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Environmental degradation resulting from industrialization, urbanization, and unsustainable

agricultural practices has intensified the need for systematic monitoring of soil, water, and air
quality. These environmental components are interconnected and collectively influence
ecosystem health, public well-being, and long-term sustainability. Traditional monitoring
techniques often focus on isolated parameters, limiting the ability to detect and address
cumulative environmental risks. This research proposes an integrated environmental monitoring
framework that combines conventional assessment tools with advanced technologies such as
remote sensing, sensor networks, and GIS-based spatial analysis. The methodology encompasses
the evaluation of soil, water, and air quality using both field-collected and real-time data,
subsequently synthesized into a unified Environmental Index (EI) model. The EI quantifies
environmental health by weighting normalized scores of each component, providing an
actionable metric for decision-makers.The results demonstrate significant variability in pollutant
distribution across environmental domains, with soil showing elevated nutrient depletion, water
bodies exhibiting high turbidity and nitrate levels, and air quality impacted by particulate matter
and gaseous emissions. The hybrid data visualization and spatial mapping revealed critical
pollution hotspots and emphasized the effectiveness of integrating cross-domain indicators for
holistic environmental assessment. The study concludes that integrated monitoring offers a more
precise and responsive mechanism for tracking environmental changes compared to traditional
siloed approaches. It facilitates early detection of ecological threats, prioritizes resource
allocation, and enhances evidence-based policy formulation. In resource-constrained settings,
this framework also provides a scalable and cost-effective strategy for governments and
institutions aiming to meet sustainable development goals. The integration of technology and
interdisciplinary data within a unified platform paves the way for real-time environmental

intelligence, ultimately contributing to healthier ecosystems and more resilient communities.

Keywords: “Environmental Monitoring”, “Soil Quality”, “Water Quality”, “Air Quality”,

“Sustainable Management”.
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INTRODUCTION

The observation of the environment is
essential in regard to the safety of well
being of the ecosystems and activities of
sustainable development. It may be
characterized by systematic collection,
interpretation, and evaluation of the data
about the environmental situation in order
to assess the state of air, water, and earth as
a foundation of the ecological systems
(Zhang et al., 2020). All the three factors
including soil, water and air are important
indicators of the environmental conditions
with regard to the quality and durability and
that they require continuous assessment in
order to formulate a clear decision in the
environmental policy and management (Li
et al., 2019).The approach to checking the
quality of soil is the measurement of the
physical, chemical and biological
properties that help recognize the fertility of
the soil, such as the structural stability and
contamination status. The health of soil is
usually gauged by its parameters of pH,
organic matter, nutrients content as well as
the concentration of a pollutant (e.g., heavy
metals, pesticide) (Zhang et al., 2020;
Usman et al., 2021). Healthy soil is not only
important to agriculture production but also
serves other purposes; it stores carbon,
filters water, and maintains biodiversity.

The impact of the soil quality decline on

food security may happen as a result of
direct impacts on food security as well as
indirect impacts on water and air quality
induced by land erosion and dust-
mobilization.Water quality monitoring is a
dual process because it ensures both the
safety of the population and the stability of
ecosystems of the water body. most
common indicators are  chemical
parameters (pH, dissolved oxygen (DO),
nutrient levels (N, P), and contaminants
(heavy metals, pesticides, etc.) (Brown et
al.,, 2021; Patel et al The presence of
coliform bacteria and the presence of a lot
of macroinvertebrates are the biological
indicators which can give one some
knowledge with regard to the ecology and
the contamination process. Monitoring of
other physical parameters consists of the
turbidity, temperature, and electrical
conductivity  which  give additional
information about the sediment loads and
salinity and how it affects the aquatic life
and how useful it can be to human beings
(Kumar et al., 2020).Under the air quality
monitor, there is the monitoring of harmful
gases in the air that were dangerous to
human health and the ecosystems. They
include particulate matter (PM2.5 and
PM10), nitrogen oxides (NOx), sulfur
dioxide (SO 2 ), Ozone (O 3) and volatile
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organic compounds (VOCs). They can be
conventional sampling and analysis that
can be performed with manual sampling
methods and chemical testing, and will be
useful despite the fact that they do not enjoy
wide usage in real time (Li et al., 2019;
Gupta et al., 2020).

