HUNGARIAN AGRICULTURAL PERIODICAL
ENGINEERING OF THE COMMITTEE OF AGRICULTURAL AND BIOSYSTEM
No 40/2021 96-101 ENGINEERING OF THE HUNGARIAN ACADEMY OF SCIENCES

Published online: http://hae-journals.org/ and A 1 -
HU ISSN 0864-7410 (Print) HUNGARIAN UNIVERSITY OF I"I | | =

AGRICULTURE

HU ISSN 2415-9751(Online) HUNGARIAN UNIVERSITY OF
DOI: 10.17676/HAE.2021.40.96 AND LIFE SCIENCES AGRICULTURE AND LIFE SCIENCES
Received: 10.12.2021 - Accepted: 23.12.2021 INSTITUTE OF TECHNOLOGY Institute of Technology

SMALL SCALE EXPERIMENTS OF PM10 DISPERSION AROUND
OBSTACLES

Author(s):
A. Qor-el-aine?, J. Benécs?, A. Béres?, G. Géczi®

Affiliation:

! Doctoral School of Mechanical Engineering — Hungarian University of Agriculture and Life Sciences, 2100 G6doll6,
Pater Karoly u. 1., Hungary;

2 Institute of Process Engineering - Hungarian University of Agriculture and Life Sciences, 2100 Godollé, Pater Karoly u.
1., Hungary;

3 Institute of Environmental Science - Hungarian University of Agriculture and Life Sciences, 2100 Godoll6, Pater Karoly
u. 1., Hungary;

Email address:
Qor-El-Aine.Achraf@phd.uni-mate.hu; Geczi.Gabor@uni-mate.hu; Beres.Andras@uni-mate.hu;
Benecs.Jozsef.Istvan@uni-mate.hu

Abstract: Particulate matter (PM) is the main determinant of air pollution caused by a variety of natural and
human-caused sources. Because it can be suspended in the atmosphere for long periods of time and travel
long distances, it can cause a major health crisis for humans and damage the environment as well. Studies
are still required to understand how the PM moves around obstacles, especially in urban areas. In this study,
small scale experiments were carried out to look into the effects of simple obstacles, heights and distance
from the source on the PM10 concentration. Results show that when obstacle heights and distance from the
source increase, the PM10 average concentration decrease. Also, turbulence created by the obstacles affects
the PM10 concentration in both sensors before and after the obstacle, mainly in cases of high wind speed. In
addition, the use of incense sticks as a source of PM pollution illustrated that moderate burning of incense
sticks in indoor places could skyrocket the PM10 concentration to an unhealthy level.
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1. Introduction

Particulate matter (PM) is a broad term that encompasses a wide range of particle sizes. It includes particles
with a diameter ranging from a few nanometers to 100 micrometers. Carbonaceous particles with adsorbed
organic chemicals and reactive metals make up the PM component of air pollution. Nitrates, sulfates,
polycyclic aromatic hydrocarbons, endotoxin, and metals such as iron, copper, nickel, zinc, and vanadium
are all common components of PM [1]. These are usually divided into two basic particle metrics, PM10
(coarse particle with diameter <10um) and PM2.5 (fine particles with diameter <2.5um), in order to ensure
adequate monitoring and regulation [2]. Coarse particles come from a variety of natural as well as
anthropogenic sources, but they rarely make it past the upper bronchus of the lung. Fine particles are
produced when fossil fuels are burned, and they pose a greater health risk than coarse particles because they
penetrate into the small airways and alveoli (very small balloon air sacs, with the function of moving oxygen
and carbon dioxide molecules into and out of the bloodstreams) [3]-[5]. Furthermore, High levels of PM
have been linked to serious diseases such as silicosis, lung cancer, cardiovascular disease, and chronic
obstructive pulmonary disease, so exposure to PM can have a serious impact on human health [6]-[8].
Besides that, PM exposure was associated with an increased risk of death [9]. According to the World Health
Organization (WHO), exposure to high concentrations of PM10 and PM2.5 were linked to a high mortality
rate [10].

