


Assessment of Indoor and Outdoor Particulate Matter Concentrations in Air at some Secondary Schools in Greater Port Harcourt City Rivers State Nigeria 


[bookmark: _GoBack]
ABSTRACT
This study aimed to comprehensively assess the levels of particulate matter concentrations in indoor and outdoor air at some secondary schools in Port Harcourt Local Government Area, Rivers State. The study focused on measuring levels of particulate matter (PM1, PM2.5, PM4, PM7, PM10) and evaluating seasonal variations. Particulate matter concentrations were obtained using a calibrated Aerocet Handheld Particle Mass Counter 531S. The results demonstrated higher indoor particulate matter (PM) concentrations compared to outdoors across schools. Indoor PM1 ranged from 3.9–8.1 µg/m³ versus 2.90–7.45 µg/m³ outdoors, while PM2.5 was 18.5–24.5 µg/m³ indoors compared to 13.3–20.07 µg/m³ outdoors. The coarser particles (PM4, PM7, and PM10) also exhibited higher concentrations indoors compared to outdoors with location PCSN having the highest average concentration indoor for PM10 at 153.9±118.5 µg/m³. Overall, particulate levels tend to be higher indoors than outdoors, especially for larger particles, although some outdoor values remain comparably high in certain locations. Overall, particulate matter concentrations were consistently higher during the dry season than wet season across all schools and particulate sizes, with larger particles exhibiting more pronounced increase. Generally, the concentrations of particulate matter for all nine schools were within permissible limit from PM1-PM10 (both indoor and outdoor) except location PCSN school which exceeded the permissible limit at PM10 for indoor. The study highlighted significant indoor particulate accumulation, across schools within Port Harcourt L.G A. It was recommended that schools authorities should implement improved ventilation systems, limit indoor combustion sources, and establish regular cleaning and dust control practices to reduce indoor particulate matter.
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INTRODUCTION
Air pollution, indoors and outdoors, are worldwide recognized threat to the health of humans, even at low doses, since it has been, beyond any doubt, associated with many effects on human health, including increased mortality and morbidity rates. (EEA, 2012; Landrigan et al., 2017).

Air pollution may be defined as any atmospheric condition in which certain substances are present in concentrations that can produce undesirable effects in man and his environment; These substances include gases (sulphur oxides, nitrogen oxides, carbon oxides, hydrogen chlorides, etc.) particulate matter (smoke, dust, fumes, aerosols) radioactive materials and many others.

Particulate matter (PM) is a mixture of solid particles and liquid droplets floating in the air. It comes in different sizes and shapes and can also be made of hundreds of different chemicals. They include PM1, PM 1 2.5 (respirable PM), PM 4, PM 7 and PM 10. PM represents a serious health threat because it can penetrate into human respiratory system; the smallest fractions (PM ≤ 2.5μm) may behave similar to gas molecules that can reach gas exchange regions of lungs and even translocate lungs and reach the circulatory system (Kim et al., 2015). Despite the mechanisms of adverse health effects are not fully understood, epidemiological studies have consistently shown an association between exposure to atmospheric PM, decreased lung function and a higher incidence of respiratory diseases including shortness of breath, asthma, rhinitis and chronic obstructive pulmonary disease (Giorgini et al., 2016; Kim et al., 2015). A 2012 study by Annesi-Maesano and colleagues found associations between the prevalence of asthma in school children and high concentration of particulate matters (PM2.5), Nitrogen dioxide (NO2) and aldehyde with odd ratios (OR) 1.21; 95% CI 1.05-1.39, 1.16; 95% CI 0.95-1.41 and 1.22; 95% CI 1.09-1.38 respectively. The study also associated the occurrence of formaldehyde in the schools studied with rhino-conjunctivitis in pupils (OR 1.19; 95% CI 1.04-1.36).

Ideriah et al. (2020) carried out an assessment of air quality around indoor and outdoor welding workshops in Port Harcourt. Results shows that welding workshops contribute significant number of pollutants to the environment. The levels of air pollutants such as particulate matter (PM2.5 and PM10) were found to exceed permissible limits at the welding sites and thereby pose significant concern for both environment and human health.

Akinfolarin et al. (2018) carried out a survey on air quality characteristics of emerging industrial areas in Port Harcourt. Meteorological data for the control site and the three emerging industrial sites were similar. The mean levels of suspended particulate matter at all sample sites during the dry season exceeded the local DPR and FME limits. The concentrations of PM1, PM2.5, PM7 and PM10 at the dry season were at least two times higher than those of wet season. The elevated levels of inhalable particulate matter recorded at the sites during dry season period suggest the possibility of associated human health effects.

