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INTRODUCTION & AIM

Nanoremediation employs the nanotechnology of silver nanoparticles (AgNPs) to purify hospital waste and environmental treatment. Due to the high surface-to-volume
ratio of AgNPs (1-100 nm), they can penetrate microbial cells, release silver ions (Ag*), and disrupt pathogenic cellular processes. We used sodium alginate, which is a
biocompatible polysaccharide from brown seaweed, in the synthesis of AgNP via cross-linking polymerization to form gelatinous beads with metal-ion binding properties.
This technique is energy efficient and cost-efficient, and it is sustainable due to the reusability of the beads, which help detoxify toxic compounds and compete with drug-
resistant bacteria like E. coli, S. aureus, and P. aeruginosa. For the nanocomposition characterization, we used UV -Vis and FTIR spectroscopy. We aim to develop

sustainable antibacterial and catalytic materials for wastewater applications.
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«  The silver alginate nanocomposite beads are synthesized by first dissolving sodium component | Alg-0-Ag Alg-Ag
alginate (SA) in deionized water to create a uniform solution. SA (ml) 20 -~
«  Silver nitrate (AgNO3) is then added to this solution, ensuring even dispersion of silver
ions (Ag*) throughout the alginate matrix. Sodium Acrylate | 2.075 1.0
« The pH is adjusted using sodium hydroxide (NaOH), with careful observation for a ©)
color change that indicates nanoparticle formation. MBA (g) 0.232 0.02
Fig 1. Scanning electron micrograph (SEM) of
. The solution is covered and mixed overnight, after which ammonium persulfate (APS) AgNO3 (g) N/A 0.094 the silver nanocomposite beads.
is introduced to stimulate the polymerization process. SINshgiementg EDSMap
* * * * *fe * APS O¢244 O¢061 5
* A separate calcium chloride (CaCl, ) solution is prepared to facilitate gelation and (®)
subsequent bead formation as the SA mixture is drooped into it in the form of drops. NaOH (drops) N/A 2
«  An additional step was introduced for Alg-Ag beads reduction, immersing them in
1 d - . Deionised Water 6.5
sodium borohydride (NaBA,) to stabilise the reduced Ag* and prevent aggregation. (mL) 15
m
« The beads are rinsed thoroughly with deionized water and dried overnight in an oven
to ensure sta bility. R Fig 2. Energy dispersive elemental mapping
PRE Ll | N A RY RES U LTS of silver nanoparticles in the beads.
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— SWELLING BEHAVIOR | ANTIBACTERIAL ACTIVITIES | CATALYTIC DEGRADATION )
The beads accomplished close to 100% degradation of
o _ Congo red and 2-nitrophenol in just 30 minutes,
Swelling Ratio of Alginate demonstrating their effectiveness in environmental
200 * po * ° ° * *
. detoxification. Their capacity to swiftly decompose toxic
- substances and be reused makes them strong candidates
i for tackling industrial and wastewater contaminants,
S 120 with silver nanoparticles boosting their catalytic
& 100 performance in purifying polluted water.
% 80
=
? 60 | o—g— 1.0
_.
40 2™ =414 nm
20 After incubation, the two antibacterial plates were initially streaked with E. co/it 0.8
0 . Alg-0-Ag (Bottom right quadrant): Displayed persistent bacterial growth, E)
0 5 10 15 20 25 30 indicating minimal to no antibacterial activity. ‘E’
Time (hr) Alg-Ag (Top left quadrant): Demonstrated approximately 90% antibacterial e
effectiveness, significantly reducing bacterial presence. 8 087
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Fig 3. Alg-Ag demonstrates high swelling bahavior. Alg-0-Ag exhibits low porosity 047
following the constant decrease in swelling ratio.
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The produced nanocomposite beads were T et ey
. A gth (nm)
spherical, porous, and demonstrated a high |
R R R R Fig 4. Absorption spectrum confirming the presence of Silver nanoparticles. The peak maxima at
swelllng ca paCIty, crucial for ca talytlc 414 nm is characteristic of silver nanoparticles. The symmetrical shape of the peak indicates that
S . . h icl herical in shape.
applications. The UV-Vis absorption spectrum e nanoparticies are sphericalin shape
displayed a distinct SPR peak around 400 nm, I N .
confirming the successful integration of silver e,
N nanoparticles into the polymer i o 05 e,
Similarly, two additional antibacterial plates were streaked with Pseudomonas 04104 \:\g\.
aeruginosa < < \3\,
+ Alg-0-Ag (Bottom right quadrant): Showed noticeable bacterial growth, confirming a %H < \'\_\
lack of antibacterial activity. = -0.15 £ 15 .
* Alg-Ag (Top left quadrant): Exhibited outstanding results with 100% antibacterial LY
effectiveness, completely inhibiting bacterial growth. .
-0.20 2.0 .\\
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Discussion and Significance of the Project ‘ Ay 2t
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The antimicrobial properties of the beads allow them to
penetrate biological substances and biofilms, thereby

Figs 5-6. First-order kenetic model plot of Congo Red (left) and 2-Nitrophenol (right). The red
line is a linear regression fit to the experimental data.
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