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Abstract:

The escalating global wastewater crisis—driven by urbanization, industrial expansion, and climate
change—has severely compromised freshwater ecosystems. Conventional treatment methods are costly and
resource-intensive, whereas bioremediation offers a sustainable alternative. Microalgae-based
bioremediation has emerged as a transformative solution that integrates pollutant removal with resource
recovery. This review synthesizes recent advances in microalgae biotechnology for remediating nutrients,
heavy metals, and organic pollutants through biosorption, bioaccumulation, and biotransformation. Beyond
remediation, microalgae biomass serves as a feedstock for biofuels, bioplastics, and biofertilizers, aligning
with circular economy principles. Technological innovations such as advanced photobioreactors, Al-
enabled monitoring, and integration with industrial systems are explored. Despite challenges in economic
viability and regulatory frameworks, microalgae-based systems offer a promising pathway toward
achieving UN Sustainable Development Goals (SDGs), particularly SDG 6, 12, 13, and 14.

Keywords: Microalgae; Bioremediation; Circular Economy; Wastewater Treatment; Biofuel; Heavy
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Introduction: (2025)] In contrast, microalgae-based

The Anthropocene era is marked by
severe environmental degradation driven by rapid
industrialization, urbanization, and agricultural
intensification. Water bodies are increasingly
contaminated with nutrients, heavy metals,
pharmaceuticals, and microplastics.
Simultaneously, climate change exacerbates these
challenges, demanding innovative, low-impact
solutions. [Sehajpreet Kaur et.al. (2025)]
Conventional remediation methods—such as
adsorption, chemical precipitation, and advanced
oxidation—are often energy-intensive, generate
secondary pollutants, and fail to recover
resources. These linear approaches contradict
sustainability principles. [Manish Sutradhar et.al

bioremediation offers a paradigm shift. These
photosynthetic microorganisms act as natural
biofilters, assimilating pollutants while generating
valuable biomass. [Dileep Dasari et.al (2025)],
[Riya Gupta etal (2025)] Genera such as
Chlorella, Scenedesmus, and Spirulina exhibit
metabolic  versatility, enabling simultaneous
nutrient uptake, heavy metal biosorption, and
organic pollutant degradation. [ Dileep Dasari
et.al (2025)], [Sehajpreet Kaur et.al. (2025)]

This review integrates microalgae
biotechnology with circular economy principles,
aligning with UN SDGs. It covers pollutant
removal mechanisms, technological innovations,

circular economy integration, sectoral
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applications, challenges, and future directions.
[Md. Muzammal Hoque et.al (2025)]
Microalgae-Based Bioremediation:
Mechanisms and Applications:

1. Pollutant Removal Mechanisms:

Microalgae employ multiple complementary
mechanisms for pollutant removal:

e Biosorption: A metabolism-independent
process where pollutants bind to functional
groups (carboxyl, hydroxyl, amino) on the
cell wall. Effective for heavy metals, even
with  non-living  biomass.  [Manish
Sutradhar et.al (2025)] [Sehajpreet Kaur
et.al. (2025)]

e Bioaccumulation: An energy-dependent
process where pollutants are internalized
and sequestered in vacuoles or bound to
metallothionein and phytochelatins. [H.A.
Yeheyo et.al (2024)]

e Biotransformation and Biodegradation:
Enzymatic = modification of  organic
pollutants via cytochrome P450,
peroxidases, and laccases, reducing
toxicity. [Sehajpreet Kaur et.al. (2025)

e Nutrient Assimilation: Uptake of nitrogen
and phosphorus into biomass, addressing
eutrophication. [ Dileep Dasari et.al (2025)]

2. Heavy Metal Remediation:
Microalgae efficiently remove toxic metals:
Chlorella

Scenedesmus obliquus achieve 70-95%

e Cadmium: vulgaris  and
removal via intracellular sequestration.
[Manish Sutradhar et.al (2025)]

e Lead: High biosorption affinity; Spirulina
platensis achieves >90% removal within 60
minutes. [Manish Sutradhar et.al (2025)]

e Chromium: Reduction of Cr (VI) to less
toxic Cr (IIT) by Chlorella species (80-95%
efficiency). [Sehajpreet Kaur et.al. (2025)]

e Mercury and Arsenic: Accumulated by
Nannochloropsis ~ and
strains. [Dileep Dasari et.al (2025)]

Phaeodactylum

3. Organic Pollutant Degradation:
e Pharmaceuticals: Chlamydomonas
reinhardtii  degrades  ibuprofen and
diclofenac (40-85% removal). [Sehajpreet
Kaur et.al. (2025)]

o Pesticides: Scenedesmus and Chlorella
metabolize chlorpyrifos and malathion.
[H.A. Yeheyo et.al (20214)]

Chlorella

degrades aliphatic and aromatic fractions

(60—85%).[Sehajpreet Kaur et.al. (2025)]

e Dyes: Chlorella and Spirulina achieve 70—

e Hydrocarbons: vulgaris

98% decolorization. [Zubair Hashmi et.al
(2025)] [Sehajpreet Kaur et.al. (2025)]

e Microplastics: Microalgae biofilms
enhance plastic weathering and
degradation. [Dileep Dasari et.al (2025)]
[Sehajpreet Kaur et.al. (2025)]

4. Nutrient Removal from Wastewater:

Microalgae achieve 80-99% nitrogen and

70-95% phosphorus removal from municipal and

agricultural wastewaters. Integration with high-

rate algal ponds (HRAPs) and photobioreactors
demonstrates feasibility for tertiary treatment.

[Mehmet Melikoglu (2025)] [ Dileep Dasari et.al

(2025)]

Technological Innovations Enhancing

Bioremediation:

1. Advanced Cultivation Systems:

e Photobioreactors (PBRs): Closed systems
(tubular, flat-panel) offer better control and
productivity. [Zubair Hashmi et.al (2025)]

o Biofilm-based systems: Rotating algal
(RABRs)  reduce
harvesting costs. [Sehajpreet Kaur et.al.
(2025)]

o Hybrid systems: Algal-bacterial consortia

biofilm reactors

improve stability and reduce aeration needs.
[Dileep Dasari et.al (2025)]




I[JAAR

Vol. 7 No. 41

ISSN - 2347-7075

2. Al and Process Control:
Al-enabled

integration allow real-time optimization of light,

monitoring  and  IoT

nutrients, and harvesting schedules, enhancing

system performance. [Dileep Dasari et.al (2025)]

Circular Economy Integration:

1. Biorefinery and Biomass Valorization:
Microalgae biomass grown on waste streams can
be processed into:

o Biodiesel: From extracted lipids (20-50%
dry weight). [Riya Gupta et.al (2025)]

¢ Bioethanol and Biogas: From
carbohydrates and residual biomass. [Riya
Gupta et.al (2025)]

e Protein feed: For aquaculture and livestock
(40-60% protein content). [Dileep Dasari
et.al (2025)]

o Bioplastics: Polyhydroxyalkanoates
(PHAs) and bio-based polymers. [Md.
Muzammal et.al (2025)]

2. Waste Streams as Resources:
Textile, food

processing, and pharmaceutical effluents

e Industrial wastewater:
support algal growth while being treated.
[Zubair Hashmi et.al (2025)] [Mehmet
Melikoglu (2025)]

e Agricultural runoff: Swine and dairy
manure effluents are effectively treated.
[Mehmet Melikoglu (2025)]

e Aquaculture effluent: Microalgae
biofilters remove nutrients and
pharmaceuticals. [Dileep Dasari et.al
(2025)]

o Flue gas CO: utilization: Microalgae fix
CO: at rates 10-50 times higher than
terrestrial plants.

3. Carbon Sequestration:

Microalgae enable biological carbon
capture, biochar production, and displacement of
fossil-derived products, contributing to climate

mitigation. [Md. Muzammal et.al (2025)]

Applications Across Sectors:

Agriculture: Biofertilizers from
microalgae increase crop yields by 5-25%
and reduce synthetic fertilizer use by 30—
50%. Soil bioremediation and restoration of
degraded lands are also feasible. [H.A.
Yeheyo, et.al (2024)] [Md. Muzammal et.al
(2025)]

Aquaculture: Microalgae improve water
quality, reduce disease outbreaks, and
enable sustainable mariculture. [Dileep
Dasari et.al (2025)]

Industrial Effective

food processing,

Wastewater:
treatment of textile,
pharmaceutical, and
effluents with COD reductions of 60—

90%.%. [ Zubair Hashmi et.al (2025)]

petrochemical

Challenges and Limitations:

1. Technical Challenges:

Scalability: Light limitation and mixing
issues in large-scale systems. [Manish
Sutradhar et.al (2025)]

Harvesting: Dewatering consumes 20—
30% of total production costs. [ Riya Gupta
et.al (2025)]

Contamination: Grazers and pathogens
threaten culture stability. [ Riya Gupta et.al
(2025)]
Seasonal Light and
temperature fluctuations affect reliability.

[Dileep Dasari et.al (2025)]

variability:

2. Economic Viability:

Production costs range from $2-10/kg dry
weight, higher than terrestrial crops. [Riya
Gupta et.al (2025)]

Multi-product biorefineries are essential for
economic feasibility. [Mehmet Melikoglu
(2025)]

Techno-economic analysis (TEA) and life
cycle assessment (LCA) are critical for

optimization.
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3. Regulatory and Social Acceptance:
e Underdeveloped regulatory frameworks for
waste-grown biomass.
e Public
standards require attention. [ Dileep Dasari
et.al., (2025)].

perception and  certification

Future Perspectives and Research Directions:

e Strain Development: Bioprospecting,
adaptive laboratory evolution, and synthetic
biology for enhanced performance. [Manish
Sutradhar, et.al. (2025)]

o Process Intensification: Immobilization,
membrane PBRs, and two-stage cultivation.

e Technology Integration: Algal-bacterial
consortia, anaerobic digestion, microbial
fuel cells, and advanced oxidation
processes.[Sukhendu Dey; et.al.,(2024)]

e Knowledge Gaps: Mechanistic
understanding of pollutant transformation,
fate of transformation products, and
microbiome interactions. [Sehajpreet Kaur,
et.al (2025)] [Manish Sutradhar et.al.
(2025)

Conclusions:
Microalgae-based bioremediation
represents a convergence of environmental
protection and resource recovery, embodying
circular economy principles essential for
sustainable development. With multifunctional
capabilities—from nutrient assimilation to carbon
capture—microalgae enable simultaneous waste
treatment and biomass valorization. Advances in
cultivation systems, Al-enabled monitoring, and
sectoral integration are paying the way for
commercial implementation. Aligning with UN

SDGs, microalgae technology offers a scalable,

low-impact  pathway toward a  circular
bioeconomy. Realizing this potential requires
demonstration-scale

continued research,

validation, and supportive policy frameworks.
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Abstract:

Consanguinity is a well-recognized factor that increases the likelihood of autosomal recessive
genetic disorders due to shared ancestry and the inheritance of identical pathogenic variants [1]. This study
presents a comprehensive clinical and molecular evaluation of a young consanguineous couple with a
significant paternal family history of progressive neuromuscular symptoms and associated malignancies.
The proband, a 26-year-old male, underwent Whole Exome Sequencing (WES) to identify potential
pathogenic variants contributing to the familial phenotype [2].

Despite a strong clinical suspicion of a hereditary neuromuscular disorder, WES did not reveal any

causative variants directly explaining the observed phenotype. However, incidental heterozygous likely
pathogenic variants were identified in the PYGL and TMCI genes [3]. These variants are associated with
autosomal recessive conditions—glycogen storage disease type VI and hereditary hearing loss,
respectively—and thus represent carrier states without clear clinical correlation to the presenting
condition.
The absence of a definitive molecular diagnosis highlights the limitations of WES in detecting certain
variant types, including non-coding, structural, or regulatory alterations. These findings underscore the
complexity of genotype—phenotype correlations in genetically heterogeneous disorders. The study
emphasizes the importance of integrating detailed clinical evaluation with genomic data, along with genetic
counseling, extended family testing, and multidisciplinary assessment [4]. Future approaches incorporating
whole genome sequencing and functional studies may improve diagnostic yield in unresolved hereditary
neuromuscular conditions.

Keywords: Consanguinity, Whole Exome Sequencing (WES), Neuromuscular Disorders, Genetic
Counseling, Autosomal Recessive Inheritance, Variant Interpretation, PYGL Gene, TMCI1 Gene, Carrier
Status, Pedigree Analysis, Genomic Medicine, Rare Genetic Disorders
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Introduction:

Consanguineous marriages, defined as
unions between individuals who are second
cousins or closer, are culturally prevalent in many
regions of the world and are associated with an
increased risk of inherited genetic disorders [5].
The likelihood of inheriting identical pathogenic
variants from a shared ancestor is significantly
elevated in such unions, thereby increasing the
incidence of autosomal recessive conditions [1].
This genetic predisposition makes consanguinity
an important factor to consider in the evaluation
of familial and rare hereditary diseases.

The present study focuses on the clinical
and genetic assessment of a consanguineous
couple who sought evaluation due to a concerning
family history of neuromuscular abnormalities.
The paternal lineage of the male partner reveals a
notable clustering of symptoms, including
progressive muscle weakness, gait disturbances,
and reduced mobility, affecting multiple
individuals across successive generations [6].
Such a pattern strongly suggests an underlying
hereditary neuromuscular disorder. The clinical
presentation raises suspicion for conditions such
as hereditary motor-sensory neuropathy or adult-
onset muscular dystrophy, both of which are
characterized by progressive degeneration of
muscle function and variable phenotypic
expression [7].

Further complicating the clinical scenario
is the presence of additional conditions within the
extended family, including malignancies and
congenital heart defects, indicating possible
genetic heterogeneity or the coexistence of
multiple inherited disorders [8]. In this context,
Whole Exome Sequencing (WES) has emerged as
a valuable diagnostic approach, enabling the
identification of coding region variants associated
with rare and complex genetic conditions [2].
This study aims to integrate clinical findings with

genomic data to better understand the underlying
etiology and guide future diagnostic and

counseling strategies.

Methodology:

A comprehensive clinical and molecular
approach was undertaken to investigate the
underlying genetic basis of the suspected
hereditary neuromuscular disorder [9]. The study
integrated detailed clinical evaluation, pedigree
analysis, and advanced genomic techniques to

ensure a systematic and reliable assessment.

Study Design:

This study was designed as a descriptive
observational investigation focusing on a single
consanguineous family presenting with a
suspected hereditary neuromuscular condition.
The proband served as the primary subject for
genetic analysis, and findings were interpreted in
the context of familial clinical history and

inheritance patterns.

Ethical Considerations:

Informed consent was obtained from the
proband prior to participation. The purpose,
scope, and limitations of genetic testing were
clearly explained. Patient confidentiality was
strictly maintained, and genetic counseling was
provided to explain the clinical and reproductive

implications of the findings.

Data Collection:

Clinical data were collected through
structured interviews, medical history
documentation, and detailed pedigree charting.
Emphasis was placed on identifying patterns of
inheritance, age of onset, symptom progression,
and phenotypic variability among affected and
unaffected family members. Particular attention

was given to neuromuscular symptoms such as
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muscle weakness, gait abnormalities, and

mobility limitations across generations.

Laboratory Investigation:

Peripheral blood samples were collected
under sterile conditions for genomic DNA
extraction using standardized protocols. Library
preparation was performed using the Twist 2.0
Exome kit according to the manufacturer’s
guidelines. High-throughput sequencing was
carried out on the Illumina platform, ensuring
high coverage and sequencing accuracy.

Raw sequencing data underwent rigorous
quality control (QC) checks to assess read depth,
base quality, and coverage uniformity. Only high-
quality reads were retained for downstream

analysis.

Genetic Analysis:

Sequencing reads were aligned to the
human reference genome (hg38), followed by
variant calling for single nucleotide variants
(SNVs) and small insertions/deletions (InDels)
using the DRAGEN bioinformatics pipeline [11].
Variant annotation was performed using multiple
curated databases, including OMIM, ClinVar,
gnomAD, and dbSNP [12].