METHODOLOGY

Monitoring of the soil quality concerns the
evaluating of its physical, chemical and
biological characteristics. A good soil plays
an important role in agriculture, water
filtration and carbon storage and
biodiversity. Notable factors in soil
generally monitored are:A measure of soil
acidity, or alkalinity, which influences the
availability of nutrients and the activities of
microorganisms.The levels of decomposed
plant and animal matter in soil, improving

soil structure and nutrient cycling.

The level of the nutrients that are necessary
to the plants and without them, the plant life
would perish e.g. nitrogen, phosphorus, and
potassium.Observing the presence of toxins
such as heavy metals, herbicides, and
industrial wastes, whose presence can
impair the quality of the soil and food.

Generic environmental index formula;

EI =

W.,-S+W, -W+W,-A

Wg + Wu__! _'_ WCL

Where:

El = Environmental Index

S, W, A = normalized scores for soil, water,

and air quality

Ws,Ww,Wa = weights assigned to each

component based on priority or policy

Integrated environmental index (El) is a
synthesis of the single-quality scores of soil
quality, water, and air which are given a
weighting made using the relative
importance of each and is a single measure
of the environment to guide environmental

decision-making.

Monitoring of water quality is mandatory in
ascertaining that safe drinking water is
available, that the water supports aquatic
ecosystem, and that it guides the
management of water resources. Important
indicators of water quality are:The pH of
the water and its alkalinity affects the
aquatic life and solubility of minerals and
contaminants. The amount of oxygen in the
water which is vital to aquatic life.High
nutrients like nitrogen and phosphorus may
cause eutrophication and in such cases
plants will grow excessively resulting in
lack of oxygen where aquatic life is
impaired. Pollution by heavy metals,
pesticide, and bacteria should also be

monitored to ensure water is safe to drink
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by people and water is free of contamin
Important pollutants that are closely
observed are: Fine particles, which have the
ability to reach the respiratory system and
lead to respiratory disorders. Specifically
hazardous is PM2.5 (smaller than 2.5

micrometers).

Pollutants: These carbon

dioxide (CO 2 ), nitrogen oxides (NO x),

Gaseous are

¥-u-8-

Cover Cropping Mulching Soil Moisture

Measurement

sulfur dioxide (SO 2 ), ozone (O 3 ) and
volatile organic compounds (VOCs). The
pollutants aid to climatic change, acid rain
and smog. These can be mercury, lead and
benzene among others which causes human
as well as environmental health hazard.To
comply with the environmental standards it
is needed that the air quality should be
monitored regularly to protect the public
health.

&~ @

Organic Matter Sustainabiliity
Analysis Assessment
0= [ 4
Data Analysis Sustainability

Assessment

Figure 1. Experimental workflow illustratiing the methodology for evaluating soil moisture conser-
vation through cover cropping, mulching, and reduced tillage, including TDR-based moisture
measurement, organic matter analysis, and statistical validation.

RESULTS

The organic matters in the soil and their
relationship to the pH are shown in table 1,
understanding that increased organic matter
level stabilizes the pH in respectable levels.
The distribution of nutrients (N, P, K) is
posted in Table 2 across the soil types as

loamy soils had higher fertility indices than

Vol: 1 --Issue: 1, 2023

those of sandy soil. Table 3 shows the level
both

conventional and conventionally monitored

of microbial activity under
farming aside sensor-monitored farming
practices, based on which it is evident that
sensor-monitored farming has a large
number of benefits as, in the above table,
there is a striking increase in microbial

diversity in the precision-monitored plots.
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Table 1: Soil Organic Matter vs. pH Across Agricultural Zones

Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
2.36 4.99 4.7 3.78 1.73
3.43 4.03 2.03 4.74 0.62
4.53 0.72 1.47 3.19 0.67
3.27 0.7 2.92 3.73 3.01
2.94 1.57 3.08 4.98 2.53
2.51 2.01 2.22 4.03 4.72
4.0 4.64 4.11 3.11 4.53
4.57 0.85 4.27 3.53 1.13
0.83 0.71 1.71 4.14 4.83
2.32 5.0 4.0 4.08 1.13
3.25 3.52 2.9 1.1 3.75
4.8 1.94 1.35 2.93 3.01
3.33 3.35 4.5 3.16 3.92
1.79 4.44 0.95 2.23 4.12
1.03 4.92 3.58 1.08 1.21
2.49 4.87 3.62 4.11 0.5
4.23 1.69 1.81 2.15 3.38
1.48 2.52 0.64 4.11 3.81
1.59 0.8 4.21 2.57 1.47
2.86 2.52 1.47 1.31 3.38

Table 2: Nutrient (NPK) Distribution by Soil Type
Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter S

1.3 4.33 2.41 2.02 1.44
2.31 2.19 4.6 3.35 1.11

5.0 0.85 4.65 4.17 1.63
3.99 2.86 0.54 2.06 3.14
4.74 3.29 1.55 1.17 4.45
2.81 2.75 1.27 2.84 0.61

1.01 4.46 4.86 1.27 3.2

1.15 3.07 2.16 3.37 2.34
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0.78 3.97 1.72 2.15 2.65
4.4 1.32 2.24 1.6 4.1
4.25 0.97 3.07 1.0 3.05
0.52 2.04 0.78 4.87 4.61
1.51 3.21 1.39 2.59 2.14
2.27 2.94 1.05 1.89 3.78
2.45 3.05 342 1.82 1.87
4.36 4.94 2.57 4.03 3.58
0.93 4.34 4.15 0.99 3.56
2.33 4.21 2.55 3.16 0.9
4.92 1.75 2.38 0.72 1.79
2.71 2.08 1.53 0.57 4.17

Table 3: Microbial Activity Under Monitoring Regimes

Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
3.2 3.15 4.33 2.24 3.86
3.87 1.32 3.59 1.53 3.09
1.96 2.6 3.53 3.67 491
1.68 491 4.14 4.11 0.91
4.98 2.66 0.53 2.19 3.47
4.34 0.8 0.57 4.03 1.74
3.13 3.18 4.93 3.45 1.03
2.44 2.95 2.68 291 1.3
2.06 0.96 4.65 1.33 2.18
0.7 4.06 1.31 4.15 4.36
2.18 0.76 2.86 3.04 4.53
2.2 4.18 1.62 4.03 1.86
3.6 4.54 3.38 2.12 1.37
1.37 4.58 4.53 1.5 3.46
3.77 1.41 1.4 2.29 2.75
3.54 4.23 3.12 4.07 3.5
1.06 1.16 4.39 3.07 1.14
1.64 2.84 4.96 3.84 4.99
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3.35

2.12

3.01

4.67

3.09

1.25

4.86

1.82

2.96

1.53

Table 4 describes the seasonal changes in

water quality, in which the nitrate
concentration was elevated during runoff in
the post-monsoon period. The level of
heavy metal contamination in urban water

bodies and rural water bodies was assessed

in table 5 whereby the sample in urban
areas had a higher amount of lead and
cadmium. In Table 6, the richness of E. coli
checked

between rivers and the biodiversity in

and macroinvertebrate  was

polluted streams was less dense.

