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Effect of nanoparticle concentration and light:

Four different TiO,, SiO; and Ag NP concentrations (10, 100, 500 and 1000 mgL™'), dark and light (light intensity:
2.1 W cm?) conditions were used to evaluate the effect of NP concentrations and light on the survival of S. aureus.
The results given in Table 3 show that regardless of NP type, the mortality rate of the bacteria increased when both
NP concentrations increased and changing the light condition from dark to light, especially when 10 mM ionic
strength of test media was used. The most effective antibacterial NP concentration in presence of light was
confirmed as 1000 mg L' of TiO,. In absence of light, when NP concentration increased, the most increase in
mortality rates were observed as 57 % (500 mg L), 47 % (500 mg L") and 40% (1000 mg L*!) in TiO,, n-Ag and
SiO, NP setups, respectively. The effects of SiO, NPs on bacterial viability were as low as 40 and 56% in absence
and presence of light, respectively. TiO> NPs were more effective on the S. aureus bacteria than n-Ag and SiO,
NPs in both absence and presence of light.

Table 3. The effect of nanoparticle concentration on the survival of S. aureus in absence and presence of light.
(Ionic strength: 10 mM, light intensity: 2.1 W cm™)

' Death (%)
N e TiO, S0, Nano-Ag
Dark Light Dark Light Dark Light
10 13 75 32 33 32 41
100 45 57 27 30 34 49
500 57 76 23 52 47 75
1000 47 93 40 56 32 47

The survival ratios (N/Ny) of the S. aureus treated with TiO,, SiO, and Ag NPs under dark (a) and light (b)
conditions are depicted in Figure 2. At each concentration of NPs, k' was determined by Eq 1 for both dark/light
conditions and ionic strength condition. k' values were averaged (k'ae), where lower k'ye value means higher
antibacterial effect. In absence of light, the lowest k', values of TiO,, SiO, and n-Ag NPs were calculated as
0.003 L mg™!' (0 mM), 0.010 L mg™! (10 mM) and 0.004 L mg™' (50 mM), respectively. The lowest &'y values of
0.004 L mg™!' (50 mM), 0.010 L mg™' (100 mM) and 0.002 L mg™! (10 mM) were calculated when bacteria were
exposed to TiO», SiO; and n-Ag NPs, respectively. The results in Figure 2 show that S. aureus was sensitive when
lower ionic strength media was used in absence of light. Higher bacterial sensitivity in absence of light may be
linked to the release of metal ions or NP-specific mechanisms (Cumberland 2009; Gottschalk 2011; Dobias 2013).

Figure 2. The effect of ionic strength and TiO», SiO, and Ag nanoparticle concentrations on S. aureus under
dark (a) and light (b) conditions.
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Figure 2 also shows the curve fits obtained from the calculated survival fractions. In order to implement those
values, experimentally verified ks values were used in Eq 1 and then the calculated survival fractions were
estimated. R? values were presented in order to correspond the curve fits with experimental results. Highest
correspondence (R? = 0.9194) was observed when S. aureus was exposed to TiO2 NPs under dark, while lowest
correspondence (R? = 0.5625) was observed when SiO, NPs were employed. In presence of light, lowest R? value
of 0.4626 was calculated from bacteria- SiO2 NPs reactions and highest R? value of 0.9563 was observed when S.
aureus was exposed to nano-Ag particles.

Conclusion

In order to define the factors promoting the disinfection of the S. aureus specific die-off rates (k') of the NPs were
calculated and were used in this study. It was clearly revealed that TiO,, SiO, and Ag NPs promoted the
inactivation of S. aureus in both absence and presence of light conditions. The bacteria showed higher sensitivity
to TiO, and Ag NPs than SiO, NPs respectively. The SEM images confirmed that the aggregation/agglomeration
of the NPs in test media with different ionic strengths negates the antibacterial activity of the NPs. Therefore,
effect of water chemistry on dispersion and retention of NPs needed to be considered. Moreover due to the
conduction of the experiments in a relatively clean laboratory conditions, the sustainability of antimicrobial
activities of NPs in natural or waste water need to be clarified. Therefore, more research should be conducted to
further assess the applicability and sustainability of NPs in disinfection processes.
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