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and lack of development of the immune system. The current study is aimed
to investigate the difference in the concentration of Particulate Matter (PM, |
and PM, ) in the ambient air in the breathing height of children and adults.
Materials and methods: Particulate matter were measured cross-sectionally
in sidewalks, streets, alleys, squares, and parks of Tehran simultaneously
at two heights of 160 cm and 70 cm from the ground. As well as, other
variables such as vegetation, buildings and meteorological data were also

Keywords: measured in each location.

Vertical  distribution; Particulate matter Results: There was a difference between the concentration of PM,  at the

(PM,); PM, ;; Children breathing height of children, with the average concentration of 52.0 pg/
m’, and the concentration of PM, , at the breathing height of adults with

CORRESPONDING AUTHOR: the average concentration of 51.6 pg/m’, with p-value of 0.013. Even

though the difference is significant, it does not seem to have a significant
knadafi@tums.ac.ir impact on health. No significant difference was observed between the PM
Tel : (+98 21) 88954914 i : ) X i 10
Fax : (+98 21) 88950188 concentration at the breathing height of children and adults; however, there

was significant difference between the concentrations of PM,, with the

clean air standard of Iran and data from monitoring stations.

Conclusion: The amount of PM, ; and PM is almost the same in children

and adults based on the difference in breathing height.

Introduction effects ~ According to the World Health
Organization (WHO) in 2019, about 7 million
Effects of air pollution on health deaths were estimated to be caused by air

Known as the most important environmental ~ Pollution in the world every year [2].
risk factor for human health, air pollution is
caused by man-made and natural activities, and Suspended particles and their effects on health

[1]. exposure to it has many acute and chronic  According to the Global Burden of Disease
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(GBD) in 2020, Particulate Matter (PM, ) is the
6" risk factor in terms of attributed deaths, with
the highest percentage of deaths among all risk
factorsinthe world [2]. World Health Organization
surveys demonstrate the fact that for every 10
micrograms increase in the concentration of
particulate matter, the mortality rate increases by
1-3% [3]. Particulate matter as a complex mixture
of small solid particles and fine liquid droplets in
the air, are created naturally through fires, dust
phenomena and volcanoes, and through human
activities such as the combustion of gas and
petroleum compounds, industrial processes as
well as cooking [4]. These particles may consist
of chemical compounds (e.g. nitrates, sulfates,
and organic carbon), organic compounds (e.g.
polycyclic aromatic hydrocarbons), biological
compounds (e.g. endotoxin), and metals (e.g.
iron, copper, nickel, zinc, and vanadium) [5]. The
size of particulate matter has a direct relation to
their potential in causing health problems. The
concerning particles include "large inhalable
particles (PM )" with a diameter of 2.5 to 10
um and "fine particles (PM, )" with a diameter
of fewer than 2.5 um. Since the particulate
matter can be suspended for long periods of time
and travel long distances in the atmosphere, it
can also result in a wide range of diseases [6].
Based on several epidemiological studies, long-
term exposure to particulate matter often leads
to respiratory and cardiovascular diseases and
creates a risk for the health of city residents [7].

Children's vulnerability to air pollution

Despite the fact all members of society are at
risk of particles, heart and lung patients, the
elderly and children are at greater risk; In fact,
one percent of deaths due to acute respiratory
infection in children under 5 years old is because
of air pollution [8]. The breathing rate of babies
and children is usually faster than those of
adults, exposing them to more air pollutants.
Since children and infants frequently breathe

through their mouths without passing air through
effective nasal filters, most of the pollutants are
able to be swallowed without passing through
any barrier. Because children’s immune system
and organs of development are not yet fully
complete, exposure to toxic air pollutants during
infancy and childhood can affect the growth and
development of the respiratory system, nerves,
glands and immune system, and can increase the
risk of cancers later on. Particles are proven to
aggravate asthma, cough, throat congestion and
other respiratory diseases in children [9].

Vertical profile of PM

Due to the fact that air pollutants can change their
concentration vertically as well as horizontally,
their
concentration at different heights using balloons,

several studies have investigated
drones, or meteorological towers [10]. According
to most of the studies, the concentration of these
particles decreases exponentially by increasing
the altitude. Many researchers observed an
exponential decrease in PM concentration in the
vertical direction using a drone [11]. According
to another study, experiments using an unnamed
aircraft, in general, PM, . concentration decreases
with increasing altitude [12]. In contrast, other
researchers found that in a study of three heights
PMZ.S

shows little variation in the vertical profile [13].

of building balconies, concentration
In another studyit was investigated the PM,
concentration on the lower, middle and upper
floors of two residential buildings; based on
the findings of vertical distribution, the highest
average concentration of PM, . was on the middle
floors of the building [14].

