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The study deployed LCMs in the different areas to provide air quality baselines 

for a 30-day period. Specifically, the study explored air quality levels in Trans 

Amadi (in a residential estate relatively close to the Industrial area), Choba 

(University of Port Harcourt), D-Line (CEHRD Office), Nkporlu (Rivers State 

University), and Borokiri (Sandfill area). Results indicated that CO2 and 

Port Harcourt has recently become a focal point for discussions of air pollution 

in Nigeria. Levels of Particulate Matter pollution (PM 2.5 and PM10) over the 

last 3 years have peaked at catastrophic levels. Parts of Port Harcourt, and 

presumably neighbouring areas continue to see persistent extraordinarily 

high levels of air pollution. This report reviews some of the data and adds fresh 

information from low cost air quality monitors deployed in 2020. The timing of 

this latest deployment also provides interesting baseline numbers as the first 

trial was deployed around the time of the COVID19 lockdowns in the city.

Nigeria also ranks top amongst nations flaring the highest amount of gas 

annually. As a result, contaminants including PM2.5, PM10, carbon dioxide, 

SOx, and NOx characterize air quality in the Niger Delta region – the hub of oil 

and gas production in Nigeria. While the associated impacts of gas flaring are 

effectively documented, baselines and legislations to establish thresholds and 

measure exposures to unacceptable levels of these components of air are 

lacking. The lockdown occasioned by the COVID-19 pandemic provided an 

opportunity to assess “background” air quality to ascertain near pristine levels 

for carbon dioxide, temperature, humidity, PM2.5 and PM10 in Port Harcourt – 

the urban hub of conventional and artisanal oil and gas production in the 

Niger Delta. 

Advances in particle sensor design have enabled the development of Low-

Cost Air Quality Monitors (LCMs). The sensors have the ability to measure finite 

particles and enhance scientific evaluation and tracking of the distribution of 

particulate matter. We tested the performance of five LCMs in 'residential', 

'industrial', and 'academic' areas to provide air quality baselines for different 

regions in Port Harcourt. 

EXECUTIVE SUMMARY 
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When compared to the WHO 24Hrs Mean, the results across the assessed 

locations indicated that residents and workers within the Port Harcourt 

Metropolis face potential health risks of exposure to poor air quality such as 

respiratory and cardiovascular diseases which has been reported as 

underlying illnesses that enhance lethal effects, and vulnerability to COVID-19. 

The air quality levels which were measured during the dry season were 

extraordinary as they were captured during lockdown and reduced movement 

rules that brought vehicle use and local industrial and commercial activity in 

the city to a minimum. The most significant remaining activity was both the 

legal and illegal activity around oil refining and the use of generators for 

electricity.

humidity were at healthy levels for public health across sampled locations in 

most of the days monitored. Temperatures were characteristically reflective of 

that of a West African State. Results on particulate matter indicated that Trans 

Amadi, which is the industrial hub of Port Harcourt, (on a 24Hrs Mean) had its 

highest PM2.5 of 175, and 251 for PM10, respectively.  Severe air quality 

impairment was also observed at the other locations investigated. At Borokiri, 

the highest and lowest PM2.5 was 304 and 4 μg/m3, and 567 and 7 μg/m3 for 

PM10, respectively. 

While results from some of the regions could not be explained given their 

inconsistencies, the goal of this study was to provide a baseline for air quality 

measurement using LCM in Port Harcourt. The study,therefore, has provided a 

starting point for further studies to understand the trends and patterns in air 

quality impairment in Port Harcourt and the Niger Delta. 

BACKGROUND / CONTEXT 

Particulate Matter pollution (PM2.5) is ranked sixth among the risk factors for 

premature mortalities and Disability-Adjusted Life-Years (DALYs) globally. For 

example, in China alone, 1.3 billion people are exposed to levels of PM2.5 that 

exceed the World Health Organization (WHO) Air Quality Guidelines (AQG)1. 

As a result of the health burden linked to particulate matter, many countries 

have developed baselines and regulatory thresholds for ambient air quality, 
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particularly in regions where gas flaring is prominent. Particular attention is 

given to PM2.5 because of the health risks it poses to plausible receptors. For 

example, underlying illnesses such as respiratory diseases, which has been 

associated with exposure to polluted air, and has been reported to increase 

vulnerability to the ravaging coronavirus. Thus, countries topping gas-flaring 

charts such as Russia, Nigeria, Iran, Iraq, Algeria, and Saudi Arabia should 

ensure adequate measures to protect public health from exposures to all 

forms of particulate matter. 

Following more than 50yrs of oil and gas exploration and production, Nigeria 

suffers extensive environmental degradation occasioned by oil spills and gas 

flaring. Despite Nigeria's commitment to climate action, the country is 

primarily dependent on fossil fuels –a major source of greenhouse gases. 

Though Nigeria is a top gas flaring country, yet her 'end to gas flaring' initiative 

has been shifted from Year 2005 to 2010 to 2020 and most recently to 2030. No 

drastic improvement has been achieved relative to the preceding years. In 

addition, air quality baseline data and thresholds are lacking in cardinal states 

where gas flaring is a daily occurrence. 

Port Harcourt, the capital of Rivers State, is the hub of oil and gas exploration 

and production in the Niger Delta region (Figure 1). Port Harcourt is an 

environmentally stressed city due to the growing population occasioned by 

rural-urban migration, increased transportation activities, city expansion, and 

increased industrial activities which has made the metropolis one of the most 

polluted areas in the region. Port Harcourt lies on the upper tributaries of the 

Bonny River in the Niger Delta. It has one of the largest seaports in Nigeria.. 