The dispersion and the transport of PM plume in urban areas are still an open field due to its complexity.
Many studies were conducted to understand more how the PM plumes are moving around different types of
obstacles and how different parameters can influence it [12]-[14]. Building height variability and wind have
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effects on PM plume dispersion [15]-[17]. Simplified wind tunnel experiments and Computational Fluid
Dynamics (CFD) simulations investigated the PM and air pollutants dispersion in simplified urban models
[18]-[21].

PM10

Figure 1. Particulate matter size comparison [11]

In this paper, small scale experiments were conducted in order to investigate the effects of obstacles, heights
and distance from the source on the PM10 concentration. The goal was to understand the changing of the
PM10 concentration around obstacles in a simple environment.

2. Materials and Methods

The experiments were done in an isolated laboratory room on the built table. The table had 3 PM10 sensors
with a 50 cm distance between each sensor. The room temperature was stable during the experiments (25
+1°C); the same was for the Relative Humidity (RH) (50% +3).

2.1 Experiment set up

The experiments were done with two different wind speeds (2.9 and 1 m/s) provided by two different small
ventilators. The use of the ventilators is to make sure that the PM plume will follow the wind direction toward
the sensors and to avoid the spreading of the plume around the room. As mentioned, three sensors were used,
sensors A, B and C, as shown in Figure 2, sensor C is placed near the source, sensor B is in the middle and
sensor A is 1 meter away from the source. The obstacle was placed at three different distances between
sensors A and B, with changing of the obstacle height (120, 240 and 360 millimetres).

Wind direction

Figure 2. Experimental set-up

The incense sticks were used as a source of PM10 plumes due to the number of particles emitted from
incense smoke in a short time. There were many research studies that investigated the effect of the use of
incense sticks on PM10 concentrations. Numerous studies point out that during the burning of the incense
sticks, the particle concentration increase dramatically, and so is the concentration of PM2.5 and PM10 to
extreme levels; not only the PM concentration that increases during the incense stick burning but also the
level of Carbone Oxide (CO), Nitrogen Oxides (NOx) and Sulfur dioxide (SO2) concentrations go up [22]—
[27].
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Each experiment took 15-20 minutes by burning one incense stick with fixed wind speed, obstacle distance
from the source and obstacle height. The total number of variations (experiments) was 18.

2.2 Data analysis

Measurements were registered continuously in a programmed excel sheet during each experiment for every
30 seconds. The results present the average PM10 concentration in each test and are presented in graphs
depending on the obstacle height and distance from the source for the three sensors.

3. Results

The results of the experiments showed some interesting aspects for the understanding of the PM10 dispersion
around the simple obstacle (Walls).

3.1. Sensor A

Sensor A is the sensor behind the obstacle. Figure 3 shows the average concentration of PM10 during each
experiment in the function of Obstacle heights and distance from the source. The average PM10 concentration
increase with increasing the obstacle distance from the source at higher wind speed, while at low wind speed,
it is almost stable. At a wind speed of 2.9m/s, the average PM10 concentration was the same for obstacle
heights of 240 and 360mm, while it was at its peak when obstacle height was 120mm. While for the wind
speed of 1m/s, the peak average PM10 concentration was at the obstacle height of 360mm and almost the
same at the other two heights.
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Figure 3. graphs of Average PM10 concentration registered by Sensor A in the function of Obstacle
heights and distance from the source in case of a) wind speed 2.9 m/s and b) wind speed 1 m/s

3.2. Sensor B

For sensor B, which is the sensor placed before the wall, the PM10 average concentration was higher in the
case of wall height of 240 and 360mm, and wall distance of 750mm at a wind speed of 1m/s (Figure 4).
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Figure 4. Graphs of Average PM10 concentration registered by Sensor B in the function of Obstacle
heights and distance from the source in case of a) wind speed 2.9 m/s and b) wind speed 1 m/s
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While it reaches the maximum when the obstacle distance from the source is 834mm, obstacle height is
120mm and wind speed of 2.9m/s.

