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The current paper deals with the major causes of air pollution in the big cities of Azerbaijan. In this context, industrial gas wastes
and transport systems are the most important sources of air pollution. Also, relevant factors following the intensity of air pollution
have recently been recognized. The motor transport system and its detrimental effects on human health are tightly connected with
air pollution. Therefore, the use of ecological and geographical data could be an efficient approach to preventing air pollution in
urban regions. Also, the advantage of nanotechnology in removing air contaminants has been introduced as a promising solution.
Nanomaterials can serve as nano adsorbents, nanocatalysts, nano filters/membranes, and nanosensors in air pollution
remediation. Moreover, the green synthesis of nanomaterials from plant-based origins is promising in this context. Also,
nanotechnology is a robust candidate for the production of green and sustainable energy resources. In a nutshell,
recommendations on the prevention and alleviation of air pollution, as well as the methods of refining the urban environment
and controlling polluting agents are represented.

1. Introduction

Expansion of petroleum-based industries and developments
in urban areas in Azerbaijan, as well as other regions of the
world, has been following ecological challenges in crowded
cities due to the increment in population, vehicles, and
industries [1]. The emitted pollutants to the atmosphere
have mostly (at least 2/3) been attributed to Baku city [2].
Also, the low quality of air-cleaning apparatuses has signifi-
cantly increased the emit of deleterious substances from
chemical, petrochemical, and aluminum generating indus-
tries [3]. Furthermore, the rapid growth of the population
has induced a negative impact on the atmosphere [4]. It
should be noticed that the emission of toxic pollutants is
increasingly continued despite the occurrence of modern fil-
tration equipment [5]. The main sources of air pollution are
industrial facilities and motor vehicles. The increase in pol-
luting sources is not in correlation with the territorial capac-

ities of the urban area in Azerbaijan [3]. Therefore, this
ecological situation influences the human health of the living
urban negatively, it has been reported that several gastroin-
testinal, neurologic, respiratory, and nephrology health
problems are connected with air pollution [6]. Thus, the
investigation of air pollution, its causes, and its conse-
quences are of great importance. The current review focuses
on the main causes of air pollution in the urban areas of
Azerbaijan and offers possible ecological solutions as con-
cluding remarks. Also, the potential role of nanotechnology
in the remediation of air pollution is discussed.

1.1. Transport System and Air Pollution. Surely, the trans-
port system plays a chief role in inducing air, water, and soil
pollution. Particularly, its role in the contamination of the
air is an international problem. With the growth of popula-
tion and enlargement of the cities, the transport vehicles are
also increasing, which triggers the current problems of

Hindawi
Journal of Nanomaterials
Volume 2022, Article ID 1934554, 13 pages
https://doi.org/10.1155/2022/1934554

https://orcid.org/0000-0002-4420-4414
https://orcid.org/0000-0001-6310-8754
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1934554


human health as well as environmental destruction [7].
Vehicles produce up to 80% of gaseous substances responsi-
ble for air pollution in Azerbaijan [3]. Therefore, the assess-
ment of vehicle-induced air pollution is an emerging issue.
Currently, over 860 thousand vehicles are used in Azerbaijan
[8]. Motor vehicles produce non-combustible carbohydro-
genic agents such as lead, mercury, sulfur, nitrogen, carbon
oxides, benzopyrene, and carcinogenic substances [9]. These
toxic wastes enter the active zone of the biosphere with a
harmful effect [10]. Notably, emitted lead with gaseous con-
taminants exhibits highly toxic effects. Windy weather, high
building, and areas with lower relief spread the waste and
form pollution in the atmosphere which can influence
human health as well [5]. Currently, transport is a chief por-
tion of the economic infrastructure in Azerbaijan [11]. It
shows a fundamental role in organizing socio-economic
issues. On the other hand, social and economic matters are
based on meeting the requirement of the transport sector
[11]. In this context, the function of the transport system
should be in agreement with demand and supply. The trans-
ports system highly affects the economic issues via enhanc-
ing labor efficiency and diminishing the good delivery
time. Moreover, the transport system plays a crucial role in
the operative use of natural reservoirs of a country and its
global integration. The development of market mechanisms
in Azerbaijan in economy elevates the plausibility of utiliz-
ing transport services by different individual and legal enti-
ties. Azerbaijan’s economy is highly connected to sea
transport [12]. In this regard, it is important to expand the
seaport network of this country concerning the perspective
plans of the developments of the international trade and
increment of transport capacity for effective transmission
of liquid, containers, and goods. Regarding the air transport
system, optimizing the number of international airports,
transitioning to unified types, and technical refinements
should be considered [13]. Collectively, the establishment
of extra effective and internationally practiced mechanisms
of utilizing private capital is required for the improvement
of the transport sector of Azerbaijan.

From the environmental point of view, it should be
noticed that the use of new vehicles is proposed to avoid
the production of larger levels of waste [3]. Also, the techni-
cal situation of automobiles, prevention of utilizing obsolete
cars, and enlargement of greening urban areas can prohibit
air pollution. Atmosphere air pollution is directly linked
with the growth of motor transport systems. Over 86000
thousand motor vehicles are found in Azerbaijan (70 thou-
sand lorries and 20 thousand buses) [3]. The majority of
the vehicles (90%) have been used for more than five years
which increases air pollution. Approximately, 500 thousand
tons of waste are released from motor transport into the air
[14]. Also, technical problems are found in about 60% of
automobiles and 25% of lorries and most of the cars are
not qualified with ecological standards [3]. The use of these
cars is linked with the elevated consumption of fuel and thus
the production of deleterious substances which are emitted
into the air. Furthermore, the ineffective privatization of a
fleet of motor vehicles with a poor technical base is another
important problem. Cars, which work with an internal com-

bustion engine are key sources of air pollution. These auto-
mobiles with the combustion of benzene result in the
emergence of carbon oxides (20 kg/100 L of fuel). Moreover,
incomplete combustion of fuel is another reason for pollu-
tion. It should be noted that 85% of the fuel is emitted into
the air as burning material. The number and intensity of
automobiles have raised in Baku-Sumgait agglomeration
in the last years, and this is responsible for arising which
is connected with the higher waste formation in Baku as
well as Sumgait city [3]. The average level of pollutants
in the air of Baku and Sumgait cities has changed in
recent years, while concentration is constant in the cities
except for Ganja city [3].

1.2. Industrial Waste and Air Pollution. Previous research
has shown the regularities of the level of air pollution in con-
nection with different factors [15]. The regularities monitor
air pollution in the regions of intensive man-made effect
(cities, industrial and agrarian-industrial centers, etc.) and
control the circumstance of air pollution in the areas, located
far from the sources of pollution. The investigations also
have dealt with the study of the impact of the conduction
of centralized monitoring over the air of cities and industrial
centers [16] through automatized gas analyzers to find out
the level of detrimental substances and their major meteoro-
logical elements [17]. This novel technique of determination
of air pollution is typically applied in association with the
location of points of monitoring. The point source of air pol-
lution consists of factories and electric power plants. Volatile
organic compounds (VOCs) and nitrogen oxide is elevated
due to petroleum, and chemical industries’ combustion in
power stations. Also, O3 is more concentrated, and more
smog is formed in industrial areas [18]. Coal and sulfur orig-
inated fuel oils oxidize into Sulphur dioxide. These types of
fuels are implemented to move, heat, and produce the
required energy for industrial processes. Furthermore, the
industry generates distinct pollutants as waste, such as fluo-
rine derivatives or aluminum.