Aim of study

According to the literature, there is limited
information regarding the vertical distribution
of air pollutants, especially particulate matter.
Considering the difference in breathing height in
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children and adults, and the higher vulnerability
of children to air pollutants in comparison to
adults, the current study was conducted with the
aim of investigating the vertical profile of the
concentration of ambient air particulates (PM, |
and PM, ) at the breathing heights of children and
adults.

Materials and methods

Study time and location

This experiment is a descriptive/analytical and
cross-sectional study, conducted on the PM, .
and PM, , concentrations in the passing routes of
Tehran citizens at the breathing height of children
and adults. The current study was carried out on

the pavements, alleys, parks, squares, highway
bypasses and intersections in the area restricted
by three air quality monitoring stations in Tehran
(Piroozi station, Tarbiat Modares station, Setad
Bohran station). The sampling has taken place
in the months of October, November, December,
January, February, and March (fall and winter)
of 2019-2020, based on the Environmental
Protection Agency (EPA) 2020, 2021 sampling
program, every six days in the two shifts of
morning and afternoon, and about six locations
per every shift (2 locations close to the tree
barrier, 2 locations close to the building barrier,
and 2 locations in outdoors with no barriers). The
geographical location of the understudy areas is
shown in Fig. 1.
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Fig. 1. The geographical location of the understudy areas
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Study variables

The PM, ; and PM,  concentrations have been
measured simultaneously in each location at
twoheightsof 160 cmand 70 cmusing Benetech
and Xiaomi portable direct reading devices.
Other variables include the temperature and
humidity of the environment (using Benetech),
the height of the surrounding barrier, the
distance from the street, the traffic situation,
the weather situation, the cloudiness index
and the type of tree (by direct observation)
and meteorological information such as wind
speed, wind direction, and rainfall (obtained
from national weather service) have been
documented as well. The 24-h particulate
matter concentration was also measured
using air quality monitoring stations and
was calculated by inverse distance weighting

method for each study location.

Statistical analysis of data

Subsequently, the obtained raw data were
categorized in Excel software. The categorized
data were analyzed by SPSS and according
to the descriptive
dispersion indices), and then reported as tables
and graphs. The data were then analyzed by
paired t-test in order to compare the particulate
matter concentrations (PM, -PM ) obtained
from the measuring devices at two breathing
heights as well as the overall comparison of the
(PM, .-PM, ) concentrations obtained from the
devices with the concentrations of particulate
matter obtained from air quality monitoring
Also, the concentrations of particulate matter
were compared with Iran's clean air standard
using the one sample t-tset. Eventually, the
difference of the PM, and PM, , concentrations
in ambient air at the breathing heights of

statistics (central and

children and adults was evaluated with the
changes of individual variables of the study
using paired t-test.

Results and discussion

In this study, there was a total of 4610
data obtained from each PM,, and PM
concentrations. The average concentration of
4610 samples obtained from PM, . concentration
at both breathing heights was 51.8 pg/m* and
the average concentration of 4610 samples of
PM,, at both breathing heights was 67.5 ug/
m®. Based on the breathing height of children
and adults, the average concentration of 2305
samples of PM, . for the breathing height
of children was 52 pg/m® and the average
concentration of 2305 samples of PM_ | in the
breathing height of adults was equal to 51.6 pg/
m’. For the concentration of PM, , the average
concentration of 2305 samples in the breathing
height of children was 67.6 pg/m® and the
average concentration of 2305 samples in the
breathing height of adults was 67.4 pg/m’.
Fig. 2 and 3 show the concentration of PM
and PM,, based on the breathing height of
children and adults. According to the result of
the paired t-test and the significant difference
in the concentration of PM, , in two breathing
heights, and also in the significant difference in
the concentration of PM  in the two breathing
heights, the p-value was calculated as 0.013
and 0.515, respectively.