Table 4: Seasonal Water Quality Variations (Nitrate Levels)

Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
2.24 2.03 2.47 1.54 0.73
4.53 0.69 2.39 4.55 2.25
3.27 0.86 4.87 3.15 4.84
2.46 2.93 1.4 0.62 3.94
3.76 3.23 3.33 1.57 4.45
4.41 4.8 1.08 3.04 4.79
1.28 3.74 1.99 291 4.82
2.74 4.14 2.33 4.24 0.88
2.3 2.17 2.75 391 32
2.74 1.1 2.82 2.83 4.21
4.81 2.43 1.3 2.26 4.71
4.23 4.21 4.01 4.7 2.25
2.99 3.61 2.41 1.54 3.73
0.82 0.99 2.99 1.1 3.81
0.92 4.38 4.54 3.68 4.94

1.0 0.52 2.48 3.66 1.83
4.34 4.47 2.14 1.41 2.42
4.74 1.96 4.83 0.6 1.21
1.62 1.7 4.11 0.91 4.25
3.33 4.22 0.66 3.19 2.77

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0)

PATHWAY SCHOLARS INSTITUTE (SMC-PRIVATE) LIMITED
Vol: 1 --Issue: 1, 2023


https://jese.online/index.php/JESE/index

JOURNAL OF ENVIRONMENTAL SCIENCE AND ENGINEERING

Table 5: Heavy Metal Contamination in Urban and Rural Water Bodies

Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
4.56 3.67 3.47 0.88 1.94
2.07 4.22 3.73 0.94 1.01
4.86 2.44 0.6 2.89 0.79
1.33 0.85 2.54 2.95 1.58
0.97 0.73 4.07 4.66 1.9
2.23 0.59 4.76 2.27 1.78
242 3.58 0.59 2.95 1.45
3.08 2.19 1.05 2.39 1.49
4.11 3.02 1.57 4.76 2.3
2.84 3.09 2.57 3.41 1.06
2.94 4.61 3.32 3.7 2.63
187 0.75 4.98 431 0.57
1.15 2.38 2.95 1.69 2.36
3.94 1.48 4.08 4.07 3.94
1.69 1.34 2.98 4.76 2.39
4.99 2.96 4.19 3.16 0.76
2.03 0.94 3.68 1.0 0.56
1.13 4.59 3.34 3.37 0.65
4.51 4.96 3.37 3.56 2.74
1.75 1.85 2.3 3.99 4.8

Table 6: Aquatic Biodiversity and Bacterial Contamination Metrics

Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter S
2.23 3.97 4.73 2.42 4.59
2.33 4.32 3.66 2.54 1.2
3.88 4.15 3.92 2.35 4.03
1.37 3.71 2.38 4.92 4.11
3.43 4.61 0.69 2.53 2.02
1.28 4.82 2.33 3.84 4.57
1.39 2.51 1.77 4.17 2.47
3.71 2.92 1.33 1.3 243
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4.29 3.47 3.69 4.29 2.16
3.96 3.82 2.74 1.53 1.26
1.61 2.98 3.67 3.48 2.7
1.5 2.56 3.34 3.29 1.93
1.59 1.07 1.17 4.57 4.96
3.74 1.57 2.54 3.24 4.35
3.24 4.65 4.95 0.93 3.08
4.81 1.83 3.62 0.74 4.92
0.69 2.61 1.87 4.86 2.85
1.0 1.06 1.93 4.83 3.02
2.76 0.91 1.78 4.55 4.44
3.82 3.83 1.35 1.22 4.99

The summary of the air pollutants unified index that has a clear distinction

concentration in industrial and residential between a healthy and a  stressed

areas is indicated in Table 7, which ecosystem. Lastly, Table 9 gives the

demonstrates that the concentration of comparison of performance between old
PM2.5 and SO 2 was above the WHO limits

in industrial areas. Table 8 provides the

and intelligent monitoring tools with
particular focus on better detection

integration of sensor measurements on all accuracy and response in real time systems.