The main industrial sources of air pollution in Baku
include the plant of Garadagh-cement, Baku Steel, refineries,
the Baku Plant of construction materials, oil and gas produc-
ing plants, heating power stations, and different manufactur-
ing plants [3]. Currently, there are 300 stationary industrial
entities significantly polluting the air [3]. Normally, about
50% of their waste is neutralized by gas and dust extraction
apparatuses. Approximately 80% of the neutralized pollut-
ants are solid materials. However, the necessary tools that
neutralize gas and carcinogenic substances are not used.
We have previously analyzed the levels of substances emitted
into the air by industrial enterprises in Baku, and Sumgait.
As the result, the amounts of pollutants were 30,3% and
28,4% for all wastes; 23.7% and 13.5% for dust; 37.2% and
23.6% for carbon oxide, 58% and 75% for nitrogen oxide
(NO2) and 26% and 25.8% for SO2 agents [19]. the emission
of hydrogen wastes of chlorine and fluoride were prominent
in Sumgait city, while the major pollutants in Baku city were
hydrocarbons and SO2 from oil refineries [3, 20]. The
majority of the hydrocarbon waste in the city of Sumgait is
donated to the Organic Synthesis and Synthetic Rubber,
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whereas the sources of sulfur dioxide emissions mostly
belong to the heating power stations and superphosphate
plants. NO2 wastes of Baku city are in relation to the heating
power stations followed by the Garadagh cement plant [3].
Generally, air pollution in these cities occurs predominantly
due to the emission of industrial dust. Figure 1 depicts the
distribution of air pollution by industries sources in
Azerbaijan.

1.3. Ecogeographical Effects of Air Pollution. Simultaneous
assessment of ecology and geography can help us solve sev-
eral environmental challenges. Firstly, this integration leads
to the formation of political geography. Also, an appropriate
assessment of this connection results in the production of
geography-related sciences and clarification of misinter-
preted concepts such as geographical ecology.

The natural climate conditions such as the speed and
direction of the wind, temperature, synoptic processes, and
humidity exert a pivotal role in air pollution. The investiga-
tion of the air pollution in multi-functional large cities and
protecting their atmosphere is an important concept of the
ecogeographical studies [22]. It is highly critical to not only
study the spreading of the air pollutants throughout the
anthropogenic aspects but also meteorological parameters
as well as the annual seasonal changes should be evaluated.
Mesoscale and macroscale climatic processes influence
atmospheric air pollution due to the extensive boundaries
of big cities. The shape and height of air pollutants emitting
chimney sources affect the movement of pollutants in the
atmosphere, particularly in windless conditions. İt has been
shown that traffic is the major cause of higher anthropogenic
air pollutants including carbon monoxide and nitrogen dur-
ing the warmer periods of the year in Azerbaijan. The traffic
emissions share accounts for 65–70% of air pollution in
Azerbaijan [22, 23]. It has been reported that the quantities
of traffic emission were 229,9 and 410,7 thousand tons,
respectively, in 2000 and 2007 years, while these were 20,8
and 37,2 thousand tons in Ganja city and 14,3 and 8,2 thou-
sand tons in Sumgait city [24]. Unfavorable weather circum-
stances such as high temperature, breeze, and humidity
significantly increase the concentration of pollutants [25].
As a result, the density of dust, nitrogen 4-oxide, and Co2
were escalated by 1.2-2, 1.5-2.5, and 2-3 times higher in
Sumgait city. Also, the concentration of nitrogen 4-oxide
and dust reached higher than the maximum threshold in
Ganja city. However, the level of air pollutants in the atmo-
sphere was within the tolerance in the other cities of Azer-
baijan. Collectively, it has been found that the
concentration of pollutants in Baku is high, whereas it is
moderate in Ganja and Sumgait and low in the rest. How-
ever, Nakhjavan is mainly considered a safe city.

Large industrial centers with several sources of pollution
are found in the Absheron megapolis [3]. İt has been shown
that when the wind speed is lower than 2m/sec and the
humidity is over 90% and a strong inversion exists the
smoke cloud is formed over the Absheron peninsula. There-
fore, the steady temperature stratification and high air
humidity at nighttime are not associated with the scattering
of harmful impurities, and their accumulation occurs on the

surface but in the more intensive inversion at nightfall more
detrimental agents are observed. The surface inversion col-
lapses and height inversion is generated in the morning
due to the Sun’s surface heating and wind speeds in the
morning. The lower boundary of such inversion is gradually
elevating, and in this context, the air volume is enhanced,
which also encompasses deleterious impurities from pollu-
tion sources. As a result, a cloud of smoke is generated in
the inversion layer at high air humidity [26–28]. Industrial
fumes mainly show strip monograde in space images,
whereas the texture is matte or fibrous. Also, fogs are formed
over industrial cities which are depicted with a clearer tone
and higher albedo value in space images of Sumgait city [3].

1.4. The Effects of Air Pollution on Human Health. One of
the most important ecogeographical challenges is the air pol-
lution of the urban environment is preserving human health.
Anual analysis has shown an increment in the mortality of
the working-age community after 2000, in particular after
2005 [29]. Also, infant mortality which is a chief indicator
of environmental quality and human health has shown an
increasing trend in distinct years in the last decade [29]. It
is well documented that air pollution is amongst the most
pivotal causes of serious human health problems such as
respiratory, cardiovascular, and metabolic diseases. Tremen-
dous evidence has confirmed the harmful influences of air
pollution on the behavior, productivity, and well-being of
exposed communities [30]. Figure 2 represents the effects
of air pollution on human health.

Recently, numerous investigations have shown a tight
connection between air pollution and respiratory diseases,
such as asthma, chronic obstructive pulmonary disease
(COPD), and lung cancer. Zhu et al. has assessed the link
between both respiratory disease and lung cancer mortality
and the main air pollutants in this context [32]. It was found
that the elevation of the levels of SO2, NO2, and PM10 sig-
nificantly augmented the percentage of respiratory disease
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Figure 1: Distribution of air pollution by industries sources in
Azerbaijan. (Adapted from the Effects of Petrochemicals on
Climate Change and the Case of Azerbaijan) [21].
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mortality. Also, SO2 was the only air contaminant consider-
ably connected with lung cancer mortality [32]. In another
study, it was reported that short-term exposure to ambient
air pollutants such as NO2, SO2, CO, ozone, and PM2.5 sig-
nificantly escalated the number of asthma patients, which
produces staggering costs [33]. Greenberg and co-
investigators examined the long-term exposure to air pollut-
ants particularly NO2 and SO2 and the worsening of asthma
in adult patients. It was found that high levels of SO2 and
NO2 substantially elevate the risk of asthma occurrence
and induction of disease severity [34]. However, the results
indicated that NO2 is the most influential pollutant in the
incidence of asthma. Epidemiological studies have revealed
a strong connection between lung cancers and air pollutants
[35]. Also, traffic-related air pollution is closely related to
COPD development [36]. Sulfur dioxide has been reported
to be the major air pollutant responsible for COPD has
reported [37].

The noxious effects of air pollutants on the cardiovascu-
lar system have been documented [38]. In this context, SO2
and CO are the most influencing air contaminants. In addi-
tion to cardiovascular diseases, metabolic disorders such as
diabetes are strongly connected with air pollution. It has
been shown that air pollutants such as NO2, and O3
adversely affect glucose metabolism and insulin sensitivity
[39]. In addition, it was also found that air pollution can
surge the risk of type 2 diabetes [40].

Recent studies have shown the serious and negative
impact of air pollution on human behavior, productivity,
and well-being. It has been reported that air pollution nega-

tively affects the labor productivity of agriculture workers
[41]. Chang et al. showed that air pollutants particularly
PM2.5 lead to lower productivity during work hours [42].
In children of school age, CO and PM2.5 have been reported
to diminish cognitive performance and result in lower stan-
dardized test scores [43].

1.5. Nanomaterial-Based Solutions. Similar to many other
fields, nanotechnology has offered an appealing opportunity
in ecosystems [44], agriculture [45], medicine [46] and air
pollution remediation [47, 48]. Nanotechnology have vital
role to encompass the imperative demand to sensing and
treatment of the emerging hazardous bioaerosols, volatile
organic compounds, and greenhouse gases with lower cost
and time [48, 49] (Table 1).

İn this context, green nanotechnology-based solutions
are promising. In addition, several types of nanomaterials
have been proposed including nano adsorbents, nanocata-
lysts, nano filters, and the application of nanosensors.