According to the analysis, the average
concentration of PM,. and PM at the
monitoring stations were 45.4 ug/m’ and
84.1 upg/m’, respectively. The p-value of
0.00 was obtained based on the paired t-test
and the significant difference between the
concentrations (PM, .-PM ) at the monitoring
stations and the concentrations measured at two
breathing heights of children and adults.The
average difference between the measured PM, |
concentration and the PM, . of the monitoring
station was equal to 6.8 pg/m®. As well as the
average difference between the measured PM |
concentration and the PM,  of the monitoring
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PM10 concentration at two breathing heights
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Fig. 2. Box plot of PM,  concentration based on the breathing height of children and adults
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Fig. 3. Box plot of PM, , concentration based on the breathing height of children and adults
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station was equal to -14.7 pg/m.3 According
to the clean air standard of Iran approved in
2015, the maximum 24-h standard for PM
and PM, | was calculated as 150 pg/m’ and 35
ug/m?, respectively. The p-value of 0.00 was
calculated according to the one sample t-test
and the significant difference between the clean
air standard of Iran and the concentrations
(PM, -PM, )) measured at two breathing heights
of children and adults. The average difference
of PM, concentration measured with PM_
of clean air standard was equal to 16.8 pg/
m’. As well as the average difference of PM
concentration measured with PM  of clean air

standard was equal to -82.4 ug/m’. Fig. 4 and
5 demonstrate the difference in concentrations
measured according to the clean air standard of
Iran. Other variables were recorded as follows
during the study: the average temperature of
14°C, the average relative humidity of 39.6, the
average distance from the street of 28.9 m, the
average precipitation of 0.4 mm, the average
height of the barrier of 14.1 m, and the average
wind speed of 3.1 m/s. The significant difference
in the particulate matter’ concentration at two
breathing heights with changes in the study
variables (p-value) is attached in the word file
due to the high volume.

Difference between measured PM10 and Iran's
clean air standard
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Fig. 4. Linear diagram of the PM,  concentration difference measured at two breathing heights and PM, |

concentration of the clean air standard of Iran
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Difference between measured PM2/5 and Iran's
clean air standard
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Fig. 5. Linear diagram of the PM, ; concentration difference measured at two breathing heights and PM,

concentration of the clean air standard of Iran

Several scientific studies previously carried out
at different heights and great distances above
the ground demonstrate that the concentration
of air pollutants, especially particulate matter,
decreases with the increase in the height from the
surface of the earth. Some researchers collected
samples of PM, , PM, ., and PM, on the first and
fifth floors of a building; according to the results
of their study, the concentration of particles
decreased with the increase in height [15]. Other
researchers found that PM,, concentration
generally decreases with increasing altitude
[16]. In a study ot was measured the vertical
profiles, horizontal profiles, and size distribution
of airborne particles near major roads in Macao;
according to the results, a significant decrease
in the concentration of PM , PM, ; and PM, was
reported with the increase in the height above
the ground from 2 m to 79 m [17]. On the other
hand, different results were obtained in few
other studies; for an instant, according to a study,

the concentrations of PM, ; and PM, particles
at different altitudes had a complex vertical
distribution and formed distinct layers with an
increase in altitude [18]. The findings in the
current experiment show thatthere is a significant
difference between the PM, . concentration at
the breathing height of children and the height
of adults; however, it has no significant health
value. No significant difference was observed
between PM, j concentration at breathing height
of children and the height of adults as well.

According to the paired t-test, a significant
difference was observed between the
concentrations PM, ; of the monitoring stations
and the concentrations PM, , measured at two
breathing heights; meaning the measured
concentrations at two breathing heights are
higher than the concentrations recorded at the
monitoring stations. In fact, it is because the
sampling location of the monitoring stations is
about 3 m above the ground and much higher
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than the breathing height of people, while
in our experiment, the sampling was done at
the breathing height of children and adults.
Moreover, there was a significant difference
between the clean air standard of Iran PM, , and
the concentrations measured at two breathing
heights according to the one sample t-test; this
means that the measured concentrations of PM,
are higher than the clean air standard of Iran.
These findings are aligned with the previous
studies. Researchers reported that the PM, .
concentrations in different heights were higher
in comparison to the standards [18]. Other
researchers examined the particulate matter in
the air and showed that the concentration of
particulate matter usually has a higher amount
in comparison to the national standard [19]; in
general, it may be due to the fact that in cold
seasons, especially winter, the concentration
of pollutants, especially particulate matter, is
higher than the standard due to atmospheric
stability factor.

