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To evaluate the water quality index and suitability of drinking
water in Institute for Excellence in Higher Education (IEHE)
Bhopal, M.P.

Akhilesh Shende and Anjali Acharya

Department of Chemistry
Institute for Excellence in Higher Education (IEHE) Bhopal, M.P. India

Abstract

The present study aims to evaluate a range of hydrological parameters, including dissolved oxygen (DO),
biological oxygen demand (BOD), chemical oxygen demand (COD), alkalinity, total dissolved solids
(TDS), hardness, conductivity, pH, as well as concentration of chloride, fluoride, iron, ammonia at five
distinct sites of the institute. These findings were subsequently compared against the water quality
standards set by the World Health Organization (WHO), the Indian Council for Medical Research and the
Bureau of Standards of India (BIS). All the aforementioned set of parameters were measured and the result
was aggregated into a single number representing the overall quality of water. It was worth noting that the
overall water quality at all the sites remained within the safe limits. The systematic calculation of
correlation coefficients (R) among various physicochemical parameters enabled the comparison of water
quality across different locations and offered insights into prioritizing necessary treatment for specific
sites.

Keywords: Water quality, physicochemical parameter, correlation, IEHE, Bhopal.
Introduction

The global significance of surface water quality cannot be overstated, as it plays a vital role in
driving socioeconomic progress, sustaining agriculture, fostering robust ecosystems, and
safeguarding human well-being. [1], [2]. The degradation of water resources can be attributed to
both natural processes and human activities.[3], [4]. Access to an optimal quantity and ensuring
an acceptable quality of water is fundamental for survival. However, maintaining this acceptable
water quality poses a significant challenge within the field of water resources management [5].
Evaluating the quality of water bodies involves assessing changes in their physical, chemical,
and biological characteristics, which can result from both natural processes and human activities
[6]. Consequently, the assessment of water quality in specific water bodies relies on the
measurement of physical, chemical, and biological parameters, often referred to as variables.
This involves the collection of samples and data at specific locations [6],[7]. To address this
need, the suitability of water sources for human consumption is often expressed using the Water
Quality Index (WQI). The WQI is a powerful tool that condenses a wealth of information into a
single value providing a concise overview of water quality conditions [8].

Institute for Excellence in Higher Education is an ‘A+’ grade state-level academy, envisioned to
be a center for academic excellence by the Govt. of Madhya Pradesh since its inception in 1995.
Located in a lush green valley adjacent to Kaliasot Dam on Kolar Road, Bhopal, this educational
oasis enjoys a pride of place amongst the country's premier Institutions. Students belonging to
different parts of Madhya Pradesh and India have been enrolled in the institute. The water quality

1
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is kept in check owing to the good health of almost 3000 students visiting daily and over 200
students permanently residing in the hostel of the campus. Water makes up about 60% of human
body weight. Therefore, a supply of high-quality drinking water is essential for the proper
functioning of the mind, heart and other vital body functions. In the present study, different
samples of water were collected from five different locations of the institute.

Figure-1: Satellite map showing the location of Institute for Excellence in Higher Education Bhopal M.P.
The prime objectives of the present study were:

1. Selection of water quality parameters to be measured - It depends on the purpose of the
WQI assessment. Some common parameters for drinking water analysis are DO, BOD,
COD, alkalinity, TDS, hardness, conductivity, pH, chloride, fluoride, iron and ammonia.

2. Collection of drinking water samples from different areas of the campus.

Analysis of the above-mentioned physicochemical parameters by different methods.

4. Comparison of the analyzed data with standard values recommended by the World
Health Organization (WHO), Standards and Indian Standard (BIS) and Indian Council of
Medical Research (ICMR).

5. To Calculate the Water Quality Index (WQI) and find out the nature of the relationship
between the water quality parameters using correlation analysis.

w

Material and Methods

Correct sampling and storage are critical for accuracy in results. Each sample to be tested was
collected keeping in mind the necessary precautions. Proper steps were taken to minimize any
contamination which could be a result of human error.

Water samples from five different locations were collected, preserved and analyzed for various
physicochemical parameters such as DO, BOD, COD, alkalinity, TDS, hardness, conductivity,
pH, chloride, fluoride, iron and ammonia. These samples included water from five different tube
wells which serve as the main source of water for the college campus. Samples from water
purifiers installed - Sample-1 (Dr. APJ Abdul Kalam Boys Hostel), Sample-2 (Ojaswini Girls
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Hostel), Sample-3 (Administrative Block), Sample-4 (New Academic Block), Sample-5 (Science
Block).

Figure-1 Satellite map showing locations of water sampling points (Details of sample codes as in
material and methods)

Physiochemical Analysis

The collected samples were tested and analyzed for various physicochemical parameters such as
DO, BOD, COD, alkalinity, TDS, hardness, conductivity, pH, chloride, fluoride, iron and
ammonia. The different methods to examine the different physicochemical parameters are shown
in Table 1

Table 1 Methods used to examine the physicochemical parameters of water samples.

S.No, | Parameters Method

1 DO (mg/) Electrochemical Probe
2 BOD (mg/l) Incubation

3 COD (mg/l) Titrimetric

4 Alkalinity (mg/l) Titrimetric

5 Chloride (mg/l) Gravimetric

6 Hardness (mg/1) Titration

7 Conductivity (uS/cm) Conductometric

8 pH pH metry

9 Fluoride (mg/1) Spectrophotometric
10 Iron (mg/l) Spectrometric

11 Ammonia (mg/l) Spectrometric

12 TDS (mg/l) Gravimetric
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Water Quality Index

In this study, all twelve parameters were employed in the computation of the Water Quality Index
(WQI). The assessment of the WQI was conducted in accordance with the drinking water quality
standards established by authoritative bodies such as the Indian Council for Medical Research
[9], the Bureau of Standards of India (BIS) [10], [11], and the World Health Organization [12].
The calculation of the WQI for different water samples was carried out using the weighted
arithmetic index method, involving a series of sequential steps.

The Weighted Arithmetic Water Quality Index (WQI) method was used for the calculation of
WQL Initially introduced by Horton [13], this method was further developed by Brown et al.
[14], and previously mentioned in [15]. The approach involves the multiplication of water
parameters by weighting factors, and effectively categorizing water quality based on the most
commonly measured water quality variables [7]. A notable advantage of this method is its
tailored utilization for specific water assessments, simplifying comparisons with a reduced
number of factors required which are easy to calculate and interpret. This WQI method serves as
a valuable tool for evaluating water quality. Its implication does not require any complex
mathematical or statistical knowledge.

;1:1 WXQX

wWQI==—__"=%
2221 Wx

where Q is the quality rating and W, is the unit weight for the x™ water quality parameter and n
is the number of water quality parameters.

Brown et al. [14] proposed the calculation of Qx using the following equation

[V"'Vi] 100
= X
R Cwy

where V, is the estimated value of x™ parameters in a given water sample, S, is the standard

permissible value of x" parameter and Vi is the ideal value of x" parameter (0 for all, except pH
=7).

In this study, the unit weight (W,) of different parameters is calculated using recommended
standards. If the recommended standard for parameter x is S,, then the unit weight (W) is

W_K
X Sx

where K is the proportional constant, the value of K is calculated using
1
ol
X3
For example, in case of pH, the ideal value is 7.00 and the permissible value is 8.5 and the water
quality rating Q,y is

[Vpu -7.00

— [ 2 00
bt 8.50-7.00]X
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where V,y is observed value of pH. The standard and permissible values along with unit
weightage for different physiochemical parameters as recommended by different agencies are
shown in Table 2

Table 2 Standard, Permissible limit of

parameters with recommended agencies and unit

weightage
S.No. | Parameters Standard | Permissible | Recommended Unit
Agencies Weightage
BIS/ICMR/WHO
1 DO (mg/1) 0 5 ICMR 0.069902
2 BOD (mg/1) 0 5 ICMR 0.069902
3 COD (mg/1) 0 200 WHO 0.001748
5 Alkalinity (mg/l) | 0 600 BIS 0.000583
6 Chloride (mg/1) 0 1000 BIS 0.00035
7 Hardness (mg/1) | 0 600 BIS 0.000583
Conductivity
(uS/cm) 0 3000 BIS 0.000117
9 pH 7 8.5 BIS 0.041119
10 Fluoride (mg/1) 0 1.5 BIS 0.233007
11 Iron (mg/1) 0 1 BIS 0.34951
12 Ammonia (mg/l) |0 1.5 WHO 0.233007
14 TDS (mg/1) 0 2000 BIS 0.000175

For this study, we have referred to the classification of water quality, as determined by the Water
Quality Index (WQI) developed by Brown et al. [14], as well as the works of Amadi A et al. [8]
These references and their corresponding details can be found in Table 3

Table 3 Water Quality Rating for Drinking

S.No. | WQI level Water Quality Rating
1 <50 Excellent

2 50 - 100 Good

3 100 — 200 Poor

4 200 — 300 Very Poor

5 > 300 Unsuitable for Drinking

The weighted arithmetic mean method employed in this study, as highlighted by Tyagi et al. [16],
offers several advantages:

1. It integrates data from multiple water quality parameters into a mathematical equation,
providing a quantifiable rating for the overall health of a water body.

2. Compared to considering all available water quality parameters, it demands a reduced
number of parameters, streamlining the assessment process for specific applications.

3. It proves to be a valuable tool for effectively conveying comprehensive water quality
information to concerned citizens and policymakers.

4. This method captures the combined influence of various parameters, making it
particularly important for the assessment and management of water quality.
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Correlation Coefficient

Correlation analysis serves as an initial descriptive method to gauge the strength of connections
among multiple variables within the study. The correlation matrix we computed by us reveals the
extent of linear associations between any two parameters, quantified by correlation coefficient
(R). The R-value aids in identifying highly correlated and interrelated water quality parameters
that may impact the overall water quality in the area. R-values range from -1 to +1, with an R
value of +1 or close to it signifying the strongest positive linear correlation, while an R value of -
1 or close to -1 indicates the strongest negative linear correlation. The most popular correlation
coefficient is Pearson's, also called Pearson's R. The formula for Pearson's correlation coefficient
is:

-9 =)
VG =02 —9)?

r = correlation coefficient

x; = values of the x-parameter in a sample
X = mean of the values of the x-parameters
y; = values of the y-parameter in a sample
y = mean of the values of the y-parameters

Result and Discussion

This research involved the collection of water samples from five distinct locations within the
institute, as illustrated in Figure-1. The following section provides details on the various
parameters that were taken into account. In this study, we have utilized the drinking water
standards outlined by the Indian Council of Medical Research (ICMR [9]), the Bureau of Indian
Standards (BIS 2012 and 2015 [11], [10]), and the World Health Organization (WHO 2017 [12])
as our reference benchmarks.

