
International Journal of Chemical and Biochemical Sciences (IJCBS), 25(16) (2024): 368-383 

 

Azhar et al., 2024   368 
 

 

 

 

 

 

Recent development in sensors in environmental control:  

A review study 

Musfira Azhar*, Amina Qadri and Rabia Hassan 

Department of Chemistry, University of Agriculture, Faisalabad-38040-Pakistan. 

 

Abstract 

 Environmental monitoring plays a significant role in protecting the environment from natural disasters and taking care of 

human health. The limitations of convectional reforms in controlling environment have led to major environmental issues 

including; lack of enhancement in safety, energy and environmental sustainability. Today's world is the world of technology and 

technological development has lessen the energy and time consumption with least drawbacks. We can use scientific or analytical 

based technologies in controlling, protecting and monitoring our environment which is only possible by using   technology-based 

reforms i.e. using sensor technology. Revolutions made in sensing technology include various types of sensors having applications 

in smart buildings, medical and biomedical fields. Being an instantaneous analytical appliance, biosensors has become a priority at 

the European and worldwide levels because of their inter-related connections with pollution control, pathogen exploration and 

medical and pandemic treatments including cancer and Covid-19 respectively. Along with the urban development, now the world 

is going toward miniaturization for improving the performance of technology, for its use at atomic, subatomic, molecular level 

and for further characterization of matter. In this regard, Nanotechnology-enabled sensors included Carbon-based (CDs) sensors 

have been developed which have applications in diagnostic, pollution degradation, optical imaging and biomedicine. The 

emerging reforms in Nanotechnology-based sensors can lead to the less toxic and degradable Carbon dots for strong antifungal 

and antimicrobial actions. In addition, quantum dots, nanotubes, silver dots and enhanced CDs can be used for all type of pollution 

control and sustained environment because of their eco-friendly nature. 

Keywords: environmental sustainability, sensing technology, smart buildings, pathogen exploration, pollution control. 
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1. Introduction 

 The main objective of environmental monitoring is 

to protect the environment from the effects of any activity. 

Apart from this, preserving the environment from natural 

disasters and taking special care of human health are also 

included in environmental monitoring. The complete 

implementation of laws and regulations can control factors 

affecting environmental changes. Factors leading to 

increased environmental pollution include a continuous 

increase in human population, energy consumption, 

industrial activities and wasteful fuel use. Developing 

advanced automated monitoring applications is crucial to 

improving environmental monitoring processes. 

Environmental monitoring includes air, soil, salinity and 

water monitoring. Sensor networks and geographic 

information systems track and monitor air quality. The soil 

can be observed after taking individual samples and multiple 

samples. Monitoring the soil can avoid acid, pollution, 

erosion, and organic material loss. Remote sensing, GIS, 

and electromagnetic induction protect soil salinity. It can 

harm water quality, infrastructure, and plant productivity if 

we don't protect it. Water quality monitoring is essential for 

water pollution. Water quality monitoring can be improved 

through CDOM monitoring, chlorophyll fluorescence 

analysis, conductivity, and TDS monitoring [1]. 

 Autonomous vehicles possess sensor technologies 

that detect and map environmental changes for further 

processing for quantitative measurement. The sensing 

system is divided into two categories based on their 

operational principles. Inner state sensors represent the 

dynamic conditions and consider the inner worth of the 

active system. For example, energy, inertia, measuring units, 

encoders, inertial sensors and Global Navigation Satellite 

System. Exteroceptive or external state sensors obtain 

information, such as distance measurements or light 

intensity, from the system's surroundings. For example, 

cameras, radio detection and ranging (Radar), light detection 

and ranging (LIDAR) and ultrasonic sensors. In addition, 

sensors can be either active or passive. Active sensors emit 

energy into the environment and measure the environmental 

response to that energy for further production. Passive 
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sensors capture energy emitted from the surroundings to 

produce an output [2]. 

 Intelligent buildings use environmental monitoring 

technologies to achieve optimal indoor environmental 

quality. Moreover, sensor devices are vital in monitoring 

museums using different tempera-based sensors, also known 

as dosimeters. Emerging trends in sensing technology 

include nanotechnology-based sensors. Carbon-based 

nanotechnologies are essential because they have 

applications in the degradation of pollutants, pollution 

control, and antimicrobial applications [3]. 

 In today's world, sensors are considered essential. 