To evaluate the potential functional
impact of identified variants, several in silico
prediction tools were employed, including SIFT,
PolyPhen-2, MutationTaster, and REVEL [13].
Variants were filtered based on allele frequency,
predicted pathogenicity, and clinical relevance.

All identified variants were classified

according to the American College of Medical

Genetics and Genomics (ACMG) guidelines,
ensuring standardized interpretation and reporting

[3].

Diagnostic Criteria:

The diagnosis of a suspected hereditary
neuromuscular disorder was based on a
combination of clinical and genetic parameters,
including:

e Presence of progressive muscle weakness
and gait abnormalities

e Multigenerational involvement suggesting
a hereditary pattern

e Exclusion of environmental or acquired
causes

e Correlation of genetic findings with
clinical phenotype (where applicable)

Despite thorough analysis, no definitive
pathogenic variant explaining the neuromuscular
phenotype was identified, emphasizing the need

for further advanced genomic investigations.

Results:

Whole Exome Sequencing (WES)
analysis of the proband did not identify any
pathogenic or likely pathogenic variants that
could directly explain the neuromuscular
phenotype observed in the family. This finding is
consistent with known limitations of WES,
particularly in detecting variants in non-coding
regions, structural rearrangements, or repeat
expansions [4]. Additionally, no clinically
significant copy number variations (CNVs) or
mitochondrial DNA mutations were detected in

the analysis.
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multigenerational pattern of neuromuscular
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autosomal dominant inheritance with variable
expressivity and autosomal recessive inheritance

due to consanguinity.

Identified Variants:
Although no causative variants were
detected, two incidental heterozygous variants

classified as likely pathogenic were identified:

Gene | Variant Zygosity ACMG Class Disease Clinical Relevance
PYGL | ¢.2071G>C | Heterozygous | Likely Pathogenic | GSD VI Carrier
TMCI1 | c.796A>G | Heterozygous | Likely Pathogenic | Hearing Loss | Uncertain

Variant Interpretation: Multiple in silico prediction tools,

Variant 1: PYGL (¢.2071G>C; p.Gly691Arg):
A heterozygous missense variant was
identified in the *PYGL* gene, located on
chromosome 14 (chr14:50910001:C>@G), with a
sequencing depth of 59X. The variant is present
in exon 17 and results in an amino acid
substitution from glycine to arginine at codon
691. This variant has been reported in ClinVar as
pathogenic/likely pathogenic and is listed in
dbSNP (rs539898848). It is observed at very low
frequency in population databases

gnomAD and ExAC.

such as

including SIFT, PolyPhen-2, MutationTaster,
REVEL, and others, predict this variant to be
deleterious. Based on ACMG criteria (PP3, PM2,
PM3, PP5), it is classified as likely pathogenic.
The PYGL gene is associated with
glycogen storage disease type VI (GSD VI), an
autosomal recessive disorder. Since the variant is
present in a heterozygous state, the proband is
considered a carrier, and this finding does not

explain the neuromuscular phenotype.
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Variant 2: TMC1 (c.796A>G; p.lle266Val):

A heterozygous missense variant in the
*TMCI1* gene was identified on chromosome 9
(chr9:72772467:A>G), with a sequencing depth
of 93X. This variant is located in exon 13 and
results in an amino acid substitution from
isoleucine to valine at codon 266. It is reported in
dbSNP (rs536753857) but has limited clinical
evidence in databases such as ClinVar.

The variant is present at low frequency in
population  databases and shows mixed
predictions from in silico tools, with some
indicating a deleterious effect. The aggregated
prediction score suggests uncertain significance,
although ACMG classification supports a likely
pathogenic status (PM2, PMS5, PM1, PP2).The
TMCI1 gene is associated with both autosomal
dominant and recessive forms of hereditary
hearing loss. However, the absence of hearing
impairment in the proband suggests that this
variant is of uncertain clinical relevance and does

not correlate with the observed phenotype.

Summary of Findings:

Overall, the WES analysis did not yield a
definitive molecular diagnosis for the familial
neuromuscular disorder. The identified variants
represent incidental findings with limited or no
correlation to the clinical presentation. These
results highlight the complexity of genetic
disorders and the challenges in establishing clear
genotype—phenotype relationships, particularly in
heterogeneous conditions.

Discussion:

The absence of a definitive molecular
diagnosis in this study, despite a strong clinical
suspicion of a hereditary neuromuscular disorder,
underscores the inherent limitations of Whole
Exome Sequencing (WES). While WES is highly
effective in identifying variants within protein-

coding regions, it does not comprehensively

capture non-coding regions of the genome, where
regulatory variants may reside. Additionally,
certain classes of genetic alterations—such as
structural variants, copy number changes below
detection thresholds, repeat expansions, and deep
intronic mutations—may be missed using this
approach [16]. These limitations are particularly
relevant in neuromuscular disorders, which are
often genetically heterogeneous and may involve
complex mutational mechanisms.

The observed familial clustering of
neuromuscular  symptoms  across  multiple
generations  strongly supports a hereditary
etiology. The pattern of inheritance, with affected
individuals in successive generations, raises the
possibility of an autosomal dominant disorder
with variable expressivity and incomplete
penetrance [6]. At the same time, the presence of
consanguinity within the family increases the
likelihood of autosomal recessive inheritance, as
individuals are more likely to inherit identical
pathogenic variants from a common ancestor [5].
This dual possibility complicates genetic
interpretation and highlights the need for broader
genomic approaches and segregation analysis
within the family.

The identification  of
heterozygous variants in the *PYGL* and
*TMC1* genes further illustrates the challenges

associated with variant interpretation. Although

incidental

both variants are classified as likely pathogenic
according to ACMG criteria, their association
with autosomal recessive conditions and the
absence of corresponding clinical features in the
proband suggest that they are not causative for the
observed phenotype. The *PYGL* variant
indicates carrier status for glycogen storage
disease type VI, while the *TMCI1* variant,
linked to hereditary hearing loss, shows no
phenotypic correlation in this case. These findings
emphasize the importance of integrating genetic
data with clinical presentation to avoid
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misinterpretation of incidental or secondary
findings [3].

Furthermore, the presence of additional
conditions within the extended family, such as
malignancies and congenital anomalies, suggests
possible genetic heterogeneity or the coexistence
of multiple independent genetic factors. This
complexity  highlights the need for a
multidisciplinary approach involving clinical
geneticists, neurologists, and molecular biologists
to achieve accurate diagnosis and management.

Future investigations should focus on
advanced genomic techniques such as Whole
Genome Sequencing (WGS), which provides
more comprehensive coverage of coding and non-
coding regions, as well as RNA sequencing and
long-read sequencing technologies that can detect
structural and regulatory variants. Functional
studies will also be critical in establishing the
pathogenicity  of  variants of  uncertain

significance.

Clinical Implications:

The findings suggest that the proband is a
carrier for certain recessive disorders, with
implications for reproductive planning [17].
Partner testing and genetic counseling are

strongly recommended [4].

Conclusion:

This study highlights the complexity and
diagnostic challenges associated with hereditary
neuromuscular  disorders,  particularly  in
consanguineous families where both autosomal
dominant and recessive inheritance patterns may
coexist. Despite comprehensive Whole Exome
Sequencing (WES) analysis, no definitive
pathogenic variant explaining the observed
phenotype was identified, underscoring the
current limitations of exome-based approaches in
detecting non-coding, structural, or complex

genetic variations [4]. The presence of strong

clinical indicators, including multigenerational
involvement and progressive neuromuscular
symptoms, reinforces the likelihood of an
underlying genetic etiology that remains
unresolved with existing methodologies.

These findings emphasize the importance
of integrating detailed clinical evaluation with
advanced genomic technologies and adopting a
multidisciplinary approach for accurate diagnosis
and management. Continuous re-evaluation of
genetic data, incorporation of extended family
studies, and the use of emerging techniques such
as Whole Genome Sequencing and functional
assays may improve diagnostic yield in such
cases. Furthermore, genetic counseling remains a
critical component in guiding patients and
families regarding reproductive risks, carrier
status, and long-term care planning, ensuring
informed decision-making in the absence of a

definitive diagnosis.

Future Perspective:

Advanced genomic approaches such as
Whole Genome Sequencing (WGS), RNA
sequencing, and long-read sequencing may
improve diagnostic yield [9]. Functional
validation studies will be essential for confirming

pathogenicity of uncertain variants.
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Abstract:

Pesticide-related suicide is a critical, enduring health issue in agrarian and developing regions,
often stemming from easy access to highly toxic substances. In rural Maharashtra, the widespread
accessibility of lethal substances significantly shapes method selection during impulsive suicidal crises.
While Forensic toxicology identifies the specific chemical agents used, a focus on psychological impulsivity
is essential to understand the underlying behavioural intent and decision-making processes. An evidence-
based assessment of the relationship between easy access to pesticides, individual impulsivity, and the
incidence of impulsive suicidal behaviour among rural residents aged 25-45 years was examined in Pune
district, Maharashtra. Researchers reviewed on poisoning, mental health, and public safety reports. At the
same time, a survey was conducted to see how easily people get pesticides and how they store them at
home. Impulsivity was assessed using a validated direct impulsiveness scale i.e., BIS-11, and its association
with accessibility variables was analysed to determine behavioural vulnerability. It is proposed that high
pesticide availability, combined with heightened impulsivity, significantly increases the risk of impulsive
self-poisoning, in such access, method selection is driven by immediate access rather than toxicological
awareness. Chemical toxicity is not directly proportional to suicidal intent, as environmental and emotional
factors often drive behaviour. Medico-legal interpretation, which merges toxicological findings with
psychological evaluation, is essential for distinguishing impulsive suicide from accidental ingestion. This
puts the emphasis on the importance of preventive measures like safe chemical storage and rural mental
health services.

Keywords: Pesticide, Suicide, Impulsiveness, Agrarian and Preventive Measures.

Introduction:

Some chemical or biological substances
are used to prevent, destroy, repel or control pests
like insects, weeds, fungi, rodents and other
organisms which harm crops, stored food,
livestock and human health are termed as
Pesticides. In rural agricultural settings, with the

easy access to highly toxic substances like

pesticides, pesticide-related suicide is observed to
be a critical, enduring health issue.

The presence of easily accessible toxic
chemicals within agrarian households in rural
India constitutes a considerable public health
concern. Data from the National Crime Records
Bureau (NCRB, 2023) indicates that poisoning,

often involving pesticides, is a primary method of
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suicide, leading to considerable mortality in
agricultural states like Maharashtra. The
availability of lethal pesticides in rural homes
often dictates the method selected during
impulsive suicidal behaviour. Reduced capacity
for foresight and impulsive, rapid reactions are
key drivers of suicidal risk. The BIS-11 survey is
a reliable way to measure how impulsive
someone is. If highly impulsive people have easy
access to dangerous pesticides, the chances of
them attempting self-poisoning on impulse are
high. Forensic toxicology can identify the poison
used, but it cannot determine whether it was an
intentional act. Integrating psychological and
toxicological findings improves the interpretation
of pesticide deaths. Accordingly, this study
examines how the interaction between easy
pesticide availability and impulsivity drives
impulsive suicide risk among rural populations in
Maharashtra.

Other Self-employed Persors

Persons Engaged in Farming  Persons Engaged in Farming Sector

36 PUDUCHERRY 32 1
TOTAL (UTS) 27 2
TOTAL (ALL INDIA) T208 827 2 JEE 9986 L) 10786 4553 137 o 4690

Nate: Farmer/Cultivator are thase whose profession is farming and include those who cultivate on their own land as well as those

who eultivare on leased landiother's land with or withour the assistance of agricultural labourers. This data deplets only profession

of persons who have committed suicide and has no linkage whatsoever regarding cause of sulcide.

o As per dala provided by StalesiUTs,

Figure I- The NCRB Crime in India Report,
2023 showing the number of farmer suicides in
India

33 10 0

1

Secior
- St Male Femsle "™ Toll  Male Fm"::" Total u:n Female “""'rm.:lm
gender gender gender
m @ By e (85) 68 67 58 L ] (4] L] s
STATES
1 ANDHRA PRADESH @ 7@ 0 M2 EE 9 0 %5 18 & 0 m
2 ARUNACHAL PRADESH o L) o o a 4] a o o a L'} o
1 ASSAM 40 17 o 57 o7 19 a 116 a9 a L] 9
4 BIHAR 45 2 o 47 a 4] a o o a L'} o
§ CHHATTISGARM 50 i o o 414 54 a a6a ki a [} Lk
8 GOA 11 1 o 2 0 a0 ¢ 0 o a [ o
7 GUIARAT 38T 10 o a7 128 11 o 141 1 o o 1
B HARYANA 115 o 7 @ 8 ] a [ o
3 HIMACHAL PRADESH o o o o a [ [ o 0 0 0
10 JHARKHAND o ° o o a q ¢ 0 o a [ o
11 KARNATAKA 408 a1 1 562 2z 182 a 2421 1385 40 L] 1425
12 KERALA 568 w o 805 e 13 a 132 3 a L'} 3
13 MADMHY A PRADE SH L) 29 o BES m T8 a m L-1] a [} a4
14 MAHARASHTRA L] 25 o 6ad s 250 a 4151 2441 7 [} 2518
15 MANIPUR o ° o o a [ ¢ 0 o a [ o
16 MEGHALAYA o ° o T 1 ¢ @ ou 1 [ 1
17 MIZORAM o ° o o a [ ¢ 0 o a [ o
18 HAGALAND o ° o o a q ¢ 0 o a [ o
19 ODISHA 326 0 o s a 4] a o o a L] o
20 PUNIAR n 1 1 nom 0 [ a 0 1
21 RAJASTHAN 123 18 o AL} F22) 23 a 250 o a L] o
22 SIKKIM 16 1 o 17 & 4] a & o a [} o
23 TAMIL NADU EITR o s M7 4 0 6 & 7 [ 87
24 TELANGANA W @ o e s 2 o om s 2 [ 56
25 TRIPURA 5 o o 5 a [ ¢ 0 o a [ o
26 UTTAR PRADESH w1 0 M4 Mz 15 0 I 0B 3 0 %
27 UTTARAKHAND 17 2 o 19 7 [ ¢ 7 o a [ 0
28 WEST BENGAL 434 &6 o 512 a Q a o o a o o
TOTAL (STATES) 6979 606 2 7547 a3 798 0 107a2 4832 138 0 4uem
UNION TERRITORIES
29 A & NISLANDS 12 L) o 12 & 4] a & & a L] E
A0 CHANDIGARH ] L] o a 1] 4] a o o a [} o
mR AL 1 1 o 2 2 2 TR 1 0 15
32 DELHI (UT) 18 13 o 10 0 o 0 o a [ o
33 JAMML & KASHWIR 8 5 o LETRE T O a [ o
34 LADAKH 2 1 o 3 1 q a 1 1 a [ 1
35 LAKSHADIEEP o o o o a [ [ o 0 0 0
o q a o a [ 0
o 2 o n o 22
o

Review of Literature:

The World Health Organization has stated
in their reports that pesticide poisoning can be
estimated to be a substantial part of global
suicides, particularly in areas where chemicals
related to agriculture are easily available and
accessible (WHO, 2019). There are studies that
tells us that when there is easy access available
for lethal means, individuals that have acute
psychological distress are more likely to act on
suicidal impulses due to means being within reach
leading to easier decision making (Gunnell &
Eddleston, 2003; Hawton et al., 2012).

Gunnell et al. (2017) has reported that
putting nationwide bans on certain highly toxic
pesticides in several countries led to notable
declines in pesticide ingestion suicides without a
corresponding increase in alternative methods.

Socioeconomic  stressors  such  as
agricultural debt, crop failure, climate variability
and unstable income often contribute to
psychological distress among rural populations.