Port Harcourt has a tropical climate with significant rainfall in most months of 

the year. The city experiences high humidity as its atmosphere sustains 

1 
Song, C., He, J., Wu, L., Jin, T., Chen, X., Li, R., Ren, P., Zhang, L., Mao, H., 2017. Health burden a�ributable to ambient PM2.5 in China. Environ. 

 

Pollut. 223, 575–586. h�ps://doi.org/10.1016/j.envpol.2017.01.060 

2 Wu, J., Li, G., Cao, J., Bei, N., Wa ng, Y., Feng, T., Huang, R., Liu, S., Zhang, Q., Tie, X., 2017. Contribu�ons of trans -boundary transport to 

summer�me air quality in Beijing, China. Atmos. Chem. Phys. 17, 2035 –2051. h�ps://doi.org/10.5194/acp -17-2035-2017  
3 Maduka, O., Tobin -West, C., 2017. Is living in a gas -flaring host community associated with being hypertensive? Evidence from the Niger Delta 

region of Nigeria. BMJ Glob. Heal. 2, 1 –8. h�ps://doi.org/10.1136/bmjgh -2017-000413  
4

 UNEP, 2011. Environmental Assessment of Ogoniland. UNEP, Switzerland.  
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Odionu, G., 2018. Mi�ga�on of Greenhouse Gas Emissions from Gas Flaring in Nigeria: Perspec�ves on Law and Regula�on.  
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Ngozi, V.E., Wirnkor, V.A., Ebere, E.C., 2017. Pollu�on assessment models of surface soils in Port Harcourt city, Rivers State, Nigeria. World 

News Nat. Sci. 12, 1–20. 
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Emissions of soot or particulate matter (sum of all solid and liquid particles 

suspended in air) can result from incomplete combustion during the burning 

of biomass and fossil fuels. Soot is ubiquitous in the atmosphere in urban areas 

and has profound impacts on air quality and climate. In 2012 alone, it was 

estimated that 11.6 percent of global deaths, equivalent to 6.5 million deaths, 

were outdoor air pollution-related linked to non-communicable diseases, 

including cardiovascular diseases (CVDs), stroke, respiratory diseases, chronic 

obstructive pulmonary disease (COPD), and lung cancer. The routes of entry of 

the airborne contaminants into the human body include ambient and indoor 

air inhalation, ingestion of contaminated food, and dermal contact.

Residents of Port Harcourt, and many other towns and villages in Rivers State, 

Nigeria have been experiencing adverse environmental impacts of soot which 

reached extraordinary levels since the last quarter of 2016. The petroleum 

industry, including the downstream sector, constitutes a major source of air 

pollution in the Niger Delta, while residents contribute to the air pollution via 

indiscriminate burning of mixed waste in dumpsites. Within the oil industry, 

production operations, such as oil and condensate burning, gas flaring and 

venting, as well as transportation, constitute the main sources of soot cited in 

studies in Port Harcourt. 

adequate moisture throughout the year. The geographical and topography 

features of Port Harcourt are such that air borne pollutants can travel fast and 

far, as high lands are practically absent. Studies suggest that periodic plumes 

of pollutants from industrial discharges, a principal source of air pollution, 

constitutes a frequent occurrence in the city6. Furthermore, occurrences of 

land and sea breeze, as well as harmattan, facilitate air emission transfer within 

and into the city.

7
World Health Organiza�on (WHO). WHO Releases Country Es�mates on Air Pollu�on Exposure and Health Impact. Available online

h�p://www.who.int/mediacentre/n ews/releases/2016/air -pollu�on-es�mates/en/  (accessed 22 April 2020)  

8
Yakubu, O., 2017. Par�cle (Soot) Pollu�on in Port Harcourt Rivers State, Nigeria —Double Air Pollu�on Burden? Understanding and Tackling 

Poten�al Environmental Public Health Impact s. Environments 5, 2. h�ps://doi.org/10.3390/environments5010002  

9
Lelieveld, J.; Evans, J.S.; Fnais, M.; Giannadaki, D.; Pozzer , A. (2015). The Contribu�on of Outdoor Air Pollu�on Sources to Premature 

Mortality on a Global Scale. Nature 2015, 525, 367–371. 
10

Vanguard (2017).  Black Soot:  6 Million  Rivers  Residents Risk  Cancer—Specialists.    Available  online: 

h�p://www.vanguardngr.com/2017/02/black -soot-6-million-rivers-residents-risk-cancer-specialists/(accessed  April 22 2020)  
11

Africanews (2017). Nigerians Demonstrate over Soot Pollu�on. Available online: h�p://www.africanews.com/2017/02/15/nigerians-

demonstrate-over-soot-pollu�on// (accessed April 21 2020).
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Other sources include asphalt power plants, heavy industry equipment, 

including boilers, burners, coolants, and separators. Also, vehicular 

combustion of fossil fuels, burning of used tyres at abattoir platforms, 

activities of artisanal crude oil refining and, industries such as foundries, 

chemical and solvent, automobile, construction, and agriculture also 

contribute to air quality impairment in Port Harcourt and contiguous areas. 

This is worsened, as the infrastructure to capture, store and utilize the flared 

gas is not available. 