The world is now where sensor data is needed to restore 

critical operations. They are used in hospitals, retail center, 

and in our homes. Sensors built into smart phones have now 

become an essential part of our lives. The smart phone's 

screen uses a touch sensor to operate. Sensors designed for 

smart hotels save costs and significantly improve the visitor 

experience. Locomotion sensors are applied in home safety 

systems to locate the movement of large objects. A heart 

rate sensor tracks and identifies the patient's pulse. 

Refrigerators, air conditioning controls, and other 

environmental control systems use temperature sensors. 

Biosensors are widely used in daily medicine practice. 

Sensors are utilized to open and close automatic doors. 

Sensors detect goods and determine their costs. Sensors 

detect various internal conditions of patients such as heart 

rate and blood pressure.  Sensors are used to measure air 

and water quality and weather patterns. Sensors are utilized 

in smart home equipment, including thermostats, lights, and 

surveillance cameras. Robots employ sensors to monitor and 

respond to their environment [4]. 

 

 2. Revolutions in sensors for monitoring in buildings 

 On the display of works of art in museums, various 

physical and chemical elements, including Light, 

temperature, relative humidity and pollution, can have a 

devastating impact. Light is a primary factor that can cause a 

variety of effects, including color variation, color fainting, 

automatic loss etc. Artifacts can be severely harmed by air 

contaminant i.e. NO2, SO2, O3, organic cartridges, and 

disinfectants. These gases can cause color change, 

corrosion, synthetic changes. Every element works not only 

alone but also collaboratively, such that the presence of one 

component enhances the effect of another, such as light and 

temperature, photo and toxins, waste and dampness. To 

summarize, a proper conservation programmer requires 

monitoring a single physical or chemical indicator and 

assessing the environment's whole influence. A new 

production of detector, dose meters, and other devices is 

designed specifically for cultural heritage applications. In 

constructing effective indoor smart buildings, various 

sensors are also used to work on physical stimuli, including 

temperature, CO2, damping, and photo and air mass sensors 

[5]. 

 

 

2.1   Dosimeters 

 Among the new generation sensors, 'impact 

sensors' play a crucial role, as they are designed specifically 

to evaluate the combined impacts of environmental medium. 

Commonly, these impact sensors are dosimeters or yielding 

meter. They respond to the monitored element by presenting 

a simply observable change in some specified 

characteristics. The impact sensors are often accessible and 

offer accumulative facts, acting as dosimeters. Another 

analytic property of impact sensors is their ability to be 

simply copied into as many similar specimens as needed. 

Various sensors are designed to play an essential role in 

monitoring aspects, such as against color fainting and 

photochemical damage (Tempera-based colorimetric 

detector). They maybe sol-gel based for monitoring tools for 

atmospheric pollutants [6]. 

 

2.1.1   Heat-based dosimeters 

 The ERA Project (Environmental Research for Art 

Conservation) declared the point of view of evaluation of 

atmospheric and internal weather conditions of description 

room using test console. The panels that were displayed to 

the same environment as the art work, mimicked particular 

mutations seen in the artifacts. Galleries and Museums 

should be termed as guarded and controlled venues, objects 

on possess may experience color changes to some extent. 

Different spots chosen on the painting surface were 

frequently measured and even little color changes occurring 

over time was revealed. At the end of the experiment, it was 

discovered that changes in color had occurred various 

locations of the artwork in spite of being showed in a 

controlled environment. The painted bars were created using 

traditional artist formulas, utilizing various paints. Violet, 

blue, and aqua blue pigments, curcuma, lead antimonite 

(yellow pigments), coral, mordant red, yellowish-brown 

pigment, and lead white. A panoramic investigation was 

conducted to examine the alternation in the physical and 

chemical effects of the conventional paint medium that 

caused the noticed colored shifts. So as to goal, a sequence 

of 'mimic paintings', or board carrying a set of colored bars 

fabricated from interesting materials, was created. The 

changes that occurred were measured using a variety of 

ways for molecular structure analysis. These are non-

interfering- spectroscopy, thermo-analytical methods, and 

micro-scale -mass spectrometry [7]. 

