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OBJECTIVE
The purpose of this study is to determine the inhibitory concentration of Zinc Oxide nanoparticles on Anammox
bacteria.

INTRODUCTION
Anammox process is one of the novel nitrogen removal techique, in this process
anammox bacteria convert ammonium to dinitrogen gas directly under anoxic
conditions. These bacteria has slow growth rate and supersensitive for
pH,dissolved oxygen concentration, temperature, heavy metal. [1]
Advantages and disadvantages of
Anammox process

Figure 1: Possible metabolic Figure 2: Red color of anammox bacteria
(a), (SEM) (b), and (TEM) (c) [3]
pathway for Anammox
process [2]

Nowadays, nanotechnology developed and use widely industries. Toxic effect of
nanoparticle is very high because small size of nanoparticle provide large
surface area. Zinc oxide (ZnO) is one of the common used nanoparticles and it
also inhibits microorganisms. [4]

pH measurement: pH parameter is important because of Anammox bateria sensitivity.
Optimum pH range for Anammox bacteria is 7-8. [6]
Total Suspended Solids (TSS): The total solids is the sum of the solids that can be
filtered and not filtered, gravimetric method used for TSS measurement.
Volatile Suspended Solids (VSS): The residue is ignited to constant weight at 550°C.
The remaining solids represent the fixed total, dissolved, or suspended solids while the
weight lost on ignition is the volatile solids.
Dissolved Oxygen: Measurements of dissolved oxygen were conducted by direct
measurement method using a portable Hach-Lange multimeter having a measurement
range of 0.1 to 20 mg/L O2.
Ammonium (NH4-N): For the ammonia measurement, samples are taken from the
reactors and measured by the nesslerization method.
Nitrite (NO2-N): Diazotization method was used for the measurement of nitrite.
Nitrate (NO3-N): Cadmium reduction method was used for the measurement of nitrate
nitrogen. [7]

RESULT AND DISCUSSION
Graphs in the figure 10 and 12 were created observing of removal efficiency for NO2-N
and NH4-N.

Graphs in the figure 11 and 13 were created observing effect of ZnO NPs in terms of
mg/L that on removal efficiency for NO2-N and NH4-N.
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Figure 5: Inhibition factors of
Anammox bacteria
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Figure 4: Attaching of ZnO to
Anammox bacteria [5]

MATERIALS AND METHODS
Reactor Operation
-The reactor is fed and poured daily.
-Hydraulic retention time (HRT) = 2 days
-0.5 L water removed system and 0.5 L synthetic wastewater added system daily
-20 mL sludge removed system every day so sludge retention time is 50 days.
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Figure 11: Effect of ZnO NPs concentration on NO2-N
removal efficiency
Influent NO2-N concentrations were kept constant during the operation period. As the nanoparticle concentration
was increased, the effluent NO2-N concentration was also increased. Therefore NO2-N removal efficiency
decreased.
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Figure 10: NO2-N concentration in reactor vs effluent
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-Every third week, the sludge that removed 20 mL was kept for analyze of VSS,
metal and molecular studies.
-Concentration of ZnO nanoparticles that given the system was increased every
3 weeks and procedure was applied for all concentration of ZnO nanoparticle.
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 Temperature in system was kept as 35 degree celcius with putting in incubator.
 pH of the system was kept between 7 – 8.
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Figure 12: NH4-N concentration in reactor vs effluent

Figure 13: Effect of ZnO NPs concentration on NH4-N
removal efficiency

NH4-N concentrations in the reactor was kept close to each other on the other hand effluent concentration was
increased therefore removal efficiency was decreased.
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Appropriate pH range for Anammox bacteria is between
7-8. This graph shows that no inhibition occur because of
pH.
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Figure 14: pH concentration
Figure 6: Stock solutions for
synthetic wastewater

Figure 7: Sonicator and Zeta sizer

ANALYTICAL METHODS
Table 1: Measurement parameter, method and frequency
Parameter

Method

Frequency

pH

Electrometric

Daily

Nitrite

Colorimetric

Daily

Nesslerization

Daily

TSS

Gravimetric

1/month

VSS

Gravimetric

1/month

Metal

Atomic absorption
Spectrophotometry

1/Three week

Nitrate

Cadmium Reduction

1/week

Electrometric

1/week

Ammonia

Dissolved Oxygen

Figure8:
Spectrophotometer

Figure9 : pHmeter

CONCLUSION
According to the results, removal efficiencies were decreased for NO2-N and NH4-N
at 40 mg/L ZnO concentration however effluent value still close to 30 mg/L effluent
value. Therefore, it is not calling as inhibition of Anammox process . When 60 and 70
mg/L NPs concentrations were analyzed, removal efficiencies of NO2-N and NH4-N
were decreased and effluent concentrations of NO2-N and NH4-N were increased that
comparing prior effluent concentration. As a conclusion according to these data,
inhibition of Anammox process was observed by increasing nanoparticles
concentration as ZnO. To provide other inhibition criterias optimum for Anammox
process, observe that inhibition occur when ZnO NPs concentration increase. At this
point, although observing of inhibition, Anammox process still continue to treat
synthetic wastewater. Therefore, this study lasts observing completely inhibition.

REFERENCES
1.
2.
3.
4.

Zheng-Zhe Zhang , Jia-Jia Xu , Zhi-Jian Shi , Ya-Fei Cheng , Zheng-Quan Ji , Rui Deng ,Ren-Cun Jin* (2017)
Khin, T. and Annachhatre, A.P. (2004) Novel microbial nitrogen removal processes. Biotechnol Adv 22
Ni, S.-Q. and Zhang, J. (2013) Anaerobic Ammonium Oxidation: From Laboratory to Full-Scale Application. BioMed Research International 2013
Hui Mu , Yinguang Chen (2011) Long – term effect of ZnO nanoparticles on waste activacted sludge anaerobic digestion.

5. https://www.researchgate.net/A-schematic-diagram-of-the-proposed-mechanism-of-the-interaction-of-ZnO-NPs-and-the-algal_fig8_321195036 [accessed 7 Jun, 2018]
6. Metcalf and Eddy, 2003
7. Standard Methods for the Examination of Water and Wastewater: https://www.mwa.co.th/download/file_upload/SMWW_1000-3000.pdf

