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Abstract: The study aims to identify the fine particulate matter (PM2.5) hazard area, mitigation
method, and possible sustainable development in a changing global climate. The critical
environmental hazards are artificial light at night (ALAN) and air pollution with ambient PM2.5.
People use nighttime outdoor environments for their needs, and the nocturnally migrating birds are
attracted to urban ALAN during seasonal migration, which could increase the birds' exposure to
PM2.5. A comparative study examines PM2.5 concentrations and the spatial correlation between
ALAN and PM2.5 within urban versus rural areas. The author used the nighttime data of the
artificial light on the Earth's surface and the PM2.5 level of concentration to estimate the extent of
air pollution associated with PM2.5 in the ground-level atmosphere. The results can assist in
determining the required PM2.5 control areas and designing and executing environmental
conservation planning. Furthermore, the results of this study are not only beneficial to
understanding accurately the regional differences of spatiotemporal PM2.5 emission dynamics and
helpful for proposing alleviation policies in air pollution control and providing scientific support
for regional sustainable development in changing climate. The integrated hazards of ALAN and air
pollution are most significant and likely to increase within the urban and decrease within rural
areas. This study was undertaken by the first author and built upon the context of the academic,
scientific, and technological challenges to identify the PM2.5 concentration in urban and rural areas
and the expected outcomes.

Keywords: Fine particulate matter (PM2.5); air pollution; light pollution; environmental hazards;
climate change; sustainable development

1. Introduction

A significant condition of environmental pollution is ambient air pollution which derives
primarily from energy usage and the production of energy from the facilities [1]. The first author of
this article witnessed the higher number of motor vehicles in the urban environment as one of the
primary reasons for increased air pollution during the day. Air pollution harms human health and
well-being, "increasing mortality and shortening life expectancy" [2-4]. Likewise, air pollution
negatively affects other living bring in nature through various indirect and direct effects [5].
Therefore, reducing air pollution is essential for all living being. One type of air pollution that causes
the most significant health threat is ambient fine particulate matter (PM2.5) [6]. "The PM2.5
concentration guidelines established by the World Health Organization (WHO) for humans" [7] are
overreached within many regions in the world, particularly within India, China, and Southeast Asia
[8]. These countries and regions are encountering the most rapid gains in PM2.5 concentrations as
the population increases [8].
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PM2.5 can enter human and birds' respiratory and cardiovascular systems [9], impairing
pulmonary function [10]. Humans and birds in regions with high PM2.5 concentrations have superior
"particle retention in their lungs, resulting in adverse effects across multiple tissue types" [11]. Air
pollution can generally cause illnesses such as respiratory distress in birds, leading to changes in
behavior, enhancing immunosuppression, elevating stress levels, and lowering reproductive success
[12]. The effects of "inhalation exposure can scale up to affect species richness, diversity, and
population density within bird communities" [12]. "Most of the world's migrating birds are nocturnal
migrants” [13], and "many of these species encounter artificial light at night (ALAN) during
migration” [14]. ALAN is the primary source and is densely populated with high-intensity lighting
in the urban area [15]. "The nocturnally migrating birds are attracted to urban areas during migratory
flight through the influence of ALAN" [16]. The first author of this article witnessed thousands of
migrating birds in the City of Toronto, where the urban environment provides a welcome place for
nocturnally migrating birds.

It is well-known that human activities are very high in urban areas than in rural areas at night.
The higher number of Light sources in Urban areas with higher intensity light sources provide higher
lighting levels than in rural areas [17]. Higher lighting invites more people to urban areas and
nocturnally migrating birds [18, 19]. It is important to note that "Urban areas are also a significant
source of air pollution” [8], and "urban areas with larger populations tend to generate more ALAN"
[15] and have lower air quality [20]. Many people and nocturnally migrating birds are attracted to
urban Toronto by the influence of ALAN, potentially increasing their exposure to PM2.5
concentrations.

During birds' nighttime migration, people can observe that the migrating birds' density typically
increases between 200 and 600 meters above ground level, with some birds resettling above 1,000
meters from ground level [21, 22]. The PM2.5 concentrations are the highest close to ground level and
decrease with increasing height from the ground level, especially at night, when the environment is
more stable, with the highest concentrations typically occurring 1,000 meters below the ground level
[23, 24]. The first author witnessed that the City of Toronto metropolitan area, Canada, never sleeps.
The people’s activities in the nocturnal urban area are usually higher than in rural areas, including
the nighttime. The migrating birds may have their "breeding and non-breeding settings" during
stopovers in urban areas and "spend most of the time at or near ground level, where PM2.5
concentrations are probably at their highest levels" [25].

