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The production of metal nanoparticles by biological synthesis has received many
research interests due to its environmentally friendly process. Most works reported on the
uses of the plant and microbial extracts as reducing and stabilizing agents for the production
of metal nanoparticles. However, the use of plants to facilitate the directed changes of metal
ions to nanoparticles inside the cells is still lacking. Therefore, this work is interested to study
the production of five metal nanoparticles from the uptake ions by the water hyacinth
(Eichhornia crassipes); AgNOs, Cu(NOs),, Fe(NO3)s, Ni(NOs), and Pb(NOs),. The toxicity test of
these metal ions on water hyacinth was determined by the morphology changes of the plant
leaves (withered and brown) as they were treated with various concentrations of metal
solutions for 12 h. The toxicity of these metal solutions was dose-dependent, which AgNO;
showed the highest toxicity to the plant. The uptake metal ions were detected as the dark
colors of the plant roots and the presence of black particles in the cross-section roots
observed under the bright field microscope, except Pb(NO;), treatment. The uptake of each
metal was confirmed by the energy dispersive X-ray fluorescence analysis. Also, the mass
contents of 5P, 1S, 19K, ,0Ca were changed in response to each metal treatment. The Fourier
transform infrared spectroscopy analysis revealed the presence of novel spectral peaks at
1800—1630 1500—1395 Wag 1000—800 cm™, suggesting the induction of gene expression and
protein synthesis in response to Cu-, Fe-, Ni-, Pb- and Ag-treatments. Interestingly, transmission

electron microscope (TEM) images showed the production and accumulation of spherical
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CuNPs, FeNPs, PbNPs and AgNPs, but not NiNPs, in the plasma membrane of epidermis, cortex
and vascular bundle tissues. The characterization of each produced metal nanoparticle was
confirmed by high resolution TEM, selected area electron diffraction TEM, and electron
diffraction TEM. This work is the first report on the capacity of water hyacinth to transform the
uptake Cu, Fe, Pb and Ag ions to nanoparticles in the plant cells. It also indicated that the
formation of metal nanoparticles depends on the capability of the plant to certain metal ions,
which in this work the water hyacinth cannot produce NiNPs from the uptake Ni ion.
Nevertheless, this work is the first to report the capability of water hyacinth as both heavy

metal phytoremediation and bio-production of metal nanoparticles.
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