Physiochemical Parameters

The observed values of water quality parameters from different sites of the institute are shown in
the Table 4. The statistical analysis of the physiochemical parameters is shown in Table 5.

Dissolved Oxygen (DO)

Dissolved oxygen (DO) is a critical parameter in water quality and aquatic ecosystems,
influencing the survival and health of aquatic organisms, especially fish. DO levels are affected
by various factors like temperature, pressure, salinity, and the presence of photosynthetic
organisms. Adequate DO is essential for aquatic life as it's required for respiration. Insufficient
DO leads to hypoxia, harming fish and other aquatic organisms. Conversely, excessive DO can
also harm aquatic life. Monitoring and managing DO levels are crucial for maintaining healthy
aquatic ecosystems, especially in environments where natural processes and human activities can
cause DO variations, such as lakes, rivers, and oceans, affected by pollution and nutrient runoff.

In this study the DO was found in the range of 0.4 — 1.0 mg/l, which showed that all the obtained
values are within the permissible limit of DO as dictate by ICMR (5 mg/l).

Biological Oxygen Demand (BOD)
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Biological Oxygen Demand (BOD) is a crucial parameter for assessing water quality in bodies of
water such as rivers, lakes, and wastewater systems. BOD measures the amount of dissolved
oxygen consumed by microorganisms over a specific period, typically five days (BODS), as they
decompose organic substances in the water. Elevated BOD levels indicate the presence of
significant organic pollutants, often originating from sources like sewage, agriculture runoff, or
industrial discharges, which serve as food for microorganisms and lead to oxygen depletion in
the water, known as hypoxia or anoxia. Monitoring BOD is essential for evaluating water quality,
enforcing pollution control measures, and safeguarding aquatic ecosystems. Lower BOD values
indicate cleaner water with reduced organic pollution, while higher values suggest elevated
pollution levels and increased environmental risks. The BOD can be strategically reduced by
aerating water bodies, treating wastewater, managing industrial discharge and reducing the
amount of organic matter entering the water bodies from farms because of various agricultural
practices. It is often necessary to imply a combination of strategies in order to achieve the desired
results.

In this study, the BOD was found in the range of 1.1 — 3.6 mg/l, which showed that all the
obtained values are within the permissible limit of BOD as dictated by ICMR (5 mg/l).

Chemical Oxygen Demand (COD)

Chemical Oxygen Demand (COD) is a critical parameter for assessing water quality as it
measures the amount of oxygen utilized for chemical oxidation by various organic and inorganic
substances in water. It quantifies both biodegradable and non-biodegradable organic matter,
along with specific inorganic compounds subjected to chemical oxidation. The COD test
involves introducing a potent oxidizing agent, usually potassium dichromate, to a water sample
under controlled heating conditions and measuring the oxygen consumed. It is expressed in mg/l.
COD analysis is vital for environmental monitoring and wastewater treatment, offering insights
into water pollution levels. Elevated COD levels indicate the presence of organic substances,
including potential contaminants like industrial discharges, sewage, or agricultural runoff, which
can reduce oxygen availability in aquatic environments, posing a risk to aquatic life and overall
water quality. Monitoring COD is essential for regulatory agencies, environmental advocates,
and industries to assess water quality, design effective wastewater treatment plans, and ensure
compliance with environmental regulations. Addressing high COD levels often requires
advanced wastewater treatment technologies and pollution control measures to minimize the
adverse impact on aquatic ecosystems and human health.

In this study, the COD was found in the range of 25 — 185 mg/l, which showed that all the
obtained values are within the permissible limit of COD as specified by the World Health
Organization (200 mg/1)

Alkalinity

Water alkalinity is its ability to neutralize acidity, often due to the presence of substances like
hydroxides and bases. In natural water bodies, common alkaline components include carbonates,
bicarbonates, and hydroxides, with bicarbonate ions being the most prevalent. Alkalinity can
arise from free OH ions and salts like carbonates and bicarbonates through hydrolysis. It
indicates the water's capacity to counteract acidic solutions by binding hydrogen ions. High
alkalinity is often associated with "hard" water, primarily attributed to calcium carbonate, which
can originate from sources like limestone or leach from minerals in the soil. Carbonate and
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bicarbonate anions are the primary contributors to alkalinity. Alkalinity is typically expressed in
milligrams per litre (mg/1).

In this study, the alkalinity was found in the range of 560 — 580 mg/l, which showed that all
obtained values are below the permissible limit of alkalinity as dictated by BIS (600 mg/1).

Chloride

Chloride ions (Cl) are common anionic elements found in water, often bound to minerals like
calcium, magnesium, or sodium to form compounds known as chlorides, such as sodium chloride
(NaCl) and magnesium chloride (MgCl,). Chlorine gas (Cl,) is toxic in its elemental form and is
used as a disinfectant. However, when combined with elements like sodium, it becomes essential
for life and plays a role in the cellular functions of both plants and animals. While chlorides are
generally not harmful to human health, the sodium component in table salt (sodium chloride) has
been linked to conditions like heart and kidney diseases. Chloride ions are naturally occurring in
water, with levels varying based on geological factors. Normally, chloride concentrations in
water sources are low, but elevated levels can make water taste unpalatable for consumption.

In this study, the chloride was found in the range of 94 — 101 mg/l, which showed that all the
obtained values were below the permissible limit of chloride as dictated by BIS (1000 mg/1).

Hardness

Hard water is characterized by its elevated mineral content, which distinguishes it from soft
water. The predominant minerals in hard water are typically calcium (Ca®") and magnesium
(Mg®") cations. Calcium typically infiltrates water sources in the form of calcium carbonate
(CaCQ,), found in substances like limestone and chalk, or as calcium sulfate (CaSO,) from
various mineral deposits. Water hardness is denoted by the presence of multivalent cations. This
hardness can lead to the formation of scales and reduced effectiveness of soap. In practical terms,
hard water is often recognized as water that fails to produce lather with soap solutions but instead
yields a white precipitate known as scum. Another definition of water hardness relates to its
capacity to consume soap or the propensity to precipitate soap, representing a distinct property
that inhibits soap from lathering effectively.

In this study, the hardness was found in the range of 375 — 375 mg/I, which showed that all the
obtained values are below the permissible limit of hardness as dictated by BIS (600 mg/1).

Conductivity

Conductivity refers to the capacity of an aqueous solution to conduct electrical current. Several
factors influence the extent to which water can conduct electricity, encompassing: (A) The
concentration or abundance of ions within the solution, (B) The mobility of these ions, (C) The
oxidation state (valence) of the ions, and (D) The temperature of the water. Specific conductance
or conductivity measurement correlates with ionic strength, reflecting the concentration of
mineral constituents present in the water and providing insights into dissolved solids. The value
is contingent on the overall concentration of ionized substances, serving as an indicator of the
mineral composition of distilled water quality. High conductivity suggests the presence of a
significant proportion of inorganic salts. The unit of measurement for conductivity in the
chemical analysis of water is micro-Siemens per centimeter (LS/cm).
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In this study, the conductivity was found in the range of 220 — 280 uS/cm, which showed that all
the obtained values are below the permissible limit of conductivity as dictated by BIS (3000
uS/cm).

pH

pH serves as an indicator of hydrogen ion (H.) activity and is expressed as the reciprocal of the
logarithm of this activity. The pH scale spans from 0 to 14, where values below 7 signify acidity,
and values above 7 indicate alkalinity. Surface water systems typically maintain a pH range of
6.5 to 8.5, while groundwater systems generally fall within the range of 6 to 8.5. Alkalinity
gauges the water's ability to resist pH alterations that might make it more acidic. Monitoring
alkalinity and pH is crucial for assessing water corrosiveness. A pH level exceeding 8.5 may
signal hard water, which, while not posing health risks, can lead to aesthetic issues like taste,
odour and appearance. Many organisms have adapted to specific pH levels in water and may face
survival challenges if pH shifts, particularly aquatic macroinvertebrates and the eggs and fry of
fish. Altered pH in drinking water can affect humans in multiple ways causing skin and eye
irritation, digestive problems and an increased risk of infections. Constant consumption of water
with altered pH can cause irreversible damage to the heart and life-threatening diseases like
cancer.

In this study, the pH was found in the range of 6.99 — 7.57, which showed that all the obtained
values are below the permissible limit of pH as dictated by BIS (8.5).

Fluoride

Fluoride is a naturally occurring element found in trace amounts in soil, water, plants, and
animals. When humans and other animals ingest fluoride, some of it is absorbed by body tissues,
with long-term accumulation in teeth and bones. Prolonged exposure to excessive fluoride
consumption throughout one's lifetime may heighten the risk of bone fractures in adults and
potentially lead to bone-related discomfort and sensitivity. Fluoride compounds are the result of
fluorine, an element, combining with minerals in soil or rocks. There have been concerns about
potential health effects related to excessive fluoride exposure, including an elevated risk of
cancer, Down's syndrome, heart disease, osteoporosis, bone fractures, acquired
immunodeficiency syndrome, reduced cognitive abilities, Alzheimer's disease, allergic reactions,
and various other health conditions.

In this study, the fluoride was found in the range of 0.8 — 1.2 mg/l, which showed that all the
obtained values are below the permissible limit of fluoride as dictated by BIS (1.5 mg/1).

Iron

Elevated iron levels in freshwater have been a persistent concern. In household applications,
water rich in iron can lead to issues such as rust buildup on plumbing fixtures, staining of
laundry, and a metallic taste in drinking water. While iron itself is not a health hazard, it can give
rise to taste and aesthetic problems. When iron interacts with beverages like tea and coffee, it can
create a disagreeable, inky black appearance and an undesirable taste. Cooking vegetables in
water with excessive iron content can result in them appearing darker and less appealing.
Prolonged contact with and retention of iron in tissues may lead to conditions like conjunctivitis,
choroiditis, and retinitis. In natural groundwater, iron exists in a soluble (ferrous) state, but when
exposed to oxygen, it transforms into the insoluble (ferric) state, exhibiting its characteristic
reddish-brown or rusty colour. Over time, this rusty sediment typically settles in the bottom of

9
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the container. However, removing iron using this settling process can be challenging and time-
consuming.