1.6. Green Nanotechnology-Based Solution. Green synthesis
of nanomaterials based on plant origins is a novel platform
to develop new nanomaterials that are non-toxic to environ-
mental and human health and exhibits a broad potential to
revolutionize large-scale nanotechnology-based processes
[50, 51]. Green NPs have extensive possibilities in the realm
of energy, nanomedicine, and engineering [52, 53]. Greener
fabrication of nanomaterials provides the platform to design
cleaner, safer, and sustainable nano-sized products [54, 55].
The elementary bases of green chemistry are the use of

Air pollution is estimated to
cause about 29% of lung

cancer deaths, 43% of
COPD deaths.
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Figure 2: The effects of air pollution on human health. Particulate matter (PM) in the atmosphere contains a combination of elements, such
as arsenic, cadmium, and lead. Air pollution shows a harmful effect on human health leading to the elevated risk of disease onset. (adopted
from [31]).
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nonhazardous, available, and biodegradable, resources and
energy-efficient reactions. These nanomaterials are mainly
produced using plant sources but other natural resources
such as microorganisms may be applied [52]. Mounting evi-
dence reports similar efficacy of green nanomaterials with
their chemical counterparts. It should be mentioned that
green chemistry-based strategies are simpler, more efficient,
environmentally friendly, and cost-effective. In comparison,
in chemical construction techniques toxic solvents, and high
energy, temperature, and pressure conversion are utilized
[56]. The chief implementation of green NPs is in the devel-
opment of nanosensors, nano-drugs, and energy production
and storage. Of note, green chemistry has opened the avenue
in the development of safe and sustainable nanotechnology
[57]. Although several, problems are connected with the
green synthesis of nanomaterials, its potential as a green
and sustainable method is not plunged. Figure 3 illustrates
the production of green nanomaterials from plant-based
origins.

Numerous multifunctional green NPs with a distinct
structure, size, shape, and crystallinity have been produced
by several approaches, and their potential uses have been
examined. Green chemistry mainly uses plants to produce
nanomaterials in a bottom-up technique in which oxidation

and reduction reactions occur [58]. Plant extracts encom-
pass different primary and secondary metabolites such as
phenols, flavonoids, alkaloids, and terpenoids which are nec-
essary for the reduction or conversion of the substance into
nanomaterials [59]. The aforementioned metabolites pave
the way for the eco-friendly green synthesis of nanomateri-
als. The production phase of the nanomaterials is the key
contributor to the environmental effects of NPs since toxic
waste is mainly generated in this step [60].

Increasing demand for nano-sized products is reported,
and their annual synthesis rate is 100,000 metric tons.
Therefore, the development of sustainable substitutes for
novel design and fabrication strategies with lower risks is
an emerging field [61]. Also, regulatory authorities are
required to control toxic synthesis techniques and unsafe
products. The nanomaterial producing processes linked with
harmful human and environmental effects should be com-
prehensively retrieved while assessing NPs for their green-
ness and sustainable fabrication [62].

1.7. Nanotechnology for the Generation of Renewable Energy.
The main research focus in this realm is the development of
nano-enabled solar cells using green chemistry. Titanium
dioxide, cadmium telluride, silver, and quantum dots in

Table 1: Various Nanomaterial based solutions are based on the target and mechanism against air pollution.

Type of nanomaterial
Plant-based or

synthetic
Target pollutant Mechanism Reference

APTES-functionalized MWCNTs synthetic CO2 Treatment (adsorption) [73]

APTES and pristine-modified CNTs synthetic CO2 Treatment (adsorption) [75]

SWNTs and MWNTs) synthetic H2S and SO2 Treatment (adsorption) [108]

Si-doped and Boron-doped SWCNTs synthetic CO2 and CH3OH Treatment (adsorption) [76]

Graphene oxide (GO)/nanocomposites synthetic
CO2, NH3, SO2, H2S, and

N2
Treatment (adsorption) [77, 78]

ZnO NPs synthetic H2S Treatment (adsorption) [79]

ZnO NPs synthetic CO2 Treatment (adsorption) [80]

ZnO NPs plant methylene blue
Treatment (photocatalytic

Degradation)
[109]

Nano iron Oxide synthetic SO2 Treatment (adsorption) [83]

TiO2/reduced graphene synthetic HCHO
Treatment (Degradation by

Nanocatalysis)
[88]

Silicate- TiO2 synthetic HCHO
Treatment (Degradation by

Nanocatalysis)
[89]

cerium oxide NPs using the extract of
Jatropha curcas plant

Plant-based acetaldehyde
Treatment (Degradation by

Nanocatalysis)
[93]

CNTs synthetic HC, NOx, CO2, and CO Protection (filtering) [99]

Polyacrylonitrile-based carbon nanofiber
membrane

synthetic formaldehyde Protection (filtering) [97]

Multifunctional metal-organic framework
and
CNT-modified filter

synthetic
ultrafine dust, SO2, NOx,

and H2S
Protection (filtering) [100]

Gelatin based nanofibers Green synthesis HCHO, CO, PM Protection (filtering) [101]

Graphene–SnO2 Nanocomposites synthetic NO2 Protection (sensor) [104]

Cu nanoparticle SWCNTs synthetic H2S Protection (sensor) [106]

Palladium-Doped Tin Oxide synthetic CO Protection (sensor) [107]
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combination with polymers that absorb solar energy to a
great extent are novel nanomaterials used in this context
[63]. The solar cell containing nanomaterials are much
cheaper than commercially available cells [64]. Currently,
researchers are working on a new method to enhance the
efficiency of solar cells. Moreover, the fabrication of a sus-
tainable product is possible by the deposition of nanocrys-
tals, and the use of quantum dots and nanowires [65]. In
addition, high-capacity energy storage is possible with the
aid of nanotechnology in the field of renewable energy. Pho-
tovoltaic apparatuses incorporated with nanomaterials are
promising in the production of cost-effective and efficient
energy resources [66]. In the setting of the versatility of plant
synthesis, this is connected with its different biochemical
composition since plant segments contain several chemical
components such as lipids, peptides, proteins, polysaccha-
rides, vitamins, and nucleic acids. Also, plants contain sev-
eral active constituents including, aglycones, polyols,
pigments, steroids, flavonoids, terpenoids, alkaloids, sapo-
nins, polyphenols, resins, and phytohormones (Figure 4)
[54, 67–72]. These agents comprise functional groups such
as aldehyde, ketone, alcohol, unsaturated segments, and/or
thiols which provides chemical reactions platforms for
reduction-oxidation and/or stabilization of NPs during syn-
thesis reactions [54, 67, 68].

2. Nanoadsorbents

The commonly used nano adsorbents in air pollution reme-
diation are carbon nanotubes (CNTs) and zinc oxide nano-
particles (NPs). The enhanced properties of CNTs such as
high affinity for selective adsorption of contaminants have
turned them into promising tools for eliminating different
types of pollutants. Moreover, CNTs exert specific properties
such as high surface area, and elevated pore diameter and
volume, which subsequently increase their reactive site with
the particulars found in the air [73]. Also, functional groups
can be added to their structure and in turn, increase the

active sites [74]. Single-walled (SWCNTs) and multi-walled
(MWCNTs) CNTs are two important kinds of these NPs.
İt has been shown that 3-aminopropyl) triethoxysilane
(APTES)-functionalized MWCNTs can adsorb CO2
through the formation of carbamate as the result of a reac-
tion between the amino groups of APTES and CO2 [75].
Accordingly, an enhanced reflux duration was recorded
based on the thermogravimetric analysis, which leads to
the attachment of more amino groups on the surface of
MWCNTs that will in turn work as the reactive sites of
CO2. The increasing mass load of APTES has been used
to functionalize MWCNTs, which are also commercially
available [76]. In another study, Lu et al. implemented
APTES and pristine-modified CNTs in the adsorption of
CO2 with increased adsorption capability from air streams
[77]. Density functional theory (DFT) has been used to
assess the structural, electronic, and optical features of
un-doped and doped CNTs. Pristine, Si-doped and B-
doped SWCNTs have been used in the adsorption of O2,
CO2, and CH3OH gases, which have shown either physical
or chemical adsorption [78].

The hexagonal assembly of carbon atoms results in the
formation of graphite and graphene. Graphite oxide has
been used as an adsorbent of different contaminants. Petit
et al. Have developed a graphite oxide with the addition of
a polymer and then impregnation with Keggin polyanions,
H3PW12O40 or H3PMo12O40 to remove ammonia [79].
The produced nanocomposite showed a high adsorption
efficiency due to the interactions between polyanions and
ammonium. In another study, manganese oxide and manga-
nese oxide/graphite oxide composites were constructed to
remove ammonia [80]. The results showed that this nano-
composite has a strong adsorptive efficiency. The NPs differ
in their surface properties based on the amount of graphite
oxide oxidation.