3.3. Sensor C

The sensor C placed near the source registered almost the same average concentration of PM10 at a wind
speed of 1m/s with a decrease in concentration in case of obstacle height of 360mm and distance from the
source of 834mm (Figure 5). On the other hand, it was changing at a wind speed of 2.9m/s. The peak average
PM10 concentration was the same as sensor B when the obstacle distance from the source was 834mm, and
the obstacle height was 120mm.
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Figure 5. Graphs of Average PM10 concentration registered by Sensor C in the function of Obstacle
heights and distance from the source in case of a) wind speed 2.9 m/s and b) wind speed 1 m/s

4. Discussion

The results of this research concluded that there is a significant positive effect on Obstacle heights, the
distance of the obstacle from the source, and the wind speed. The PM10 average concentration decrease
significantly in sensor A (behind the wall) when the obstacle height increases and also when the obstacle
distances from the source increase also in case of the two-wind speed (1m/s and 2.9m/s) with higher
concentrations registered in case of wind speed is 1m/s. While, changes in the PM10 average concentration
ware also seen in the case of Sensor B (in the middle) and sensor C (near the source), especially in the case
of high wind speed (2.9m/s) and, that is due to the turbulence created before and after the walls when the
wind hits it, in addition to the reflection of PM plumes by the obstacle.

Generally, the PM10 average concentration tends to decrease when obstacle heights increase but are also
combined with the position of the obstacle far from the source.

Moreover, using Incense sticks as a source of PM pollution showed that while the stick is burning, it
continues to spike the PM10 concentration, as before the experiments, the background concentration of PM10
was 7+3 pg/m?®, and during the experiments, it can reach 700 pg/m?®, which manifest the short-term effect of
burning the incense stick and its risk of affecting the indoor air quality if used in excess.

5. Conclusions

This paper investigated the PM10 dispersion around the wall of different heights and distances from the
source in a simple environment. Two wind speeds were used in the experiments (1m/s and 2.9m/s) and
variations of three wall heights (120, 240 and 360mm) constructed by simple breaks and three different
distances from the source (666, 750 and 834mm).

The results showed higher average PM10 concentrations were registered in case of low wind speed (1m/s);
increasing the wind speed results in decreasing the PM10 concentration. As the Obstacle height goes up, the
PM10 concentration goes down, especially in position after the obstacle. Moreover, the PM10 concentration
decrease by going far from the source and decreases, even more when an obstacle is placed between source
and sensor. The turbulence created by the effects of the walls also the before and after wall sensors
measurements.

99



HUNGARIAN AGRICULTURAL ENGINEERING SMALL SCALE EXPERIMENTS OF PM10 DISPERSION
N° 40/2021 AROUND OBSTACLES

Even so, more research is needed, and more parameters should be considered for a deep understanding of
the PM plume dispersions around different types of obstacles.

Additionally, burning of the incense stick increases the PM10 concentration dramatically in the experiment
room, and excessive use of it deteriorates the indoor air quality.

References

[1] R.B. Hamanaka and G. M. Mutlu, “Particulate Matter Air Pollution: Effects on the Cardiovascular
System,” Frontiers in Endocrinology, vol. 9, 2018, Accessed: Apr. 05, 2022. [Online]. Available:
https://www.frontiersin.org/article/10.3389/fendo.2018.00680

[2] A. Thorpe and R. M. Harrison, “Sources and properties of non-exhaust particulate matter from road
traffic: A review,” Science of The Total Environment, vol. 400, no. 1, pp. 270-282, Aug. 2008, doi:
10.1016/j.scitotenv.2008.06.007.

