


HUMAN HEALTH RISK ASSESSMENT ASSOCIATED WITH THE INHALATION OF AIR POLLUTANTS AROUND INDUSTRIAL AREA IN BONNY ISLAND, RIVERS STATE

Abstract
Burning fossil fuels for industrial, commercial, and transportation purposes directly contributes to air pollution. Extended long-term exposure to the pollutants, which harm the neurological, reproductive and respiratory systems and cause cancer and, in rare cases, deaths, can exacerbate these issues. This study assessed the environmental and health risks associated with criteria pollutants in the air of Bonny Island. For this study Samples were collected from twenty sampling points using a digital gas monitor. Air samples were collected for the dry and wet seasons. Samples were collected during the time of active release of the pollutants. This research employed the quantitative AP-HRA in the risk assessment. The risk due to inhalation of air pollutants in the ambient air was estimated for CO, NOx, O3, SO2, PM2.5, and PM10 using specific models for respective risks. The risks for the exposure quantification of CO, NOx, O3, SO2, PM2.5, and PM10 for inhalation of air pollution were far below the annual threshold of 0.004, 10, 60, 40, 5 and 15, respectively, as recommended by the World Health Organisation (WHO). In addition, the calculated risk of inhalation of CO, NOx, O3, SO2, PM2.5, and PM10 was below the USEPA acceptable risk in the study location for the 20 days during the wet seasons. It is recommended that Further research should be carried out on the effects of air dispersion on particulate matter and gaseous pollutants.
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1. Introduction
Air pollution is an important determinant of health (WHO, 2014). The study by Ede et al (2011) and Ukpere et al (2018) examined the characteristics of Bonny, Nigeria, and air quality that is often attributed to LNG installations. Bonny-like industrial districts have revealed that these places typically have much higher amounts of these air pollutants, such as Particulate matter (PM2.5 and PM10), sulfur dioxide (SO2), nitrogen oxides (NOx), carbon monoxide (CO), volatile organic compounds (VOCs), ozone (O3), and other trace gases than non-industrial or residential areas. Consequently, the negative health effects of air pollution disproportionately affect the populations that live in these places (Esievo et al., 2024). 
They claimed that the plant complex produces air pollutants that are spread by weather-related factors. Considering the amount of investment on the island, Bonny is emerging as possibly the most significant industrial enclave in Nigeria (Finebone,2022; Watts, 2024). It serves as the country’s main centre for the export of both crude oil and liquefied natural gas (Akintoye et al., 2024; Jumbo & Ihuah, 2024). Bonny is a community with lots of human settlements, with environmental changes that have had a significant impact. Ukpere et al (2018) argue that burning fossil fuels for industrial, commercial, and transportation purposes directly contributes to air pollution. 
Combustion sources for energy and power generation that are used for dehydration and liquefaction processes result in air emissions (continuous or intermittent) from LNG facilities (Minet et al., 2025). Other sources are electric gas turbines, boilers, incinerators, oxidisers, and other equipment in the natural gas processing chain located at the Bonny LNG plant. In addition to fugitive sources, flaring and venting also produce emissions. NOx, CO, and, in the case of sour gases, SO2, are the principal gases from which sources of PM are also released during most combustion processes (Ede et al 2011). 
It has been documented that those human ventures in commercial cities; like those from miniature and medium sized industries namely dyes, fertilizer, ceramics, glass and textile industries, to sales of electronics and household items, abattoir services, auto repairs, hotel and restaurants, shopping malls and freelance street side trading have a significant impact on air standard (Kposoruchi & Dumka, 2022). Pachoulis et al (2022), Amiriheaobu et al (2020), and Kim et al (2014) estimated the health risks resulting from short-term exposure to an aggravated environment in an industrial area, in a highly populated environment. The risk estimation was performed using different approaches suggested in relative literatures. Part of the study was to monitor the air quality in an industrial zone of Africa, was including 24h measurement of PM2.5.
Sridevi et al (2019) used the health risk assessment model developed by the USEPA for the quantification of 10 PM2.5-bound trace elements by using ICP-OES, source apportionment by using principal component analysis and health risk posed by PM2.5-bound trace elements. In their studies, Harrison et al (2017) estimated the health risk for particulate matter in their research on health risk associated with airborne particulate matter and its components in Jeddah, Saudi Arabia. Many scholars have carried out several studies in human health risk assessment.
Li et al (2016), Jackson (2005), and Lim et al (2010) conducted research on the characteristics, sources and health risk assessment of toxic heavy metals in PM2.5 at a megacity of southwest China. In their research paper, Prakash et al (2018) investigated the chemical characterisation and quantitative assessment of source-specific health risk of trace metals in PM10 at a road site of Delhi, India. In their studies, Emmanouil et al (2016) researched particulate matter, air pollution, source origin and human health risk based on PM10 metal content in Volos city, Greece. Huang et al (2014) carried out studies on contamination and risk assessment based on bio accessibility via ingestion and inhalation of metalloid in outdoor and indoor particles from urban centres of Guangzhou, China. 
High levels of air pollution cause disease symptoms and states of varying severity in those exposed (Manisalidis et al 2020). These consequences are divided into those that affect health in the short and long term. A recent epidemiological study from Harvard School of Public Health found that exposure errors and different epidemiological methodologies have made it difficult to determine the exact magnitudes of the short and long-term effects. 
For more effective evaluation of short- and long-term human exposure data, new models are proposed (Kloog et al, 2013). As a result, they include both general concerns for both types of effects in this section as well as the more frequent short-and long-term health effects, as these effects are frequently influenced by the environment, dose, and individual sensitivity. The short-term symptoms are transient and can range from minor discomfort, Such as irritation of the eyes, nose, skin and throat, to more serious conditions, such as asthma, pneumonia, bronchitis and lung and heart issues. Headaches, nausea and light-headedness can also result from brief exposure to air pollution (Singh et al., 2025). Extended long-term exposure to the pollutants, which harm the neurological, reproductive and respiratory systems and cause cancer and, in rare cases, death, can exacerbate these issues (Manisalidis et al 2020).
The respiratory system is seriously harmed by PMs, dust, benzene and O3 (Kurrt et al, 2016). Additionally, there is an added danger if a respiratory condition like asthma is already present (Guarneri & Balms, 2014). After an acute exposure to contaminants, vocal changes may be noted if the trachea is affected. Air pollution may cause chronic obstructive pulmonary disease (COPD), which raises morbidity and mortality (Jiang et al, 2016). The main risk factors for COPD include the long-term consequences of traffic, industrial air pollution and fuel combustion, according to (Jiang et al, 2016).
After exposure to air pollution, numerous cardiovascular consequences have been noted (Guurdrel et al, 2017). Long-term exposure to traffic emissions has been linked to coronary arteriosclerosis (Hoftmann et al 2007), whilst short-term exposure has been linked to hypertension, stroke, myocardial infarction, and heart failure. According to studies conducted on humans, ventricular hypertrophy can develop with prolonged exposure to nitrogen dioxide (NO2) (Katholi & Couri, 2011). Due to the impacts of exposure to air pollution, especially health impacts, as revealed by many scholars, it becomes imperative for and exposure assessment as well as air pollution health risk assessment (AP-HRA). AP- HRA estimates the health impact to be expected, measures that affect air quality, in different socio-economic, environmental and policy circumstances.