In this study, the iron was found in the range of 0.8 — 1.2 mg/l, which showed that in two sites the
values are above the permissible value. The permissible limit of iron is 1 mg/l (BIS standards).

Ammonia

Ammonia levels in groundwater typically range below 0.2 mg/l but can be higher, up to 3 mg/l,
in specific geological formations, forested areas, or regions rich in humic substances or iron.
Surface water can contain even higher ammonia levels, up to 12 mg/l. Elevated ammonia levels,
above natural concentrations, can indicate fecal pollution. Chlorination of drinking water with
more than 0.2 mg/L ammonia can lead to taste and odor issues along with reduced disinfection
efficiency. Ammonia released from cement mortar linings in water pipes can also hinder
chlorine-based disinfection. In cases of high ammonia in raw water, it can interfere with
manganese-removal filters, causing oxygen depletion and off-flavors. Additionally, ammonium
cations in raw water can lead to nitrite formation due to catalytic reactions or colonization by
ammonium-oxidizing bacteria.

In this study, ammonia was found in the range of 0.324 — 0.33 mg/l, which showed that all the
obtained values are below the permissible limit of ammonia as dictated by WHO (1.5 mg/1).

Total Dissolved Solid (TDS)

Total Dissolved Solids (TDS) in water refers to the collective concentration of dissolved
inorganic and organic substances present in a given sample. TDS measurements encompass
various minerals, salts, ions, metals, and organic compounds that have dissolved in water from
natural sources, human activities, and environmental factors. TDS levels are typically measured
in milligrams per liter (mg/L) or parts per million (ppm) and are an essential parameter in water
quality analysis. Elevated TDS levels can indicate potential water quality issues, increased
salinity, aesthetic concerns (such as taste and appearance), and, in extreme cases, health risks.
Monitoring and interpreting TDS levels are crucial for assessing water suitability for various
purposes, including drinking, agriculture, industrial processes, and environmental conservation.
Proper management and treatment of water with high TDS can help ensure its safe and effective
use in different applications.

In this study, the TDS was found in the range of 60 — 98 mg/l, which showed that all the obtained
values are below the permissible limit of TDS as dictated by BIS (2000 mg/1).

Table 4 The values of physicochemical parameters at different locations of the Institute

S. No. Parameters S1 S2 S3 S4 S5
1 DO (mg/1) 0.5 0.8 0.6 1 0.4
2 BOD (mg/l) 1.8 2.6 2 3.6 1.1
3 COD (mg/1) 185 30 56 104 25
4 Alkalinity (mg/1) 560 566 565 570 580
5 Chloride (mg/1) 99 101 100 96 94
6 Hardness (mg/1) 375 375 375 375 375
7 Conductivity (uS/cm) 220 240 280 250 252
8 pH 7.075 6.999 7.432 7.568 6.99
9 Fluoride (mg/1) 1 0.8 1.1 1.2 0.9

10
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10 Iron (mg/1) 1 0.8 1.1 1.2 0.9
11 Ammonia (mg/1) 0.324 0.326 0.325 0.33 0.327
12 TDS (mg/l) 60 98 84 82 77

Table 5 Statistical analysis of observed values of different parameters

S.No. Parameters Min Max Mean Standard Deviation
1 DO (mg/1) 0.4 1 0.66 0.240832
2 BOD (mg/1) 1.1 3.6 2.22 0.939149
3 COD (mg/1) 25 185 80 66.52443
4 Alkalinity (mg/1) 560 580 568.2 7.496666
5 Chloride (mg/1) 94 101 98 2.915476
6 Hardness (mg/1) 375 375 375 0
7 Conductivity (uS/cm) | 220 280 248 .4 21.74396
8 pH 6.99 7.568 7.2128 0.268586
9 Fluoride (mg/1) 0.8 1.2 1 0.158114
10 Iron (mg/1) 0.8 1.2 1 0.158114
11 Ammonia (mg/1) 0.324 0.33 0.3264 0.002302
12 TDS (mg/l) 60 98 80.2 13.7186
Water Quality Index

Water quality index (WQI) provides an aggregated single value which represents the overall
quality of water. It is calculated by testing and analyzing a variety of physicochemical parameters
(as mentioned in Table 5). It is a useful tool for tracking changes in the quality of water and
communicating with the public in an easy yet effective way.

The water quality index (WQI) for different sites of the institute was calculated (using the
formulae discussed in section 2.2) and is shown in Table 6. Various physicochemical parameters
were chosen to be tested and analyzed in accordance with the standard values dictated by
recommended agencies (ICMR/BIS/WHO). We focused on these specific quality parameters for
the purpose of delineating various quality classes as excellent, good, poor, very poor, and
unsuitable for drinking (as per WQI). The WQI was found to be in the range of 50.33 — 73.88 for
the collected water samples. This showed that the water from all five sites falls in the “good”
category. Therefore, it ensures that the water from all the sites is suitable for human

consumption.

Table 6 Water quality index and its quality class for each study site

S.No. Parameters S1 S2 S3 S4 S5

1 DO (mg/1) 0.69902 1.118432 | 0.838824 | 1.39804 0.559216
2 BOD (mg/1) 2.516472 | 3.634904 | 2.79608 5.032944 | 1.537844
3 COD (mg/1) 0.161648 | 0.026213 | 0.048931 | 0.090873 | 0.021844
4 Alkalinity (mg/1) 0.054368 | 0.054951 | 0.054854 | 0.055339 | 0.05631
5 Chloride (mg/1) 0.00346 0.00353 0.003495 | 0.003355 | 0.003285
6 Hardness (mg/1) 0.036407 | 0.036407 | 0.036407 | 0.036407 | 0.036407
7 Conductivity (uS/cm) | 0.000854 | 0.000932 | 0.001087 | 0.000971 | 0.000979
8 pH 0.205594 | 0.002741 | 1.184222 | 1.557033 | 0.027413
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9 Fluoride (mg/1) 15.53378 | 12.42702 | 17.08716 | 18.64053 | 13.9804
10 Iron (mg/1) 34951 27.9608 38.4461 41.9412 31.4559
11 Ammonia (mg/1) 5.032944 | 5.064012 | 5.048478 | 5.126147 | 5.079545
12 TDS (mg/1) 0.000524 | 0.000856 | 0.000734 | 0.000716 | 0.000673
WQI 59.19607 | 50.3308 65.54637 | 73.88356 | 52.75982
Good Good Good Good Good

Correlation Analysis

The correlation matrix suggested that some parameters show positive correlation and some show
negative correlation. In this, we have considered only those correlations in which the value of
correlation coefficient (R) is > 0.5 for positive correlation and < -0.5 for negative correlation.
From the above matrix table, we can see that DO and BOD show a positive correlation with a
correlation coefficient of 0.99. DO shows a positive correlation with pH, iron and TDS with the
value coefficients of 0.61, 0.67 and 0.53 respectively. Similarly, all the physicochemical
parameters mentioned above in the table are correlated to one or more parameters showing either
positive or negative correlation.

A correlation matrix is a valuable tool for developing and interpreting the Water Quality Index
(WQI) in an easily understood way. It helps in identifying the most important as well as
redundant water quality parameters. For example- a correlation matrix while assessing drinking
water tells us that DO and pH are two parameters that are strongly related to each other. Also,
both of these parameters are strongly correlated with the WQIL. This information suggests that
DO and pH are two important water quality parameters and they both should be included in the
formula for calculating the WQI.

Likewise, turbidity and TDS are two parameters that are correlated to each other and also to the
WQI. The information from the correlation matrix suggests that these are redundant parameters
and only one of them is necessary to be included in the WQI formula. Overall, the correlation
matrix is a valuable tool that provides an accurate and reliable assessment of the water quality.

Table 7 Correlation matrix for physiochemical parameters

Correlation Matrix DO Bop | cop | Alkali | Chlor |} Hard f:t?\(}. pH Fluor | yron | A™™ | 1pg
nity ide ness ty ide onia

DO 1.00

BOD 0.99 1.00

COD 0.00 0.15 1.00

AlKalinity -0.17 -0.26 -0.64 1.00

Chloride 0.18 0.18 0.10 -0.82 1.00

Hardness 0.00 0.00 0.00 0.00 0.00 1.00

Conductivity 0.05 0.00 -0.60 0.30 -0.03 0.00 1.00

pH 0.61 0.66 0.16 -0.14 -0.05 0.00 0.53 1.00

Fluoride 0.39 0.49 0.43 -0.15 -0.22 0.00 0.35 0.93 1.00

Iron 0.39 0.49 0.43 -0.15 -0.22 0.00 0.35 0.93 1.00 1.00

Ammonia 0.67 0.63 -0.24 0.56 -0.60 0.00 0.18 0.51 0.41 0.41 1.00
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TDS ‘0.53 ‘040 ‘-079 ‘0.19 ‘0.31 ‘000 ‘045 ‘008 ‘-0‘29 ‘-0‘29 ‘032 ‘ 1.00 ‘

Conclusion

WQI is a useful method for assessing the quality of drinking water. This study involved the
collection, preservation and analysis of water samples from five different locations of the
institute. The collected samples of water were tested for various physicochemical parameters
such as DO, BOD, COD, alkalinity, TDS, hardness, conductivity, pH, chloride, fluoride, iron and
ammonia. All the obtained values for these parameters were found within the range of
permissible standard limits as specified by the recommended agencies (ICMR/BIS/WHO),
except for iron, which was evaluated against the standards of the recommended agencies for two
sites of the institute. [The disrupted values for iron in the drinking water for two sites of the
institute could be a result of construction in that area. Construction of new buildings can disturb
the soil, releasing excessive iron from concrete and rebar into the groundwater.] However, the
minor contamination of iron can easily be reversed by improving the water filtration techniques.

Furthermore, the calculation of WQI provided us with an aggregate value to judge the quality of
water on a scale of 0-100. The obtained values of WQI suggested that the quality of drinking
water is found to be in a “good” category for all five sites of the institute. The study's findings
indicate that the water quality at different sites within the institute follows the following
descending order: S2 (Ojaswini Girls Hostel) > S5 (Science Block) > S1 (Dr. APJ Abdul Kalam
Boys Hostel) > S3 (Administrative Block) > S4 (New Academic Block).
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Abstract

Moon landings have been very important stepping-stones in the exploration of the universe, gaining
immense amounts of knowledge and technical advancements. This review paper provides compiled data of
the successes and milestones achieved by various nations in their respective lunar missions and an
overview of the information and knowledge gained by them. The method used is data collection and
analysis of various web archives and web sites. The discussion is about the iterations and novelty
techniques developed based on the information gained from previous missions and it is the main outcome
of this review paper.