 As a result of this experimentation, the mock-

painting boards were employed as stress sensors to illustrate 

the impact of environmental factors. To conclude, an 

essential outcome of the ERA Project was demonstrating 

that a mock dosimeter take in as a supporting tool for 

observing the environmental effect on artifacts. Controlling 

temperature, impact, light, and wastage separately is 

insufficient to avoid damage chances due to the cooperative 

effects. Moreover, mock-coloring dosimeters, several 

unconventional methods were presented to investigate 

microclimate effects on artworks. Sensors made of 

piezoelectric quartz glass and covered with stuff of aesthetic 

interest were tested under various exposure situations. The 

goal was to replicate the same deterioration in the simplest 

process seen in the item and then recognize its origin. In this 

regard, with a reaction elapse comparable to that of artifacts, 

these activators are valuable for understanding the reasons 

for deterioration events before damage occurs [8]. 

 

2.1.2    Aerosol based reversible sensors: 

 Air quality is also important to monitoring 

museums, accomplished by aerogel-based reversible 
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sensors. The sol-gel technique is an excellent advancement 

that provides numerous merits in creating thin films with 

functional qualities. These sensors have a reaction time of 

approximately 10 minutes of exposure and are reversible, 

meaning they return to their previous look and restore. As a 

result, when kept near to the artifacts, these sensors could 

monitor relative humidity and environmental acidity [9]. 

 

2.2   Temperature sensors: 

 Temperature sensors are sensing instruments that 

calculate the temperature of a moving medium, i.e. water, 

air and they are the most commonly used sensors for sensing 

and observing construction sites today. There are different 

forms of temperature sensors, from which following are 

accessible in the market nowadays. These are; Heat probes, 

also termed as thermocouples are the most frequently 

employed sensors in the temperature or heat monitoring 

agencies. They have broad aspects i.e. 500 °C, swift reaction 

time of about 5 to 8 seconds, self-powering ability and less 

in cost. In addition, chemical alternations make these 

instruments less precise or stable. Also, they often need 

wireless transmission capabilities. Resistance- temperature 

detectors provide refined accuracy and wireless potential, 

observance, resistance to electrical glitches, and linearity. 

Moreover, these have a withstand temperature calculating 

limits, insufficient quick response, larger size, and very 

expensive. Thermistors have highest accuracy, quick 

feedback time of about 0.2 seconds, high sensitivity, 

reduced size, and less cost in contrast to resistance sensors. 

They have restrictions i.e. a controlled temperature range, a 

non-linear result that demands calibration before use, and 

diversity of usage. Integrated-circuit sensors are the most 

emerging of all temperature sensors used nowadays, and 

they are in into two forms: analogue output and digital 

devices .Integrated circuit sensors have a minimum 

temperature detection limit range and average feedback. 

These devices have excellent accuracy, quick linearity, 

convectional instrumentation, preferring them most 

satisfactory for sensing and control demands [10]. 

 

2.3   CO2  sensors: 

 CO2 is a naturally abundant element of the 

atmosphere that living organisms exhale during breathing. 

These sensors selectively point out the presence of gases in 

units of parts per million and allowing outcomes about the 

existence, placement, quantity, and consumer occupation 

within a format. In addition to this, these sensors have 

comparatively steady   reaction time and have similar power 

usage. However, with the CO2 based sensors, organic 

compound having volatile nature also exist as sensors. 

Electrolytic sensors, which operate same as fuel cells 

generate ongoing results when displayed to pollutants 

present in air, have efficient output time, greater accuracies, 

and larger life time. In addition to this, FET sensors have 

lower measurement limits [11]. 

2.4   Humidity Sensors:    

 Humidity sensors are developed to estimate of 

vaporous particles in the atmosphere, that are commonly 

calculated in terms of respective humidity i.e. calculated as a 

denotation of temperature, as a outcome of gas pressure and 

entire humidity. Humidity measuring instruments are 

commonly classified as following. Electrical equipment’s 

composed of a dielectric medium commonly plastic or in 

some cases polymer are layered between two electrodes 

made platinum or gold that are placed on a base or known as 

capacitive sensors. These structure permit the production of 

capacitive impact through the dielectric constant of the 

dielectric matter as the humidity of the atmospheric air 

alters. These sensors are upright, greatly accurate and have 

reduced power usage. Resistive humidity sensor have miner 

limit and reduced accuracy. In addition these sensor have 

further down minimal costs and best reaction time, declaring 

them tolerable for application in construction sites where 

least measurements are not essential [12]. 

 

2.5   Light, Air and Mass flow sensors: 

 Photo activators or sensors are passive equipment’s 

that convert light energy into an electrical output response. 

It can be utilized to turn the light ‘ON’ or ‘OFF’ when the 

level of luminescence is more or less than a particular point. 