According to the paired t-test, among the
variables, regions 11 and 14 among the urban,
Tarbiat Modares station among the monitoring
stations, inside the parks among other sampling
locations, among the barriers in no-barrier
circumstances and next to trees with leaves,
among the trees only next to the pine, white
mulberry, and eucalyptus trees, in clear and rainy
weather among other conditions, the condition
of no-clouds, completely cloudy, among the
cloudiness indicators, precipitation as well
as low and moderate amount of precipitation
from the state of precipitation, wind directions
of east, southeast among all wind directions,
condition of high wind speed, medium, and high
temperature, low relative humidity, light traffic,
a long distance from the street, the medium and
high barrier height in PM, , concentrations at the
breathing height of children is higher than the
concentration of PM, , at the breathing height
of adults. Additionally, according to the paired

t-test, only in regions 6, 11, and 13 among the
variables of urban areas, close to Tarbiat Modares
and Pirouzi stations among other monitoring
stations, inside parks and sidewalks among
other sampling locations, among the barriers
in buildings and trees with leaves, only next to
the pine and eucalyptus trees among other trees,
only in clear, cloudy, rainy and dusty state of
weather among all weather conditions, among
the cloudiness indices in the condition without
clouds, completely cloudy, rainfall and absence
of rain, low and medium rainfall conditions
among the rainfall conditions, in south, west,
southeast and northeast wind directions, high
temperature conditions, light and heavy traffic,
far distance from the street, medium and high
barrier height, the concentration of PM  in the
breathing height of children is higher than the
PM,, concentration in the breathing height of
adults.

limitations

The measuring devices were disrupted on rainy
days, due to high humidity; thus, sampling
was stopped. The measuring stations used in
this study were inactive on some days during
the sampling. There were some complaints
from guards and employees due to sampling
next to tall buildings with administrative and
organizational use. Sampling in some parks and
gardens was disrupted due to low cooperation
of the contractors and the dismissal of the
researcher. In general, the unfamiliarity of the
device and military organizations in understudy
locations has created sensitivity in the attributed

units.
Conclusion
Ambient particulate matter is a major

environmental threat to human health, particularly
sensitive groups such as children. In this study,
we investigated children exposure to ambient
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PM,, and PM,, using real-time PM detectors
(Benetech and Xiaomi). The PM,, and PM
concentrations at the breathing height of children
had no significant difference in terms of health in
comparison to the PM, ; and PM  concentrations
at the breathing height of adults; in other words
the present study showed that both children and
adults were exposed to ambient air PM at the
same levels. However, the mean concentrations of
PM, ; during the study period were exceeded the
WHO air quality guideline and national standard.

Financial supports

Department  of  Environmental = Health
Engineering, School of Public Health, Tehran
University of Medical Sciences, provided
financial support for this study

Competing interests

The Journal of Air Pollution and Health is under
the supervision of Tehran University of Medical
Sciences, which is the financial sponsor of the
research and the place where the authors work
and study

Acknowledgements

The current paper is extracted from the master’s
thesis entitled "Investigation of the vertical
profile of the concentration of ambient air
particulates (PM,, and PM, ) in the breathing
heights of children and adults" in 2022, which
has been implemented with the support of
Tehran University of Medical Sciences.

Ethical considerations

Ethical issues (Including plagiarism, Informed
Consent, misconduct, data fabrication and/
or falsification, double publication and/
or submission, redundancy, etc) have been
completely ob-served by the authors. The
IR. TUMS.SPH.

ethics committee code 1is

REC.1399.230.

References

1. Kim KH, Jahan SA, Kabir E. A review on
human health perspective of air pollution with

respect to allergies and asthma. Environment
international. 2013 Sep 1;59:41-52.

2. Ghaneian MT, Ebrahimpoush MH, Alidadi H,
Najafpour AA, Sadeghi A, Bonyadi Z. Analysis
of PM, ; Concentration in Mashhad City, Iran in
2013. Journal of Torbat Heydariyeh University of
Medical Sciences. 2014;2(2):.24-19.(In Persian)

3. Kermani M, Naddafi K, Shariat M, Mesbah
AS. TSP and PM, ; measurement and description
of air quality index (AQI) in the ambient air
in shariati hospital district. Journal of School
of Public Health and Institute of Public Health
Research. 2004;2(1):37-46. (In Persian)

4. Raispour K. Evaluation of Spatiotemporal
Column Particulate Matter Concentration (PM, ;)
Due to Dust Events in Iran Using Data from
NASAN/MERRA-2 Reanalysis Model. Journal
of the Earth and Space Physics, 2021; 47(2): 333-
354 . (In Persian) (

5. WHO. Health effects of particulate matter.
Policyimplications forcountries in eastern Europe,
Caucasus and central Asia. Copenhagen: WHO
Regional Office for Europe; http://www.euro.
who.int/ _data/assets/pdf file/0006/189051/
Health-effects-of-particulate-matter-final-Eng.
pdf, accessed 27 August 2013.