Keywords: Moon Landing, Flyby, Launch, Rover, orbiter.
Introduction

Since the birth of humanity, humans have been looking at the night sky and admiring the beauty
of the immaculate heavenly bodies, which gave birth to the journey of exploration of this
universe. Moon exploration has been one of the most remarkable milestones in this journey.

Starting from 1958, humans have accomplished various types of missions to the Moon, which
include impactors, flybys, orbiters, soft landers, rovers, sample returners and crew landers. These
were sent by various space agencies such as Soviet Space Agency (USSR), National Aeronautics
& Space Administration (USA), China National Space Agency (China), Japan Aerospace
Exploration Agency (Japan), European Space Agency (EU), Indian Space Research Organisation
(India).

The Soviet Space Agency’s LUNA program achieved various milestones. The prominent are:
LUNA-1 (1959) which was the first human satellite to perform a flyby over Moon, LUNA-2
(1959) was the first human satellite to impact the Moon, LUNA-3 (1959) captured the images of
the far side of the Moon, LUNA-9 (1966) was the first to perform soft landing and provide
pictures from the surface of the Moon, LUNA-16 (1970) was the first robotic sample return and
LUNA-17 (1970) was the first rover on the Moon.

The LUNAR ORBITER' missions (4 & 5) (1967) performed by NASA (USA) enabled us to
entirely map the lunar surface. Their APOLLO-8 (1968) mission was the first mission in which
humans orbited the Moon. APOLLO-11 (1969) enabled humans to step on Moon whereas
APOLLO-17 (1972) was the first mission to enable a scientist to stand on the Moon. Later,
JAXA’s (Japan) HITEN (1990) was the first satellite to use aerobraking and ISRO’s (India)
CHANDRAYAAN-1 (2008) was the first satellite to detect water locked in minerals at Moon.
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A brief overview of lunar missions of various countries/agencies is as follow:

Table 1: Lunar missions launched by Soviet Space Agency (USSR) from 1959 to 1976

LAUNCH DATE

S.No. | NAME ACHIEVEMENTS/MISSIONS/STATUS
(DD-MM-YYYY)
Studied interplanetary space, provided data about
1 LUNA-1 [FLYBY] | 07-01-1959 radiation belt, showed absence of magnetic field
around Moon, FLYBY.
2 LUNA-2 [IMPACT] | 12-09-1959 Confirmed the findings of LUNA-1, IMPACTED.
3 LUNA-3 [FLYBY] 04-10-1959 Pictures of the far side of the Moon, FLYBY.
4 LUNA-4 [FLYBY] | 02-04-1963 MISSED Moons by 8,336 km, unknown objective.
Originally a soft lander, retrorocket system failed,
5 LUNA-5 [IMPACT] | 09-05-1965 CRASHED.
Mid-course correction failed, MISSED Moon by
6 LUNA-6 [FLYBY] | 08-06-1965 159,612 km.
7 LUNA-7 [IMPACT] | 04-10-1965 O_r.lglnally a soft lander, CRASHED due to premature
firing of retrorocket.
3 LUNA-8 [IMPACT] | 03-12-1965 Originally a soft lander, CRASHED due to late firing
of retrorocket.
LUNA-9 [SOFT First to achieve soft landing, provided lunar surface
S LANDER] 31-01-1966 images.
LUNA-10 Studied IR emissions of the Moon, performed
10 [ORBITER] 31-03-1966 gravitational studies.
Used X-ray & gamma-ray spectroscopy to study
LUNA-11 . . .
11 24-08-1966 composition of lunar soil, studied corpuscular
[ORBITER] o
radiations.
LUNA-12 . . N
12 [ORBITER] 22-10-1966 Transmitted various photographs (confidential).
LUNA-13  [SOFT Provided panoramic surface pictures, studied lunar
13 LANDER] 21-12-19%6 surface.
LUNA-14 Studied gravitational fields, cosmic rays, solar
14 [ORBITER] 07-04-1968 charged particles.
LUNA-15 . . o .
15 [ORBITER] 13-07-1969 Studied circumlunar space and gravitational fields.
LUNA-16 . .
16 [SAMPLE 12-09-1970 ::L:r:ztr zg?lwple from far side, brought back 101 g of
RETURN] '
First rover 'LUNOKHOD-1' on Moon, sent 20,000
17 LUNA-17 [ROVER] | 10-11-1970 pictures, 200 panoramas, performed more than 500
soil tests.
18 LUNA-18 [ROVER] | 02-09-1971 Originally a rover, CRASHED.
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LUNA-19 . . .
19 [ORBITER] 28-09-1971 Studied mass concentrations, solar winds.
LUNA-20
20 [SAMPLE 14-02-1972 Sent back 30 g of lunar soil.
RETURN]
Second rover 'LUNOKHOD-2' on Moon, sent 80,000
21 LUNA-21 [ROVER] | 08-01-1973 pictures, 86 panoramas, planted retroreflectors for
laser ranging.
LUNA-22 . . . .
22 [(;JRBITER] 29-05-1974 Studied gravitational fields, cosmic rays.
LUNA-23 Originally sample return, drilling equipment
23 [SAMPLE 28-10-1974 . Lo
RETURN] DAMAGED during landing thus no samples.
LUNA-24
24 [SAMPLE 09-08-1976 Sent back 170.1 g of lunar soil.
RETURN]

Overall USSR had 44 launches of which only 17 were successful.

Table 2: Missions launched by US Airforce & NASA (USA) (PIONEER MISSIONS)

S.No. | NAME I(_[;A[;JI:/I(':\:'YY%?;E ACHIEVEMENTS/MISSIONS/STATUS
1 PIONEER-1 | 17-08-1958 First stage malfunction, FAILED.

2 PIONEER-2 | 11-10-1958 Set distance record, FAILED to reach Moon.

3 PIONEER-3 08-11-1958 Third stage unsuccessful, FAILED.

4 PIONEER-4 03-03-1959 Flew past Moon by 60,000 km.

Table 3: Missions launched by US Airforce & NASA (USA) (RANGER MISSIONS')

S. LAUNCH DATE
NAME ACHIEVEMENTS/MISSIONS/STATUS
No. (DD-MM-YYYY)
1 RANGER-7 28-04-1964 Shot 7000 closeup pictures of the Moon.
5 RANGER-8 17-02-1965 Hglp_ed in finding primary landing site for APOLLO
missions.
3 RANGER-9 21-03-1965 Directly broadcasted images of the Moon on the

television.

Table 4: Missions launched by US

Airforce & NASA (USA) (SURVEYOR

MISSIONS)

S.No. NAME LAUNCH ACHIEVEMENTS/MISSIONS/STATUS
DATE (DD-
MM-YYYY)

1 SURVEYOR-1 | 21-05-1966 First US soft landing.
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2 SURVEYOR-2 | 20-09-1966 IMPACTED.

3 SURVEYOR-3 | 17-04-1967 Visited on Moon by APOLLO-12 crew.

4 SURVEYOR-4 | 14-07-1967 FAILED.

5 SURVEYOR-5

6 SURVEYOR-6 | 1967-1968 Performed various soil tests for crew lander missions.
7 SURVEYOR-7

Table 5: Missions launched by US Airforce & NASA (USA) (LUNAR ORBITER

MISSIONYS)
S.No. NAME LAUNCH DATE ACHIEVEMENTS/MISSIONS/STATUS
(DD-MM-YYYY)
1 LUNAR
ORBITER-1
LUNAR L -
2 ORBITER-2 1966-1967 Surveyed the landing site for crew lander mission.
3 LUNAR
ORBITER-3
4 LUNAR
ORBITER-4
- LUNAR 1967 Completely mapped the lunar surface.
ORBITER-5
Table 6: Missions launched by US Airforce & NASA (USA) (APOLLO MISSIONS)
LAUNCH DATE
S.No. NAME (DD-MM-YYYY) ACHIEVEMENTS/MISSIONS/STATUS
1 APOLLO-8 21-12-1968 First humans to orbit Moon.
APOLLO-10 18-05-1969 SUCCESSFUL lander test.
3 APOLLO-11 16-07-1969 First humans on Moon, brought soil and rock samples.
APOLLO- All crew missions were SUCCESSFUL, brought 400 kg
4 12,14,15,16,17 1969-1972 samples.
5 APOLLO-13 11-04-1970 Mission ABORTED, crew returned safely.

Overall, USA had 47 launches of which only 24 were successful.

Table 7: Satellites launched by several other countries

LAUNCH DATE (DD-
S.No. | COUNTRY | NAME MM-YYYY) ACHIEVEMENTS/MISSIONS/STATUS
1 HITEN 24-01-1980 First to implement aerobraking.
JAPAN itati i
5 KAGUYA 14-09-2007 Eound gravitational anomalies on near and far
side of Moon.
3 EU SMART-1 27-08-2003 First to perform test on ion drive.
4 CHINA CHANG'E-1 24-10-2007 First Chinese satellite to Moon.
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5 CHANG'E-2 01-10-2010 SUCCESSFUL.

6 CHANG'E-3 06-12-2013 Delivered Chinese rover 'YUTU-1".

7 CHANG'E-4 07-12-2018 Delivered Chinese rover 'YUTU-2".

8 CHANG'E-5 23-11-2020 First Chinese sample return mission.

9 CHANDRAYAAN- 99-10-2008 First Indian lunar mission, DISCOVERED
1 water locked in minerals, IMPACTED.

INDIA

10 SHANDRAYAAN' 22-07-2019 SUCCESSFUL orbiter, lander CRASHED.
CHANDRAYAAN- First Indian soft landing, delivered rover

1 3 23-08-2023 'PRAGYAAN'..

12 RUSSIA LUNA-25 10-08-2023 FAILED.

Apart from all these countries various other countries have also attempted lunar missions such as
Israel, Luxembourg, South Korea, Italy, UAE. Continuing this race to Moon there are a plethora
of mission which would be executed by the end of this decade. These missions include flybys,
orbiters, rovers, sample returners and crew lander missions.

Conclusions

The main question that arises is, why do we need to explore the Moon. The answer is it is
because of the advantages Moon provides when it comes to deep space exploration as it can be
used as a launching site since it has less gravity than Earth (1/6th), also the findings of
CHANDRAYAAN-1 showed the existence of water locked in minerals, since water can be
separated into Hydrogen and Oxygen which in turn can be used as a fuel.