Figure 1 shows the light pollution map of urban Toronto and the rural township of Colborne,
Ontario. These ideal locations were selected for the case study because downtown Toronto has higher
light pollution, and the township of Colborne is a dark sky area with no artificial light, as indicated
in the light pollution map [25].

Figure 1. Light Pollution Map [25].

The first author anticipates that the correlation between ALAN and PM2.5 concentration is more
powerful, and the amount of PM2.5 substance in the air is higher in an urban area near the ground
level. By experimenting with these expectations, the authors aim to determine where the integrated
threats of PM2.5 concentrations and ALAN are most significant for humans and migrating birds.
These threats are potential to be rising or decline in severity. The reductions in ALAN may provide
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improved air quality at the ground level and may have the most significant benefits to humans and
other living beings.

ALAN is a vital element of urban life, especially in the nocturnal environment. Well-designed
nocturnal illumination provides safety and security, utilizes minimum energy, and minimizes the
adverse effects on human and nocturnal animal life [27]. Adequate lighting improves the quality of
urban life for everyone [26, 27]. ALAN has a prolonged threat to humans and migratory birds in the
built environment. This hazard has grown with the rapid urbanization of the City of Toronto [28, 29].
The migratory birds utilize a variety of cues for the direction of movement, including "the sun, moon,
Earth's magnetic field, patterns of stars," higher levels of ALAN, and topography [28, 29]. The impact
of ALAN on "nocturnally migrating birds has historically been noted through the effects of lighthouse
beams." [28]. Anyone can witness now (2023) extensively in urban Toronto with ALAN in the built
environment [28, 29]. Humans have a disturbance in sleep due to light and air pollution, including
outdoor trespass lighting [27, 6].

This research paper is arranged as follows: Section 2 provides the materials and the methods
used in this research article. The materials are a digital lux meter to measure ground light level, a
sky quality meter to measure the light pollution level, and a particulate air detector for Testing PM2.5
concentration. The method is to measure PM2.5 levels in urban Toronto and rural Colborne areas at
night. Section 3 provides the average results of the data collected over the five days periods from
the urban Toronto and rural Colborne areas and the differences. Section 4 discusses the correlation
between ANAN and PM2.5 concentrations and the atmospheric chemistry between urban Toronto
and rural Colborne. Finally, section 5 provides the conclusion of these research findings and the
necessary future actions.

This study aspires to find the effect of artificial light and the airborne fine PM2.5 levels in urban
versus rural areas. The materials and measuring meters are necessary to measure light, skyglow, and
PM2.5 levels. The following section provides the required materials and methods this research article
employs.

2. Materials and Methods

The data collection locations were carefully chosen to have a high lighting level in an urban area
and no rural lighting area without traffic disturbance and the public. Therefore, the data documented
in this paper was collected same time with the assistance of a friend at Nathan Phillips Square,
Toronto, and the intersection of Vernonville Road & County 2 Road, Colborne, Ontario (close to
Highway 401 & Vermontville Road). The date and time of data collection are indicated in Table 1 and
Table 2. The light falls on the ground and reflects into the sky. Therefore, the author decided to take
the light level measurement on the ground level. The sky quality meter sensor faces the sky, and the
air particulate detector sensor faces up. Consequently, both meters were mounted one meter above
the ground on the tripods so that easy to record the measurement. All the data collection was taken
in the same manner. At the beginning of the data collection (20.00), the light levels were at the ground
level. Sky quality measurements were taken about one meter above ground before making PM2.5
measurements every 30 minutes. The light level was measured at the ground level using a lux meter
LX1330B [30], as shown in Figure 2(a). Sky quality measurements were taken using a tripod with the
"Unihedron sky quality meter (SQM) - L" [31], as shown in Figure 2(b). The fine Particulate matter
(PM2.5) data were taken using Surlaba XF-5800S Air Particulate Detector [32], as shown in Figure
2(c), at the exact locations. Based on the first author's research, this is the first comparative study of
the impact of artificial light and PM2.5 concentration in urban versus rural areas. Therefore, this novel
method is original but has yet to be replicated and can be considered an innovative method to identify
the impact of artificial light and PM2.5 concentration in urban and rural areas.
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Figure 2. (a) LX1330B Illuminance Digital Luxmeter [30]; (b) The Unihedron Sky Quality Meter — L
[31]; (c) Surlaba XF-5800S Air Particulate Detector for Testing PM 2.5 [32].