Research  has  consistently  linked
impulsivity with suicidal behaviour, particularly
in individuals who engage in impulsive suicide
attempts during periods of intense emotional
distress (Klonsky & May, 2015). The Barratt
Impulsiveness Scale (BIS-11) is one of the most
widely used psychometric tools for measuring
impulsivity in psychological research (Patton et
al., 1995). Successive research conducted by
Stanford et al. (2009) reviewed the development
of the scale.

Forensic toxicology plays a crucial role in
identifying the chemical agents involved in
poisoning cases. However, toxicological findings
alone cannot always determine whether the
ingestion was accidental, intentional or impulsive.
Integrating Forensic psychology with
toxicological data may therefore improve the

interpretation of such cases.
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Research Gap:

While prior studies have established that
easy access to toxic substances increases the
likelihood of self-harm, there is limited research
examining the combined influence of pesticide
availability and individual traits such as
impulsivity. Additionally, existing research does
not focus on specific locations that has reported
high number of farmer suicides like Maharashtra.
Therefore, examining the relationship between
pesticide availability and impulsivity is essential
for addressing the growing concern of suicide in
rural agrarian communities especially in the state
like Maharashtra where many families are still
totally dependent on agriculture as their means of

income.

Objectives of The Study:

1. Contextualizing the ‘Easy Access’ Factor:
Household pesticide storage and intentional
self-harm in Pune district of Maharashtra in
young adults aged 25-45.

2. To

impulsivity and the choice of self-harm

examine the association between
method, with a specific focus on whether
high impulsivity increases vulnerability to

pesticide ingestion during emotional crises.

3. Merging Forensic  toxicology  with
psychological  profiling, to  better
distinguish suicide from accidents in

pesticide deaths.

Hypothesis:

In rural Maharashtra, among adults aged
25-45, easy access to household pesticides
combined with higher impulsivity levels
significantly increases the risk of impulsive
pesticide ingestion during episodes of acute

emotional distress.

Research Methodology:
Tools/Instruments:
1. BIS-11(Barratt Impulsiveness Scale,11th
Revision,1995)

2. Pesticide availability questionnaire
(Self/Author developed with help of
ChatGPT)

Research design: Survey based.
Sample size: 50
Sampling method: A non-probability convenience

sampling

Ethical Statement:

For data collection to be carried out,
approval was obtained from the Research and
Ethics Committee of the institute (Ref. No.
IFSM/2025-26/R&D-Ethical Committee/07)
dated 16-02-2026, participant

information, informed consent and documentation

covering

including geotagged photographs, etc.

Figure 2- Participants being instructed and answering the
survey questions

Results:

Table 1- Descriptive Statistics
Tests N | Mean | SD | Min. | Max. | Range
BIS- 11| 50| 65.58 | 8.19 | 48 80 32
Scale
Pesticide 50 | 21.70 | 4.15| 13 28 15
Availability

According to the survey of 50 households,

the mean pesticide availability score (21.70 +
4.15) suggests the majority of respondents have
easy access to pesticides, with total scores
ranging between 13 and 28 out of 30, indicating

widespread accessibility within rural households.
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Graph 1- Impulsivity frequency

BIS-11 assessment scores (65.58 + 8.19)
indicates that most participants fall within the
normal impulsivity range i.e., 36 participants
demonstrated normal impulsivity levels, 2
showed low impulsivity, and 12 participants
exhibited high impulsivity.

Correlation between BIS-11 and Pesticide Availability
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Graph 2- Negative association between pesticide
availability and impulsivity

Pearson  correlation  analysis = was
conducted to assess the relationship between
pesticide availability and impulsivity. The results
indicated a moderate negative correlation between
the two variables (r = —.35), suggesting that
higher pesticide availability was associated with
slightly lower impulsivity scores. The linear
regression analysis was done to determine
whether pesticide availability predicts impulsivity
or not. However, it accounted for only 12% of the
variance in impulsivity scores (R* = .12),
remaining 88% may be due to other factors.

Overall, statistical analysis demonstrates
that there is a modest negative association
between pesticide availability and impulsivity,

with limited predictive strength.

Mabharashtra adults in the Pune district that are
aged 25-45 years. The study shows how spatial
access and psychological vulnerability drive
behavioural risks for farmers. The ‘Means Matter’
principle posits that controlling access to specific,
high-lethality methods — rather than just
addressing the intent behind a behaviour — can
significantly improve public health outcomes
(Mann et al., 2005; World Health Organization
[WHO], 2014).

A key takeaway is that rural households
have unrestricted and consistent access to
pesticides. High pesticide availability scores
indicate that most participants possess easy access
to agricultural chemicals, often operating without
structured safety protocols (Eddleston et al.,
2002; Gunnell et al., 2017).

Because pesticides are frequently stored
in kitchens and living spaces without adequate
restrictions, they have become embedded within
the home environment, posing significant risks to
rural families, especially in farming households
(Eddleston et al., 2002).

Availability here implies a high-risk
environment characterized by poor storage,
improper handling practices, and minimal
oversight at the household level. A swift
transition from distress to injurious action often
occurs when environmental safeguards are absent,
reinforcing the understanding that protecting
individuals from themselves requires reducing
immediate access to dangerous actions (WHO,
2014; Zalsman et al., 2016).

Despite high pesticide accessibility,
impulsivity levels among participants showed
variability. BIS-11 assessment results indicated
that while the majority of individuals fell within
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the normal range, a smaller proportion exhibited
low or high impulsivity. Rather than mere
prevalence, the danger of impulsivity is its
interaction with environmental hazards. The
number of participants was 50. The results
revealed a moderate negative correlation between
pesticide availability and impulsivity (r = —.35),
indicating that higher levels of pesticide
availability were associated with slightly lower
impulsivity scores.

To further examine this relationship, a
linear regression analysis was conducted to assess
whether pesticide availability could significantly
predict impulsivity. The findings showed that
pesticide availability accounted for only 12% of
the variance in impulsivity scores (R? = .12),
suggesting that the majority of the variance (88%)
is likely influenced by other unmeasured factors.

Participants with high impulsivity also
demonstrated poor pesticide ~management,
indicating that this trait drives both risky
decision-making and behaviours that increase
environmental exposure (Klonsky & May, 2015).
Findings also reveal that impulsivity acts as a
behavioural hazard when paired with readily
available toxic substances, leading to rash,
emotion-driven actions. Under extreme stress, this
tendency is amplified, particularly, in rural
Maharashtra, where systemic agricultural debt
and climate-driven crises place immense pressure
on individuals. This reflects a “cascading stress”
scenario (When it rains, it pours), where
compounding economic and personal pressures
dismantle the psychological capacity to cope
(Patel et al., 2012; National Crime Records
Bureau [NCRB], 2023).

When people are in an acute emotional
crisis, such as a major fight or financial ruin, they
experience intense emotions, narrow thinking,
and poor problem-solving abilities. This
emotional state often leads to acting on impulse

without thinking about the future. In these

moments, foresight is diminished, and if
dangerous items like pesticides are kept in the
home, the chance of a fatal, impulsive action
increases. This shows that high emotional distress
combined with easy access to harmful methods
drastically increases the danger of self-harm
(Baumeister, 1990; Shneidman, 1993).

Rural landscapes, defined by fragmented
healthcare and delayed emergency response, turn
poisoning cases into medical crises where time
lost is life lost. These geographical challenges,
combined with high accessibility to toxins, mean
that rural settings significantly exacerbate fatality
risks compared to areas with better infrastructure
(WHO, 2019).

The relationship between impulsivity and
the accessibility of pesticides can be seen as a
situation ~ where psychological traits and
environmental factors amplify each other.
Research indicates that their selection of
immediate availability rather than a planned
toxicological choice (Gunnell et al., 2017). This
reinforces the idea that impulsive acts are often
shaped by the immediate environment and
situational ~ factors rather than long-term
deliberation.

Behavioural analysis highlights a critical
link between high impulsivity and poor safety
adherence. Individuals prone to impulsive actions
are less likely to implement safeguards like
restricted access or proper labelling, escalating
both the risk of intentional self-harm and
unintentional poisoning. Consequently, adopting
a proactive ‘prevention-first ‘approach is essential
to mitigating both types of hazards (Zalsman et
al., 2016).

Rural mental health is often compromised
by high stigma and the internalization of distress
because help-seeking is discouraged, emotional
crises escalate privately, illustrating the “still
waters run deep” phenomenon. This combination

of suppressed turmoil, high impulsivity, and
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available lethal means significantly elevates the
risk of impulsive self-harm (WHO, 2014).

The forensic interpretation of pesticide-
related deaths is often constrained by a reliance
on quantitative data alone. Although toxicology
identifies the poison, it rarely reveals the intent,
creating a gap between forensic findings and the
legal determination of the manner of death.

To bridge this gap, incorporating
subjective elements- like the victim’s recent
behaviour and environmental factors- is crucial.
Effective

integrating these intangible factors with standard

forensic  investigation  requires
analytical techniques.

In rural areas, distinguishing accidental
from intentional poisoning requires an integrated
strategy,  recognizing  that  accessibility,
behavioural tendencies, and stressors are
intertwined.

This approach affirms that combining
psychological assessment with toxicology yields a
more complete picture, supporting the principle
that the collective evidence is greater than the
sum of its parts.

The findings emphasize the critical role of
environmental interventions, specifically safe
storage practices, which serve as essential barriers
to delay action and facilitate emotional de-
escalation. By acting as a preventive measure that
averts severe consequences, these strategies are
vital. Alongside this, improving rural mental
health resources and fostering a culture of help-
seeking behaviour are necessary steps to mitigate
risk (WHO, 2014; Gunnell et al., 2017).

Despite being limited in scope and
descriptive in nature, this study offers critical
insights into pesticide self-poisoning in rural
Maharashtra, underscoring the often impulsive
and preventable nature of these acts. The findings
underscore that recognizing this phenomenon
demands proactive responsibility. Effective
mitigation necessitates holistic efforts integrating

strict environmental control, psychological
support systems, and community-level

interventions.

Conclusion:

The present study highlights that if
forensic  psychology is integrated with
toxicological data, it may help in enhancement of
the ability to differentiate between intentional
self-harm and accidental ingestion. The following
measures can be taken- safe storage for
agricultural toxic chemicals with structured safety
measures and community education to reduce
easy access to toxic substances. Given the
connection between impulsivity and risk,
improving mental health screenings in rural areas
is recommended. The study supports an integrated
environmental

strategy that combines

management with targeted psychological care.

Limitation:
Location for the sample collection is

limited to specific region of Maharashtra.

Additional Supplementary Information: Link
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Abstract:

Biosurfactants are eco-friendly surface-active molecules with varied industrial applications. In this

study, thirteen bacterial isolates from contaminated soil were screened for biosurfactant production using
drop collapse, oil displacement and emulsification index (E24) assays. Amongst the total isolates GS-3
showed the highest activity. Morphological and biochemical characterization identified GS-3 as Bacillus

spp. Biosurfactant production was carried out using 1% diesel as a carbon source. The biosurfactant was
extracted by acid precipitation and solvent extraction. CTAB assay confirmed its anionic nature. The results

reveal that GS-3 is a promising candidate for biosurfactant production with potential applications in

bioremediation.

Introduction:
Biosurfactants are amphiphilic
compounds produced by microorganisms,
possessing both hydrophilic and hydrophobic
moieties. They have gained attention due to their
structural  diversity, low  toxicity, high
biodegradability, environmental compatibility,
and low critical micelle concentration (CMC)
(Saravanan &  Vijaykumar, 2015). These
properties make them promising alternatives to
synthetic surfactants in industries such as food,
agriculture, pharmaceuticals, cosmetics, and
petroleum. However, their large-scale application
is limited by high production costs (Vandana &
Singh, 2018).
Various

microorganisms,  including

Pseudomonas, Bacillus, Corynebacterium,
Acinetobacter, and yeasts like Candida and
Pseudozyma,  are  known to  produce
biosurfactants. These compounds reduce surface
and interfacial  tension  and  enhance

emulsification, improving the bioavailability of

hydrophobic substrates (Khamis et al, 2003).
Based on molecular weight, biosurfactants are
classified into low- and high-molecular-weight
types (Rosenberg & Ron, 1999). Low-molecular-
weight biosurfactants, such as glycolipids and
lipopeptides, are effective in reducing surface
tension, while high-molecular-weight types
stabilize emulsions (Shoeb et al.,.2013).

Major classes include glycolipids
(rhamnolipids,  sophorolipids, trehalolipids),
lipopeptides (surfactin, lichenysin), and lipid-
based  compounds. Rhamnolipids from
Pseudomonas aeruginosa and sophorolipids from
yeasts are widely studied for their surface
activity, while surfactin from Bacillus subtilis
shows strong antimicrobial properties (Gautam &
Tyagi, 2006; Mclnerney et al.,1990; Vandana &
Singh, 2018).

Biosurfactant production depends on
nutritional and environmental factors, with carbon
sources such as oils, hydrocarbons, and industrial

wastes playing a key role. Media like MSM,
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HSM, LB, and NB are commonly used. Screening
involves qualitative assays such as drop collapse,
oil displacement, emulsification index,
haemolysis, and CTAB tests, while quantitative
and analytical methods include DNS, anthrone,
TLC, GC, HPLC, and FTIR (Garcia & Reyes,
2016). Recovery is  achieved through
centrifugation, filtration, solvent extraction, and
precipitation methods (Sen & Swaminathan,
2005).

Biosurfactants have diverse applications
as emulsifiers and stabilizers in food, eco-friendly
agents in cosmetics and detergents, and enhancers
of soil quality in agriculture. They also possess
antimicrobial, antiviral, and anticancer properties
for pharmaceutical use. In the petroleum sector,
they play a vital role in enhanced oil recovery
(MEOR) and bioremediation by reducing
interfacial tension and increasing pollutant
bioavailability (Wu et al.,2022). Current research
focuses on improving production efficiency and
reducing costs using agro-industrial wastes and

genetic approaches (Leonie et al.,2022).

Materials and Methods:
Sample Collection:

For isolation of biosurfactant producing
bacteria, two soil samples, the petrol pump soil
sample (PS) and garage soil sample (GS) were
collected stored at 4°c for further analysis.
Isolation of biosurfactant producing organism:

The soil samples were first serially diluted
and plated by spread plate method on nutrient
agar plates and incubated at 37°c for 24 hours. 1%
Diesel was added to this medium as a source of
carbon (Jayshree, et al,2011). Isolates were
preserved at 4°c for further use.
Screening  of  biosurfactant  producing
organism:
Qualitative tests for biosurfactant detection:

It's essential to emphasize that the

distinguishing factor between biosurfactants and

bioemulsifiers lies in their ability to lower surface
and interfacial tension. This fundamental
difference plays a crucial role in screening and
identifying them from microbial culture broths
accurately.  Therefore, screening methods
focusing on reducing surface tension are designed
to exclude bioemulsifiers producers while
selecting biosurfactant producers (Uzoigwe, et
al.,.2015).

Selected isolates were inoculated into a
nutrient broth containing 1% diesel fraction as
source of carbon and incubated at 37°C at 200
Rpm for 7 days. The cultures were centrifuged
8000 rpm for 10 min and the supernatant were
used for detection of biosurfactant production.
Biosurfactant produced by the selected was
detected by performing following tests.

Drop Collapse Test:

The drop collapse test proves highly
efficient in identifying the biosurfactant in the
given sample. The test involves addition of a drop
of cell- free supernatant on a hydrophobic phase
i.e. engine oil on a glass slide. Negative control
was also set using distilled water along with the
sample (Samsu, et: al, 2020).