Environmental problems may be more pronounced in school buildings in poor and developing countries due to the perennial problems of overcrowding, low funding, age of buildings, materials employed in building construction (e.g., asbestos and lead), as well as ventilation patterns (Turunen et al; 2014). 

Outdoor air pollutant sources (in school areas), such as high-density traffic areas or industrial and construction activities, play an important role in air quality performance (Becerra et al., 2020)]. Studies have shown that numerous schools are located in areas with high levels of air pollutants (Becerra et al., 2020; Requia et al., 2021). The school’s geographical location plays a significant role in formulating its indoor and direct outdoor air quality.

Many field tests have measured indoor and outdoor air quality in schools near particular locations such as industrial areas (Vassura, et al., 2015; Di Gilio et al., 2017) transportation zones (Bennett et al., 2019), and port areas (Azara, et al., 2018). A classroom near a busy intersection on a main arterial road was monitored. It was found that the by-products of motor vehicle emissions were the main contributor to indoor PM2.5 (Bennett et al., 2019), black carbon, and nanoparticles (Portela et al., 2021). Similar results were obtained for schools in Greece and New Zealand, where combustion products from vehicles are the critical source of airborne particles (Barmparesos et al., 2020; Trompetter et al., 2018). According to Chen et al. (2011), the concentration of outdoor pollutants diffusing indoors is much higher when direct ventilation such as opening of windows and doors are used, compared to using mechanical ventilation. Most Nigerian elementary schools use direct ventilation by opening windows and doors.
Rivers State is one of the most affected areas in Nigeria in terms of air pollution. In 2016, residents of Port Harcourt city experienced adverse environmental impact of particle (soot) pollution, hence, making it a critical location for assessing the impact of air quality in school children. Given the vulnerability of children to airborne contaminants, there is an urgent need to evaluate the levels of air pollutants present in both indoor and outdoor of school environments.	

METHODOLOGY
The Study Area
The study was carried out in Port Harcourt Local Government Area (LGA), Rivers State, Nigeria which is located on latitudes 4°51´ 30˝ N and 4° 57´ 30˝ N and longitudes 6°50´ 00˝ E and 7°00´ 00˝ E (Fig. 1).
The study determined the indoor and outdoor levels of particulate matter from nine (9) randomly selected secondary schools in Port Harcourt LGA.
Sample collection covered a period of twelve months (twice per term during academic sessions in each school) covering dry and wet seasons. 

[image: ]
Fig.1	Study Area Showing Sampling Locations
Sampling Procedure for Particulates
 A hand-held digital aeroqual 500 series monitor was used to measure PM1, PM2.5, PM4, PM7, and PM10 at the study area. The equipment was pre-calibrated before usage for quality assurance purposes. At each station, the monitor was switched on and allowed to stabilize for five minutes. It was held up above ground level and each reading was recorded when the equipment stabilized and switched off thereafter.

                                                RESULTS AND DISCUSSION
Particulate matter (PM) concentrations vary between indoor and outdoor environments across the nine school locations. Indoor PM1 values ranged from 3.95±0.55 µg/m³ at PHH to 8.1±0.7 µg/m³ at PHRC, while outdoor PM1 ranged slightly lower, from 2.9±0.1 µg/m³ at PHH to 7.45±0.65 µg/m³  at PHRC. PM2.5 indoors shows a wider range, from 18.5±4.5 µg/m³ at P1SS to 29.7±3.4 µg/m³ at PGCS, with outdoor PM2.5 generally lower but close, such as 13.3±3.7 µg/m³  at PHH and 21.65±1.15 µg/m³  at PCSO. The coarser particles (PM4, PM7, and PM10) exhibit higher concentrations indoors compared to outdoors, with PCSN having notably high PM4 indoor values of 72.95±32.45 µg/m³ and PM10 at 153.9±118.5 µg/m³. Outdoor PM10 at PCSN is also elevated at 145.75±115.55 µg/m³, while other schools showed more moderate levels indoors and outdoors, such as PCIA with indoor PM10 at 85.55±36.35 µg/m³ and outdoor values of 80.6±35.5 µg/m³. Overall, particulate levels tend to be higher indoors than outdoors, especially for larger particles, although some outdoor values remain comparably high in certain locations.