An AP-HRA may be qualitative or quantitative; it generally assesses
(i) The amount of air pollution
Present, i.e., pollution concentrations. (ii) the amount of contact (exposure) of the targeted population, and (iii) how harmful the concentration is for human health, i.e the resulting risks to the exposed (US-EPA 1989). 

2. Materials and Methods
2.1. Description of the study Area.
The study area is the Bonny local government area in Rivers State, with the heavy presence of multinational companies’ operations. Bonny Island lies in a part of 40 kilometres south of Port Harcourt (Fig 1) with latitudes 40 52’N and 50 02’N, and longitudes 60 56’E and 70 04’E, with an estimated population of 30,200 people (population Density, 2022). The Island has a rather flat topography, with an elevation of 3.05 atmospheric mean sea level and a total land area of 214.52m2, with tidal floods and land subsidence affecting 70% of its size (NLNG, 2005). The Island is directly connected to the Atlantic Ocean, where giant oil tankers export crude oil. The rainfall in the Bonny Island ranges from 2301mm to 3670mm during the wet season (March to November) and 43 to 97mm during the dry season (December to March) (Adejunon, 2012).
[image: ]
Figure 1: Study Area in Bonny Local Government Area of Rivers State
2.2 Sampling, Design and Sample Collection.
The design has 20 sampling points with 3 replicates, consisting of 60 sampling points for air pollution. 
These were carried out during the dry and wet seasons for two different months, respectively. The samples were collected at a distance of 100m from the discharging point. 
2.2.1 Sample Collection 
Samples were collected from twenty sampling points using a digital gas monitor, which gives an instantaneous reading/recording of data. The digital gas monitor is a high-volume sampler (Environed HVS APM – 410/451). The sampler has attachment APM-411 for gas analysis. It is set at a height of 3 meters from the ground in the designated sampling points.
Air samples were collected for the dry and wet seasons. Samples were collected during the time of active release of the pollutants. Sampling was done during the day at regular intervals for a period of 8 hours according to ROO and WHO guidelines.
High-grade filter paper (GF/A) is used in the HVS for SPM. SOx and NOx were measured after the collected air was passed through the absorbent solutions. The absorbent solution is then analysed by a UV/VIS spectrophotometer. A portable gas monitor was used to measure some parameters. 
2.3 Risk Assessment of Criteria Pollutants
2.3.1 Human Exposure Assessment
[bookmark: _Hlk130023286]For inhalation of criteria pollutants, chronic daily intake (CDI) was calculated using equation 2.1 (24):
							(2.1)
Where:
CDI = chronic daily intake (in mg · kg−1 · day−1)
CA = contaminant concentration in air (in mg · m−3) 
[bookmark: _Hlk130026099]AT = averaging time (in days, 70 years X 365 days/year = 25550 days/year)
ED = exposure duration (in years, 70 years) 
EF = exposure frequency (in days · year−1, 365/year)
[bookmark: _Hlk131136746] ET = exposure time (h · day−1 or h · event−1, 12 min = 0.2 hour/day) 
IR = inhalation rate (in m3 · h−1, 8.33333 X 10-5)
BW = Body weight, Adult (kg, 70kg)
2.3.2 Risk Assessment 
For the quantification of the risk in the study area, equation (2.2) was adopted according to (4).
												 (2.2)
3. Results and Discussion 

This research employed the quantitative AP-HRA in the risk assessment. Here, the pollutant concentrations were determined as shown in Tables 1 and 2. Then the amount of contact (exposure) of the targeted population was calculated as shown in Tables 3 and 4. Finally, the resulting risks to the exposed were calculated as shown in Tables 5 and 6.

3.1. The Amount of Air Pollution Presents I.E Pollution Concentrations
Table 1: Air Pollutants in Bonny Island during Dry Season

	Period, day
	Parameters (µg/m3)