Oil Displacement Test:

This technique is performed by adding 15
ml of distilled water into a petri dish lead. 1ml of
engine was placed in this plate and 0.1 ml of
sample of cell free supernatant was pipetted on
this hydrophobic phase. The plates were left for
30 seconds for biosurfactant to form clear zone.
Diameter was measured for each sample Positive
and negative control was also maintained.
(Jayshree, et al.,2011)
Emulsification Index (E2y):

The  assessment of  biosurfactant
emulsification towards engine oil was conducted
following the Cooper & Goldenberg method.
According to the method, 2ml of engine oil is
added into a test tube and equal volume of cell-
free supernatant added into the test tube. The
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tubes were vortexed for 2 minutes and kept for
incubation overnight at room temperature.
Positive and negative control was also maintained

along with the sample tubes. Later, the height of

emulsion and total height of the sample was noted
down. The emulsification Index (Ex) was

calculated by using formula:

(Height of the emulsion layer) X 100

Emulsification index =

Cetyl trimethylammonium bromide (CTAB)
Agar Assay:

In this procedure CTAB agar plates are
prepared and 2 wells of 6.5 mm diameter are
plunged on the CTAB agar plate.150 ul (0.15 ml)
of cell free supernatant was loaded in each well
and plates were incubated at 37°c for 48 hours.
Diameter of halo was measured and compared
with positive and negative control. (Rani, et
al.,2020)

From the above tests, GS 3 was selected
for the biosurfactant production due to its
excellent results compared to other samples.
Production of biosurfactants using selected
isolates:

Production of biosurfactant was carried
out in 1 litre nutrient medium with 1% diesel as
carbon source. GS-3culture was inoculated into
the medium and incubated 37°c for 48 hours at
200 rpm (Samsu, et al,2020). Production of
biosurfactants was identified by qualitative tests
of biosurfactants.

Extraction of Biosurfactants:

Extraction of biosurfactants was carried
out by acid precipitation method. The production
medium was centrifuged at 10000 rpm for 10
minutes and supernatant was collected and
acidified with 2N HCL until pH 2.0 & kept
overnight at 4°c. The precipitate obtained was
subjected to further centrifuged at 1000 rpm for
10 minutes, supernatant was removed and the
pellets was subjected to solvent extraction with
methanol; equal volume of methanol added to the

Total height of sample

(Jayshree, et al.,2011)

acid extracted biosurfactant, agitated vigorously
and centrifuged at 8000 rpm for 10 minutes. The
tubes were kept at 50 ° ¢ for evaporation (Smyth,
et al., 2010; Salleh et al.,2011).

Cytotoxicity Assay:

Cytotoxicity assay of biosurfactant is
important because of their wide spread
applications in cosmetic as well as in food
Industries. In this assay, 5gm goat liver was
macerated into phosphate buffer (pH7).
Absorbance of the cell suspension was measured
at 575 nm and optical density was adjusted to 1.
Positive control was prepared using Iml of
suspension HgCl, each and negative control
consist of cell suspension. Biosurfactant was then
serially diluted 25-100 percent using phosphate
buffer. Test was carried out incubating 1ml of
crude biosurfactant with 0.5 ml of goat liver cell
suspension at 37°c for 2 hours. Following the
incubation period, 500ul of the sample was mixed
with 500ul of trypan blue dye solution (0.02%) in
an Eppendorf tube. The mixture was then
incubated for 10 minutes. Subsequently,
approximately 100ul of the incubated sample was
mounted on a Neubauer chamber and observed
under a microscope at 40x magnification.
(Pethkar, ef al.,2012). The total number of viable
and dead cells were counted, and the percentage
of viable cells was calculated using a specific
formula

Number of viable cells x 100
%% of viable cells = oo

Total number of cells
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Results and Discussion:
Isolation and Characterization:

A total 13 isolates were obtained from the
collected samples, 6 form petrol pump soil
sample and 7 from garage soil sample on medium
containing 1% diesel. Petrol pump soil sample
colonies were labelled as PS-1, PS-2, .... PS-6
and Garage soil sample colonies were labelled as
GS-1, GS-2...GS-7.

Drop collapse (gm)

il Displacement (cm)

Screening  of  biosurfactant  producing

organism:

Qualitative tests for detection of biosurfactant:
Thirteen

biosurfactant production using emulsification

index (%E24),

collapse tests. Isolate PS-1 showed minimal

1solates were screened for

oil displacement, and drop
activity, with no significant interfacial tension
reduction and low emulsification. In contrast, GS-
3 exhibited the highest biosurfactant potential,
showing maximum activity in all assays (Fig 1,
Fig: 2).
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Fig: 1 (a) Drop collapse test; (b) Oil Displacement test; (c) Emulsification index
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Figure 2 (a) Drop collapse results of GS sample

(b)

(b) emulsification results of GS sample
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Chioma, et al., (2013) reported that isolates X2
and X3 from automobile-contaminated soils
showed maximum oil displacement activity with
clearance zones of 11 mm and 7 mm. Similarly,
Jaysree et al, (2020) observed the highest
emulsification indices of 20% and 30% in isolates

W1 and S1 from artificial pond samples.

Cetyl Trimethylammonium Bromide (CTAB)
Agar Assay:

The CTAB agar assay was performed to
detect the production of anionic biosurfactants. In
this method, the

cationic surfactant

cetyltrimethylammonium bromide (CTAB) forms
a complex with anionic biosurfactants such as
rhamnolipids in the presence of methylene blue,
resulting in the formation of a visible zone of
clearance. The potential isolate GS-3 was
evaluated using this assay, and biosurfactant
production was confirmed by the appearance of a
clear zone on CTAB agar plates (Fig:3). Menon et
al., (2025), also confirmed the biosurfactant
production using CTAB agar method and
reported that isolates S1, S2,S3, W2, W9, A9

showed the maximum biosurfactant production.

Morphological and biochemical characterization of isolate GS-3:

Table: 1 Colony characteristics and biochemical characteristics of GS-3

Sr. No | Characters GS-3
1. Size Pin-point
2. Shape Irregular
3. Colour Off-White
4. Margin Undulate
5. Elevation Raised
6. Consistency Butyrous
7. Opacity Opaque
8. Surface Smooth
0. Grams Nature Positive Short rods
10. Indole Test Negative
11. Methyl Red Positive
12. Voges-Proskauer test (VP) | Negative
13. Citrate Utilization Test Positive
14. Glucose Fermentation Positive
15. Mannitol Fermentation Positive
16. Catalase Test Positive
17. Nitrate Reduction Positive

GS-3 was characterized by morphological

Dwivedi et al,

Fig:1. CTAB Assay of GS-3

Fig: 2. GS-3 isolate

(2018)

conducted

and biochemical analyses and identified as Gram-
positive rods, which preliminarily identified as
Bacillus spp. (Table 1; Fig: 4).

morphological and biochemical characterization
of 1isolate Alk-35, selected from 49 strains
obtained from petrol pump—contaminated soil.

Based on these analyses, the isolate was
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preliminarily identified as Corynebacterium spp.
and was further evaluated for its biosurfactant-
producing potential.
Production and extraction of the
biosurfactant:

Biosurfactant production by GS-3 was
carried out in 1 L medium containing 1% diesel
and incubated at 37°C for 48 h at 200 rpm.
Production was confirmed by qualitative assays,
with turbidity indicating active growth and
metabolism. The biosurfactant was subsequently
extracted from the cell-free supernatant using acid
precipitation followed by solvent extraction.
Partial purification yielded an off-white powder,
which was used for further analysis

Sumathi and Yogananth (2016) isolated
biosurfactant-producing microorganisms from oil-
contaminated marine sediment samples. The
biosurfactant was extracted using the acid
precipitation method, and preliminary
characterization by thin-layer chromatography
(TLC) identified it as a rhamnolipid.

Cytotoxicity Assay:

Total and non-viable cells were counted,
and the percentage of viable cells was calculated
using standard methods, with total cell count
obtained from the negative control. Cytotoxicity
analysis of the GS-3 biosurfactant (Fig:5)
indicated its effect on goat cell suspension,
suggesting  its

potential  application  in

bioremediation of inanimate environments.

70

Viable cells (%)

0 20 40 60 80 100 120
Biosurfactant Conc.(%)

Fig: 5. Cytotoxicity analysis of isolate GS-3

Conclusion:

This study demonstrated successful
isolation, screening, production and
characterization of a biosurfactant producing
bacteria, GS-3 from oil contaminated soil
environments. Morphological and biochemical
analysis of the isolate preliminary identified it as
Bacillus spp. The isolate showed significant
biosurfactant producing potential, confirmed by
qualitative assays viz. drop collapse, oil
displacement, emulsification index and CTAB
agar test. Biosurfactant production effectively
achieved using diesel as a carbon source,
followed by successful extraction of it.
Preliminary characterization and cytotoxicity
analysis suggest that the biosurfactant possess
functional properties suitable for environmental
applications. Overall the findings highlight the
potential of GS-3 derived biosurfactant as an eco-
friendly alternative  for application like
hydrocarbon degradation and bioremediation.
Further  studies  focusing on  structural
characterization, optimization of production and
scale-up processes for enhanced industrial

application.
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Abstract:

The present field study provides valuable insights into the behavioural, emotional, and
environmental determinants influencing fast food consumption among college students. Using a cross-
sectional survey design, data collected from 210 respondents revealed that fast food cravings are not
merely driven by hunger but are strongly associated with emotional states, social interactions, and lifestyle
patterns. A substantial proportion of students reported experiencing cravings multiple times per week,
particularly during late evenings or after skipping meals. Emotional triggers such as tiredness (61.6%),
stress, and sadness played a significant role, while social settings—especially spending time with friends
(59.8%)—further reinforced consumption patterns. The taste emerged as the dominant motivating factor
(81.1%), followed by perceived mood enhancement (49.5%) and convenience. The widespread accessibility
of fast-food outlets and the growing influence of online food delivery platforms were identified as strong
environmental facilitators.

Despite high awareness regarding adverse health consequences, regular consumption persisted,
indicating a gap between knowledge and behaviour. Encouragingly, many respondents expressed
willingness to reduce intake if healthier yet appealing alternatives were made readily available.

Overall, the study underscores the multifactorial nature of fast food cravings among college
students. Addressing this issue requires integrated strategies focusing on emotional well-being, campus
food environments, peer influence, and availability of nutritious, affordable, and attractive food options.

Keywords: Fast Food Cravings, College Students, Emotional Eating, Social Influence, Dietary
Behaviour.

Introduction: affordable, and highly accessible (Saha et al.,

Fast food is characterized by its rapid
preparation and service, typically provided by
restaurants offering ready- to-eat meals. These
options are frequently calorie-dense and high in
fats, sugars, and sodium, often lacking essential
micronutrients such as vitamins and minerals
(Mohammadbeigi et al., 2018). Popular items like
burgers, pizza, fried chicken, and noodles remain

widely appealing because they are palatable,

2022). Globally, fast food consumption has
surged in recent years, driven by rapid
urbanization,  shifting lifestyles, and the
proliferation of digital food delivery platforms
(Saha et al., 2022). Due to demanding academic
schedules and the prevalence of nearby eateries,
college students frequently rely on fast food as a
primary source of nutrition. Fast food is easily

accessible and widely consumed, especially
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among this demographic; however, relying on it
too frequently can have negative effects on
health. Regular consumption is often linked to
issues such as weight gain, poor

nutritional intake, and an increased risk of
lifestyle-related diseases. These concerns make it
important to understand why students are drawn
to fast food despite being aware of its potential
drawbacks. By exploring the reasons behind these
preferences, it becomes possible to design better
strategies that encourage healthier eating habits.
In this context, the present study focuses on
college-going students to examine their fast food
consumption patterns and to identify the factors
that influence their strong preference for such
foods.

Literature Review:

In recent years, increasing attention has
been given to the role of healthy food
environments within educational institutions. The
availability and accessibility of nutritious and
affordable food options on college campuses can
significantly influence students’ food choices and
encourage the development of healthier eating
habits. Alongside this, nutrition education
programs and awareness activities have been
shown to play an important role in improving
students’ dietary behaviours.

Emerging research also highlights the
connection between emotional well-being and
eating patterns. Factors such as stress, anxiety,
and academic pressure may contribute to a higher
inclination toward comfort foods, including fast
food. Addressing these psychological aspects
through stress management and well-being
initiatives may help reduce unhealthy food
cravings.

Although several studies have explored
fast food consumption among young adults, there
remains a need for a deeper understanding of the
factors that drive these preferences, particularly

among college-going students. Much of the
existing literature has focused primarily on
general dietary patterns, with comparatively
limited attention given to the combined influence
of emotional, social, and environmental
determinants.

Therefore, further research is necessary to
comprehensively examine these interconnected
factors. Such insights can contribute to the
development of targeted strategies aimed at
promoting healthier dietary habits among college
students.

Objectives:

The main goal of this study is to look into
what makes college students crave food.

To examine the influence of stress and
emotional states on fast food cravings among
college-going students.

1. To assess the impact of social factors,
particularly peer influence, on students’
preference for fast food.

2. To compare the relative importance of taste
and convenience in shaping fast food
consumption behaviour.

3. To evaluate students’ awareness of the
health effects of fast food and analyze the
gap between knowledge and actual dietary
practices.

4. To identify the role of educational
institutions in promoting healthier eating
habits and reducing dependence on fast
food.

Methodology:
Study Design:

Sudden hunger experienced by College
kids get these waves more than once a day,
sometimes without reason. Not every urge ties
back to being famished - emotions, time of day,
or what others eat play roles too. Instead of hour-
long talks, researchers handed out short forms
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asking about grab-and-go eating habits. These
snapshots pop up often when tracking what
people consume and when. Craving speed,
surroundings, nudging bites, go-to fast meals, also
thoughts on greasy snacks harming health later
drew attention here.

Study Group Size:

Some teenagers and young people, ages
sixteen to twenty-four, completed our paperwork.
Since these individuals usually take more snacks,
they matched the group nicely. A total of two
hundred ten students said yes when asked to
participate. Choosing only those available right
then made the process faster.

Responses came through without trouble
thanks to that timing.

Not every student stepped in - a few
stayed away. From various fields, varied years,
they arrived. Reactions shifted, never quite
matching. Everyone followed what felt right to
them. Facts appeared early, setting the stage
ahead of choices. Decisions came after

understanding settled.

Data Collection Method:

Right away, once we got there, forms
were given to pupils to complete. Each sheet held
basic queries offering fixed options to pick from.
Whether printed or delivered in person, every
single one reached a learner without delay. Before
that moment, everyone had learned about the
initiative - its shape, its purpose. Then came
permission, signed and clear, only after which
answers could be kept.

People answered questions about different
sides of fast food. Often eating it came up early in
the form of checklists. Choices weren’t just habits
- background reasons showed up too. Brand
emotions slipped into answers more than
expected. Convenience argued quietly with

health, question after question

1. How often students eat food:

Week after week, fast food slips into
conversations about student life. A single query
led us there, poking around how meals stack up.
Once every seven days works for a few students.
Two or three slots open up in the schedule for
others. What stands out? Eating patterns shift
quietly but surely. Something extra appears for a
different set.

Frequency of Fast Food Consumption

Percentage

Once/week 2-3 times/week More than 3 times Rarely
Category

2. Why students crave food:

Folks in the student crowd? They grab
fast food when deadlines stack high. That punchy
taste wins them over - again and again. It just
shows up easily, almost without trying, which
keeps things going. Pressure fades, even if only
for a bite. Sometimes it's friends who quietly shift
decisions, even without saying much. When life
feels heavy, what’s close at hand often wins over
better plans.

Reasons for Fast Food Consumption

Percentage

Taste Mood enhancement Convenience  Peer influence
Factors
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3. What kind of fast food students like:

A drink was something one student said they
liked. Burgers came up when another passed on
pizza. Chinese food got a nod from some who
skipped fries. Pizza found favour with a few despite
burgers being an option.

Fries beat out sodas for some folks.
Something about Chinese cuisine stood above
everything else, one person mentioned.

4. Most people ignore the way food shapes health
until problems show up.

Signals from the body pop up early, long
before any doctor says a word. When someone
avoids real balance on their plate, outcomes tend to
follow familiar patterns. What feels fine at twenty
can shift by forty with no heads-up. Nothing rewires
behaviour like living through the fallout yourself
Our main thought - did kids know how risky it is to
eat too much fast food?