Table 1: Mean Concentrations of Indoor and Outdoor Particulate Matter (µg/m3) in Schools from Port Harcourt LGA
	Study Location
	Environs
	PM1
	PM2.5
	PM4
	PM7 
	PM10 

	PASE
	Indoor
	7.3±1.6
	20.45±11.55
	33.05±18.95
	44.6±23.6
	51.2±21.7

	
	Outdoor
	6.7±1.5
	18.8±10.6
	30.3±17.4
	40.95±21.65
	48.25±21.15

	PHH
	Indoor
	3.95±0.55
	20.8±2.3
	31.95±7.55
	36.7±12.6
	89±7.2

	
	Outdoor
	2.9±0.1
	13.3±3.7
	22.95±8.55
	46.3±0
	39.85±17.05

	P1SS
	Indoor
	4.35±0.35
	18.5±4.5
	29.9±10.4
	40.1±14.7
	43.7±15.3

	
	Outdoor
	4±0.3
	16.95±4.15
	27.45±9.55
	36.85±13.55
	41.15±15.05

	PCSN
	Indoor
	6.15±0.35
	19.05±3.95
	72.95±32.45
	115.5±85.9
	153.9±118.5

	
	Outdoor
	5±0.9
	21.5±8.3
	60.4±39.3
	112.5±86
	145.75±115.55

	PCIA
	Indoor
	7.1±1
	24.75±10.65
	48.55±27.05
	69.15±34.45
	85.55±36.35

	
	Outdoor
	6.5±0.9
	22.7±9.8
	44.55±24.85
	63.4±31.6
	80.6±35.5

	PGGS
	Indoor
	4.35±0.15
	24.1±1.4
	33.2±4.9
	47.55±4.85
	91±7.1

	
	Outdoor
	4±0.1
	20.15±0.45
	37.2±4
	60.4±2
	88±9.9

	PGCS
	Indoor
	4.45±0.85
	29.7±3.4
	38.4±8.9
	54.25±12.85
	92.45±3.25

	
	Outdoor
	4.75±1.85
	18.3±11.8
	33.85±18.35
	56.35±14.95
	82.3±19.1

	PHRC
	Indoor
	8.1±0.7
	22.55±11.35
	33.35±17.35
	50.25±25.75
	59.3±30.7

	
	Outdoor
	7.45±0.65
	20.7±10.4
	30.6±15.9
	46.1±23.6
	60.25±34.05

	PCSO
	Indoor
	5.45±0.35
	24.55±0.65
	31.1±4.3
	46.8±5.3
	92.45±7.05

	
	Outdoor
	4.85±0.35
	21.65±1.15
	35.7±3.2
	59.3±0.9
	91.15±7.55


NAAQS LIMIT: PM 2.5 = 35.0; PM 10 = 150.0
	         
The correlation matrix shows very strong positive correlations between indoor and outdoor particulate measurements across all sampling points, with values mostly above 0.9, indicating a high similarity in particulate levels indoors and outdoors. For example, the first indoor-outdoor pair shows a correlation of 0.9997, while other pairs like 0.9967 and 0.9983 also demonstrate near-perfect relationships. Correlations among indoor particulates themselves are also high, with values frequently exceeding 0.9, suggesting consistent particulate distribution inside the school environments. Outdoor particulate correlations follow a similar pattern, generally ranging above 0.9, highlighting consistent particulate relationships across outdoor locations. Some indoor-indoor and outdoor-outdoor correlations drop slightly to around 0.73 and 0.79 but still indicate moderate to strong relationships. Overall, the matrix highlights strong coherence between particulate levels indoors and outdoors across all studied school sites in Port Harcourt.

Table 2 showed that the correlation between PM1 and larger particles is weak to very weak, with PM1 and PM2.5 showing a low positive correlation of 0.28 and PM1 and PM10 slightly negative at -0.018. PM 2.5 correlates moderately with PM10 at 0.36 but weakly with PM4 and PM7 (0.22 and 0.09 respectively). Strong positive correlations exist between larger particulates: PM4 and PM7 show a very high correlation of 0.95, and both PM4 and PM7 have strong correlations with PM10, at 0.87 and 0.86 respectively. These values suggest that larger particulate fractions tend to vary together more closely than smaller fractions in these school environments.