The most noticing classification of sunlight sensors used 

nowadays are: light resistors that are electrical equipment’s 

whose resistance decreases with increasing light intensity. 

And light diodes or commonly known as photodiodes, may 

transform laser into a current output. 

 Both light resistors and diodes have same 

accuracies, comparable capabilities, and suitable for internal 

and external atmospheric conditions. In addition, due to 

analogous and digital proficiency of photodiodes, they 

acknowledge quickly, utilize less amount of energy, and low 

cost that make them more considerably holding in 

construction areas than light resistors. Wind gauges are most 

frequently used sensors nowadays for calculating flow of 

wind inside around the buildings. They are equipment’s 

made for estimating the speed and pressure of a gas in a 

linear flow such as, flow of air in a passage or nonlinear 

flow like the wind external to any specific supervision. 

Wind cocks that collaborate a wind passage  with a device  

that propel to examine the  air flow and wind velocity and 

have a much greater measuring limit  range  having more 

rigid structures which makes them best match for 

arrangement outside the buildings and other severe 

environments [13]. 

 

3.   Recent advances in sensing technology: 

 Most electrical utilizations would not survive 

without sensors that play a crucial role for offering a frontier 

to the genuine environment. Technology innovation 

approaches are becoming more frequent for clarifying 

sensor outcomes in data collection, activity control, and 

computation. A "Smart sensor" with self-contained 

calibration can be created by incorporating microprocessor 

configurability inside the sensor itself. A smart sensor can 

then make contact directly with an industrial system. The 

basic building blocks of smart sensors created with many 

integrated circuits are demonstrated [14]. 

 A critical difficulty in analytical chemistry is 

achieving continuous on-site monitoring of various analytes, 

which is especially important in environmental detection. 

This goal can be reached primarily through the development 

of sensor technology, consisting of miniaturized measuring 

devices optimized to interact with certain analytes. 

Environmental monitoring has been a priority at the 

European and worldwide levels because the inter-related 
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connections among the environmental pollution and human 

wellness and economic evolution. Biosensors have been 

mostly used as an inexpensive, quick and instantaneous 

analytical appliance [15]. 

3.1   Biosensors for monitoring environment: 

 Biosensors can be catagorized according to their 

transduction principle, such as optical, electrochemical and 

piezoelectric or created on their identification of elements, 

like immune-sensors, nanosensors, and enzymatic 

biosensors, when antibodies, nucleic acids, and enzymes are 

used accordingly. These sensors have been announced to 

locate and scan a diversity of environmental contaminants, 

with different types of amino acids behaving as 

identification elements. Pest controlling chemicals are some 

the most remarkable environmental pollutants because of 

their extensive use. For example, organo-phosphorous 

insecticides are widely employed in agriculture and are a 

serious environmental problem due to their high toxicity. 

Thus, simple, sensitive, and miniaturized techniques, such as 

biosensors, have been created as analytical strategies for 

detecting and monitoring without requiring substantial 

sample pretreatment. The presence of pathogens in 

environmental matrices, particularly in water compartments, 

poses a significant risk to human health, and specific 

biosensors have lately been proposed for environmental 

monitoring. For example, quick and selective optical 

biosensors based on surface were proposed to detect active 

metabolites in complicated environmental water samples. 

Detection was based on the identification of bacterial RNA 

by the RNA detector [16]. 

 Biosensor-based diagnostics is now common in the 

healthcare sector. Biosensors are electronic tools that spot 

botanic impulses and turn them to electrical responses. The 

fundamental components for all biosensor are the bio-

receptor, transducer, specimen, and display. A biosensor is 

an analytical tool that carry or transmit or point out the 

availability of sample in the context under examination. A 

bio-receptor, also known as a scientific recognition element, 

is a biological essence that can behave particularly with the 

specimen to produce a capable response. A transducer is a 

tool that converts energy here and there. Biosensors shows 

diagnostic identification of human situation without drawing 

out body fluid. Biosensors have authorized living beings to 

point illness in pre-directing therapy. Victim can inspect 

their medical condition instead of being dependent on 

examiner to cure it. Data is shown directly based on the 

patient's status to expel confusion. Moreover, these sensors 

are used in numerous observation territory which include 

drug administration, surety, food safety, health examining, 

agricultural reforms and medical treatment. Latest biosensor 

development has amazingly illustrated a rise  in rapid and 

easy observance in the medical therapy, making medical 

care and medical theorists  less dependent on investigations 

[17]. 