5. When students crave food:

Quiet filled the room until hunger came up
when class ended. As light faded, minds drifted
toward burgers, more so if friends stayed close. Late
hours sparked cravings again, usually during solo
study beneath low
lighting.

Emotional Triggers for Fast Food Cravings

60

Percentage
8 8

()
o
L

Tiredness Stress Sadness
Emotions

Data Analysis:

The collected responses were analyzed using
percentage distribution to identify trends in fast food
consumption among college students. The majority

(60%) reported consuming fast food two to three

times per week, while 20% consumed it once
weekly. About 14% reported intake more than three
times a week, and only 5% rarely consumed fast
food.

Taste and convenience emerged as the
primary factors influencing food choices, with easy
accessibility near campuses playing a significant
role. Social influence was also evident, as students
tended to follow the eating habits of their peers.
Emotional factors, particularly stress, further
contributed to increased fast food consumption.

Although students were generally aware of
the health risks, their choices were often driven by
convenience and taste rather than nutritional value.
Commonly preferred items included fries, burgers,
pizza, and occasionally Chinese cuisine.

Additionally, fast food cravings were
frequently associated with social gatherings after
classes and, in some cases, late-night eating habits,

indicating irregular dietary patterns.

Ethical Considerations:

Participation in the study was entirely
voluntary, and only data from consenting
participants were included in the analysis. All
participants were informed about the purpose and
procedures of the study prior to their involvement.
They were assured that their responses would be
used solely for research purposes.

Participants also had the right to withdraw
from the study at any stage without any

consequences.

Results and Discussion:

The present study aimed at understanding
the pattern of fast food cravings among college-
going students belonging to the age group of 16-24
years. The research was based on a survey of 210
participants. The
results of the survey revealed that fast food
consumption is quite common among students, as

about 60% of participants reported consuming fast
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food at least two or three times a week. This is

because fast food is

becoming an integral part of their daily food habits.

Table 1.1. Summary of Fast Food craving patterns among college students

Parameter Category Percentage %
Frequency Once / week 20
Frequency 2-3 times/ week 60
Frequency More than 3 times 14
Frequency Rarely 5
Reasons Taste 81.1
Reasons Mood enhancement 49.5
Reasons Convenience 55
Reasons Peer influence 59.8
Emotional Triggers | Tiredness 61.6
Emotional Triggers | Stress 50
Emotional Triggers | Sadness 40

The favourite fast food items reported in the
survey were pizza, burgers, fries, momos, and soft
drinks. This reveals a greater craving for fast food.
The major reasons for fast food cravings reported in
the survey were taste, convenience, peer influence,
and relieving stress. The survey also revealed that
the evening hours and going out for parties are the
peak times for fast food consumption. It is
interesting to note that, even though 75% of the
population was aware of the health risks that fast
food posed, the habit of frequently consuming fast
food was common. This is a reflection of the
difference between knowledge and practice,
particularly regarding the nutrition of college
students.

This is in line with earlier studies done
regarding the behaviour of college students. For
example, the study done by Nelson, M. C., et al.
(2008) stressed that this is a critical period for the
adulthood,

individuals develop long-term health-related habits,

development of emerging where
which are wusually related to weight- related
behaviours. This is a reflection of the transition
towards unhealthy behaviours, which is common in

this life period due to increased autonomy and

environmental factors. Another study done by
Deliens, T. et al. (2014)

determinants that affect the behaviour of college

identified some

students regarding their diet, which included social
environment, academic pressures, food availability,
and lifestyle constraints. However, the current
research attempts to provide further insight by
identifying the specific triggers of craving and the
rate of consumption among the students of a
particular group. Although the previous research was
focused on identifying the determinants of fast food
consumption among students through qualitative
research approaches, the current research was
conducted by employing the survey method, which
has enabled the clearer statistical representation of
the key behavioural determinants.

Another important aspect of the current
research, as distinguished from the previous
research, is the inclusion of behavioural motivations
as well as consumption patterns, which have helped
to attain a wider perspective on the determinants of
fast food cravings among students. The prominence
of taste and convenience as the key determinants has
also emphasized the current lifestyle of students,
who prefer fast food over healthy food.
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Table 1.2. Analysis of Student Eating Behaviours and Determinants

Aspect Interpretation (distinction level)

Frequency The majority (60%) consume fast food 2-3 times/week; only 5% rarely eat it, indicating
high dependency.

Reasons Taste is the strongest driver (81.1%); peer influence (59.8%)& convenience (55%) also
major.

Emotional Tiredness triggers cravings most (61.6%); stress (50%) & sadness (40%) are secondary

triggers emotional cues.

Implication Interventions should target taste-focused marketing, social environments, and fatigue-
management.

Furthermore, this study examines the
discrepancy between health consciousness and
dietary choices, implying that heightened health
awareness alone does not guarantee alterations in
food consumption.

Behavioural determinants, including stress
management techniques, social interactions, and the
accessibility of fast food options, continue to exert a
significant influence on dietary habits.

Therefore, the results of this research also
affirm the need for developing targeted nutrition
education, providing access to healthy foods in
campus settings, and developing lifestyle
interventions for promoting sustainable food habits

among young adults.

Conclusion:

The main purpose of the present study is to
reveal that the craving for fast food is extremely
high among college-going students and is influenced
by several behavioural and lifestyle aspects. The
participants of the research have a habit of
consuming fast food at least a few times a week, and
their main reasons for consuming fast food are taste,
convenience, peer influence, and stress relief.

Though a larger number of students are
aware of the health hazards of consuming too much
fast food, it does not influence their frequency of
consumption. This reveals that it is important to look
for alternative methods of behavioral change.

In comparison to previous research done on

this subject, this research will provide quantitative

data on the extent and reasons for craving fast food
among college students. This will give a better
insight into their current food habits.

In order to combat this growing problem,
educational institutions and other health-related
bodies should promote and offer healthy food, along
with awareness of health and stress management
techniques. It is of utmost importance to inculcate
healthy food habits during young ages in order to
avoid lifestyle diseases during their lifetime.

This research should be repeated among a
larger and more diverse group of students from
different  educational institutions, examining
different variables like socio-economic status,

academic pressure, and stress levels.
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Abstract:

Rapid urbanization has escalated municipal wastewater generation, necessitating cost-effective and
sustainable treatment alternatives. This study investigates the phytoremediation potential of Eichhornia
crassipes (water hyacinth) for treating municipal sewage. Sewage samples were formulated into five
treatment sets with varying concentrations (ranging from 20% to 100%) and treated with acclimatized
plants. Initial and final physicochemical parameters-including pH, solids (TSS, TDS), organic load (BOD,
COD), and nutrients-were analyzed to evaluate the plant's removal efficiency. The results demonstrated
substantial pollutant reductions across all concentrations. In the undiluted (100%) sewage, E. crassipes
achieved remarkable remediation, reducing BOD by 72.2%, COD by 64.0%, and TSS by 78.8%.
Furthermore, the plant successfully removed over 50% of critical eutrophication-inducing nutrients, such
as nitrates and phosphates. However, chloride concentrations remained largely unaffected, highlighting a
biological limitation of the macrophyte. These findings confirm that E. crassipes provides a highly effective,
eco-friendly, and economically viable biological filtration system for municipal wastewater management.
This approach is particularly beneficial for developing regions seeking sustainable alternatives to
conventional, energy-intensive treatment facilities.

Keywords: Constructed Wetlands, Eichhornia Crassipes, Municipal Sewage, Phytoremediation, Nutrient
Removal, Wastewater Treatment.

Introduction:

Rapid urbanization and population growth
have led to a substantial increase in municipal
wastewater generation worldwide. Municipal
sewage 1is typically characterized by high
concentrations of organic matter, suspended
solids, pathogenic microorganisms, and nutrients
such as nitrogen and phosphorus. If discharged
untreated, these pollutants degrade aquatic
ecosystems, trigger severe eutrophication, and
pose serious public health risks (Tchobanoglous
et al., 2014; World Health Organization [WHO],
2017). While conventional wastewater treatment

systems are highly effective, they require

significant capital investment, continuous energy
supplies, and specialized technical expertise.
These barriers make them difficult to implement
in many developing regions, where untreated
sewage frequently contaminates surface and

groundwater sources relied upon for drinking and

irrigation  (United ~ Nations  Environment
Programme [UNEP], 2016).
To address these challenges,

phytoremediation has emerged as a sustainable,
low-cost, and eco-friendly alternative for
wastewater treatment. This biological method
utilizes aquatic macrophytes to remove pollutants

through mechanisms such as phytoaccumulation,
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phytodegradation, rhizofiltration, and synergistic
microbial interactions within the rhizosphere
(Phytoremediation of Contaminated Soil and
Water, 2003). Beyond improving water quality,
this sustainable technology produces useful
biomass that can be harvested for composting,
biogas production, and animal feed (Food and
Agriculture Organization [FAO], 2013).

Among aquatic plants, Eichhornia
crassipes (water hyacinth) is widely recognized
as one of the most efficient phytoremediators. Its
rapid growth rate, massive biomass production,
and extensive fibrous root system provide a vast
surface area that enhances both direct nutrient
uptake and rhizosphere microbial activity (Reddy
& Smith, 1987; Rezania et al., 2015). Studies
have consistently shown that E. crassipes
effectively reduces biochemical oxygen demand
(BOD), chemical oxygen demand (COD),
suspended solids, and nutrient loads in municipal
wastewater.

Building upon these findings, the present
study evaluates the phytoremediation efficiency
of E. crassipes under varying sewage
concentrations. Municipal sewage was diluted
using distilled water to prepare treatment sets
ranging from 20% to 100% concentration. By
analyzing the initial and final physicochemical
parameters across these sets, this research aims to
systematically assess the plant's capacity to
remove organic loads and nutrients from
municipal wastewater, providing insights into its
optimal application for sustainable water

management.

Materials and Methods:

1. Sample Collection and Treatment
Preparation:

Municipal sewage samples were collected
from the influent channel of a local sewage
treatment facility using clean polyethylene

containers. To minimize microbial alterations

prior to experimentation, the samples were
transported to the laboratory and stored at low
temperatures. Five treatment sets were then
prepared to establish a range of wastewater
concentrations suitable for phytoremediation
analysis. The collected sewage was carefully
diluted with measured volumes of distilled water
to yield solutions of 20%, 40%, 60%, 80%, and
100%  (undiluted) municipal sewage. All
treatment solutions were prepared in identical,
thoroughly pre-cleaned plastic containers, and
equal volumes were maintained across all sets to
ensure consistent and comparable experimental
conditions.

2. Plant Acclimatization and Experimental
Setup:

Healthy Eichhornia crassipes plants were
harvested from a freshwater pond and washed
thoroughly with tap water, followed by distilled
water, to remove attached debris and epiphytes.
Prior to the experiment, the plants were
acclimatized in clean water for 5 to 7 days to
stabilize their physiological conditions. Following
acclimatization, an equal biomass of the plant was
introduced into each of the five treatment
containers. Corresponding control sets, containing
the wastewater dilutions but no plants, were also
maintained to establish baseline degradation rates.
The experiment was conducted under natural light
conditions at room temperature, with water levels
actively maintained throughout the fixed 10-to-
15-day treatment duration.

3. Physicochemical Analysis:

To evaluate the phytoremediation
efficiency and pollutant removal, water samples
from each treatment set were analyzed both
initially and at the conclusion of the experimental
period. All analyses strictly followed the
standardized procedures outlined in the Standard
Methods for the Examination of Water and
Wastewater, 23rd edition (APHA, AWWA, &
WEF, 2017). The physicochemical parameters
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measured included pH, electrical conductivity
(EC), total suspended solids (TSS), total
dissolved solids (TDS), total solids (TS),
biochemical oxygen demand (BOD), chemical
oxygen demand (COD), nitrate, phosphate,
sulphate, chloride, ammoniacal nitrogen, and total
nitrogen. These parameters were selected to
provide a comprehensive assessment of the
wastewater’s organic load, ionic concentration,
and eutrophication-inducing nutrient levels
(Metcalf & Eddy, Inc. et al., 2014). To ensure
accuracy and minimize experimental error,
standard calibration procedures were followed,
and all measurements were performed in triplicate
with the average values recorded.

4. Data Analysis:

To evaluate the overall effectiveness of
the phytoremediation process, the removal
efficiency for each physicochemical parameter
was quantified. The percentage of pollutant
reduction was calculated using the following
equation:

Removal Efficiency (%) = {[Initial Value
- Final Value]/Initial Value}x 100

The calculated

systematically compared across the five treatment

results were then

concentrations. This  comparative  analysis

allowed for a thorough assessment of the plant's
varying capacity for pollutant uptake and helped
identify the optimal sewage concentration for

effective phytoremediation.

Results and Discussion:

The efficiency of Eichhornia crassipes in
remediating  municipal =~ wastewater  was
systematically evaluated by comparing the
physicochemical parameters of the water before
and after the experimental treatment period. To
establish an accurate baseline, Table 1 presents
the initial and final characteristics of the dilution
water treated with the macrophytes in the absence
of municipal sewage (the control set). The core
experimental data for the wastewater dilutions are
detailed in the subsequent tables. Table 2 outlines
the initial physicochemical profiles of the five
formulated treatment sets (ranging from 20% to
100% sewage concentration) prior to biological
intervention. Following the phytoremediation
of these

respective sets were recorded and are displayed in

process, the final characteristics

Table 3, illustrating the plant's capacity for
pollutant reduction across the different dilution

gradients.

Table 1: Before and after characteristics of water used for dilution and in control set with Eichhornia

crassipes without municipal sewage.

. Measured Initial Measured Final

Parameter Unit
Value Value
pH — 7.2 7.0
EC (Electrical
26

Conductivity) nS/em 305 3
TSS (Total Suspended

/L 7 2.5
Solids) me
TDS (Total Dissolved

. /L 152 141

Solids) me
TS (Total Solids) mg/L 163 143
BOD (Biochemical mg/L L1 0.4
Oxygen Demand)
COD (Chemical mg/L 2.5 1.5
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Oxygen Demand)

NO3 (Nitrates) mg/L 6.1 3.1

PO, (Phosphates) mg/L 0.2 0.9

SO, (Sulphates) mg/L 22 19

CI™ (Chlorides) mg/L N/A N/A

Ammoniacal Nitrogen | mg/L 0.05 0.01

Total Nitrogen mg/L 0.34 0.14

Table 2: Initial physicochemical characteristics of Municipal Sewage influent and Treatment sets

prepared with dilution water.

. Set 11 Set 111 Set IV SetV
Parameter | Unit Set I (20%) 40%) 60%) 80%) (100%)
pH — 7.2 7.4 7.6 7.9 8.1
EC puS/cm 15 15 17 18 19
TSS mg/L 72 99 137 221 331
TDS mg/L 322 465 576 621 846
TS mg/L 394 564 713 842 1177
BOD mg/L 19 37 54 74 90
COD mg/L 58 110 161 210 264
NO; mg/L 6 11 15 21 26
PO, mg/L 4 9 12 14 20
SO, mg/L 15 38 62 77 98
CI mg/L 48 72 110 221 335
ﬁﬁﬁgm mg/L 10 13 16 19 22
Total

. mg/L 23 54 77 97 124

Nitrogen

. Set 11 Set IIT Set IV Set V
Parameter | Unit Set I (20%) 40%) (60%) 80%) (100%)

Table 3: Final physicochemical characteristics of Municipal Sewage influent and Treatment sets

prepared with dilution water.