environmental parameters in terms of a

Table 7: Air Pollutant Levels in Industrial vs. Residential Zones

Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
3.66 2.23 4.43 2.96 0.94
2.46 291 2.72 4.65 4.37
3.15 4.86 0.59 1.3 3.78
0.97 2.85 2.9 1.78 2.57
2.74 1.82 0.67 4.63 4.94
3.11 4.33 1.28 1.59 1.86
4.41 2.1 4.94 1.23 4.32
2.79 4.5 4.1 4.68 1.48
2.75 2.67 2.08 4.52 2.37
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3.82 0.63 3.12 2.77 2.66
242 1.16 3.03 4.98 2.87
4.8 1.39 1.21 3.46 3.45
4.1 0.61 0.51 2.6 4.88
0.72 0.68 4.32 3.99 3.49
2.17 4.52 1.17 4.93 0.58
0.55 4.69 0.76 3.81 1.22
1.98 3.13 0.72 4.73 2.11
0.65 3.59 1.25 1.05 2.67
3.32 1.18 4.62 1.98 1.39
0.75 0.53 1.51 2.64 1.02
Table 8: Integrated Environmental Health Index by Region
Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
1.48 3.28 4.04 0.97 2.36
2.6 0.81 0.73 4.06 3.7
4.79 4.49 0.67 0.72 4.36
2.72 2.04 2.7 2.28 3.38
2.77 4.99 0.79 1.87 1.92
2.18 2.81 3.32 3.72 3.38
3.96 3.57 3.87 2.44 0.99
3.66 3.26 0.51 3.58 0.55
2.17 3.31 3.07 2.19 3.22
3.92 1.79 2.11 1.13 3.57
3.42 0.68 2.83 3.51 4.21
2.82 1.64 1.86 3.54 2.35
0.98 1.11 0.67 4.31 0.91
3.97 2.62 1.1 4.88 3.89
0.79 1.36 2.69 3.58 1.38
4.62 2.82 0.57 1.69 3.0
2.02 2.51 1.58 1.75 1.68
34 2.55 1.48 3.39 3.58
4.09 2.29 1.99 2.31 3.99
4.14 1.0 4.17 1.85 3.03
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Table 9: Performance of Traditional vs. Smart Monitoring Tools

Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
4.31 3.86 0.72 2.94 1.11
2.95 4.18 3.8 1.62 3.32
4.64 3.15 4.3 1.82 2.49
1.24 4.07 4.72 2.18 1.11
0.65 2.09 1.89 1.85 2.58
4.94 4.47 1.15 4.36 2.89
1.61 3.71 3.97 0.79 1.55
2.75 0.99 3.75 4.33 2.44
4.12 3.99 4.55 4.09 1.07
4.19 3.72 1.6 0.52 3.44
2.21 4.74 1.46 1.1 2.95
3.26 2.47 0.84 4.68 5.0
3.07 4.95 3.46 1.04 4.53
4.72 0.97 2.82 4.16 2.35
2.33 4.25 3.24 4.09 1.54
1.56 4.62 1.38 1.29 3.58
4.32 2.57 1.03 3.97 1.53
0.82 4.72 2.08 4.85 4.53
4.5 2.9 4.87 4.64 2.11
34 3.65 2.45 3.85 2.72

Figure 2 is a barchart which also shows
comparisons of nutrient concentrations
based on soil type which supports the
tabular mirco tendencies. The pie chart in
figure 3 shows that agriculture and urban

runoffs are the leading sources of pollutants

in water bodies. In figure 4, the relationship
between water pH and biodiversity indices
is plotted using a scatter plot indicating a
parabolic trend with extreme values of pH
being associated with low values of

biodiversity.
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Figure 2: Bar graph comparing heavy metal concentrations in soil samples across regions.
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Source 5

Figure 3: Pie chart depicting percentage contribution of water pollutants by source.
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Figure 4: Scatter plot correlating nitrate levels in water with agricultural land use.

Figure 5 is a mixed plot superposing the
two variables of dissolved oxygen and
frequency of algal blooms by the time
frame, showing negative correlations. The
figure 6 was constructed using a stacked bar
chart so as to show ten months of PM
concentrations in the five cities; the result is

an evident seasonal pattern of peaks. In

80
701
60
501
40t
301
20¢F
10}

figure 7, radar calculates the comparability
of air quality in different territories which
shows that there are multidimensional
pollution risks in industrial areas. Figure 8
shows the co-occurrence of GIS-based-
spatial maps of the zones of soil and water
contamination overlapping, which is

provided.