	
	CO
	NOX
	O3
	SO2
	PM2.5
	PM10

	Day 1
	0.311
	0.008
	0.014
	0.002
	26.89
	30.35

	Day 2
	0.496
	0.011
	0.011
	0.003
	43.45
	47.25

	Day 3
	0.142
	0.011
	0.019
	0.002
	13.3
	14.84

	Day 4
	0.163
	0.013
	0.022
	0.002
	8.52
	10.02

	Day 5
	0.302
	0.009
	0.023
	0.002
	10.1
	10.93

	Day 6
	0.599
	0.008
	0.009
	0.003
	34
	36.61

	Day 7
	0.544
	0.011
	0.011
	0.002
	34.8
	37.67

	Day 8
	0.711
	0.005
	0.017
	0.002
	24.14
	25.61

	Day 9
	0.543
	0.006
	0.019
	0.002
	13.49
	14.65

	Day 10
	0.589
	0.008
	0.019
	0.003
	19.4
	20.83

	Day 11
	0.399
	0.007
	0.021
	0.004
	8.38
	9.02

	Day 12
	0.262
	0.007
	0.016
	0.002
	9.66
	10.49

	Day 13
	0.25
	0.01
	0.02
	0.002
	6.25
	6.84

	Day 14
	0.251
	0.007
	0.022
	0.002
	10.18
	10.94

	Day 15
	0.3
	0.006
	0.023
	0.002
	11.1
	11.93

	Day 16
	0.269
	0.008
	0.015
	0.003
	16.76
	18.29

	Day 17
	0.305
	0.004
	0.016
	0.002
	6.96
	7.99

	Day 18
	0.392
	0.006
	0.011
	0.002
	25.61
	28.04

	Day 19
	0.23
	0.006
	0.015
	0.002
	5.49
	6.32

	Day 20
	0.202
	0.011
	0.015
	0.002
	5.8
	6.77

	WHO
	2
	200
	50
	125
	40
	50




Table 2: Air Pollutants in Bonny Island during Wet Season

	Period, day
	Parameters (µg/m3)

	
	CO
	NOX
	O3
	SO2
	PM2.5
	PM10

	Day 1
	0.458
	0.011
	0.02
	0.003
	4.37
	4.84

	Day 2
	0.51
	0.013
	0.02
	0.004
	5.45
	5.81

	Day 3
	0.592
	0.006
	0.019
	0.003
	18.55
	19.76

	Day 4
	0.51
	0.005
	0.027
	0.003
	3.08
	3.34

	Day 5
	0.643
	0.006
	0.012
	0.002
	17.37
	18.31

	Day 6
	0.524
	0.004
	0.018
	0.002
	11.2
	11.9

	Day 7
	0.57
	0.005
	0.017
	0.003
	6.4
	6.82

	Day 8
	0.766
	0.003
	0.016
	0.002
	12.1
	12.76

	Day 9
	0.541
	0.005
	0.027
	0.002
	5
	5.31

	Day 10
	0.596
	0.006
	0.019
	0.004
	11.76
	12.39

	Day 11
	0.821
	0.003
	0.011
	0.003
	38.29
	40.3

	Day 12
	0.597
	0.008
	0.016
	0.002
	8.13
	8.42

	Day 13
	0.77
	0.005
	0.012
	0.003
	16.54
	17.35

	Day 14
	0.652
	0.002
	0.012
	0.003
	20.62
	21.82

	Day 15
	0.569
	0.007
	0.017
	0.002
	5.9
	6.18

	Day 16
	0.523
	0.003
	0.024
	0.002
	5.84
	6.13

	Day 17
	0.52
	0.002
	0.017
	0.002
	9.6
	10.07

	Day 18
	0.531
	0.003
	0.02
	0.002
	9.21
	9.76

	Day 19
	0.758
	0.004
	0.018
	0.004
	11.86
	12.32

	Day 20
	0.599
	0.005
	0.027
	0.002
	11.19
	11.49

	WHO
	2
	200
	50
	125
	40
	50




Table 1 and 2 above shows the concentrations of the criteria pollutions including (CO, NOx, O3-, SO2, PM2.5, and PM10).
3.2 Human exposure assessment 
3.21 Carbon Monoxide (CO).
Fig. 2 shows the inhalation exposure of CO in the sampling location of the Bonny Island environment during the dry and wet seasons. This CO exposure assessment is also shown in Tables 3 and 4. These assessments were to indicate the level of exposure through inhalation of the breathing air. The levels of CO in the air were far below the 0.004Hg/m3 annual threshold as recommended by the World Health Organisation (1). The results have shown that the levels of CO exposure to human health in this study, as a known pollutant, will not result in illness.















Figure 2: CO Inhalation Exposure Assessment in Bonny Environment with Per cent Error Bar

3.2.2. Nitrogen Oxide (NOx)
Fig. 3 shows the inhalation exposure of NOx in the sampling location of Bonny Island environment during the dry and wet seasons. This NOx exposure assessment is also shown in Tables 3 and 4. These assessments were to indicate the level of exposure through inhalation of the breathing air. The levels of NOx in the air were far below the 10Hg/m3 annual threshold as recommended by the World Health Organisation (1). The results have shown that the levels of NOx exposure to humans in this study, as a known pollutant, will not result in illness.

Figure 3: NOx Inhalation Exposure Assessment in Bonny Environment with Per cent Error Bar

3.2.3 Ozone (03)
Fig. 4 shows the inhalation exposure of 03 in the sampling location of Bonny Island environment during the dry and wet seasons. This 03 exposure assessment is also shown in Tables 3 and 4. These assessments were to indicate the level of exposure through inhalation of the breathing air. The levels of 03 in the air were far below the 60 Hg/m3 annual threshold as recommended by the World Health Organisation (1). The results have shown that the levels of 03 exposure to humans in this study, as a known pollutant, will not result in illness.

Figure 4: O3 Inhalation Exposure Assessment in Bonny Environment with Per cent Error Bar
3.2.4 Sulphur Dioxide (SO2) 
Fig. 5 shows the inhalation exposure of SO2 in the sampling location of Bonny Island environment during the dry and wet seasons. This SO2 exposure assessment is also shown in Tables 3 and 4. These assessments were to indicate the level of exposure through inhalation of the breathing air. The levels of SO2 in the air were far below the 40Hg/m3 annual threshold as recommended by the World Health Organisation (1). The results have shown that the levels of SO2 exposure to humans in this study, as a known pollutant, will not result in illness.











Figure 5: SO2 Inhalation Exposure Assessment in Bonny Environment with Per cent Error Bar

3.2.5 Particulate matter  2.5mm (PM2.5) 
Fig. 6 shows the inhalation exposure of PM2.5 in the sampling location of Bonny Island environment during the dry and wet seasons. This PM2.5 exposure assessment is also shown in Tables 3 and 4. These assessments were to indicate the level of exposure through inhalation of the breathing air. The levels of PM2.5 in the air were far below the 5Hg/m3 annual threshold as recommended by the World Health Organisation (1). The results have shown that the levels of PM2.5 exposure to humans in this study, as a known pollutant, will not result in illness.















