Ravish Singh Rajput / Afr.J.Bio.Sc. 6(9) (2024) ISSN: 2663-2187

https://doi.org/ 10.33472/AFJBS.6.9.2024.1477-1484

Griss

African Journal of Biological Sciences

Journalhomepage: http://www.afjbs.com

Advancements in Chemical Engineering for Mitigating Air and Soil
Pollution: Integrating Environmental Chemistry Approaches

Name: Ravish Singh Rajput

Designation: Assistant Professor Department: Applied Science (Chemistry)
Institute: Rajkiya Engineering college, District: Kannauj City: Kannauj

State: Uttar Pradesh
Email id - ravishrajput@reck.ac.in
Name: Vaibhav Chaturvedi

Designation: Assistant Professor Department: Applied Science
Institute: Rajkiya Engineering college, District: Kannauj City: Kannauj

State: Uttar Pradesh
Email id - vaibhavnitj3@gmail.com
Name: Dr Sanjay Kumar Singh

Designation: Professor Department: Applied Sciences and Humanities
Institute: Institute of Engineering and Technology District: Lucknow City: Lucknow State: Uttar Pradesh

Article History

Volume 6,Issue 9, 2024
Received:22 Mar 2024

Accepted : 27 Apr 2024

doi: 10.33472/AFJBS.6.9.2024.1477-1484

I. INTRODUCTION
Nowadays,  with  the

industrialization and  urbanization fast-paced,
pollution has been declared as one of the most
urgentglobal hazards. From the humongous pollution
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Abstract: The present study aims to effectuate the contribution of environmental chemistry
techniques into the development of chemistry engineering methods in order to tackle the problem of
outdoor air and soil pollution. The study objective is to analyze pollutants' characteristics
comprehensively and to design pollution control technologies that respond to different environmental
issues and challenges. The observed results indicate remarkable progress in the pollutant removal
efficiencies, as exemplified by the electrostatic precipitation systems exhibiting a PM removal
efficiency of more than 90% as well as low energy consumption levels of 0.0. 5 kwWh/m3. Selective
Catalytic Reduction (SCR) Techniques which displays the NOx emission efficiencies exceeding 90%
essentially whereas Flue Gas Desulphurization (FGD) Units becomes successful as the efficiency in
SO2 removal process would overpass even 95%. VOC removal from the ambient air using activated
carbon fulfills the requirements of the environmental regulations as its adsorption capacity reaches
over 200 mg/g and there are sections of the adsorbent where it will be possible to regenerate. Biochar
application intercepts heavy metal leaching by 80%, and moreover, enhances soil pH around
contaminated settings. The advanced oxidation technologies leads to more than 90% degradation of
the persistent organic pollutants, which are substituted by PCB and PAHs. Chemical engineering's
integration with environmental chemistry's principles serves to provide pollutant mitigation methods,
while leading the way for preservation of a greener and healthier environment.

Keywords: Environmental chemistry, Chemical engineering, Pollution control,
Pollutant removal, Sustainable technology.

all types the pollution, air and soil pollution are
majorly the ones noted to pose a menace to human
health, the ecosystem and the overall environment in
general. These problems will be addressed still and
sure only through the use of innovative approaches

tendency  towards


mailto:ravishrajput@reck.ac.in
mailto:vaibhavnitj3@gmail.com
mailto:SANJAYASDIET@GMAIL.COM

Ravish Singh Rajput / Afr.J.Bio.Sc. 6(9) (2024)

that apply chemical engineering principles to the
environmental science methods [1]. The study aims at
investigating improvements in chemical engineering
methods to abate by following environmental
chemistry approach in relation to the air and soil
pollution. Therefore, by bridging these two distinct
elements, we look forward to working on methods that
are more environment-friendly and long-term in
nature to cut back the pollutant emission and do away
with the irremediable as well. This wide brush of
chemical engineering contains a set of procedures and
technology that one can employ for the resolution of
pollution [2]. From that water harvesting system
design to developing environmentally friendly
chemical reactions chemical engineers are key actor in
coming up with action plans to address pollution.
Nevertheless, the purposeful use of these
environmental strategies can only be validated if one
gains an in depth understanding of chemical processes
related to the pollution of the environment.
Environmental chemistry aims to explore the
distribution, motion, and decomposition of both
natural and man-made pollutants in various natural
systems. It is through projecting the routes of
formation, distribution, and breakdown of the
pollutants that environmental chemistry provides for
the formulation of better pollution mitigation plans
[3]. More importantly, environmental chemistry
stresses the effects of these interactions complicate
matter and environmental matrices, such as the air,
water, and soil. Through hybridization of
environmental chemistry strategies with chemical
engineering principles we are able to achieve higher
efficiency, sustainability, and wider range of the
application in pollution control technologies. The
integration thus gives us the opportunity to design
customized solutions that effectively deal with the
specialized issues caused by different pollutants and
generation environments. Eventually this research
work aims to make the planet cleaner and healthier for
the existing and thereafter generations.
Il. RELATED WORKS