 

3.2   Cancer treatment 

 Cancer diagnosis and therapy require extensive 

care due to the disease's widespread frequency, high 

mortality rate, and recurrence after treatment. From 2002 to 

2006, the incidence of cancer per 100,000 people was 470.6 

in Whites and 493.6 in Blacks, suggesting that cancer affects 

all races. Biosensors have applications in medicine to 

identify viruses, monitor blood glucose levels in diabetics, 

and diagnose and treat cancer. Incoming biosensor reforms 

could be preferable in premature cancer spotting and more 

reliable cures, mainly for cancers that are examined in post 

stages and feedback deficiently to therapy, generating 

improvements in victim’s life quality and possibility of 

being recovery. Biosensors can distinguish the presence of a 

tumor, even if it is benign or cancerous, and whether therapy 

was operative in depressing or eliminating malignant cells 

by calculating the quantity of particular proteins 

demonstrated by tumor cells [18]. 

 

3.3   Pathogen exploration: 

 Micro-pathogenic species such as bacteria and 

viruses are present everywhere in nature and the 

environment. Bacterial sicknesses are the leading cause of 

death in economically-developing nation. Identification of 

pathogen is crucial for various reasons, the most important 

being health and safety. Pathogen identification methods are 

commonly used which constitute polymerase chain reaction, 

for cultured and colonized microbes. They include DNA 

analysis, bacterial counting, and antigen-antibody 

interactions. Despite drawbacks such as the time required 

for research and the intricacy of their application, they 

remain a sector in which advancement is conceivable. 

Biosensors are scientific tools that combine analytical matter 

for eradication of pathogens from bloodstreams to cure 

various congenital and self-developed diseases. Bacteria 

such as pathogens can be very dangerous to our environment 

and pose serious risks to our health. Biosensors have played 

an important role in the efficient detection of pathogens in 

recent developments to detect and minimize these 

pathogens. The use of biosensors in pathogen degradation 

has many advantages. The first advantage is that they are 

fast enough to enable accurate detection and quick action. 

Second, they can detect the pathogen at very low 

concentrations and make them very sensitive. Third, they 

can also be designed to target specific pathogens, with the 

advantage of reducing the risk of damaging microorganisms. 

Biosensors in pathogen degradation offer an excellent and 

promising solution for environmental remediation because 

they are capable of very fast accurate identification, high 

sensitivity and target approach. As technology continues to 

improve day by day we can expect to see more efficient 

biosensors in the coming days which can deal with a wide 

range of pathogens and infections [19]. 
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Figure 1: Innovative measures in sensor technology        

 

Figure 2: Painting bars of mock painting panel 
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4.  Nanotechnology-enabled biosensors: 

4.1    Microbial applications: 

 A microbial biosensor is an analytical instrument 

that combines microorganisms and a physical transducer to 

produce a quantifiable signal proportional to the quantity of 

analytes. Numerous microbial biosensors have been created 

for environmental and medicinal applications in recent 

years. Biosensors have been built using a variety of 

biological recognition elements, such as cofactors, enzymes, 

antibodies, microbes, organelles, tissues, and cells from 

higher organisms. Microbes (e.g., algae, bacteria, and yeast) 

provide an alternative for biosensor manufacture because 

they can be grown in large quantities through cell culture. 

Furthermore, microbial cells are more viable compared to 

cells from higher species, such as plants, animals, and 

humans. Microbes are akin to a "factory" made up of 

multiple enzymes and cofactors/coenzymes, giving them the 

ability to respond to various substances that can be utilized 

as a signal for sensing. Even though microorganism 

metabolisms are non-specific, highly selective microbial 

biosensors can be created by blocking or inducing the 

desired metabolic pathway and adapting the microorganisms 

to an appropriate substrate of interest (target) via selective 

cultivation. Furthermore, recent advances in molecular 

biology provide a novel approach to manufacturing 

genetically edited microorganisms (GEMs), thus providing a 

new direction to modify the selectivity and sensitivity of 

microbial biosensors at the DNA level [20]. Microorganisms 

have been developed as biosensors and give several 

advantages, such as the capacity to detect a wide range of 

substrates, decreased cost, mass production, and easy 

genetic modification compared to existing platforms that use 

enzymes and mammalian cells. However, the determination 

of target substances or environmental factors using 

microbial biosensors appears imprecise because it requires 

traditional analytical procedures such as test tubes or hand 

pipettes, making it heavily dependent on the technical skill 

of researchers. In addition to these instrumental restrictions, 

microbial biosensors' comparatively low sensitivity and 

selectivity remain significant difficulties, which can be 

related to the nature of biological sensing systems. Another 

inherent disadvantage of microbial biosensors is the sluggish 

reaction induced by the slowed diffusion of substrates and 

products through the cell wall. Micro/nanotechnology has 

contributed to the creation of novel instruments for (1) 