Table 2. Correlation Matrix of Particulate Sizes in Port Harcourt Schools
	 
	PM1
	PM2.5
	PM4
	PM7 
	PM10 

	PM1
	1
	
	
	
	

	PM2.5
	0.279932
	1
	
	
	

	PM4
	0.239047
	0.218701
	1
	
	

	PM7 
	0.127282
	0.091889
	0.951535
	1
	

	PM10 
	-0.01824
	0.361427
	0.865991
	0.863761
	1




Figures 2a and b show particulate matter (PM) concentrations measured in wet and dry seasons across nine school locations in Port Harcourt. For PM1, values in the dry season are generally higher, with PASE recording 8.55±0.35 µg/m³ dry compared to 5.45±0.25 µg/m³ wet. PM2.5 also showed marked increases in the dry season, such as PASE with 30.7±1.3 µg/m³ dry and 8.55±0.35 µg/m³ wet. Larger particulates like PM4 and PM7 demonstrated significant seasonal increase as well; PCSN showed 102.55±2.85 µg/m³ for PM4 dry compared to 30.8±9.7 µg/m³ wet, and PM7 dry at 199.95±1.45 µg/m³ far exceeding the wet season’s 28.05±1.55 µg/m³. The highest PM10 concentration was observed at PCSN during the dry season at 266.85±5.55 µg/m³, much higher than the wet season value of 32.8±2.6 µg/m³. Some schools, like PGGS and PCSO, showed closer wet and dry season values for PM10, indicating less seasonal fluctuation. Overall, particulate matter concentrations are consistently higher during the dry season across all schools and particulate sizes, with larger particles exhibiting more pronounced increase.




Figure 2a. Seasonal Variation of Particulate Matter Concentrations in Port Harcourt Schools

Figure 2b. Seasonal Variation of Particulate Matter Concentrations in Port Harcourt Schools
The correlation matrix for particulate matter concentrations across nine schools in Port Harcourt shows mostly strong positive correlations between locations. PASE and PCIA have a very high correlation of 0.989, while PGGS and PCSO show an almost perfect correlation of 0.998. The weakest correlations were observed between PGGS and PCSN (0.624), as well as between PCSO and PCSN (0.638). Overall, most school locations have correlation values above 0.8, indicating similar particulate matter behavior seasonally across the sites.

Table 3. Correlation Matrix of Seasonal Variation of Particulates across Schools in Port Harcourt Metropolis 
	 
	PH01ASSE
	PH02HH
	PH031SS
	PH04CSSN
	PH05CIA
	PH06GGSS
	PH07GCSS
	PH08HRC
	PH09CSSO

	PH01ASSE
	1
	
	
	
	
	
	
	
	

	PH02HH
	0.847609
	1
	
	
	
	
	
	
	

	PH031SS
	0.975839
	0.906651
	1
	
	
	
	
	
	

	PH04CSSN
	0.940658
	0.823085
	0.93307
	1
	
	
	
	
	

	PH05CIA
	0.989282
	0.899909
	0.98698
	0.961837
	1
	
	
	
	

	PH06GGSS
	0.671019
	0.951105
	0.762327
	0.623825
	0.739069
	1
	
	
	

	PH07GCSS
	0.865939
	0.991221
	0.909303
	0.810719
	0.905948
	0.949142
	1
	
	

	PH08HRC
	0.985652
	0.864597
	0.969653
	0.975856
	0.9889
	0.676698
	0.866732
	1
	

	PH09CSSO
	0.675678
	0.953726
	0.761613
	0.637645
	0.744102
	0.998319
	0.952887
	0.686698
	11




Table 4 shows the PM size correlation matrix shows a strong positive correlation between PM1 Wet and PM1 Dry (0.846), and between PM1 Dry and PM2.5 Dry (0.890). Negative correlations are seen between PM1 Wet and PM2.5 Wet (-0.420) and PM7 Wet (-0.436), indicating different seasonal trends in smaller and larger particles. PM2.5 Wet is highly positively correlated with PM7 Wet (0.953) and PM10 Wet (0.917), while PM4 Dry correlates strongly with PM7 Dry (0.974) and PM10 Dry (0.925). Correlations between wet and dry season measures of the same particulate size vary, with some showing weak positive or negative relationships, such as PM10 Wet and PM10 Dry (–0.167).

Table 4. Correlation Matrix of Seasonal Variation of Particulate Matter Sizes in Port Harcourt Schools 
	 
	PM1 Wet
	PM1 Dry
	PM2.5 Wet
	PM2.5 Dry
	PM4 Wet
	PM4 Dry
	PM7 Wet
	PM7 Dry
	PM10 Wet
	PM10 Dry

	PM1 Wet
	1
	
	
	
	
	
	
	
	
	

	PM1 Dry
	0.845715
	1
	
	
	
	
	
	
	
	

	PM2.5 Wet
	-0.41989
	-0.6122
	1
	
	
	
	
	
	
	

	PM2.5 Dry
	0.65014
	0.88991
	-0.44965
	1
	
	
	
	
	
	

