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Abstract: This work was aimed at taking measures of ozone concentration during day and night times in Port Harcourt. To this
end, we employed a smart unmanned aerial vehicle (UAV) that we had previously designed and constructed to take measures of
atmospheric zone concentration in mg/m?®. We collected data, in 5-minutes intervals, at noon for 245 minutes within 1pm-3:45pm
and at night for 180minutes within 8pm-10pm on the 18/11/2022 on our pilot launch. The data collected was determined by how
long our device battery could last on the pilot launch. Our results from the day time measures of ozone concentration showed that
the concentration of ozone was quite stable, remaining between 0.1 and 0.2 mg/m? the whole period while the night time observation
shows a natural rise in ozone levels throughout this time period, with concentrations ranging from 0.03 to 0.06 mg/m?2. This shows
that the ozone concentration was higher during the night time, which could be attributed to Port Harcourt being an urban area and
the weather condition in Port Harcourt during the period of this study.
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|. Introduction

The ozone (Os) is a naturally occurring gas that can be found in the stratosphere, which is 10 to 50 kilometers above the surface
of the planet [1, 2]. By absorbing and blocking damaging ultraviolet (UV) light from the sun, the ozone layer is a key factor in
controlling the climate and weather on Earth [3-5].

Relative to Temperature Regulation, the ozone layer acts as a protective shield that absorbs the incoming UV radiation from the
sun, which causes a temperature rise in the stratosphere [6]. This absorbed energy is then re-emitted as heat, warming the
stratosphere and resulting in a temperature inversion. This inversion layer inhibits the mixing of colder air below with warmer air
above, thereby regulating the temperature of the troposphere, the lower stratum of the atmosphere where meteorological phenomena
occur [7, 8]. Without the ozone layer, the troposphere would substantially cool, resulting in a variety of climatic changes, such as
alterations in temperature, wind patterns, and precipitation [9].

The ozone layer also plays a significant influence in the patterns of atmospheric circulation on Earth [10, 11]. The ozone layer
absorbs ultraviolet radiation from the sun, which warms the stratosphere and generates a temperature gradient between the equator
and the poles. The Hadley, Ferrel, and Polar cells, which control the distribution of heat and precipitation across the Earth's surface,
as described by Qian et. al. [12], are driven by this temperature gradient [13]. Monsoons, hurricanes, and cyclones are caused by
these circulation patterns [14, 15].

The ozone layer has a substantial effect on weather extremes such as droughts, heatwaves, and extreme precipitation events [16,
17]. Changes in the ozone layer can alter atmospheric circulation patterns, resulting in alterations in temperature and precipitation
patterns, which can cause these extreme weather events. For instance, a decrease in ozone levels over the polar regions can result
in the formation of the ozone hole, which can contribute to changes in the location of the polar jet stream. According to Turner et.
al. [18], this change can alter the distribution of warm and frigid air masses, which can result in extreme weather events.

The ozone layer regulates the atmospheric variables on Earth. Without the protective shield of the ozone layer, the climate and
weather patterns on Earth would endure significant changes, resulting in extreme weather events and climate change. It is crucial
to continue monitoring and protecting the ozone layer in order to maintain the climate and weather patterns of our planet.

Nigeria research institution have been distressed over the year with lack of scientific data for research. Worst still, research and
even government institution rely on foreign data source to carry out researches in our institution. Result from such efforts do not
bring commensurable development impact on our nation. There is need to urgently generate research data from our terrain and
make such affordable and accessible to users to foster national development.

This work is therefore geared towards acquiring measures of the concentration of the ozone (Os) in areas of Port Harcourt
metropolis employing the smart unmanned aerial vehicle (UAV) designed by Esaenwi et. al. [19].
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1. Material and Method

Having successfully set up the circuits for both the drone and the control pad as designed by Esaenwi et. al. [19], we inserted an
eternal memory in the SD card module before launch. When we powered the circuit, the MQ131 sensor automatically turns on and
starts collecting air sample from the surrounding and ready for analysis. These analyses are not dependent on the flight of the Drone.
The computer program on the drone, as described by Esaenwi et. al. [19], dictated that the MQ131 sensor takes the average of the
surrounding Ozone and logs them into the memory card through the SD card module and stores the numeric at 5 minutes interval
in parts per million (ppm), parts per billion (ppb), milligram per meter cube (mg/m?), and nanogram per meter cube (ug/m?).

After flying the drone for about 3 hours for day and night time data collection on the 18" of November 2022, with the time for
data collection dependent on how long the device battery could last on the pilot launch, we landed the drone and extracted the data
from the SD card. The data was then used to obtain day and night time plots of ozone concentration against time.

I11. Result and Discussion
A. Result

The ozone concentration data collected for day and night times are shown in Tables 1 and 2. These datasets have also been plotted
against time as shown in Figures 1 and 2.

Table 1: Measure of day time ozone concentration from 12noon to 3:45pm.

T'mSen:riﬁ;niii ?Sgln (ﬁiﬁftgg)m at Ozone (Os) concentration (mg/m?)

5 0.02
10 0.02
15 0.02
20 0.02
25 0.01
30 0.01
35 0.01
40 0.01
45 0.01
50 0.01
55 0.01
60 0.01
65 0.01
70 0.02
75 0.02
80 0.02
85 0.02
90 0.02
95 0.02
100 0.02
105 0.02
110 0.02
115 0.02
120 0.02
125 0.02
130 0.02
135 0.02
140 0.02
145 0.02
150 0.02
155 0.02
160 0.02
165 0.02
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Figure 1: Plot of day time (12noon — 3:45pm) ozone concentration against time.