6. Kim KH, Kabir E, Kabir S. A review on the
human health impact of airborne particulate

matter. Environment international. 2015 Jan
1;74:136-43.

7. Pascal M, Falq G, Wagner V, Chatignoux E,
Corso M, Blanchard M, Host S, Pascal L, Larrieu
S. Short-term impacts of particulate matter (PM,,
PM,, ... PM, ) on mortality in nine French cities.
Atmospheric Environment. 2014 Oct 1;95:175-84.
8. Martuzzi M, Mitis F, lavarone I, Serinelli M.

Health impact of PM,  and ozone in 13 Ttalian

http://japh.tums.ac.ir



432 ZS. Ghafoori, et al. Investigation of vertical distribution ...

cities. WHO regional office for Europe. 2006:133.

9. Pishkar A, Tavakoli.K. The effects of ambient
air pollution on the health of children and infants.
The first conference on air pollution and its
effects on health. 2005. [In Persian].

10. Xiao ZM, Xu H, Li P, Tang M, Chen K,
Yang N, Zheng NY, Yang W, Deng XW. Vertical
Distribution and Transport of PM,, During
Heavy Pollution Events in the Jing-Jin-Ji Region.
Huan Jing ke Xue= Huanjing Kexue. 2019 Oct
1;40(10):4303-9.

11. Zheng T, Li B, Li X-B, Wang Z, Li S-Y,
Peng Z-R. Vertical and horizontal distributions
of traffic-related pollutants beside an urban
arterial road based on unmanned aerial vehicle
observations. Building and Environment.
2021;187:107401.

12.LiuB,WuC,MaN, Chen Q, LiY, Ye J, etal.
Vertical profiling of fine particulate matter and
black carbon by using unmanned aerial vehicle in

Macau, China. Science of The Total Environment.
2020. 709: p. 136109.

13. Liao H-T, Chang J-C, Tsai T-T, Tsai S-W,
Chou CC-K, Wu C-F. Vertical distribution of
source apportioned PM, ; using particulate-bound
elements and polycyclic aromatic hydrocarbons
in an urban area. Journal of Exposure Science &
Environmental Epidemiology. 2020;30(4):659-
69.

14. Kalaiarasan M, Balasubramanian R, Cheong
K, Tham K. Traffic-generated airborne particles
in naturally ventilated multi-storey residential
buildings of Singapore: Vertical distribution and
potential health risks. Building and Environment.
2009;44(7):1493-500.

15. Manousakas M, Bairachtari K, Kantarelou
V, Eleftheriadis K, Vasilakos C, Assimakopoulos
V, et al. The traffic signature on the vertical PM
profile: Environmental and health risks within an
urban roadside environment. Science of the Total
Environment. 2019;646:448-59.

16. Li L, Lu C, Chan P-W, Zhang X, Yang H-L,
Lan Z-J, etal. Tower observed vertical distribution
of PM,,, O, and NO, in the Pearl River Delta.
Atmospheric Environment. 2020;220:117083.

17. Wu 'Y, Hao J, Fu L, Wang Z, Tang U. Vertical
and horizontal profiles of airborne particulate
matter near major roads in Macao, China.
Atmospheric Environment. 2002;36(31):4907-
18.

18. Chan CY, Xu XD, Li YS, Wong KH, Ding
GA, Chan LY, Cheng XH. Characteristics of
vertical profiles and sources of PM, ., PM, and

carbonaceous species in Beijing. Atmospheric
Environment. 2005 Sep 1;39(28):5113-24.

19. Kumar M, Raju M, Singh R, Singh A,
Singh R, Banerjee T. Wintertime characteristics
of aerosols over middle Indo-Gangetic Plain:

Vertical profile, transport and radiative forcing.
Atmospheric Research. 2017;183:268-82.

http://japh.tums.ac.ir



