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Abstract

Atmosphere is polluted for all living, non-living entities. Concentrations of atmo-
spheric pollutants like PM, 5, PM;4, CO, CO,, NO, NO,, and volatile organic compounds
(VOC) are increasing abruptly due to anthropogenic activities (fossil fuels combustion,
industrial activities, and power generation etc.). These pollutants are causing soil
(microbial diversity disturbance, soil structure), plants (germination, growth, and bio-
chemistry), and human health (asthma, liver, and lungs disorders to cancers) interven-
tions. All the effects of these pollutants on soil, plants, animals, and microbes needed to
be discussed briefly. Different strategies and technologies (HOPES, IOT, TEMPO and
TNGAPMS) are used in the world to reduce the pollutant emission at source or when
in the atmosphere and also discussed here. All gaseous emissions control mechanisms
for major exhaust gases from toxic to less toxic form or environmental friendly form
are major concern. Heavy metals present in dust and volatile organic compounds are
converted into less toxic forms and their techniques are discussed briefly.

Keywords: air pollution, abiotic, biotic, control, devices, sensors

1. Introduction

Environmental pollution (EP) is successfully deteriorating our surroundings.
Experts and major stake holders are trying to overcome it. EP not only effecting
air, water, land but also plants, microbes, and humans. Atmospheric pollution
(AP) is worse because it directly inhales by living organisms, particularly humans.
Manmade activities increase the level of air pollution from preindustrial age [1].

Air pollutants are of many types and are classified on their suspension in the envi-
ronment. Major air pollutants (AP) include suspended particulate which includes dust,
fumes, mists, gases, vapors etc. The sources of these pollutants are diesel exhaust, coal
fly-ash, mineral dust (asbestos, coal, cement and lime), metal dust (Cu, Fe, Pband
Zn), fumes, acid vapors (H,SO,), paints, pigments, black carbon and smoke from oil.
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Ozone level of various sites of Northern Hemisphere has been increased from 10 to 50
ppbv since 1860 [2]. Sulfate aerosols increase from 3 to 4 folds [3].

Pollutants which are suspended in the air are responsible for different diseases
like respiratory and Cancer, corrosion of metals and damage of plant biochemistry.
Most of these pollutants deposited on the surface of the plants and cause naissance
and disturb sunlight interaction with chlorophyll, the scattering of light from these
pollutants produce smog and many surface chemical reactions. Many air pollutants
are in gaseous form, like oxides of sulfers (SO, and SO3), carbon (CO, and CO),
and nitrogen (NO, and NO;). Most of organic compounds are also present in the air
like Hydrocarbons, Volatile organic compounds, poly aromatic hydrocarbons and
different halogens and their derivatives. Chemical, Thermal and photochemical
reactions of above mentioned pollutant caused secondary pollutants. A common
example of thermal pollution is when the oxidation of SO, occurs to SO; by thermal
reaction. If SO; further catalyzed in the presence of Mn and Fe in water than it give
rise to sulfuric acid mist. Nitrogen oxides and reactive hydrocarbons when react.
They produced ozone, per-oxy-acetyle nitrate (PAN). Some order causing agents
are also produced which are known as hydrogen sulfide, carbon disulfide and
mercaptan while others are very difficult to define chemically.

Chemistry of atmosphere totally depends upon the chemistry of pollutant
present. The activities such as stream of traffic, industrial emissions, cleaning and
washing of roads, painting, repairing are the causes of air pollutant generation.
Because of their harmful effects, the air pollutants are now major concern of human
talks [4]. Noise pollution is also the part of air pollution. Increase of traffic and
other anthropogenic activities the noise pollution is increasing day by day. It is also
causing swear health effects in humans (high blood pressure, sleeplessness, nausea,
depressions are common). The study revealed that air pollution is responsible for

Some important terms and their definitions related to air pollution.

Term Definition Citation

Air pollution Occurrence of dangerous particles and chemical species into the [6]
surrounding air beyond the permissible limit is known as air pollution
e.g. PM,;5, NOx, SOx etc.

PM, 5 The inhalable particles present in the air of size 2.5 micrometer or [7]
smaller are categorize as PM2.5.

PM; The inhalable particles present in the air of size 10 micrometer or [8]
smaller are categorize as PM2.5.

CO It is a colorless, odorless dangerous gas present in the environment. It is [9]
a silent killer and mostly produced in low oxygen.

CO, It is atmospheric gas essential for globe temperature balance but [10]
harmful at its high concentration. It is also colorless and 60% denser
than air.

NO It is known as oxides of nitrogen and known to general public as [11]
laughing gas.

NO, Oxides of nitrogen which enter into the environment from burning of [12]

fossil fuels.

SO, Atmospheric gas which has pungent smell. It natural sources are [13]
volcanic eruption and anthropogenic are fossil fuel exhaust.

VvOoC Compounds of carbon and hydrogen which convert into vapor or gases [14]
phase and contaminate the surroundings are known as volatile organic
compounds.