Knowing how to determine the dark sky and the light-polluted sky from the sky quality meter
readings is essential. A higher number reading (>20.5 mag/arcsec2) of the sky quality meter would
indicate a very dark site (no ALAN or zero lux level), while a lower reading (<19 mag/arcsec2) would
indicate a light-polluted sky [31]. The scope of this study is to uncover the PM2.5 levels in the urban
Toronto and rural Colborne areas of Canada. Therefore, knowing the good and bad air quality levels
is essential. The air quality at lower levels is always better, but it is good, between zero and 35 pg/m3.
To quantitatively study the connection between air pollution (PM2.5) and ALAN, the study selects
observation data between 8:00 pm and 9:30 pm every 30 minutes for five days to make the analysis,
shown in Tables 1 and 2 and Figures 3 & 4. Therefore, the first author (author thereafter) took a one-
time sky quality meter and Lux meter readings each day at the beginning of the PM2.5 measurement.
The average of five days of data indicates zero lux level and 20.59 mags arcsec-2 at the rural Colborne
site and 16 lux level and 13.68 mags arcsec-2 at Nathan Phillips Square, Toronto.

Table 1. Distribution of Daily PM2.5 (ug/m?) in Urban Toronto

Date SOM Lux PM2.5 Concentration Measurement Measurement

Daily PM2.5  Reading Reading

Measurement 800 pm 800 pm 8:00 pm 8:30 pm 9:00 pm 9:30 pm Average
Feb 27, 2023 13.58 16.0 8 9 10 11 9.5
Feb 28, 2023 13.70 16.1 7 11 11 12 10.3
Mar 1, 2023 13.71 17.3 9 8 10 11 9.5
Mar 2, 2023 13.58 16.1 9 9 9 10 9.3
Mar 3, 2023 13.85 16.0 8 7 8 9 8.0

5 Days Average  13.68 16.3 8.2 8.8 9.6 10.6 9.3

The author measured the ALAN level at the ground level in the urban and rural areas using the
lux meter LX1330B and the Artificial night sky brightness and PM2.5 concentration one meter above
the ground using the Unihedron sky quality meter (SQM) and Surlaba XF-5800S Air Particulate
Detector for Testing PM 2.5 for urban and rural areas.

2.1. Fine Particulate matter (PM2.5)

The author acquired surface fine particulate matter (PM2.5) concentration (in micrograms per
cubic meter) estimates from February 27 to March 3, 2023, using the XF-5800S Surlaba PM2.5 HCHO
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TVOC meter and summarized PM2.5 concentrations by averaging the estimates across a week.
Table 1 for urban Toronto and Table 2 for rural Colborne below summarizes the data.

10

PM2.5 Concentration

08:00 PM 08:30 PM 09:00 PM 9:30PM

BN FEB 27,23 smmmm FEB 28,23 mmmmm MARO1, 23 MARO2,23 mmmm MARO3, 23 e AVERAGE

Figure 3. Fine particulate matter (PM2.5) in Urban Toronto.

Notably, the nighttime measurements of PM2.5 are higher in the urban City of Toronto, and the
reading increases over time. However, it is still within the threshold level.

Table 2. Distribution of Daily PM2.5 (ug/m?) in Rural Colborne

Date SQM Lux PM2.5 Concentration Measurement Measurement

Daily PM2.5 Reading  Reading

Measurement 800pm 800 pm 8:00 pm  8:30 pm 9:00 pm 9:30 pm Average
Feb 27, 2023 20.68 0.0 0 1 1 2 1
Feb 28, 2023 20.50 0.0 1 1 1 2 1.3
Mar 1, 2023 20.50 0.0 1 1 1 2 1.3
Mar 2, 2023 20.68 0.0 0 1 1 2 1
Mar 3, 2023 20.58 0.0 1 1 2 2 1.5

5 Days Average 20.59 0.0 0.6 1 1.2 2 1.2
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Distribution of Daily PM2.5 (ug/m?) in Rural Port Hope
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Figure 4. Fine particulate matter (PM2.5) in Rural Colborne.

Notably, the nighttime measurements of PM2.5 are lower in the rural township of Colborne, and
the reading slightly increases over time but is still at excellent levels.

The author of this research used the above-noted method to prove the connection between
ALAN and PM2.5 levels in urban Toronto and rural Colborne. The following section will provide
the required results from the above-noted data.

3. Results

During the five days from February 27 to March 3, 2023, PM2.5 concentrations were highest on
average within the Urban Toronto area compared to the rural Colborne area. The lowest PM2.5
trends occurred within the rural Colborne area.

The results of the data collected during the five days from February 27 to March 3, 2023, PM2.5
concentrations were highest within the Urban Toronto area and the lowest within the rural Colborne
area. Table 3 and Figure 5 indicate that the PM2.5 concentration is very high in the urban area and
shallow in the rural area at night.