. Set 11 Set 111 Set IV SetV

Parameter | Unit Set I (20%) 40%) (60%) 80%) (100%)
pH — 6.8 6.9 7.1 7.3 7.4
EC puS/cm 11 10 11 12 13
TSS mg/L 12 18 25 45 70
TDS mg/L 260 360 440 480 650
TS mg/L 272 378 465 525 720
BOD mg/L 3.5 8.0 12.5 18.0 25.0
COD mg/L 15.0 30.0 48.0 70.0 95.0
NO3 mg/L 1.8 35 5.0 8.5 11.0
PO, mg/L 0.8 2.2 3.5 5.5 9.0
SO, mg/L 11.5 28.0 48.0 62.0 80.0
CI- mg/L 44 68 105 215 328
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Amm.
T mg/L 15 25 4.0 6.5 9.0
Nitrogen
Total
ot mg/L 6.0 16.0 28.0 42.0 58.0
Nitrogen
Table 4: Before and After characteristics at a glance in the treatment sets

P t
(Szi;“e C | SetT(20%) | SetTI (40%) | Set IIL (60%) | Set IV (80%) | Set V (100%)
Parameter | Before | After | Before | After | Before | After | Before | After | Before | After
pH 7.2 6.8 7.4 6.9 7.6 7.1 7.9 7.3 8.1 7.4
EC

1 11 1 1 1 11 1 12 1 1
(uS/cm) 5 5 0 7 8 9 3
1SS 72 12 99 18 137 25 221 45 331 70
(mg/L)
TDS

322 260 465 360 576 440 621 480 846 650
(mg/L)
TS

394 272 564 378 713 465 842 525 1177 720
(mg/L)
BOD 19 3.5 37 8.0 54 125 |74 18.0 |90 25.0
(mg/L)
cOD 58 15.0 110 30.0 | 161 48.0 |210 70.0 | 264 95.0
(mg/L)
NO;

6 1.8 11 3.5 15 5.0 21 8.5 26 11.0
(mg/L)
PO,

4 0.8 9 2.2 12 3.5 14 55 20 9.0
(mg/L)
SO,

15 11.5 |38 280 |62 480 |77 62.0 |98 80.0
(mg/L)
Cl” (mg/L) | 48 44 72 68 110 105 221 215 335 328
Amm.
Nitrogen 10 1.5 13 2.5 16 4.0 19 6.5 22 9.0
(mg/L)
Total
Nitrogen 23 6.0 54 16.0 |77 280 |97 420 | 124 58.0
(mg/L)

1. Control Set and Baseline Activity:

The initial and final characteristics of the
dilution water treated with Eichhornia crassipes
(Table 1) demonstrated the baseline metabolic
activity of the plants in the absence of municipal
sewage. Minor reductions in baseline parameters,
such as a drop in Total Dissolved Solids (TDS)
from 152 mg/L to 141 mg/L and Chemical
Oxygen Demand (COD) from 2.5 mg/L to 1.5

mg/L, indicate that the acclimatized plants were
actively filtering the water and taking up trace
nutrients prior to heavy pollutant exposure. The
characteristics of water used for dilution &
control set was analyzed before and after the
experimental study and results are graphically
presented in Fig. 1.
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Before and after characteristics of water used for dilution
& control set

B Before treatment

m After Treatment

Parameter

Respective Value

Fig. 1: Before and after characteristics of
water used for dilution & control set

2. Changes in pH and Electrical Conductivity
(EC):

The initial pH of the municipal sewage
sets ranged from 7.2 (Set I) to 8.1 (Set V).
Following the phytoremediation period, the pH
levels in all treatments trended toward neutrality,
ranging from 6.8 to 7.4 (Table 3). This
neutralization is a well-documented effect of
phytoremediation, attributed to the release of
organic exudates from the plant roots and the
absorption of nutrient ions, which buffer the
aquatic environment (Mahmood et al., 2005).
Electrical conductivity also exhibited a reduction
across all sets, reflecting the active uptake of
dissolved ionized solutes by the extensive root

system of E. crassipes.

EC (nS/cm) Before & After Treatment

EC (uS/cm)

Afte
r

Afte |Befo
r|re

Befo|Afte [Befo|Afte Befo|Afte [Befo
re| rlre| r|re|r|re

Setl | Setll | Setll | Setlv | Setv
(20%) | (40%) | (60%) | (80%) | (100%)

\_|mEC (us/em)| 15 [ 11 |15 |10 |17 |11 | 18] 12| 19|13

Fig. 2: Comparison of Electrical Conductivity
(EC) in pS/cm before and after treatment
across different concentration sets.

3. Reduction of Suspended and Dissolved
Solids:

E. crassipes demonstrated a profound
capacity for physical filtration and root-assisted
sedimentation. In the undiluted sewage (Set V),
Total Suspended Solids (TSS) were reduced from
331 mg/L to 70 mg/L, achieving a highly
effective removal efficiency of 78.8%. TDS and
Total Solids (TS) were also substantially reduced.
The massive, fibrous root system of the water
hyacinth acts as a mechanical filter that traps
suspended matter while simultaneously absorbing
dissolved organic and inorganic solids (Maine et
al., 2001).

TSS, TDS & TS contents Before & After

= Treatment

)

E

v

S

o

: 1

vy

Befor After Befor After Befor After Befor After Befor After
e e e e e

SetV
(100%)

WSS | 72 | 12 | 99 | 18 | 137 | 25 | 221 | 45 (331 | 70
BTDS | 322 | 260 | 465 | 360 | 576 | 440 | 621 | 480 | 846 | 650
TS | 394 | 272 | 564 | 378 | 713 | 465 | 842 | 525 (1177|720

Set | (20%) |Set 11 (40%) [Set 11 (60%)Set IV (80%

Fig. 3: Comparison of Total Suspended Solids
(TSS), Total Dissolved Solids (TDS), and Total
Solids (TS) contents in mg/L before and after

treatment across different concentration sets.

4. Organic Load Removal (BOD and COD):
The initial Biochemical Oxygen Demand
(BOD) and COD for the 100% sewage
concentration (Set V) were 90 mg/L and 264
mg/L, respectively. After treatment, these values
plummeted to 25 mg/L and 95 mg/L, representing
a removal efficiency of 72.2% for BOD and
64.0% for COD. Similar high-efficiency trends
were observed across the diluted sets (Sets I - IV).
This significant depletion of the organic load is
primarily driven by the symbiotic relationship

between the aquatic macrophyte and the
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microbial communities residing in its rhizosphere.
The plant roots release oxygen and carbon
exudates, establishing an aerobic micro-zone that
rapidly accelerates the microbial degradation of
complex organic pollutants (Brix, 1997; Rezania
et al., 2015).

BOD & COD Before & After Treatment

BOD/COD (mg/L)

Before| After |Before| After [Before| After |Before| After [Before| After

Set | (20%) | Set Il (40%) | Set Il (60%) | Set IV (80%) | Set V {100%)
mBOD| 19 | 35 | 37 | 8 [ 54 |125| 74 | 18 | 90 | 25
mCoD| 58 | 15 | 110 | 30 [ 161 | 48 | 210 | 70 | 264 | 95

Fig. 4: Comparison of Biochemical Oxygen
Demand (BOD) and Chemical Oxygen
Demand (COD) in mg/L before and after

treatment across different concentration sets.

5.  Nutrient
Phosphorus):

Uptake  (Nitrogen and

Nutrient removal is one of the primary
advantages of utilizing E. crassipes. In Set V,
nitrate (NO3) decreased from 26 mg/L to 11 mg/L
(57.6% removal), while phosphates (PO,) were
reduced from 20 mg/L to 9.0 mg/L (55.0%
removal). Furthermore, total nitrogen was
reduced by more than 53% in the undiluted set.
Water hyacinths have exceptionally high nutrient
demands to support their rapid biomass
proliferation. The removal of nitrogen and
phosphorus occurs largely through direct plant
assimilation and subsequent conversion into plant
tissue, alongside coupled microbial nitrification-
denitrification processes in the root zone (Reddy
& DeBusk, 1987).

N
S

Nitrates and Phosphates Before & After
Treatment

Nitrates/Phosphates(mg/L})

Lll

Befo ﬂerBEfOAfte BefOAfte Befo After Befo e
re re re re re

Setl | Setll | Setll | Setlv | SetV
(20%) | (40%) | (60%) | (80%) | (100%)

BNOs| 6 18|11 |35|15| 5 |21(85| 26|11
\_ WPOs | 4 |08| 9 |22|12 (35|14 |55|/20| 9

Fig. 5: Comparison of Nitrates (NO3) and
Phosphates (PO4) concentrations in mg/L

before and after treatment across different

concentration sets.

Ammonical Nitrogen and Total Nitrogen
Before & After Treatment

=
)
£
=4
: 1
=
) 1
Befor After Befor After BEforAfter Befor| After Befor After
e e e e e
Set IV SetV
Set | (20%) [Set 1l (40%)Set 11l (60%
et1(20%) Set Il (40%)Set I (60%) ooy | (100%)

HAN| 10 | 15| 13 | 25| 16 | 4 19 | 65| 22 9
HWIN| 23 6 | 54 | 16 | 77 | 28 | 97 | 42 | 124 | 58

Fig. 6: Comparison of Ammonical Nitrogen
(AN) and Total Nitrogen (TN) concentrations
in mg/L before and after treatment across
different concentration sets.

6. Behavior of Inorganic Ions:

While parameters like sulphates (SO,)
saw moderate reductions (e.g., 98 mg/L to 80
mg/L in Set V), chloride (Cl7) ions remained
largely  unaffected. ~The initial chloride
concentration in Set V was 335 mg/L and only
decreased slightly to 328 mg/L. This ~2%
reduction highlights a known limitation of
phytoremediation: macrophytes generally do not

biologically metabolize or volatilize chlorides
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efficiently. The minor reduction observed is likely
due to trace cellular uptake rather than bulk
degradation,  confirming  that  alternative
treatments may be necessary if high salinity or
chloride toxicity is the primary concern in the

effluent (Metcalf & Eddy, Inc. et al., 2014).

Sulfates and Chlorides Before & After
Treatment
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Fig. 7: Comparison of Sulfates (SO4) and
Chlorides (Cl-) concentrations in mg/L before

and after treatment across different

concentration sets

Conclusion:

The present study demonstrates that
Eichhornia crassipes (water hyacinth) is a highly
efficient, sustainable, and eco-friendly biological
agent for the remediation of municipal
wastewater. The experimental data revealed a
profound reduction in major physicochemical
pollutants across all sewage concentrations (20%
to 100%). Notably, in the undiluted municipal
sewage (Set V), the macrophyte achieved
significant removal efficiencies for both organic
loads-reducing Biochemical Oxygen Demand
(BOD) by 72.2% and Chemical Oxygen Demand
(COD) by 64.0%—and suspended solids, which
were reduced by nearly 79%. These results
confirm the plant's robust capacity for physical
filtration and its ability to foster an active
microbial

rhizosphere that accelerates

degradation.

Furthermore, E. crassipes proved highly
effective in mitigating eutrophication-inducing
nutrients, successfully removing over 50% of
nitrates, phosphates, and total nitrogen from the
raw sewage. While the plant showed remarkable
overall remediation capabilities, the study also
highlighted a known biological limitation: it was
largely ineffective at removing chloride ions,
indicating that secondary treatments may be
required if high salinity is a primary concern.

Ultimately, this research underscores the
viability of phytoremediation as a low-cost
alternative to conventional, energy-intensive
wastewater treatment plants. By utilizing E.
crassipes, developing regions can effectively
manage municipal sewage, prevent the
contamination of vital water bodies, and
simultaneously  generate  harvestable plant
biomass that can be repurposed for bioenergy or

agricultural compost.
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Abstract:

Scented aerosols have evolved from specialized beauty products into essential lifestyle commodities,
now pervasive in daily routines through deodorants, perfumes, room fresheners, and cosmetic sprays. This
project analyzes the significance of aerosols as a lifestyle necessity, their widespread adoption across
demographics, and the public health implications associated with their usage. The analysis establishes the
context of aerosols in modern life, focusing on allergens, usage patterns, and consumer awareness.
Aerosols have become integral to daily life due to their time-saving properties and versatility in
applications ranging from personal care to household cleaning. Their long shelf life and precise dispensing
mechanisms further contribute to reliability and cost-effectiveness, solidifving their global appeal.

The methodology examines diverse demographics, highlighting product adaptability across
personal care, automotive, and industrial sectors. It underscores how regional preferences, climate, and
regulatory norms influence global adoption trends. Additionally, demographic insights reveal patterns
influenced by age, gender, and lifestyle factors, offering a nuanced understanding of how aerosol products
affect different age groups. Health and safety concerns are addressed through discussions on proper usage
practices and the necessity of awareness campaigns to mitigate potential risks. By evaluating existing
standards and proposing enhancements, the report advocates for aligning aerosol policies with broader
public health goals, ensuring safe and responsible usage across all consumer sectors.

Keywords: Scented Aerosols, Allergens, Consumer Awareness, Usage Patterns, Public Health.

Introduction: consumer rarely looks into the chemical

This field project focuses on a product
that has become an essential part of modern daily
life- perfumes and fragrances. Once considered as
luxury items, these personal grooming products
are now used by almost everyone, regardless of
age or gender. They have been found to be
popular among  students and  working
professionals, for whom personal presentation is a
key part of social and professional interaction.
The goal was to study a consumer product that
has a high frequency of use and direct contact
with the human body. Perfumes were selected

because, despite their popularity, the average

complexity behind the scent. The field project
aimed to bridge the gap between daily usage and
the potential health effects of these products.

During the initial literature review, it was
discovered that many perfumes contain a variety
of acute allergens. Scientific research suggests
that while these scents improve the user's
experience, they often contain synthetic
compounds and essential oils that can trigger skin
irritation, respiratory issues, or allergic reactions
6.

Scented aerosol products like deodorants,
body sprays, perfumes, and room fresheners used
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to be seen as luxury items for a small group of
consumers. Over time, though, they’ve
increasingly become part of everyday life and are
now widely used across different income and
social groups. Deodorants, fragrances, and
aerosol products more broadly have become a
common part of everyday life, and people of all
ages, men, women, and children use and enjoy
them. These products have built a large customer
base, especially among college students, working
professionals, and upper-middle-class individuals
who care about their image and generally follow
specific preferences for how they dress and
groom 10.

On the surface, many modern consumer
products look harmless, but most people don’t
think about the complicated blend of chemicals in
everyday items that seem harmless, like scented
acrosols used for hair styling or body sprays.
These products include synthetic fragrance
chemicals, along with volatile organic
compounds, propellants, and oil-based ingredients
that come from essential oils. Even though
aerosols are convenient to use and easy to throw
away on the go, the evidence linking these
products to harmful health effects is growing.
Many of their ingredients have been shown to
trigger skin sensitization, allergic contact
dermatitis, breathing problems, and possibly even
disrupt the endocrine system. Limonene,
cinnamaldehyde, and phthalates are common
ingredients found in aerosols, and they may be
linked to negative health effects. 1., 9.

This study looked at how people use
scented aerosol products, how well they
understand common fragrance linked allergens,
and what that might mean for public health. The
main goal was to find out how aware frequent
users of these products are of the chemical health
risks linked to regular use, and to look at the gap

between the hygiene benefits people believe they

get from using them and the physical harm they
may actually cause.

The study did not concentrate on any
particular brand or specific scented-aerosol
product line. These kinds of products are made by
a wide range of companies, from familiar brands
that sell household spray products to premium
fragrance houses. Each one tends to have its own
approach and formulas, and you’ll often see
differences in the solvents they use, the active
ingredients, and the overall scent profile. Because
the study does not focus on just one brand, its
results are not restricted to the product chemistry
and customer demographics associated with any
single brand.

This study is not centered on the toxicity
of any single aerosol product. Instead, it points to
and critiques a wider, category-level problem:
many consumers are not aware of the possible
health risks associated with aerosol products.
Many well-known allergens, like limonene and
eugenol, show up in products from a wide range
of brands and at different price levels.
Furthermore, the health risks from inhaling 3. The
propellant in aerosol products, as well as the risk
of exposure to skin allergens from aerosol
packaging, are not tied to any one brand. They are
issues that come with the aerosol product
category as a whole. For that reason, it makes the
most sense to take a brand-neutral approach to the
research, so the results stay relevant, ethically
sound, and not tied to any particular side.