Figure 6: PM2.5 Inhalation Exposure Assessment in Bonny Environment with Per cent Error Bar

3.2.6 Particulate matter  10mm (PM10)
Fig. 7 shows the inhalation exposure of PM10 in the sampling location of Bonny Island environment during the dry and wet seasons. This PM10 exposure assessment is also shown in Tables 3 and 4. These assessments were to indicate the level of exposure through inhalation of the breathing air. The levels of PM10 in the air were far below the 15Hg/m3 annual threshold as recommended by the World Health Organisation (1). The results have shown that the levels of PM10 exposure to humans in this study, as a known pollutant, will not result in illness.

Figure 7: PM10 Inhalation Exposure Assessment in Bonny Environment with Per cent Error Bar

Table 3: Inhalation of Air Pollutants in Bonny Island during Dry Season

	
	Period, day
	Parameters (µg/m3)

	
	CO
	NOX
	O3
	SO2
	PM2.5
	PM10

	Day 1
	7.40E-08
	1.90E-09
	3.33E-09
	4.76E-10
	6.40E-06
	7.23E-06

	Day 2
	1.18E-07
	2.62E-09
	2.62E-09
	7.14E-10
	1.03E-05
	1.12E-05

	Day 3
	3.38E-08
	2.62E-09
	4.52E-09
	4.76E-10
	3.17E-06
	3.53E-06

	Day 4
	3.88E-08
	3.10E-09
	5.24E-09
	4.76E-10
	2.03E-06
	2.39E-06

	Day 5
	7.19E-08
	2.14E-09
	5.48E-09
	4.76E-10
	2.40E-06
	2.60E-06

	Day 6
	1.43E-07
	1.90E-09
	2.14E-09
	7.14E-10
	8.10E-06
	8.72E-06

	Day 7
	1.30E-07
	2.62E-09
	2.62E-09
	4.76E-10
	8.29E-06
	8.97E-06

	Day 8
	1.69E-07
	1.19E-09
	4.05E-09
	4.76E-10
	5.75E-06
	6.10E-06

	Day 9
	1.29E-07
	1.43E-09
	4.52E-09
	4.76E-10
	3.21E-06
	3.49E-06

	Day 10
	1.40E-07
	1.90E-09
	4.52E-09
	7.14E-10
	4.62E-06
	4.96E-06

	Day 11
	9.50E-08
	1.67E-09
	5.00E-09
	9.52E-10
	2.00E-06
	2.15E-06

	Day 12
	6.24E-08
	1.67E-09
	3.81E-09
	4.76E-10
	2.30E-06
	2.50E-06

	Day 13
	5.95E-08
	2.38E-09
	4.76E-09
	4.76E-10
	1.49E-06
	1.63E-06

	Day 14
	5.98E-08
	1.67E-09
	5.24E-09
	4.76E-10
	2.42E-06
	2.60E-06

	Day 15
	7.14E-08
	1.43E-09
	5.48E-09
	4.76E-10
	2.64E-06
	2.84E-06

	Day 16
	6.40E-08
	1.90E-09
	3.57E-09
	7.14E-10
	3.99E-06
	4.35E-06

	Day 17
	7.26E-08
	9.52E-10
	3.81E-09
	4.76E-10
	1.66E-06
	1.90E-06

	Day 18
	9.33E-08
	1.43E-09
	2.62E-09
	4.76E-10
	6.10E-06
	6.68E-06

	Day 19
	5.48E-08
	1.43E-09
	3.57E-09
	4.76E-10
	1.31E-06
	1.50E-06

	Day 20
	4.81E-08
	2.62E-09
	3.57E-09
	4.76E-10
	1.38E-06
	1.61E-06

	WHO
	0.004
	10
	60
	40
	5
	15


	

Table 4: Air Pollutants Inhalation in Bonny Island during the Wet Season

	Period, day
	Parameters (µg/m3)