The subsisting soot pollution triggered public outcry, which culminated to a 

citizen-led #Stopthesoot campaign. There was mass citizens' protest on 11 

February 2017 to the Rivers State Government House, the Rivers State House 

of Assembly and the Department of Petroleum Resources Office in Port 

Harcourt. The protest had a single demand –stop the soot! During the 

intervening 2018, a group of civil society organizations (CSOs), including Trust 

Africa, Stakeholders Democracy Network (SDN), CEHRD, Environmental Rights 

Action (ERA) and Citizens Information and Development Initiative (CIDI) 

convened a multi-stakeholder workshop tagged “The Port Harcourt Clean Air 

Summit”, to mine useful data and recommendations. The Rivers State 

Government responded to the public pressure by setting up a technical team 

to generate preliminary air quality data in Port Harcourt, which released her 

report in April 2019. 

Despite the set-up of the soot technical committee, not much has been done 

in terms of sensitization and behavioural change towards practices that drive 

air pollution. A classic example is the collection of expired tyres and stockpiling 

at the Abali park area of Port Harcourt. In 2018, unknown persons set ablaze 

the stockpiled tyres at the Abali park thereby causing massive air pollution. 

Post the report, no further data on Port Harcourt air quality (publicly available) 

had been collected by the Rivers State Government's Technical Team  although 

part of her more than 12 months terms of reference  is continuous monitoring 

and data collection. On the part of CSOs, only piecemeal, occasional advocacy 

about poor air quality is done due mainly to lack of empirical data to drive 

informed advocacy. 
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The study sought to:

1. To provide objective evidence on the current levels of the soot and 

particulate matter pollution in Port Harcourt

It is important to mention that this study was undertaken during a partial 

lockdown between March and Aprilacross the study area. The lockdown 

affected vehicular and human traffic and also caused partial closure of many 

industrial activities. This may have affected the concentration or volume of 

emissions of particulate matter and other air quality parameters during this 

period. Thus, data recorded in this research represent a near-pristine air quality 

measurement.

2. To successfully demonstrate a relatively low-cost method of air 

pollution data gathering and analysis.

It has become imperative to undertake a baseline study of air quality in Port 

Harcourt and compare the data generated with the World Health Organization 

(WHO) recommended maximum levels of 10μg/m3 for PM2.5 and 20μg/m3 

for PM10. Hence, the Centre for Environment, Human Rights and 

Development (CEHRD) in partnership with Stakeholder Democracy Network 

(SDN) undertook a rapid air quality assessment to provide baselines for air 

pollution in Port Harcourt.

EXISTING RESEARCH / DATA

In a study to ascertain the disease prevalence associated with industrial-

related air pollution in some Niger Delta communities, the researchers 

established strong relationships between air pollutants, including PM with 

morbidities, such as respiratory diseases, traumatic skin outgrowth, and child 

deformities. They reported high health effects in Eleme, a more industrialized 

community than in Ahoada East, a less industrialized community. Particularly, 

air pollution significantly correlated with painful body outgrowths (p = 0.027), 

as well as respiratory 

12 
Rivers State Government (2019). A study of airborne Par�culates “Black Soot” in Port Harcourt and its Environs

 

13 World Health Organiza�on (2016).  Air Pollu�on Levels Rising in  Many of the World’s Poorest Ci�es.  Available online:  

h�p://www.who.int/mediacentre/news/releases/2016/air-pollu�on-rising/en/ (accessed on 23 April 2020).  
14 Godson, R.E.E.A.; Sridhar, M.K.C. Industrial Emissions and Health Hazards among Selected Factory Workers at Eleme, Nigeria. Int. J. Environ. 

Health Res. 2009, 9, 43–51.  
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The sudden visually obvious appearance of black carbon (soot) in the 

atmosphere of Port Harcourt and its environs in the last quarter of 2016 led to 

public panic and outcry both on conventional media and social media. The 

dark particles were observed to be visibly deposited on cars, furniture, roof 

tops, floors, plant leaves; stain exposed cloths and the palms and feet in 

contact with soiled surfaces, and had a characteristic smell. It blackens white 

materials (e.g. handkerchief and serviette) when used to clean the nose. In the 

preliminary study conducted by the Rivers State Ministry of Environment in 

2016, two sampling stations were set up and data generated primarily for 

PM2.5. The result showed similar concentration of particulate matter present 

in the atmosphere in the samples ranging from 62-270µg/m3. The WHO 

guideline for air quality assessment recommends an annual mean PM2.5 of 

10µg/m3 and PM10 of 20µg/m3 while acceptable mean concentration for 24-

hour for PM2.5 is 25µg/m3 and PM10 is 50µg/m3.

health conditions (p = 0.044). Analysis of data to determine the probable 

relationship of the use of firewood as domestic cooking fuel with health 

outcomes, detected significant association with child deformities (p < 

0.0001)6. Findings from a different study indicate that adverse health 

conditions, such as eye and skin disorders, occurred amongst workers who 

spent eight hours per day working at facilities with poor air quality due to 

ineffective control. For these workers, strong association (p = 0.000) of health 

disorders with occupational exposures was established.