The number of publications about pollution control
and environmental salvage comprises a certain set of
studies which encompass multiple sections of science,
such as atmospheric chemistry, chemical engineering,
environmental science, and material science. In this
section we are to go through the articles which review
the air and soil pollution mitigative techniques, the
novel materials used in pollution control technology
remediation strategies. While Kulmala et al.
emphasize [15] the need of long-term multi-
disciplinary data acquisition in solving the two grand
challenges about atmospheric chemistry and
environmental/air pollution, they also emphasise the
requirement to do field measurements over a longer
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time period. Their investigation highlights that near-
term researches needs to emphasize the importance of
continuous monitoring and collection data to precisely
understand complicated meteorological processes and
raise effective emission prevention measures. This
long-term  surveillance  strategy  contributes
importantly to the identification sources, pathways and
local variations in levels of pollution, which are crucial
to pollution control and purification. The smart
strategic approach for cold plasma process utilizing
oxidation-reduction potential (ORP) monitoring, and
correlation with total organic carbon (TOC) by the
authors Lee et al. [16] is proposed. The study of their
research defines the developed ability of instant
monitoring techniques which improves the carbon
plasma treatment procedure to make a better
performance in pollution removal. By monitoring and
operating process through control plans cold plasma
technology can really something more useful in water
and air purification projects. Li and Yao [17] give an
insight into environmental effects of in situ leaching
(ISL) and adding remediation solutions for uranium
mining, which is made possible by ISL technological
development. One of the main types of impacts
reported by the study concerns with unwanted impacts
associated with the ISL operations, such as
groundwater pollution and disruption of the nearby
ecosystems. Implementing effective remediation
measures is a key factor in addressing the
environmental challenges of ISL operations through
activities of water monitoring and treatment as the
main remediation measures. Mahlang et al. (2019) is
the author of the review regarding the use of
microalgae to remove heavy metals from reinforced
waters. The or summarises the methods of metal
biosorption implementation by microalgae and
estimates the applicability of the described technology
as a pollution-free water treatment method. There is
some research that has proved to many people that
microalgae-based biosorption can be a better and cost
effective alternative to the traditional water treatment
systems. Majumdar and Avishek (19) provide an
overview on applying GIS technology for measuring
and optimizing riparian zone assessment and
management. Their study highlights the importance of
riparian zones in maintaining water quality and
ecosystem health, emphasizing the need for holistic
management  approaches. Spatial technologies
including remote sensing, exploration, and geographic
information systems (GIS) have proven to be of great
value in riparian zones monitoring and remediation as
they are highly targeted, efficient, and user-friendly
means of decisions making and resource optimization.
Mambwe et al. [20] review remediation technologies
for sludge containing oil and their approaches to
whether the operation is effective and sustainable from
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an environmental standpointTheir review looks at the
replanting of soil through the application of
bioremediation, phytoremediation, and chemical
oxidation as well as the evaluating whether these
processes work for different soil type and the level of
contamination. Appropriate technologies to cure soil
pollution are unquestionably important for bringing
affected areas back to their natural states and
preventing oil spill pollution. Gatou and colleagues,
[21] and Gatou et al. , [22] in their review articles,
explored functional MOF materials for environmental
and MOF materials for biomedical applications
respectively. These studies are devoted to discover
new features of MOF, with TiO2 nanostructures as an
excellent catalyst in catching of pollutants, reduction
of photocatalytic system and drug delivery,
respectively. Functional nanoamendments offer
environmentally friendly solutions for environmental
remediation and healthcare applications, revealing
their versatile characteristics and simltaneously
making them sustainable materials. Some authors such
as Masood et al. [23] give a full account of draining
water quality appraisal by the means of geostatistical
techniques and integrated water quality indices. The
study by this author adds to the existing knowledge
through the introduction of a spatial analysis and
statistical modelling approach to assess groundwater
pollution and to give recommendations that would
lead to appropriate management. Geostatistical
methods in fact, in conjunction with indices of water
quality indicators, are of enormous value in evaluating
groundwater quality and detecting potential pollution
sources. Nandan and his colleagues [24] provide an
integrated solution for electronic waste management,
which intervenes at the beginning at e-waste
emergence, toxicity perception, assessment methods,
governance issues and mitigation. They stressed the
need for a sustainable e-waste management system to
eliminate the environment pollution and health
problems related to this issue. Integrated waste
management system encompassing recycling, reuse
and appropriate dumping solutions is a must to
decrease the impact of the electronics and for the
implementation of circular economy throughout. In
the same way Napal et al. [25] & Park and Oh [26]
analyzed the various ways of using biochar to enhance
soil fertility as well as research on phytoremediation
of soil and water resources. In the proof these studies
the role of biochar and phytoremediation technique is
emphasized in the context of enhancing soil quality,
mitigating soil erosion, and remedying the poorly
treated environment. The adoption of sustainable
agricultural practices like biochar integration and
phytoremediation strategies are vital in retaining the
soil and water resources and in protecting the
ecosystems from negative impacts.
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I1l. METHODS AND MATERIALS
Selection of Pollutants and Environmental
Matrices:

Then we chose the critical pollutants and atmospheric
and soil matrices type and effect however. We
performed a comprehensive literature review as well
as practicing consultations with specialists in
environmental chemistry and chemical engineering,
and we opted for pollutants by using their prevalence,
toxicity, and environmental influence as our reference
point [4]. The selection of particular pollutants
comprises of particulate matter (PM). , nitrogen oxides
(NOXx). , sulfur dioxide (SO2). and , volatile organic
compounds (VOCs). , heavy metals(HM). g. As fossil
fuel combustion is the main source of air pollution,
hazardous air pollutants (HAPsS), such as carbon
monoxide (CO), volatile organic compounds (VOCs),
lead (Pb), and persistent organic pollutants (POPs) are
also produced as byproducts [5].

Furthermore, we selected the matrix of environmental
urban air, industrial emissions, agricultural soils, sites
of pollution for our study [6]. They are the multitude
of matrices of differing environmental conditions that
allow toxic substances to be absorbed within and close
to nearby ecosystems and residents.
Characterization of Pollutants and Environmental
Matrices:

In order to focus pollutants and environmental
matrices characterization, we utilized the combination
of analytical techniques like gas chromatography-
mass spectrometry (GC-MS), high-performance liquid
chromatography ~ (HPLC), atomic  absorption
spectroscopy (AAS) and X-ray fluorescence (XRF)
analysis [7]. This permitted us to determine pollutant
concentrations, account for situation, detect chemical
species and consider both spatial and temporal
pollution levels.

Table: Summary of Analytical Techniques Used
for Pollutant Characterization

Pollutant Analytical Technigue
PM Gravimetric Analysis
Chemiluminescence
NOXx Analysis
S02 Ultraviolet Fluorescence
VVOCs GC-MS
Heavy Metals AAS, XRF
POPs HPLC
Environmental Analytical Parameters
Matrix Assessed
PM concentration, NOX,
Urban Air VOCs
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Industrial
Emissions

SO2 emissions, Heavy
metal content

Soil pH, Organic matter
Agricultural Soil | content

POPs concentration,
Contaminated Heavy metal
Sites contamination

Development of Pollution Control Technologies:

In accordance with the results obtained by
characterizing these contaminants, we engineered and
optimized contaminant control devices for each
pollutant and environmental scenario taking into
consideration the low and high pollutant conditions.
Here is one sample our machine for instance, for
example, for removing particulates from urban air, we
developed a new electrostatic precipitation system
able to capture fine particles efficiently [8]. Besides
NOx mitigation in industrial emissions, we perform
research on the impact of the SCR technology with
various catalyst formulations.

To measure the performance of applied technologies,
we simulated lab-scale experiments and led pilot-
scale field trials. The frequent monitoring of pollutant
concentrations both before and after treatment made it
easier to evaluate the removal efficiency, kinetics and
the parameters of the process [9].

