  

Ndoma, E. G., George, N. J., Ekanem, A. M., 

Orosun, M. M., Ushie, P. O., Agbo, E. P., 

Eze, B. E., Mbonu, C. C., Adesina, K. E., 

Yahweh, B. & Okon, F. E. (2025). 

Evaluating the health risks of 

radionuclides in welding and fabrication 

workshops in Akwa Ibom State, 

Southern Nigeria. (2025). Journal of the 

Nigerian Society of Physical Sciences, 

7(3), 2550. https://doi.org/10.46481/-

jnsps.2025.2550 

Ngele, S. O., & Onwu, F. K. (2015). Ambient air 

particulate matter levels in selected 

urban centres of Niger Delta region, 

Nigeria. Int Res J of Environ Sci, 4(4), 

54-63. 

Obianwu, V., George, N. & Udofia, K (2011). 

Estimation of aquifer hydraulic conductivity 

and effective porosity distributions using 

laboratory measurements on core samples in 

the Niger Delta, Southern Nigeria. 

International Review of Physics, 5(1), 19 

24. 

Ogbemudia, F. O., Anwana E. D., Onyebule, C. 

L., & Mbong, E. O. (2025): Epiphytic   

Vascular Cryptogams as Bioindicators of 

Atmospheric Heavy Metals Pollution in 

Eket Wetllands, Nigeria. Asian Journal 

of Research in Botany, 8 (1): 214 – 226.  

 Okon, G. O., Archibong, B. F., Antia, U. E., 

Rhouma, A., Okon J. E., Mbong, E. O., 

Ite, A. E., Bassey, & H O. (2024): Lichen 

Diversity, Substrate Preference and 

Environmental Dynamics as Indicators 

of Air Quality. Dutse Journal of Pure 

and Applied Sciences (DUJOPAS), Vol. 

10 (2c): 176 – 187. 

Onyegbule, C. L., Mbong, E. O., Felix O. & 

Anwana, E. D. (2025): Seasonal 

Variation in Meteorological Parameters 

and Atmospheric Oxides Around Eket 

Wetlands, Akwa Ibom State, Nigeria: 

Environmental and Public Health 

Implications FUDMA Journal of 

Sciences (FJS) Vol. 9 No. 6, 57 – 63  

DOI: https://doi.org/10.330-03/fjs-2025-

0906-3716 

Şahin, E., Özyürek, B., & Dulkadir, B. (2021): 

Do meteorological changes and air 

pollution increase the risk of 

pneumonia? Tuberkuloz ve toraks, 69 1, 

https://doi.org/10.1016/b978-0-12-352-335-8.x5074-1
https://doi.org/10.1016/b978-0-12-352-335-8.x5074-1
https://doi.org/10.1007/s11869-018-0584-2
https://doi.org/10.1007/s11869-018-0584-2
https://doi.org/10.5194/ACP-20-4153-2020
https://doi.org/10.5194/ACP-20-4153-2020
https://-doi.org/10.1007/s11356-018-3344-9
https://-doi.org/10.1007/s11356-018-3344-9
https://doi.org/10.46481/-jnsps.2025.2550
https://doi.org/10.46481/-jnsps.2025.2550
https://doi.org/10.330-03/fjs-2025-0906-3716
https://doi.org/10.330-03/fjs-2025-0906-3716


111                                    Researchers Journal of Science and Technology (2026) 6(8): 97 - 112 

 
 

21-29. 

https://doi.org/10.5578/tt.20219903. 

Signori, R., Souza, R., Souza, R., Ribeiro, I., & 

Kayano, M. (2023).  Carbon monoxide 

profile variability over the Manaus 

Metropolitan Region and its relations 

with biomass burning. Revista Brasileira 

de Ciências Ambientais, 58(1), 114 – 124 

https://doi.org/10.5327/z2176-94781-

534. 

Song, J., Qiu, W., Huang, X., Guo, Y., Chen, W., 

Wang, D., & Zhang, X. (2023). 

Association of ambient carbon monoxide 

exposure with hospitalization risk for 

respiratory diseases: A time series study 

in Ganzhou, China. Frontiers in Public 

Health,11. https://doi.org/10.3389/fpub-

h.2023.1106336. 

 Thomas, J. E., George, N. J., Ekanem, A. M. & 

Nsikak, E. E. (2020):  Electrostratigraphy and 

hydrogeochemistry of hyporheic zone and 

water-bearing caches in the littoral shorefront 

of Akwa Ibom State University, Southern 

Nigeria. Environmental monitoring and 

assessment 192 (8), 505. https://doi.org/-

10.1007/s10661-020-08436-6 

Udosen, N. I., Ekanem, A.M. & George, N.J. 