More than 60 years of Moon exploration have taught humans’ various things such as,

i) Trajectories — Earlier USA and USSR used direct shot method wherein they directly shot
the satellite towards the Moon. This method was indeed fast but vastly inefficient. Later,
they adapted two stage method, in which they first shot the satellite into Earth’s orbit and
from there they shot into Moon’s orbit. It took more time but this method was more
efficient than the former. Currently, India uses the slingshot method, in which we
accelerate the satellite in elliptical orbit till it attains enough speed to reach Moon’s orbit.
It is the slowest but the most efficient method as it consumes the least amount of fuel.

ii) Autonomous Softwares — Earlier, every operation and maneuver performed by the
satellite was precalculated and there were close to none onboard corrections that could be
conducted. Now the softwares are capable enough to determine the perfect landing spot
as well as provide the necessary commands to maneuver the satellite.

iii) Hardware Development — Not only the propulsion systems but also the telemetry,
photography and navigation systems have been immensely researched and developed.

iv) Scientific Discoveries — From the discovery of absence of magnetic field around the
Moon to the presence of water on the Moon, we humans have discovered a variety of
things and more are yet to be discovered.
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Abstract

A comparative study was conducted to assess the impact of air pollution on Taberneamontana divaricata
plants, utilizing the Air Pollution Tolerance Index (APTI). Standard methods were employed to perform
phytochemical tests, including pH, relative water content, total chlorophyll content, and total ascorbic acid,
on the plant's leaves. The APTI was subsequently calculated for two sets of leaf samples: one obtained
from a highly polluted roadside location and another from a nearby unpolluted park. The results of the
study demonstrated that the leaves from the unpolluted park exhibited a higher APTI, indicating a
moderate tolerance to air pollution, in contrast to the leaves from the polluted roadside, which displayed a
lower tolerance, signifying sensitivity to pollution. These findings further underscore the importance of
phytochemical composition, including factors such as pH, relative water content, total chlorophyll content,
and total ascorbic acid, in determining a plant's tolerance to environmental stressors.

Keywords: T. divaricata, Leaf, Total Chlorophyll Content, Total Ascorbic Acid content, Air Pollution
Tolerance Index

Introduction

Air pollution is a widespread issue that has far-reaching effects on various aspects of life,
stemming from both natural and human-induced factors, which contribute to ecosystem
degradation and pose risks to human health (Dwijendra et al., 2023). Plants play a crucial role in
restoring air quality equilibrium through their absorption and metabolic processes (Wei et al.,
2021). Particularly, roadside plants are efficient interceptors of airborne pollutants, significantly
contributing to the assimilation and accumulation of harmful substances. Several previous studies
have examined the adverse impacts of urban air pollution on the leaf structure of plants (Carreras
et al., 1996; Hirano et al., 1995; Kulshreshtha et al., 1994).

Air pollutants encompass substances like sulfur, nitrogen oxides, carbon monoxide, soot
particles, as well as trace amounts of toxic metals, organic compounds, and radioactive isotopes.
These pollutants can directly affect plants through their leaves or indirectly through soil
acidification. Most plants undergo physiological changes before displaying visible leaf damage
(Dohmen et al., 1990). Therefore, researchers have focused on various parameters to study the
adverse effects of air pollution, including chlorophyll content (Prasad and Inamdar., 1990;
Rajkput and Agarwal., 2005; Petkovsek et al., 2008; Chauhan and Kumar., 2008; Chauhan and
Joshi., 2008 and 2010), relative moisture content (Falla ef al., 2000; Joshi and Chauhan., 2008),
ascorbic acid content (Hoque ef al., 2007), and the Air Pollution Tolerance Index (APTI) of
select plants (Karthiyayini ez al., 2005; Dwivedi and Tripathi., 2007). APTI helps identify the
tolerance levels of different plant species (Singh and Rao., 1983; Singh et al., 1991; Yan Ju and
Hui., 2008; Agbaire and Esief., 2009).
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One cost-effective and appealing approach to improving air quality and controlling air pollution
is the use of plants to remove toxins, known as phytoremediation (Gajghate and Hassan., 1999).
To understand the response of plants to air pollution at physiological and biochemical levels,
researchers use the Air Pollution Tolerance Index (APTI), which is calculated using four
biochemical parameters: pH, relative water content, total chlorophyll content, and total ascorbic
acid content (Singh and Rao., 1983). Species with higher APTI values exhibit greater tolerance to
air pollution than those with lower APTI values. Species with lower APTI values can serve as
bio-indicators of pollution.

Tabernaemontana divaricata, often referred to as "crepe jasmine" or "Chandani," serves as a key
repository of phytochemical compounds, demonstrating its significance in various applications,
as substantiated by previous research findings. Hence, the present study was centered on
assessing the Air Pollution Tolerance Index (APTI) of 7. divaricata leaves. This investigation
underscores the fact that the plant's ability to withstand air pollution is linked to the
phytochemical composition in its leaves, which may be adversely affected by environmental
pollution.

Methodology
Sampling

For this study, leaves of T divaricata, which were authenticated by a Taxonomist from Safia College of
Science in Bhopal, Madhya Pradesh, India. One set of samples was obtained from a location near a
polluted roadside, while the other set was collected from a nearby unpolluted park in Bhopal city, Madhya
Pradesh, India.

pH of Leaf Extracts

Two fresh leaf samples were combined with 10 ml of distilled water and the resulting leaf extract was
filtered. The pH of the leaf extract was measured after calibrating the pH meter using a pH-4 buffer
solution (Agbaire and Esief., 2009).

Relative Water Content (RWC)

The initial fresh weight of the leaves was recorded by weighing them. To obtain the dry weight,
the leaves were dried in an oven at 70°C overnight, and the dry weight was subsequently
measured. For the turgid weight, the leaves were soaked in water overnight, dried, and then
weighed (Singh., 1997) and calculated with the formula as below:

Relative Water Content (%) =FW - DW/TW — DW x 100

Where, FW — Fresh weight of leaf, DW — Dry weight of leaf, TW — Turgid weight of leaf.

Total Chlorophyll Content

Fresh leaves from both plants were collected for the analysis of total chlorophyll content. For
total chlorophyll determination, 0.5 g of fresh leaf material was ground and diluted in 10 ml of
distilled water. A subsample of 2.5 ml was mixed with 10 ml of acetone and allowed to stand for
15 minutes. It was then filtered and centrifuged at 2500 rpm for 3 minutes. The optical density of
the supernatant was measured at 645 nm and 663 nm using a digital spectrophotometer (Aminot
and Rey., 2000). The concentrations of chlorophyll a and chlorophyll b (mg/g fresh leaf) were
calculated using the following formula:

Total Chlorophyll: 20.2(A645) + 8.02(A663)
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Chlorophyll a: 12.7(A663) — 2.69(A645)
Chlorophyll b: 22.9(A645) — 4.68(A663)

Total Ascorbic Acid Content

A standard calibration curve for ascorbic acid was established by plotting concentrations against
the absorbance of ascorbic acid standard solutions. This was achieved by taking 10 ml of each
standard solution (ranging from 5 to 25 pg/ml) and adding 1 ml of a KMnO, solution (100
pg/ml). The solutions were left to stand for 5 minutes, and the absorbance of these standard
solutions was read at 530 nm against a blank. Following calibration, 10 ml of each extract sample
(1 mg/ml) was placed in a test tube, and 1 ml of the KMnO, solution (100 pg/ml) was added.
After standing for 5 minutes, the absorbance of these solutions was read at 530 nm against a
blank using a UV/Visible spectrophotometer (Elgailani et al., 2017).

Air Pollution Tolerance Index (APTI)

The determination of APTI (Air Pollution Tolerance Index) was carried out using the method
outlined by Singh and Rao in 1983. The APTI was calculated using the following formula:

APTI = A (T+P) +R / 10

Where, A = Total ascorbic acid content (mg/g), T = Total chlorophyll (mg/g), P = pH of leaf
extract, R = Relative water content of leaf.

Plant species are classified based on their APTI (Air Pollution Tolerance Index) values. Those
with APTI values between 30 and 100 are considered tolerant to air pollution, while those with
values between 17 and 29 are moderately tolerant. Sensitive plant species typically have APTI
values ranging from 1 to 16, and those with APTI values less than 1 are considered highly
sensitive to air pollution.

Result and Discussion

Observations of pH, relative water content, total chlorophyll content and total ascorbic acid for
determination of APTI of both studied are depicted in table 1.

Table 1: Results of comparative study of APTI

Sample pH of Leaf | Relative Total Total Ascorbic | APTI
Name Extract Moisture Chlorophyll Acid  Content
(%) Content (mg/100 | (mg/100 mg)
mg)
Leaf 1 6.8 78.41 10.10 5.651 17.39
(Chlorophyll  a-
8.19 and
Chlorophyll  b-
1.91)
Leaf 2 6.5 70.82 4.486 0.114 07.19
(Chlorophyll  a-
4.194 and
Chlorophyll b-
0.295)

Where, Leaf 1 = Leaf Collected From Unpolluted park, Leaf 2= Leaf Collected From Polluted Road Side
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The pH values were determined to be 6.8 for leaf extracts from an unpolluted park and 6.5 for
leaf extracts from a polluted roadside. The relative water content was measured at 78.41% for
leaves from the unpolluted park and 70.82% for leaves from the polluted roadside.

In terms of total chlorophyll content, the results showed 10.10 mg/100 mg in leaf extracts from
the unpolluted park and 4.486 mg/100 mg in leaf extracts from the polluted roadside. The total
ascorbic acid content was found to be 5.651 mg/100 mg for leaves from the unpolluted park and
0.114 mg/100 mg for leaves from the polluted roadside.

In an assessment of the Air Pollution Tolerance Index (APTI), a leaf sample obtained from an
unpolluted park displayed a moderate level of tolerance with a value of 17.39. Conversely, a leaf
sample collected from a polluted roadside exhibited a lower APTI value of 7.19, signifying the
sensitivity of the plant species to air pollution.