	PM4 Wet
	-0.29843
	-0.49391
	0.834584
	-0.38514
	1
	
	
	
	
	

	PM4 Dry
	0.325406
	0.372351
	-0.25021
	0.38821
	0.276901
	1
	
	
	
	

	PM7 Wet
	-0.43645
	-0.54752
	0.952772
	-0.33153
	0.736054
	-0.30756
	1
	
	
	

	PM7 Dry
	0.259022
	0.249425
	-0.16034
	0.228967
	0.387322
	0.973967
	-0.25752
	1
	
	

	PM10 Wet
	-0.43682
	-0.47291
	0.917458
	-0.25893
	0.658214
	-0.36847
	0.983142
	-0.32777
	1
	

	PM10 Dry
	0.16148
	0.120171
	0.003623
	0.12141
	0.530509
	0.92498
	-0.09045
	0.97957
	-0.16662
	1




The concentrations of particulate matter for all nine schools were within permissible limit from PM1-PM10 (both indoor and outdoor) except PCSN school which exceeded the permissible limit at PM10 for indoor. This could be linked to the fact that the school is located along a major road hence it is prone to vehicular emissions and other automobile activities. PCSN school also recorded highest level of mean concentration in wet season compared to dry season. 

The concentrations of particulate matter were higher in indoors compared to outdoors. Pollutants disperse faster outdoor than indoor as a result of high windspeed outdoor while indoor is usually confined.  

All schools recorded high concentration of PM during dry season compared to wet season; This could be attributed to the fact that higher windspeed is observed during wet season which aids dispersal of pollutants and rain acts as a scavenger that washes down most pollutants from the atmosphere.

The present study’s indoor–outdoor correlations, with coefficients mostly above 0.9 and several near-perfect correlations such as 0.9997, 0.9967, and 0.9983, align strongly with the studies by Heidari et al. (2020) in Iran and Khumukcham and Khoiyangbam (2022) in India, both of which reported strong correlations (r > 0.9).
 
The analysis of inter-particle size correlations in Port Harcourt schools further supports global and local findings. The weak correlations between PM1 and larger particles (PM1–PM10 at –0.018; PM1–PM2.5 at 0.28) align with findings from Fromme et al. (2008), Mohammadyan et al. (2017) and Martins et al. (2020), who all reported that fine particles behave differently from coarse fractions due to different sources and deposition properties. Meanwhile, the strong correlations among PM4, PM7, and PM10 reflect shared mechanical origins such as resuspension from classroom floors, chalk dust, and movement-related particle disturbance. These inter-size relationships therefore support observations from multiple studies and demonstrate that Port Harcourt schools follow the standard particulate behaviour patterns seen in global school environments.

The inferred sources of particulate matter in the present study further align with explanations provided by Fromme et al. (2008), Ite et al. (2019), and Alameddine et al. (2022). These authors described indoor PM as being influenced by a mixture of external infiltration and various indoor sources such as student activity, building material dust, chalk use, and poor cleaning practices. The Port Harcourt findings, showing higher indoor concentrations for most PM sizes and strong synchronized variation with outdoor levels fit perfectly within this framework. In schools like PH04CSSN where both indoor and outdoor PM10 levels were high, it is plausible that heavy outdoor pollution sources such as traffic, industrial activity, or unpaved surroundings amplified indoor levels through infiltration. Likewise, locations with moderate PM10 values like PH05CIA may benefit from environmental positioning or structural designs that limit extreme indoor accumulation.

Indoor PM4 concentrations were often high, particularly at PH04CSSN, where indoor PM4 reached 72.95 ± 32.45 µg/m³. Outdoor PM4 was lower at most locations, consistent with typical coarse particle behaviour reported by Fromme et al. (2008), Mohammadyan et al. (2017), and Martins et al. (2020). These researchers consistently found that coarse particle fractions such as PM4, PM7, and PM10 tend to accumulate more indoors due to resuspension processes, human movement, and the influence of indoor sources. The present study shows the same pattern, especially in heavily occupied or poorly ventilated environments. PM7 concentrations across Port Harcourt schools further reinforce this alignment. The persistently higher indoor levels are supported by Martins et al. (2020), who also documented strong correlations among coarse particle sizes. These relationships are clearly evident in the present study, where inter–particle size correlations show strong associations among PM4, PM7, and PM10 (0.95 for PM4–PM7; 0.87 for PM4–PM10). Such strong correlations confirm the typical behaviour of coarse particles as described in studies from Germany (Fromme et al., 2008) and other regions. In contrast, PM1 showed weak correlations with coarse fractions (–0.018 for PM1–PM10), consistent with global findings that fine and coarse particles often originate from different sources and do not rise and fall together. This is in line with the observations emphasized by Fromme et al. (2008), Mohammadyan et al. (2017), and Martins et al. (2020) that highlighted weaker relationships between fine and coarse PM sizes.

