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Effect of ZnO and TiO, Nanopaticles (NPs) on Microorganisms
Growth in Activated Sludge
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Abstract : Sewage treatment using microorganisms is affected by multiple factors such as microbial properties, characteristics of
sewage and operating conditions, and nanoparticles inflow may cause negative effects on sewage treatment system especially on
the system stability and efficiency. It was studied to assess the toxic effects of nanoparticles on microorganism growth. The activated
sludge in the sewage treatment plant of university was cultured in the optimized medium for each strain. Bacillus (gram-positive),
Pseudomonas and E.coli (gram-negative) in the activated sludge were selected as target microorganisms, and ZnO and TiO, were
chosen as nanoparticles. For same concentration of nanoparticles, average growth inhibition rate of Bacillus was 60% or more,
while that of Pseudomonas was less than 10%. The toxicity of nanoparticles was shown to be higher for gram-positive bacteria
than gram-negative bacteria because of their differences on structure of cell wall, components of cell wall protein, physiology of
cells and metabolism. ZnO affected 3 times more negative on the growth of microorganisms as compared to TiO,. It was assumed
that, therefore, toxicity of ZnO was found to be greater than TiO,.
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Fig. 1. Bacillus measurement (ODsoonm) depending on concentra-
tion of ZnO nanomaterials ((a) ZnO NPs, (b) ZnO ions,
(c) TiO2 NPs).
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Fig. 2. Pseudomonas measurement (ODeoonm) depending on
concentration of ZnO nanomaterials ((a) ZnO NPs, (b)
ZnO ions, (c) TiO> NPs).

2 10471744 control 3} &7 A& )

—a#— control
14 | —%— 25ppm (a)
—— 37.5ppm
—&— 50 ppm

12 4
1.0 H
E
g8 os
[a]
O
06
04
02 8
0.0 T T T T T
5 10 15 20 25
Time (hr)
1.6
" (b)
1.2 A
-
1.0 4 & —
E
é 0.8 4
[a]
O
0.6 4
0.4 4
—a&— control
02 4 —e— 25 ppm
—y— 37.5 ppm
—&— 50 ppm
0.0 T T T T
0 5 10 15 20 25
Time (hr)
16
14
1.2 4
1.0 4
E
5
2 08
[a]
o
0.6
0.4 4
—&— control
02 4 —e— 25 ppm
: —v— 37.5 ppm
—&— 50 ppm
0.0 T T T T
0 5 10 15 20 25

Time (hr)
Fig. 3. £ coli measurement (ODgoonm) depending on concentration
of ZnO nanomaterials ((@) ZnO NPs, (b) ZnO ions, (c)
TiO2 NPs).
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Fig. 4. Bacillus measurement (CFU/mL) depending on concentra-
tion of nanomaterials ((a) ZnO NPs, (b) TiO> NPs).

HHH Ti0,9] P3FS ¥R Bacillus®) B4 CFU ZHe 1.7
x 10° (CFU/mL)& WFebt o™, Ti,2] Zho| control ZHETh
108 o)} Al Aoz, TiO, Ulesd HA| Bacillus
JA9E ZnO Ve g2 o5t ¢
ol vlsff oF 108) = FFS E vHtt= A2 WY
U582 CFU 23} GA] Bacillus

3:0

Qe W Aoz Amwh
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Fig. 5. Pseudomonas measurement (CFU/mL) depending on
concentration of nanomaterials ((@) ZnO NPs, (b) TiO> NPs),
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oir] & JFS A U= AeR AREh

3.2.3. E.coli
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CFU7} SAIZIZHA] Al dAstctrt dAali Al ¥k, 37.5 ppm
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Fig. 6. £ .coli measurement (CFU/mL) depending on concentration
of nanomaterials (@) ZnO NPs, (b) TiO2 NPs).
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