This study looks at consumer behavior
and awareness at a broader category level. In
other words, it focuses on how scented aerosols in
general may affect users’ health and wellbeing,
rather than examining only products sold under
the Triumph brand, and it brings a fresh

perspective.
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Literature Review:

Scented aerosols are made up of different
chemical compounds which are known to cause
health problems. There were studies which have
shown that ingredients like limonene and
cinnamaldehyde may lead to skin irritation and
allergic reactions, especially when they come in
contact with air and form more reactive
substances 5.

The other compound of concern is the use
of phthalates in perfumes, which help the scent
last longer in fragrances. These chemicals are
known to act as endocrine disruptors, meaning
they can affect the body’s hormonal balance and
may have long-term effects 4.

Aerosol sprays also release very fine
particles into the air. When inhaled, they can
irritate the respiratory system and may worsen
conditions like asthma or allergies 3.

At the same time, it has been observed
that many consumers are not fully aware of these
risks and often do not check ingredient labels.
Even when side effects are experienced, people
tend to continue using these products, mainly due

to personal preference and habit.

Problem Statement:

Scented Aerosols are now widely known
to cause health issues such as contact dermatitis,
asthma, and rhinitis. Many studies have shown
that regular exposure to these chemicals,
especially through products like aerosols, can
negatively affect health.

Many products containing potentially
harmful allergens are sold without proper
awareness or labeling. As a result, consumers
often do not have enough information to make
safe and informed choices.

This study suggests that many of the health
problems seen in regular aerosol users could

actually be prevented. A major reason behind

these issues is the lack of clear information shared

between manufacturers and consumers.

Research Objectives:
The Study 1is based on following
objectives:

1. To understand usage patterns of consumers
and their preferences of application.

2. To know how aware the study participants
are about the allergens present in the
scented aerosol products.

3. To connect the side effects of aerosols faced
with the application site.

4. To study if there is any relationship
between the frequency of use of aerosols,
allergen awareness and health of the

consumers.

Research Methodology:

This research was conducted using a
survey-based approach to correlate usage patterns
of scented aerosols and their possible health
effects among consumers.

e Demographics:

Most of the participants were in the 18-25
age group (52.5%), so the results mainly reflect
the habits and awareness of young adults. When
looking at gender, a higher number of responses
came from females (66.9%) compared to males
(32.5%). This could be because females are
generally more involved in personal care and
hygiene-related products, or simply more willing
to respond to such surveys.

e Sample collection:

Data was collected through an online
questionnaire. It included questions about how
often people use scented aerosol products, how
they use them, and whether they are aware of the
chemicals and allergens present in these products.
Some basic questions about general hygiene
practices were also included. Conducting the
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survey online made it easier to reach more people
in a short time.
e Data interpolation:

The responses were studied using charts
and graphs so that patterns could be seen more
clearly. This made it easier to understand
common usage habits among participants. The
data was also looked at to see if there was any
link between how aware people are about
allergens and the kind of side effects they
experience. Based on this, the study tries to
understand whether lack of awareness and usage

habits are connected to health issues.

Interpretation:
1. Side effects observed vs usage patterns:

From the data, there seems to be a
connection between how scented aerosols are
used and the kind of side effects people
experience. Most participants (86.2%) said they
apply aerosols on their clothes, while around
32.5% use them directly on their skin.

Even though application on clothing is

more common, many participants still reported
respiratory issues like sneezing (33.4%) and
headaches (32.1%). This might be happening
because aerosol sprays spread in the air as a fine
mist, so people end up inhaling them anyway, no
matter where they apply it.
When it comes to skin application, the link is
more direct. A noticeable number of users who
apply aerosols on their skin reported irritation
(15.7%) and rashes (10.8%). This could be related
to the presence of certain chemicals or allergens
in the product.

At the same time, not everyone reported
problems. Around 45.2% of participants said they
did not face any side effects. Still, more than half
experienced at least one issue, which is quite
significant. It shows that while these products are
commonly used, they may not suit everyone in

the same way.

So, looking at the overall pattern, the way
aerosols are used does seem to affect the type of
health problems reported. Both inhalation and

direct skin contact appear to play a role here.

Side effects not Observed

side effects ohserved

Figure 1: Pie-chart of the side effects observed by
the surveyed population
2. Product

Awareness: The Literacy Gap:

Consumption vs. Allergen

The findings suggest that there may be a
connection between how often aerosol products
are used and the type of health effects reported by
individuals. A large proportion of participants
reported using these products on a regular basis,
which increases the chances of repeated exposure
to different chemical components over time.

Many respondents (62.9%) mentioned
that they use aerosol products to feel clean and
well-groomed. While this creates a sense of
improved hygiene, it does not always reflect the
actual impact on health. Continuous exposure,
even at low levels, can still lead to unwanted
effects in the long run.

Another point that stands out is the
limited awareness regarding what these products
contain. About 70.8% of participants were not
aware that certain ingredients, such as limonene,
may act as allergens. Because of this, people may
continue using these products without fully
understanding the possible risks involved.

There also appears to be a gap when it
comes to linking symptoms with their cause.
Symptoms like sneezing (33.4%) and headaches
(32.1%) were commonly reported, but they are
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not always associated with aerosol use. One
possible reason is that these sprays spread easily
in the air and can be inhaled without direct
application.

In addition, only 29.2% of respondents
were aware that the propellant gases used in
aerosols may also be harmful. This shows that
labels such as “natural” or “safe” do not always
give a complete picture of the product.

Overall, it can be understood that many
individuals continue using aerosol products out of
habit or preference, even when there are
indications that they may not be entirely suitable
for them.

80

60
40
30
nmni
10

0

Pthalates Limonene or acute effects
Cinnamaldehyde

Percentage (%)
P
Z

B %of populationwhoare aware W% of population who are notaware

Figure 2. Consumer awareness of commonly

known allergens.

1. 32.5 % Participants are aware that
Phthalates can act as acute endocrine
disruptors.

2. 29.2 % Participants are aware that
ingredients like Limonene or

Cinnamaldehyde are common acute
allergens in perfumes.

3. 33.4 % participants are aware about the
acute effects of aerosols on the body.

3. Hygiene and the awareness of allergens:

More than half of the participants (55.4%)
said that they have experienced some side effects
after using scented aerosol products. This is
important because a good number of people

(39.64%) also mentioned that they use these

products several times a day. So naturally, the

exposure is not just once but repeated again and
again.

For most people, the main reason behind
using these aerosols is related to hygiene. Around
89.5% strongly believe that controlling body odor
is an important part of staying clean. Because of
this, many of them (76.6%) use aerosol sprays as
a quick way to feel fresh, especially when they
are in a hurry or going out.

But at the same time, there is less
awareness about what these products actually
contain. Nearly 43.5% of participants were not
aware that aerosols may have allergens or can
cause short-term effects. So even if they are
facing some problems, they might not realize the
reason behind it.

Looking at all this together, it seems that
people focus more on feeling fresh and
presentable, and continue using these products
regularly, even though some of them are already
experiencing side effects and are not fully aware
of the risks.

Conditions Values |Percentages

INo of participants
experiencing side effects
on usage of Scented
aerosols

169 55.4%

INo of participants using
aerosols multiple times on| 67 39.64%

a daily basis

INo of participants out of
them who believe that
hygiene is indicated by
good body odor

60 89.5%

Out of these how many
use aerosols for a quick 46 76.6%
refresh

From these , the No of
participants who are not
aware about the presence 20 43.5%
of allergens and their
acute effects on the body
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Statistical Correlation of Application Site and
Skin-related symptoms:

To understand the actual effect of aerosol
exposure on the body, especially on the skin,
statistical analysis was carried out. The main
focus was to see whether the place where the
product is applied causes skin-related problems
like rashes, irritation, or itching. Earlier data
showed that about 18.03% of participants
experienced some kind of skin reaction, but that
alone doesn’t explain why it happened.

So, to look deeper into this, the Odds
Ratio (OR) method was used. This is a statistical
way to check how strongly two things are
connected in this case, the method of application
and the chances of developing skin issues. Here,
effects observed by participants applying scented
aerosol products directly on skin is compared
with the participants who applied aerosol
products on clothes.

For this, the data is divided into four parts
so that the calculation could be done properly.
Among those who applied the product directly on
their skin, 30.91% reported skin-related
symptoms, while 17.70% did not face any issues.
On the other hand, in the group that mainly
applied aerosols on clothing, 61.82% still
reported experiencing skin problems, whereas
42.30% said they did not notice any side effects.

Interpreting the data in this way helps in
clearly comparing both types of exposure. It also
shows that just avoiding direct skin application
does not completely remove the risk, which
makes the findings more interesting and worth

further attention.

Statistical Interpretation of Results:

Using the values derived from these
observations, the Odds Ratio was calculated as
follows:

_(30.91/69.09) 0447

OR 0.27

~ (61.82/38.18)  1.619

Figure 4: Statistical calculation of the Odd Ratio

An Odds Ratio (OR) value of 0.27 gives
an important idea about how aerosol use is related
to skin problems. In general, an OR of 1 means
there is no connection between the exposure and
the outcome. But here, since the value is 0.27, it
shows that the risk is not the same in both cases
and is actually reduced depending on how the
product is applied. In simple terms, it means that
the chances of getting skin irritation or rashes
change noticeably when comparing direct
application on the skin with application on
clothing.

This result suggests that the way aerosols
affect the body is not just because of the
chemicals present, but also because of how
directly they come in contact with the skin. The
skin acts as a barrier, and when this barrier is
reduced like in direct application the interaction
becomes different compared to when a layer of
clothing is present in between.

So, even though aerosols are chemical-
based products, their actual effect on the body
depends a lot on this level of contact. This also
opens up scope for further understanding how
these substances pass through materials like
fabric versus how they get absorbed directly into
the skin.

Limitations and Future scope:

Like any study, this research also has
some limitations. It is not possible to clearly
prove the cause- effect relationship between
aerosol use and health issues reported as it is just
a survey based research. The study mainly shows

possible connections, not definite conclusions.
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Another limitation is the sampling
method. The survey was conducted using
convenience sampling, and most participants
were educated youth including students and
working participants. Because of this, the results
may not fully represent the entire Indian
population, especially people from rural areas,
older age groups, or different economic
backgrounds.

The study also relies on self-reported
data, which may not always be completely
reliable. Participants might forget certain details,
misunderstand symptoms, or incorrectly link their
health issues to aerosol use.

For future studies, more detailed and
accurate methods can be used, such as clinical
testing for allergies or respiratory problems.
Further studies can also focus on long-term
exposure to such products and include a more
diverse population. Analysing the chemical
composition of commonly used products and
increasing awareness among consumers could be

important areas to explore further.

Conclusion:

The study highlights the importance of
consumer awareness in the selection of personal
care products, particularly emphasizing the need
to read and understand product labels. It reveals
that although certain products may cause mild
irritation, consumers often continue using them
due to habitual preferences. Additionally, the
findings indicate a clear age-related pattern in
fragrance preferences: younger consumers tend to
favor strong, long-lasting synthetic scents,
whereas older individuals show a preference for
natural or traditional fragrances, possibly due to

familiarity and perceived safety.

Recommendations:

1. Consumers should be encouraged to
carefully read product labels and make
informed choices based on ingredients and
potential effects.

2. Awareness programs should be conducted
to educate consumers about the possible
long-term effects of continued use of mildly
irritating products.

3. Industries should focus on developing safer,
skin-friendly, and environmentally

considerate formulations to meet evolving
consumer expectations.

4. Manufacturers can consider age-specific
preferences in fragrance formulation,
offering a balanced range of both synthetic
and natural scent options to cater to diverse

consumer groups.

References:

1. https://toxicslink.org/wp-
content/uploads/2022/08/Phthalate%20F ac
tsheet.pdf

2. https://pme.ncbi.nlm.nih.gov/articles/PMC9
163252/

3. https://doi.org/10.1007/511869-019-00693-
w

4. hitps://www.mdpi.com/2673-396X/5/3/27

5. https://pmc.ncbi.nlm.nih.gov/articles/PMC8

247875/

6. https://pme.ncbi.nlm.nih.gov/articles/PMC6
040011/

7. hitps.//pmc.ncbi.nlm.nih.gov/articles/PMC3
404651/

8. https://pmc.ncbi.nlm.nih.gov/articles/PMCI
0946881/

9. https://pmc.ncbi.nlm.nih.gov/articles/PMC7
995140/

10. https://onlinelibrary.wiley.com/doi/10.1111
/ij

49


https://toxicslink.org/wp-content/uploads/2022/08/Phthalate%20Factsheet.pdf
https://toxicslink.org/wp-content/uploads/2022/08/Phthalate%20Factsheet.pdf
https://toxicslink.org/wp-content/uploads/2022/08/Phthalate%20Factsheet.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC9163252/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9163252/
https://doi.org/10.1007/s11869-019-00693-w
https://doi.org/10.1007/s11869-019-00693-w
https://www.mdpi.com/2673-396X/5/3/27
https://pmc.ncbi.nlm.nih.gov/articles/PMC8247875/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8247875/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6040011/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6040011/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3404651/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3404651/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10946881/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10946881/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7995140/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7995140/

International Journal of Advance and Applied Research e
www.ijaar.co.in =

ISSN - 2347-7075 Impact Factor - 8.141 "é’w

Vol. 7 No. 41 May - June - 2026

Peer Reviewed Bi-Monthly
Long-Term Stability of Urinary Creatinine in Mixed Biological Stains: A Jaffé Test

Based Forensic Study

Nakul Kharat! & Dr. Anjali Naik?
IM.Sc. Forensic Science, Department of Forensic Biology, Government of Institute of Forensic Science,
Chhatrapati Sambhajinagar, Maharashtra, India-431003
2 Assistant Professor, Department of Forensic Biology, Government of Institute of Forensic Science,

Chhatrapati Sambhajinagar, Maharashtra, India-431003
Corresponding Author — Dr. Anjali Naik
DOI - 10.5281/zenodo.20756646

Abstract:

Urinary creatinine is a well-established biomarker for confirming the presence of urine in forensic
evidence. This study evaluated the persistence and detectability of urinary creatinine on ceramic tile and
poly-cotton fabric using the Jaffé colorimetric test under ambient storage conditions (35—42 °C; 30-50%
relative humidity). Human urine (10 mL) was deposited on ceramic tiles, while 5 mL of urine was mixed
with 5 mL of blood, semen, or saliva and applied to poly-cotton fabric to simulate realistic mixed stains. All
samples were air-dried and analysed at 7-day intervals over 270 days using sterile swabs and 1 cm? fabric
cuttings. The Jaffé test, involving sequential application of 1.2% picric acid and 5% sodium hydroxide,
produced a distinct red-orange chromophore in the presence of creatinine. Descriptive statistical analysis
showed mean absorbance values of 0.405 £ 0.056 for polycotton (urine), 0.423 + 0.033 for ceramic (urine),
0.398 £ 0.058 for polycotton mixed fluids, and 0.405 £ 0.041 for ceramic mixed fluids. A significant
negative correlation between storage time and absorbance intensity was observed across all substrates,
indicating gradual degradation of detectable creatinine over time. Linear regression analysis further
demonstrated a consistent decline in chromophore intensity, with steeper degradation trends observed in
polycotton substrates compared to ceramic surfaces. Despite the decrease in absorbance values, creatinine
remained detectable in all samples throughout the 270-day study period. No false positives were observed
in negative controls. These findings demonstrate the long-term persistence of urinary creatinine and
confirm the sensitivity, specificity, and forensic reliability of the Jaffé test for detecting aged and mixed
urine stains, supporting its use as a practical presumptive tool in delayed or biologically complex forensic
investigations.

Keywords: Human urine, Mix body-fluids, Creatinine, Jaffé Test, Poly-cotton, Ceramic tile.

Introduction: or physical assault, child or elder abuse, and

The identification of biological fluids at a
crime scene is an essential component of forensic
investigation, as it helps reconstruct the sequence
of events surrounding an incident. Among the
various biological fluids encountered in forensic
casework, urine can provide valuable
investigative information. The detection of urine

is particularly relevant in cases involving sexual

break-and-entry incidents [1], [2]. Locating urine
stains at a scene may not only confirm that a
particular event occurred but may also help
investigators determine the specific location
where the event took place [3].