wholly automated processes, (2) miniaturization for 

mobility, and (3) sophisticated multicomponent detection. 

First, a semi-automated approach was created to shorten the 

time required to measure the fluorescence signal of the 

protein inS. cerevisiae. Using a laser light source, a detector, 

and an automated cell culture chamber permitted continuous 

observations of fluorescent signals, which were then 

processed in real-time. Despite being a prototype semi-

automated equipment, a reliable result may be obtained six 

times faster than with a normal colony-based growth test 

[21]. Microfluidic technology has been applied to a wide 

range of biological assays. Microfluidic technology, in 

particular, provides various miniaturized cell-culture 

environments on a small scale, facilitating sensitive and 

parallel analysis of cell cultivation and/or fermentation in a 

high-throughput manner and the generation of concentration 

gradients for multiplex analysis [22]. 

 Moreover, microbial biosensors have applications 

in identifying organophosphorus pesticides, Phenol and 

Cyanide compounds, monitoring toxic metals, and analysing 

food. Cost problems, stability, sensitivity issues, quality 

assurance, and equipment design have all hampered the 

adoption and commercialization of biosensor technology. 

Many of the primary impediments to technology 

development are technological in nature, such as sensor 

calibration methods, methods for creating low-cost and 

dependable sensors, biosensor stabilization and storage, and 

whole sensor system integration. Microbial biosensors also 

have some unique needs because they use microbes. 

 

4.2   Optical applications: 

 Biosensors are electrical, optical, chemical, or 

mechanical instruments that selectively identify biological 

species. They are frequently augmented with biological 

elements to increase their selectivity. Biological recognition 

molecules include enzymes, antibodies, and 

oligonucleotides. The ideal biosensor must not only respond 

to low concentrations of analytes but also be able to 

differentiate between species using recognition molecules 

mounted on its surface. Biosensors offer a wide range of 

applications, including the observation of biomarkers for 

medical diagnostics as well as pathogens and toxins in 

nutriments and water. Fiber-optical biosensors rely only on 

optical or natural activity to detect target bio-molecules. 

This sensing is a dependable and sensitive optical approach 

[23]. The optical biosensors and powerful analytical and 

detection procedures have become flexible   research gadget 

for pharmaceutical industries, environmental sensing and 

combat. Bio-sensing optics are applied to highly 

incorporated advances, including microelectronics, micro-

technologies, biotechnology, cell level ecology, analytical 

chemistry. Biosensors comprise sensing elements such as 

ligands and signal processing units (transducers). The 

primary function of a biosensor is to provide a signal 

corresponding to analyte absorption. The optical biosensor 

employs a variety of biological materials for bio-

recognition, including antibodies, enzymes, antigens, 

receptors, entire cells, tissues, and nucleic acids. The 

detector measures the signal created by the transducer. It 

could be an optical instrument, such as a spectrophotometer 

like a voltmeter. The output can take any form, such as 

photos, graphs, tables, or numerical values [24]. 

 Circumvolution also known as ellipsometry is a 

widely-known method for determining the diameter of an 

optical layer or the alternations that occur between the 

growing processes. It accurately monitors the change in 

polarization state when electromagnetic radiation is 

reflected or transmitted by a material. An ellipsometric 

biosensor detects changes in the polarization of light when 

reflected from a surface. This was utilized to detect the 

binding of influenza. Microarray biosensors using total 

internal reflection imaging ellipsometry detect serum tumor 

biomarker CA19-9 with an estimated detection limit lower 

below the average level cut-off. The localized surface 

plasma resonance (LSPR) phenomena in Nano-structured 

gold films have recently been used to develop an optical 

biosensor for detecting low molecular weight substances 

such as myco-toxins [25]. 
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5 Emerging trends of sensing technology using Carbon- 

based nanotechnology 

 Nanotechnology is a 21st-century growing 

technology concerned with the use of technology in the 

study of ultrafine materials at various scales. The core of 

nanotechnology is the production and invention of materials 

and particles at the atomic, molecular and sub molecular 

levels, as well as the characterization of matter at the 

nanoscale of approximately 1-100 nm, due to the fact that 

materials at this size behave differently and more efficiently 

than in their bulk form. Nanotechnology-derived materials 

have been expanding for the past two decades, and the 

production of nanotechnology is expected to be worth more 

than $1 trillion within the next 10 to fifteen years [26]. 

