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Development of nanotechnology has led to the extensive application of metal-oxide nanoparticles (NPs) in
industry, and it cause toxicity and a risk to ecosystems and human health through unidentified pathways. Zinc
oxide (ZnO) is one of the most versatile NPs, which causes severe direct and indirect toxicity upon trans-
formation by environmental fluctuations. In this study, the transformation of ZnO NPs was examined in arti-
ficial sewage, wherein the sewage treatment process was simulated using either carbonate or sulfide, under oxic
and anoxic conditions. Dynamic light scattering, transmission electron microscopy, X-ray diffraction (XRD),
X-ray photoelectron spectroscopy (XPS) were employed to identify the morphology and structure of the NPs.
The results indicate that a decreasing in pH and ionic strength causes the aggregation of ZnO NPs, and the car-
bonate-rich condition leads to the growth of a spherical crystal into a rectangle form, without changing the
crystal structure. XRD and XPS analysis revealed that ZnO NPs transform into the smaller ZnS NPs, sphalerite,
under sulfide-rich and anoxic conditions. This implies that sewage treatment would cause the transformation
of ZnO NPs into ZnS NPs, which have higher colloidal stability and dissolution rate; therefore, the trans-
formation of NPs should be carefully examined and assessed for a better understanding and safe application.

Key word: Zincite, Sphalerite, Sewage treatment, Nanoparticle, Transformation, Transmission electron
Microscopy, X-ray diffraction
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Fig. 1. pH, electrical conductivity, dissolved oxygen, and oxidation-reduction potential during the batch
experiment under various compositions with oxic or anoxic condition. CSO: control for sewage under
oxic condition; CSA: control for sewage under anoxic condition; SCO: sewage with carbonate-rich
under oxic condition; SCA: sewage with carbonate-rich under anoxic condition; SSA: sewage with

sulfide under anoxic condition.
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Fig. 2. Z-average determined using dynamic light scattering (DLS) during the batch experiment under various compositions
with oxic or anoxic condition. The symbols in the grey area indicate the Z-average after sonication of collected samples
at 168 h. CSO: control for sewage under oxic condition; CSA: control for sewage under anoxic condition; SCO:
sewage with carbonate-rich under oxic condition, SCA: sewage with carbonate-rich under anoxic condition; SSA:

sewage with sulfide under anoxic condition.
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Fig. 3. Transmission electron microscopy image of control and treatments after 168 h (top), selected areas for
electron diffraction (middle), and the diffraction pattern and d-spacing values (bottom). CSO: control
for sewage under oxic condition; CSA: control for sewage under anoxic condition; SCO: sewage with
carbonate-rich under oxic condition; SCA: sewage with carbonate-rich under anoxic condition; SSA:

sewage with sulfide under anoxic condition.
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Fig. 4. Transmission electron microscopy images (top) and selected area electron diffraction pattern (down) captured at 3, 48
and 168 h of sewage with sulfide rich under anoxic condition in the batch experiment. Red and green boxes indicate
the selected area of electron diffraction of zincite and sphalerite, respectively.
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Fig. 6. Scanning transmission electron microscopy images and elemental mapping results of sewage with sulfide under anoxic
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and green indicate the distribution of Zn, O, and S, respectively.
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