Aliphatic Compounds with sigma bonds and delocalized pi electrons between [15]

Hydrocarbons carbon atoms forming a circle.
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430,000 premature deaths in Europe and almost 10,000 deaths due to noise pollu-
tion have been recorded. Due to these statistics air and noise pollution is listed in the
top two stressors in the environmental burden disease [5].

According to the above discussion it is clear that the study of air pollution
monitoring, their impacts on biotic components and their control strategies are very
necessary to discuss in the nut shell.

2. Effects of atmospheric pollutants on biotic components of environment

Figure 1 is showing the impacts of air pollution on Animals, Plants, Humans and
Microbes.

The effect of these pollutants on the plants, humans, animals and microbes are
comprehensively discussed in the following Table 1.

Oxidative Damage in Rats
Tissue Damage in fish
Reduce Sperm Motility

Protein Damage
Bronchial Damage
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Decrease the diversity of Bacteria
Increase metabolism of microbes
Reduce Yeast and Mold

Figure 1.
Impact of air pollution on biotic components of the environment.

3. Air pollution and its control measures

Aerosols are classified into solid [SPM, Dust (PM, 5 and PMo)], liquid (fumes,
mist, vapors) and gaseous (smokes, gases) particles. Air pollutants are categorize
the matter which is suspended in the air like road dusts, fumes of chemicals, mists,
smoke from different emissions), gaseous pollutants (gases and vapors) and odors
producing reagents.

4. Atmospheric pollution monitoring devices

In this Table 2 the major monitoring devices with their technology is listed for
detail review.
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Pollutants Plants Humans Animals Microbes

Dust Reduce the Enhance metals Damage the DNA Decrease the
pigments, intake [19], of animals and diversity of
enzymatic activity damage the lining increase protein bacteria at highly
and respiration. of nasal cavity oxidative damage polluted dust
Also block the and enhance in obese rats [21]. [22].
pores in plant leaf secretions [20].

[16-18].

C02 C4 plants are less Increase sleeping, High Elevated
beneficial than C3 blood circulation, concentration CO; effect
plants under high heart beat when leads to Zn metabolism,
CO, environment exposed to high accumulation and cell structure
[23] CO, [24, 25] tissue damage in and diversity of

fish [26]. microbes [27].

S02 Leaf necrosis. Small exposures Reduce the In the open air
Dwarfing and causes cough sperm motility fumigation study
necrosis. 0.05 to while long in rats alter the minute quantity
0.5 ppm of SO, exposures causes seminiferous meaningfully
damage the Spanish asthma [29, 30] tubules in testis reduced
and cucumber [31] and higher respiration in
while apple, barley exposure induces both pine and
and wheat are most cardiovascular deciduous litter
sensitive to problems [32] [33].

SO, [28].

NOx It delays Premature High level of Not Yet Studied,
photosynthesis. demises cause protein damage a strong research
Concentration of in humans [35], was observed gap exists here.
100 ppm cause Long-term in tree sparrow
spotting to leaf contact to NOy is when exposed
and break down. projected to lay to higher level of
Oxidative stress foundation of NO [37].
increased due to 2119 respiratory
boost in deduced demises and
oxygen species [34] 991 lung cancer

demises [36].

Ozone Ozone causes foliar Premature death Ozone exposure Significantly
injury, reduce is the major to mice evidence reduced the
the stomatal concern [39]. the enhance air mold or yeasts
conductance, passage way in yoghurts
enhance the inflammatory cell ozonated for 60s.
foliar injury and infiltration and Escherichia coli
ultimately decrease bronchial hyper- 0157:H7 count
the plant total responsiveness reduced during
biomass [38] as compared to vacuum cooling

control [40] droplets of high
ozone demand
[41].

Aromatic Cause White matter of Consuming the Microbes are

Hydrocarbons fragmentation left hemisphere contaminated see used mostly
of nucleus and reduced food with heavy to remediate
mitochondria and and related metals, PAHs the site
mitochondrion, with slower and TPHs which contaminated
chloroplasts and information. is potentially with PAHs.
grana collapse [42]. Rapidity during poisonous [44].

intelligence
testing [43].
Table 1.