PM10 concentrations in Port Harcourt schools showed both alignment and contrast with other studies. At PH04CSSN, indoor PM10 reached 153.9 ± 118.5 µg/m³ and outdoor PM10 was also high at 145.75 ± 115.55 µg/m³, reflecting heavy particulate loads both inside and outside the school. This matches the variability noted in the Nigerian/African review by Kalisa et al. (2023) and Ite et al. (2019), which documented indoor PM10 ranges of 43–269 µg/m³ and outdoor ranges of 16–86 µg/m³, acknowledging that some locations experience unusually high PM10 levels. While PH04CSSN outdoor PM10 exceeded typical ranges from the African review, similar elevated PM10 values have been reported in global studies, such as those from Portugal (7.5–229 µg/m³ indoors; 21–166 µg/m³ outdoors) by Oliveira et al. (2019). Thus, although the magnitudes vary, the behaviour of PM10 in Port Harcourt aligns with global patterns showing that PM10 concentrations can fluctuate greatly depending on local activity, traffic, and environmental conditions.

                                                             CONCLUSION
The assessment of particulate matter concentrations across indoor and outdoor environments in schools within Port Harcourt revealed consistent patterns and important implications for air quality and exposure risks. Across all locations, indoor concentrations of particulate matter were generally higher than outdoor levels for nearly all particle size fractions, Indoor environments therefore represent a critical exposure point for schoolchildren, who spend extended time within these enclosed spaces. The Port Harcourt area demonstrated consistently higher indoor particulate levels with substantial variation across locations. Extremely strong indoor–outdoor correlations reflected shared pollution sources between environments or significant infiltration of outdoor air pollutants indoors. Strong correlations among coarse particulate fractions again highlighted the consistent influence of dust and mechanically generated particles, while weak correlations involving PM1 suggested different origin pathways for ultrafine particles.