SETUP OF MONITORS (THIS STUDY)

Five IQAir AirVisual Pro monitor devices were set-up at designated points 

within the Port Harcourt Metropolis to monitor air quality. For effective data 

capture, factors including power supply, security of device, and geographic 

location (spatial representation) were considered during the siting of devices 

(Figure 1). Following the location suitability analysis, IQAir AirVisual Pro 

monitoring devices were strategically placed at selected points in Port 

Harcourt, namely:

●  D/line (Central Port Harcourt)

● Trans Amadi  (Eastern Port Harcourt)
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● Sandfill, Borikiri (Southern Port Harcourt).

● University of Port Harcourt, Choba (Uniport) (Northern Port Harcourt).

● Rivers State University, Nkporlu (UST) (Western Port Harcourt).

15 
Godson,  A R.;  Sridhar, M.K.;  Bamgboye, E.A. Environmental Risk Factors and Health  Outcomes  in Selected Communi�es of the Niger Delta 

Area, Nigeria. Perspect. Public Health 2009, 129, 183–191.
 

16 Gobo, A.;  Richard, G.; Ubong, I. Health Impact of Gas Flares on Igwuruta/Umuechem Communi�es in Rivers State. J. Appl. Sci. Environ. 

Manag. 2010, 13, 27–33.  
17

Ohikere, O. (2017). Nigeria Ba�les Hazardous Air Pollu�on: Black Soot Fills the Air in the City of Port Harcourt. Available online: 

h�ps://world.wng .org/2017/02/nigeria_ba�les_hazardous_air_pollu�on  

Figure 1: Port Harcourt Metropolis showing air quality device locations.

The monitors were also placed away from harsh weather conditions like rain, 

but ensured adequate ventilation. IQAir AirVisual Pro devices were registered 

(with IQAir AirVisual Pro– this was achieved by logging the device reference 

number into the IQAir AirVisual Pro site) and connected to power source. The 

devices were monitored on the registered platform daily.  The Air Quality Index 

parameters measured are: particulate matter 2.5 and 10, carbon dioxide, 

temperature and humidity. 

Each IQAir AirVisual Pro monitor was connected to a mifi with data 

subscription to enable it save and transmit data to a cloud storage platform. 

The devices were also connected to a 6-hour sustaining capacity power bank 

and, in some places, a solar panel was coupled to supplement conventional 

power supply.  
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STUDY AREA – PORT HARCOURT METROPOLIS

Similarly, Borokiri is situated along the coastline, and it is largely classified as a 

low-income earner residential area. Borokiri is densely populated and host 

several particulate matter emission-driven activities such as fish roasting, tyre 

burning, and is adjacent to artisanal refining of crude oil, and power 

generating plants. Given the popular Borokiri market in addition to jetties that 

ferry passengers using diesel-powered boats to different coastal communities, 

the area hosts a beehive of activities. 

Port Harcourt municipal area has an estimated 369 square kilometres. Within 

Port Harcourt metropolis, the climate is tropical with two inter-wind seasons – 

wet (April to October) and dry (November to March). Port Harcourt is a 

municipality with diverse commercial, residential and industrial activities. The 

Trans Amadi area is the industrial hub of Port Harcourt that also now contains a 

significant number of residential estates. It is the hub of oil and gas, asphalt 

producing companies, and other sectoral activities (e.g. it hosts the largest 

slaughterhouse –the Zoo abattoir -in Port Harcourt). A common practice in 

abattoirs in Port Harcourt is the use of tyres to roast slaughtered goats or cows 

– a source of soot around Rivers State. The Trans Amadi area is a few kilometres 

by road and by sea to Indorama (formerly Eleme Petrochemical Plant), Eleme 

Refinery, and the Notore Fertilizer Company. 

Choba, is a small sub-urban areaon the outskirts of Port Harcourt City. It hosts 

the University of Port Harcourt alongside two asphalt producing companies, 

and other services that support the university community. 

The Rivers State University (i.e. UST) is close to the Eagle Island coastline, and 

hosts several activities including a nearby sawmill, and other services that 

support the university community. 

The CEHRD office premises hosts the D/Line device. The D/Line area of Port 

Harcourt is predominantly a residential area for the middle class and low-

income population and diverse office premises. 
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Residential areas like D/Line and Borokiri usually experience fluctuating power 

supplies. In a bid to provide independent power, varying power generation 

plants powered by diesel and petrol are often used, particularly at night. This 

applies to other residential areas in the city, in addition to relatively dense 

vehicular and human traffics. Generally, coastal areas in Rivers State are often 

associated with artisanal crude oil refining activities, a potentially major source 

of soot. It is however imperative to highlight that the Port Harcourt metropolis 

was under different forms of lockdown during the period of data collection 

(April 01 to April 24, 2020), due to the Coronavirus pandemic (COVID-19). The 

lockdown implied that human and vehicular traffic were restricted in many 

areas of the metropolis. In addition, during the lockdown period, industries in 

affected areas were shut down or operated at reduced man-hours and other 

human activities restricted. 

PM10 AND PM2.5 CHARACTERIZATION

The US Environmental Protection Agency (USEPA) defines PM10 as inhalable 

tiny fragmented particles, with diameters that are 10 micrometers and less 

(aerodynamic diameter ≤10 μm (PM10)) or the thoracic fraction; while PM2.5 is 

described as fine inhalable tiny flecks, with diameters that are mostly 2.5 

micrometers and below (aerodynamic diameter ≤2.5 μm (PM2.5)). The 

difference between PM10 and PM2.5 is size. These particles in the air include 

organic dust (from agricultural activities), airborne bacteria, construction dust, 

coal particles, soot from fossil fuel burning, and particles from power plants. 