Effect of the pollutants.
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Sr. No Device Technology used with pollutant Citation
1 Portable Monitoring Device For humidity and temperature complementary [45]
for indoor air Pollution metal-oxide semiconductor (CMOS)
technology, particulate matter by Laser-based
light scattering, volatile organic compounds by
Metal oxide gas sensor, CO, by Non-dispersive
infrared (NDIR), CO by Amperometric
gas sensor, light by Infrared-responding
photodiode and sound by Electret microphone
with amplifier.
2 Home Pollution Embedded Internet of thing (IOT) device which is the [46]
System (HOPES) grouping of gas semiconductor devices and an
Infrared particulate matter sensor.
3 IoT Based system of Solar Cheap system for sensing of alcohol, benzene, [47]
Power Environmental Air CO,, and NH3. When it is connected it to
Pollution and Water Quality Arduino then it is able to sense the gases, and
Monitoring System provide readings in PPM (parts per million).
4 A raspberry Pi controlled It is based on four modules which are [48]
cloud based air and sound 1. Module for monitoring Air Quality Index
pollution monitoring system Monitoring,
with temperature and 2.Module for detection of Sound,
humidity sensing 3.Module for Cloud-based Monitoring
4.The Anomaly Notification Module
5 The Next Generation Air Static Sensor Network (SSN), Community [49]
Pollution Monitoring System Sensor Network (CSN) and Vehicle Sensor
(TNGAPMYS) Network (VSN) based on the carriers of the
Sensors.
6 The Ozone Monitoring OMLI is an ultraviolet/visible (UV/VIS) nadir [50]
Instrument (OMI) solar backscatter spectrometer, used to
measure UV irradiance, trace gases of tropo-
spheric and strato-spheric chemistry.
7 Wireless distributed sensor It is based on three metal oxides (MO) chemo- [51]
networks resistive sensors for O3, NO, and TVOC, an
optical (IR based) total (TSP) sensor, noise
sensor and a dual semiconductor sensor for
temperature and humidity (RH) measurement.
8 TEMPO It measures the spectra required to recover O;, [52]
NO,, SO,, water vapors, ultraviolet radiation,
and foliage properties.
9 Amperometric It is used for the monitoring of inorganic gases [53]
electrochemical gas sensors
Table 2.

Air pollutants monitoring devices along with technologies.

5. Particulate pollution control devices

The burning of diesel causes emissions. These emissions contain toxic gases
and particulate matter (PM). Due to which there is a need to control these gases
and particulate. For particulate control the diesel particulate filter is used to bind
the PM which mostly is the combination of soot particles and organic fraction
(soluble). The one bad thing with this system is the accumulation of soot particles
in the filter lowers the activity of filtration [54]. To control the particulate matter
from commercial cooking three technologies are used. The technologies named
as Control technologies (CT) 1, 2 and 3. CT?2 is the removal of grease technology
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which is based on the boundary layer momentum theory. Particulate matter was
the significant higher in base line (CT1) than CT2. CT3 technology is Electrostatic
precipitator based and is use full to reduce the volatile organic compounds like
acetaldehyde and formaldehyde produced during commercial cooking [55]. The
efficiency of Electrostatic precipitators is reduced if the temperature of the flue
gases increases. The low-low temperature EP (LLTESPs) is more effective in
particulate matter removal in coal fired plants. This temperature can be control by
using Wet flue gas desulfurization (WFGD) in ESP. The study was conducted to
check the effectiveness of the LLTESPs and WEFGD. The outlet samples indicate that
the concentration of PM decreased with the decrease of temperature. The concen-
tration of soluble ions like mainly SO,7% Cl” and NH,* decreases in the outlet of
LLTESPs (0.3 to 0.8 mg/m’) with respect to WFGD because the addition of gypsum
slurry in WFGD (4.7 to 0.8 mg/ m’) [56]. Preventive measures have been taken by
individuals to get rid of polluted air. The facemasks are most commonly used by the
Chinese people during the extremely high days. The model showed that 100-point
increase in air quality index increases 54.5% consumption of facemasks. 187 million
dollars could be save if control on air pollution has been achieved and it can be used
for the social welfare of the habitants [57]. To combat with the particulate pollution
there is a need of the hour to control the emission sources of particulate pollution
with improved technologies [58].

6. Gaseous pollution control

CO: Catalytic converter (CC) is a device which is used to convert the hazard-
ous exhaust gases to non-hazardous exhaust gases by using the simple technique
of redox reaction. The working of CC is totally based on the catalyst used. For CO
control the Silver is used as a catalyst. The more the catalyst, the more the active site
and fast reaction.

Catalysts were identified by BET, FTIR, SEM- EDX, XRD, XPS technologies
[59]. A study revealed that ZnO-CuO created hetero-composites show selective
CO detecting with Ty is in close vicinity to T,y to yield simultaneous CO detect-
ing together with its 100% catalytic oxidation for detection devices. The initiated
oxygen reacts immediately with adsorbed CO to provide desired CO detecting
together with 100% CO oxidation [60]. Evidences showed that oxidative desorption
of CO enhance if oxygen species are present. Fast slaking of platinum in water boost
the oxidation by two processes. One of the processes is chemical oxidation by using
molecular oxygen and other is Langmunir-Hinshel wood surface oxidation [61].

S0O2: The usage of segmented multistage ammonia-based liquid spray with
different oxidation potentials to remove sulfur compounds from gas. MnO, filter are
used to absorb the SO, from the exhaust. There are many sources of SO, production
like agricultural heavy machinery, vehicles etc. In this technology MnO, along with
ozone gas is introduced and found that 90% SO, absorption is possible with the
addition of ozone. This system also has the ability to improve the NO, exhaust [62].
The alternative methods to reduce sulfur emissions are the use of low sulfur fuel,
scrubbers to lower the emissions from sulfur rich fuel. Low sulfur in fuel and use of
CNG reduce the SO, emission [63].

