Bull. Plankton Eco-Eng. Res. 4: 32-41, 2024 o .
TV N IERR

©Institute of Plankton Eco-Engineering

DG v — AL A B L7 R I K B A 2 v FEEIHAL IR
HEROH T L F UL

FKHE— " A<y ZINA - aR)—7 A2

D) Bl K=7TF o7 M LA 2ERT T 192-8577 MR /N EF 1l FHARHT 1-236

2) FT7FT77IRFETHAER 36000 AF 2 aGRKIE ST+ 77MNTTF77METTVAMEY 77
Energy-saving treatment of nitrogen in anaerobic
digestate from methane fermentation

by a consortium of microalgae and nitrifying bacteria

Shin-ichi Akizuki ", Germén Cuevas-Rodriguez *

1) Institute of Plankton Eco-engineering, Soka University, 1-236, Tangi-machi, Hachioji, Tokyo, 192-8577, Japan
2) Division of Engineering, University of Guanajuato, Av. Juarez 77, CP 36000, Guanajuato, GTO, Mexico
* Corresponding author: akizuki@soka.ac.jp

2024 % 5 A 6 HAh, 2024 45 A 8 Hs Bt

Abstract Biological nitrification-denitrification processes are widely used to remove ammo-
nium (NH,") from wastewater. The nitrification process requires mechanical aeration using a
diffuser, which consumes an enormous amount of electricity, making it hardly a sustainable
treatment method, and there is a need to develop a more energy-efficient treatment technology.
Recently, a consortium of microalgae and nitrifying bacteria in a single reactor has attracted
attention as an energy-saving treatment method for NH,"-containing wastewater. In this consor-
tium, nitrifying bacteria can proceed with nitrification reaction using oxygen (O,) produced by
photosynthesis of microalgae instead of mechanical aeration, and power consumption can be
significantly reduced compared to the conventional nitrification process. Previous studies on the
treatment of NH, -containing wastewater by the consortium have mainly involved experiments
using synthetic wastewaters, and there are few reports on anaerobic digestate from methane
fermentation, which are generally known to have high NH," concentrations, especially those
conducted without dilution. In this study, batch treatments of anaerobic digestate at different
dilution ratios of 1-fold (without dilution), 2.5-fold, and 5-fold were conducted to evaluate the
usefulness of a consortium of microalgae and nitrifying bacteria for nitrogen removal from the
digestate. Under all dilution conditions, dissolved oxygen concentrations suitable for nitrification
reactions (>2.0 mg L) were maintained throughout the experimental period due to O, supply
by microalgae photosynthesis, except for a part of the dark period (i.e., from 10 pm to 2 am). On
the other hand, the increase in pH due to photosynthesis resulted in a high pH environment (10.2

%+ 0.3) unsuitable for nitrification, especially under the 5-fold dilution condition, and less NO;’
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was produced. In the 1-fold and 2.5-fold dilution conditions, nitrification proceeded from day 20
of the experiment, with NH," to NO;™ conversion efficiencies of 70.4% and 56%, respectively.
The NH," removal efficiencies under 1-fold, 2.5-fold, and 5-fold dilution conditions were 65.9%,
71.9%, and 52.4%, respectively. The results of reported studies on anaerobic digestate treatment
using a consortium of microalgae and nitrifying bacteria, including this study, were summarized,
and the relationship between the ratio of NH," concentration to inoculum SS concentration (Food/
microorganism ratio: F/M ratio) and NH," removal efficiency was investigated. The summarized
result from different studies indicated that treatment performance can be reduced not only at
high F/M ratios (0.5 to 1.0 mg-N mg-SS™ or higher) but also at low F/M ratios (0.07 mg-N mg-
SS™, the 5-fold dilution condition in this study). The inhibition of the consortium at high and low
F/M ratios could both be improved by controlling pH to near neutral. pH control can be done
without the addition of chemicals by adjusting light intensity or the addition ratio of inoculums
to mitigate the action of microalgae. However, excessive suppression leads to a decrease in O,
supply, so it is essential to set appropriate conditions. There are few examples of studies that aim
to stabilize and improve the performance of treatment by intentionally controlling the functions
of microalgae and nitrifying bacteria by adjusting light intensity and the addition ratio of inocu-

lums. These studies are the subject of future work.
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Figure 1. Variations of pH (a) and DO concentration (b) for all conditions.
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Figure 2. Variations of pH (a) and DO concentration (b) from day 4 to day 5 for

all conditions.
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Figure 3. Variations of Chl. a concentration for
all conditions.
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and NO; concentration (b) for all conditions.
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Figure 5. NH," to NO;™ conversion efficiency (a)
and NH," removal efficiency (b) at the end of
the experiment for all conditions.
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Table 1. Studies on the NH," treatment in anaerobic digestate using a consortium of microalgae and nitri-

fying bacteria.

Substrate Inoculum In|t|a+l ‘Inltlal F/Mratio  Light intensity Light/dark NHq*
for . NHq biomass  (mg-N cycle emP- removal References
anaerobic (mg-N  (mg-SS mg- hih (°C) o
digester Nitivin L)y Ly ss)y  (umol (h/h) (%)
Microalgae bactirig photons  (lux)
-2 o1
m-s™)
: Commercial
Piggery Desmodesmus sp. b . Wang et al.
acterial 374 n.d. n.d. 8000 24/0 25 41.8
wastewater  ORX1  veagems e
Slaughter-  Chlorella sp Aerobicsludge 4, 1000 0.102 140 12112 25 80.4
house Scenedesmus ;p from a full- : ' Akizuki et al.
wastewater diatoms tf:::ri:ﬁy;gﬁt (2019)
102 1000 0.102 140 24/0 25 73.3
Slaughter Aerobic sludge 950 1000 0.95 3500  12/12 25 -2.9
house Chlorella vulgaris ség?r:s?ax;ée
wastewater treatment plant 520 1000 0.52 3500 12/12 25 65.4
Akizuki et al.
270 1000 0.27 3500 12/12 25 61.7 (2021)*
Slaughter-  Nannoohloropsis Aef:ggqicasflﬂﬁ.ge 950 1000 0.95 3500 12/12 25 12.8
house sp., Scenedesmus 520 1000 0.52 3500 12112 25 66.4
wastewater  sp., Chlorella sp scale sewage
' treatment plant 579 1000 0.27 3500 12012 25 70.9
. augmer """"""""""""" Aerobic sludge 405 1000 0a1 LT 10000 12112 25 659 7
house Chiorella sp. sé'acl’g‘sae wée 187 1000 0.19 10000  12/12 25 719 This study
wastewater treatment plant ~ 74.8 1000 0.07 10000  12/12 25 524

*: Total ammonia nitrogen concentration instead of NH4* concentration; n.d.: not described.
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EDR B THD. ARIFFED DO i EZE DS (Fig. 1b)
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Hbo — T A O B E % BB ZHIHI 52 L1,
AL RO L THLME HHERD O, G E DT
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R SR ORI S L, B R L A AL
M D % 4 DIk Re % 3 P9 52 & T O%
AL - VEReIn)_ BRI ZEFIIA %L, S RIWAHE R
EMFFERREEE 2 5N 5,
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B (o2} o] o
o o o o
1 1 1
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N
o

02 04 06 038
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Figure 7. Effect of F/M ratio on NH," removal

efficiency in a consortium of microalgae and
nitrifying bacteria.
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