(2024a). Geophysical exploration to 

assess leachate percolation and aquifer 

protectivity within hydrogeological units 

at a major open dump in Eket, Nigeria, 

Results in Earth Sciences, 2, 100022. 

10.1016/j.rines.2024.100022.  

Udosen, N. I., Ekanem, A. M., & George, N.J. 

(2024b). Appraisal of flood-prone litho-

stratigraphic units via geo electrical 

technology. Malaysian Journal of 

Geosciences (MJG), 8(1), 26 - 37. 

Udosen, N. I., Ekanem, A.M. & George, N.J., 

Thomas J. E. (2024c). Geo-

electrostratigraphic assessment of 

aquifer potential, protectivity, and 

pliable level of vulnerability within a 

coastal milieu, Water Practice & 

Technology, 19 (5), doi:10.2166-

/wpt.2024.125 

Udosen, N. I., Ekanem, A. M. & George, N. J. 

(2024d). Modeling of aquifer geo-

hydraulic characteristics with geo-

electrical methods at a major coastal 

aquifer system in Uyo, southern Nigeria, 

Water Practice and Technology, 19 (2): 

611–628 

Udosen, N. I., Ekanem, A. M. & Thomas J. E. 

(2023). Evaluation and modeling of a 

major coastal aquifer’s vulnerability to 

contamination with the use of GOD and 

AVI models as indicators in South-

eastern Nigeria. Researchers Journal of 

Science and Technology, 3(4), 61-78. 

Udosen, N.I. & George, N.J. (2018a). A finite 

integration forward solver and a domain 

search reconstruction solver for 

electrical resistivity tomography (ERT). 

Model. Earth Syst. Environ. 4, 1–12. 

https://doi.org/10.1007/s40808-018-

0412-6 

Udosen, N. I. & George, N. J. (2018b) 

Characterization of electrical anisotropy 

in North Yorkshire, England using 

square arrays and electrical resistivity 

tomography. Geomech. Geophys. Geo-

energ. Geo-resour. 4, 215–233. 

https://doi.org/10.1007/s40948-018-

0087-5 

Uwa, U. E., Akpabio, G. T. & George, N. J. 

(2019). Geohydrodynamic Parameters 

and Their Implications on the Coastal 

Conservation: A Case Study of Abak 

Local Government Area (LGA), Akwa 

Ibom State, Southern Nigeria. Nat 

Resour Res 28, 349–367. 

https://doi.org/10.1007/s11053-018-

9391-6 

World Health Organisation (2021): WHO global 

air quality guidelines: Particulate matter 

https://doi.org/10.5578/tt.20219903
https://doi.org/10.5327/z2176-94781-534
https://doi.org/10.5327/z2176-94781-534
https://doi.org/10.3389/fpub-h.2023.1106336
https://doi.org/10.3389/fpub-h.2023.1106336
https://doi.org/-10.1007/s10661-020-08436-6
https://doi.org/-10.1007/s10661-020-08436-6
https://doi.org/10.1016/j.rines.2024.100022
https://doi.org/10.1007/s40808-018-0412-6
https://doi.org/10.1007/s40808-018-0412-6
https://doi.org/10.1007/s40948-018-0087-5
https://doi.org/10.1007/s40948-018-0087-5
https://doi.org/10.1007/s11053-018-9391-6
https://doi.org/10.1007/s11053-018-9391-6


112                                              Edet E. Joseph, Ekong U. Nathaniel, Jewel E. Thomas, Imoh D. Ekpa 

 
@ REJOST 2026 

(PM2.5 and PM10), ozone, nitrogen 

dioxide, sulfur dioxide and carbon 

monoxide. World Health Organization. 

Wu, B., Zhao, S., Liu, Y., & Zhang, C. (2025): 

Do meteorological variables impact air 

quality differently across urbanization 

gradients? A case study of Kaohsiung, 

Taiwan, China. Heliyon, 11. https://doi.-

org/10.1016/j.heliyon.2025.e41694  

Zhang, W., Li, H., Xu, D., & Xia, T. (2024): 

Wetland Destruction in a Headwater 

River Leads to Disturbing Decline of In-

stream Nitrogen Removal. 

Environmental science and technology. 

https://doi.org/10.1021/acs.est.3c07404.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zhou, W., Chen, C., Lei, L., Fu, P., & Sun, Y. 

(2020): Temporal variations and spatial 

distributions of gaseous and particulate 

air pollutants and their health risks 

during 2015 2019 in China. 

Environmental pollution, 116031. 

https://doi.org/10.1016/j.envpol.2020.11

6031. 

https://doi.-org/10.1016/j.heliyon.2025.e41694
https://doi.-org/10.1016/j.heliyon.2025.e41694
https://doi.org/10.1021/acs.est.3c07404