Oxides of sulfur (SOy) are produced and exhausted during the operations of
petrochemical industry and cause harmful effects on environment. One of the tech-
nique is sulfur recovery unit (SRU) which is made up of Claus process for removal
of huge amount of sulfur removal and afterward a tail gas treatment unit (TGTU)
for the remaining H,S removal (SCOT process, Beavon sulfur removal (BSR)
process, and Wellman-Lord process) and flue-gas desulfurization (FGD) processes
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(once-through or regenerable) [64]. Conversion of H,SO, from SO2, which could
be a great impact on reducing pollution [65]. Various approaches for controlling SO,
emissions include.

7. Wet scrubber

In this technique, SO, is absorb by the slurry of an alkaline chemical reagent,
and SO, (g is either converted to liquid or solid.

Lime/limestone scrubbing: There are many sorbents but limestone is efficient
for desulfurization process. Gypsum scaling is common when the CaSO, is more
than 15%. To avoid this scaling lime stone forced oxidation process is used. In this
scaling oxidation of CaSO; CaSO, by blustering in the air (usually in the reaction
chamber) [66].

Sodium (hydroxide) scrubbing: Sodium scrubbing liquor is very efficient in
absorbing emitted SO,. It is usually used in industrial broilers.

Ammonia scrubbing: It is a unique and new technology, commonly used for
desulfurization (DS) of flue gases, in this ammonia is used for DS and commer-
cial grade crop fertilizer is produced. It is currently using by Dakota Gasification
Company’s (DGC) Synfuels Plant [67]. Further, electrostatic and electro-fabric
precipitators are used to remove SO; from the flue gases of coal power plants [68].

8. Chlorine emission control

Chlorine emission control technologies are necessary to meet the low emis-
sion standards of the USEPA. A study showed that flue gases were samples and
analyzed by different emission control technologies (Selective non catalytic
reduction, Electrostatic precipitators and fabric filters) and found that 86.1% of
chlorine is exhausted in the form of gas. HCl is found significant in samples. The
exclusion efficiencies of total chloride are 15.6% by ESP and 19.0-19.7% by FFs,
respectively [69].

9. NOx control

An exhaust system is designed (patent) which has the ability to store NOx at
temperature below 200° C and release the NOx above 200° C [70]. Rising trends
of Nitrate aerosols were observed in china. The main cause is day time nitrate
emissions. These can be controlled if the day time emissions of NH3 and O3 be
under-control [71]. NOx emissions are very common from the burning of dried
sewage sludge. It is studied that if the combustor physical and operation condition
maintained than NOx emissions can be controlled about 75%. Further argued that
moderate or intense low oxygen dilution is best suited option to reduce NOx with
the cyclone type furnace [72]. Another study suggested that air staging can lead
to higher reduction of NOx [73]. NOx can further be controlled from the diesel
exhaust by controlling the temperature. It could be 90% less emission if the temper-
ature is minimized. Flue gas treatment with ozone oxidation technology is used to
remove NOx. Increase in solubility and bond breakage is the key to success for this
technology [74]. The three leading stack gas treatment techniques for NO, control
are catalytic reduction with ammonia, non-catalytic reduction with ammonia, and
direct scrubbing of NO with simultaneous absorption of SO,. The wet processes are
much less developed than the dry processes [75].
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10. Control of heavy metals pollution in exhaust gases

Study showed that heavy metals show different fate. The control devices which
are used in incinerators and other pollution control devices. Some heavy metals
like cadmium and plumbum stick in fabric filter ash while chromium, copper and
nickel were predominant in the ash present in bottom of the boiler. Zn was found at
the bottom and in the ash of fabric filter with a ratio of 07: 03. Though, very minute
Hg was found furnace ash, boiler, and SDR and fabric filter; most of Hg crossed
through the fabric filter and occurred in an oxidized form. The wet scrubber
showed high level control efficacy for mercury which is oxidized, and the addition
of commercial stimulated carbon at a rate of 0.2 g/Sm3 resulted in 93.2% mercury
removal efficiency [76]. One study revealed that, a high-gravity method using
alkaline wastes, i.e., fly ash from petroleum coke, was planned for control of air
pollution, containing NOx, CO, and aerosols. Further reacted fly ash can be used for
additional cementations material [77].

11. Odor pollution and its control

Odor pollution control is very important for industries and domestic processes
because it also caused disputes among neighbors. There are many order producing
compounds which includes, organic ammonia, mercaptans and sulfides. Organic
and inorganic amines are also very common [78]. NH3 scrubbers are used. The
modified scrubber contains two parts. One part use water to remove dust pollution
and other part contain dilute acid solution for removal of ammonia and VOCs.
Different acidic salts which include aluminum sulfate (alum), sodium bisulfate,
potassium bisulfate, ferric chloride and ferric sulfate were found to work as well
as strong acids (hydrochloric, phosphoric and sulfuric) for capturing NH3. This
technique could result in the capture of a significant amount of the N lost. It also
improves the environmental acceptance by the neighbors due to odor control [79].

