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Abstract: According to studies, indoor air quality is a major concern because of the health risks it poses. In
Nigeria, little is done to improve indoor air quality and the toxicity potentials (TP) of PM2s5 and PMio. We as-
sessed the levels of PMzs, PMio, the PM25PMuo ratio, and the toxicity potential of a commercial area in Akure,
Ondo State, Nigeria, in this study. For the three-month assessment of the study area (March to May 2022), a low-
cost sensor (Canaree Al) was used. The results depict the following: 73.23+53.94 ug/m?® (PMzs), 68.58+50.64
ug/m?3 (PMio), 0.93+0.02 (PM25/PMio ratio), and toxicity potentials (PMzs - 2.74+0.04 and PMio - 1.47+0.02). Both
PM values exceed the WHO standard limits. The PM values differ significantly. The average ratio value indicates
that anthropogenic activities in the area contribute significantly to the high PM:s levels. It should be noted that
TP greater than 1 indicates a potential health risk. The TP values obtained in this study are greater than one,
indicating that the environment may be harmful to the vulnerable. Based on these findings, efforts should be

directed toward continuous monitoring of this study area and Akure as a whole.
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1. Introduction

In general, neither developing nor developed countries take the effects of air pollu-
tion for granted. Attempts are being made to reduce or entirely eliminate it. Pollutant
gases (O3, NO2, SOz, and CO) and particulate matter (PM - PM1o and PM:2s) are the main
culprits of air pollution. The size of particles in PM is directly related to their likelihood
of triggering health problems [1] Small particles less than 10 micrometers in diameter
cause the most issues because they can penetrate deep into lungs and, in some cases, enter
into bloodstream. Exposure to such particles can harm the lungs as well as the heart. Var-
ious studies have shown particle pollution exposure to a variety of problems, including:
premature death in people with heart or lung disease, nonfatal heart attacks, irregular
heartbeat, aggravated asthma, decreased lung function, and increased respiratory symp-
toms such as airway irritation, coughing, or difficulty breathing. Particle pollution expo-
sure is most likely to affect vulnerable people (the sick, children, and the elderly).
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Researchers have discovered that human activity is a major source of heavy metals
and fine particulate matter contaminants in the air [2-4]. Industrial activities in both
developed and developing nations are documented to contribute significantly to human
induced air pollution, with particulate matter and gaseous pollutants being produced at
mostly undesirable levels. Heavy metal air pollution is a worldwide issue because most
metals are inextinguishable and can endanger human health, plants, animals, ecosystems,
or other media [4]. The studies on pollutant toxicity potential have been motivated by
growing human health concerns about PM inhalation [3]. Particulate matter toxicities are
known to pose serious health risks, and a calculated toxicity potential value that exceeds
unity when using the threshold limits is concerning. The objective of this study was to
assess the levels of PM2s, PMiy, the PM25PMio ratio, and the toxicity potential of a

commercial area in Akure, Ondo State, Nigeria.

2. Materials and Methods

Akure is the capital city of Nigeria's Ondo state. Every year, the city experiences dry
(November to March) and wet (April to October) seasons. The dry season (harmattan) is
typically cold (9-16 °C), with dusty northeasterly trade winds from the Sahara desert trans-
porting large amounts of dust for several days. The season is typically distinguished by
high solar radiation and clear skies, moderate air temperatures, and no precipitation. Be-
tween April and mid-October, southwesterly winds from the Atlantic Ocean predomi-
nate. The research was carried out at the Federal College of Agriculture, Akure, REC cam-
pus commercial area (5 14 23.94 E 7 5 49.34 N). There are motorcycle mechanic, shoe mak-
ing workshops, as well as a commercial shop (typing, book binding, etc.). A lot of gener-
ator usage occurs in these places. A low-cost Canaree Al sensor an Intelligent Particle
Sensor was used for the three-month monitoring (March to May 2022) of PMio and PM:s
in the study for 6 h each day. The manufacturer's standard protocols were strictly fol-
lowed. The generated data was statistically manipulated using Minitab and Excel 2013
software, producing basic summary reports and a bar chart, respectively.

2.1. Toxicity Potential

Toxicity potential (TP), is the ratio of evaluated ambient PM mass to the standard
limit of ambient concentration [5]. It is useful in determining the harmful effects of pollu-
tants on human health. It was calculated using Eqn (1), taking into account the World
Health Organization 2021 Guidelines for PMi and PM2s ambient air quality standards:
PMuio (24h - 45 pg/m? and Annual - 15 pg/m?) PMas (24h - 5 ug/m? and Annual - 5 pug/m?)
[6].

Toxicity Potential = % 1)

where: MPM is the measured particulate matter and SPM is the guideline limit set for
PMio and PMz2s

3. Results and Discussion



Environ. Sci. Proc. 2022, 4, x

3 of4

Summary Report for

280 =50 4320
L I *
95% Confidence Intervals
Mean e
Median | ]
55 S0 55 70 75

Summary Report for PM2.5

PM10 (ng/m3 )

Anderson-Darling Mormality Test

A-Squared
P-value

Mean
StDew
Wariance
Skewness
Kurtosis

|
PR
Ist Quartile
redian

3rd Quartile
Maxirmurm

95% Confidence Interval for Mean

70.984

95% Confidence Interval for Median

57.187

a5% Confidence Interval for StDew

52.394

(ng/m3)