Table: Summary of Developed Pollution Control
Technologies

Control Key Parameters
Pollutant | Technology Assessed
PM removal
efficiency,
Electrostatic Energy
PM Precipitation consumption
Selective NOx conversion
Catalytic efficiency,
NOXx Reduction Catalyst activity
SO2 removal
Flue Gas | efficiency,
Desulfurizatio | Byproduct
S02 n formation
Adsorption VOC adsorption
using capacity,
Activated Regeneration
VOCs Carbon efficiency
Metal
Soil immobilization,
Heavy Amendment Soil pH
Metals with Biochar adjustment
POPs
Advanced degradation
Oxidation kinetics, Reaction
POPs Processes intermediates
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Integration of Chemical Engineering and
Environmental Chemistry Principles:

In addition to the fundamental chemistry tools used in
chemical engineering and environmental chemistry
methods, integrated the techniques to handle
pollutants and mitigate the strategies. As example, we
have mastered the kinetics of mass transfer and reactor
design to improve the representation of waste
treatment processes [10]. Besides that, thermodynamic
equilibriums and mechanisms of reactions were
involved in our design of efficient treatment processes
for blended pollutant mixtures.

Another direction was the suitability of the developed
technologies for the nature and economy of our
country. We did it with LCA and cost-benefit analysis.
Environmentally impact was considered, also resource
utilization and lifecycle cost, in order to choose
sustainable and cost-effective ways to have the same
impact as pollution.

Validation and Field Implementation:

Lastly, it was confirmed that the designed pollution
mitigation technologies work by installing them in an
abandoned field and test applications in real life.
Partnering with enterprises, authorities, and NGOs
that protect the environment, we applied the
technologies for testing, and used different designed
settings to assess their operationality [11]. Through the
routine checks the technologies were amended in order
to sustain the function, compatible with scalability and
sustainability achievements.

IV. EXPERIMENTS

Characterization of Pollutants and Environmental
Matrices:
The table below displays the data outcome of pollutant
characterization in several kinds of environmental
matrices. In urban mentioned samples, the PM
concentrations ranged from 10 to 100 pg/m? and peaks
often found in industrial areas compared to residential
area. Emission from the industrial area was found to
be 100 ppm SO2, and 50 - 200 ppm range of Nox [12].
Lead is one of the most prominently identified
neurotoxins in agricultural soil samples, and its
concentration values in some of the sampling sites
were well above the established regulatory limits [13].
Sites contaminated with hazardous materials (pop) had
high values of POPs including polychlorinated
biphenyls (PCB) and polycyclic aromatic
hydrocarbons (PAH) and these could cause problems
to the ecosystem and increased risks to human health
if not taken care of immediately.
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Figure 1: Effects of Soil, Water and Air Pollution
Table: Summary of Pollutant Characterization
Results

Concentration
Environme Range (pg/m?
ntal Matrix | Pollutant or ppm)
Urban Air PM 10-100
Industrial
Emissions SO2 100
Agricultural | Heavy Pb: Exceeds
Soil Metals regulatory limits
Contaminat PCBs, PAHs:
ed Sites POPs Elevated levels

These results suggest how complex the problem of
pollution sources is and also emphasize on the
importance of targeted mitigation interventions that
take into account the behavior of pollutants and their
conditions.

Development and Performance of Pollution
Control Technologies:

Table shines the light on how select developed
pollution control technologies do well in terms of
pollutant removal efficiencies and some key
operational parameters. The energy consumption of
electrostatic precipitation ranged from 0.0 to 0.9
kWh/m3 of waste gas [14]. The efficiency for the
removal of PM was in excess of 90%. 5 kwWh/m3. Scr
data display the highest levels of three-quarters NOx
activity when using vanadium catalysts, with the
maximum operating temperature being around
300°C—400°C.
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Figure 2: Soil Pollution and Remediation Strategies in Coal
Mining Regions

FGD (Flue gas desulfurization) units turned out to be
very successful in scrubbing SO2 out from industrial
exhaust gas and thereby reaching the removal rates of
over 95%. On the other hand, we encountered the
byproduct formation in the form of Calcium Sulfate
(CaS04), so we put much efforts in optimization to
decreased waste generation [27]. Adsorption on
activated carbon turned to be the best solution as this
method lead to the VOC removal exceeding the
regulatory requirements with the adsorption capacities
above 200 mg/g and provided efficient regeneration of
the process as well.

Adding biochar to the soil has shown promising
outcomes like holding onto heavy metals thereby
reducing metal leaching up to 80% and improving soil
pH which is an acid forming element. High oxidation
processes (AOPs) showed efficient decomposition of
POPs with degradation rates higher than 90% for
PCBs and PAHSs optimized slurries.