 As a result, we may expect this technology to have 

a tremendous impact on people's lives all around the world. 

Nanotechnology today has developing applications in 

environmental sensing and monitoring, including 

diagnostics, pollutant degradation, optical imaging, and 

nano-medicine. Multifunctional nanotechnology-enabled 

sensors produce Nano-tubes, Nano-wires, carbon-based 

Nano-dots, and quantum dots. Carbon-based sensors, among 

those enabled by nanotechnology, offering specific 

advancements in sensing surroundings, including heavy 

metal sensing and detection, food safety, humidity sensing, 

and the analysis of biologically essential substances. The 

fusion of carbon dots by various techniques is described 

below [27]. 

 

5.1   Carbon dots in pollution control and pollutant 

degradation: 

 Along with urban development, environmental 

issues are also being given a lot of attention in the society. 

Harmful and toxic pollution in the environment in particular 

has given rise to global concerns. Nanomaterials, including 

carbon-based nanomaterials, metal nanoparticles, and metal-

organic frameworks provide a wide range of applications, 

for example in pollution monitoring, environmental cleanup, 

and energy production. The category of carbon-based 

nanomaterials includes pristine graphene, graphene oxide 

carbon nanotubes and fullerene with specific properties. 

Carbon dots play a very important role in environmental 

applications due to their unique properties. Unique optical 

properties such as broad absorption spectrum and strong 

fluorescence. Carbon dots have a broad scope of convenient 

physicochemical properties due to the diversity of raw 

materials and artificial methods such as infinite surface 

operational groups and magnificent water dissolvable. They 

are affordable, extremely bio compatible and environment 

affectionate. Moreover, Carbon dots are ready to make a 

profound impact in different environmental areas. These 

include controlling environmental pollution, pollution 

detection, membrane separation, breaking down pollutants. 

Although membrane separation does not completely remove 

contaminants from water, additional treatment is required 

for complete removal. Photocatalytic treatment using CDs 

has the potential to achieve complete degradation of 

environmental contaminants. Its purpose is to review 

progress in the use of carbon dots to control and remediate 

environmental pollution [28]. 

 There is no doubt that pharmaceutical products 

have played a very important role in modern human health 

and wellness. Like all other man-made products, 

pharmaceuticals eventually become waste, which is a global 

environmental concern. Pharmaceutical contamination has 

been found mostly in aquatic environments, including 

groundwater and surface water. Conventional wastewater 

treatment uses a variety of older treatment systems such as 

absorption or activated sludge treatment. Unfortunately, the 

old system is not efficient enough to completely eliminate 

pharmaceutical molecules. Therefore, the development of 

new technologies and materials for the proper degradation 

of these emerging contaminants was required, which led to 

the exploration of the use of carbon nano-materials. Because 

of the specific and interesting application of carbon dots, 

carbon nano-particles have led to an increase in the number 

of publications in recent years. However, the most 

commonly used carbon nanomaterials for water treatment 

are carbon nanotubes and graphene-based nanomaterials 

[29]. 

 

5.2    Ecofriendly and fluorescent CD’s 

 Carbon dots have a unique set of properties that 

make them an attractive material for research in a variety of 

fields. These characteristics are eco-friendliness, ease of 

synthesis, unwavering behavior, greater inconsistency, 

longevity, great photo-sensitivity, satiate operational 

discharge with tunable incitement wavelength and easily 

soluble in water with great amount of carbon pace up to 9 

percent. In addition, semiconductor nano-crystals called 

quantum dots are toxic and expensive nanoparticles with 

diameters ranging 1-10 nm, quantum dots have unique 

optical properties. Overall, carbon dots offer a more eco-

friendly and cost-effective option than quantum dots for a 

variety of applications [30]. 