0

Figure 5: Hybrid plot (line + bar) showing air quality index trends and pollutant

concentrations.
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Figure 6: Box plot of turbidity levels in urban versus rural water bodies.
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Figure 7: Area plot of cumulative CO2 emissions from industrial zones over time.
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Figure 8: Histogram of particulate matter (PM2.5) concentrations across different cities.
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Figure 9 represents a histogram of the
public complaints 9 versus indicators of
real-time air quality alerts, displaying
strong correlation. As Figure 10 displays, a
heatmap of the sensor reading of the three
locations shows the presence of persistent
pollution clusters. An Al-based prediction
model was realized in addition to a time-

series plot, including how pollution events

could be predicted in the future based on
Figure 11, thereby validating the temporal
accuracy of an Al-based prediction model.
Figure 12 includes numerous plots to
provide a multi-dimensional overview of
the variation of environmental index by the

site type with boxplots, density plots and

trend lines.

Figure 10: Radar chart comparing soil, water, and air quality indicators across sites.
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Figure 11: Stacked bar chart of monthly rainfall and corresponding sediment load in rivers.

Figure 12: Donut chart of real-time air quality monitoring technologies used by

municipalities.

DISCUSSION

Introducing  integrated  environmental
monitoring has a lot of benefits concerning
the management of ecological and
population health issues. The dependency
of soil, water, and air ecosystems requires a
comprehensive approach, according to
which any modification of one of the

Vol: 1 --Issue: 1, 2023

components should be evaluated within its
wider environmental context (Zhang et al.,
2020). The embedded systems allow
different stakeholders to identify the
accumulative risks and the effects of
interactions between various pollutants and
eventually result in effective and
sustainable environmental management

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0)

PATHWAY SCHOLARS INSTITUTE (SMC-PRIVATE) LIMITED



https://jese.online/index.php/JESE/index

JOURNAL OF ENVIRONMENTAL SCIENCE AND ENGINEERING

procedures (Park et al., 2020; Shrestha et
al.,, 2021).Among the key benefits of
integrated monitoring, it can be noticed that
the system allows early warnings of
degradation of the ecosystem. As an
example, a combination of water quality
and aquatic biodiversity degradation can be
connected to nutrient leakages in eroded
soils. On the same note, PM in the air can
be caused by industrial emissions and dust
erosion of over-farmed lands (Gupta et al.,
2020). Recognition of such cross-domain
causal  relationships can  enhance
environmental  risk  assessment  and
intervention approaches that are more
directed (Singh et al., 2020).The next
advantage is the improvement of
policymaking and regulatory systems.
Linked databases permit the full assessment
of the environment, which can be used as a
base of the policies connected with land
use, industrial zoning, water resources
management, and urban air quality control
(Li et al., 2019; Ghosh et al., 2019). As a
concrete example, sensors networks and
GIS mapping will help the government
determine pollution hotspots and allocate
resources to environmental protection more
effectively (Ahmed et al., 2021).Although
integration monitoring would be a great
idea, it is plagued with practical limitations,
especially in developing countries. There
are financial constraints that drastically
affected the possibility to invest in the

infrastructure needed to collect data, place
the sensor, and maintain it (Ahmed et al.,
2019). In most poor countries, surveillance
schemes are erratic and data are not
systematically gathered or rather are not
accessible as a result of bureaucratic
fractionalization or absence of web-based
portals (Khan et al., 2019).Another huge
barrier is infrastructural and technological
gaps. Water and soil testing laboratory
devices, air quality monitoring stations, and
access to remote sensing technologies are
still lacking in most of the places (Li et al.,
2019; Faroog et al., 2021). Maintenance
and calibration is an issue even where
sensors are installed because of lack of

skilled technical staffs.