Each pollutant type is defined by the size, i.e. PM2.5 is less than PM10, and thus, 

PM10 would include PM2.5, when fractions are not segregated. PM2.5 are 

produced from all types of combustion, including motor vehicles, power 

plants, residential wood burning, forest fires, agricultural burning and some 

industrial processes. Both levels of small particulate matter invisible to the 

human eye have the capacity to penetrate deep into the respiratory tract, 

overcoming the body's immune system, to reach the lungs. PM10 can also 

include coarse dust particles from construction sites, stirred up vehicular dust 

on roads, and sawmills. High concentrations of PM2.5 and PM10 can lead to 

heart attacks, reduced lung function, worsen asthma, and early death when 

compared to those lucky  to breathe clean air.
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RESULTS AND DISCUSSION

The results of the study are indicated in Figure 1. Although we collected CO2, 

humidity, and temperature, PM2.5 and PM10, our analysis focused on PM2.5 

and PM10 as key pollutants. Table 1 presents data collected from the five 

locations between Saturday April 18 and Wednesday April 22, 2020. The 24hr 

mean/day WHO guideline of 25µg/m3 for PM2.5 and 50µg/m3 for PM10 were 

used as thresholds for this study. Given the socio-economic and 

environmental circumstances during the data collection period, and the lack of 

air quality data on the areas selected for data capture, the research presents a 

foundational baseline for further studies.

Generally, as indicated in Figure 1, air quality in Port Harcourt presents 

different levels of health concerns because PM2.5 and PM10 levels exceeded 

the WHO 24hrs Mean standard, during the majority of the days assessed 

(Figure 1). There were also daily temporal dynamics. In Borokiri for example, 

high levels of PM2.5 and PM10 emissions were observed between 2am and 

9am . Similar results were indicated in an earlier study where satellite images 

were used to determine the particulate load within Port Harcourt area. This 

could be attributed to possible artisanal crude oil refining activities along the 

Creeks of Bundu-ama and Nembe waterfronts (these are shoreline 

communities along the Borokiri Creek and rivers), which reportedly occur 

during the early hours to avoid detection and arrest by security agents. In 

addition, as previously described, Borokiri is a densely populated low-income 

earner residential area with enormous particulate matter emission generation 

activities. Beyond artisanal crude oil refining along the coastline, residents 

provide their power via different types of power generating sets, cook, and 

also indulge in indiscriminate burning of tyres and mixed waste. These are 

18
United States Environmental Protec�on Agency (USEPA). Par�culate Ma�er (PM)  Pollu�on: Health and Environmental Effects of Par�culate 

Ma�er (PM).  Available online:  (accessed on 2 h�ps://www.epa.gov/pm-pollu�on/health-and-environmental-effects-par�culate-ma�er-pm 
April 2020).

 

19
Centers for Disease Control and Preven�on (CDC) (2017). Par�cle Pollu�on. Available online:   

h�ps://www.cdc. gov/air/par�culate_m a�er.html (accessed  on 10 April 2020).  
20

American Lung Associa�on (2017). ‘State of the Air 2017’—Despite Progress, 4 in 10 Americans at Risk from Air Pollu�on. Available online:  

h�p://www.lung.org/about -us/media/top-stories/state -of-the-air-2017.html(accessed on 22 April 2020).  
21

Ede, P.., Edokpa, D.O., 2017. Satellite Determina�on of Par�culate Load over Port Harcourt during Black Soot Incidents. J. Atmos. Pollu�on, 

Vol. 5, 2017, Pages 55 -61 5, 55–61. h�ps://doi.org/10.12691/JAP -5-2-3  
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There are frequent data exceedance of the Mean 24hrs WHO guideline in 

Figure 1 even when all commercial activity has been shut down. This implies 

residents in the sampled locations and the interspersing/contiguous areas 

(given the study data capture spread) are at possible risk of exposure to 

concentrations of PM2.5 and PM10 above permissible limits. This implies, 

depending on the length of exposure, residents could suffer possible health 

impacts such as cardiovascular and respiratory infections. Beyond the health 

implications, the datasets provide evidence for government and residents to 

take precautionary measures to outline policies (such as air quality legislation), 

stringent penalty for preventable emissions, sustainable power source and 

disincentives for air pollution activities.

possible sources of emissions in the area. Similarly, results from Nkporlu 

(Rivers State University), which is very close to the Nkpor waterfront, and share 

similar geography indicated the Borokiri pattern of particulate matter 

emissions. 

Results from Choba (Uniport) indicated increased emissions during the 

weekends, while reduced emissions were recorded on weekdays. The latter 

observation could be as a result of the Covid-19 lockdown that forced the 

university to shut down academic activities. More so, only skeletal university 

administrative activity is operational during the lockdown as level 1 – 11 

staffers, which constitute the bulk of the staff population stay at home 

following Federal government directive. There is need for more evidence to 

specifically substantiate the actual cause of the measured air quality pattern in 

the area.

Results from D/Line indicated increased emissions in the late nights. Given that 

D/Line is mostly residential for low-income earners, and that they experience 

power generation fluctuations, exceedance in PM2.5 and PM10 levels in the 

early hours of the night could be attributable to increased use of generators for 

lighting or from pollution moving in from neighbouring areas. Only a few 

individuals could use generators throughout the nights due to high cost of 

maintenance (e.g. fuelling). The skewed early night high level pattern could 

also be attributed to reduced northeast trade wind –which could cause wind 

speed to drop to zero at night time2. 
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Figure 2: One-week air quality data (April 18 to April 22) for PM  and PM  at five locations within Port Harcourt. 2.5 10

It is important to highlight that the air quality measurements observed in Trans 

Amadi on Tuesday and Wednesday reflect a problem with the unit which was 

later resolved by “resetting” the device. 