12. Biodegradation

The degradation of organic pollutants by using the natural force (microorgan-
isms) to water and carbon-di-oxide is known as biodegradation (BD). In artificial
technique heat is used but in BD microorganism were utilized. BD efficiently occur
at optimum moisture conditions, If plenty of moisture is available than bacteria
grow efficiently and BD process speedup and vice versa [80].

13. Conclusions

Anthropogenic accelerated atmospheric pollution is very much dangerous to
biotic as well as abiotic factors of the environment. There are different air pollutants
(PM; 5 and PM,, dust, NOx, Sox, CO, CO,, and VOCs) have different ways to cause
damage to soil, plants, humans, and animals. Sometime this is even lethal for living
things and cause pulmonary disorders to even cancers. As pollution is originated
from all the anthropogenic activities like industrial processes, power generation
and traffic vehicles and are part of economic externalities. These activities cannot
be stopped but their life so there are many control technologies which minimize
pollutants release into the atmosphere and save the biotic and abiotic components
from damage.



Atmospheric Pollution Interventions in the Environment: Effects on Biotic and Abiotic Factors...
DOI: http://dx.doi.org/10.5772/intechopen.94116

Conflict of interest

This not a commercial activity so there is no conflicts of interests between the
authors.
Notes/thanks/other declarations

Thanks to IntechOpen for providing opportunity to publish a Book Chapter free
of cost.
Appendices and nomenclature

There is no appendices or nomenclature.

Author details

Nukshab Zeeshan®™, Nabila?, Ghulam Murtaza’, Zia Ur Rahman Farooqil,
Khurram Naveed' and Muhammad Usman Farid?

1 Institute of Soil and Environmental Sciences, University of Agriculture,
Faisalabad, Pakistan

2 Department of Rural Sociology, University of Agriculture, Faisalabad, Pakistan

3 Department of Structures and Environmental Engineering, University of
Agriculture, Faisalabad Pakistan

*Address all correspondence to: nukshabz@gmail.com

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Agrometeorology

References

[1] IPCC, C. C., The Scientific Basis.
Contribution of Working Group I to
the Third Assessment Report of the
Intergovernmental Panel on Climate
Change, edited by: Houghton, J. T.,
Ding, Y., Griggs, D. J., Noguer, M.,
van der Linden, P. J., Dai, X., Maskell,
K., and Johnson, C. A., Cambridge
University Press, Cambridge, United
Kingdom, 2001. p. 1000.

[2] Gros, V.: Background ozone and long
distance transport of nitrogen oxides,
global change magazine for schools,
published by ACCENT, 2006.

[3] Lamarque, J.-F., et al., The
Atmospheric Chemistry and Climate
Model Intercomparison Project
(ACCMIP): overview and description
of models, simulations and climate
diagnostics, Geosci. Model Dev.
Discuss., 2012.(5), p. 2445-2502.

[4] Naveed, K., et al., Air Contamination
and Its Impact on Plants, Humans and
Water of Pakistan-A Review. J. Appl.
Environ. Biol. Sci, 2016. 6(8): p. 32-39.

(5] Khan, J., et al., Road traffic air and
noise pollution exposure assessment — a
review of tools and techniques. Science
of The Total Environment. 2018. (634)
p. 661-676.

[6] Meetham, A.R., D. Bottom, and S.
Cayton, Atmospheric pollution: its history,
origins and prevention. 2016: Elsevier.

[7]1 Zhang, Y.-L. and F. Cao, Fine
particulate matter (PM 2.5) in China at
a city level. Scientific reports, 2015. 5: p.
14884.

[8] Kim, K.-H., E. Kabir, and S. Kabir,

A review on the human health impact of
airborne particulate matter. Environment
international, 2015. 74: p. 136-143.

[9] from Carbon, N.I. and M.PJ.H.
Pain, Neurological Impacts from Carbon

10

Monoxide Poisoning. Journal of Headache
& Pain, 2016. 1(3): p. 26.

[10] Liu, Q., et al., Using carbon dioxide
as a building block in organic synthesis.
Nature communications, 2015. 6:

p. 5933.

[11] Larson, C.P. and R.A. Jaffe, Nitrous
Oxide: Yea or Nay, in Practical Anesthetic
Management. 2017, Springer. p. 69-79.

[12] Garcia, E., et al. Reduced Asthma
Incidence in Children following Decreased
Nitrogen Dioxide Levels in Southern
Califomia. in AMERICAN JOURNAL
OF RESPIRATORY AND CRITICAL
CARE MEDICINE. 2018. AMER
THORACIC SOC 25 BROADWAY, 18
FL, NEW YORK, NY 10004 USA.

[13] Schroeter, L.C., Sulfur dioxide:
applications in foods, beverages, and
pharmaceuticals. 2015: Elsevier.

[14] Kamal, M.S., S.A. Razzak, and
M.M. Hossain, Catalytic oxidation of
volatile organic compounds (VOCs)-A

review. Atmospheric Environment,
2016. 140: p. 117-134.