Anderson-Darling Normality Test

A-Sguared
P-Value

Mean
StDew
Variance
Skewness
Kurtosis

N
Minimum
Ist Quartile
mMedian

3rd Quartile
MA@

95% Confidence Interval for Mean

B66.471

95% Confidence Interval for Median

53.563

95% Confidence Interval for StDew

492,186

Anderson-Darling Normality Test

A-sSqguared
P-value

Mean
StDew
Variance
Skewness
Kurtosis

r
ML
st CQuartile
mMedian

3rd Quartile
M @i Ly

95% Confidence Interval for Mean

0.93262

95% Confidence Interval for Median

0.92553

952 Confidence Interval for StDew

0.014632

250 azo
* *
9526 Confidence Intervals
Mean —— —
o |
550 575 s0.0 825 S50 575 OO0 Tz 5
Summary Report for Pm2.5/Pm10Ratio
0525 Q.500 0575 0.750 0825
- e
952 Confidence Intervals
F=an |
Median | | — e |

0933 0934

[=E=E )

093s

o937

64.92
=0.005

T3.234
53.939
2909.414
1.20262
2.39927
2210

1.263
32.858
58.610
102955
459.799

75.484

60.501

55.578

65.45
= 0.005

68.583
50.636

2564.037

1.26819
204574
2210

1.263
30.772
54.698
96.241
419,126

F0.695

56.567

52175

112.49
=0.005

0.93325
0.01506
Q.00022
-12.456
341.266
2210

049067
0.92852
0.93603
0.94104
100000

0.93388

0.926632

001552

Figure 1: The Summary Report of PMio, PMz25, and Their Ratios.
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Figure 2: The PMioand PMzs Toxicity Potentials.

Figure 1 depicts the summary reports for PMio, PM25, and their respective ratios. The recorded
PM:25 and PMuo levels for the study periods ranged from 1.26 to 469.80 ug/m3, PM:zs - 1.26 to
419.13 pg/m?, and their ratios were observed as 0.49 and 1.00. It should be noted that the WHO
2021 guidelines assert that annual average PM25 and PMio concentrations must not exceed 5
and 15 pg/m3, in both, while 24-h average risks must not surpass 15 and 45 pg/m?, respectively.
The majority of the 24-h PMio and PM:s values in the commercial area were discovered to be
greater than the WHO recommendations in this study. Figure 1 depicts the summary reports
for PMio, PM25, and their respective ratios. The high Particulate matter levels are expected due
to the many anthropogenic activities within the study area, including the use of perfumes by
people (customers and shop owners) within the surroundings, generator fume, and the
center's proximity to a high traffic location, vehicular movements on the airport road. During
this time, there were also many land preparations for the start of the new planting season.

There was a lot of bush burning and soil dust movement. Long-distance transport from nearby

Table 1: Comparison of the results of our study with previous ones in Nigeria and Other coun-
tries.

. Toxicity
3 3
S/N Location PMuo (ug/m?) PM:s (ug/m?)  PMzs/PMio Potential References
FECA, Akure, PMio-1.47 .
1. Nigeria 73.23+53.94  68.58+50.64 0.93+0.02 PMas 74 This Study
Lo PMuo: 0.45-1.14
2. Kano, Nigeria  22.70-57.00 11.71-25.30 - PMas: 0.45-1.08 Ayua et al. [7]
3 Chelyab.msk, 6 and 64 5 to 56 0.85 ) Krupnova et
Russia al. [8]
Helsinki and Adaes and
- 0.30-0.80 -
Stockholm Pires [9]
Average (0.41 =
. . 40.09 0.22 (Spring) — Zhang et al.
5. Tianjin, China to 746 13.03 to 309 043 +0.19 - [10]
(winter),
6. China mainland 74.37-85.13  38.08-48.63 0.54-0.57 - Fanetal, [11]
Omu-Aran, PMio: 0.13 - Fakinle et al.

32 -47352 11.42-32.4 -
Nigeria 59:3 35 3240 0.36, [12]
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References

PM2s: 0.33 —
2.64
43.0+1.0 to
. 91.0+5.0 (day)
Idlrﬁfo Road, - 42.042.0 toy . PMas: 1.36-3.64 Oghfml’;’o et
1geria 53.0+3.0 al [13]
(evening)

forest fires could have also contributed to mass concentrations during this time pe-
riod. Table 1 compares our findings to previous research in Nigeria and other countries.
Figure 1 depicts the summary reports for PMio, PM2s, and their respective ratios. The av-
erage PMas/PMio ratios in other countries were consistent to our studies, which range from
0.3 to 0.85 in the winter, spring, and summer seasons. The consistency could be explained
by the fact that traffic-related sources are dominated by particle emissions and the con-
stituents of PMz5 and PMuo.

Figure 2 depicts the mean values of PMio and PM25 Toxicity Potentials (1.47 and (1.47
and 2.74). Our results were similar to those of Fakinle et al. [12] - PM2s: 0.13 - 0.36, and
PMio: 0.33 - 2.64 - but Oghenovo et al. [13] obtained a higher maximum level (3.64). The
similarities in TP results revealed that the sources of particulate matter may not differ
between locations. A TP value greater than one indicates that PMio and PM2s with a loca-
tion pose a risk to people in the area. Several epidemiologic studies and toxicity research
studies have found that a variety of chemical components and sources can have a negative
impact on people's health. It is crucial to mention that the area surrounding this study is
healthy, but good tracking of the environment in terms of PM should be done on a regular
basis.

4. Conclusion

The PM25, PMi1o, PM25/PMio ratio, and TP of a commercial area in Akure, Ondo State,
Nigeria were measured for three months using a Canaree Al low-cost sensor. The find-
ings revealed that the WHO 2021 guidelines were exceeded. The PM25/PMio ratios re-
vealed that the presence of PM could be attributed to fumes from the generator and vehi-
cles in the study area. A TP greater than one is a health concern, especially for the vulner-
able (the sick, children, and the elderly). Constant monitoring is advised.
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