[3] M. R. Miller, C. A. Shaw, and J. P. Langrish, “From particles to patients: oxidative stress and the
cardiovascular effects of air pollution,” Future Cardiology, vol. 8, no. 4, pp. 577-602, Jul. 2012, doi:
10.2217/fca.12.43.

[4] C.A. Pope, “Epidemiology of fine particulate air pollution and human health: biologic mechanisms and
who’s at risk?,” Environmental Health Perspectives, vol. 108, no. suppl 4, pp. 713-723, Aug. 2000, doi:
10.1289/ehp.108-1637679.

[5] M. T. Chin, “Basic mechanisms for adverse cardiovascular events associated with air pollution,” Heart,
vol. 101, no. 4, pp. 253-256, Feb. 2015, doi: 10.1136/heartjnl-2014-306379.

[6] K. Khamraev, D. Cheriyan, and J. Choi, “A review on health risk assessment of PM in the
construction industry — Current situation and future directions,” Science of The Total Environment, vol.
758, p. 143716, Mar. 2021, doi: 10.1016/j.scitotenv.2020.143716.

[7] N.-H. Hsieh and C.-M. Liao, “Assessing exposure risk for dust storm events-associated lung function
decrement in asthmatics and implications for control,” Atmospheric Environment, vol. 68, pp. 256-264,
Apr. 2013, doi: 10.1016/j.atmosenv.2012.11.064.

[8] H.Kim, H. Kim, and J.-T. Lee, “Effects of ambient air particles on mortality in Seoul: Have the effects
changed over time?,” Environmental Research, vol. 140, pp. 684-690, Jul. 2015, doi:
10.1016/j.envres.2015.05.029.

[9] F. Luetal., “Systematic review and meta-analysis of the adverse health effects of ambient PM2.5 and
PM10 pollution in the Chinese population,” Environmental Research, vol. 136, pp. 196-204, Jan. 2015,
doi: 10.1016/j.envres.2014.06.029.

[10] World Health Organization, WHO global air quality guidelines: particulate matter (PM2.5 and
PM10), ozone, nitrogen dioxide, sulfur dioxide and carbon monoxide. Geneva: World Health
Organization, 2021. Accessed: Apr. 07, 2022. [Online]. Available:
https://apps.who.int/iris/handle/10665/345329

[11] California Air Resources Board, “Inhalable Particulate Matter and Health (PM2.5 and PM10) |
California Air Resources Board.” https://ww2.arb.ca.gov/resources/inhalable-particulate-matter-and-
health

[12] H. Merbitz, F. Detalle, G. Ketzler, C. Schneider, and F. Lenartz, “Small scale particulate matter
measurements and dispersion modelling in the inner city of Liége, Belgium,” International Journal of
Environment and Pollution, vol. 50, no. 1-4, pp. 234-249, Jan. 2012, doi: 10.1504/1JEP.2012.051196.

[13] L. Liang and P. Gong, “Urban and air pollution: a multi-city study of long-term effects of urban
landscape patterns on air quality trends,” Sci Rep, vol. 10, no. 1, Art. no. 1, Oct. 2020, doi:
10.1038/s41598-020-74524-9.

[14] M. J. Davidson, W. H. Snyder, R. E. Lawson, and J. C. R. Hunt, “Wind tunnel simulations of plume
dispersion through groups of obstacles,” Atmospheric Environment, vol. 30, no. 22, pp. 3715-3731,
Nov. 1996, doi: 10.1016/1352-2310(96)00103-3.

[15] J. Hang, Y. Li, M. Sandberg, R. Buccolieri, and S. Di Sabatino, “The influence of building height
variability on pollutant dispersion and pedestrian ventilation in idealized high-rise urban areas,”
Building and Environment, vol. 56, pp. 346-360, Oct. 2012, doi: 10.1016/j.buildenv.2012.03.023.