[15] Ghosal, D., et al., Current state of
knowledge in microbial degradation of
polycyclic aromatic hydrocarbons (PAHs):
a review. Frontiers in microbiology,

2016. 7: p. 1369.

[16] Prusty, B.A.K., P.C. Mishra, and
P.A. Azeez, Dust accumulation and leaf
pigment content in vegetation near the
national highway at Sambalpuy, Orissa,
India. Ecotoxicology and Environmental

Safety, 2005. 60(2): p. 228-235.

[17] Swami, A., Impact of Automobile
Induced Air Pollution on road side
vegetation: A Review. ESSENCE Int. ].
Env. Rehab. Conserv. IX (1), 2018: p.
101-116.

[18] Gémez-Moreno, FJ., et al., Urban
vegetation and particle air pollution:



Atmospheric Pollution Interventions in the Environment: Effects on Biotic and Abiotic Factors...

DOI: http://dx.doi.org/10.5772/intechopen.94116

Experimental campaigns in a traffic
hotspot. Environmental Pollution, 2019.
247: p. 195-205.

[19] Li, N., et al., Pollution charvacteristics
and human health risks of elements

in road dust in Changchun, China.
International journal of environmental
research and public health, 2018. 15(9):
p. 1843,

[20] Elad, D., et al., In vitro exposure
of nasal epithelial cells to atmospheric
dust. Biomechanics and Modeling in
Mechanobiology, 2018. 17(3):

p. 891-901.

[21] Gasparotto, ., et al., Obese rats

are more vulnerable to inflammation,
genotoxicity and oxidative stress induced
by coal dust inhalation than non-obese
rats. Ecotoxicology and Environmental
Safety, 2018. 165: p. 44-51.

[22] Dong, L., et al., Concentration and
size distribution of total airborne microbes
in hazy and foggy weather. Science of
The Total Environment, 2016. 541: p.
1011-1018.

[23] Reich, P.B., et al., Unexpected
reversal of C3 versus C4 grass response
to elevated CO2 during a 20-year field
experiment. Science, 2018. 360(6386):
p. 317-320.

[24] Vehvildinen, T., et al., High

indoor CO2 concentrations in an office
environment increases the transcutaneous
CO2 level and sleepiness during cognitive
work. Journal of Occupational and
Environmental Hygiene, 2016. 13(1):
p. 19-29.

[25] Cetin, M., H. Sevik, and K.
Isinkaralar, Changes in the particulate
matter and CO2 concentrations based
on the time and weather conditions:
the case of Kastamonu. Oxidation
Communications, 2017. 40(1-1I):

p. 477-485.

[26] Yin, Y., et al., Elevated CO2 levels
increase the toxicity of ZnO nanoparticles

11

to goldfish (Carassius auratus) in a water-
sediment ecosystem. Journal of Hazardous
Materials, 2017. 327: p. 64-70.

[27] Yu, T. and Y. Chen, Effects of elevated
carbon dioxide on environmental microbes
and its mechanisms: A review. Science of
The Total Environment, 2019. 655: p.
865-879.

[28] Swami, A., Impact of Automobile
Induced Air Pollution on roadside
vegetation: A Review. ESSENCE
International Journal for Environmental
Rehabilitation and Conservation, 2018.
9(1): p. 101-116.

[29] Greenberg, N., et al., Different
effects of long-term exposures to SO2 and
NO2 air pollutants on asthma severity in
young adults. Journal of Toxicology and
Environmental Health, Part A, 2016.
79(8): p. 342-351.

[30] Singh, B.K., A.K. Singh, and V.K.
Singh, EXPOSURE ASSESSMENT OF
TRAFFIC-RELATED AIR POLLUTION
ON HUMAN HEALTH-A CASE
STUDY OF A METROPOLITAN

CITY. Environmental Engineering &
Management Journal (EEM]J), 2018.
17(2).

[31] Zhang, J., et al., Sulfur dioxide
inhalation lowers sperm quality and
alters testicular histology via increasing
expression of CREM and ACT proteins in
rat testes. Environmental Toxicology and
Pharmacology, 2016. 47: p. 47-52.

[32] Zhang, Q., et al., The molecular
mechanism of the effect of sulfur dioxide
inhalation on the potassium and calcium
ion channels in rvat aortas. Human &
Experimental Toxicology, 2015. 35(4): p.
418-427.

[33] Wookey, P.A., P. Ineson, and
T.A. Mansfield, Effects of atmospheric
sulphur dioxide on microbial activity in
decomposing forest litter. Agriculture,
Ecosystems & Environment, 1991.
33(3): p. 263-280.



Agrometeorology

[34] Cassia, R., et al., Climate Change
and the Impact of Greenhouse Gasses:
CO2 and NO, Friends and Foes of Plant
Oxidative Stress. Frontiers in Plant
Science, 2018. 9(273).

[35] Almaraz, M., etal., Agriculture is a
major source of NO<em>x</em> pollution
in California. Science Advances, 2018.
4(1): p. eaao3477.