Zinc oxide (ZnO) NPs are the other common nano
adsorbents in the remediation of air pollution. ZnO NPs
show resistance against heat and have been extensively used

Green nanomaterials

Mechanical stirring

Plant extract

Plant based nanomaterials

Purification

Figure 3: The general methodology of green synthesis.
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for removing hydrogen sulfide (H2S), especially in high-
temperature situations [81]. Huy and coworkers have devel-
oped ZnO NPs via a simple one-step method through an
ultrasonic-bases precipitation approach [82]. The produced
NP was utilized to remove H2S from the air in a rapid, con-
venient, efficient, and eco-friendly manner. ZnO NPs pro-
duced via a wire explosion method have been used for
CO2 adsorption [83]. The adsorption ability of this NP
was reported to be 0.4mmol/g at 283K and 1bar equilibrium
pressure. The authors also reported that by reducing the tem-
perature and enhancing the pressure, the adsorption ability
elicited an upward trend. Also, the adsorbed CO2 on ZnO
NPs was regenerated according to the thermodynamic analy-
sis. In another study, ZnO NPs were prepared by the wire
explosion method for CO2 adsorption [84]. In this investiga-
tion, the effect of charging voltage and chamber pressure on
the morphology of NP was assessed, and the adsorption test
was done for equilibrium pressure up to 1bar and temperature
of 10–25°C [84]. According to the results, ZnO NPs exhibited
an adsorption ability of approximately 0.4mmol/g at the
aforementioned condition. Also, it was shown that by reduc-
ing the temperature and increasing the pressure, CO2 adsorp-
tion escalated [84]. Natural clinoptilolite and clinoptilolite
containing iron oxide NPs, have been also developed for
SO2 adsorption [85]. This NP was able to adsorb SO2 in syn-
thetic and actual samples with an efficiency of 80% and 66%,
respectively [85]. Also, the SO2 removal percentage was calcu-
lated at 43.8 for the synthetic sample and 31.3 for the actual
specimen at room temperature [85].

3. Nanocatalysts

Another technique for controlling air pollution is using
nanocatalysts as semiconducting materials for photocatalytic
remediation [86]. The active surface of NPs turns them into
pivotal catalysts. İt should be mentioned that by reducing
the size of the catalyst, the active surface is enlarged and thus
the reaction efficiency is increased [87]. Titanium dioxide
(TiO2) as a non-toxic, stable, economic, and available agent
has widely been used to generate photocatalysts in the puri-
fication of contaminated air [88]. Nanosheets produced
from surface-fluorinated TiO2 using the hydrothermal
method have been developed as catalytic agents [89]. This
fabricated catalyst exhibited better activity in separating gas-
eous ammonia. However, they show lower adsorption affin-
ity towards air pollutants. Therefore, the combination of
TiO2 with compounds that improve their adsorption capa-
bility is suggested. İn this context, distinct carbon-based
materials such as graphene, CNTs, and carbon fibers have
been implemented. For instance, TiO2/reduced graphene
has been developed via hydrothermal reaction to remove
formaldehyde (HCHO) as a pivotal volatile organic com-
pound [90]. HCHO can result in different health problems
such as nasal tumors and skin irritation. The use of graphene
oxide extends the lifespan of charge carriers that in turn
increases the possibility of photochemical reaction and for-
mation of reactive radicals. İn another study, the hybrids
of silicate with TiO2 have been used for photocatalytic deg-
radation of HCHO. This nanocatalyst showed enhanced
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adsorption capability and enhanced photocatalytic activity
[91]. Novel synthesis strategies for effective metal oxide
nanocatalysts will assist in attenuation and might resolve
the problems of air pollution. Nanofiber of gold, iron, silver,
and manganese oxide are examples of the recently utilized
nanosized metals and metal oxides with the capability to
remove different volatile organic compounds released from
industrial sources. Gold-based nanocatalysts have shown
an extremely pivotal treating impact on several contamina-
tion control experiments to convert the toxic air pollutants
into safer agents [92]. For instance, it can remove carbon
monoxide from indoor air. İn another research, the use of
eliminated trichloroethylene is 100 times stronger than the
traditional removing materials. Currently, ZnO photocata-
lysts are being developed and can simultaneously detect
and reduce air pollutants [93].

Coal combustion is associated with the discharge of several
toxic pollutants such as mercury (Hg). The accumulation of
mercury in the atmosphere leads to detrimental environmen-
tal effects that negatively influence human health. TiO2
nanorods-supported CrOx, FeOx, MnOx, and MnOx-FeOx-
CrOx nanocatalysts have been synthesized to remove mer-
cury. The developed nanocatalyst showed a high mercury sep-
aration efficiency at lower temperatures in the presence of O2.
Also, a higher separation efficiency was achieved in the pres-
ence of NO in similar reaction status. Of note, both large sur-
face area and high crystallization properties of TiO2 nanorods
led to the uniform dispersion of the Cr-Fe-Mn mixed metal
oxide NPs and enhanced its activity Figure 5. illustrates the
plausible schematic representation of photocatalytic degrada-
tion using OBP/1T-WS2 nanocomposites [94].

Plant-based NPs have successfully been applied in the
photocatalytic degradation of pollutants. Magudieshwaran
et al. have developed cerium oxide NPs using the extract of
the Jatropha curcas plant that could sufficiently degrade
acetaldehyde. Also, the authors revealed that the green syn-
thesized NPS has a lower size and a more homogenous
structure compared to the synthetic particle and thus pro-

vided a better photocatalytic activity [95]. Also, previous
study showed the good photocatalytic proprieties of silver
nanoparticles using Chlorella pyrenoidosa which proposed
for eco-friendly wastewater treatment [96].

3.1. Nanofilters/Nanostructured Membranes. The use of
nanofillers and/or nanosized membranes that encompass
pores that remove contaminants from the exhaust is another
nanotechnology-based approach. Numerous studies have
focused on the construction and optimization of nano filters
for traping gas contaminants [97]. Currently, nanofiber-
coated filter media are used for filtering air, in particular for
volatile organic carbon vapors [98]. For example, HCHO
removal via electrospun polyacrylonitrile-based carbon nano-
fiber membrane that possesses high microporosity with
nitrogen-containing functional groups that enhances the
adsorption sites [99]. Polyacrylonitrile activated carbon nano-
fiber has efficiently adsorbed HCHO even at low concentra-
tions. Also, nanosilver and nano copper-based filters have
been used to remove bioaerosols as interior air pollutants
[100]. Romero-Guzmán et al. have developed CNTs-based fil-
ters that collect CO, CO2, NOx, and HC with an efficiency of
up to 60% [101]. Also, ultrafine dust and acid polar gas species
such as SO2, NOx, and H2S were filtered with a multifunc-
tional, metal-organic framework (MOF: UiO-66-NH2) and
CNT-modified filter. In this nano filter, a thin layer of
amine-functionalized CNT was utilized to develop network
skeletons on a polytetrafluoroethylene (PTFE) substrate.
CNTs acted as an intermediate between the letters. The
resulted filter exhibited an extremely high capture efficiency
(99.997%) for ultrafine dust and SO2 [102].

In the synthesis of efficient filters, the use of environ-
mentally friendly agents is of high importance. Souzadeh
et al. have used gelatin as a natural protein to construct a
high-performance air filter [103]. In this filter green synthe-
sis of nanofibers was achieved using the electrospinning
technique, which shows a high removal efficiency for
HCHO, CO, and PMs with a lower areal density [103].
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4. Nanosensors

Ecological pollutants at sub-picomolar or nanomolar levels
have been detected with nanosensors [104]. Nanosensors
encompass 3 main constituents including nanomaterials,
detection elements, and signal transduction apparatus. The
detection element determines the specificity of the nanosen-
sor while the signal transduction method provides a means
of relaying the analyte’s existence. Recent research has
focused on the development of different nanosensors for
the detection of H2S, nitrogen oxide, and sulfur oxide gases
[105]. Graphene and metal-oxide-based nanostructures have
been used to detect these contaminants [106]. For instance,
graphene–SnO2 nanocomposites have been constructed via
a microwave oven, which detects NO2 gas with high sensitiv-
ity and selectivity [107]. In another study, Bai et al. devel-
oped hybrids of ethylenediamine-modified reduced
graphene oxide (RGO) and polythiophene (PTH) loaded
on a flexible polyethylene terephthalate (PET) film to yield
a sensor for BO2 detection. The produced sensor showed a
high sensitivity (10 ppm) [108]. Also, it was portable, cost-
effective, and flexible. The sensing activity of the sensor
was improved by incorporating graphene into PTh resulting
in a large specific surface of the hybrid and providing syner-
getic effects between the hybrid constituents [108].