[16] Z.-L. Gu, Y.-W. Zhang, Y. Cheng, and S.-C. Lee, “Effect of uneven building layout on air flow and
pollutant dispersion in non-uniform street canyons,” Building and Environment, vol. 46, no. 12, pp.
2657-2665, Dec. 2011, doi: 10.1016/j.buildenv.2011.06.028.

100



SMALL SCALE EXPERIMENTS OF PM10 DISPERSION HUNGARIAN AGRICULTURAL ENGINEERING
AROUND OBSTACLES N° 40/2021

[17] S. Di Sabatino, R. Buccolieri, B. Pulvirenti, and R. Britter, “Simulations of pollutant dispersion
within idealised urban-type geometries with CFD and integral models,” Atmospheric Environment, vol.
41, no. 37, pp. 8316-8329, Dec. 2007, doi: 10.1016/j.atmosenv.2007.06.052.

[18] J. Dehai, W. Jiang, H. Liu, and J. Sun, “Systematic influence of different building spacing, height and
layout on mean wind and turbulent characteristics within and over urban building arrays,” Wind and
Structures, vol. 11, pp. 275-289, Aug. 2008, doi: 10.12989/was.2008.11.4.275.

[19] J. Hang, M. Sandberg, Y. Li, and L. Claesson, “Pollutant dispersion in idealized city models with
different urban morphologies,” Atmospheric Environment, vol. 43, no. 38, pp. 6011-6025, Dec. 2009,
doi: 10.1016/j.atmosenv.2009.08.029.

[20] S. Brusca, F. Famoso, R. Lanzafame, S. Mauro, M. Messina, and S. Strano, “PM10 Dispersion
Modeling by Means of CFD 3D and Eulerian—Lagrangian Models: Analysis and Comparison with
Experiments,” Energy Procedia, vol. 101, pp. 329-336, Nov. 2016, doi: 10.1016/j.egypro.2016.11.042.

[21] S. Brusca, F. Famoso, R. Lanzafame, A. M. C. Garrano, and P. Monforte, “Experimental Analysis
of a Plume Dispersion Around Obstacles,” Energy Procedia, vol. 82, pp. 695-701, Dec. 2015, doi:
10.1016/j.egypro.2015.11.794.

[22] X. Ji et al., “Characterization of particles emitted by incense burning in an experimental house,” Indoor
Air, vol. 20, no. 2, pp. 147-158, Apr. 2010, doi: 10.1111/j.1600-0668.2009.00634 ..

[23] S.-C. Lee and B. Wang, “Characteristics of emissions of air pollutants from burning of incense in a
large environmental chamber,” Atmospheric Environment, vol. 38, no. 7, pp. 941-951, Mar. 2004, doi:
10.1016/j.atmosenv.2003.11.002.

[24] L. K. Tran et al., “The impact of incense burning on indoor PM2.5 concentrations in residential houses
in Hanoi, Vietnam,” Building and Environment, vol. 205, p. 108228, Nov. 2021, doi:
10.1016/j.buildenv.2021.108228.

[25] S. Wei See, R. Balasubramanian, and U. M. Joshi, “Physical characteristics of nanoparticles emitted
from incense smoke,” Science and Technology of Advanced Materials, vol. 8, no. 1-2, pp. 25-32, Jan.
2007, doi: 10.1016/j.stam.2006.11.016.

[26] A. Goel, R. Wathore, T. Chakraborty, and M. Agrawal, “Characteristics of Exposure to Particles
due to Incense Burning inside Temples in Kanpur, India,” Aerosol Air Qual. Res., vol. 17, no. 2, pp.
608-615, 2017, doi: 10.4209/aaqr.2016.04.0146.

[27] J. J. Jetter, Z. Guo, J. A. McBrian, and M. R. Flynn, “Characterization of emissions from burning
incense,” Sci Total Environ, vol. 295, no. 1-3, pp. 51-67, Aug. 2002, doi: 10.1016/s0048-
9697(02)00043-8.

101