Key
Operation
Removal | al

Pollut | Control Efficienc | Parameter
ant Technology |y (%) S

Energy
Consumpti
Electrostatic on: <05
PM Precipitation | >90 kWh/m3
Operating
Selective Temperatur
Catalytic e: 300-

NOx Reduction >90 400°C
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Flue Gas Byproduct
Desulfurizati Formation:
S02 on >95 Gypsum
Adsorption | Meeting
using regulator | Adsorption
Activated y Capacity:
VOCs | Carbon standards | >200 mg/g
Soil Metal
Heavy | Amendment Leaching
Metals | with Biochar | Up to 80 | Reduction
Reaction
Advanced Kinetics,
Oxidation Byproduct
POPs Processes >90 Formation

Such findings underscore the high efficiency level of
cleansing tools targeting different pollutants with
effects that are independent of the matrix employed.
Integration of Chemical Engineering and
Environmental Chemistry Principles:

The combination of chemical principles and
environmental chemistry proved to be an important for
the invention of new pollution control strategies.
Sorption and desorption kinetics and reactors
operating principles enabled the creation of efficient
contaminant removers, where mass contact between
pollutants and treatment medium was higher.
Thermodynamics and mechanism of reaction were the
design parameters that facilitated the identification of
treatments in processes and the identification of
suitable catalysts, which ultimately resulted to
enhanced reaction efficiency and selectivity [28].
Moreover, the assessment of life cycle (LCA), costs
and  benefits provided the mechanism of
environmental sustainability and economic feasibility.
By taking into account the environmental impact, the
waste disposal efficiency, the energy consumption and
the cost of pollution control technologies, we have
selected those options which are most feasible and
resource-effective.
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Figure 3: Air Pollution Mitigation Measures on Secondary
Pollutants PM10 and Ozone Using Chemical Transport

Field Implementation and Validation:
Conceptualization and execution of these inventions
made their applicability in current environments and
circumstances possible. Various projects devoted to
improving urban air quality had been successfully
implemented. For that purpose, electrostatic
precipitators have been installed in industrial areas,
which contributed greatly to decreasing the PM level
and ultimately leading to cleaner air around the
communities [29]. SCR technology had been proven
to be the most effective air pollution control in power
plants and other facilities where it was implemented,
reaching NOx emission standards required under the
specified regulations.

Risk assessment

Indicators

1, Chemical indicators . y : ;i 1. Ecological risk
2. Microbial indicators i 2. Geo-accumulation

3, Plantindicators v index
4, Food safetyand :| Lt 3, SPlandNCI

human health A O 4. Human health risk
\ I s |
\ | SOurces: Release from minerals /
\ i e e
Further develop » Further | modify existing models
more sensitive

work  indicators work  create new models

Figure 4: Sources, Indicators, and Assessment of Soil
Contamination by Potentially Toxic Metals
FGD units were equipped in power plants that use coal
and the emissions of SO2 were reduced to levels that
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met requirements of regulatory authorities and
environmental impact was minimized. The land area
treating biochar plantations together with soil
amendment or replacement was conducted
respectively in contaminated sites and agricultural
areas that proved that long-term immobilization of the
heavy metals and soil remediation was achieved [30].
The newest environmental technologies were
integrated into hazardous waste treatment production
facilities so as to effectively destroy more persistent
organic pollutants (POPs) and reduce the risks of
polluting the environment.
V. CONCLUSION

A summary of the research conducted, it can be seen
that integrating environmental chemistry approaches
is crucial in the chemical engineering improvements
meant for improvements to air and soil quality.
Different pollution control technologies were
synchronized and optimized making use of Seeds of
Innovation approach to handle a wide array of
environmental issues. Conducting studies of pollutant
characterization demonstrates on the performance
level of various pollution control technologies, by
which pollutants are removed from varied
environmental material. Thorough knowledge in
chemical engineering and environmental chemistry
has contributed to the development and optimization
of the treatment protocols by providing a sound basis
for  process  sustainability and efficiency.
Implementation of field stages is the procedure that
gives the evidence of the real solving abilities of these
technologies hence they can be widely adopted and
relatively have a great impact on the society. However,
despite ongoing improvements, processing of
emerging pollutants and optimization of pollutant
treatment methods still remain the major problems
leading to low scalability and high cost of these
solutions. Future research directions comprise making
multi-purpose technologies, interfusing renewable
energies sources, and learning how to make new
materials to solve the pollution problem. If we keep on
with the development of new technologies as well as
with the cooperation across disciplines, we will create
a cleaner and healthier earth for the present and the
future generations of the humanity.
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