Table 3. Average Daily Distribution of PM2.5 (ug/m3) in Urban and Rural Areas

Date PM2.5 Concentration Measurement Measurement
Daily PM2.5 Measurement 8:00 pm 8:30 pm 9:00 pm 9:30 pm Average
5 Days Average (Urban Toronto) 8.2 8.8 9.6 10.6 9.3
5 Days Average (Rural Colborne) 0.6 1 1.2 2 1.2

Differences 7.6 7.8 8.4 8.6 8.1
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Figure 5. PM2.5 average daily distribution in Urban versus Rural

The results indicate that the correlations between ALAN and PM2.5 for human activities and the
nocturnally migrating bird species are higher in urban Toronto than in the rural Colborne area.
ALAN pollution exerts the most prominent and severe impact on air pollution. ALAN pollution
capacity can deepen air pollution and vice versa. This study's results under this time range indicate
light's influence on metropolitan Toronto's air pollution. The collected PM2.5 data for Toronto is not
alarming but within the threshold level of 35 pg/m3. Therefore, the air quality is still in good
condition, between zero and 35 ug/m?3.

Based on these findings from the data collection and assessment results, further discussion is
necessary for urban and rural atmospheric chemistry and its influence on air pollution. Therefore,
the following section will discuss the urban and rural atmospheric chemistry disparity and possible
recommendations for mitigating this mismatch for healthy living for people and biodiversity.

4. Discussion

The urban area had the strongest ALAN-PM2.5 correlations and PM2.5 concentrations. ALAN
invites more human activities in the city and increases the migratory birds' flying and stopovers.
Therefore, humans and animals are increasing exposure to higher PM2.5 concentrations in
downtown Toronto. These findings emphasize the integrated hazards posed by ALAN pollution
and air pollution for nocturnal activities of humans and migrating birds in an urban area.

In the troposphere, nitrate radical provides nitrogen dioxide (NO:z) and oxygen (O) atoms for
ozone (Os) formation, and sunlight breaks down (Photolysis or light splitting) nitrate radicals into
‘NO2" and an ‘O’ atom during the daytime [33, 34].

NO; (sunlight (hv)) — NO, + O ()

A single oxygen ('O') atom integrates with an oxygen molecule ('O2') to produce ozone at the
ground level.

O + O2 — O3 (ground-level ozone) (2)

The nitrate radical (NOs) derives from the oxidation of nitrogen dioxide (NOz2) by ozone (Os),
and it arises mainly during the ALAN atmosphere [33, 34].

NO; + O3 — NO3 + O3 (3)
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The process that happened in the atmospheric chemistry represented the above results, but it
had no net gain in ozone, and ALAN blocks the healing process. Therefore, the NO2 level increases
in the atmosphere.

NO:2 concentrations were reduced, Os concentrations were increased, and the air quality index
(AQI) improved during the Covid-19 lockdown period [35]. The health effects attributed to ozone
were identified as zero respiratory mortality [36]. Therefore, NO: is a significant contributor to air
pollution. The artificial light blocks oxidation, so NO2 and Os concentrations in the urban
troposphere increase pollution and block healing during the nighttime. The author defines this as
the artificial photolysis or artificial light-splitting effect. Figures 6a and 6b show the atmospheric
chemistry for both urban and rural areas.

Urban atmospheric chemistry Rural atmospheric chemistry
NO3 —) N02 + O 7 No3 — N02 + 0
trogen dioxide an Narogen doxide _\-,.:.H
Anlﬁcmlo + 02 j=3 03 ?;ﬁﬂ:?;:«:i:asis in she 0 + 02 —_— 03 22*-:;:0?:::‘“5 n
2;22?’15 [ ”t_locturnalurb.m Nocturnal rural
e No2 Y 49 NO,+ O, == NO,+ O,
. 23%
Q M - ol M
(a) (b)

Figure 6. (a) Urban atmospheric chemistry; (b) Rural atmospheric chemistry.

The author strongly indicates that the artificial photolysis or artificial light splitting effect
increases the PM2.5 concentration in downtown Toronto. “Nitrogen dioxide is the third most potent
greenhouse gas, trapping heat in the atmosphere and contributing to global climate change” [37].

Evidence shows that "ALAN attracts nocturnal migrants into dense urban areas" [16]. The poor
air quality (PM2.5 level greater than 35 pig/m?) is unlikely to counteract the attractive power of ALAN.
However, evidence shows that "nocturnally migrating geese stop migrating or alter migration
direction/altitude when they encounter high PM2.5 concentrations (greater than 161 pg/m3),
suggesting that extreme conditions can deter migration in some situations" [38]. It is essential to
note that more research is necessary to determine how nocturnal migrants react when exposed to
different levels of PM2.5 and how these exposure-response relationships change when artificial light
is present in the urban area or absent in the rural area or vice versa.

