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JIRAPORN CHUMPOL : ABILITY OF SEVEN AQUATIC PLANT SPECIES
TO ABSORB AND TRANSFORM METAL IONS TO NANOPARTICLES

THESIS ADVISOR : ASSOC. PROF. SINEENAT SIRI, Ph.D. 222 PP.

AQUATIC PLANT/BIOGENESIS/DETOXIFICATION/METAL IONS/

NANOPARTICLES/PHYTOREMEDIATION PLANT

Several aquatic plant species are considered as metal-phytoremediation plants
as they efficiently uptake and store metal ions. Nevertheless, the possibility of these
cellular metal ions to transform into metal nanoparticles (NPs) has remained unclear.
Thus, this research aimed to investigate the capability of seven aquatic plant species,
commonly distributed in Thailand, to absorb and transform copper (Cu), iron (Fe),
lead (Pb), nickel (Ni), and silver (Ag) metal ions into NPs; Azolla pinnata R.Br.,
Salvinia molesta D.S. Mitch., Lemna minor L., Lemna perpusilla Torr., Spirodela
polyrrhiza (L.) Schleid., Wolffia globosa (Roxb.) Hartog & Plas and Eichhornia
crassipes (Mart.) Solms. The toxicity of these metal ions was determined by the
morphological changes of leaves including witheredness and/or browning and the
10% toxicity concentration was used to study the cellular formation of metal NPs.
Energy dispersive X-ray fluorescence (EDXRF) analysis clearly showed the high
uptake levels of these metal ions as compared with the control and the reduced levels
of potassium and calcium elements suggested the effects of metal-stress on the
balances of these cellular ions. The attenuated total reflectance-Fourier transform
infrared (ATR-FTIR) results revealed the changes of functional group vibrations of
organic compounds under metal-stress conditions. These results suggested the

induction of phosphorus-containing biomolecules, lipids, gene expression, and
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protein synthesis in response to the metal-stress conditions. Transmission electron
microscopy (TEM) images revealed the formation of cellular metal NPs that were
dominantly located in the vicinity of plasma membrane. Interestingly, the formation
of different shapes and sizes of metal NPs greatly depended on each plant species.
Also, only some metal ions were efficiently transformed into NPs. All studied plants
were unable to induce the formation of NiNPs. Although spherical NPs were detected
in most studied plants, the rod-shaped PbNPs were efficiently formed by root cells of
A. pinnata R.Br. Selected area electron diffraction (SAED) and energy-display X-ray
(EDX) analyses were used to confirm the identity of NPs inside the plant cells in this
study. The results confirmed the structure of the cellular metal NPs, which identified
to AgNPs (Ag), CuNPs (Cu and CuO), FeNPs (Fe, FeO, Fe;O3; and Fe;O4), and
PbNPs (Pb and PbO). These results have shed light on the fate of metal ions to
transform into metal NPs inside the cells, which may suggest the alternative route to

produce metal NPs from wasted metal ions in the environment.
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