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Abstract

Microplastic (MP) pollution and associated co-contaminants pose a pervasive threat to
ecosystems and human health. MPs, originating from various sources, accumulates in the
environment, interacting with co-contaminants like persistent organic pollutants and
heavy metals. These interactions aggravate ecological and health risks. Remediation
strategies, including physical removal, chemical, and advanced filtration techniques, are
being explored to mitigate MP pollution. However, the effectiveness of these methods
remains variable, with challenges such as scale-up and cost. Simultaneously, research into
the direct and indirect side effects of MPs on organisms and ecosystems underscores the
urgent need for comprehensive management strategies to safeguard environmental

integrity and public health.

The northwest coast of India, bordering the Arabian Sea, was selected to evaluate the MP
abundance Despite increasing global awareness, seasonal dynamics of MP pollution in
this region remain inadequately explored. This research represents the first
comprehensive examination of how different seasons affect MP distribution, offering new
insights into the temporal variations of MP contamination in the Indian northwest coastal
area. Seashore sand samples were collected from Gorai Beach in different seasons. The
collected MPs were dried, segregated, and evaluated based on their morphotype, size,
color, and polymer type. A total of 1756.6, 7326.6, and 202 particles/Kg of sand were
estimated in the pre-monsoon, monsoon and post-monsoon seasons, respectively. MPs
types were further characterized by scanning electron microscopy (SEM) and atomic force
microscopy (AFM), and MPs types were identified by Raman spectroscopy.
Polypropylene (PP) type of plastic were found in dominance in the pre-monsoon and high-

density polyethylene (HDPE) in monsoon and post-monsoon seasons. Along with low-
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density polyethylene (LDPE), ethylvinyl acetate (EVA), polyvinyl acetate (PVA),
polyvinyl chloride (PVC) was also observed. Maximum MPs was observed was pellet and
blue colored type. Furthermore, the MP diversity was studied by employing the MP
diversity integrated index, which suggests that most of the MP diversity was observed in
the pre-monsoon period. The pollution load index employed an MP risk assessment,
which presented a low degree of MP contamination. In contrast, the polymer hazard index
was calculated as 21650.3 in post-monsoon, placing the area under the extreme danger
category. It is evident from the data that the types of MP is more important than their

number. Thus, MP morphotypes have importance in the adsorption of co-contaminants.

The persistent and growing issue of MP pollution poses significant environmental and
health risks, highlighting a crucial research gap in effective remediation strategies.
Despite increasing awareness, traditional treatment methods often fall short in addressing
the diverse and evolving nature of MP contamination, particularly at the nanoscale.
Therefore, the study investigates the remediation of isolated MPs using iron oxide (Fe3O4)
nanoparticles. Overall, 62% to 87% of the initial MP content was observed to be removed
after 12 h of treatment with Fe;O4 nanoparticles. Further, the toxicity is enhanced when
MPs are further degraded into nano-sized plastic particles termed nanoplastics (NPs). NPs
are emerging contaminants, and their remediation is a challenge, as they escape most
advanced treatment methods owing to their small size and mobility. Considering this, the
present study for the first time, explores the potential of enzyme-induced calcite
precipitation (EICP) technique in the remediation of polystyrene nanoparticles (PSNPs).
A 96% removal of PSNPs was achieved as a calcite-PSNPs composite (precipitated
product) within 0.5 h from an aqueous solution (pH 7.0) supplemented with 2% (w/v)
urea, 76 U urease, and 50 mM CaCl,. Electrostatic attraction between PSNPs and Ca?"

along with entrapment during precipitation of calcite resulted in PSNPs removal.
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Scanning electron microscopy of the composite showed entrapment of NPs in calcite
crystals. The X-ray diffractogram of calcite indicated a transition from crystalline to
amorphous phase after PSNPs incorporation. Fourier-transform infrared spectroscopy and
thermogravimetric analysis too confirmed the inclusion of PSNPs and consequent
alteration in the structure of the calcite matrix. Optimum removal was detected at pH 7.0,
and with the increase in precursors viz CaCly, enzyme, and PSNP levels, the precipitation
of PSNPs increased. Moreover, calcite-PSNP interaction was stable, as there was no
significant polymer release upon ultra-sonication of the composites. Overall, the study
provides a feasible and newer approach to sequester NPs from the aqueous system using
the naturally occurring EICP method. These innovative techniques offer promising, eco-
friendly solutions for mitigating plastic pollution, providing a significant step toward safer

water systems and environmental protection.