	
	CO
	NOX
	O3
	SO2
	PM2.5
	PM10

	Day 1
	1.09E-07
	2.62E-09
	4.76E-09
	7.14E-10
	1.04E-06
	1.15E-06

	Day 2
	1.21E-07
	3.10E-09
	4.76E-09
	9.52E-10
	1.30E-06
	1.38E-06

	Day 3
	1.41E-07
	1.43E-09
	4.52E-09
	7.14E-10
	4.42E-06
	4.70E-06

	Day 4
	1.21E-07
	1.19E-09
	6.43E-09
	7.14E-10
	7.33E-07
	7.95E-07

	Day 5
	1.53E-07
	1.43E-09
	2.86E-09
	4.76E-10
	4.14E-06
	4.36E-06

	Day 6
	1.25E-07
	9.52E-10
	4.29E-09
	4.76E-10
	2.67E-06
	2.83E-06

	Day 7
	1.36E-07
	1.19E-09
	4.05E-09
	7.14E-10
	1.52E-06
	1.62E-06

	Day 8
	1.82E-07
	7.14E-10
	3.81E-09
	4.76E-10
	2.88E-06
	3.04E-06

	Day 9
	1.29E-07
	1.19E-09
	6.43E-09
	4.76E-10
	1.19E-06
	1.26E-06

	Day 10
	1.42E-07
	1.43E-09
	4.53E-09
	9.52E-10
	2.80E-06
	2.95E-06

	Day 11
	1.95E-07
	7.14E-10
	2.62E-09
	7.14E-10
	9.12E-06
	9.60E-06

	Day 12
	1.42E-07
	1.90E-09
	3.81E-09
	4.76E-10
	1.94E-06
	2.00E-06

	Day 13
	1.83E-07
	1.19E-09
	2.86E-09
	7.14E-10
	3.94E-06
	4.13E-06

	Day 14
	1.55E-07
	4.76E-10
	2.86E-09
	7.14E-10
	4.91E-06
	5.20E-06

	Day 15
	1.35E-07
	1.67E-09
	4.05E-09
	4.76E-10
	1.40E-06
	1.47E-06

	Day 16
	1.25E-07
	7.14E-10
	5.71E-09
	4.76E-10
	1.39E-06
	1.46E-06

	Day 17
	1.24E-07
	4.76E-10
	4.05E-09
	4.76E-10
	2.29E-06
	2.40E-06

	Day 18
	1.26E-07
	7.14E-10
	4.76E-09
	4.76E-10
	2.19E-06
	2.32E-06

	Day 19
	1.80E-07
	9.52E-10
	4.29E-09
	9.52E-10
	2.82E-06
	2.93E-06

	Day 20
	1.43E-07
	1.19E-09
	6.43E-09
	4.76E-10
	2.66E-06
	2.74E-06

	WHO
	0.004
	10
	60
	40
	5
	15






3.3 Risk Assessment 
3.3.1. Carbon Monoxide (Co) 
Fig 8 shows the calculated risk of CO substance inhalation in breathing Bonny Island air during the dry and wet seasons. The CO air pollutant risk calculated is probably less harmful to humans in the studied area (Tables 5 and 6). CO was detected on all sampling days in the studied location during the experimental periods (dry and wet seasons). The calculated daily inhalations of CO were below the USEPA acceptable risk of 1 x 10-6 in all the studied days of the sampling location during dry and wet seasons. The results of the risk calculated for humans during both dry and wet seasons indicate that humans using this air for inhalation may not be prone to lung diseases. 

Figure 8: Risk of Inhalation of CO in Bonny Atmosphere

3.3.2. Nitrogen Oxide (NOx).
The calculated risk from inhaling NOx chemicals while breathing in the Bonny Island environment is shown in Fig 9 for both the dry and wet seasons. No risks of being probably harmful have been assessed and are listed in Tables 5 and 6. NOx was found on every sampling day in the sampling position of the location.
NOx calculated daily intakes while breathing in air from the environment were significantly lower than the USEPA tolerable risk of 1.0 x 10-6 in all the days of the sampling area during dry and wet seasons. This suggests that people who use these environs aim for breathing may not be at risk of developing illness through inhalation while breathing air in the Bonny Island environment.













Figure 9: Risk of Inhalation of NOx in Bonny Atmosphere

3.3.3 Ozone (O3)
The calculated risk from inhaling O3 chemicals while breathing in the Bonny Island environment is shown in Fig 10 for both the dry and wet seasons. No risks of being probably harmful have been assessed and are listed in Tables 5 and 6. O3 was found on every sampling day in the sampling position of the location.
O3 calculated daily intakes while breathing in air from the environment were significantly lower than the USEPA tolerable risk of 1.0 x 10-6 in all the days of the sampling area during dry and wet seasons. This suggests that people who use these environs aim for breathing may not be at risk of developing illness through inhalation while breathing air in the Bonny Island environment. 













Figure 10: Risk of Inhalation of O3 in Bonny Atmosphere

3.3.4 Sulphur Dioxide (SO2) 
The calculated risk from inhaling SO2 chemicals while breathing in the Bonny Island environment is shown in Fig 11 for both the dry and wet seasons. No risks of being probably harmful have been assessed and are listed in Tables 5 and 6. SO2 was found on every sampling day in the sampling position of the location.
SO2 calculated daily intakes while breathing in air from the environment were significantly lower than the USEPA tolerable risk of 1.0 x 10-6 in all the days of the sampling area during dry and wet seasons. This suggests that people who use these environs aim for breathing may not be at risk of developing illness through inhalation while breathing air in the Bonny Island environment.

Figure 11: Risk of Inhalation of SO2 in Bonny Atmosphere

3.3.5 Particulate Matter   2.5Ʋm (PM2.5)
The calculated risk from inhaling PM2.5 chemicals while breathing in the Bonny Island environment is shown in Fig 12 for both the dry and wet seasons. No risks of being probably harmful have been assessed and are listed in Tables 5 and 6. PM2.5 was found on every sampling day in the sampling position of the location.
PM2.5 calculated daily intakes while breathing in air from the environment were significantly lower than the USEPA tolerable risk of 1.0 x 10-6 in all the days of the sampling area during dry and wet seasons. This suggests that people who use the air for breathing may not be at risk of developing illness through inhalation while breathing air in the Bonny Island environment.

Figure 12: Risk of Inhalation of PM2.5 in Bonny Atmosphere


3.3.6 Particulate Matter  10Ʋm (PM10)
The calculated risk from inhaling PM10 chemicals while breathing in the Bonny Island environment is shown in Fig 13 for both the dry and wet seasons. No risks of being probably harmful have been assessed and are listed in Tables 5 and 6. PM10 was found on every sampling day in the sampling position of the location.
PM10 calculated daily intakes while breathing in air from the environment were significantly lower than the USEPA tolerable risk of 1.0 x 10-6 in all the days of the sampling area during dry and wet seasons. This suggests that people who use these environs aim for breathing may not be at risk of developing illness through inhalation while breathing air in the Bonny Island environment.