[36] Lu, X., etal., Source apportionment
and health effect of NOx over the Pearl
River Delta region in southern China.
Environmental Pollution, 2016. 212: p.
135-146.

[37] Salmén, P, et al., Oxidative stress

in birds along a NOx and urbanisation
gradient: An interspecific approach.
Science of The Total Environment, 2018.
622-623: p. 635-643.

[38] Feng, Z., et al., Current ambient and
elevated ozone effects on poplar: A global
meta-analysis and vesponse velationships.
Science of The Total Environment, 2019.
654: p. 832-840.

[39] Nuvolone, D., D. Petri, and F. Voller,
The effects of ozone on human health.

Environmental Science and Pollution
Research, 2018. 25(9): p. 8074-8088.

[40] Kim, B.-G., et al., Impact of ozone on
claudins and tight junctions in the lungs.
Environmental Toxicology, 2018. 33(7):
p- 798-806.

[41] Alexopoulos, A., etal., Experimental
effect of ozone upon the microbial flova of
commercially produced dairy fermented
products. International Journal of Food
Microbiology, 2017. 246: p. 5-11.

[42] Naidoo, G. and K. Naidoo, Uptake of
polycyclic aromatic hydrocarbons and their
cellular effects in the mangrove Bruguiera

gymnorrhiza. Marine Pollution Bulletin,
2016.113(1): p. 193-199.

[43] Peterson, B.S., et al., Effects of
Prenatal Exposure to Air Pollutants

12

(Polycyclic Aromatic Hydrocarbons)

on the Development of Brain White
Matter, Cognition, and Behavior in Later
ChildhoodEffects of Prenatal Exposure to
Air Pollutants on Children’s BrainsEffects
of Prenatal Exposure to Air Pollutants

on Children’s Brains. JAMA Psychiatry,
2015. 72(6): p. 531-540.

[44] Oyibo, J.N., et al., Analysis of

total petroleum hydrocarbons, polycyclic
aromatic hydrocarbons and risk assessment
of heavy metals in some selected finfishes at
Forcados Terminal, Delta State, Nigeria.
Environmental Nanotechnology,
Monitoring & Management, 2018. 9:

p- 128-135.

[45] Tiele, A., S. Esfahani, and J.
Covington, Design and Development of a
Low-Cost, Portable Monitoring Device for

Indoor Environment Quality. Journal of
Sensors, 2018. 2018.

[46] Gugliermetti, L. and D. Astiaso
Garcia, A cheap and third-age-friendly
home device for monitoring indoor

air quality. International Journal of
Environmental Science and Technology,
2018.15(1): p. 185-198.

[47] Kumar, H., et al., Solar Power
Environmental Air Pollution ¢ Water
Quality Monitoring System Based on
IoT’ Perspectives in Communication,
Embedded-systems and Signal-
processing-PiCES, 2018. 2(8):

p. 197-199.

(48] Saha, A.K., etal. A raspberry Pi
controlled cloud based air and sound
pollution monitoring system with
temperature and humidity sensing. in
2018 IEEE 8th Annual Computing
and Communication Workshop and
Conference (CCWC). 2018.

[49] Yi, WY, etal., A Survey of Wireless
Sensor Network Based Air Pollution

Monitoring Systems. Sensors, 2015.
15(12): p. 31392-31427.

[50] Levelt, PF., et al., The ozone
monitoring instrument. IEEE



Atmospheric Pollution Interventions in the Environment: Effects on Biotic and Abiotic Factors...

DOI: http://dx.doi.org/10.5772/intechopen.94116

Transactions on Geoscience and Remote
Sensing, 2006. 44(5): p. 1093-1101.

[51] Moltchanov, S., et al., On the
feasibility of measuring urban air
pollution by wireless distributed
sensor networks. Science of The Total
Environment, 2015. 502: p. 537-547.

[52] Zoogman, P, et al., Tropospheric
emissions: Monitoring of pollution
(TEMPO). Journal of Quantitative
Spectroscopy and Radiative Transfer,
2017. 186: p. 17-39.

[53] Baron, R. and J. Saffell,
Amperometric Gas Sensors as a Low
Cost Emerging Technology Platform for
Air Quality Monitoring Applications:
A Review. ACS Sensors, 2017. 2(11): p.
1553-1566.

[54] Kurien, C. and A.K. Srivastava.
Active Regeneration of Diesel Particulate
Filter Using Microwave Energy for
Exhaust Emission Control. 2018.
Singapore: Springer Singapore.

[55] Gysel, N., et al., Particulate matter
emissions and gaseous air toxic pollutants
from commercial meat cooking operations.
Journal of Environmental Sciences,
2018. 65: p. 162-170.

[56] Wang, G., et al., Characteristics of
particulate matter from four coal—fired
power plants with low-low temperature
electrostatic precipitator in China. Science
of The Total Environment, 2019. 662: p.
455-461.

[57] Zhang, ]. and Q. Mu, Air pollution
and defensive expenditures: Evidence from
particulate-filtering facemasks. Journal
of Environmental Economics and
Management, 2018. 92: p. 517-536.