Conclusion

In this study, comparative study of air pollution tolerance index (APTI) was calculated for two
leaf samples, one sample was obtained from a heavily polluted roadside, while the other was
collected from a nearby pristine park. The results of the study demonstrated that the leaves from
the unpolluted park exhibited a higher APTI, indicating a moderate tolerance to air pollution, in
contrast to the leaves from the polluted roadside, which displayed a lower tolerance, signifying
sensitivity to pollution. These findings further underscore the importance of phytochemical
composition, including factors such as pH, relative water content, total chlorophyll content, and
total ascorbic acid, in determining a plant's tolerance to environmental stressors.
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Abstract

The present project investigates the feasibility and limitations of implementing Artificial Intelligence (AI)
in healthcare and biotechnology through a global analysis of use cases. The sudy aims to assess the
practicality and viability of implementing Al solutions in these fields, examining their real-world impact
on diagnostics, treatment, drug discovery, and patient care.

Key objectives involve identifying successful use cases demonstrating Al's positive contributions and
elucidating potential barriers and ethical considerations. Utilizing a mixed-methods approach, the study
employs an extensive survey and interview-based research methodology to gather insights from diverse
stakeholders. The survey quantifies current adoption rates, perceived benefits, and challenges associated
with Al integration. The majority of the population agrees that regulations are necessary to ensure
responsible Al use. Interviews with experts further explore perspectives, highlighting Al's potential as a
valuable tool for education and social institutions, generating skilled jobs, and enhancing social life.
However, challenges such as the destruction of manual labor, the digital divide, and concerns about human
attention spans and IQs are also noted.

This initiative underscores moral, ethical, and legal concerns while examining the potential of Al and
Machine Learning (ML) in genomics, biotechnology, and healthcare. Recommendations include increasing
public awareness, establishing organizations, and prioritizing user privacy. The initiative aims to ensure
that research is conducted ethically and practically, understanding Al applications, gathering insights, and
analyzing potential difficulties.

Introduction

Artificial Intelligence (Al) is a rapidly expanding field within computer science that strives to
develop machines capable of executing cognitive tasks such as creativity, problem-solving,
decision-making, and reasoning. Its foundations lie in a multidisciplinary approach,
encompassing economics, probability, psychology, linguistics, philosophy, neuroscience,
mathematics, search, and mathematical optimization. The origins of Al trace back to ancient
philosophical inquiries into the potential of artificial beings, with significant advancements
occurring since the 1700s, enabling the automation and control of human thought [Garg, 2021].

Categorically, Al can be classified into three types based on capabilities: General Artificial
Intelligence (GAI), Super Al, and Weak/Narrow Al GAI is proficient in performing any
intellectual task as effectively as a human, while narrow Al is more prevalent and easily
accessible. Super Al, boasting superior cognitive abilities, surpasses human performance in
various tasks.
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Al architectures comprise Multilayer Perceptron (MLP), Convolutional Neural Networks (CNN),
Recurrent Neural Networks (RNN), and Generative Adversarial Networks (GAN). MLP, the
foundational neural network design, consists of input, hidden, and output layers. CNN addresses
computer vision challenges like image identification and classification. RNN excels in handling
sequential data such as time series and natural language processing, while GAN produces data
mirroring training data properties, utilizing a discriminator to verify input image authenticity.

This study aims to analyze the applications of Al and Machine Learning (ML) in biotechnology,
healthcare, and genomics. It seeks to explore emerging technologies with substantial potential for
human advancement, investigate regulatory and ethical considerations, and examine potential
global use-cases and software integration in these fields. Additionally, the study probes into the
increasing utilization of Al and ML across diverse sectors, including agriculture, medical
biology, industrial biotechnology, healthcare, genomics, and bioinformatics.

In agriculture, Al and ML play a pivotal role in cultivating new plant traits through conventional
methods such as plant rearing, micropropagation, and tissue culture. In medical biology, these
technologies contribute to drug and antibiotic development, focusing on DNA and genetic
manipulation. Industrial biotechnology leverages IoT technologies for enhanced data
management and reduced specimen handling. In healthcare, Al is integral to precision medicine,
while genomics benefits from Al insights into gene functions and disease risks. Bioinformatics
applications encompass protein-protein interaction, biological sequencing, and functional
structure analysis, aiding in drug discovery and complex systems. Key applications in
bioinformatics include gene editing experiments, protein structure identification [Jumper et al.,
2021], drug repurposing, and analysis of protein-protein interactions.

Methodology

This research investigates the global applications of Al and ML in healthcare, genomics, and
biotechnology, focusing on feasibility and limitations. Utilizing a mixed-methods approach, both
quantitative and qualitative methods were employed. An online survey covered Al & ML usage
in daily life, biotechnology, genomics, and healthcare. Additionally, semi-structured interviews
with 10 participants from diverse fields provided qualitative insights. RStudio software was used
for data analysis, incorporating insights from interviews.

Experts from various domains were initially queried about the prevalence of Al in the current
scenario. Subsequently, they shared insights on how Al is revolutionizing their respective
domains. Several key themes emerged regarding challenges, potential solutions, and the future
perspectives of Al and ML use.

Al's impact extends beyond healthcare and biotechnology, offering value in education and social
institutions by creating skilled jobs and enhancing social life. However, challenges such as the
erosion of manual labor, the digital divide, and potential effects on attention spans and IQs exist.
Furthermore, inadequate digital literacy in rural areas may lead to an inferiority complex and a
lack of basic knowledge, potentially resulting in increased disputes, decreased morals, and
societal collapse.

From a psychological standpoint, Al can provide new insights into human behavior through
monitoring social media, credit card spending, GPS data, and smartphone metrics. Challenges
include potential compromises in human relationships, emotional impacts, and risks to physical
and mental health. Privacy invasion and increased crime rates are additional concerns, and virtual
interactions may contribute to feelings of loneliness, anxiety, and depression.
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Ethical considerations were prioritized, ensuring confidentiality and anonymity through
verification of the interviewees' official IDs. It is crucial to acknowledge limitations, such as
sample size and potential survey response bias, when interpreting results for data validity.

Results

This section presents the analysis of the conducted survey using RStudio. The results of the
survey, based on a sample size of 101 individuals, primarily composed of students, are
interpreted.

Section-1: General uses of AI/ML in daily life

This section explores the widespread applications of A/ML in everyday life, emphasizing the
familiarity of the sample population with these technologies. According to the graph, a majority
of individuals are aware of AI/ML in their daily activities, with navigation apps emerging as the
most commonly used application. Conversely, the sample population exhibits lower awareness
levels regarding AI/ML-based recommendation systems, as well as dating apps designed for
suggesting potential matches.
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Use of general AI/ML by sample population in daily life

Section-2: Use of AI/ML in the fields of Biotechnology, Genomics and Healthcare.

The present section explores the application of AI/ML in biotechnology, genomics, and
healthcare, posing 10 questions on related applications and ethical considerations. A significant
portion of the surveyed population supports the need for regulations to ensure responsible AI/ML
utilization. However, there is dissent regarding the creation of synthetic models and data
mimicking natural phenomena using AI/ML. Similarly, there is disagreement concerning the
development of genetically modified organisms capable of thriving in harsh conditions for
exploration purposes. Overall, the majority of the population does not share consensus on these
particular concerns.
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Acceptance of AI/ML in the fields of Biotechnology, Genomics and Healthcare
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Section-3: Ethical and Psychological implications of AI/ML on society

The section posed five questions with Acceptable/Unacceptable options, addressing scenarios
arising from AI/ML prevalence. If they align with the sample population's ethics and morals, the
option was "Acceptable." Inferences drawn include generally acceptance of AI/ML in society,
acceptance of challenges to human uniqueness in creative fields, and concern for job
displacement due to AI/ML advancements.

Responses
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Acceptance of AIIML in Society

Applications and Global Use Cases
1. Medical imaging

Al has significantly advanced medical imaging and diagnostics, revolutionizing the way medical
professionals diagnose and treat various conditions. Applications of Al integration include image
analysis and interpretation, tumor detection, disease classification, personalized treatment
planning, real-time monitoring, data management and analysis, and radiomics. Microsoft
Corporation, a multinational entity, has collaborated with the Department of Oncology at
Addenbrooke's Hospital for over a decade to pioneer technologies for radiotherapy. Their project,
OSAIRIS, utilizes open-source software to streamline the process from radiotherapy referral to
treatment, reducing the time involved. Meanwhile, Thorina, founded by Eva van Rikxoort,
focuses on using Al for personalized treatments in lung diseases. Both companies prioritize
integrating Al into their services, emphasizing advanced lung image analysis and providing high-
precision Al-based services for pharmaceutical companies. Through Al implementation in
medical imaging, entities like Microsoft and Thorina enhance diagnostic accuracy, identify
tumors, and elevate patient care.

Microsoft's Project InnerEye Open-Source Software (OSS) serves as a tool for medical imaging
and quick contouring for radiotherapy, easing the workload of CT scans for cancer patients
[Microsoft, 2023]. This software employs Convolutional Neural Networks (CNN) for automatic
segmentation of medical images, developed through Microsoft Azure Machine Learning (ML) on
20 NVIDIA Tesla V100 GPUs. The model significantly accelerates end-to-end image
segmentation and annotation in radiotherapy, achieving almost 13 times faster results with high
accuracy. The software is freely available under an MIT open-source license, ensuring
accessibility for the global medical imaging community.

Thirona's CAD4COVID utilizes Al with deep learning capabilities to predict COVID-19 and
pneumonia through chest CT quantification. These technologies aid in identifying lobular regions
affected by COVID-19 or pneumonia, minimizing the reliance on manual CT scans..
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2. Robotic Surgery

Al and machine learning have significantly enhanced robotic surgery by improving precision,
safety, and effectiveness. Key applications encompass patient-specific modeling, virtual
simulation, assisted and autonomous surgery, image analysis, recognition, and learning from
surgical data. Al enables the creation of patient-specific 3D models, real-time assistance for
surgeons, and the autonomy of robots in performing specific steps under the surgeon's
supervision. Image recognition aids in identifying target structures and vessels, while learning
from surgical data facilitates outcome prediction and the refinement of surgical techniques.
Safety enhancements include error detection and risk mitigation.

The Mayo Clinic, established in the late 19th century, has integrated over 15,000 Apple mobile
devices into patient care and developed Synthesis Mobile, a platform integrating various
healthcare systems. Additionally, the clinic has formed strategic partnerships with Google and
NTT Venture Capital for a biomedical software startup called Inference. Presently, the Mayo
Clinic is offering two da Vinci SP robot-assisted surgical systems to patients.