Figure 13: Risk of Inhalation of PM10 in Bonny Atmosphere



Table 5: Risk of Inhalation of Air Pollutants in Bonny Island during Dry Season

	Period, day
	Parameters

	
	CO
	NOX
	O3
	SO2
	PM2.5
	PM10

	Day 1
	7.40E-14
	1.90E-15
	3.33E-15
	4.76E-16
	6.40E-12
	7.23E-12

	Day 2
	1.18E-13
	2.62E-15
	2.62E-15
	7.14E-16
	1.03E-11
	1.12E-11

	Day 3
	3.38E-14
	2.62E-15
	4.52E-15
	4.76E-16
	3.17E-12
	3.53E-12

	Day 4
	3.88E-14
	3.10E-15
	5.24E-15
	4.76E-16
	2.03E-12
	2.39E-12

	Day 5
	7.19E-14
	2.14E-15
	5.48E-15
	4.76E-16
	2.40E-12
	2.60E-12

	Day 6
	1.43E-13
	1.90E-15
	2.14E-15
	7.14E-16
	8.10E-12
	8.72E-12

	Day 7
	1.30E-13
	2.62E-15
	2.62E-15
	4.76E-16
	8.29E-12
	8.97E-12

	Day 8
	1.69E-13
	1.19E-15
	4.05E-15
	4.76E-16
	5.75E-12
	6.10E-12

	Day 9
	1.29E-13
	1.43E-15
	4.52E-15
	4.76E-16
	3.21E-12
	3.49E-12

	Day 10
	1.40E-13
	1.90E-15
	4.52E-15
	7.14E-16
	4.62E-12
	4.96E-12

	Day 11
	9.50E-14
	1.67E-15
	5.00E-15
	9.52E-16
	2.00E-12
	2.15E-12

	Day 12
	6.24E-14
	1.67E-15
	3.81E-15
	4.76E-16
	2.30E-12
	2.50E-12

	Day 13
	5.95E-14
	2.38E-15
	4.76E-15
	4.76E-16
	1.49E-12
	1.63E-12

	Day 14
	5.98E-14
	1.67E-15
	5.24E-15
	4.76E-16
	2.42E-12
	2.60E-12

	Day 15
	7.14E-14
	1.43E-15
	5.48E-15
	4.76E-16
	2.64E-12
	2.84E-12

	Day 16
	6.40E-14
	1.90E-15
	3.57E-15
	7.14E-16
	3.99E-12
	4.35E-12

	Day 17
	7.26E-14
	9.52E-16
	3.81E-15
	4.76E-16
	1.66E-12
	1.90E-12

	Day 18
	9.33E-14
	1.43E-15
	2.62E-15
	4.76E-16
	6.10E-12
	6.68E-12

	Day 19
	5.48E-14
	1.43E-15
	3.57E-15
	4.76E-16
	1.31E-12
	1.50E-12

	Day 20
	2.31E-15
	1.26E-16
	1.72E-16
	2.29E-17
	6.64E-14
	7.75E-14



Table 6: Risk of Inhalation Air Pollutants in Bonny Island during Wet Season
	Period, day
	Parameters

	
	CO
	NOX
	O3
	SO2
	PM2.5
	PM10

	Day 1
	1.09E-13
	2.62E-15
	4.76E-15
	7.14E-16
	1.04E-12
	1.15E-12

	Day 2
	1.21E-13
	3.10E-15
	4.76E-15
	9.52E-16
	1.30E-12
	1.38E-12

	Day 3
	1.41E-13
	1.43E-15
	4.52E-15
	7.14E-16
	4.42E-12
	4.70E-12

	Day 4
	1.21E-13
	1.19E-15
	6.43E-15
	7.14E-16
	7.33E-13
	7.95E-13

	Day 5
	1.53E-13
	1.43E-15
	2.86E-15
	4.76E-16
	4.14E-12
	4.36E-12

	Day 6
	1.25E-13
	9.52E-16
	4.29E-15
	4.76E-16
	2.67E-12
	2.83E-12

	Day 7
	1.36E-13
	1.19E-15
	4.05E-15
	7.14E-16
	1.52E-12
	1.62E-12

	Day 8
	1.82E-13
	7.14E-16
	3.81E-15
	4.76E-16
	2.88E-12
	3.04E-12

	Day 9
	1.29E-13
	1.19E-15
	6.43E-15
	4.76E-16
	1.19E-12
	1.26E-12

	Day 10
	1.42E-13
	1.43E-15
	4.53E-15
	9.52E-16
	2.80E-12
	2.95E-12

	Day 11
	1.95E-13
	7.14E-16
	2.62E-15
	7.14E-16
	9.12E-12
	9.60E-12

	Day 12
	1.42E-13
	1.90E-15
	3.81E-15
	4.76E-16
	1.94E-12
	2.00E-12

	Day 13
	1.83E-13
	1.19E-15
	2.86E-15
	7.14E-16
	3.94E-12
	4.13E-12

	Day 14
	1.55E-13
	4.76E-16
	2.86E-15
	7.14E-16
	4.91E-12
	5.20E-12

	Day 15
	1.35E-13
	1.67E-15
	4.05E-15
	4.76E-16
	1.40E-12
	1.47E-12

	Day 16
	1.25E-13
	7.14E-16
	5.71E-15
	4.76E-16
	1.39E-12
	1.46E-12

	Day 17
	1.24E-13
	4.76E-16
	4.05E-15
	4.76E-16
	2.29E-12
	2.40E-12

	Day 18
	1.26E-13
	7.14E-16
	4.76E-15
	4.76E-16
	2.19E-12
	2.32E-12

	Day 19
	1.80E-13
	9.52E-16
	4.29E-15
	9.52E-16
	2.82E-12
	2.93E-12

	Day 20
	6.88E-15
	5.72E-17
	3.09E-16
	2.29E-17
	1.28E-13
	1.32E-13






















4.  Conclusion and Recommendation
4.1 Conclusion: The exposure quantification of CO, NOX, O3, SO2, PM2.5, and PM10for inhalation air indicated that CO, NOX, O3, SO2, PM2.5, and PM10in the air sample were ranging from 9.50E-08 to 1.09E-07, 9.52E-10 to 1.19E-09, 5.48E-09 to 2.62E-09, 9.52E-10 to 4.76E-10, 6.40E-06 to 1.03E-05, and 8.97E-07 to 1.12E-05 µg/m3  during dry and wet seasons. These results were far below the annual threshold of 0.004, 10, 60, 40, 5, and 15 µg/m3 as recommended by the World Health Organisation. In addition, the calculated risk of inhalation of CO, NOX, O3, SO2, PM2.5, and PM10ranging from 6.88E-15 to 1.18E-13, 5.72E-17 to 1.19E-15, 3.09E-16 to 2.14E-15, 2.97E-17 to 4.76E-16, 6.64E-14 to 1.03E-11, and 7.75E-14 to 1.12E-11, were far above the USEPA acceptable risk of 1X10-6 in the study location for the 20 days during dry and wet seasons. 