[58] Yu, S., et al., Mitigation of severe
urban hage pollution by a precision air
pollution control approach. Scientific
Reports, 2018. 8(1): p. 8151.

[59] Dey, S., et al., Synthesis of silver
promoted CuMnOx catalyst for ambient

13

temperature oxidation of carbon
monoxide. Journal of Science: Advanced
Materials and Devices, 2019.

[60] Ghosh, A., et al., Catalytic oxidation
and selective sensing of carbon monoxide
for sense and shoot device using ZnO-CuO
hybrids. Materialia, 2019. 5: p. 100177.

[61] Zinola, C.F., Carbon monoxide
oxidation assisted by interfacial oxygen-
water layers. Journal of Solid State
Electrochemistry, 2019. 23(3): p.
883-901.

[62] Osaka, Y., et al., Basic study on
exhaust gas purification by utilizing
plasma assisted MnO2 filter for
zero-emission diesel. Separation and
Purification Technology, 2019. 215: p.
108-114.

[63] Lehtoranta, K., et al., Particulate
Mass and Nonvolatile Particle Number
Emissions from Marine Engines Using
Low-Sulfur Fuels, Natural Gas, or
Scrubbers. Environmental Science &
Technology, 2019.

[64] Jiang, J. and D. Li, Theoretical
analysis and experimental confirmation
of exhaust temperature control for diesel

vehicle NOx emissions reduction. Applied
energy, 2016. 174: p. 232-244.

[65] Roy, P. and A. Sardar, SO” sub 2*
Emission Control and Finding a Way
Out to Produce Sulphuric Acid from
Industrial SO» sub 2™ Emission. Journal

of Chemical Engineering & Process
Technology, 2015. 6(2): p. 1.

[66] Zhong, Y., et al., A model for
performance optimization of wet flue gas
desulfurization systems of power plants.
Fuel Processing Technology, 2008.
89(11): p- 1025-1032.

[67] Evans, A.P,, C. Miller, and S.
Pouliot, Operational experience of
commercial, full scale ammonia-based wet

FGD for over a decade. Environmental
Technologies, 2009: p. 1-19.



Agrometeorology

[68] Yang, D., et al. Study on SO3
Cooperative Removal Effect of Ultra-low
Emission Technology in Coal-fired Power
Plants. in E3S Web of Conferences. 2018.
EDP Sciences.

[69] Culi, ]., et al., Effects of Air Pollution
Control Devices on the Chlorine Emission
from 410 t/h Circulating Fluidized Bed
Boilers Co-firing Petroleum Coke and
Coal. Energy & Fuels, 2018. 32(4):

p- 4410-4416.

[70] Swallow, D., EXHAUST SYSTEM
WITH A MODIFIED LEAN NOx TRAP.
2019, Google Patents.

[71] Wen, L., et al., Summertime fine
particulate nitrate pollution in the North
China Plain: increasing trends, formation
mechanisms and implications for control
policy. Atmos. Chem. Phys., 2018.
18(15): p. 11261-11275.

[72] Shim, S.H., S.H. Jeong, and S.-S.
Lee, Low-nitrogen oxides combustion of
dried sludge using a pilot-scale cyclone
combustor with recivculation. Journal
of the Air & Waste Management
Association, 2015. 65(4): p. 413-422.

[73] Liu, H., et al., Control of NOx
emissions of a domestic/small-scale
biomass pellet boiler by air staging. Fuel,
2013.103: p. 792-798.

[74] Lin, F., et al., Flue gas treatment
with ozone oxidation: an overview on
NOx, organic pollutants, and mercury.
Chemical Engineering Journal, 2020.
p. 382.

[75] Rosenberg, H., et al., Post combustion
methods for control of NOx emissions.
Progress in Energy and Combustion
Science, 1980. 6(3): p. 287-302.

[76] Ahmad, T., et al., Behavior of heavy
metals in air pollution control devices

of 2,400 kg/h municipal solid waste
incinerator. Korean Journal of Chemical
Engineering, 2018. 35(9): p. 1823-1828.

14

[77] Pei, S.-L., et al., Performance
evaluation of integrated air pollution
control with alkaline waste valorization
via high-gravity technology. Journal of the
Taiwan Institute of Chemical Engineers,
2018. 87: p. 165-173.

[78] Revah, S. and J.M. Morgan-
Sagastume, Methods of odor and VOC
control, in Biotechnology for odor and

air pollution control. 2005, Springer. p.
29-63.

[79] Moore, P.A., et al., Development and
Testing of the ARS Air Scrubber: A Device
for Reducing Ammonia Emissions from
Animal Rearing Facilities. Frontiers in
Sustainable Food Systems, 2018. 2(23).

[80] Singh, S., Biosorption of Heavy
Metals by Cyanobacteria: Potential of
Live and Dead Cells in Bioremediation.
In Microbial Bioremediation &
Biodegradation 2020. p. 409-423.
Springer, Singapore.