REFERENCES
Akinfolarin, O. M., Obunwo, C. C., & Boisa, N. (2018). Air quality characteristics of emerging industrial areas in Port Harcourt,Nigeria. Journal of Chemical Society of Nigeria, 43(1). https://journals.chemsociety.org.ng/index.php/jcsn/article/view/118 
Alameddine, I., Gebrael, K., Hanna, F., & El-Fadel, M. (2022). Quantifying indoor PM2.5 levels and their sources in schools: What role does location, chalk use and socioeconomic equity play? Atmospheric Pollution Research, 13(2), 101375–101384. https://doi.org/10.1016/j.apr.2022.101375 
Annesi-Maesano, I., Hulin, M., Lavaud, F., Raherison, C., Kopferschmitt, C., de Blay, F.,  & Denis, C. (2012). Poor air quality in classrooms related to asthma and rhinitis in primary schoolchildren of the French 6 Cities Study. Thorax, 67(8), 682-688. https://doi.org/10.1136/thoraxjnl-2011-200391 
Azara A., Dettori, M., Castiglia, P., Piana, A., Durando, P., & Parodi, V. (2018). 	Indoor radon exposure in Italian schools. Int. J.Environ. Res. Publ. Health 15. https://doi.org/10.3390/ijerph15040749 
Barmparesos, N., Saraga, D., Karavoltsos, S., Maggos, T., Assimakopoulos, V. D., Sakellari, A.,	 & Assimakopoulos, M. N. (2020). Chemical composition and source apportionment of 	PM10 in a green-roof primary school building. Applied Sciences, 10(23), 8464. https://doi.org/10.3390/app10238464 
Becerra, J. A., Lizana, J., Gil, M., Barrios-Padura, A, Blondeau, P. & Chacartegui, R.	 Identification of potential indoor air pollutants in schools; J. Clean.	 Prod. 242. https://doi.org/10.1016/j.jclepro.2019.118420 
Bennett, J., Davy, P., Trompetter, B., Wang, Y., Pierse, N., Boulic, M. (2019). Sources of indoor air pollution at a New Zealand urban primary school; a case study, Atmos. Pollut. Res.  10: 435–444. https://doi.org/10.1016/j.apr.2018.09.006 
[bookmark: baep-author-id2-profile][bookmark: baep-author-id4-profile][bookmark: baep-author-id5-profile][bookmark: baep-author-id7-profile][bookmark: baep-author-id8-profile][bookmark: baep-author-id9-profile]Chen, R., Li, Y.,  Ma, Y., Guowei P., Guang, Z., Xiaohui X., Chen, B., Haidong, K. (2011). Coarse particles and mortality in three Chinese cities: The China Air Pollution and Health Effects Study (CAPES). Science of The Total Environment. 409, 23, 4934-4938 https://doi.org/10.1016/j.scitotenv.2011.08.058 
 Di Gilio, A., Farella, G., Marzocca, A., Giua, R., Assennato, G., Tutino, M., (2017). 	Indoor/outdoor air quality assessment at school near the steel plant in Taranto	
(Italy), Adv.  Meteorol. https://doi.org/10.1155/2017/1526209 
EEA (2012). Reporting and exchanging air quality information using e-Reporting. EEA technical report no.5/2012. https://www.eea.europa.eu/publications/reporting-and-exchanging-air-quality 
Fromme, H., Diemer, J., Dietrich, S., Cyrys, J., Heinrich, J., Lang, W., Kiranoglu, M., & Twardella, D. (2008). Chemical and morphological properties of particulate matter (PM10, PM2.5) in school classrooms and outdoor air. Atmospheric Environment, 42(15), 6597–6605. https://doi.org/10.1016/j.atmosenv.2008.04.047  
Giorgini, P., Di Giosia, P., Grassi, D., Rubenfire, M., D Brook, R., & Ferri, C. (2016). Air pollution exposure and blood pressure: an updated review of the literature. Current pharmaceutical design, 22(1), 28-51. https://doi.org/10.2174/1381612822666151109111712 
Heidari, M., Alizadeh, Z., & Dindarloo, K. (2020). Level of particulate matter pollution in the indoor and outdoor air of primary schools of Bandar Abbas, Iran. Journal of Preventive Medicine, 7(3), 10–18. https://doi.org/10.29252/jpm.7.3.10 
Ideriah, T. J., Konne, J. L., Jama, J. D., & Orlu, H. (2020). Assessment of Air Quality and Noise Levels Around Indoor and	 Outdoor Welding Workshops in Port Harcourt Nigeria. IOSR Journal of Applied Chemistry, 13(11), 45-56. https://doi.org/10.9790/5736-1311024556 
Ite, A., Harry, T., Obadimu, C., & Ekwere, I. (2019). Comparison of indoor air quality in schools: Urban vs. industrial “oil & gas” zones in Akwa Ibom State – Nigeria. Journal of Environment Pollution and Human Health, 7(1), 12–25. https://doi.org/10.12691/jephh-7-1-3 
Kalisa, E., Clark, M., Ntakirutimana, T., Amani, M., & Volckens, J. (2023). Exposure to indoor and outdoor air pollution in schools in Africa: Current status, knowledge gaps, and a call to action. Heliyon, 9(5), e18450. https://doi.org/10.1016/j.heliyon.2023.e18450 
Khumukcham, R., & Khoiyangbam, R. (2022). Determination of particulate matter fractions PM₂.₅, PM₁₀ and CO₂ in urban schools in Imphal, India. The Holistic Approach to Environment, 13(1), 18–29. https://doi.org/10.33765/thate.13.1.3 
Kim, S. H., Yang, H. J., Jang, A. S., Kim, S. H., Song, W. J., Kim, T. B., ... & Kim, C. W. (2015). Effects of particulate matter in ambient air on the development and control of asthma. Allergy, Asthma & Respiratory Disease, 3(5), 313-319. https://doi.org/10.4168/aard.2015.3.5.313 

Landrigan, P. J. (2017). Air pollution and health. The Lancet Public Health, 2(1), e4-e5. https://doi.org/10.1016/S2468-2667(16)30023-8 