Cu NPs-decorated with SWCNTs has been utilized for
H2S detection. In this nanosensor, SWCNTs are used to dec-
orate the metallic clusters of Cu NPs via a chemical reduc-
tion process which are then spin-coated on a PET. The
fabricated sensor showed high sensitivity, selectivity, and
reproducibility in H2S gas detection [109]. Jebakumar et al.
have developed tin oxide (SnO2) NPs via a chemical precip-
itation method to detect CO [110]. In this sensor, different
concentrations of palladium were also utilized. The diameter
of the constructed NPs was approximately 7-20nm. The
results indicated that the tin oxide sensor, doped with palla-
dium (0.2%), shows the optimal CO sensitivity [110].

4.1. The Effects of Nanomaterials on the Environment. Air
pollution is considered one of the major global challenges,
and thus mounting research is focused on producing novel
nano adsorbents, nanocatalysts, nanofilters, and nanosen-
sors with high efficacy. The previous research has imple-
mented several NPs to treat and/or prevent air pollution.
In this context, outstanding developments are achieved con-
cerning increased efficiency and low toxicity.

However, it can be observed that the NPs could result in
several threats to the environment from fabrication to dis-
posal. Thus, the toxicity of nanomaterials should be strictly
evaluated in ecological studies in the context of detailed pro-
cedures, experimental protocols, and study designs. It has
been shown that NPs can affect the environment through
several rots: 1) development of pollution level of air, water,
and soil, 2) acceleration in the ecological network, 3) inter-
vention with the life cycle of living organisms. Also, NPs
can reveal both short-term and long-term effects in ecosys-
tems. However, the majority of the research is devoted to
the short-term effects of nanomaterials. The prolonged
research in the future will clarify the exact toxicological pro-

file of these NPs. Since NPs are extremely reactive construc-
tions, they can easily interact with other contaminants to
form more/less detrimental agents. Therefore, upcoming
studies should consider the combinational effect of contam-
inants and provide disposal guidelines. Moreover, the negat-
ing consequences of NPs on animals and humans are
inadequately explored. On the other hand, the toxicity pro-
file of the NPs on lower organisms and human cell lines
exhibited that nanomaterials might hurt human health.
Therefore, it is recommended to warrant standard measures
to allow for environmentally friendly use of the NPs and
consent to a practicable future growth, from industrial con-
sumption to environmental tactics.

5. Conclusion

Currently, research on the main resources and deleterious
effects of air pollution is growing. Air pollution unfavorably
influences human health and disturbs the planet’s environ-
ment, and also spoils society physiologically, psychologically,
and economically. The current review information regarding
the different sources of air pollutants in Azerbaijan and their
detrimental effects on human health and other ecogeogra-
phical aspects. Also, the role of nanotechnology in air pollu-
tion remediation was discussed. Keynotes, main challenges,
and suitable suggestions, regarding the topic of this manu-
script can be presented as follows: one-sided and incomplete
liquidation of contaminants will not be effective in prevent-
ing air pollution. Meteorological and ecological parameters
such as air temperature, speed of winds, and their direction
monitoring of atmospheric air are highly necessary.
Reconstruction of Azerbaijan-related highways and traffic
management is required. The use of modern transport infra-
structures in Baku and other large cities should be taken into
account. Conduction of studies to remove detrimental sub-
stances from the composition of liquid fuel is advisable. İn
this context, the use of nanotechnology has offered promis-
ing solutions to detect, remove and degrade contaminants.
However, the safety of NPs and their possible toxic effects
on the environment and human health should be evaluated.
Furthermore, the implementation of green chemistry tech-
niques for the synthesis of nanomaterials should be devel-
oped substantially for providing advanced stable, cost-
effective, and eco-friendly materials. In general, there is a
huge number of favorable air-remediation applications for
nanomaterials. And finally, it is important to create strict
standards and rules for ecological certification.

Data Availability

All data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

9Journal of Nanomaterials



Acknowledgments

The authors would like to acknowledge the Baku State Uni-
versity, Baku, Azerbaijan, for moral support of this research
work.

References

[1] I. Efendiyeva, “Ecological problems of oil exploitation in the
Caspian Sea area,” Journal of Petroleum Science and Engineer-
ing, vol. 28, no. 4, pp. 227–231, 2000.

[2] R. Mamedov, S. Safarov, and E. Safarov, “Current changes of
the atmospheric precipitation regime on the territory of
Azerbaijan,” Geography and Natural Resources, vol. 30,
no. 4, pp. 403–407, 2009.

[3] S. Mammadova, “Meteorological study of the air pollution in
the cities of Azerbaijan,” International Journal of Engine
Research, vol. 4, no. 3, pp. 93–98, 2015.

[4] K. Regmi and A. Rehman, “Do carbon emissions impact
Nepal’s population growth, energy utilization, and economic
progress? Evidence from long- and short-run analyses,” Envi-
ronmental Science and Pollution Research, vol. 28, no. 39,
pp. 55465–55475, 2021.

[5] S. Manyele, “Toxic acid gas absorber design considerations
for air pollution control in process industries,” Educational
Research Review, vol. 3, no. 4, pp. 137–147, 2008.

[6] E. A. Richardson, J. Pearce, H. Tunstall, R. Mitchell, and N. K.
Shortt, “Particulate air pollution and health inequalities: a
Europe-wide ecological analysis,” International Journal of
Health Geographics, vol. 12, no. 1, pp. 1–10, 2013.

[7] J. Lu, B. Li, H. Li, and A. al-Barakani, “Expansion of city scale,
traffic modes, traffic congestion, and air pollution,” Cities,
vol. 108, article 102974, 2021.

[8] G. Bayramli, “The environmental problems of Azerbaijan
and the search for solutions,” WSEAS Transactions on Envi-
ronment and Development, vol. 16, pp. 423–433, 2020.

[9] M. Z. G. Tujar, “Environmental pollution and congenital
heart defects in Baku,” EurAsian Journal of BioSciences,
vol. 14, no. 1, 2020.

[10] P. Verma and J. K. Ratan, “Assessment of the negative effects
of various inorganic water pollutants on the biosphere–an
overview,” Inorganic Pollutants in Water, pp. 73–96, 2020.

[11] J. Mikayilov, V. Shukurov, and S. Yusifov, “The impact of
economic growth and population on CO2 emissions from
transport sector: Azerbaijan case,” Academic Journal of Eco-
nomic Studies, vol. 3, no. 2, pp. 60–67, 2017.

[12] N. Akbulaev and G. Bayramli, “Maritime transport and eco-
nomic growth: interconnection and influence (an example
of the countriesin the Caspian Sea coast; Russia, Azerbaijan,
Turkmenistan, Kazakhstan and Iran),” Marine Policy,
vol. 118, article 104005, 2020.

[13] J. Z. Guseynova, “Economic analysis of air transport in Azer-
baijan,” European Science Review, vol. 3-4, pp. 199–202, 2014.

[14] F. Yolchiyeva, S. Hacjiyeva, A. A. Huseyinli, and
A. Hasanova, “Ecological problems of water resources in
Azerbaijan and their impact on human health,” Central Asian
Journal of Environmental Science and Technology Innovation,
vol. 1, no. 2, pp. 71–76, 2020.

[15] M. Giannouli, P. de Haan, M. Keller, and Z. Samaras, “Waste
from road transport: development of a model to predict waste
from end- of-life and operation phases of road vehicles in

Europe,” Journal of Cleaner Production, vol. 15, no. 11-12,
pp. 1169–1182, 2007.

[16] Aghayev, Imporevement of the methods of data processing of
above-ground and aerospace information to study and fore-
casting of man-made pollution of the air of cities, 2011.