The da Vinci Surgical System, consisting of advanced instruments for minimally invasive
surgeries, translates the surgeon's hand movements in real time via a console [Intuitive, 2023]. It
provides high-definition 3D views of the surgical area and comprises a surgeon console, patient's
cart, and vision cart. Evolving from da Vinci OS1 in 2000 to da Vinci OS4, which powers fourth-
generation systems, the system aids in intraoperative decisions, offers insights, supports SimNow
simulation technology, and integrates data communication among components.

3. Oncology research

Al and machine learning (ML) algorithms play a pivotal role in cancer research, offering
capabilities such as early cancer detection, personalized treatment planning, accelerated drug
discovery, prognosis prediction, and facilitation of precision medicine. Established in 1998,
Google has made substantial investments in Al research and development, showcasing products
like Google Assistant and seamlessly integrating Al across its services. The company is a key
player in the competitive cloud computing industry, challenging giants like Amazon Web
Services and Microsoft Azure.

Pioneering the field of cognitive computing, IBM and Pfizer stand out with Watson, the first
commercially available cognitive computing capability. Pfizer has effectively employed Watson
for Drug Discovery, customizing this cloud-based cognitive tool to enhance the identification of
new drug targets and the formulation of patient selection strategies in immuno-oncology [Pfizer,
2016].

Deep Mind, a division of Alphabet, Inc. (Google's parent company), specializes in developing
general-purpose artificial intelligence (AGI) technology. It utilizes raw pixel data as input,
learning from experience, and integrating both physical and biological knowledge about protein
structure.

Google's Deep Learning System (DLS) employs multiple Convolutional Neural Network (CNN)
modules for the survival prediction of various cancer types. The system optimizes layer sizes and
the number of layers using random grid-search techniques.

IBM's Watson Al, created by DeepQA, collaborates with Pfizer in immune-oncology research
and drug delivery. The cloud-based software, IBM Watson Health for Drug Delivery, aids in the
discovery of new drug targets and alternative indications. Leveraging cognitive computing, it
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dissects questions into keywords to identify statistically related phrases within the database,
providing sensible and relevant results.

4. Next generation sequencing

Al and machine learning (ML) play a crucial role in next-generation sequencing (NGS)
applications, spanning read alignment, variant calling, quality control, transcriptomics analysis,
and clinical interpretation. Key players in this domain, such as Illumina and Nvidia, concentrate
on advancing DNA sequencing and array-based technologies for genotyping and gene
expression, contributing significantly to genomics and personalized medicine.

[lumina's TruSight Software Suite, developed by the company [Illumina, 2023], integrates Al
and ML tools for variant analysis and interpretation in rare disease research. Components like
SpliceAl, PrimeAl, and Emedgene utilize deep Residual Neural Network architecture (ResNET)
and deep learning neural networks. On the other hand, Nvidia's Clara Parabricks, designed for
secondary genomic analysis, delivers rapid, cost-effective results for both DNA and RNA
sequences.

Within Illumina's TruSight Software Suite, SpliceAl, PrimeAl, and Emedgene operate on deep
learning neural networks, streamlining and automating the variant classification process.
Similarly, Nvidia's Clara Parabricks serves as a comprehensive software suite for secondary
genomic analysis, ensuring swift and economical outcomes for extensive and intricate
sequencing datasets [Nvidia, 2023]. Both companies remain committed to advancing next-
generation sequencing and ML technologies, aiming to enhance accuracy, efficiency, and overall
quality in genomic research.

5. Genetic Engineering

Al and ML play a crucial role in genetic engineering, encompassing various applications such as
gene editing, gene expression, synthetic biology, metabolic engineering, and protein engineering
{Garg, 2022]. Companies like Zymergen leverage the integration of genetic engineering and ML
to develop programmed microorganisms. Zymergen utilizes an in-house Python-based system
named Helix to translate human-interpretable ideas for gene modification into a low-level DNA
language. This modified genetic information is then introduced into microorganisms through the
insertion of a physical DNA loop between two points in the DNA sequence [Zymergen, 2023].

To assess the performance of these modified microorganisms, small-scale, high-throughput
experiments are conducted. Python is employed for data preprocessing, retrieval, model
updating, and recommendation generation. Experimental outcomes and biological features are
used to train ML models, which, in turn, provide recommendations for designing strains.
Automated robots support parallelized small-scale experiments, enhancing efficiency.

Biological feature extraction focuses on metabolism, recognized as the quickest pathway for
enhancing desired chemical production. Metabolic networks are employed to derive traditional
graph metrics for ML application. Additionally, Flux Balance Analysis (FBA) is utilized to
interpret graphs in scientific content. This integrated approach optimizes the genetic engineering
process, combining Al and ML for efficient and effective results.

6. Clinical Data Managment

Al and ML are essential in clinical data management, offering a holistic perspective on patient
health, data cleansing, predictive analytics, clinical decision support, and patient monitoring.
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Established in 1999, Medidata Solutions, Inc. is a technology firm specializing in cloud-based
solutions for clinical research in the life sciences sector. Their software platform, Rave, integrates
clinical data management, pharmacovigilance, and clinical research, facilitating seamless
information flow and addressing data quantity and integrity issues. Rave encompasses various
types tailored to meet diverse pharmaceutical field requirements, such as Safety Gateway, EDC,
Imaging, Targeted SDV, Coder, Safety Analytics, and RTSM. These tools contribute to
pharmacovigilance, safety management, medical image management, risk-based monitoring,
medical coding, safety analytics, and supply management. Medidata's continuous innovation has
revolutionized clinical trials by boosting efficiency, data quality, and collaboration among
researchers, sponsors, and regulatory agencies.

Feasibility

Artificial Intelligence (AI) and Machine Learning (ML) offer significant potential in healthcare
and biotechnology, leveraging data-driven insights from diverse sources for precise predictions
and informed decision-making. These technologies accelerate drug discovery by predicting
candidates, simulating molecular interactions, and optimizing drug properties. Analyzing
individual genetic and molecular data enables personalized medicine.

Al and ML play a pivotal role in early disease detection, accurate diagnosis, and prognosis
through the analysis of medical images, genomic data, and clinical records. They identify
biomarkers indicating disease presence or progression. In genomics, these technologies excel at
analyzing gene interactions, predicting functions, and discovering mutations linked to diseases.

Protein structure prediction is a domain where Al and ML excel, forecasting 3D structures to
advance drug design and disease research. In agriculture, they optimize crop yield, detect
diseases, and improve breeding for sustainable and efficient food production.

In synthetic biology and bioengineering, Al and ML design and simulate biological systems
[Garg, 2022; 2024] for diverse applications like biofuel production and pharmaceutical synthesis.
Ensuring regulatory compliance and quality control involves analyzing data to predict potential
issues.

While Al and ML hold immense promise, their success relies on reliable data. Implementation
demands interdisciplinary collaboration among biologists, data scientists, and computer
scientists. Ethical and regulatory challenges arise from handling sensitive biological data,
necessitating the development of ethical guidelines. Rigorous validation is crucial before
applying findings in practical applications. A study evaluated the feasibility of an Al-powered
web-based clinical decision support system for treating depression in adults, employing a digital
Al-powered CDSS.

Limitations

Al and ML technologies present various limitations, such as training complexities, heightened
unemployment risks, challenges in managing substantial changes, dependency on explicit
instructions, increased cybercrime threats, absence of human and social values integration, and a
decision loop.

It is imperative to provide comprehensive training for medical professionals, ensuring accurate
data for optimal Al and ML performance. Notably, the healthcare sector faces a potential rise in
unemployment due to these technologies, necessitating a delicate balance across different sectors.
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Striking this balance is crucial, given that pivotal decisions can significantly impact life and
death situations.

While Al operates strictly on given instructions, humans possess a unique ability to observe
behavioral changes and synchronize with patients, reducing complications. The escalating
sophistication of cybercrimes underscores the need to safeguard patient credentials through Al to
mitigate risks effectively.

The incorporation of human and social values into Al remains challenging. Despite Al's ability to
offer appropriate treatment based on ML or diagnosis, it often overlooks inherent social values
influencing decisions. Physicians, performing a broader range of tasks than Al algorithms, can
adapt to various situations even with limited access to data.

Conclusion

The potential benefits of Al and ML technologies must be meticulously managed and adapted to
ensure effectiveness and safety. This project explored their applications in biotechnology,
healthcare, and genomics, emphasizing the importance of ethical, legal, and moral
considerations. Raising awareness of Al and ML models across all societal segments, including
rural populations, is essential. Establishing organizations and forums for regulating the ethical
use of Al, with a primary focus on user privacy and data protection, is recommended. Future
research should prioritize ethical and feasible levels of investigation into the applications of Al
and ML in healthcare and biotechnology, drawing insights from experts and the general
population while analyzing potential challenges for the future.
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Abstract

This paper reviews the first Indian Space based observatory “Aditya L1”, which aims to study
the Sun from a halo orbit around first Sun-Earth Lagrange Point (L1). Here we will discuss the
mission in detail including its trajectory to L1, objectives, need, insights and indigenously
developed scientific payloads.

Introduction

We, Homo-Sapiens are so much curious about the universe and its wonders. One of such
wonders are stars, that twinkle in the night sky. Although we have studied so much about them
but stil we are far to understand them completely. One of such stars is our Sun and to understand
it we have sent 23 missions''! including PIONEER 5!, 1960 (first mission to sun by NASA) to
recent missions such as Parker Solar Probe (NASA,2018)™", Solar Orbiter (ESA,2020)!"), CuSP
(NASA, 2022)" and Aditya L1 (ISRO, 2023)!"".

Aditya L1 mission was originally announced in January, 2008"*! by the name of Aditya 1 because
Aditya means Sun in Sanskrit language and initially it was aimed to place the observatory in 800
km low Earth orbit but later ISRO decided to place it in a large halo orbit around Sun-Earth
Lagrange point 1, which in turn led to change the name of Aditya 1 to Aditya L1,

Aditya L1 was successfully launched on September 02, 2023 at 11:50 AM IST via Polar Satellite
Launch Vehicle from the second launch pad of Satish Dhawan Space Centre, Shriharikota,
Andhra Pradesh!.

This mission aims to provide crucial information to understand the problems of exceptional
coronal heating, coronal mass ejection, pre and post flare activities, dynamics of space weather
and fields in interplanetary medium by revolving in a halo orbit around Lagrange Point 1 with its
seven scientific payloads. We will discuss all of this in details in the following sections.

Description
The Sun

Sun is the nearest star from earth and largest object in our Solar system which makes up about
99.86% of the total mass of the solar system!*. Estimated age of the Sun is about 4.57 billion"!
years. It is a hot object consisting of hydrogen and helium gases and located around 150 million
km from earth.