Following the assessment and remediation of MPs, there is a grave concern in co-
contaminant presence. Studying these co-contaminants is essential as they can
significantly amplify the environmental and health risks posed by MPs. Since HDPE and
PP collected MPs during the monsoon season from Gorai beach were abundant, they were
further characterized as associated contaminants. Metal absorbance was detected using
Scanning Electron Microscopy with Energy Dispersive X-ray spectroscopy (SEM-EDX)
mapping and Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The presence
of organic compounds (OCs) was analyzed using GC-MS. The MPs were found to be
associated with metals viz. Ca, Fe, Mg, Mn, Cr, Zn, Cd and Ni. Among which the HDPE
pellet morphotype exhibits a higher range of metal adsorption. Cr, Mn and Cd were
present at concentrations of 127, 257 and 7 (ppb), which are 2.5, 5.1 and 1.4 times higher

than the guideline value proposed by WHO. A total of 61 different OCs were associated



with MPs. PP pellets were found to contain triglycerides, fatty aldehydes, and alkaloids,
along with HOCs. The HDPE pellets contained the highest amounts of hydrophobic
organic compounds. It also contains environmentally hazardous compounds such as
phthalates, alcohol and isocyanate. Among morphotypes, pellet forms of MPs were found
to adsorb more contaminants. These co-contaminants infiltrate the study area through
sewage runoff and shoreline debris deposition, subsequently interacting with MPs. This
study underscores the importance of understanding co-contaminants associated with MPs,
as their interactions with heavy metals and organic compounds can significantly elevate
environmental and health risks. Given the hazardous nature of these contaminants, it is
urgent to develop and implement effective remediation strategies to mitigate their

environmental impact.

Phthalates are commonly associated with MPs and are recognized as significant
environmental pollutants due to their endocrine-disrupting properties. Terephthalic acid
(TPA) are widely used plasticizer and monomer in the production of polyethylene
terephthalate (PET) bottles, poses severe risks to both human health and the environment.
Consequently, it is classified as a priority pollutant, necessitating stringent environmental
control. Understanding and developing effective methods for TPA biodegradation are
crucial for mitigating its environmental and health impacts. In the present work, the TPA
biodegradation efficacy of the bacterium Rhodococcus erythropolis (MTCC 3951) was
studied in mineral salt media with TPA as the sole carbon and energy source. R.
erythropolis was observed to degrade 5 mM and 120 mM TPA within 10 h and 84 h of
incubation, respectively. The degradation efficiency was further optimized by varying the
culture conditions, and the following optimum conditions were obtained: inoculum size-
5% (v/v), temperature- 30 °C, agitation speed- 200 rpm, and pH- 8.0. The bacterium was

found to use an ortho-cleavage pathway for TPA degradation determined based on



enzymatic and GC-MS studies. Moreover, during the degradation of TPA, the bacterium
was observed to produce polyhydroxyalkanoate (PHA) - a biopolymer. Biodegradation of
120 mM TPA resulted in an accumulation of PHA. The PHA granules were visualized
using fluorescence and transmission electron microscopy and were later characterized
using FTIR spectroscopy. Furthermore, the robustness of the bacterium was demonstrated
by its ability to degrade TPA in real industrial wastewater. Overall, R. erythropolis
(MTCC 3951) hold the potential for controlling TPA pollution in the environment and

vis-a-vis the production of PHA biopolymer.

The final section of the thesis addresses the need to enhance the stability and strength of
Rhodococcus erythropolis MTCC 3951 during TPA degradation through effective cell
immobilization. While immobilization techniques can significantly improve the
efficiency and reusability of biocatalysts in bioremediation processes, there is a critical
research gap in optimizing these techniques for bacterial stability and performance.
Effective immobilization is crucial for maintaining bacterial activity over multiple
degradation cycles, thereby enhancing the sustainability and cost-effectiveness of
bioremediation strategies. In this study, various matrices were evaluated for immobilizing
the bacterial cells, with Kappa carrageenan (KC) emerging as a promising material due to
its ability to effectively entrap microbial cells. The concentration of KC was optimized to
4% for gelation with lesser cell leakage. However, conventional KC gel formation
methods resulted in low mechanical strength, limiting stability and reusability. To
overcome this, a cryofreezing technique was employed to enhance the mechanical
strength of KC cryogels. These cryogels, formed through continuous freeze-thaw cycles,
exhibited improved stability and structural integrity. The study evaluates the efficiency of
KC cryogels in immobilizing R. erythropolis cells for TPA degradation through

reusability of TPA biodegradation and characterization studies. Characterization
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techniques, including Fourier-transform infrared spectroscopy (FTIR), thermal
gravimetric analysis (TGA), and field emission scanning electron microscopy (FE-SEM)
were employed to assess the structural properties of the KC cryogels. 5 freeze-thaw cycles
were identified to be optimum for cryogel stability and exhibited maximum TPA
degradation efficiency. The degradation cycle could be repeated up to 10 cycles. Thus,
these studies highlight KC cryogels immobilized with R. erythropolis cells that are the

potential for TPA remediation, aiding eco-friendly strategies to mitigate TPA pollution.
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