[17] A. Aloyan, A. N. Ermakov, V. O. Arutyunyan, and V. A.
Zagainov, “Dynamics of trace gases and aerosols in the atmo-
sphere with consideration for heterogeneous processes,”
Izvestiya, Atmospheric and Oceanic Physics, vol. 46, no. 5,
pp. 608–622, 2010.

[18] J. Yi and V. R. Prybutok, “A neural network model forecast-
ing for prediction of daily maximum ozone concentration
in an industrialized urban area,” Environmental Pollution,
vol. 92, no. 3, pp. 349–357, 1996.

[19] S. I. Mammadova, “Forecasting of atmospheric air pollution
in a series of cities of Azerbaijan,” Regional geographical prob-
lems of modern geosystems. Proceedings of the Azerbaijan
Geographical Society., vol. 17, pp. 83–89, 2012.

[20] S. I. Mammadova and K. B. Jabrailov, “Energy sources and
assessment of their environmental impact and evaluation of
the global climate change impact on natural economic sys-
tems of Azerbaijan and neighboring countries,” Transactions
of the BSU branch of the Azerbaijan Geographical Society,
vol. 3, pp. 193–200, 2010.

[21] A. Reza Vakhshouri and S. Veysel, The Effects of Petrochemi-
cals on Climate Change and the Case of Azerbaijan, 2019.

[22] S. Mammadova, “Ecogeographical problems of air pollution
in the big cities of Azerbaijan,” Бюллетень науки и прак-
тики, vol. 6, no. 2, pp. 20–41, 2020.

[23] T. G. Gasanov, Level of development of infrastructure sectors
in Azerbaijan and analysis of territorial organization, Baku,
2007.

[24] V. A. Efendiev and S. I. Mamedova, “Mathematical models
for predicting atmospheric pollution in industrial cities of
Azerbaijan,” IPA Proceedings, vol. 21, no. 1, pp. 144–153,
2013.

[25] S. Y. Geokchaily, “Place and problems of geography and geo-
graphical ecology in the system of sciences,” Materials of the
international scientific conference, a series of natural sciences,
pp. 529–531, 2009.

[26] A. M. Pashaev, G. Guliev, and S. G. Safarov, Physical Funda-
mentals of Atmospheric Processes, 2007.

[27] R. B. Abduddaev and S. I. Mamedova, The state of the envi-
ronment on the Absheron peninsula and their natural and
geographical aspects, Materials of the VII Congress of GOA,
1998.

[28] R. B. Abduddaev and S. I. Mamedova, “Environmental
assessment of anthropogenic impact on the atmosphere,”
Public Education in Azerbaijan, vol. 1, pp. 107–110, 2000.

[29] A. Moreno-Lostao, G. Barrio, L. Sordo, L. Cea-Soriano,
D. Martínez, and E. Regidor, “Mortality in working-age pop-
ulation during the great recession and austerity in Spain,”
PLoS One, vol. 14, no. 6, article e0218410, 2019.

[30] R. Hanna and P. Oliva, “The effect of pollution on labor sup-
ply: evidence from a natural experiment in Mexico City,”
Journal of Public Economics, vol. 122, pp. 68–79, 2015.

[31] M. Finicelli, T. Squillaro, U. Galderisi, and G. Peluso, “Micro-
RNAs: crossroads between the exposure to environmental
particulate pollution and the obstructive pulmonary disease,”
International Journal of Molecular Sciences, vol. 21, no. 19,
p. 7221, 2020.

10 Journal of Nanomaterials



[32] F. Zhu, R. Ding, R. Lei et al., “The short-term effects of air
pollution on respiratory diseases and lung cancer mortality
in Hefei: a time-series analysis,” Respiratory Medicine,
vol. 146, pp. 57–65, 2019.

[33] H. Guo and M. Chen, “Short-term effect of air pollution on
asthma patient visits in Shanghai area and assessment of eco-
nomic costs,” Ecotoxicology and Environmental Safety,
vol. 161, pp. 184–189, 2018.

[34] N. Greenberg, R. S. Carel, E. Derazne 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, vol. 79, no. 8, pp. 342–351,
2016.

[35] C. A. Demetriou and P. Vineis, “Carcinogenicity of ambient
air pollution: use of biomarkers, lessons learnt and future
directions,” Journal of Thoracic Disease, vol. 7, no. 1,
pp. 67–95, 2015.

[36] F. W. Ko and D. S. Hui, “Air pollution and chronic obstruc-
tive pulmonary disease,” Respirology, vol. 17, no. 3, pp. 395–
401, 2012.

[37] M. Hendryx, J. Luo, C. Chojenta, and J. E. Byles, “Air pollu-
tion exposures from multiple point sources and risk of inci-
dent chronic obstructive pulmonary disease (COPD) and
asthma,” Environmental Research, vol. 179, article 108783,
2019.

[38] N. L. Mills, K. Donaldson, P. W. Hadoke et al., “Adverse car-
diovascular effects of air pollution,” Nature Clinical Practice.
Cardiovascular Medicine, vol. 6, no. 1, pp. 36–44, 2009.

[39] R. D. Brook, “Cardiovascular effects of air pollution,” Clinical
Science, vol. 115, no. 6, pp. 175–187, 2008.

[40] M. Janghorbani, F. Momeni, and M. Mansourian, “System-
atic review and metaanalysis of air pollution exposure and
risk of diabetes,” European Journal of Epidemiology, vol. 29,
no. 4, pp. 231–242, 2014.

[41] J. Graff Zivin and M. Neidell, “The impact of pollution on
worker productivity,” American Economic Review, vol. 102,
no. 7, pp. 3652–3673, 2012.

[42] T. Y. Chang, J. Graff Zivin, T. Gross, and M. Neidell, “The
effect of pollution on worker productivity: evidence from call
center workers in China,” American Economic Journal:
Applied Economics, vol. 11, no. 1, pp. 151–172, 2019.

[43] A. Ebenstein, V. Lavy, and S. Roth, “The long-run economic
consequences of high-stakes examinations: evidence from
transitory variation in pollution,” American Economic Jour-
nal: Applied Economics, vol. 8, no. 4, pp. 36–65, 2016.

[44] C. Parisi, M. Vigani, and E. J. N. T. Rodríguez-Cerezo, Agri-
cultural Nanotechnologies: What Are the Current Possibili-
ties?, vol. 10, no. 2, 2015.

[45] U. Singhal, M. Khanuja, R. Prasad, and A. Varma, “Impact of
synergistic association of ZnO-nanorods and symbiotic fun-
gus Piriformospora indica DSM 11827 on Brassica oleracea
var. botrytis (Broccoli),” Frontiers in Microbiology, vol. 8,
p. 1909, 2017.

[46] E. Ahmadian, S. M. Dizaj, S. Sharifi et al., “The potential of
nanomaterials in theranostics of oral squamous cell carci-
noma: recent progress,” TrAC Trends in Analytical Chemis-
try, vol. 116, pp. 167–176, 2019.

[47] M. T. Arias, F. Pilaquinga, A. Debut, and R. Seqqat, “Impor-
tance of Nano & Micro Materials for Environment and
Human Health,” Nanoscience & Nanotechnology-Asia,
vol. 11, no. 5, pp. 1–3, 2021.

[48] R. K. Ibrahim, M. Hayyan, M. A. AlSaadi, A. Hayyan, and
S. Ibrahim, “Environmental application of nanotechnology:
air, soil, and water,” Environmental Science and Pollution
Research, vol. 23, no. 14, pp. 13754–13788, 2016.

[49] A. Baran, M. F. Baran, C. Keskin et al., “Ecofriendly/rapid
synthesis of silver nanoparticles using extract of waste parts
of artichoke (cynara scolymus L.) and evaluation of their
cytotoxic and antibacterial activities,” Journal of Nanomateri-
als, vol. 2021, 10 pages, 2021.

[50] S. Jadoun, R. Arif, N. K. Jangid, and R. K. Meena, “Green syn-
thesis of nanoparticles using plant extracts: a review,” Envi-
ronmental Chemistry Letters, vol. 19, no. 1, pp. 355–374,
2021.

