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Abstract
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Abstract: Silver nanoparticles (AgNPs) have substantially increased in production and
utilization resulting in potential of AgNPs contamination in environment including
wastewater treatment plants. This study aimed to investigate effects of AgNPs on
nitrification process and enhance the system by cell entrapment technique. Initial
ammonia and AgNP concentrations, and entrapment materials and matrix sizes were
the variables. Nitrification activity was investigated using a respirometric assay.
Scanning and transmission electron microscopic observations of the microbial cells and
entrapment matrices were also performed. Results showed that nitrification and
ammonia oxidation followed Michaelis-Menten model with maximum oxygen uptake
rates (OUR,,,,) 0.2132 and 0.2273 mg-O,/L/min and half saturation coefficients (K,) of
5.42 and 15.87 mg-N/L, respectively. Presence of AgNPs resulted in lower OUR__ and
K,. The nitrification and ammonia oxidation processes in the case followed
uncompetitive inhibition kinetics with inhibition constants (K) of 9.3 and 5.5 mglL,
respectively. The initial ammonia concentration did not influence the nitrification activity
while the AgNP concentrations (0.25-10.00 mg/L) inhibited the nitrification activity (8-
38% compared to the control) and ammonia oxidation activity (14-28% compared to
control). In the presence of AgNPs, both calcium alginate (CA) and polyvinyl alcohol
(PVA)-entrapped cells had higher nitrification activity compared to free cells. Nitrification
activity in the presence of AgNPs by the CA-entrapped cells was better than that of the
PVA-entrapped cells (64-100% versus 4-87% compared to without AgNPs). Cells
entrapped in a larger matrix size performed better. Based on micro-structural

observation, AgNPs caused damages to cell surface and cytoplasm which very likely led



to decreased nitrification activity. The entrapment matrices successfully reduced the

adverse effects of AgNPs on nitrification activity.
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