Air pollution displays "seasonal variation in its vertical distributions and concentrations, driven
by various atmospheric and anthropogenic mechanisms" [20]. Seasons are marked by "colder
temperatures, lower humidity, and precipitation, and milder winds are often associated with poorer
air quality" [39, 40, 20]. In addition to the correlation with PM2.5 levels, ALAN can positively
correlate with other air pollution conditions. For example, "urban areas usually contain higher levels
of O3, NO, sulfur dioxide (SO2), carbon monoxide (CO), and volatile organic compounds (VOCs)"
[41].

Determining how various sources and states of air pollution affect migrating birds during the
nighttime at different times of year is essential and beneficial. It would be helpful to study and
confirm how various living-being react to PM2.5 inhalation exposure during migration and how
these results vary directly or indirectly when artificial light is present or absent at night. Finally, it
would be helpful to evaluate how the migration of birds and their life-history documentation and
processes concern the PM2.5-associated exposure and responses to different sources and conditions
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of air pollution. These questions and concerns can be addressed with more detail, range, and rigor
when the "quality of bird occurrence data" [42] is collected from other research at the ground levels
and the satellite is improved. The air quality data can be enhanced [43, 44] to reflect actual
conditions.

The people, environment, technology, and resources (PETR) must be considered to address this
problem holistically. Therefore, this method can be called the PETR care method for managing light
and air pollution, as shown in Figure 7. Artificial light can use sustainable LED sources to reduce
carbon emissions and energy savings [45]. The new technology is available to direct the light where
it needs, avoid light going directly into the sky or adjacent properties, and control the light using dim
or turn it off when necessary [45]. The results shown in this study indicate that everyone can thrive
if the resources and technologies are used to care for people, biodiversity, and the environment.

PETR
- care method ]

Technology -

Figure 7. PETR care method to control light and air pollution.

The results indicate air and light pollution growth during the nighttime in urban Toronto.
Nighttime human activities are less than daytime but increased PM2.5 shows the ALAN pollution
influence in metropolitan Toronto. ALAN pollution mitigation can be investigated under different
follow-up studies using the required light level (no overlighting) with appropriate warm light
sources to reduce light scattering in the atmosphere. The PETR care method emphasizes the holistic
approach to finding the increasing air and light pollution in urban areas. The first author of this
research developed this method concurrent with other authors.

The urban and rural air quality is still in good condition and less than the threshold level.
However, the metropolitan area is higher than the rural area. Therefore, designing artificial outdoor
lighting need serious consideration. Based on the above-noted results and discussion, this research
concludes with the next section.

5. Conclusions

The data indicate light pollution and PM2.5 growth during the nighttime in urban Toronto.
Human activities, including motor vehicle traffic, are reduced at night in Urban Toronto but
increased PM2.5 shows the ALAN influence in metropolitan Toronto. ALAN is very important for
people to use in the urban nighttime environment for safety, security, and necessary human needs.
ALAN also invites migratory birds to the nighttime environment. Therefore, it is essential to make
responsible lighting designs to mitigate light pollution to reduce air pollution, especially PM2.5
concentration in the urban atmosphere.
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The findings reveal the most substantial hazard to humans and the nocturnally migrating birds
from the correlation between ALAN and air pollution, especially PM2.5 concentration. It is essential
to mitigate or avoid light pollution to improve air quality. Reducing or dimming the light to the
required level for each application and directing ALAN where needed would benefit the people and
nocturnally migrating birds in urban Toronto. The findings in rural Colborne, Ontario, Canada,
indicate no combined hazards of ALAN and air pollution since there is no artificial light at night and
a very minimum sky glow from adjacent town lighting. This result proves that excellent air quality
is available in the rural environment for nocturnal animals, birds, and people of Colborne will
continue. The urban environment is highly polluted by light and air pollution. However, it is good
to have further studies to determine where migratory birds and humans encounter combined light
and air pollution risks. This will provide a better knowledge of the broader importance of global
change.

This novel method to find the PM2.5 concentration in urban and rural areas is not repeated but
original. It can be regarded as an innovative method to discover light pollution and the PM2.5
concentration in the nighttime urban and rural environments. The conclusions highlight the necessity
to explore how various conditions and sources of ecological pollution combine to affect humans and
nocturnally migrating birds. This knowledge will guide further research, inform policy and
management, and improve the mitigation and protection initiatives applied to people and migrating
birds worldwide.
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