[51] A. Baran, C. Keskin, M. F. Baran et al., “Ecofriendly Synthesis
of Silver Nanoparticles Using Ananas comosus Fruit Peels:
Anticancer and Antimicrobial Activities,” Bioinorganic
Chemistry and Applications, vol. 2021, 8 pages, 2021.

[52] A. M. El Shafey, “Green synthesis of metal and metal oxide
nanoparticles from plant leaf extracts and their applications:
A review,” Green Processing and Synthesis, vol. 9, no. 1,
pp. 304–339, 2020.

[53] S. Srivastava, Z. Usmani, A. G. Atanasov et al., “Biological
Nanofactories: Using Living Forms for Metal Nanoparticle
Synthesis,” Mini Reviews in Medicinal Chemistry, vol. 21,
no. 2, pp. 245–265, 2021.

[54] M. Nasrollahzadeh, M. Sajjadi, S. Iravani, and R. S. Varma,
“Trimetallic Nanoparticles: Greener Synthesis and Their
Applications,” Nanomaterials, vol. 10, no. 9, p. 1784, 2020.

[55] R. Prasad, “Synthesis of silver nanoparticles in photosyn-
thetic plants,” J Nanopart, vol. 2014, article 963961, pp. 1–8,
2014.

[56] K. Häckl and W. J. C. R. C. Kunz, “Some aspects of green sol-
vents,” Comptes Rendus Chimie, vol. 21, no. 6, pp. 572–580,
2018.

[57] A. Verma, S. Gautam, K. Bansal, N. Prabhakar, and
J. Rosenholm, “Green Nanotechnology: Advancement in Phy-
toformulation Research,” Medicine, vol. 6, no. 1, p. 39, 2019.

[58] G. Sangeetha, S. Rajeshwari, and R. J. M. R. B. Venckatesh,
“Green synthesis of zinc oxide nanoparticles by _aloe barba-
densis miller_ leaf extract: Structure and optical properties,”
Structure and optical properties., vol. 46, no. 12, pp. 2560–
2566, 2011.

[59] V. Makarov, A. J. Love, O. V. Sinitsyna et al., ““Green”Nano-
technologies: Synthesis of Metal Nanoparticles Using Plants,”
Acta Naturae, vol. 6, no. 1, pp. 35–44, 2014.

[60] S. K. Nune, N. Chanda, R. Shukla et al., “Green nanotechnol-
ogy from tea: phytochemicals in tea as building blocks for
production of biocompatible gold nanoparticles,” Journal of
Materials Chemistry, vol. 19, no. 19, pp. 2912–2920, 2009.

[61] S. J. G. C. Iravani, “Green synthesis of metal nanoparticles
using plants,” Green Chemistry, vol. 13, no. 10, pp. 2638–
2650, 2011.

[62] Y. Lu and S. J. N. T. Ozcan, “Green nanomaterials: On track
for a sustainable future,” Nano Today, vol. 10, no. 4, pp. 417–
420, 2015.

[63] S. H. Khan, “Green nanotechnology for the environment and
sustainable development,” in Green Materials for Wastewater
Treatment, pp. 13–46, Springer, 2020.

[64] X. Wang, L. Zhi, and K. J. N. L. Müllen, “Transparent, Con-
ductive Graphene Electrodes for Dye-Sensitized Solar Cells,”
Nano Letters, vol. 8, no. 1, pp. 323–327, 2008.

11Journal of Nanomaterials



[65] N. Musee, “Nanotechnology Risk Assessment from a Waste
Management Perspective: Are the Current Tools Adequate?,”
Human & Experimental Toxicology, vol. 30, no. 8, pp. 820–
835, 2011.

[66] F. Part, N. Berge, P. Baran et al., “A review of the fate of engi-
neered nanomaterials in municipal solid waste streams,”
Human & Experimental Toxicology, vol. 75, pp. 427–449,
2018.

[67] P. Nagajyothi and T. Sreekanth, “Green synthesis of metallic
and metal oxide nanoparticles and their antibacterial activi-
ties,” in Green Processes for Nanotechnology, pp. 99–117,
Springer, 2015.

[68] M. Razavi, E. Salahinejad, M. Fahmy, M. Yazdimamaghani,
D. Vashaee, and L. Tayebi, “Green Chemical and Biological
Synthesis of Nanoparticles and Their Biomedical Applica-
tions,” Green processes for nanotechnology, pp. 207–235, 2015.

[69] S. K. Srivastava, C. Ogino, and A. Kondo, “Nanoparticle syn-
thesis by biogenic approach,” in Green Processes for Nano-
technology, pp. 237–257, Springer, 2015.

[70] C. Pavlatos and V. Vita, “Linguistic representation of power
system signals,” in Electricity Distribution, Springer, 2016.

[71] S. Pandey, A. Mishra, V. P. Giri, M. Kumari, and S. Soni, “A
green nano-synthesis to explore the plant microbe interac-
tions,” inNew and Future Developments inMicrobial Biotech-
nology and Bioengineering, pp. 85–105, Elsevier, 2019.

[72] L. A. Kolahalam, I. V. Kasi Viswanath, B. S. Diwakar,
B. Govindh, V. Reddy, and Y. L. N. Murthy, “Review on
nanomaterials: Synthesis and applications,”Materials Today:
Proceedings, vol. 18, pp. 2182–2190, 2019.

[73] V. K. Gupta and T. A. Saleh, “Sorption of pollutants by
porous carbon, carbon nanotubes and fullerene-an over-
view,” Environmental Science and Pollution Research,
vol. 20, no. 5, pp. 2828–2843, 2013.

[74] G. Z. Kyzas and K. A. Matis, “Nanoadsorbents for pollutants
removal: a review,” Journal of Molecular Liquids, vol. 203,
pp. 159–168, 2015.

[75] M. M. Gui, Y. X. Yap, S. P. Chai, and A. R. Mohamed, “Multi-
walled carbon nanotubes modified with (3-aminopropyl)
triethoxysilane for effective carbon dioxide adsorption,”
International Journal of Greenhouse Gas Control, vol. 14,
pp. 65–73, 2013.

[76] F. Su, C. Lu, and H.-S. Chen, “Adsorption, desorption, and
thermodynamic studies of CO2with high-amine-loaded mul-
tiwalled carbon nanotubes,” Langmuir, vol. 27, no. 13,
pp. 8090–8098, 2011.

[77] C. Lu, B. Wu,W. Chen, Y. K. Lin, and H. Bai, “Capture of car-
bon dioxide by modified multiwalled carbon nanotubes,” in
Environanotechnology, pp. 55–69, Elsevier, 2010.

[78] M. A. Azam, F. M. Alias, L. W. Tack, R. N. A. R. Seman, and
M. F. M. Taib, “Electronic properties and gas adsorption
behaviour of pristine, silicon-, and boron-doped _(8, 0)_
single-walled carbon nanotube: A first principles study,”
Journal of Molecular Graphics and Modelling, vol. 75,
pp. 85–93, 2017.

[79] C. Petit and T. J. Bandosz, “Graphite oxide/polyoxometalate
nanocomposites as adsorbents of ammonia,” The Journal of
Physical Chemistry C, vol. 113, no. 9, pp. 3800–3809, 2009.

[80] M. Seredych and T. J. Bandosz, “Manganese oxide and graph-
ite oxide/MnO2 composites as reactive adsorbents of ammo-
nia at ambient conditions,” Microporous and Mesoporous
Materials, vol. 150, pp. 55–63, 2012.

[81] D. T. Tran, “Synthesis of porous ZnO based materials using
an agarose gel template for H2S desulfurization,” RSC
Advances, vol. 6, no. 2, pp. 1339–1345, 2016.

[82] N. N. Huy, V. T. Thanh Thuy, N. H. Thang et al., “Facile one-
step synthesis of zinc oxide nanoparticles by ultrasonic-
assisted precipitation method and its application for H2S
adsorption in air,” Journal of Physics and Chemistry of Solids,
vol. 132, pp. 99–103, 2019.

[83] S. Ghosh, P. Ranjan, S. Ramaprabhu, and R. Sarathi, “Carbon
dioxide adsorption of zinc oxide nanoparticles synthesized by
wire explosion technique,” INAE Letters, vol. 3, no. 4,
pp. 197–202, 2018.