4.2 Recommendation: Further research should be carried out on the effects of air dispersion on particulate matter and gaseous pollutants.
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PM2.5 Exposure Assessment



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	6.4023783914285792E-6	1.0345233957142859E-5	3.1666654000000012E-6	2.0285706171428589E-6	2.4047609428571455E-6	8.0952348571428679E-6	8.2857109714285752E-6	5.7476167485714322E-6	3.2119034771428596E-6	4.6190457714285735E-6	1.9952372971428585E-6	2.2999990800000022E-6	1.4880946428571434E-6	2.4238085542857155E-6	2.6428560857142855E-6	3.990474594285717E-6	1.6571421942857164E-6	6.0976166085714313E-6	1.3071423342857158E-6	1.38095182857143E-6	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	1.0400000000000008E-6	1.3000000000000009E-6	4.4200000000000034E-6	7.3300000000000054E-7	4.1400000000000019E-6	2.6700000000000015E-6	1.5200000000000009E-6	2.8800000000000016E-6	1.1900000000000011E-6	2.8000000000000016E-6	9.1200000000000042E-6	1.9400000000000018E-6	3.9400000000000038E-6	4.9100000000000038E-6	1.4000000000000004E-6	1.3900000000000013E-6	2.2900000000000018E-6	2.1900000000000011E-6	2.8200000000000018E-6	2.6600000000000021E-6	Period, day

PM2.5 Exposure Assessment



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	7.2261875857142916E-6	1.1249995500000003E-5	3.5333319200000024E-6	2.3857133314285729E-6	2.6023799114285736E-6	8.7166631800000048E-6	8.9690440314285802E-6	6.0976166085714313E-6	3.488093842857147E-6	4.9595218257142897E-6	2.1476181885714308E-6	2.4976180485714311E-6	1.628570777142858E-6	2.6047608628571462E-6	2.840475054285717E-6	4.354760162857146E-6	1.9023801914285737E-6	6.6761878057142904E-6	1.5047613028571433E-6	1.611904117142858E-6	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	1.1500000000000011E-6	1.3800000000000006E-6	4.7000000000000024E-6	7.9500000000000054E-7	4.3600000000000015E-6	2.8300000000000009E-6	1.6200000000000008E-6	3.0400000000000018E-6	1.2600000000000009E-6	2.950000000000001E-6	9.6000000000000063E-6	2.0000000000000012E-6	4.130000000000002E-6	5.2000000000000036E-6	1.4700000000000005E-6	1.4600000000000008E-6	2.4000000000000012E-6	2.3200000000000007E-6	2.9300000000000016E-6	2.7400000000000026E-6	Period, day

PM10 Exposure Assessment



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	7.4047589428571554E-14	1.1809519085714308E-13	3.3809510285714354E-14	3.8809508285714358E-14	7.1904733142857259E-14	1.426189905714288E-13	1.2952375771428592E-13	1.6928564657142887E-13	1.2928566257142879E-13	1.4023803914285733E-13	9.4999962000000233E-14	6.2380927428571544E-14	5.9523785714285809E-14	5.9761880857142981E-14	7.1428542857142965E-14	6.4047593428571532E-14	7.2619018571428674E-14	9.3333296000000118E-14	5.476188285714297E-14	2.3131500769164746E-15	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	1.0900000000000013E-13	1.2100000000000017E-13	1.4100000000000021E-13	1.2100000000000017E-13	1.5300000000000023E-13	1.250000000000002E-13	1.3600000000000023E-13	1.8200000000000023E-13	1.2900000000000021E-13	1.420000000000002E-13	1.9500000000000031E-13	1.420000000000002E-13	1.8300000000000028E-13	1.5500000000000025E-13	1.3500000000000021E-13	1.250000000000002E-13	1.2400000000000018E-13	1.2600000000000014E-13	1.8000000000000022E-13	6.8776162965714399E-15	Period, day

CO Risk of Inhalation



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	1.9047611428571461E-15	2.6190465714285751E-15	2.6190465714285751E-15	3.0952368571428625E-15	2.1428562857142885E-15	1.9047611428571461E-15	2.6190465714285751E-15	1.1904757142857174E-15	1.4285708571428589E-15	1.9047611428571461E-15	1.666666000000003E-15	1.666666000000003E-15	2.3809514285714332E-15	1.666666000000003E-15	1.4285708571428589E-15	1.9047611428571461E-15	9.5238057142857326E-16	1.4285708571428589E-15	1.4285708571428589E-15	1.2596361804990692E-16	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.6200000000000051E-15	3.1000000000000054E-15	1.4300000000000023E-15	1.1900000000000026E-15	1.4300000000000023E-15	9.5200000000000186E-16	1.1900000000000026E-15	7.1400000000000125E-16	1.1900000000000026E-15	1.4300000000000023E-15	7.1400000000000125E-16	1.9000000000000037E-15	1.1900000000000026E-15	4.7600000000000063E-16	1.6700000000000027E-15	7.1400000000000125E-16	4.7600000000000063E-16	7.1400000000000125E-16	9.5200000000000186E-16	5.7233310440000103E-17	Period, day

NOX Risk of Inhalation



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	3.333332000000006E-15	2.6190465714285751E-15	4.5238077142857228E-15	5.2380931428571533E-15	5.4761882857142984E-15	2.1428562857142885E-15	2.6190465714285751E-15	4.0476174285714358E-15	4.5238077142857228E-15	4.5238077142857228E-15	4.9999980000000106E-15	3.8095222857142915E-15	4.7619028571428655E-15	5.2380931428571533E-15	5.4761882857142984E-15	3.5714271428571487E-15	3.8095222857142915E-15	2.6190465714285751E-15	3.5714271428571487E-15	1.71768570068055E-16	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	4.7600000000000079E-15	4.7600000000000079E-15	4.5200000000000064E-15	6.4300000000000118E-15	2.8600000000000039E-15	4.290000000000007E-15	4.0500000000000063E-15	3.8100000000000055E-15	6.4300000000000118E-15	4.530000000000007E-15	2.6200000000000051E-15	3.8100000000000055E-15	2.8600000000000039E-15	2.8600000000000039E-15	4.0500000000000063E-15	5.7100000000000103E-15	4.0500000000000063E-15	4.7600000000000079E-15	4.290000000000007E-15	3.0925225725142907E-16	Period, day