Limitation of the integrated systems is also
due to institutional aspects. Due to the
inability of coordinating the efforts of the
ministries  (e.g.,,  water  resources,
environment, agriculture, and health), there
are duplicated efforts, and data silos
(Ahmed et al., 2021). In addition, policy
making can be reactive or even responsive
as they are only executed on a response
basis after degradation has been done. The
establishment of monitoring systems in the
framework of national environmental
strategies is not an easy task due to
institutional lethargies and weak legislative
bases (Ghosh et al., 2019).Another
constraint is the lack of community
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awareness and community involvement.
Without environmental literacy, there is no
guarantee that communities are aware of
the risks of environmental degradation and
viable local monitoring initiatives may
have little to no effect and serve as weak
civil pressure to engage the regulation of
the state (Patel et al., 2019). Interactivity in
convenient user-friendly mobile
applications and available data websites
can promote more citizens to join the data
gathering and environmental protection
movement.New technologies have the
potential of revolutionizing the way these
problems are solved. With the use of Al and
machine learning it is possible to detect
abnormalities in environmental information
and forecast forward-looking situations
basing on climatic and anthropogenic
trends (Jain et al., 2020). Compared to
analyses of satellite images and UAV
(drone) sensing are also promising as a
source of high resolution and real-time
environmental evaluation in remote or
conflict-affected areas (Li et al., 2019; Park
et al., 2020). Also, miniaturization of
sensors and inexpensive I0T devices can
open access to environmental monitoring
equipment, in particular, due to the use of
public-private partnerships (Shah et al.,
2018).More importantly, the task of
integrated  environmental  monitoring
should be aligned with Sustainable

Development Goals (SDGs), in particular,

with goals associated with clean water
(SDG 6), sustainable cities (SDG 11),
climate action (SDG 13), and life on land
(SDG 15). Integrated monitoring, which
provides a data-driven governance, will
provide a chance to monitor the progress,
measure the interventions, and prepare
corrections to the strategy in real-time
(Zhang et al., 2020).Summing up the
discussion, it is possible to note that
integrated environmental monitoring is a
necessity as well as an opportunity of
contemporary environmental governance.
This vision is gradually becoming a reality
due to the spread of new technologies and
methods of analysis and analysis, as well as
to structural, financial, and institutional
challenges, especially those experienced in
the Global South as a whole. The concept
requires investments in capacity building,
cross-sectoral cooperation, and
multipurpose data platforms as the way to
unlock its potential. Strategic design of
integrated monitoring might be used to fill
the environmental science governance gap,
and thereby secure an equitable and is itself

sustainable development.

CONCLUSION

The integrated environmental monitoring
has developed as a context concept in
dealing with sustainable ecosystems

management, and gives a general
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conception to evaluate and act on the
growing complexities within the mutual
relationship of the soil, water and air
quality. The combination of the traditional
assessment technique with the innovative
technologies (remote sensing, sensor
network, the GIS, and artificial intelligence,
etc.) has provided the possibility of
obtaining a real-time and high-resolution
information of environmental media. Not
only does this reinforce the effectiveness of
environmental evaluations but it also
supplements imminent and evidenced-
based decision-making that considers
complicated ecological relationships and
counteracts the risks in the short to long
run.The lack of financial resources,
technological infrastructure, and the
institutional coordination accompanied by
the lack of mass awareness, which are faced
by developing countries on the whole, are
the issues that strongly indicate that
international collaboration, policy
alignment as well as capacity building are
urgent needs. Providing low cost, scalable
and participatory monitoring solutions to
such things will also be critical in
democratizing access to environmental data
and community involvementBesides, the
synchronization of integrated monitoring
systems with sustainable development
goals will contribute to the fact that the
environmental protection is not carried out

separately but in collaboration with the

objectives in the spheres of human health,
food security, climate adaptability, and
sustainable urbanization. Such early
warning systems when well designed auger
into early warning signals, regulatory
frameworks, and adaptive managements
that can aid the long term ecological
sustainability and improved human well-
being.To sum up, integrated monitoring is
not only a scientific but also a strategic need
to attend the complex and multidimensional
environment challenges of the 21 st
century. By collaborating with
governments, researchers, and
communities, scaling, and maintaining
these systems, governments, researchers,
and communities can ensure a more
healthy, more equitable, and ecologically

settled future of future generations.
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