Although the data varied on a daily basis, records on specific locations, namely, 

Borikiri, UST and Trans Amadi indicated high levels of polluted air (Figure 2, 3) 

at specific hours. While carbon dioxide levels at the sampled locations 

remained within permissible threshold, Uniport and RSU were most promising. 

This could be as a result of trees lining the landscape of the universities. Green 

plants absorb atmospheric carbon dioxide in the photosynthetic process of 
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The data presents a more ideal baseline for onward monitoring of air quality in 

Port Harcourt. With the low traffic of humans, lockdown of industries and 

reduced vehicular movement because of the COVID-19 pandemic, it is 

hypothesized that artisanal refining activities would also reduce in the 

neighbourhood during the lockdown period.

food production.

thFigure 3: Air quality measurements at different locations as at April 16 , 2020.
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thFigure 4: Air quality measurements at different locations as at April 20 , 2020. The data indicated 

values for CO , PM , PM humidity and temperature.2 2.5 10, 

As indicated in Figure 5A-D, there seems to be a spike in emission during 

weekdays across all locations except Borokiri. The highest 24Hrs Mean for 

PM2.5 was observed at Borokiri, a low-income residential area. This shows a 

remarkable increase compared to a previous study which indicated 120μg/m3 

and 160 μg/m3, as the highest levels for PM2.5 and PM10, respectively . Given 

that the results in Table 1 exceed the WHO recommended levels for PM2.5 and 

PM10 (10 μg/m3 and 20 μg/m3 for PM2.5 and PM10 respectively) by 

extraordinary margins, there is urgent need to regulate air quality by means of 

22 Rivers State Government (2019). A study of airborne Par�culates “Black Soot” in Port Harcourt and its Environs. Pub lished by the Ministry of 

Environment, Rivers State.  

18



establishing baselines and contextual regulatory thresholds. In addition, given 

the duration of exposure of residents in Port Harcourt to increasing levels of 

particulate matter, there might be need for an epidemiological study to 

underscore contextual health impacts and/or potential risks posed to 

residents. Given the role of particulate matter in respiratory illness and that of 

underlying illness towards coronavirus vulnerability and fatality, immediate 

actions to reduce exposure of residents and workers to particulate matter 

could benefit Rivers State and the country. 

Table 1: Highest and lowest concentrations of PM2.5 and PM10.  

 PM2.5 μg/m3 PM10 μg/m3 

 Highest Lowest Highest Lowest 

Nkporlu 210 4 575 12 

Borokiri 304 4 567 7 

Trans Amadi 172 0 251 0 

D/Line 240 4 661 6 

Choba 110 3 406 6 

 

The level of PM2.5 experienced in Borokiri, a low-income residential area could 

be attributed to different activities including possible household power plants, 

artisanal refining activities along the coastline, and the high population density 

observed in the area. 

Nkporlu recorded the highest level of PM10, which could be as a result of the 

building materials zone, and construction activities within and around the 

Rivers State University complex. Saw mill operations at Ilaobuchi contiguous to 

the sampled location may also contribute some of the measured particulates. 

The levels of particulate matter observed were localised given the nature of 

activities in the surrounding environment.
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Figure 5A: 24Hrs Mean measurement in Nkporlu compared to the WHO's 24Hrs Mean threshold

Figure 5B: 24Hrs Mean measurement in Choba compared to the WHO's 24Hrs Mean threshold
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Figure 5C: 24Hrs Mean measurement in Borokiri compared to the WHO's 24Hrs Mean threshold

Figure 5D: 24Hrs Mean measurement in D-Line compared to the WHO's 24Hrs Mean threshold
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IMPLICATIONS OF COLLECTED DATA

The dataset basically indicated the starting point for measuring air quality in 

Port Harcourt Metropolis, with which air quality of high activity period would 

be compared. When compared (data in Figure 3 and 4) with the American Air 

Quality Index (AQI) and the WHO guidelines for air quality, the levels across the 

selected locations were repeatedly higher (Figure 1) with low pollution periods 

that were more in keeping with the level of extraordinarily low economic 

activity. This presents a higher level of concern given that one factor that 

increases vulnerability of humans to the COVID-19 pandemic is underlying 

illness. It could be worse in terms of vulnerability because respiratory illnesses 

are primary consequences of impair air quality.

IMPACTS OF AIR QUALITY IMPAIRMENT ON HEALTH

Fine particulate matter is the leading cause of global pollution-related 

mortality1. Particles that are approximately 10 microns (PM10) or larger are 

usually trapped in the upper respiratory tract, and prevented from penetrating 

deep into the respiratory tract. Particles of 5 microns or smaller can easily 

penetrate the lower lung where gas exchange occurs in the alveoli. PM2.5 

fragment is 30 times smaller than the average human hair, which is 

approximately 70 micrometers in diameter. Soot penetrates deep down the 

lungs, imparting a wide range of serious health outcomes, including acute 

bronchitis and aggravated asthma especially among children, heart attacks, 

and strokes, as well as premature death. 