[84] C.-W. Chang, Y. H. Kao, P. H. Shen, P. C. Kang, and C. Y.
Wang, “Nanoconfinement of metal oxide MgO and ZnO in
zeolitic imidazolate framework ZIF-8 for CO2 adsorption
and regeneration,” Journal of Hazardous Materials, vol. 400,
article 122974, 2020.

[85] M. M. Meimand, N. Javid, and M. Malakootian, “Adsorption
of sulfur dioxide on clinoptilolite/nano iron oxide and natu-
ral clinoptilolite,” Health Scope, vol. 8, no. 2, p. 8, 2019.

[86] J. Theerthagiri, K. Duraimurugan, H. S. Kim, and
J. Madhavan, “Graphitic carbon nitride-based nanostruc-
tured materials for photocatalytic applications,” Photocata-
lytic Functional Materials for Environmental Remediation,
pp. 291–307, 2019.

[87] X. H. Tai, C. W. Lai, J. C. Juan, and K. M. Lee, “Nanocatalyst-
based catalytic oxidation processes,” inNanomaterials for Air
Remediation, pp. 133–150, Elsevier, 2020.

[88] J. Lyu, L. Zhu, and C. Burda, “Considerations to improve
adsorption and photocatalysis of low concentration air pol-
lutants on TiO2,” Catalysis Today, vol. 225, pp. 24–33, 2014.

[89] H.Wu, J. Ma, Y. Li, C. Zhang, and H. He, “Photocatalytic oxi-
dation of gaseous ammonia over fluorinated TiO2 with
exposed (0 0 1) facets,” Applied Catalysis B: Environmental,
vol. 152-153, pp. 82–87, 2014.

[90] L. Yu, L. Wang, X. Sun, and D. Ye, “Enhanced photocatalytic
activity of rGO/TiO2 for the decomposition of formaldehyde
under visible light irradiation,” Journal of Environmental Sci-
ences, vol. 73, pp. 138–146, 2018.

[91] R. Portela, I. Jansson, S. Suárez, M. Villarroel, B. Sánchez, and
P. Avila, “Natural silicate-TiO2 hybrids for photocatalytic
oxidation of formaldehyde in gas phase,” Chemical Engineer-
ing Journal, vol. 310, pp. 560–570, 2017.

[92] S. B. Singh and P. K. Tandon, “Catalysis: a brief review on
nano-catalyst,” J Energy Chem Eng, vol. 2, no. 3, pp. 106–
115, 2014.

[93] K. K. Yadav, J. K. Singh, N. Gupta, and V. J. J. M. E. S. Kumar,
“A review of nanobioremediation technologies for environ-
mental cleanup: a novel biological approach,” J Mater Envi-
ron Sci, vol. 8, no. 2, pp. 740–757, 2017.

[94] R.-H. Jeong, J. W. Lee, D. I. Kim, S. Park, J. W. Yang, and J. H.
Boo, “P=O functionalized black phosphorus/1T-WS2 nano-
composite high efficiency hybrid Photocatalyst for air/water
Pollutant Degradation,” International Journal of Molecular
Sciences, vol. 23, no. 2, p. 733, 2022.

[95] R. Magudieshwaran, J. Ishii, K. C. N. Raja et al., “Green and
chemical synthesized CeO2 nanoparticles for photocatalytic
indoor air pollutant degradation,” Materials Letters,
vol. 239, pp. 40–44, 2019.

[96] N. Aziz, M. Faraz, R. Pandey et al., “Facile algae-derived route
to biogenic silver nanoparticles: synthesis, Antibacterial, and

12 Journal of Nanomaterials



Photocatalytic Properties,” Langmuir, vol. 31, no. 42,
pp. 11605–11612, 2015.

[97] A. Rubina, O. Rubinová, and P. Blasinski, “Application of
nanofilters for ventilation,” International Review of Applied
Sciences and Engineering, vol. 10, no. 1, pp. 51–56, 2019.

[98] E. Scholten, L. Bromberg, G. C. Rutledge, and T. A. Hatton,
“Electrospun polyurethane fibers for absorption of volatile
organic compounds from air,” ACS Applied Materials &
Interfaces, vol. 3, no. 10, pp. 3902–3909, 2011.

[99] K. J. Lee, N. Shiratori, G. H. Lee et al., “Activated carbon
nanofiber produced from electrospun polyacrylonitrile nano-
fiber as a highly efficient formaldehyde adsorbent,” Carbon,
vol. 48, no. 15, pp. 4248–4255, 2010.

[100] B. U. Lee, S. H. Yun, J. H. Jung, and G. N. Bae, “Effect of rel-
ative humidity and variation of particle number size distribu-
tion on the inactivation effectiveness of airborne silver
nanoparticles against bacteria bioaerosols deposited on a fil-
ter,” Journal of Aerosol Science, vol. 41, no. 5, pp. 447–456,
2010.

[101] L. Romero-Guzmán, L. R. Reyes-Gutiérrez, E. T. Romero-
Guzmán, and E. Savedra-Labastida, “Carbon nanotube filters
for removal of air pollutants from mobile sources,” Journal of
Minerals and Materials Characterization and Engineering,
vol. 6, no. 1, pp. 105–118, 2018.

[102] S. Feng, X. Li, S. Zhao et al., “Multifunctional metal organic
framework and carbon nanotube-modified filter for com-
bined ultrafine dust capture and SO 2 dynamic adsorption,”
Environmental Science: Nano, vol. 5, no. 12, pp. 3023–3031,
2018.

[103] H. Souzandeh, Y. Wang, and W. H. Zhong, ““Green” nano-
filters: fine nanofibers of natural protein for high efficiency
filtration of particulate pollutants and toxic gases,” RSC
Advances, vol. 6, no. 107, pp. 105948–105956, 2016.

[104] H. Saleem, S. J. Zaidi, A. F. Ismail, and P. S. Goh, “Advances
of nanomaterials for air pollution remediation and their
impacts on the environment,” Chemosphere, vol. 287, article
132083, 2022.

[105] M. Kumar, A. V. Agrawal, M.Moradi, and R. Yousefi, “Nano-
sensors for gas sensing applications,” in Nanomaterials for
Air Remediation, pp. 107–130, Elsevier, 2020.

[106] N. Saba, O. Y. Alothman, Z. Almutairi, M. Jawaid, and
M. Asad, “Introduction of graphene-based nanotechnol-
ogies,” in Graphene-Based Nanotechnologies for Energy and
Environmental Applications, pp. 3–21, Elsevier, 2019.

[107] H. W. Kim, H. G. Na, Y. J. Kwon et al., “Microwave-assisted
synthesis of Graphene–SnO2Nanocomposites and their
applications in gas sensors,” ACS Applied Materials & Inter-
faces, vol. 9, no. 37, pp. 31667–31682, 2017.

[108] S. Bai, J. Guo, J. Sun et al., “Enhancement of NO2-sensing
performance at room temperature by graphene-modified
polythiophene,” Industrial & Engineering Chemistry
Research, vol. 55, no. 19, pp. 5788–5794, 2016.

[109] M. Asad, M. H. Sheikhi, M. Pourfath, and M. Moradi, “High
sensitive and selective flexible H2S gas sensors based on cu
nanoparticle decorated SWCNTs,” Sensors and Actuators B:
Chemical, vol. 210, pp. 1–8, 2015.

[110] J. Sam Jebakumar and A. V. Juliet, “Palladium-doped tin
oxide nanosensor for the detection of the air pollutant carbon
monoxide gas,” Sensors, vol. 20, no. 20, p. 5889, 2020.

13Journal of Nanomaterials


	The Ecogeographical Impact of Air Pollution in the Azerbaijan Cities: Possible Plant/Synthetic-Based Nanomaterial Solutions
	1. Introduction
	1.1. Transport System and Air Pollution
	1.2. Industrial Waste and Air Pollution
	1.3. Ecogeographical Effects of Air Pollution
	1.4. The Effects of Air Pollution on Human Health
	1.5. Nanomaterial-Based Solutions
	1.6. Green Nanotechnology-Based Solution
	1.7. Nanotechnology for the Generation of Renewable Energy

	2. Nanoadsorbents
	3. Nanocatalysts
	3.1. Nanofilters/Nanostructured Membranes

	4. Nanosensors
	4.1. The Effects of Nanomaterials on the Environment

	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