The core temperature of Sun is about 15 million Degree Celsius'® whereas the visible surface
known as Photosphere is relatively cool having temperature of about 5500 Degree Celsius'® and
weirdly the atmosphere of Sun known as Corona as hot as 2 million Degree Celsius'® and this is
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still a mystery for scientific community because in general temperature goes down with respect
to surface on increasing the distance.

Need
The first and foremost question arises to our mind is that why we need to study the Sun?
Answers are as follows:

e Since Sun makes up 99.86% mass of the total mass of solar system, so it is impossible to
understand the Solar System without understanding the Sunl’.

e The Sun is nearest star from Earth and therefore, can be studied in much more details as
compared to other stars. These studies are expected to help us understand distant stars and
galaxies too.

e By understanding the exceptional Coronal heating with respect to Photosphere, we can
understand Coronal mass ejection (CME) and other eruptive phenomena which directly
affect Earth’s magnetic field and communication systems.

e Various thermal and magnetic phenomena on Sun are of extreme nature™® (that can’t be
created on Earth) thus it provides a natural laboratory for study such phenomena.

e The earliest life forms we know of were microbes that left their signal of presence in rocks
about 3.7 billion years ago®!, and the estimated age of our Sun is 4.57 billion™ years but it
contradicts the fact that 3.7 billion years ago the Sun did not have that much amount of
heat™® to sustain water in liquid form in the oceans of the Earth, and we know that life first
started developing in oceans.

e By understanding the Sun and its eruptive phenomena we can take corrective measures
against Carrington event™ (i.e., disruption of telegraph lines and power grids as observed
in 1859) and Kessler Syndrome™®(malfunctioning of satellites which can lead to create
huge space debris and badly affect our communication systems).

Lagrange Points

Lagrange points are some specific points in space where the gravitational pull of two large bodies
equals to the necessary centripetal force required for a small object to move with them. These
points act as parking spots for probes and can be used by the spacecrafts to remain at around this
point with less fuel consumption, longer life, stability for smooth conduction of experiments and
continuous signal transmission to the Earth.

As per plan Aditya L1 will be placed in a Halo orbit around Lagrange Point 1 and conduct

experiments for five years!'",

Insights
Why not from the Earth?

Earth’s magnetic field doesn’t allow the solar storms to enter the atmosphere of Earth. Also,
Earth’s atmosphere filters out most of the radiations from the Sun and hence, life is flourishing
on Earth. This in turn leads to the loss of lots of information regarding the Sun and hence, we
can’t understand and study it efficiently.

Why L1?
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As shown in figure 1, there are five Lagrange Points to the Sun-Earth system two of which (viz.
L4, L5) were discovered by Lagrange in 1772, These points are far away as compared to L1.
Other three Lagrange points (viz. L1, L2, L3) were discovered by Euler around 1750™! from
which L3 is always behind the Sun with respect to Earth, L2 is located towards Mars and
therefore at that point there will be eclipses from the Earth and Moon. Therefore we are left with
L1 which is closure towards the Sun and there are no eclipses at this point and hence we can
continuously observe the Sun from here.

L3
Sun
L4
Aditya L1 _ L1
L5 v @ Earth
. o Moon
L2

Fig. 1: lllustration of Lagrange Points

The mission: ADITYA L1

Aditya L1 is first Indian Space based observatory to study the Sun with major objectives!'

follows:

as

e Study the solar upper atmospheric (Chromosphere and Corona) dynamics.

e Study the Chromosphere and Coronal heating physics of partially ionized plasma and
initiation of coronal mass ejection.

o Study the magnetic field topology and magnetic field measurement in the solar Corona.

e Study the development, dynamics and origin of Coronal mass ejection.

o Diagnostic of coronal and coronal loops plasma: temperature, velocity, density.

¢ Identify the sequence of processes that occur at multiple layers (i.e., Chromosphere base
and extended Corona)

o Observe in-situ particles and plasma environment and provide data for the study of particle
dynamics from the Sun.

e Study of physics for solar Corona and it’s heating mechanism.

e Study of drivers for space weather (origin, composition and dynamics of solar wind).

Payloads

For all of the mentioned objectives, Aditya L1 is onboard with seven scientific payloads !

which are as follows:
1. fluxgate MAGnetometer™ (MAG):

e Itisadual triaxial magnetic sensor.

e Major objectives:

e Measure magnitude and direction of interplanetary magnetic field (IMF)

e To study the Impact of extreme solar events in near Earth environment

e Its observations will be supplement to other onboard payloads such as PAPA and ASPEX
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2. Visible Emission Line Coronagraph™(VELC):

It is designed as an internally occulated reflective coronagraph.

Major objectives:

Simultaneous observation of solar corona in three modes i.e., Imaging, Spectroscopy and
Spectro-polarimetry.

Diagnostics of coronal and coronal loops plasma (temperature, velocity, density)

To work as onboard Atrtificial Intelligence (Al) for the detection of coronal mass ejection.

3. High Energy L1 Orbiting X-ray Spectrometer™!(HEL10S)

HEL1O0S is pronounced as Helios.

It is a hard X-ray spectrometer designed to observe solar flares in X-ray energy range of
10-150 keV.

Major objectives:

To study the explosive energy release, acceleration and transportation of electron using
high resolution spectra and fast timing measurements.

To study the Quasi periodic pulsation of hard X-rays during impulsive phase of solar flares
to understand its connection with particle acceleration mechanism.

4. Solar Low Energy X-ray Spectrometer!*(SoLEXS):

It is a soft X-ray spectrometer to study the Sun.

Major objectives:

Continuously measure soft solar X-ray flux between energy range of 1keV to 22keV

Study of solar flares and coronal heating.

To independently measure the coronal temperature as well as abundances of coronal
plasma

5. Solar Ultraviolet Imaging Telescope™ (SUIT):

It provides unique opportunity to study spatially resolved solar spectral irradiance in near
ultra violet range.

Major objectives:

To study coupling and dynamics of solar atmosphere.

Study of mechanisms responsible for stability, dynamics and eruption of solar
prominences.

To find out at what wavelength do flares radiate most of its energy.

6. Aditya Solar wind Particle EXperiment ["*/(ASPEX):

It comprises low and high energy particle spectrometers to carry out in-situ measurement of
solar wind particles near Lagrange point 1.

Sub systems and their major objectives:

Solar Wind lon Spectrometer (SWIS): It is a low energy ion spectrometer which measures
ion flux of protons and Alpha-particles in the energy range of 100eV. to 20keV.

Supra thermal and Energetic Particle Spectrometer (STEPS): It is a high energy ion
spectrometer which measures ion flux of protons and Alpha-particles in energy range of
20keV. to 5MeV.
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7. Plasma Analyser Package for Aditya!*(PAPA):

e Itaims to study the composition of solar wind and its energy distribution.

e Sub systems and their major objectives:

e Solar Wind Electron Energy Probe (SWEEP): Consists of two guiding plates for directing
the electrons and ions of solar flares for further energy analysis and smoothening the signal.

e Solar Wind lon Composition AnalyseR (SWICAR): Used for energy and mass analysis of
ions and electrons of solar flares.

Trajectory

Aditya-L1 was launched on September 02, 2023 at 11:50 AM LS.T. by ISRO PSLV C57 rocket
from the second launch pad of Satish Dhawan Space Centre (SDSC), Sriharikota. Initially the
spacecraft was placed in a low earth orbit. Subsequently, the orbit was made more elliptical and
later the spacecraft was launched towards the Lagrange point L1 by using on-board propulsion.
As the spacecraft travels towards L1, it exited the earth’s gravitational Sphere of Influence (SOI)
(as per the data of September 30, 2023) ' After the exit from SOI, the cruise phase is started
and subsequently the spacecraft would be injected into a large halo orbit around L1. The total
travel time from launch to L1 would take about 127 days"! for Aditya L1.

Analysis

e Aditya L1 is important for scientific communities because it is crucial for understanding
the coronal mass ejection and its impact on space weather and Earth, which in turn comes
out to be important mission to save life on Earth.

o With International collaborations like National Aeronautics and Space Administration
(NASA)’s Parker Solar Probe and European Space Agency (ESA)’s Solar orbiter enhances
data sharing and global understanding of the Sun.

e Aditya L1 enhances India’s standing in the global space community and strengthens
diplomatic ties with space faring nations.

e ]t also demonstrates India and ISRO’s technological capabilities and its ability to undertake
complex space missions.

e Last but not the least, Aditya L1 mission will act as an inspiring tool for the next
generations of youth, scientists and engineers in India and beyond.

Conclusion

Space researches were the part and parcel of ancient Indian education but its scientific
advancement hindered significantly during colonial rules. These researches again started in
1920’s when scientist Dr. S.K. Mitra performed series of experiments on ionosphere and radio
waves from Kolkata!'”, and in almost 100 years India is again setting milestones in this field by
launching “Mangalyaan”, “Chandrayaan-1, 2, 3” and “Aditya L1”.

This review paper delved into various aspects of the mission including its objectives,
instrumentation, trajectory and anticipated contribution to space science. With its cutting-edge
instrumentation and international collaborations, the mission promises to provide valuable
insights into solar dynamics, understanding the Sun and its eruptive phenomena, space weather
and impact of coronal mass ejection on Earth.
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As we look forward to the mission’s data and discoveries, it is clear that Adiya L1 will stand as a
testament to India and its growth in space research. It will undoubtedly strengthen its
commitment towards advancing our understanding of the cosmos.
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Sra AP HHATE & JaT & T H THSAT ST Hehell ¢ o dUT ITAT 7 FTIAH T

Uhed THA AT Hd: ATHET T & & TS T IT &l §of Y ToldT AT 47|

(2) wEaERl FEATE FT L - 1967 F AGY HH AT F I ATFT HoloA
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e AR AT ThTcAs Tod A aRafdd g1 77| §qoT Al e @R
& arH FATR g I oA

(4) woa=U (WIETSl) WA FT A - TS A TAE (1977) H AR
Ut # e aRade A Feg # SHerar 9t H WHR TN g4l 3R
ST A Y Se1-309T ell T THN T 4|

1989 & 1999 & HEY & JATdl § Ig Uclld &1 & [ HRA H WL &4
T diearsr arear 9iaaA= & FRRa ar| 4 @eaary yam &g (1989), Ar
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TR ATHET F dTaS[g U T FHTH F & | 3 TR I TS TIHN hog,
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