Martins, V., Faria, T., Diapouli, E., Manousakas, M., Eleftheriadis, K., Viana, M., & Almeida, S. (2020). Relationship between indoor and outdoor size-fractionated particulate matter in urban microenvironments: Levels, chemical composition and sources. Environmental Research, 183(1), 109203–109212. https://doi.org/10.1016/j.envres.2020.109203  
Mohammadyan, M., Alizadeh-Larimi, A., Etemadinejad, S., Latif, M., Heibati, B., Yetilmezsoy, K., Abdul-Wahab, S., Dadvand, P., & Dadvand, P. (2017). Particulate air pollution at schools: Indoor–outdoor relationship and determinants of indoor concentrations. Aerosol and Air Quality Research, 17(3), 857–864. https://doi.org/10.4209/aaqr.2016.03.0128  
Oliveira, M., Slezakova, K., Delerue-Matos, C., Pereira, M., & Morais, S. (2019). Children environmental exposure to particulate matter and polycyclic aromatic hydrocarbons and biomonitoring in school environments: A review on indoor and outdoor exposure levels, major sources and health impacts. Environment International, 124(2), 180–204. https://doi.org/10.1016/j.envint.2018.12.052 
Portela, N. B., Teixeira, E. C., Agudelo-Castan˜eda, D. M., da Civeira, M.S., Silva, L.	 F.O., & Vigo, A. (2021). Indoor-outdoor relationships of airborne 	nanoparticles, BC and VOCs at rural and urban preschools.  Environ. Pollut.		 268. https://doi.org/10.1016/j.envpol.2020.115751 
Requia, W. J., Roig, H. L., & Schwartz, J. D. (2021). Schools’ exposure to air pollution	 sources in Brazil:  a nationwide assessment of more than 180 thousand schools. 	Sci. Total Environ. 763, 143027. https://doi.org/10.1016/j.scitotenv.2020.143027 
Trompetter, W. J., Boulic, M., Ancelet, T., Garcia-Ramirez, J. C., Davy, P. K., Wang, Y., & Phipps,	 R. (2018). The effect of ventilation on air particulate matter in school classrooms. Journal	 of Building Engineering, 18, 164-171. https://doi.org/10.1016/j.jobe.2018.03.009 
Turunen, M., Toyinbo, O., Putus, T., Nevalainen, A., Shaughnessy, R., & Haverinen-Shaughnessy, 	U. (2014). Indoor environmental quality in school buildings, and the health and wellbeing		 of students. International journal of hygiene and environmental health, 217(7), 733-739. https://doi.org/10.1016/j.ijheh.2014.03.002 
Vassura, I., Venturini, E., Bernardi, E., Passarini, F., & Settimo, G. (2015). Assessment of indoor pollution in a school environment through both passive and continuous samplings, Environ. Eng.  Manag. J. 14, 1761–1770. https://doi.org/10.30638/eemj.2015.187 
seasonal variation of particulates in phc lga a 

PM1 Wet	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	5.45	3.1	3.85	4.95	5.85	4.05	3.25	7.1	4.8	PM1 Dry	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	8.5500000000000007	3.75	4.5	6.2	7.75	4.3	5.95	8.4499999999999993	5.5	PM2.5 Wet	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	8.5500000000000007	14.05	13.4	14.15	13.5	21.2	16.399999999999999	10.75	22.2	PM2.5 Dry	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	30.7	20.05	22.05	26.4	33.950000000000003	23.05	31.6	32.5	24	schools


concentration 



seasonal variations of particulates in phc lga b

PM4 Wet	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	13.5	19.399999999999999	18.7	30.8	20.6	30.75	22.5	15.35	29.65	PM4 Dry	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	49.85	35.5	38.65	102.55	72.5	39.65	49.75	48.6	37.15	PM7 Wet	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	20.149999999999999	35.200000000000003	24.35	28.05	33.25	52.55	41.4	23.5	49.95	PM7 Dry	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	65.400000000000006	47.8	52.6	199.95	99.3	55.4	69.2	72.849999999999994	56.15	PM10 Wet	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	28.3	52.3	27.25	32.799999999999997	47.15	90.9	76.2	27.4	92.05	PM10 Dry	
PH01ASSE	PH02HH	PH031SS	PH04CSSN	PH05CIA	PH06GGSS	PH07GCSS	PH08HRC	PH09CSSO	71.150000000000006	76.55	57.6	266.85000000000002	119	88.1	98.55	92.15	91.55	school


concentration






image1.jpg
= ’\ 1 Presidential
Egbelu -

Next Cash Al

il
Carry Hypermarkefss by

Genesis Delule.
RUMUEME. NEWIGRA
Iwofe Market . ) House Jn e 7|
Rock, Port” &' .olirt
The Nook Apartme
ru Top rated
tion % .
Y @
Stn 6 (Bosy Rivtaf Golf
Nkbuodahia
Rivers State Uniyersity
Ixora Suites -

Port Harcourt

0ld Bakana

01D PoRT
HARCOURT TWP

Ibeto Cement
@®Stn7

45 Borokiri

Source: Google Map 2021 and NDDC Map 2007

et T U (55039
© Spicrin Sl AL - Y

e Rivershaterbodies
B Road Network

Port Harcourt

W . Long. 7°0495.44'E

Niger Delta Area Lat 48155 54N