The American Lung Association suggests that inhaling soot can potentially 

cause “cancer as well as developmental and reproductive disorders”. Based on 

sufficient evidence from human carcinogenicity studies, soot causes cancers in 

humans and substantial amounts of epidemiological studies have since 

confirmed the elevated risk of scrotal and other skin cancers among chimney 

sweeps17. Similarly, research had established a strong association between 

23 American Lung Associa�on (2017). ‘State of the Air 2017’ — Despite Progress, 4 in 10 Americans at Risk from Air Pollu�on. Available online:  

h�p://www.lung.org/a bout-us/media/top-stories/state-of-the-air-2017.html  (accessed on 22 April 2020).  

24 American Ins�tute for Conserva�on of Historic and Ar�s�c Works.  The Hidden Hazards of Fire  Soot. Available online: 

h�p://www.conserva�on -us.org/docs/default-source/periodicals/2010-09-sept-aicnews.  pdf?sfvrsn=6  
25 Allen, F.  (2017) Dangerous Air Pollu�on in the City of Port Harcourt.  Pambazuka News.  Available online: 

h�ps://www.pambazuka.org/node/96487 (accessed  on 23 April 2020).
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Pre-existing health conditions including cardiovascular disease, 

cardiopulmonary diseases and diabetes may increase susceptibility to PM 

health effects among exposed human populations. It is imperative to note that 

an impairment in wellbeing and quality of life relatively affects the overall work 

experience, academic performance, contributes to disease burden, and mental 

of children, and becomes a burden to residents.29

SOCIO-CULTURAL IMPACTS OF AIR QUALITY POLLUTION

With the incidence of air pollution, residents tend to spend more time indoors 

rather than outdoors. Parents even restrict their children from outdoor 

activities out of fear of the soot impact on children's health. Unfortunately, this 

is a step of limited benefits because small particulate matter routinely transfers 

to indoors air over a matter of hours. At the peak of intense air pollution in Port 

Harcourt, many residents relocated to other cities thereby occasioning an 

economic imbalance on the city. There have been a number of drivers for an 

exodus of middle- and high-income earners in Port Harcourt but from 2017 air 

pollution featured in many justifications for relocating. This led to withdrawal 

of their wards and kids from schools in Port Harcourt, while other residents that 

offered support services to them lost their jobs, and thus economic hardship8.

Soot can have adverse health consequences on population health, however, 

babies and children (particularly due to their premature respiratory organs, the 

elderly, and people with pre-existing health conditions, including heart or lung 

diseases (such as asthma) are more vulnerable. Like other particle pollution, 

soot is associated with difficulty in breathing; eye, lung, and throat irritation; 

birth related problems, such as low birth weight; and, heart disease.

ECONOMIC IMPACTS 

According to The Guardian, some residents in various communities, such as 

Rumosi and Rumuodumanya, both in Obio/Akpor Council of Port Harcourt 

urban corridor (Sagbara et al., 2020) abandoned their homes to other cities 

occupational exposure (chimney sweeps) and increased mortality from lung 

cancer, in a number of European countries16. In a separate study, leukaemia 

and cancer of the oesophagus, as well as risks of liver cancer correlated with 

exposure to soot. 
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that they considered safe in 2017 because of soot pollution. The effect of this 

movement is a decline in productivity and business activities with an 

anticipated cost on the economy of Rivers State as a whole 

KEY CONCERNS FROM INITIAL MEASUREMENTS 

Public health: The preliminary data indicate impaired air quality in the different 

locations. This is certain to be a source of respiratory challenges to residents 

living at specific locations, particularly those with existing conditions. This also 

applies to most parts of Port Harcourt given the sampling spread 

(representativeness). While it is too early to link the poor air quality in the area 

to any particular source, increasing artisanal crude oil refining activities in 

coastal areas contiguous to Port Harcourt is a potential contributor. 

Notwithstanding, public and private power generation sets, vehicular exhausts 

and cultural practices cumulatively contribute to the air pollution situation in 

Port Harcourt. A key concern is the continuous exposure of residents to high 

levels of air pollution and other environmental degradation, which has 

significantly reduced life expectancy in Port Harcourt and the Niger Delta 

region .

IMPLICATION OF STUDY

With the information gathered from this study, factual arguments would be 

made and pushed to ensure a significant change in policies. Laws and policies 

backing the shutting down of firms responsible for emitting soot will be 

strengthened and implemented. Findingss of this study will cause an increase 

in monitoring of firms involved in discharging soot especially particulate 

matter by environmental agencies.  There will also be need to advocate for the 

establishment of a localised national air quality threshold in relation to the 

existing WHO mean levels.

Policy change

26
The Guardian (2017). Residents Leave Port Harcourt over Soot Emission. Available online:  h�ps://guardian.ng/features/health/residents-

leave-port-harcourt-over-sooth-emission/ 
27

Sagbara, G., Zabbey, N., Sam, K. and Nwipie, G.N. (2020). Heavy metal concentra�on in soil and maize (Zea mays L.) in par�ally reclaimed refuse 

dumpsite ‘borrow-pit’ in Port Harcourt, Nigeria. Environmental Technology & Innova�on  18.  h�ps://doi.org/10.1016/j.e�.2020.100745  
28

Yakubu, O.H.  (2017). Addressing Environmental Health Problems in Ogoniland through Implementa�on of United Na�ons Environment 

Program Recommenda�ons: Environmental Management Strategies. Environments 2017, 4, 28.  
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Government agencies

Livelihood development

Attitudinal change

Residents

This study should lead to  an increased public awareness, stewardship and 

advocacy participation to mitigate air pollution and also analyse some 

individual contributions from the residents. Activities like burning of 

household wastes (e.g. plastics), unregulated vehicular emissions among 

others which contribute to impaired air quality should be reduced. Tree 

planting at the household and community levels would help to moderate local 

air quality through carbon dioxide sequestration. 