 Different carbon nanoparticles, including quantum 

dots, Nano spheres, nanowires, and Nano tops, are used as 

fluorescence particles, but their large-scale production 

remains a ultimatum due to high production costs and 

insufficient simple production procedure. Recently adhesive 

fluorocarbon nanomaterials have gained importance due to 

their unique properties such as good adhesion to smooth 

surfaces and ease of processing. There is a simple way to 

make tiny sticky and glowing carbon dots called C-paint. 

The specialty of C Paints is that we do not add any harmful 

chemicals to make them. When we make C-paints, they 

absorb and reproduce UV and visible light. They are water 

soluble and very non-toxic, working very well at a 14% of 

high quantum yield. In addition to these fluorescence dots, 

green or friendly to environment and surrounding 

fluorescent carbon dots that uses the solvo-thermal treatment 

to make the environment free of wastes [31]. 

 

5.3   CD’s in antimicrobial: 

 Researchers have proposed various solutions for 

the antimicrobial activity of carbon dots. In which the 

physical destruction of bacterial cell, excited oxygen nature 

persuading damage, aerobic pressure, photochemical 

impacts. Recent research has also shown that carbon dots 

can effectively kill pathogens and bacteria by damaging the 

external membrane, which results in the escape of cavity 

constituents and eventually cell death. Less toxic and 

degradable carbon rods have been synthesized by 
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electrochemical methods, which have shown strong 

antifungal and anti-bacterium exercise even at less gradient. 

The carbon dots penetrate bacterial cell wall, blocking gene 

expression and binding to DNA-RNA, causing cell death. 

Positively charged carbon dots also bind to cell membrane 

components, disrupting membrane synthesis and causing 

bacterial death [32]. 

 One of the antimicrobial action of nanotechnology 

in assisting the environment, is the use of Silver as anti-

microbic medium. Silver has an effective background of its 

applications as germicides. Many pre-historic communities 

used silver pots to stoke of wine and water. Silver has 

superiority over other sterilizing mediums. Dissimilar to the 

subatomic antibacterial that are ordinarily attacked to 

particular living groups, silver is fatal to a broad range of 

microorganisms. Silver is characterized to nano size by 

different approach or by pyrolysis or mechanical or thermal 

degradation. The huge benefit of the silver dots or silver-

based nano-materials as   antibacterial is their use in various 

material manufacturing i.e. in fabrics and textiles. Silver-

based medications are used nowadays as antiseptic and 

sterilizer. Silver sulfadiazine is a medication used for the 

treatment of invasive burn patients. But due to the limited 

resources to produce nano-based materials to cover all 

aspects is certainly impossible but researches are going 

on in this field [33]. 

 

6.   Conclusions: 

 The world is currently facing increasingly complex 

environmental problems, from pollution and climate change 

to health crises. To overcome all these, the role of sensors in 

monitoring the environmental has become very important. 

Through this review article we are informed about the need 

and development of sensors in various fields. This 

requirement includes monitoring precipitation and 

considering temperature fluctuations, estimating wind flow, 

etc. Sensors play a very vital part in controlling the 

surroundings and improving society. Due to the increase in 

pollution and changes in temperature over time, we should 

not rely on traditional sensors for sensors, but for this we 

have to work on modern sensors design, only then we will 

be able to monitor the environment. Relying on traditional 

technology we face many challenges due to which we 

cannot monitor the environment effectively. We can play a 

significant role in the evolution of sensors with the aid of 

Artificial Intelligence and Internet of Things. Artificial 

intelligence helps us gather information, comment on 

information and make decisions due to which we can better 

and timely control in our environment for any 

kind of problems. Technological growth and our collective 

duty both make it possible for sensor technology to advance 

and become more useful for environmental monitoring. In 

order to monitor as much of the environment as possible, we 

must give priority to funding sensor research 

and development. 

 The development of nanotechnology is of immense 

importance to advance environmental monitoring 

capabilities. It is therefore important to further research the 

development of sensors with the aim of presenting the 

potential of nanotechnology in sensor design and 

applications. To fully utilize the potential of 

nanotechnology, we must make joint efforts rather than 

individual efforts. The most important for this is that we 

invest primarily in research. The aim is to combine the 

fundamental principles governing nano-materials and their 

interaction with environmental experiments. Through 

research, we can pave the way for next-generation sensor 

designs by offering unprecedented performance on nano-

scale phenomena. We must step up efforts to further 

education and workforce development trained on fostering 

the expansion of nano-technology and sensors for the rising 

generation of scientists and engineers. 
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