O3 Risk of Inhalation



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	4.7619028571428643E-16	7.1428542857142985E-16	4.7619028571428643E-16	4.7619028571428643E-16	4.7619028571428643E-16	7.1428542857142985E-16	4.7619028571428643E-16	4.7619028571428643E-16	4.7619028571428643E-16	7.1428542857142985E-16	9.5238057142857326E-16	4.7619028571428643E-16	4.7619028571428643E-16	4.7619028571428643E-16	4.7619028571428643E-16	7.1428542857142985E-16	4.7619028571428643E-16	4.7619028571428643E-16	4.7619028571428643E-16	2.2902476009074013E-17	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	7.1400000000000125E-16	9.5200000000000186E-16	7.1400000000000125E-16	7.1400000000000125E-16	4.7600000000000063E-16	4.7600000000000063E-16	7.1400000000000125E-16	4.7600000000000063E-16	4.7600000000000063E-16	9.5200000000000186E-16	7.1400000000000125E-16	4.7600000000000063E-16	7.1400000000000125E-16	7.1400000000000125E-16	4.7600000000000063E-16	4.7600000000000063E-16	4.7600000000000063E-16	4.7600000000000063E-16	9.5200000000000186E-16	2.289332417600005E-17	Period, day

SO2 Risk of Inhalation



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	6.4023783914285832E-12	1.0345233957142865E-11	3.1666654000000033E-12	2.0285706171428606E-12	2.4047609428571469E-12	8.095234857142873E-12	8.2857109714285811E-12	5.7476167485714359E-12	3.2119034771428615E-12	4.6190457714285776E-12	1.9952372971428599E-12	2.2999990800000036E-12	1.4880946428571444E-12	2.4238085542857168E-12	2.6428560857142876E-12	3.9904745942857199E-12	1.6571421942857174E-12	6.0976166085714338E-12	1.3071423342857162E-12	6.6417180426314594E-14	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	1.0400000000000016E-12	1.3000000000000013E-12	4.4200000000000058E-12	7.3300000000000112E-13	4.1400000000000046E-12	2.6700000000000034E-12	1.5200000000000022E-12	2.8800000000000031E-12	1.190000000000002E-12	2.8000000000000034E-12	9.1200000000000145E-12	1.9400000000000026E-12	3.9400000000000054E-12	4.9100000000000063E-12	1.4000000000000015E-12	1.3900000000000015E-12	2.2900000000000034E-12	2.1900000000000026E-12	2.8200000000000033E-12	1.279332821600002E-13	Period, day

PM2.4 Risk of Inhalation



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	7.2261875857142953E-12	1.124999550000001E-11	3.5333319200000039E-12	2.3857133314285749E-12	2.6023799114285749E-12	8.7166631800000083E-12	8.9690440314285882E-12	6.0976166085714338E-12	3.4880938428571497E-12	4.9595218257142916E-12	2.1476181885714318E-12	2.4976180485714329E-12	1.6285707771428591E-12	2.6047608628571481E-12	2.8404750542857185E-12	4.354760162857149E-12	1.9023801914285751E-12	6.6761878057142949E-12	1.5047613028571445E-12	7.7524881290715469E-14	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	1.1500000000000016E-12	1.3800000000000018E-12	4.7000000000000054E-12	7.9500000000000126E-13	4.360000000000004E-12	2.8300000000000027E-12	1.6200000000000026E-12	3.0400000000000044E-12	1.2600000000000013E-12	2.9500000000000034E-12	9.6000000000000124E-12	2.0000000000000024E-12	4.1300000000000052E-12	5.2000000000000061E-12	1.4700000000000016E-12	1.4600000000000015E-12	2.4000000000000023E-12	2.3200000000000022E-12	2.9300000000000035E-12	1.3178089966857165E-13	Period, day

PM10 Risk of Inhalation



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	7.404758942857152E-8	1.1809519085714301E-7	3.380951028571433E-8	3.8809508285714335E-8	7.1904733142857207E-8	1.4261899057142871E-7	1.2952375771428587E-7	1.6928564657142877E-7	1.2928566257142868E-7	1.4023803914285724E-7	9.4999962000000144E-8	6.2380927428571508E-8	5.952378571428577E-8	5.9761880857142951E-8	7.1428542857142924E-8	6.4047593428571498E-8	7.2619018571428645E-8	9.3333296000000061E-8	5.4761882857142934E-8	4.8095218857142919E-8	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	1.0900000000000012E-7	1.2100000000000012E-7	1.4100000000000011E-7	1.2100000000000012E-7	1.5300000000000014E-7	1.2500000000000007E-7	1.3600000000000016E-7	1.8200000000000012E-7	1.2900000000000011E-7	1.4200000000000008E-7	1.9500000000000017E-7	1.4200000000000008E-7	1.8300000000000017E-7	1.5500000000000016E-7	1.3500000000000016E-7	1.2500000000000007E-7	1.240000000000001E-7	1.2600000000000007E-7	1.8000000000000018E-7	1.4300000000000013E-7	Period, day

CO Exposure Assessment



Dry Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	1.9047611428571448E-9	2.6190465714285738E-9	2.6190465714285738E-9	3.0952368571428609E-9	2.1428562857142871E-9	1.9047611428571448E-9	2.6190465714285738E-9	1.1904757142857161E-9	1.4285708571428585E-9	1.9047611428571448E-9	1.6666660000000016E-9	1.6666660000000016E-9	2.3809514285714315E-9	1.6666660000000016E-9	1.4285708571428585E-9	1.9047611428571448E-9	9.5238057142857259E-10	1.4285708571428585E-9	1.4285708571428585E-9	2.6190465714285738E-9	Wet Season	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.6200000000000029E-9	3.1000000000000034E-9	1.4300000000000013E-9	1.1900000000000017E-9	1.4300000000000013E-9	9.5200000000000085E-10	1.1900000000000017E-9	7.1400000000000064E-10	1.1900000000000017E-9	1.4300000000000013E-9	7.1400000000000064E-10	1.9000000000000021E-9	1.1900000000000017E-9	4.7600000000000042E-10	1.6700000000000021E-9	7.1400000000000064E-10	4.7600000000000042E-10	7.1400000000000064E-10	9.5200000000000085E-10	1.1900000000000017E-9	Period, day

NOX Exposure Assessment
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