Civil Society Organizations 

The results indicate that awareness level amongst residents is minimal. There is 

Following stakeholder meetings and interviews with community members, it 

has been recognized to a reasonable extent that illegal refiners go into this 

practice due to unemployment and a mind-set that it is lucrative, overlooking 

the immediate and remote health, social, economic and environmental effects. 

There is a need for reorienting economic opportunities so that there is more 

legitimate space for livelihoods and corresponding pressure to end polluting 

artisanal activities. 

Noting that the indiscriminate burning of crude oil by security agencies is an 

obvious source of acute soot incidents, more measures should be put in 

halting the burning of seized crude oil by security agents as this method 

implies further damage to air quality,  more environmentally friendly measures 

should be engaged. Also, security and regulatory agencies saddled with the 

responsibilities of controlling and mitigating the activities of illegal refining 

should work with integrity and also check the activities of firms to ensure they 

comply with the State's Ministry of Environment standards. Building the 

capacity of environmental regulators to independently undertake their roles 

towards environmental management cannot be over emphasised. In addition, 

the government should empower the National Orientation Agency to 

seriously sensitise local communities about the impacts of air pollution. 
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a need for increased sensitization given the impacts of air pollution. CSOs and 

relevant government agencies (e.g. State branch of national orientation 

agency) should take seriously and embed in their routine activities, 

sensitization programmes to ensure local communities are discouraged from 

involving in artisanal refining, open dumpsite burning, and other practices that 

impair air quality.

Nigeria's over dependence on crude oil has made its exploitation and 

exploration inevitable as it accounts for over two-third of the nation's revenue. 

In trying to keep up with this source of revenue several production means 

–though not environmentally friendly- have been employed to sustain 

production. A reduction in reliance on crude oil and an expansion of 

environment friendly revenue means (e.g. sustainable agriculture, ICT), will 

relatively contribute to an improved air quality.

Dependence on fossil fuel

CONDITIONS DURING THE STUDY

The study covered one season. As a result, we didn't have the opportunity to 

study seasonal variations and impact of rainfall on the availability of PM2.5 and 

PM10 in the atmosphere. This could be the foundation of further studies. In 

addition, the lack of appropriate wind data affected the analysis of air quality 

data collected. 

Power supply

Seasons

Covid-19 Lockdown 

Stable power supply for the Airvirsual device was a challenge. The power 

storage facilities were unable to store power for earmarked durations. This 

impacted data capturing and storage in some of the stations where data was 

collected. 

The lockdown in Rivers State occasioned by the Covid-19 pandemic affected 

vehicular traffic and business activities in most areas. Thus, data collected 

might not be a true representation of emissions in some locations. This was 

considered during data analysis.
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Planned post project actions and recommendations

Conclusion 

CEHRD will continue to monitor air quality changes in designated areas using 

the installed devices. To ensure sustainability, CEHRD would consider 

escalating the air monitoring activity when developing other related projects.

The study established air quality baselines for selected areas in Port Harcourt 

Metropolis. The results indicated or provided a general outlook for air quality 

in Port Harcourt and its environs. Primarily, residents closer to coastal areas are 

at risk of exposure to levels of PM2.5 and PM10 in exceedance of the WHO 

guidelines. This could mean potential health implications particularly 

cardiovascular and respiratory tract infections and diseases. The research 

generated several implications for the research outlining air policy and 

legislation needs, socio-economic implications and behavioural changes 

required to reduce air quality impairment in Port Harcourt and its 

environments. While the data forms a baseline for air quality in Port Harcourt, it 

is a starting point for further studies to develop contextual thresholds for air 

quality, particularly in the era of pandemics where underlying illnesses 

increase vulnerability to bacterial and viral infections. 
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CEHRD's Mission is “to forge a common link with the rural Niger 

Delta communities primarily through research, participatory 

trainings, campaigns and advocacy on the problems 

confronting them. Equipping them with the basic knowledge of 

their situation and encouraging them to address the issues non-

violently themselves”.

Email: info@cehrd.org.ng  

Website: www.cehrd.org.ng 

Twitter: @CEHRD  

Facebook: www.facebook.com/CEHRD.DEV

Legacy Centre: 6 Abuja Lane

Off Wogu Street D/Line,

Port Harcourt, Rivers State

T: +234 (0) 803 5513 707

This Research was funded by Stakeholder Democracy Network

T: +234 (0) 703 1593 783

Our vision is one of a new global economic and social contract, 

which corrects the asymmetry of power in negotiating social 

contracts between stakeholders in the global economy. Our 

vision is one that ensures basic rights – including economic and 

social development – are not sacrificed in one part of the world 

to the benefit of another.

Our mission is to support the efforts of those affected by 

extractive industries and weak governance through rights-

based community empowerment. We strive to protect human 

rights and demand responsive governance.

Port Harcourt, Nigeria

G.R.A. Phase 3, Rivers State

13A Location Road, Off Tombia Extension Oroazi,
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