Physiological responses during extreme
emotional or physical stress can also lead to
individuals

involuntary  urination. = When
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experience intense fear, anger, or acute stress, the
body’s sympathetic nervous system activates the
“fight-or-flight” response, which may result in
temporary loss of bladder control [4]. Similarly,
at the time of death, relaxation of the bladder
sphincter muscles may cause the release of urine
[5]. For this reason, the presence of urine stains
can provide useful clues regarding the position or
movement of a victim during the final moments
of life. In addition, the identification of urine on
clothing, bedding, or other objects collected from
a crime scene may support or contradict witness
accounts and assist investigators in establishing
an accurate timeline of events [6]. Although urine
evidence alone rarely determines the outcome of a
criminal investigation, it can provide important
contextual information that complements other
forensic findings. Furthermore, urine samples
recovered from a crime scene may also be
subjected to additional forensic analyses, such as
toxicological testing or DNA profiling, which can
provide further insights into the circumstances of
the case [7].

Urine is a complex biological fluid
composed of numerous chemical constituents,
making it useful for forensic identification. Fresh
urine generally appears pale yellow to amber in
color, with variations depending largely on an
individual’s  hydration status. In certain
pathological conditions, such as hematuria, urine
may exhibit a reddish coloration [8]. The odor of
urine may also vary, ranging from mild in healthy
individuals to fruity in diabetic conditions or
ammonia-like in aged samples [9]. Its pH can
vary considerably, typically ranging between 4.6
and 8.0, and is influenced by dietary patterns,
with high-protein diets producing more acidic
urine and plant-based diets resulting in a more
alkaline pH. Specific gravity values usually fall
between 1.003 and 1.035 and reflect the
concentration of dissolved substances in the fluid.
Increased turbidity may indicate the presence of

cellular material, bacteria, or other suspended
particles [10].

From a physiological perspective, urine is
produced in the kidneys as a filtrate of blood
plasma and is excreted through the urinary tract.
The average adult produces between 0.8 and 2.0
liters of urine per day, although this volume can
vary depending on hydration level, environmental
temperature, dietary intake, and overall health
[11]. Urine typically contains approximately 55—
70 g of dissolved solids per day, including urea,
creatinine, chloride, sodium, potassium, and a
variety of metabolic waste products, as well as
epithelial cells shed from the urinary tract [12].
Among these components, creatinine is present in
relatively high concentrations compared with
other biological fluids, making it a particularly
useful biochemical marker for identifying urine
stains in forensic examinations. Because of this
characteristic, creatinine detection methods such
as the Jaffé reaction are frequently employed in
forensic screening tests [13]. Knowledge of these
physicochemical properties is important when
interpreting urine stain evidence, especially in
cases where samples have been exposed to
environmental conditions or absorbed into
different substrates over extended periods [14].

In forensic toxicology, urine is also
considered a valuable biological matrix due to its
non-invasive collection and its ability to reflect
recent exposure to drugs and toxic substances
[15]. For instance, dried urine stains recovered
from clothing in drug-facilitated crimes have been
shown to retain detectable drug residues for
several  weeks  when  analyzed  using
chromatographic techniques [16]. Although urine
is generally considered less suitable for DNA
profiling because it typically contains low
quantities of nuclear DNA, partial genetic profiles
may still be obtained in cases where epithelial
cells or leukocytes are present in sufficient
numbers [17].
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Despite its forensic value, the detection of
urine  stains presents several challenges.
Variations in urine composition, environmental
degradation, and interactions between the stain
and the substrate can all influence the reliability
of detection methods. Presumptive tests such as
the Jaffé reaction, originally developed for
clinical chemistry, have been adapted for forensic
applications to detect creatinine in dried urine
stains. However, these methods must be carefully
evaluated to ensure their sensitivity and
specificity under real forensic conditions [18].
Accurate detection of urine can significantly
contribute to crime scene reconstruction and may
support other forms of evidence, including
toxicological and genetic analyses, particularly
when used in conjunction with confirmatory
testing methods [19].

Creatinine, a metabolic by-product of
creatine phosphate breakdown in muscle tissue, is
widely used as a biomarker for identifying urine
because of its relatively high concentration in
urinary excretion. Typical urinary creatinine
levels average approximately 21.5 + 7.4 mmol/L,
which is substantially higher than those found in
other biological fluids such as saliva or sweat
[20]. Although creatinine may be present in small
amounts in other fluids and may vary between
individuals, it remains one of the most practical
markers for presumptive urine identification when
combined with additional confirmatory indicators
[21].

The Jaffé reaction takes advantage of this
property by allowing creatinine to react with
picric acid in an alkaline environment, producing
a characteristic red-orange complex known as
creatinine picrate [22]. This reaction is rapid,
inexpensive, and requires minimal equipment,
making it particularly suitable for preliminary
screening of suspected urine stains, including
those that have dried on various substrates [23].
Nevertheless, the Jaffé reaction is not entirely free

from limitations. Certain substances, including

glucose,  ketones, bilirubin, and some
pharmaceutical compounds, may interfere with
the reaction and produce false results,
highlighting the importance of confirmatory
analytical methods such as enzymatic assays or
chromatographic techniques when necessary [24].
Despite these limitations, the combination of
simplicity, sensitivity, and practical applicability
continues to make the Jaffé test an important tool

in forensic urine analysis [25].

Materials and Methods:

The following materials and reagents were

used in the study:

o Biological fluids: Fresh human urine,
blood, semen, and saliva collected from
healthy volunteers with informed consent.

e Substrates: Poly-cotton fabric

(20 x 20 cm), glazed ceramic tiles.

e Control fluid: Sterile distilled water.

e Reagents:

o 1.2% Picric Acid: Prepared by
dissolving 1.2 g picric acid in 100 mL
distilled water.

o 5% Sodium  Hydroxide (NaOH):
Prepared by dissolving 5 g NaOH pellets
in 100 mL distilled water.

e Laboratory supplies: Sterile tubes, filter
paper, glassware, scissors, dropper pipettes,
gloves, etc.

Sample Preparation:

1. The poly-cotton cloth was cut into a 20x20
sq.m.

2. Urine, Blood, Semen and Saliva samples
were collected in a sterile tubes, from
volunteer.

3. Poly-cotton cloth pieces will be immersed
in the following solutions:

1.  urine alone;

ii.  urine mixed with blood

1ii.  urine mixed with semen
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iv.  urine mixed with saliva
Control cloth pieces will be immersed in
distilled water, blood, semen, and saliva
separately. After immersion, all cloth pieces will
be removed and air-dried.

1. All cloth pieces (Sample & Control) were

incubated at room temperature for 50 Days.
Jaffe's Test:

1. 1cm x 1 cm fragment of poly-cotton fabric
was placed onto clean filter paper.

2. Two drops of picric acid reagent were
applied directly onto the fabric.

3. Immediately thereafter, two drops of
sodium hydroxide solution were added to
the same fabric quadrant.

4. The fabric was observed for an
instantaneous  colorimetric  transition:
typically from pale yellow to red—orange,
denoting the formation of the creatinine—
picrate (Janovski) complex under alkaline

conditions.

Results:

The persistence of urinary creatinine in
aged and mixed stains was evaluated using the
Jaffé colorimetric test over a period of 270 days
under ambient storage conditions. The absorbance

values obtained from spectrophotometric analysis

Table 1 Results of Jeffe'

demonstrated a gradual decline in color intensity
with increasing storage time across all substrates
and sample types (Figure 1). At the initial time
point (Day 1), the highest absorbance values were
recorded for ceramic tile samples containing urine
(0.49), followed by polycotton urine stains (0.47)
and mixed stains (0.46—0.48). Over the course of
the experiment, a consistent decrease in
absorbance was observed, indicating gradual
degradation or reduced extractability of creatinine
with time. By Day 270, absorbance values
declined to 0.38 for ceramic (urine), 0.35 for
ceramic mixed fluids, and 0.30 for polycotton
urine and mixed stains. Statistical analysis
revealed a significant negative correlation
between storage time and absorbance intensity
(Pearson’s r ranging from —0.806 to —0.936, p <
0.01), confirming a progressive reduction in
detectable  creatinine with aging. Linear
regression analysis further indicated that
polycotton substrates exhibited a slightly faster
rate of decline compared to ceramic surfaces.
Despite this reduction, the Jaffé test continued to
produce a detectable chromogenic reaction
throughout the 270-day period, demonstrating the
persistence of urinary creatinine even in aged

stains.

Test Day 1 with control sample

Day 1

e ©

Urine Urine + Blood Urine

+ Semen Urine + Saliva Urine on Tile
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D/W Blood Semen Saliva D/w on Tile

Table 2 Results of Jaffe Test Day 50 with Control sample

Day 270
Urine Urine + Blood Urine + Semen Urine + Saliva Urine on Tile
D/W Blood Semen Saliva D/w on Tile

Absorption

0.5

\
0.45
0.4
....Ceramic (Urine)
0.35 ----Ceramic (Mixed Fluids)

0.3
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Day

Polycotton (Urine)
Polycotton (Mixed Fluids)

Figure 1Change in measured values of polycotton and ceramic substrates exposed to urine and mixed
bodily fluids over a period of 270 days.
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Discussion:

The present study investigated the long-
term persistence of urinary creatinine in aged and
mixed biological stains using the Jaffé
colorimetric test under ambient environmental
conditions. The findings showed that creatinine
remained detectable in all urine-containing
samples throughout the 270-day observation
period. Although a gradual reduction in
absorbance values was observed across all
substrates and sample types, the characteristic
color reaction associated with the Jaffé test
remained visible even in the oldest stains.

The gradual decrease in absorbance over
time is consistent with the expected degradation
and diffusion of urinary constituents in aged
biological stains, particularly when exposed to
fluctuating environmental factors such as
temperature and humidity. Despite this reduction
in color intensity, the Jaffé reaction demonstrated
sufficient sensitivity to detect creatinine in highly
aged samples. This indicates that the test retains
practical value in forensic situations where
biological evidence may be collected long after
the initial deposition of the stain.

The Jaffé reaction is based on the
formation of a red-orange chromogen produced
when creatinine reacts with picric acid in an
Because  of its

alkaline environment.

straightforward ~ procedure and  reliable
performance, this reaction has long been used in
clinical and analytical chemistry for the
estimation of creatinine concentrations [26]. The
results of the present study further support its
applicability in forensic investigations involving
biological stain analysis.

A comparison of substrate types revealed
that ceramic tile samples consistently produced
slightly higher absorbance values than polycotton
fabric throughout the study period. This
difference may be explained by the physical

characteristics of the substrates. Ceramic tiles are
non-porous surfaces, which likely allow more
efficient recovery of deposited creatinine during
swab collection. In contrast, polycotton fabric is
porous and tends to absorb fluids into its fiber
structure, potentially resulting in reduced
recovery or gradual degradation of the analyte
over time. Similar observations regarding
substrate-dependent recovery of biological stains
have been reported in previous forensic studies.

Importantly, the presence of other
biological fluids did not appear to interfere with
the Jaffé reaction. Mixed stains containing urine
with blood, semen, or saliva still produced
detectable chromogenic responses. This finding is
particularly relevant in forensic casework, where
biological evidence is frequently encountered as
complex mixtures rather than isolated fluids.
Creatinine has been widely recognized as a stable
urinary metabolite and is commonly used as a
marker for confirming wurine samples in
toxicological and forensic analyses [27], [28].
The persistence of creatinine observed in mixed
stains in the present study therefore reinforces its
reliability as an indicator of urine presence in
forensic evidence.

Visual examination of the samples
supported the spectrophotometric results. On Day
1, urine-containing stains developed a strong red-
orange coloration following reagent application,
while the negative controls (distilled water, blood,
semen, and saliva alone) produced only a yellow
coloration. This observation confirmed the
specificity of the Jaffé reaction under the
experimental conditions. Even after 270 days,
urine stains continued to exhibit a visible orange
coloration, although the intensity was lower
compared with freshly prepared samples. The
absence of color change in the control samples
throughout the study further indicates that the
method did not generate false-positive reactions.
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These observations align with earlier analytical
studies that have demonstrated the reliability of
creatinine detection using the Jaffé method [29].
Overall, the findings of this study suggest
that the Jaffé colorimetric method is capable of
detecting urinary creatinine in aged stains for
extended periods, including samples in which
urine is mixed with other biological fluids.
Although more advanced analytical techniques
such as chromatographic or immunological assays
may offer greater specificity and sensitivity, the
Jaffé test remains advantageous due to its
simplicity, rapid execution, low cost, and minimal
equipment requirements. For these reasons, it can
serve as a practical presumptive screening method
for urine identification in forensic investigations

involving aged or mixed biological evidence.

Conclusion:

This study demonstrated that urinary
creatinine can persist on both polycotton and
ceramic substrates for extended periods under
ambient environmental conditions. The Jaffé
colorimetric ~ reaction consistently detected
creatinine throughout the observation period,
indicating its suitability as a presumptive
screening method for urinary evidence in forensic
investigations. Although slight variations in
reaction intensity were observed between
substrates, overall detection reliability remained
stable. These findings support the forensic
usefulness of creatinine-based testing in
identifying aged or environmentally exposed
urine traces, particularly in cases involving mixed

biological fluids.
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Abstract:

The p-Galactosidase enzyme is used for two purposes: eliminating lactose from milk products for
lactose intolerant persons and creating galactosylated goods. Beta Galactosidase, hydrolyses the lactose
into glucose and galactose and it is most commonly used in food based technology, particularly in the dairy
manufacturing industry. Beta-Galactosidase derived from the group of saccharides which is a converting
enzymes in the family of hydrolases. They are broadly distributed in the several biological living systems.
The enzymatic hydrolysis of lactose is also preferred in food based technology due to the low soluble range
of lactose. The concentration lactose was found to be high in fermented dairy products such as ice cream,
butter, cheese curd, yogurt, etc., can prompt extreme lactose crystallization bringing about items through a
coarse, abrasive surface. Lactose hydrolysis in dairy products enhances adaptability also, richness
altogether. These products are extra edible. Also for this purpose, the utilization of beta-galactosidase
enzyme prior to the condensing operation can reduce the lactose content to a point where lactose was no
longer a problem industrial application of beta-galactosidase. In Industrial, due to the positive and
constructive effect on intestinal bacterial microflora, different types of applications are possible in beta-

galactosidase enzyme.

Introduction of Beta- galactosidase:
-galactosidase also known as lactase was
an enzyme or protein which catalyzes the
hydrolysis of lactose. This lactose is main and
foremost carbohydrate present in most of the
dairy products, to monosaccharide glucose and
galactose [1]. B-galactosidase was a well known
biocatalyst which catalyzes hydrolytic and
transgalactosylation reaction. In some cases it
takes part in the production of prebiotic galacto-
oligosaccharide (GOS), which are synthesized
due to its associative transglycosylase activity [2].
Lactose in such foods through its enzymatic
hydrolysis by galactosidase which is one of the
most prominent technologies for the production
of lactose-reduced milk. p-Galactosidase is

entrenched in food processing operations as it’s

used to determine lactose in biological fluids. B-
Galactosidase has the capability to improve
sweetness, solubility, flavor and digestibility of
dairy Products and thus it is extensively used in
food industries (Citron et al., 2015). This leads to
many imperfection in frozen -condition, for
example crystallization in milk production,
improvement of sandy or gritty texture and
deposit formation [3]. By using [-galactosidase
for the hydrolysis of lactose, the problems
associated with  whey disposal, lactose
crystallization in frozen concentrated deserts and
milk consumption lactose-intolerant individuals
can be solved [4]. Lactose, the substrate for -
galactosidases, is a sugar that exist mostly in
dairy product. It is a disaccharide made up of one

unit of galactose and one unit of glucose in a one
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