Table 2: Measure of night time ozone concentration from 7pm to 10pm.

Ténnl?nf;?mezsg; :rc’)n ilr?uﬁ:;)at Ozone (O3) concentration (mg/m?®)
5 0.03
10 0.03
15 0.03
20 0.04
25 0.04
30 0.04
35 0.04
40 0.04
45 0.05
50 0.05
55 0.05
60 0.05
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Figure 2: Plot of night time (7pm — 10pm) ozone concentration against time

B. Discussion

We plotted a graph of ozone concentration (in milligram per meter cube, mg/m?) measured during day time (from 12 noon to
3:45pm) against a 5-minute interval time. The ozone concentration was fairly steady ranging between 0.1 — 0.2 mg/m? in this 245-

minute period.
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Similarly, a graph of ozone concentration (in milligram per meter cube, mg/m3) measured during 3 hours of night time (from 7pm
to 10pm) against a 5-minute interval time was also plotted. Our results from the night observation shows a spontaneous increase in
ozone during this period ranging between 0.03mg/m? - 0.06mg/m?

The concentration of ozone in the Earth's atmosphere is maintained by a delicate equilibrium between ozone production and
degradation [20, 21]. The formation of ozone in the atmosphere involves a series of complex chemical reactions, and the
mathematics underlying this process is founded on chemical kinetics principles. Photodissociation of molecular oxygen (0,) by
solar radiation (hd) is the primary source of ozone in the atmosphere.

0, + h9 - 20 @
The resulting atomic oxygen (O) can then combine with molecular oxygen to create ozone.
0+0,+M -5 0;+M 2

Where M represents a third entity, typically a nitrogen or oxygen molecule, that collides with the reacting species to facilitate
the reaction.

Therefore, the rate of ozone formation is dependent on the concentrations of atomic and molecular oxygen in the atmosphere as
well as the intensity of solar radiation. This process is also affected by the concentration of other reactive species in the atmosphere,
including nitrogen oxides (NOx) and volatile organic compounds (VOCs), which can contribute to the formation of secondary
pollutants.

However, ozone is also continuously annihilated by a number of natural and anthropogenic processes, including reactions with
other atmospheric molecules such as nitrogen oxides and chlorine compounds [22].

Due to the natural feedback mechanisms that regulate ozone production and destruction, the overall concentration of ozone in the
atmosphere has remained relatively stable despite these ongoing processes of production and destruction. For instance, when there
is an increase in ozone production due to an increase in UV radiation, the increased availability of reactive atmospheric molecules
leads to an increase in ozone degradation. In contrast, ozone degradation decreases when ozone production declines.

In addition, human actions, have resulted in the reduction of ozone-depleting substances, such as chlorofluorocarbons (CFCs),
which were largely responsible for past ozone depletion [23, 24]. This has contributed to the stabilization and even increase of
ozone concentrations in certain regions of the atmosphere.

Overall, the stability of ozone concentrations in the atmosphere is the result of a delicate equilibrium between natural and human
factors that regulate both the production and annihilation of ozone.

However, the average concentration of ozone is found to be greater during the day and lower throughout the night [25, 26]. This
is due to the fact that the primary factor that contributes to the creation of ozone is the absorption of ultraviolet (UV) radiation from
the sun, which is only present during the daytime. The absence of ultraviolet radiation causes a significant drop in the formation of
ozone, which in turn results in a lower concentration of ozone in the atmosphere.

On the other hand, depending on the circumstances, the ozone concentration may be higher at night in certain places [27, 28]. For
instance, during the course of the day in urban areas, the concentration of nitrogen oxides (NOx) might rise due to the combination
of increased traffic and increased industrial activity. The concentration of nitrogen oxides (NOXx) drops during the night since there
is less traffic and fewer industrial operations. Due to the fact that NOx is one of the key contributors to the depletion of ozone in
the atmosphere, this can result in an increase in the concentration of ozone.

In addition, particular patterns of weather can contribute to an increase in the concentration of ozone at night [29, 30]. For instance,
if there is a temperature inversion, which occurs when a layer of warm air rests on top of a layer of cool air, pollutants such as ozone
can become trapped close to the ground. This can result in a higher concentration of ozone at night, when there is less mixing of
the atmosphere and contaminants are more prone to concentrate as a result of this phenomenon.

Therefore, the condition in which the ozone concentration in our study area is higher during night time relative to its day time
measures could be due to the meteorological condition in the study area at the time and the fact that Port Harcourt is an urban area
with probably high levels of atmospheric pollutants.

IV. Conclusion

The study was aimed at taking measures of day and night time ozone concentration in parts of Port Harcourt, Rivers State, Nigeria.
The following conclusions were arrived at;

i. During the day time measurement of ozone concentration, the concentration of ozone remained rather consistent, hovering
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between 0.1 and 0.2 mg/m?,

The night time observation reveals a natural rise in ozone concentration levels throughout the observation period, with
concentrations ranging from 0.03 to 0.06 mg/m?,

There was an abnormally higher ozone concentration level during the night time relative to measures of ozone
concentration during day time.
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